


CAC NGANH DAO TAO BAC bAI HOC

CONG NGHE KY THUAT CO KHi

Ky s Céng nghé ky thuat
co khi c6 thé lam viéc tai
doanh nghiép co khi, nha
may san xuat va co s&
ché bién néng san, thuc

phdm; dadm nhiém viéc

thiét ké, ché tao, van hanh,
bdo tri va cai tién may méc cdng nghiép, may néng
nghiép cung thiét bi trong day chuy&n ché bién,
doéng goi va bao quan thwe pham.

KY THUAT CO BIEN TU

Ky sw Ky thuat co dién ti
cé thé lam viéc tai nha
may, doanh nghiép ché
tao thiét bj va co s& san
xuat néng nghiép cong
nghé cao; ddm nhiém viéc
thiét k&, 1ap dat, lap trinh,
van hanh va bdo tri hé théng tw dong, robot, day
chuyén san xuat va thiét bj diéu khién trong coéng
nghiép, ndng nghiép.

KY THUAT CO SO HA TANG

Ky sw Ky thuat co s& ha
tang c6é thé lam viéc tai
doanh nghiép tw van thiét
ké, don vi thi cong, ban
quan ly dy an va co quan

quan ly xay dwng; dam

nhiém viéc khao sat, thiét
ké, giam sat thi cong va quan ly cac cong trinh giao
théng, cap thoat nwéc cung ha tang ky thuat dé thi,
néng thon.

CONG NGHE THUC PHAM

Ky sw Cong nghé thuc
phdm cé thé dadm nhiém
cac vi tri ky thuat san
xuét, quan ly va van hanh
day chuyén, kiém soat
chat lwong (QC), dam
bao chét lwgng (QA) hoac
Nghién ctu va phat trién san phdm (R&D) tai cac
nha may ché bién, doanh nghiép thwc phdm va
dd ubng.

DAM BAO CHAT LUONG VA
AN TOAN THU'C PHAM

Ky sw Dam bao chéat
lwong va an toan thuc
phadm c6 thé lam viéc tai
doanh nghiép ché bién,
phong kiém nghiém va co

quan quan ly; ddm nhiém

viéc kiém tra nguyén liéu,
kiém nghiém san pham, giam sat diéu kién vé sinh
va xay dwng hé théng quan ly chat lwong, an toan
thwe phdm trong qua trinh san xuét va lwu théng.

DAO TAO SAU bAI HOC
THAC SI KY THUAT CO KHi

Nghién ctru, thiét ké, cai tién thiét bi va quan ly ky thuat tai
doanh nghiép, vién nghién ctru hodc giang day tai co s& dao
tao.nghé, dai hoc.

THAC SI CONG NGHE THUC PHAM

Nghién ctru, phat trién san pham, cai tién quy trinh ché bién va
quan ly chét lwgng tai doanh nghiép, vién nghién ctru hoac
tham gia gidng day.

TIEN ST CONG NGHE THU'C PHAM

ChU tri nghién ctu, phat trién cong nghé ché bién, giang day va
hwéng dan nghién ctru tai trwdng dai hoc, vién nghién ctru.
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MOT SO KET QUA THIET KE VA CHE TAO MO HINH THIET BI NHIET
PHAN LIEN TUC SAN XUAT THAN SINH HQC TU TRAU THEO NGUYEN

LY TU SINH NHIET VA HOI LUU KHI NHIET PHAN
D6 Minh Cuong!*, Nguyén Thi Ngoc', Biii Xudn Nhdt', Vé Quoc Linh’,
Tran Piic Hanh', Nguyé~n Quéc Huy', Ti van Vo Vin May’, Phan Tén Thanh Tam’,
) Nguyén Van Dirc', P6 Thanh Tién', Ho Vin Quéc Huy', Nguyén Thanh Quoc?
TOM TAT
Nghién citu nham thiét ké va ché tao mé hinh thiét bi nhiét phin trau dinh hiedng van hanh lién tuc, véi
néng sudt than sinh hoc danh nghia 30 kg/h. Trén co s¢ ké thira nguyén Iy lo ding ban lién tuc, cac b phan
chinh dwoc tinh todn, thiét ké 3D, ldp ban vé va ché tao. Hé thong gom vit cdp trdu va vit thao than diéu chinh
doc lap, buong phan ung, dwong thu va hoi lwu khi nhiét phan, cyclone tach byi, hé théng giam sat nhiét dg
va diéu khién an toan. Két qua thiét ké xdc lap luu hwong trau 50,0-55,6 kg/h va luu lwgng khi tinh todn qua
cyclone 200 m*/h. Céc cum co khi, dién va dieu khién da dwoc lap rap va kiém tra khéng tai buée dau. So voi
10 ban lién tuc, diém khdc biét ciia mé hinh la chuyén thao tic nap-thdo theo chu ky sang cdp-théo lién tuc
twong doi kin bang hai vit tai diéu khién déc ldp. Pong thoi, mét phan khi nhiét phan dwoc thu hoi va diea tré
lai viing sinh nhiét dé d‘dt thir cdp tao nhiét cho qud trinh nhiét phan, qua dé hwéng dén giam luong trdu va
than phai oxy hoa tryc tiép trong budng phan ung va giam khi phat thai. Két qua thiét ké va ché tao la co s¢
dé tiép tuc thir nghiém c6 tai, danh gia nang sudt, hiéu suat thu héi va chat lwong than, kha nang tw duy tri
nhiét, hiéu qua tach bui va phat thai; tir @6 dong bé va téi wu cdc thong sé cap-thao liéu, cap khong khi va hoi
lwu khi nhiét phan va nhiét do nhiét phan.
Tir khoa: Than sinh hoc; tréu; nhiét phdn lién tuc; hoi luu khi nhiét phdn; cyclone.

SOME RESULTS ON THE DESIGN AND FABRICATION OF A CONTINUOUS
PYROLYSIS PROTOTYPE FOR RICE-HUSK BIOCHAR PRODUCTION BASED ON
AUTOTHERMAL OPERATION AND PYROLYSIS-GAS RECIRCULATION

ABSTRACT

This study aimed to design and fabricate a rice-husk pyrolysis prototype intended for continuous operation,
with a nominal biochar production capacity of 30 kg/h. Based on the principle of a semi-continuous vertical
reactor, the main components were sized, modeled in three dimensions, detailed in fabrication drawings, and
manufactured. The system comprises independently controlled screw conveyors for rice-husk feeding and
biochar discharge, a reaction chamber, a pyrolysis-gas collection and recirculation line, a dust-separation
cyclone, and a temperature-monitoring and safety-control system. The design specifies a rice-husk feed rate
of 50.0-55.6 kg/h and a calculated gas flow rate through the cyclone of 200 m3/h. The mechanical, electrical,
and control assemblies were installed and subjected to initial no-load testing. Compared with the semi-
continuous reactor, the main difference of the proposed prototype is the conversion of cyclic feeding and
discharging into relatively sealed, continuous solids handling using two independently controlled screw
conveyors. In addition, part of the pyrolysis gas is recovered and recirculated to the heat-generation zone for
secondary combustion, thereby supplying heat to the pyrolysis process. This configuration is intended to
reduce the amount of rice husk and biochar that must be directly oxidized inside the reaction chamber and
potentially reduce gaseous emissions. The design and fabrication results provide a basis for subsequent loaded
experiments to determine the actual production capacity, biochar yield and quality, ability to sustain
autothermal operation, cyclone dust-separation performance, and emissions. The experimental results will
subsequently be used to coordinate and optimize the feeding and discharging rates, air supply, pyrolysis-gas
recirculation, and pyrolysis temperature.

Keywords: Biochar, rice husk; continuous pyrolysis; gas recirculation; cyclone.

I. PAT VAN PE gao, trau tip trung tai nha may xay xat nén
Sinh khbi néng nghiép 1a ngudn nguyén  thuén loi hon rom ra vé thu gom, bao quan.
liéu tai tao 16n nhung chua duoc thu hdi tdi wu  Nam 2023, san luong lua thé gidi dat xap xi
gi4 tri vat chit va nang lugng. Trong chudi lta 800 triéu tin (FAOSTAT); triu chiém khoang

! Khoa Co khi va Cong nghé, Trufyng Pai hoc Nong Lam, Pai hoc Hué .
2 Trung tAm Nghién ctru va Chuyén giao cong nghé Co dién nong nghiép mién Trung
*Tac gia lién hé: dmcuong@hueuni.edu.vn
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20% khbi lugng thoc, twong tmg 160 tridu
tAn/nam (IRRI, n.d.). Tai Vi¢t Nam, san luong
lta nam 2025 dat khoang 43,5 tri¢u tan, phat
sinh xap xi 8,7 triéu tin trau (FAO, 2025; Cuc
Thong ke, 2026; IRRI, n.d.; Goodman, 2020).
Nguon nguyén li¢u nay dat ra yéu cau phat
trién cong nghé chuyén hoa phu hop véi tinh
chat phan tan cua ving nguyén liéu va quy mo
xay xat.

Trau hién duoc dung dé dbt cép nhiét, ép
vién, khi hoa, 1am vat liéu/chat hap phu, hoic
d6t thu tro giau silica. Tuy gitp thay thé
nhién liéu va vat liéu truyén thong, hi€u qua
cac giai phap phu thudc vao do am, quy mo,
cong nghé va thi truong. D6t ho gy 6 nhiém
va that thoat nang luong, con thu tro k§y thuat
doi hoi kiém soat chat nhiét do va tap chat.
Do dé, nhiét phan triu san xuat than sinh hoc
(biochar) 1a hudng di vira tao san pham gia
tri, vira tan dung nang lugng trong qua trinh
nhiét phan (Goodman, 2020; Karam va cs.,
2022; Herrera va cs., 2022).

Than sinh hoc (Biochar) 1a vat liéu giau
carbon tao ra tir phan hity nhiét sinh khoi
thiéu OXY. CAu trac x0p, dién tich bé mat va
thanh phan khodng gitp biochar cai thién tinh
chat dat, git nudc, dinh dudng, lam chat
mang phan boén/vi sinh va hap phu chét 6
nhidm. Tru gidu tro va silica gitip bd sung
silicon cho cay va ché tao vt liéu hap phu
(Joseph va cs., 2021; Karam va cs., 2022;
Herrera va cs., 2022). Nhi¢t phan triu con
chuyén carbon sang dang bén va giam phat
thai khi nha kinh toan vong doi nho tan dung
khi-nhi¢t trong qua trinh nhiét phan. Loi ich
nay chi dat duoc khi sinh khi khai thac bén
virng, khi nhiét phan duoc dbt sach, tan dung
nhiét du va than dugc st dung luu gitr carbon
thay vi ddt lai (Woolfva cs., 2010; Lehmann
va cs., 2021; Chiaramonti va cs., 2024;
Canatoy va cs., 2022).

Cong nghé nhi¢t phan dugc chia thanh
cong nghé nhiét phan cham, trung binh (uu
tién thu than) va nhanh (uu tién san pham
long, doi hoi nghiém ngat vé gia nhi¢t, lam
ngudi va xir Iy nguyén liéu). Vé thiét bi gdm

¢, Lo mé: Ciu tao don gian nhung ning suat
thép, chét lugong thiéu 6n dinh va tén nhan
cong; Lo truc vit va 10 quay: Van hanh lién
tuc, kiém soat thoi gian luu tdt nhung hé
théng truyén dong, lam kin va xir 1y tar-bui
phuc tap; Lo dung: Tan dung trong luc, két
c4u gon nhung can duy tri 6n dinh ving phan
g, phan phdi khi va han ché chay qua murc
lam giam hiéu suat than (Al-Rumaihi va cs.,
2022; Moser va cs., 2023).

Céc nghién ctru trén trdu da khao sat anh
hudng cia nhiét do, thoi gian luu dén hiéu suat,
d6 xop, kha ning hap phu va phat trién hé
théng khi héa-carbon hoéa lién tuc (Karam va
cs., 2022; Homchat va Ramphueiphad, 2022).
Chat bay hoi ¢ thé dot dong san xuit ning
lugong nhung can kiém soat bui min va san
phim chiay dé (Dunnigan va cs., 2018a,
2018b). H¢ théng ti cAp nhiét hodc hoi luwu khi
gip giam nhu cau nhién liéu ngoai nhung phai
can bang gitta cung cdp nhiét, oxy, hiéu suat
thu hoi va phat thai (Canatoy va cs., 2022;
Ordonez-Loza va cs., 2024). Nhugc diém ki
thuat chinh ctia triu 13 khéi lugng thé tich thap,
luu thong kém, tro-silica cao, dé cubn bui va
bién dong chét luong than.

Lo dung theo mé/ban lién tuc cua Cuodng
vacs. (2018, 2023) dat hiéu suat thu than trau
54-60% & 500 °C. Tuy nhién, hé thong con
han ché: cip/thao/lam ngudi thu cong; d& lot
khong khi gy chay than khi mé cira; thu hoi
khi chua 6n dinh; thong ) phu thudc van
hanh. Tir thyc t& d6, nghién ctru nay dé xuét
céu hinh 10 dang lién tuc st dung hai vit tai
cAp-thao twong di kin diéu khién doc lap, két
hop cip khi kiém soat va hoi luu khi nhiét
phan vé vung sinh nhiét. H¢ théng duoc tinh
toan, thiét ké va ché tao v4i ning suat than
danh nghia 30 kg/h.

II. PHUONG PHAP NGHIEN CUU

2.1. Co s6 dir liéu thue nghiém ké thira

Nghién cuu cia Cuong va cs. (2018) da
thiét ké, ché tao va san xudt thir nghiém thiét
bi tao than sinh hoc tir rom va triu. Két qua
nay dugc ké thira & cap nguyén 1y: nhiét phan
trong méi truong thiéu oxy; b tri budng phan
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g dimg dé vat liéu dich chuyén nho trong
luc; duy tri ving phan tng bang cip khong
khi c6 gidi han; va thao than theo chu ky. Véi
nguyén 1y thdo than ban lién tuc dugc thuc
hién boi Cudng va cs. (2023), cac thong sb
co ban gébm duong kinh budng phan tmg 1,0
m, chiéu cao 1,2 m, sttc chtra danh nghia 100
kg triu, nhiét o van hanh 400-600 °C; lan
thao than dau sau khoang 60 phut va cac chu
ky tiép theo khoang 30 phut. Hiéu suat thu
hoi than triu duoc ghi nhan trong khoang 54-
60%. Trén co s¢ do, nghién ctru nay tiép tuc
phat trién nguyén 1y 10 dung, theo hudng cap
- thao bang hai vit tai diéu khién doc 1ap, thu
khi nhiét phan, tach bui va hdi luu mot phan
dong khi vé viing sinh nhiét.

2.2. Phwong phap tinh toan va xac 1p
thong so thlet ké

Ning suit than danh nghia dugc chon Q.
= 30 kg/h. Véi hiéu suat thu hoi than Y. =
0,54-0,60, luu luong trdu kho yéu cau duoc
xac dinh theo cong thuc:

_Qc _ 30 . .
Qf - Yc - 0,54-+0,60 - SOIO g 55,6 kg/h (1)

Trong d6: Q. 1a ning suét thiét bi (kg/h ),
Qr 12 luu lwong cép trau (kg/h), Ye 1a hiéu
sut thu hoi (%).

Hé théng duoc xac 1ap theo cac yéu cau:
cap va thao liéu 6n dinh, diéu chinh doc lap;
han ché khong khi xdm nhap; duy tri cac ving
phan tmng; thu, tach bui va hoéi luu khi nhiét
phén; gidm sat nhiét d0 va dung an toan.
Nhiét do thiét ké cta ving nhiét phan 1a 500
°C, véi dai khao sat dy kién 400-550 °C.

Ning sudt 1y thuyét cua vit tai duoc xéac
dinh theo cong thuc (CEMA, 2021):
Q=60pYk, [ ~aD)|sn @

Trong d6: Q 1a ning suat khdi lwong
(kg/h); D, d va S lan luot 1 duong kinh canh,
duong kinh truc va bude vit (m); n 1a toc do
quay (vong/phut); p 1a khéi luong thé tich
x0p (kg/m*); y 1a hé sO dién day va ko 1a hé
sO hi¢u chinh theo goc nghiéng; v va ko
khong thur nguyén.

Tbe do quay so bd cua truc vit dugc xac
dinh theo cong thurc:

Qyc
60pykg|7(D2—d?)|s (3)
Trong do: nyit (vong/phut), va Qe la nang
sudt yéu cau (kg/h). Gia tri tdc do tinh toan
chi dugc dung dé lya chon so bd dong co
giam tdc va dai diéu chinh cia bién tin. Do
khdi lugng thé tich xdp, hé sd dién dy va do
trugt thay ddi theo trang thai ciia trdu va than
trau, toc do lam viéc phai dugc hiéu chuin
bang chay ngudi dé xay dung quan hé thuc
nghiém Q = f(n). Pi voi vit nghiéng trén
20°, can kiém tra bd sung theo diéu kién lam
viéc thuc té.

Buéng nhi¢t phan duogc chon dang tru
dung. Thé tich hinh hoc cua phan try va thoi
gian luu biéu kién cua 16p vat liéu dugc xac
dinh theo:

V, =

Ny =

nDZHy | _ Mpold

ST = (4)

Trong d6: V; 1a thé tich phan tru (m?); D; va
H; 1a duong kinh va chiéu cao hitu ich cua
budng phan tng (m); T 1a thoi gian luu biéu
kién (h); M, 12 khéi luong vat lidu luu giir
(kg). Thoi gkgﬁ)luzu xac dinh theo cong thirc (4)
la gia tri biéu kién. Khi thir nghiém, thong s6
nay can duge hiéu chinh theo khéi lugng vat
liéu Iuu gitr va luu lwong cép - thao thuc té.

Puong kinh dng din khi duoc xac dinh tir
luu lugng thé tich Qg va van tdc thiét ké vg
theo phuong trinh lién tuc:

_ [4Qg
Dg =

p— (5)

Trong d6: Dy 12 duong kinh trong ctia dng
khi (m), Qg 12 Iuu luong thé tich (m?¥/s) va v,
1a van toc khi thiét ké (m/s). Cyclone duoc
tinh so bd cho Qg = 200 m*h (twong duong
0,0556 m*/s). Puong kinh than va van tdc cira

vao duoc xac dinh theo:

4
D= [, %

mw,’ ! ab (6)

Trong do: D¢, a va b c6 don vi m; wp, va v;
c6 don vi m/s. Céc kich thudc dugc xac lap
theo ty 1¢ hinh hoc cua cyclone da chon
(Hoffmann va Stein, 2008; Shepherd va

Lapple, 1939). Tro lu’c dugc udc tinh theo:
AP, = Eu "9" (7)
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Trong do: AP la tro luc cyclone (Pa), pg 1a
khéi luong riéng ciia khi (kg/m?’), vila van tbe
ctra vao (m/s) va Ey la s6 Euler khong thir
nguyén. Trd lyc va hiéu suét tach bui thuc té
phai duoc kiém ching bang do chénh ap va
ndng do bui trude - sau cyclone khi van hanh
thuc té.

2.3. Phwong phap thiét ké, ché tao va
kiém tra

Thiét bi dugc thiét ké trén SOLIDWORKS
2017 v6i mo hinh 3D va ban v& ché tao cho
cac bd phan chinh: vit cép triu, buéng nhiét
phan, vit thao than, cyclone, dudng 6ng thu-
hdi khi va khung may. Céc chi tiét duoc gia
cong, 1ap rap va kiém tra vé kich thudc, do
ddng tam, kha ning quay ciia co ciu truyén
dong cung do kin duong khi.

Hé thong dién-diéu khién giup cap ngudn,
bao v¢ va van hanh doc 1ap cac dong co, quat,
co ciu cap-thao liéu. Bién tan diéu chinh téc
d6 vit tai dé kiém soat luu luong vat lidu va
thoi gian luu. Cam bién nhiét gidm sat nhiét
d6 ving phan tmg, két hop chuong trinh diéu
khién thuc hién trinh ty Khoi dong-dung,
canh bao va lién dong an toan. Sau ché tao,
thiét bi duoc kiém tra ngoai quan, chay thu
khong tai va danh gia do phu hop voi ban v&
thiét ké; kha nang van hanh c6 tai s€ dugc xac
nhan trong nghién ctru tlep theo.

1. KET QUA VA THAO LUAN

3.1. Lwa chon nguyén 1y, ciu tao va
nguyén ly hoat dong

Trén co s két qua nghién ctru thiét bi nhiét
phén 10 ding ban lién tuc (Cuong va cs.,
2018; 2023), hé théng dugc phat trién véi cac
yéu cau chinh: ning sut than sinh hoc danh
nghia 30 kg/h; cdp triu va théo than lién tuc,
cO6 kha nang diéu chinh doc l1ap; han ché
khong khi xdm nhap vao budng phan ung;
duy tri hoat dong on dinh; thu bui va hdi luu
mot phén khi nhi¢t phan dé tan dung nhiét;
giam sat nhi¢t d6 va trang thai hoat dong cua

cac bo phan truyén dong; dong thoi bao dam
canh bao, lién dong va dung thiét bi an toan
khi xdy ra su c¢d. Khac véi thiét bi theo mé
phai dimg dé nap - thao va thiét bi ban lién
tuc van thao than, nap bu theo chu ky, nguyén
Iy nay sir dung vit cip & dinh va vit thio &
day dé duy tri dong vat liéu theo chiéu ding,
han ché mé budng phan tmg va cho phép diéu
chinh ddc 1ap luong cép, luong thdo va thoi
gian luu. Pac biét 1a mot phan khi nhiét phan
duoc thu hdi va dua tré lai ving sinh nhiét dé
ddt thir cép tao nhiét cho qué trinh nhiét phan,
qua d6 huéng dén giam luong trdu va than
phai oxy hoa truc tiép trong budng phan tmg
va gidm khi phat thai.

Heé thong gdm phéu va vit cip trdu, budng
phan ung dang tru dung dugc cach nhiét boi soi
thiy tinh, cum cap khong khi han ché, vit théo
than, hé théng thu hoi khi nhiét phan, cyclone,
cam bién nhiét d6 va ti diéu khién. Theo nguyén
1y thiét ké, trau duoc cap kin tir dinh, lan luot di
qua vung sdy, nhiét phan, sinh nhiét/oxy hoa cuc
bd va léy than; than duogc thao ¢ day va lam
ngudi trong diéu kién han ché oxy. Khong khi
duoc cap co gioi han nho quat cap khi vao vung
sinh nhiét dé duy tri oxy hda mot phén vat liéu
va khi chay; phan vat liéu con lai dugc carbon
hoa trong diéu kién thiéu oxy. Mot phéan khi va
hoi nhi¢t phan dugc héi luu vé vung sinh nhiét
dé dbt, tan dung nang lugng cua dong khi; phﬁn
khi con lai duoc dan qua cyclone dé giam bui
trude khi thoat ra hodc xir 1y tiép.

Sau giai doan mdi, nhiét tir oxy hoa cuc bo
va d6t khi nhiét phan hoi luu du kién bu du
nhu cau nhiét cta qua trinh. Kha ning ty duy
tri nhiét phu thudc ty 1¢ triu—khong khi, nhiét
tri va luu luong khi hoi luu, ton that nhiét
cung thoi gian luu; cac thong s nay can xac
dinh qua van hanh thuc té. Khi van hanh, can
kiém soat tar va bui trong duong khi, dong
thoi phéi hop toc do hai vit tai dé on dinh
luong cap va thoi gian luu.
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Hinh 1. So d6 nguyén Iy hé théng nhiét phan lién tuc c6 thu bui va héi luu khi nhiét phdn
1. Ong thodt khi, 2. Quat ly tdm, 3. Pong co, 4. Cyclone, 5. Ong thu bui, 6. Khung, 7. Banh
xe, 8. Vit tai, 9. Buongphan ung, 10. Cam bién nhiét, 11. Quat cdp khi, 12. Phéu, 13. Pong
co, 14. Bé truyén xich, 15. Vung trau, 16. Ong thu héi khi nhiét phan, 17. Vit tdi théo than,

18. Ong dan khi, 19. Nap buong phan iing.

Heé thdng dién cp ngudn cho dong co vit
cép, vit thao, quat hut, quat cép khi va thiét bi
do. Cam bién truyén nhiét d6 budng phan tmg
vé bo diéu khién: khi thap hon cai dit, hé
théng ting khong khi cAp va/hodc khi hoi luu;
khi vuot gidi han, luong khong khi s€ giam dé
tranh qua nhiét. Truong hop qua nhiét, mét tin

hiéu cam bién hodc qua tai dong co, hé thong
s& canh bao va tu dong dimng cap liéu dé bao
dam an toan.

Bang 1 d6i chiéu mo hinh dé xuit voi mot
s6 nghién ctru tiéu biéu vé thiét bi nhiét phan
lién tuc, 10 vit va hé théng tan dung nang
lugng tir khi nhiét phan.

Bing 1. So sanh mé hinh dé xudt véi mt sé thiét bi nhiét phan dd cong bé

Cau hinh va wu diém

Han che

Lo dung theo mé, hodc ban
lién tuc; két cau don gian;
vung phan ung dugc duy
tri qua cac chu ky thao
than va nap bu.

Cap-thao liéu con thu
cong; viéc md cta cod
thé lam khong khi xam
nhap; khi nhi¢t phan
chua dugc thu hdi va st
dung 6n dinh.

Triu dugc vén chuyén
bang vit trong dng carbon
hoa; st dung khi nong tir
160 khi hoa va da duoc thu

nghiém ¢ ché do lién tuc.

Thiét bi c6 quy mé nho;
vit 1am viéc tryc tiép
trong vung nhiét d6 cao
va can ngudn khi néng
tir cum khi hoa.

Khac biét ciamé | Ngudn tham
hinh dé xuit khio
Cép va thao liéu bang
hai vit diéu khién doc
lap, twong ddi kin;|Cudng va cs.
tich hop duong héi|(2018, 2023)
luu khi va cyclone
tach bui.
St dung budng phan
ung dung, vat li¢u .
dich chuyén nho Homchat. va
. ~_ | Ramphueiphad
trong luc; vit khong (2022)
chay doc vung nhiét
phan.
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Lo vit lién tuc gia nhiét
ngoai; c6 thé kiém soat
nhiét do va thoi gian luu
cua vat liéu.

Quy moé phong thi
nghiém, chua danh gia
kha ndng ty cap nhiét.

Hudéng dén tu duy tri
nhiét nho oxy hoa co
kiém soat va d6t mot
phan khi nhiét phan
hdi Iuu.

Rego va

(2022)

CS.

Phan tich tich hop céc giai
doan sdy, nhiét phan va
@6t khi-hoi nhiét phan; chi
ra kha nang st dung san
pham khi dé dap ung nhu
cau nhiét ctia qu4 trinh.

Chi yéu 12 mé hinh
ning luong dua trén két
qua thuc nghiém phong
thi nghiém

Ung dung nguyén ly
tan dung khi nhiét
phan vao moé hinh
ché tao cu thé

Ordonez-Loza va
cs. (2024)

Budng phan tng ding; hai
vit cap-thiao doc lap; cap
khong khi ¢ kiém soat; hoi
luu khi nhiét phan; cyclone

Chua thuc nghiém xéc
nhén kha nang van hanh
lién tuc, tu duy tri nhi¢t
va phat thai.

Nghién ctru nay

va giam sat nhiét do.

Dong gop chinh ctia nghién ctru 1a phat
trién 16 ding béan lién tuc thanh mo hinh dinh
hudng cap—thao lién tuc bang hai vit tai diéu
khién doc 1ap, két hop cap khong khi co kiém
soat va hoi luu mot phan khi nhiét phan vé
vung sinh nhiét. Khi hoi luu duoc dot dé hd
trg cung cp nhiét, qua d6 hudng dén giam
luong trdu va than phai oxy hoa truc tiép
trong budng phan tng.

Diém khac biét ctia m6 hinh nim & viée tich
hop budng phan mg dung, co cau cAp—thdo
twrong ddi kin, duong hoi luu khi, cyclone va

giam sat nhiét do trong mot hé thong c6 ning
suat than danh nghia 30 kg/h, khong phai &
timg bo phan riéng 1é. Do thiét bi méi duoc
kiém tra khong tai, kha nang van hanh lién tuc,
tir duy tri nhiét, hiéu suat thu hoi, chét lugng
than va phat thai can duoc xac nhan bﬁng thir
nghiém nong co tai.

3.2. Két qua tinh toan va thiét ké cac
bo phan chinh

Céc thong sb thiét ké chinh dugc tong hop
0 Bang 2.

Bing 2. Tong hop cdc thong sé kj thudt thiét ké chinh ciia hé thong thiét bi

TT

Hang muc

Théng s6 ky thuit thiét ké

1

Nang suat va
ché d6 lam viéc

Than siph hoc danh nghia: 30 }(g/h; luu luong trau kho: 50,0-55,6
kg/h; cap-thao li€u lién tuc, di€u chinh ddc lap.

Nhiét do thiét ké khoang 500 °C; dai khao sat du kién 400-550 °C;

2 |Ché do nhiét  |hinh thanh cac ving sdy, nhiét phan, sinh nhiét/oxy hoa va thu than
theo chiéu dung.
3 Vit cép trhu D =102 mm; d =42,2 mm; S =81 mm; L =2,5 m; n = 50 vong/phut;

Qlt= 57,15 kg/h; dong co 1,1 kW.

D =102 mm; d=42,2 mm; S =81 mm; L = 1,0 m; n tinh toan = 10,4

4 | Vitthdothan | o hit: dai hiéu chinh ban diu 8-20 vong/phit: déng co 0,37 kW.
Budne ohan DBuong kinh danh nghia 1,0 m; chiéu cao hitu ich khoang 1,2 m; thé
5 {mg gp tich phan try 0,943 m?; strc chtra hinh hoc xap xi 102 kg trau ¢ p =

108,33 kg/m>.
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Qg =200 m*h (gia thiét thiét ké so bo); Dc = 168 mm; d = 109 mm,;

6 Cy? lone \{a cira vao ~ 77 x 49 mm; chiéu cao than ~ 767 mm; trd luc udc tinh =
duong khi
202 Pa.
7 Thu va hoi lvu | Khi tir budng phan tng di qua cac nhanh hoi luu dat trong budng phan
khi ung, van di€u chinh, ctra ki€ém tra va vi tri thdo v¢ sinh.

Didn va didu Nguén dong lu’c’3 pha hoac 1 pha; nguén diéu khién 24 VDC;
8 2 PLC/HMI va bién tan; cam bién nhiét dg, va trang thai qua tai; co6
khién , 1A aA I 2
canh bdo, lién dong va dung khan.
Kich thude bao | DxRxC = 4.230 x 1.080 x 2.950 mm; tich hop cap liéu, budng phan
hé thong g, thao than, cyclone, quat va ti diéu khién.

9

Hé théng thiét bi gom cum cap trau bang do, ta dién — diéu khién va céac khung d& phu
vit tai, budng nhiét phan hinh tru ding c6 tro. Cac cum cép liéu, thao than va xir 1y khi
cach nhiét, cum cép khong khi, vit thdo than, dugc bd tri lién hoan nham hd trg qué trinh
hé théng thu va hoi luu khi nhiét phan, nhiét phan lién tuc va han ché khong khi xam
cyclone tach bui, quat hut, h¢ théng do nhiét nhap vao buéng phan ung.

Hinh 2. Ban vé ldp tong thé va mé hinh 3D cua h¢ thdng thiét bi

1. Vit tai cap liéu, 2. Pheu cap liéu; 3. Khung vit tdi cap liéu; 4. BY truyén xich; 5. Dong co giam

toc; 6. Tii diéu khzen 7. Ong thu hoi khi; 8. Quat théi khi; 9. Than buong phan g, 10. Pong ho
nhiét do; 11. Cira moi liva; 12. Chdn; 13. Pdy phan vmg; 14. Vit tdi thdo than; 15. Mat bich ghép vit
tai; 16. Banh xe; 17. Khung do cyclone; 18. Hop dung bui; 19. Mat bich ldp hop dung bui; 20.
Doan con cyclone; 21. Than cyclone; 22. Bong co; 23. Bo truyén dai; 24. Truyén dong quat; 25. 0
lan; 26. Quat hut ly tam; 27. Ong dan khi; 28. Ong thoat khi; 29. Buong tach bui; 30. Ong dan khi
vao cyclone; 31. Mat bich ldp 6 ong dan khi; 32. Van diéu chinh; 33. Ong thoat khi truc tiép; 34. Nap

buong phan img; 35. Cira cdp liéu; 36. Ong thdo dich ngung.
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M6 hinh 3D (hinh 2) duoc st dung dé
kiém tra vi tri 1dp, khong gian bao tri va lién
két gitta cac cum. Cyclone, nhanh héi luu va
nhanh xa dugc bd tri van diéu chinh, cta
kiém tra va vi tri thao vé sinh. So véi 10 ban
lién tuc, phuong an tich hop hai vit kin, thu
bui va hdi luu khi khic phuc céc han ché vé
thao tac cap - thdo thu cong, that thoat ning
luong theo khi va khé kiém so4t thoi gian luu.
Tuy vay, hiéu qua tach bui va muic tan dung
nhiét can dugc xac dinh bé“mg thuc nghi¢m.

3.3. Thiét ké quy trinh van hanh va h¢
théong di¢n - diéu khién

Quy trinh van hanh dugc trinh bay ¢ Hinh
3a. Trau kho duogc vit tai cép lién tuc vao
budng phan ung. Sau khi méi ltra, quat cp
khi duoc diéu chinh dé duy tri qué trinh nhiét
phan & 400-550 °C. Than dugc vit tai thao
lién tuc, lam ngudi trong diéu kién han ché
oxy va dong bao khi dat nhiét d6 an toan.

Hinh 3. Quy trinh vdn hanh va thudt todn diéu khién thiét bi: (a) quy trinh vin hanh; (b)
lwu do thudt toan diéeu khién.

Thuat toan diéu khién gidm sat nhiét do va
trang thai hai vit tai (Hinh 3b). Khi nhiét do
thép hon Tdat — AT, hé théng tang c6 gioi han
lugng khong khi cap va/hodc khi hoi luu; khi
nhiét d§ cao hon Tdat + AT, luu lugng khi
dugc giam dé giam qua trinh chay; trong dai
cho phép, ché do van hanh duogc duy tri. Khi
x4y ra qué nhiét, hoac mat tin hiéu cam bién,
hé théng dimg cap lidu va phat canh béo.

TAP CHi CONG NGHIEP NONG THON SO 62

Hé théng dién g6m mach dong luc ba pha
(hodc 1 pha), mach diéu khién 24 VDC, bién
tan, cam bién nhiét do, bao vé qua tai va dimng
khan. Thiét bi phai duogc tiép dia; tu dién luén
dong kin va ngudn dién phai duoc ngit, khoa
truede khi kiém tra hodc stra chira.
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3.4. Két qua ché tao, kiém tra khong tai
va danh gia

MBS hinh thiét bi da duoc ché tao va lép rép,
gd6m budng phan tmg c6 16p cach nhiét, phéu
va vit cép trdu, vit thdo than, cira mdi, quat
cap khi, duong thu hdi khi nhiét phén,

cyclone, cac bo truyén dong va tu diéu khién
(Hinh 4). Cac cum duoc b tri theo ban v&
tong thé; hai vit sir dung bd truyen dong doc
1ap va tuyén khi dugc két ndi tir budng phan
g dén cyclone.

, Hinh 4. M6 hinh thiét bj sau ché tao va ldp rdp
1. Vit cap liéu; 2. Buong nhiét phén; 3. Ong hoi luu khi nhiét phdn; 4. Vit théao than, 5.
Cyclone tach bui.

Kiém tra khong tai bude dau cho thay khung
va cac cum thiét bi dugc 1ap dang vi tri; vit cap
va vit thao quay On dinh, dung chleu va co thé
diéu chinh doc lap; quat, bién tan, tin hiéu do
va chirc ning ding hoat dong theo thiét ké.
Tuyén thu hoi khi da duoc két ndi, tuy nhién
can tiép tuc tht kin va kiém tra tr¢ luc trude khi
van hanh nong.

Cac cum chinh duge lién két béng mbi
ghép thao duogc, thuan loi cho viéc didu
chinh, v€ sinh va bao tri. Cac van trén duong
khi cho phép diéu chinh luu luong khi cip,
khi hoi luu va khi thai theo ché d6 van hanh.
Thiét bi str dung vat liéu va linh kién phd bién
trong nudc, tao thuan loi cho gia cong, thay
thé va stra chira tai dia phuong.

Két qua trén xac nhan muc do hoan thién
ban dau vé co khi, dién va diéu khién. Hiéu
qua nhiét phan, kha nang tu sinh nhiét, mirc

d6 6n dinh cia qua trinh, ning suat, chat
luong than va hiéu qua thu hoi khi chi c6 thé
dugc danh gia sau khi thu tai va van hanh
thuc nghiém.

Vé hudng thiét ké, viéc cAp-thao lién tuc
va klem soat dong khi phu hop vo1 xu hudng
phat trién thiét bi carbon hoa triu lién tuc cta
Homchat va Ramphueiphad (2022) va cac
phan tich vé& 10 truc vit ciia Moser va cs.
(2023). Tuy nhién, m6 hinh trong nghién ctru
nay moi dugce kiém tra khong tai; can thiét
phai c6 s6 liéu van hanh, dé c6 thé ddi sanh
v6i cac nghién curu trudce do.

3.5. Ton tai va dinh hwéng nghién ciru

Nghién ctru méi dimg ¢ giai doan thiét ké,
ché tao va kiém tra khong tai; chua tién hanh
véan hanh thyc nghiém dé danh gia cac thong
s6 lam viéc, nang suat, hiéu sut thu hoi than,
chét lugng than, kha nang tu sinh nhiét, hi¢u

12 TAP CHi CONG NGHIEP NONG THON SO 62



KHOA HOC - CONG NGHE

qua hdi luu khi va cac yéu td méi truong. Vi
véy, két qua hién tai chua khing dinh hiéu
qua thue té cta hé thong.

Can tiép tuc trién khai thuc nghiém trén hé
thdng, voi cac thong sb thi nghiém thay doi,
kiém tra do kin, d on dinh, van hanh ¢ nhiét
dd 400-550 °C v6i cac muc tai khac nhau dé
danh gia phan bd nhiét, thoi gian luu, ning
suét, hiéu sudt thu hoi than va kha nang tu
duy tri nhiét; dong thoi phan tich cac chi tiéu
chat lugng than; va thanh phﬁn khi, bui, hic
in, di€n nang va mirc do an toan khi van hanh
kéo dai. Trén co sd do, cac thong sb cap—thao
lidu, cap khi va hoi luu khi sé duoc dong bo,
hiéu chinh va t6i uu hoa.

IV. KET LUAN

Nghién ctru ndy chi dirng lai & viéc thiét ké
va ché tao mo hinh thiét bi nhiét phan 16 dimg
dinh hudong van hanh lién tuc, voi nang suét
than sinh hoc danh nghia 30 kg/h. Mot s két
qua chinh nhu sau:

1. H¢ thdéng sir dung hai vit tai diéu khién
doc lap dé cap trau va thao than, cyclone tach
bui va dudng hoi luu mot phan khi nhiét phan
vé viing sinh nhiét. Ciu hinh nay huéng dén tan
dung nhiét tir qué trinh d6t khi nhiét phan, giam
luong trdu va than phai oxy hoa truc tiép dé
cung cap nhiét cho qua trinh.

2. Cac thong s6 thiét ké chinh gém luu
luong trdu 50,0-55,6 kg/h; buéng phan Ung
¢ dudng kinh danh nghia 1.000 mm va chiéu
cao hitu ich khoang 1.200 mm; cyclone dugc
tinh todn so b cho luu lwong khi 200 m?/h.
Hé théng dién—diéu khién cho phép diéu
chinh doc 1ap cac truyén dong, giam sat nhiét
do va thuc hién céac chirc ndng canh bao, lién
dong an toan. M6 hinh da duogc lap rap va
kiém tra khong tai budc dau.

3. Nghién ciru méi dirng & két qua thiét ké,
ché tao va kiém tra khong tai. Kha nang cap—
thao lién tuc, mue ty duy tri nhiét, hiéu qua
h01 luru khi, hiéu suat tach bui, nang sudt, hiéu
suat thu hoi va chat luong than can dugc xac
nhan bang thir nghiém san Xuat qua d6 dong
bd va toi wu cac thong sd lam viéc cia hé
thong thiét bi.
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EVALUATION OF A MECHANIZED RICE STRAW COMPOSTING
MODEL FOR AGRICULTURAL COOPERATIVES IN HUE CITY,

VIETNAM
Do Minh Cuong’, Ve Quoc Linh', Nguyen Thi Ngoc', Hoang Thi Thai Hoa’',
Tran Duc Hanh', Tran Vo Van May', Nguyen Van Hiew’,
Tran Thi Cam Nhung®, Nguyen Huu Diem Ha®, Nguyen Van Hung®"

ABSTRACT

Rice production generates large quantities of straw. Although rice straw is collected and used for various
purposes, a considerable quantity remains unutilized. In particular, low-value straw—such as moldy or
weather-damaged straw and rice straw previously used for mushroom cultivation—is often difficult to store,
transport, and reuse. Consequently, these residues are commonly burned in open fields or incorporated
directly into flooded soils, raising various environmental concerns. This study evaluated mechanized windrow
composting as a practical option for rice-straw utilization at both farm-household and agricultural-
cooperative scales. A 45-day field demonstration was conducted at An Lo Agricultural Cooperative in Hue
City, Vietnam, using locally available rice straw, cattle manure, and rice-husk ash. The first mechanical
turning was performed immediately after windrow formation and simultaneously provided mixing, aeration,
and the application of water, molasses, and a Trichoderma-based inoculant. Five sequential samples indicated
progressive stabilization of the composting material: the C/N ratio decreased from 27.83 to 13.97, while the
final organic matter content reached 31.12%. A preliminary demonstration using the DT39 rice variety
recorded an observed yield that was 14.1% higher than that of the commercial organic fertilizer treatment. At
an assumed annual production scale of 48 t, the estimated simple payback period was 2.65 years. A
preliminary screening estimate indicated that diverting 2.2 t of rice straw from open-field burning could avoid
approximately 0.17 t COz-eq of CHy and N>O emissions per batch. These findings provide a practical basis

for replicated testing and scaling up of mechanized rice-straw composting among farm
households and agricultural cooperatives within circular agricultural systems.

Keywords: Agricultural cooperatives, Circular agriculture; Farm households; Mechanized composting;
Organic fertilizer, Rice straw.

L. INTRODUCTION environmentally preferable, and
Vietnam remains one of the world’s major economically compatible with smallholder
rice-producing countries (FAO, 2024; USDA and  cooperative  production  systems

Foreign Agricultural Service, 2025). Large
rice harvests generate substantial quantities
of straw, and where collection and utilization
systems are weak, the residue is commonly
burned or incorporated into flooded soil.
Open burning releases particulate matter and
gaseous air pollutants (Oanh, 2021; Phan &
Dinh-Tri, 2024), including greenhouse gases
such as CH4 and N20O (Romasanta et al.,
2017; Allen et al., 2020). Incorporation of
rice straw into flooded soils can enhance
anaerobic decomposition and seasonal
methane emissions (Sander et al., 2014;
Allen et al., 2020). These effects create a
strong need for residue-management
pathways that are technically feasible,

(Gummert et al., 2020).

Rice straw is a lignocellulosic biomass
dominated by cellulose, hemicellulose,
lignin, and mineral ash. Reported
composition varies with cultivar and
production  conditions, but  cellulose
commonly accounts for about one-third or
more of dry matter, while hemicellulose and
lignin form a structurally resistant matrix that
slows biological degradation (Hung et al.,
2020a; Goodman, 2020; Satlewal et al., 2018;
Abraham et al., 2016). Loose straw also has
low bulk density, increasing handling,
transport, and storage costs; these constraints
are amplified when straw is wet after rainfall
(Balingbing et al., 2020; Nguyen et al.,

! University of Agriculture and Forestry, Hue University, Vietnam

2 Tien Giang University
3 International Rice Research Institute (IRR)
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2016). For composting, the high structural-
carbon content of straw is advantageous as a
bulking and carbon source, but efficient
decomposition requires balancing it with
nitrogen-rich materials, adequate moisture,
oxygen supply, and repeated mixing or
aeration.

Aerobic composting can be implemented
as turned windrows, aerated static piles, in-
vessel systems, or combinations of these
approaches. In-vessel and forced-aeration
systems provide tighter control but require
higher capital and technical inputs, whereas
turned windrows are comparatively simple,
scalable, and well suited to farm and
cooperative settings when sufficient land is
available (Lim et al., 2017; Michel et al.,
2022).  Across  composting  systems,
temperature, moisture, initial C/N ratio,
aeration, and turning frequency strongly
influence  degradation rate, nitrogen
conservation, gaseous emissions, and
compost maturity (Bernal et al., 2009; Guo et
al., 2012; Ji et al., 2023; Kong et al., 2024).
Mechanical turning additionally
homogenizes heterogeneous feedstocks and
restores porosity, although excessive or
poorly timed turning may increase heat and
gas losses (Michel et al., 2022).

Rice-straw composting studies have
demonstrated that cattle manure, microbial
inocula, and  appropriate = moisture
management can accelerate decomposition
and reduce the C/N ratio (Li et al., 2008;
Rashad et al., 2010; Goyal & Sindhu, 2011;

I1. MATERIALS AND METHODS

2.1. Study site

The study was conducted at An Lo
Agricultural Cooperative, Phong Thai
Commune, Hue City, using an approximately
1,000-m?, flat, well-drained area for windrow
preparation, turning, water supply, material
handling, and product finishing. As an

Jusoh et al., 2013; Kausar et al., 2014; Nghi
et al., 2020). Long-term field work in the
Mekong Delta also indicates that repeated
rice-straw compost application can support
rice productivity and improve selected soil
physical properties (Watanabe et al., 2009).
However, most published studies focus on
laboratory/pilot =~ composting,  maturity
indicators, or regions with established straw
logistics. Evidence remains limited for an
integrated cooperative-scale model in humid
Central Vietnam that links mechanized

turning, sequential compost-quality
monitoring, preliminary crop response,
business feasibility, and environmental
screening.

Agricultural production in Hue is
relatively  fragmented, which creates

challenges for efficient rice-straw collection,
transport, and utilization. At the same time,
Hue City has increasingly promoted organic,
circular agriculture, creating a favorable
context for practical straw-recycling
solutions at local scale (Uy ban nhan dan tinh
Thira Thién Hué, 2024). This study therefore
developed and evaluated a mechanized
windrow model using local rice straw, cattle
manure, and rice-husk ash for farm-
household and cooperative application. It
assessed composting performance and
product quality, response of DT39 rice to the
fertilizer treatments, economic feasibility,
scaling potential, and greenhouse-gas
implications.

applied field demonstration rather than a
replicated process experiment, it combined a
single mechanized batch, sequential compost
monitoring, a  preliminary  rice-field
comparison, and scenario-based economic
and greenhouse-gas calculations. The turning
machine was provided by IRRI.
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Figure 1. Mixing of raw materials using a turning machine.

2.2. Composting materials, windrow
preparation and process monitoring

Rice straw was mechanically baled in the
An Lo fields, while cattle manure and rice-
husk ash were sourced locally (Table 1). A
single field-scale windrow was constructed
using alternating layers of rice straw, cattle

manure and rice-husk ash. The windrow had
a bottom width of approximately 1.2 m and a
height of 0.8 m to match the operating
specifications of the windrow turner. The
feedstock mixture was formulated to achieve
an initial C/N ratio of 25-30, with a recorded
value of 27.8.

Table 1. Raw materials used for one mechanized rice-straw composting batch

Material Amount Recorded initial condition/function

Baled rice straw 2,200 kg Approx. 14% moisture; main structural carbon source
a0 . .

Cattle manure 2,200 kg Approx. 20-30 A> m01‘sture, nitrogen source and

microbial substrate

o - — .

Rice husk ash 1,000 kg Approx. 10% mqlsture, improves porosity and
contributes mineral ash

Molasses 10L Readily available carbon source; diluted before spraying

Trlchoderma- 5L Applied during the first mechanical turning

inoculant

Water As required Adjusted to maintain target windrow moisture

Immediately after windrow formation, the
first mechanical turning was conducted to
mix and aerate the materials. During this
operation, diluted molasses, a Trichoderma-
based inoculant, and sufficient water were
sprayed onto the mixture to adjust its
moisture content. Subsequent turning was
performed every 7-10 days or when the
temperature approached 70°C to restore
porosity and redistribute moisture.

Temperature, moisture content, and pH
were monitored as operational indicators.
During active composting, the target ranges

were 50-70°C, 50-60%, and 6.5-7.5,
respectively. The windrow was covered with
canvas when necessary, and water was added
during turning to maintain the target moisture
content. The composting process was
monitored for 45 days.

Five composite samples were collected on
days 7, 15, 25, 35, and 45. With no
independent  replicate ~ windrows, the
sequential measurements were interpreted
descriptively as process observations rather
than experimental replicates.
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Figure 2. Process flow of mechanized rice-straw windrow composting.

2.3. Preliminary rice-field
demonstration

A preliminary field demonstration with
DT39 rice was conducted at An Lo field
during the Winter-Spring 2024 season in two
adjacent 500-m? plots. Two fertilizer
treatments were compared: (T1) 400 kg of
rice-straw compost per 500-m? plot and (T2)
400 kg of commercial organic fertilizer per
500-m? plot, both applied according to local
farming practice. Each fertilizer was divided
between  basal and  supplementary
applications. Rice was transplanted on 8
January and harvested on 22 April 2024.

The two-treatment field layout was non-
randomized and unreplicated; results were
therefore interpreted descriptively without
inferential statistical analysis. Yield-related
measurements included panicles/m?, filled
grains/panicle, 1,000-grain weight,
theoretical yield, actual yield, and unfilled-
grain ratio, following relevant procedures
referenced from TCVN 13381-1:2023.

2.4. Measurements and data analysis

Moisture  content was  determined
gravimetrically by oven-drying to constant
mass, and pH was measured using a
calibrated pH meter. Organic matter (OM)
and total carbon (C) were determined
independently  using  the  analytical
procedures adopted by the Faculty of
Agronomy laboratory, HUAF. Total N,
P,0s, and K,O were determined according to
TCVN 8557:2010, TCVN 8563:2010, and
TCVN 8562:2010, respectively. The C/N
ratio was calculated from the measured total
C and total N contents.

2.5. Statistical, economic, and
environmental calculations

Results were analyzed descriptively
without inferential statistics due to the
unreplicated design of the composting batch
and rice  demonstrations.  Economic
feasibility was assessed for a base scenario of
4 t/batch and 48 t/year using production cost,
annual net profit, simple payback, and
sensitivity to selling price, material cost, and
production scale.
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Avoided greenhouse gas emissions from
open-field burning were estimated using
IPCC (2006) emission factors for CHs and
N20 and GWPjgo values from Forster et al.
(2021). The estimate was based on 1,892 kg

II1. RESULTS AND DISCUSSION

3.1. Process performance and
operational feasibility

Following  first-day  turning  and
inoculation, windrow temperature rapidly
entered the thermophilic range, peaked at
approximately 58.2°C, and then declined
during aeration and maturation. Moisture
content of the windrow was adjusted with
water as required. Because windrow
temperature and moisture varied with
weather,  geometry,  feedstock, and
measurement position, they were treated as
operational observations rather than tightly
controlled variables. The initial C/N ratio of
27.8 and the thermophilic response were
consistent with suitable rice-straw/manure
composting conditions (Li et al., 2008; Nghi
et al., 2020; Guo et al., 2012).

The mechanized windrow turner integrated
raw material mixing, active aeration, liquid
amendment  application, and  porosity
restoration in a single pass, representing the
model’s main  technical  contribution.
Compared with in-vessel or forced-aeration
systems, turned windrows require less
infrastructure but depend on timely turning and
moisture control (Lim et al., 2017; Michel et
al., 2022). The windrow-turner improved
material handling and operational feasibility
(Hashim et al.,, 2024), IRRI/CGIAR field
demonstrations indicate practical use of
mechanized straw-composting technology
(CGIAR, 2023).

3.2. Compost maturation and
preliminary agronomic performance

3.2.1. Temporal changes in compost
properties

Five compost samples collected on days 7,
15, 25, 35, and 45 showed progressive
stabilization (Table 2; Figure 3). Mean

dry matter derived from 2,200 kg baled straw
and excludes emissions from composting,
mechanized operations, transport, and other
life-cycle processes.

windrow moisture was 50.34%, within the
50-60% target. Moisture content from
47.51% on day 7 to 55.22% on day 15 and
67.11% on day 25 following water addition
during turning, temporarily exceeding the
target, before declining to 43.46% on day 35
and 38.42% on day 45 as water addition
decreased and aeration and evaporation
continued. Windrow pH remained relatively
stable at 7.46-7.91. These observations
emphasize adding water according to
measured moisture content and avoiding
prolonged over-wetting that may restrict
aeration (Li et al., 2008; Nghi et al., 2020).

By day 45, total C decreased from 51.21%
to 30.74% and total N increased from 1.84%
to 2.20%, reducing the C/N ratio from 27.83
to 13.97. P,Os and K>O increased from
0.32% to 0.51% and from 1.22% to 1.39%,
respectively, while final organic matter
reached 31.12%. These trends indicate
microbial mineralization of degradable
organic matter and relative nutrient
concentration as dry matter was lost,
consistent ~ with  previous  rice-straw
composting studies using manure or
microbial inoculants (Goyal & Sindhu, 2011;
Jusoh et al.,, 2013; Kausar et al., 2014;
Rashad et al., 2010).

The final C/N ratio of 13.97 fell within the
10.3-16.1 range reported by Jusoh et al.
(2013) for stabilized rice-straw compost. The
day-35 observations (moisture content of
43.46%, pH of 7.89, and C/N ratio of 14.93)
suggest that a 35-40-day composting cycle
may be feasible under favorable conditions.
Composting duration also depends on the
type and prior condition of the rice straw
(Department of Crop Production, 2023).
Further replicated trials using clearly defined
maturity criteria are needed to determine the
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KHOA HOC - CONG NGHE

optimal duration for different rice-straw
feedstocks (Bernal et al., 2009; Ji et al., 2023;
Kong et al., 2024).

Table 2. Temporal changes in physicochemical properties of rice-straw compost

Day |Moisture (%) | pH |OM (%) | C (%) |N (%) | C/N | P205 (%) | K20 (%)

7 47.51 7.66| 28.12 |51.21 | 1.84 |27.83| 0.32 1.22

15 55.22 7.65| 29.21 |45.25]| 2.08 |21.76| 0.40 1.25

25 67.11 7.46| 30.01 |3837 | 2.11 |18.19| 0.42 1.34

35 43.46 7.89| 31.14 |32.24| 2.16 |14.93| 0.50 1.37

45 38.42 791 31.12 |30.74 | 2.20 [13.97| 0.51 1.39

Mean 50.34 771 2992 |39.56 | 2.08 [19.34| 0.43 1.31

Figure 3. Changes in physicochemical properties during rice-straw composting:
(a) moisture content and pH, (b) carbon, organic matter, and C/N ratio, and (c) N, P>Os,
and K>O concentrations.

The final composition indicates potential compliance with applicable Vietnamese
use as an organic soil amendment and fertilizer requirements for nutrients, safety,
nutrient source. However, commercialization contaminants, and consistency (B Nong
requires  repeated-batch  testing  and nghi¢p va Mai truong, 2025).
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3.2.2. Preliminary performance on
DT39 rice

The rice-straw compost plot produced
fewer panicles than the commercial organic
fertilizer plot (220.00 vs. 239.25 panicles/m?)
but more filled grains per panicle (120.93 vs.
98.63). The 1,000-grain weights were similar
(23.50 vs. 23.75 g), while the unfilled-grain

ratio was slightly lower (9.18% vs. 10.53%).
Actual yield was 5.702 t/ha versus 4.997 t/ha,
a difference of 0.705 t/ha or 14.1% (Table 3).
Because the comparison was neither
randomized nor replicated, the values are
descriptive and do not establish a statistically
significant fertilizer effect.

Table 3. Yield and yield components of the DT39 rice in the preliminary demonstration

Yield indicator Rice-straw compost | Commercial organic Observed
treatment fertilizer treatment difference
Panicles (no./m?) 220.00 239.25 -19.25
Filled grains/panicle 120.93 98.63 +22.30
1,000-grain weight (g) 23.50 23.75 -0.25
Theoretical yield (t/ha) 6.252 5.605 +0.647
Actual yield (t/ha) 5.702 4.997 +0.705
Unfilled grain ratio (%) 9.18 10.53 -1.35
The observed yield difference was crop response, and determine optimal

associated mainly with more filled grains per
panicle and a lower unfilled-grain ratio in the
rice-straw-compost plot, rather than panicle
density or 1,000-grain weight. Nutrient
release and added organic matter may have
supported grain filling, but this mechanism
was not directly tested because soil
properties, nutrient-release dynamics, and
plant nutrient uptake were not measured. This
response 1is consistent with long-term
Mekong Delta evidence for rice-straw
compost (Watanabe et al., 2009). Because the
comparison used two adjacent, unreplicated
500-m? plots, the results provide preliminary
feasibility evidence only; randomized,
replicated, multi-season trials are needed to
compare equivalent nutrient rates, quantify

application rates under Hue conditions.

3.3. Economic feasibility and sensitivity

At 48 t/year, estimated production cost
was VND 2.518 million/t.
Materials/feedstock represented 41.2% of
unit cost, followed by packaging (16.8%),
depreciation and maintenance (15.6%), labor
(13.5%), land use (8.8%), energy (2.6%), and
interest (1.5%). At an assumed selling price
of VND 3.5 million/t, the estimated annual
net profit was VND 47.16 million. Based on
the initial investment of VND 124.8 million,
the recalculated simple payback period was
approximately 2.65 years. These values
should be interpreted as scenario-based
estimates rather than audited commercial
performance.

Table 4. Key economic indicators of the cooperative-scale composting model

Indicator

Value

Annual production

48 t/year

Initial investment

VND 124.8 million

- Compost turner (no tractor)

VND 120.0 million

- Packing machine VND 2.0 million
- Printing equipment VND 2.8 million
Production cost VND 2.518 million/t

Selling price VND 3.500 million/t
Net profit VND 47.16 million/year
Payback period ~ 2.65 years
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Assuming the base-case unit margin of
approximately VND 0.982 million/t remains
constant, annual outputs of 36 and 60 t would
generate estimated profits of VND 35.37
million and VND 58.95 million, with
corresponding simple payback periods of
3.53 and 2.12 years. These linear scenario
calculations do not demonstrate economies of
scale or declining unit costs, which would
require separate variable- and fixed-cost
estimates at each production level.

3.4. Environmental implications,
adoption conditions, and limitations

Adoption requires coordinated straw
collection, reliable manure and ash, moisture
control, and planned equipment use. Sharing
the turner can spread fixed costs, while
internal compost use can seed the market.
Scaling thus depends on logistics, process
and quality control, finance, and market
organization (Demont et al., 2020; Gummert
et al., 2020).

The cooperative model suits wet or low-
quality straw requiring local processing.
Mechanized collection and densification
address dry-straw handling constraints
(Balingbing et al, 2020). Rice-straw
composting provides a pathway to recycle

IV. CONCLUSIONS

The study supports the feasibility of a
tractor-compatible mechanized windrow
system for converting locally available rice
straw, cattle manure, and rice-husk ash into
stabilized compost at cooperative scale.
Mechanical turning, inoculation, and
moisture  adjustment ~ were initiated
immediately after windrow formation. From
days 7 to 45, total carbon and C/N ratio
decreased, while N, P0s, and KO
concentrations increased; final organic
matter was 31.12% and C/N was 13.97. The
day-35 observations suggest that a 35-40-
day cycle may be feasible under favorable
conditions, although the required duration
depends on the type and prior condition of the
rice straw; replicated trials with predefined

nutrients and organic matter to soil (Nghi et
al., 2020), while broader rice-straw
incorporation studies report effects on
nutrient cycling and soil organic matter
(Chivenge et al., 2020).

Burning the batch’s 1.892 t dry matter
would emit 0.174 t COz-eq from CH4 and
N»2O; diversion to composting could therefore
avoid about 0.17 t CO-eq at the burning
stage (IPCC, 2006; Forster et al., 2021),
broadly consistent with Romasanta et al.
(2017). This is not a net carbon balance
because composting, machinery, and
transport also emit. Defensible mitigation
claims require direct emissions and life-cycle
comparisons with local burning and flooded
incorporation (Allen et al., 2020; Hung et al.,
2020b; Sander et al., 2014). Key limitations
were the single batch, incomplete continuous
temperature records, absence of microbial-
density and  germination-index  data,
unreplicated plots, and scenario-based
economics. Future work should include
replicated seasonal windrows, continuous
logging, maturity indicators, randomized
crop trials, direct labor/fuel measurements,
and full life-cycle and market analyses.

maturity criteria are therefore needed. In the
500-m? DT39 demonstration, observed rice
yield was 14.1% higher than in the adjacent
plot treated with commercial organic
fertilizer, but the unreplicated field
comparison remains preliminary.

At 48 t/year, the scenario-based analysis
estimated a production cost of VND 2.518
million/t, annual net profit of VND 47.16
million, and a simple payback period of
approximately 2.65 years; utilization rate and
selling price were key determinants of
feasibility. The avoided-burning screening
estimate was about 0.17 t COz-eq per batch
from CH4 and N;O, not a full life-cycle
mitigation estimate. Further work should
prioritize replicated multi-season composting
and rice trials, microbial and maturity
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measurements, direct labor/fuel and
emissions monitoring, and validation of
cooperative equipment-sharing and market
models before large-scale commercialization
or carbon-credit claims.
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MOT SO KET QUA NGHIEN CUU VE MAY CAN BOT MI PHUC VU SAN
XUAT QUY MO NHO, NANG SUAT 25 KG/H
Phan Tén Thanh Tam'", Vé Quoc Linh’, Tran V5 Vin May',
] Hoé Van Diing"2, Chdu Van Tai Nguyén’
TOM TAT
Trong boi canh nhu cau tiéu thu cac san phdm che bién tir bot mi ngay cang tang, viéc co gidi hda cong
doan cdn bt tai cdc co 6 san xudt quy mé nhé la can thiét nham nang cao nang sudt, giam lao dong thii cong
va cdi thién chdt heong san pham. Nghién ciru nay trinh bay két qua thiét ké, ché tao va khao nghiém mét may
can bét mi hoat dong theo nguyén Iy can lién tuc hai truc, dong thoi khao sat anh huong cua toc do tinh todn
clia truc can (43,6-87,1 vong/phiit) va khe ho truc cdan (2—4 mm) dén chat lwong tam bét. Két qua khao nghiém
cho thdy tai téc dj truc cdan 65,3 vong/phiit két hop khe hé 3 mm, tam bot dat do dong déu cao nhdt (88,5%),
1y I¢ duit doan thdp (4,7%) va thoi gian can 69 gidy; mdy dat ndng sudt tinh todn khoang 25 kg/h. So voi mot
6 mdy can bot mi thwong mai cung phan khiic, mdy nghién ciru co chi phi ché tao thap hon déang ké (khoang
2,5 triéu dong, thap hon 2,08— 19 lan) trong khi van dat nang sudt twong duong. Két qua nghién ciru gop phan
bé sung co s0 thuc nghiém Vvé dnh hwéng ciia cdc théng sé vin hanh dén chat lwong tam bt sau can, dong
thoi cung cdp mét giai phap co gi6i héa kha thi, chi phi thap, phit hop véi hé gia dinh va co so ché bién quy
mo nho.
Tir khéa: Mdy cin bét mi; Co gi6i héa, toc 6 truc can; Khe hé truc can; Nang sudt 25 kg/h.
SOME RESEARCH RESULTS ON A WHEAT FLOUR SHEETING MACHINE
FOR SMALL-SCALE PRODUCTION, CAPACITY OF 25 KG/H
ABSTRACT
In the context of the increasing demand for wheat flour-based products, the mechanization of the dough
sheeting stage in small-scale production facilities is essential to improve productivity, reduce manual labor,
and enhance product quality. This study presents the design, fabrication, and testing results of a two-roller
continuous sheeting machine, together with an investigation of the effects of roller speed (43.6-87.1 rpm) and
roller gap (2—4 mm) on dough sheet quality. Experimental results showed that, at a roller speed of 65.3 rpm
combined with a 3 mm gap, the dough sheet achieved the highest uniformity (88.5%), the lowest breakage rate
(4.7%), and a sheeting time of 69 seconds; the machine reached a calculated productivity of approximately 25
kg/h. Compared with several commercial machines in the same segment, the developed machine has a
substantially lower manufacturing cost (about 2.5 million VND, 2.08—19 times lower) while achieving
comparable productivity. This study contributes experimental evidence on the influence of operating
parameters on dough sheet quality and offers a feasible, low-cost mechanization solution suitable for
households and small-scale processing facilities.

Keywords: wheat flour sheeting machine; mechanization, roller speed; roller gap; productivity of 25
kg/h.

I. PAT VAN PE

Trong nhitng nim gan dy, nhu ciu tiéu
thu cac san pham ché bién tir bot mi nhu mi
turoil, mi sQi, banh bao va cac san phém bot
khac ngay cang tang, keo theo yéu cdu nang
cao nang sudt va chat luong trong qua trinh
ché bién. Trong chudi cong doan san Xuat,
can bot dong vai trod quyét dinh dén do dong
déu cua tAm bot, anh hudng truc tiép dén chat
lugng thanh phém. Tai Viét Nam, cac nghién

ctru cho thiy viéc co gidi héa trong san xuat
mi ¢0 vai tro quan trong trong viéc nang cao
ning suit, giam lao dong tha cong va cai
thién do dong déu cua san pham. Trén thé
2161, nhém nghién ctru Thin va cs. [1] da phat
trién va thu nghiém may lam mi ban tu dong,
tap trung vao cai tién co ciu can va cat nham
tao ra soi mi c6 kich thuéc o6n dinh, giam sy
phu thudc vao thao tac thu cong. Ngoai ra,
nhom nghién ciu Kadimcherla va cs.;

1 Khoa Co Khi va Cong Nghé, Trudong Pai hoc Nong Lam, Pai hoc Hué
2 Khoa Ky thuat Nong Nghiép, Truong Pai hoc Kasetsart, tinh Nakhon Pathom, Thai Lan

3 Nha may Ché bién Thity san Pong lanh TP Hué

Email: phantonthanhtam@huaf.edu.vn; hovan.d@ku.th (Nghién ctru sinh TL)
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Altamash va cs. [2], [3] ciing nhan manh rang
cac may 1am mi ban tu dong c6 két cau don
gian, chi phi ché tao hop 1y va phi hop v6i ho
gia dinh hoac co s& san xuét nho. Bén canh
huéng nghién ciru vé thiét ké may, mot sb
cong trinh nghién ctru khoa hoc ciling quan
tam dén nguyén liéu va dic tinh cong nghé
cuia khdi bot trong qua trinh can. Bén canh do,
nhom Liu va cs. [4] chi ra rang thanh phan
phu gia nhu mudi va chat két dinh c6 anh
hudng 10 rét dén tinh chét luu bién, hoa hoc
va ciu trac cta khdi bot mi trong qué trinh
can lap lai, tir do tac dong dén chét luong san
pham mi. Ngoai ra, Grochowicz va Nadulski
[5] d4 tong quan cac cong nghé ché bién thuc
phim quy mé nhé va nhan manh rang viéc
phat trién cac thiét bi c6 két cdu don gian, chi
phi dau tu hop 1y, dé van hanh va phu hop véi
diéu kién san xuét cia cac co sé nho 1a xu
huéng can thiét nham thiic day co gi6i hoa
trong linh vuc ché bién thuc pham [6].

Mic du nhiéu nghién ciru da tap trung vao
thiét ké va ché tao may lam mi ban ty dong,

ILPOI TUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. Poi twong nghién ciru

Péi tuong nghlen ctru la bot mi, khéi mi
sau qua trinh nhoi trén, ciu tao va nguyén ly
lam vi¢c cua may can. May can bot mi dugc
ché tao va lap rap tai xuong co khi khoa Co
khi va Cong ngh¢, Dai hoc Nong Lam, Dai
hoc Hué sau d6 duoc dua vao thur nghiém can
bdt mi. Theo d6 cac chi tiéu can danh gia bao
gom: nang suat can, anh huong cua toc do
truc can va khe hé truc can dén thoi gian can,
do déng déu va ty 1€ dut doan cua tAm bot.

2.2. Phwong phap nghién ctiru

2.2.1. Phwong phdp diéu tra khdo sdt,
nghién ciru tai liéu: Cac dit 1iéu vé tinh hinh
san xuét bot mi, tinh hinh ché bién banh canh
ttr bot mi quy mé ho gia dinh; nguyén ly ciu
tao va nguyén ly lam viéc clia cac mau may
can ép san pham déo trong nudc va trén thé
gidi duoc nhom dé tai tong hop va phan tich

phan 16n céc thiét bi huong dén quy mo cong
nghiép hodc tich hop nhiéu chtic ning, dan
dén chi phi dau tu twong ddi cao va kho ap
dung ddi véi cac hod gia dinh hoac co s¢ ché
bién nho. Pong thoi, cic nghién ciru dénh gia
anh hudng cua cac thong sd van hanh nhu toc
dd truc can va khe hé truc dén chat luong tAm
bot trong diéu kién san xut quy mo nhoé con
han ché va viéc danh gia hiéu qua tmg dung
cua thiét bi trén ca khia canh k¥ thuat va kinh
té thong qua so sanh vé6i cac may thuong mai
hién c6 trén thi truong van chua dugce nghién
chu diy di. Pay chinh 1a khoang trong
nghién ctru ma nghién ctru nay huéng dén
giai quyét. Vi vy, nghién ctru “Mot s0 két
qua nghién ctru vé may can bt mi phuc vu
san xudt quy mé nho, nang suat 25 kg/h”
duoc thuc hién nham thiét ké, ché tao, khao
nghi¢ém va xac dinh ché d6 van hanh phu hop
nhit trong pham vi khao sat, gop phan giam
suc lao dong, nang cao hiu qua san Xuat va
cai thién chat lwong san pham mi trong diéu
kién san xuat quy mé ho gia dinh.

lam co s& cho viéc lya chon nguyén 1y lam
viéc hop ly cia may can bot mi.

2.2.2. Phwong phdp tinh todn thiét ké
may

a) Xay dung mé hinh todn hoc dé tinh todn
cdc thong 56 co ban ciia bé phdn can bot mi

Hinh 1 mo ta diéu kién vt c4n n vao truc
can. Trong khi hai truc dang quay véi toc do
14 V1, V2 (gia thiét Vi = V2); ban kinh hai truc
1a Ry, Rz (R1 = Ry). Tai hai diém A va B qua
hai duong thang hudng tim O va Oz (AO; =
BO; ), hai duong thang nay cing voi duong
thang ndi hai tm truc 010, tao thanh nhing
goc a1 va oz (ou = 02) goi la goc an. Tai thoi
diém ma vat can tiép xtic v6i hai truc can, truc
can s€ tac dung Ién vat can cac luc P1 va P2
(P1="P), dong thot voi chuyén dong tiép xuc
trén bé mat vat xuat hién hai luc ma sat tiép
xuc Ti va Tz ¢6 chiéu theo chiéu chuyén dong
di vao cua vat can (T, = T2).[10]
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Hinh 1. Piéu kién vat can an vao truc can

Ta gia thuyét qua trinh can 1a can ddi xtmg
cho nén céac ngoai lyc tac dung 1én vat can vi
du nhu luc déy, luc kéo cang...la khong co,
déng thoi lyc quén tinh do trong lugng vat
can tao ra ta bo qua.

Vi cac luc Py, Py, Ti va T, khi chiéu 1én
phuong x-x 1a phuong chuyén dong ciia vat
can, chung ta d& nhan thdy rang: néu nhu P;
+ P> <T; + Tz hoac 1a Px; + Pxo < Tx; + Tx»
thi vat can di ty nhién vao khe ho gitta hai
truc can, vay la ta co diéu kién vat c4n dn vao
truc can tu nhién:

Tx1 + Tx2 > Px; + Pxp <=> 2Tx1 > 2 Pxy

nghia la lyvc Tx; >Px;  (2.1)
Talai c6: Px; = Pi.sinay
Txq = Ti.cosay
(2.2)
Txi =P..f (f hé s6 ma sat gitta

vat can va truc)

Nhu vay: Pl.f.cosal = Pl.sinal => f >
tgal hoac tgp > tgal

Tiép theo xét trong khi can cé luc day vat
can vao (Q) cung phuong can va luc quan
tinh I nguoc phuong can.

Trong thuc té lyc quan tinh I rat nho nén
ta bo qua, ta c6 cong thuc luc Q nhu sau:

Q =
(2.3)
Tt cong thire trén ta c6 dugc 3 truong hop
dé vat can an vao truc can nhu sau:
Truong hop I: + Néu a = B. Suy ra Q = 0.
Vay ¢ qua trinh can tu nhién khong can co
luc day vao.

B)

Truong hop II: + Néu a > B. Suy ra Q > 0.
Cé6 nghia can c6 luc tac dong vao vat can dé
lam cho dau vat can bop nho lai va lc d6 méi
c6 duge a = B. O thoi diém d6 s& c6 diéu kién
an vao.

Truong hop III: + Néu a < B. Suy ra Q<
0. Co nghia la ton tai luc ma sat thira, diéu
kién an dé dang.

b) Xdc dinh nang sudt Iy thuyét ciia mdy
can bot mi

Qi =3600-p-B;-hy-v-¢ (kg/gio)

(2.4)
Trong do:
p: Khéi luong riéng cia khbi bot mi sau
nhao (kg/m3);

B;: Chiéu rong trung binh ctia tim bot
sau can (m);

h,: Chiéu day thyc té ctia tim bot (m);

v: Van toc bé mit truc can (m/s);

¢: Hé s dién day va gian doan cap liéu
thuc té;

2.2.3. Phwong phap nghién ciru thuc
nghiém

May cén bot mi sau khi ché tao dugc thir
nghi¢m v&i bot mi da dugce nhao tron.

Céc thong s6 diéu khién bao gdm:

- Téc @6 quay cua truc can
- Khe hé hai truc can
Céc chi tiéu d4nh gia bao gom:
- Nang suit may
- Anh huong cua tdc d0 truc can va
khe hé truc can dén thoi gian can, d6 dong
déu va ty 1¢ dat doan cua tam bot.

Nang sudt may can bot mi dugc xac dinh

boi cong thurc:
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N = 3600 x % (kg/giv)
Trong do:
m: khéi luong nguyén liéu trong
mdt 1an khao nghiém (kg);
t: 1a tong thoi gian hoan thanh
mot chu trinh can (giay);

Bd phédn can c6 duong kinh truc D =
70 mm va bé rong lam viéc thuc té B =
300 mm. Khi can khéi bot mi (46 am 30—
31%) & cac mirc khe hd hy € {2;3; 4} mm,
do hién twong din nd dan hoi, chiéu day thyc
té cta tAm bot (h,) 16n hon khe ho cai dat
khoang 10-15% (twong ung 2,3 mm;
3,45 mm; 4,6 mm), chiéu rong tim bot dat
B; = 300 mm.

III. KET QUA VA THAO LUAN

3.1. Mo hinh may can bt mi da dwgc
thiét ké

Dua trén téng hop, phén tich cac loai may
can ép san pham déo khéac, ddng thoi dwa vao

Anh hudng ct 25  tryc can va khe ho
truc can dén thoi gian can, 46 dong déu va ty
1& dirt doan cua tAm bot duge thé hién qua thi
nghiém khao nghiém dugc bé tri theo hai yéu
td: téc dd truc can (3 murc) va khe ho truc can
(3 mirc), t6 hop thanh 9 ché do van hanh
(Bang 1). Mdi ché do van hanh dugc lap lai 3
1an v6i cung khéi luong nguyén liéu dau vao
(m =1 kg); cac gi tri trinh bay trong Bang 1
1a gié tri trung binh cua céc lan  1ap. Thoti gian
can duoc do bang dong hd bam gidy co do
phan giai 0,1 gidy; do dong déu cua tim bot
dugc xac dinh thong qua do chidu day tai
nhiéu vi tri trén tim bot béng thude kep co
khi; ty 18 dut doan duoc xac dinh bing ty 18
chiéu dai cac doan bot bi rach/dut trén téng
chiéu dai tim bot khao sat.
ly thuyét can ép, cac thong sd tinh toan va cac
yéu cau vé k¥ thuat, mo hinh mdy can bot mi
dugc thiét ké nhu hinh 2.

Hinh 2. M6 hinh thiét ké mdy cdn bot mi
1- Khung, 2- Chét cing bang tdi, 3- Goi d tang quay, 4- Puly, 5- Ddy dai, 6- Bing tdi,
7- Tang quay bang tdi, 8 - Tam diéu chinh khodng cdch, 9- Bé truyén banh rang,
10- Truc can, 11- Mdng thodt liéu, 12- Dong co

Nguyén ly hoat dong cia may can bt mi:
khi dong co (12) lam vi¢c, thong qua bd
truyén dai dan dong (5), may can bot mi lam
viéc. Luc nay, khdi bot duge dua véo truc can

(10) thong qua bang tai cap liu (6). Vit lidu
sau khi cén thoat ra mang thoat li¢u (11).

3.2. Két qua ché tao va khio nghiém
may
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a) Ché tao mdy: May can bot mi duoc ché
tao dua trén thiét ké nhu hinh 2 va duoc trinh
bay & hinh 3. May dugc thiét ké theo dang
mo-dun, bao gdm khung d&, hé théng truyén
dong, cip truc can, bang tai cip liéu va co cau
diéu chinh khe ho truc can.Trong qua trinh
van hanh, dong co dién truyén moé-men xoin

dén cip truc can thong qua hé thong truyén
dong dai, tao lyc can va lyc ma sat can thiét
dé can mong khdi bot. Chidu day cua tim bot
dugc diéu chinh bang cach thay doi khe ho
gifra hai truc can. Khéi mi duoc cip liéu qua
hé thong bang tai dé dam bao an tan lao dong
khi van hanh may.

Hinh 3. Mdu mdy can bot mi sau khi ché tao

b) Khao nghiém may can bot mi
So d6 bo tri thiét bi khao nghiém:

Hinh 4. So do bé tri thiét bj khdo nghiém va san pham sau cdan

Nguyén liéu dau vao cho mdi lan khao
nghiém 1a 1 kg bot mi. Khéi bot duoc chuan
bi theo quy trinh nhao gém hai giai doan:
nhao kho trong 2-3 phut dé phdi tron dong
déu nguyén liéu, sau d6 bo sung nudc tir tir

va tiép tuc nhao udt trong 10—15 phut. Lugng
nudc bod sung dao dong trong khoang 100—
200 mL/kg bot, duoc diéu chinh tuy theo kha
ning hat nude cua ting loai bot nham dat 4o
am khdi bot khoang 30-31%. Bot sau khi
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nhao dat yéu cau khi c6 do dong nhat cao, ning kéo thanh mang mong, dan hoéi va
khong xuat hién cac von cuc lomn, dong thoi  khong bi rach hodc dinh tay trong qué trinh
hinh thanh mang gluten tot, thé hi¢én qua kha kiém tra.

Hinh 5. Khoi bét sau khi nhao trén
Hinh 6 trinh bay két qua kiém tra kha ning  thanh mang mong, dan hdi t6t, khong bi rach
hinh thanh mang gluten cta khéi bot sau khi  va khong dinh tay.
nhao. Tam bot dat yéu cau khi c6 thé kéo

Hinh 6. Kiém tra khd nang hinh thanh mang gluten ciia khéi bot
(a) Khong hinh thanh mang gluten; (b) Co hinh thanh mang gluten;
(¢) Kiém tra bot nhao

Tdc d6 truc can (3 mirc) va khe ho truc can  14n véi cung khdi lugng nguyén lidu dau vao
(3 mirc), t6 hop thanh 9 ché do van hanh (m= 1 kg); cic gia tri trinh bay trong Bang 1
(Bang 1). Mbi ché d6 van hanh duoc lap lai 3 1a gid tri trung binh ctia céac lan lap.[7]

Bing 1. Anh huéng cia cdc théng sé vin hanh dén chat heong san pham
(gid tri trung binh ciia 3 lan lap

Tocdo danh | 4 45 tinh toan | Van toe | Khe | Thoi | D0 | 1Y€
nghia cai dat tai . . - - . dong dut
A cua truc can bé mat ho gian Py

dong co (vong/phit)y | (m/s) | (mm) | (s) | 9w | doan
(vong/phit) &P (%) | (%)
200 43,6 0,160 2 72 | 795 5,6

200 43,6 0,160 3 72 | 835 5.4

200 43,6 0,160 4 72 | 745 5,2

300 65,3 0,239 2 69 | 86,5 4,9

300 65,3 0,239 3 69 | 885 4,7

300 65,3 0,239 4 69 | 785 5,1

400 87,1 0,319 2 66 | 84,5 4,7

400 87,1 0,319 3 66 | 86,5 4.6

400 87,1 0,319 4 66 | 815 4.9
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3.3. Anh hwéng ciia qua trinh can bot Két qua khao nghiém cho thay toc do truc
mi can va khe hé can déu anh huong dén chit

Tur cac két qua ¢ Bang 1, xay dung dugc luong tAdm bot. Khi tdc dd truc can tdng tu
hai biéu d6 so sanh d6 dong déu va ty 1é dat 43,6 1én 87,1 vong/phut, thoi gian can giam

doan ctia tAm bot tai 3 tée do truc can ung tr 72 xuéng 66 giady. Tai khe ho 3 mm, do
v6i 3 mire khe ho truc can (2, 3 va 4 mm). dong déu clia tAm bot tang tir 83,5% o toc do

a) Anh hwéng ciia toc dé truc cdn va 43,6 vong/phut 1én gia tri cao nhat 88,5% &
khe hé cdn dén d¢ dong déu ciia tim bt toc do 65,3 vong/phiit, sau d6 giam con

86,5% & toc d 87,1 vong/phut.
D) dong déu ciia tAim bot

90 885
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[ee]
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@ @
EaRe))

81.5
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(o]
[y

N
@ o

74.5

D§ ddng déu cia tAm bt (%)
~
(o)}

N
NE

40 50 60 70 80 90
Téc do tinh toan cia truc cAn (vong/phiit)

—e—Dbong déu 2 mm (%) —@—Dongdéu3 mm (%) bong déu 4 mm (%)

Hinh 7. Anh huwong cua t6¢ dé truc can va khe hé can dén do déng déu ciia tam bét
b) Anh huwong cia téc dj truc can va hanh tai téc d6 truc can 65,3 vong/phut va khe
khe hé cdn dén 1y 1 dirt doan ciia tim bgt o 3 mm cho sy cin bang phu hop nhét gitra
Két qua khao nghiém cho thay tc ty 16 dat  thoi gian can, do dong déu va ty 18 dut doan
doan twong (mg giam tir 5,4% xudng 4,7% va  cua tam bot.
4,6%. Trong pham vi khdo sat, ché d6 van

Ty 1é dirt doan ciia tam bot

Ty 1€ dut doan (%)
b oo oo
@ U1 N S~ O @

by
o

-~
S

40 50 60 70 80 90
Téc d6 tinh toan cua truc can (vong/phit)

—@—Durt doan 2 mm (%) —@—Dit doan 3 mm (%) bt doan 4 mm (%)

Hinh 8. Anh hwong cua téc dé truc can va khe hé can dén ty l¢ dut doan cua tam bot
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3.4. Panh gia tong hop va lra chon ché
do van hanh phu hop

Tong hop két qua khao nghiém cho thy
tdc do tinh toan cua truc can va khe hé can co
anh huong dén cac chi tiéu chat lugng tim
bot. Xét dong thoi thoi gian can, do dong déu
va ty 1€ dut doan, tbc do truc can 653
vong/phut két hop voi khe ho 3 mm duoc lya
chon 14 ché d6 van hanh phu hop nhét trong
pham vi khao sat. Tai diéu kién nay, thoi gian
cén dat 69 gidy, do dong déu dat 88,5% va ty
1¢ dat doan 1a 4,7%. Két qua nghién ciru cua
dé tai c6 nhiéu diém tuong dong voi nghién
ctru ctia Thin va cs. [2], khi déu cho thay viéc
lya chon ché do van hanh phu hop cé anh
huong dang ké dén chat lwong san pham sau
can. Tuy nhién, trong khi nghién ctru cua
Thin va cs. chu yéu tap trung vao phat trién
va danh gid kha nang van hanh cia may lam
mi ban ty dong, nghién ctru nay di sau khao
sat anh hudng cua tdc d6 quay truc can va khe
ho gitra hai truc can dén do déng déu va ty 1€
dut doan cua tim bot, tir d6 xac dinh dugc ché
d6 van hanh phut hop nhat trong pham vi khao
sat cho diéu kién san xuat quy mo nho.

Két qua cia nghién ctru ciing pht hop voi
nhan dinh cta Liu va cs. [8], khi cho rang chat
lugng tdm bot chiu anh huong bdi sy phat
trién ciia mang gluten trong qué trinh can.
Trong nghién ctru nay, mac du khong danh
gia truc tiép cac dic tinh luu bién cua khoi
bot, nhung két qua thuc nghiém cho théy viéc
lua chon téc do quay truc can va khe ho thich
hop gép phén tao ra tim bot co6 d6 dong déu
cao va giam ty I¢ dut doan, phu hop voi co
ché hinh thanh va duy tri cau trac gluten da
dugc Liu va cong sy dé cap.

Bén canh do, nghién ctru cua Kadimcherla
va cs. [3] tap trung vao thiét ké va ché tao
may lam mi ban tw dong c6 két cdu don gian
nham dap tng nhu cau clia cic co sO san xuat
nho. Két qua cua nghién ctru ndy cd cing
dinh huéng khi phat trién mot thiét bi co két
cAu gon, chi phi ché tao thap va d& van hanh.
Tuy nhién, diém khac biét 13 nghién ciu
khong chi dimng lai ¢ thiét ké va ché tao may
ma con tién hanh khao nghiém thyc nghiém
dé xéc dinh ché d6 van hanh t6i ru, dong thoi
danh gia kha nang img dung cua thiét bi trong
diéu kién san xuat thuc té cta cac co so ché
bién quy mé nho.

3.5. So sanh so b vé dic tinh ky thuit,
gia thanh va tiém niing ing dung

Tir bang 2 cho thiy tong gia thanh so bo
clia may can bot mi do nhom nghién ctru ché
tao 1a 2,5 triéu dong. Mirc gia nay van thap
hon déng ké so véi cac may can bot mi
thurong mai trén thi truong, von co gia dao
dong tir khoang 5.2 triéu dén 47,5 triéu dong.
Két qua so sanh cho thiy, may cua nhém
nghién ciru c6 gia thanh thap hon khoang
2,08 1an so voi may MT-200D1 va thip hon
khoang 18,8—19 1an so v&i cac may can bot
cong nghiép 2 chiéu. Pidu nay cho théy mau
may nghién ctru ¢6 uu thé vé chi phi dau tu
thap, két ciu don gian, dé ché tao va dé bao
tri, phit hop véi ho gia dinh hodc co s& ché
bién mi quy mé nho. Tuy nhién, so véi cac
thiét bi thuong mai, mau may nghién ctru van
con mét sd han ché vé muc do hoan thién, kha
nang lam viéc lién tuc va tinh ty dong hoa.
Do do, huong phat trién tlep theo 1a tiép tuc
cai tién két ciu, tang d 6 6n dinh khi van hanh
va néng cao nang suat 1am viéc clia may.

Bdng 2. Danh gia va so sanh voi mot so mdy can bot mi trén thi truong

May can
A bot m do May can bgt | May can bgt Mag can bot May can bot 2 | May can bot
Tén nhom \ : . A cat soi 1 X : A
ma nehién mi MT- mi 1 chiéu chidu A G chiéu SS-H520 | mi chan inox
y | mewen | 200p1 BZ-300 Soven HW-520AF
ctru che 3508
tao
Quy |Gia dinh, |Gia dinh, Co sé san Co sé mi Co s¢ san xuat |Co sé san xuat
mo st ([quan an, co|quan an, co so|xuat nho, tuoi, banh vira va lon, vira va lon, co
dung |sé nho nhd quén mi, co _|canh, co sO
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so ché bién  |ché bién nhd |[xudng banh, s0 banh/mi
thyc phdm  |va vira xudng mi chuyén nghiép
Pién [220V/50Hz| 220V/50Hz | 220V/50Hz | 220V/50Hz 380V 220V/50Hz
ap
Cong |1500W 750 W 1.500 W 2,2 kW 1,1 kW 750 W
suit
Nang |Khoang 25| Khoang 20 | 25-30 kg/h - 60-70 kg/h 70-80 kg/h
suit kg/h kg/h
Truc | Co truc Co truc can | Cotryc can | Con lan dai | Hé truc can két | Hé truc can két
con lin can, va bo dao cat | va bo dao cit| 290 mm hop bang téi 2 | hop bang tai 2
can SO SO chiéu chiéu
Py day|C thé dicu| Co thé diéu | C6 thé diéu | Cothé dicu | 0-40 mm 0-40 mm
één chinh d¢ | chinh d¢ day | chinh d¢ day | chinh d¢ day
day cén can can can
Khéng c6 |Dao sgi 2 mm|Dao sgi 2 mm|Dao sgi 2 mm| Khong c6 dao | Khong c6 dao
Dao |dao cét soi;| va 6 mm cit soi: tap cit soi; tap
cit sgi| tap trung trung can tim | trung can tim
can tAm bot bot bot
Kim Kim loai/thép |Kim loai/thép [Kim loai/thép |Kim loai/thép |Inox & chan/vd
loai/thép |khong gi &  |khong gi &  |khong gi khong gi & cac |va cac bd phan
~, |khong gi ¢ |cdc bd phan |cdc bd phan bo phan tiép  |tiép xtic
Vat . 1A NI N ; , |
I é'u cac bo. ) ti€p xuc tiép xuc xuc chinh, tuy
;. |phéntiép |chinh, tiy nha|chinh, tiy nha nha cung cap
chinh |, , £ A
xuc chinh, |cung cap cung cap
tuy nha
cung cip
Kich 1000 x  |390%x355x415|520%370%x880(490%330x860|2430%880%1230(2400x950x1300
thwéce | 350x610 mm mm mm mm mm
may mm
Khoi 40 kg 23 kg 56,5 kg 79 kg 240 kg 195 kg
lwgng ’
Gia
“aen | 25 G5 5 trigu dong| 2130 Weu | TS WG 43 5 iy gdng | 47T ridu
dong dong dong dong
tham
khio
Gi4 thanh |Ning suat gan|Nang suat cao [C6 kha ning |May cong Két cau inox va
thép, két tuong duong |hon mau can va cét soi, nghiép, do on bang tai 16n,
chudon  |may nghién |nghién ctru, [két cdu hoan |dinh va kha phu hop san
gian, d&  |ctru, nhung  |pht hop san  |thién hon, phiijning 1am viée  |xuat chuyén
. |chétao va |gid ban cao |xuatthuong |hop sin xuat |cao, nhung kich |nghiép; chi phi
Nhan | .. . . R A -, TR I
<6t dé bao tri; |hon do la san xuyeén nhung [lién tuc; g thude 16n va gia |dau tu cao,
phuhgp  [pham thuong |chi phi dau tu |cao hon nhiu |dau tu cao. khong phu hop
dinh huéng|mai c6 motor, |I6n hon. 0 V41 mau ho nho.
co gidi hoa |[vo may va nghién cuu.
quy mo bao hanh.
nho.
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IV. KET LUAN

Nghién ctru da thiét ké, ché tao va khao
nghiém may can bt mi hoat dong theo
nguyén 1y can lién tuc, phu hop véi dinh
huéng co gidi hoa tai cac co s ché bién quy
mé nhé. Piém méi ciia nghién ciru 1a da khao
nghiém dinh luong anh huéng déng thoi cua
tdc dd truc can va khe hé truc can dén thoi
gian can, do déng déu va ty 1¢ dut doan cua
tam bot, tir 46 x4c dinh dugc ché do van hanh
pht hop nhat trong pham vi khao sat, dong
thoi so sanh so bd hiéu qua kinh té v4i cac
may thuong mai. Két qua khao nghiém cho
thay ché do van hanh tai tc do truc can 65,3
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NGHIEN CUU, THIET KE, VA CHE TAO MO HINH MAY THU GOM RAC
TREN BAI BIEN THEO NGUYEN LY TRONG RANG CAO TAI

THANH PHO HUE
Nguyén Van Hai', Nguyén Pirc Tam!, Cao Van Vinh',
' Nguyén La Tudn Anh!, Ho6 Van Quéc Huy'!, Vé Quéc Linh!*
TOM TAT
O nhiém réc thdi nhwa sinh hoat va chat thai rdn ven bo bién dang de doa nghiém trong dén my quan, hé
sinh thdi va nén kinh té du lich tai cdc tinh ven bién Viét Nam néi chlmg va khu viee dam pha, bai bién thanh
phé Hué néi riéng. Nghién ciru nay trinh bay viéc thiét ké, ché tao va khdo nghiém mét hé thong may don rac
bdi bién tw hanh quy mo nho (kich thudc tong thé 2349 mm *x 960 mm x 1065 mm, khoi lwong 105 kg) hoat
dong theo nguyén Iy trong rang cao két hop dé thay thé phirong phdp gom thii cong. Hé thong di chuyén gom
3 bdnh xe cirng va co cdu trong cao x01 duwgc tinh toan dong luc hoc tuwong tac mdy - ddt diea trén Iy thuyét
Bekker va phwong trinh co hoc dat tong qudt ciia McKyes nham t6i wu héa cong sudt, tranh hién twong qud
tdi dong co hodc sa ldy trén nén cat roi. May duoc khao nghiém thuc 1é tai bdi bién Thudn An, thanh ph(f Hué,
va cac loai rdac bao gém 70 chai nhwa va 33 lon nhém dwoc bé tri trén ddi thir nghiém kich thuoc 15 mx1,2 m
véi 3 lan lap lai. Két qud khdo nghiém cho thdy thiét bi van hanh on dinh, dat hiéu qua lam sach la 62,38%
d6i voi chai nhwa (b6 sét 37,62%) va 64,65% doi véi lon nhém (b6 sot 35,35%). Néing sudt trung binh ciia
may dat mirc 921,8 m*/h. Nghién ciru cung ccfp co s6 khoa hoc va thue tién trong phuc vu ché tao cdc thiét bi
don rac bdi bién tw hanh gia thanh thcfp, thich irng 16t véi diéu kién dia hinh béi bién thodi mién Trung Viét
Nam
Tw khoéa: May don rac bai bién, McKyes, Bekker, tréng rang cao, Rac thai nhua.
RESEARCH, DESIGN, AND FABRICATION OF A BEACH CLEANING MACHINE
MODEL BASED ON A ROTARY RAKE-TOOTH DRUM PRINCIPLE IN HUE CITY
ABSTRACT
Coastal household plastic waste and solid waste pollution severely threaten the aesthetics, ecosystems, and
tourism economy of coastal provinces in Vietnam in general, and the lagoons and beach areas of Hue City in
particular. This study presents the design, physical fabrication, and field testing of a small-scale, autonomous
beach cleaner system (overall dimensions of 2349 mm x 960 mm X% 1065 mm, weight of 105 kg) operating on
a combined rake-drum principle to replace manual collection methods. The mobility system, consisting of three
rigid wheels, and the rake-drum mechanism were analyzed using machine-soil interaction dynamics based on
Bekker's theory and McKyes' generalized soil mechanics equation to optimize power and prevent motor
overload or sinkage on loose sand. The machine was field-tested at Thuan An Beach in Hue City using a
standard waste seeding method (70 plastic bottles and 33 aluminum cans) on a 15 m x 1.2 m test strip with
three repetitions. The experimental results demonstrated stable operation, achieving cleaning efficiency of
62.38% for plastic bottles (with a 37.62% miss rate) and 64.65% for aluminum cans (with a 35.35% miss rate).
The average productivity of the machine reached 921.8 m%h. This research provides an important scientific
and practical basis for fabricating low-cost, autonomous beach cleaning equipment that adapts well to the flat
beach terrains of Central Vietnam.
Keywords: Beach cleaner, McKyes, Bekker, Rake-drum, Plastic waste.

1. PAT VAN PE

VAn dé 6 nhiém réac thai nhya & dai duong
va chét thai ran sinh hoat ven bd bién dang de
doa nghiém trong dén hé sinh thai sinh vat
bién, my quan d6 thi va nén kinh t& du lich
toan cau. Trong do6, Viét Nam véi 28 tinh ven
bién 12 mot trong nhimg qudc gia co khdi
luong chét thai rin sinh hoat ven bién rat 1ém,
udce tinh 1én toi 14,03 triéu tan mdi nam [1].

! Trudng Dai hoc Nong Lam, Pai hoc Hué

Tinh trang 6 nhiém rac thai nhya tai cac khu
vuc ven bién va dam pha cua thanh phd Hué
anh huong nghiém trong dén su phat trién bén
virng cua h¢ sinh thai khu vuc. Trong do, rac
thai nhya sinh hoat dang de doa truc tiép dén
cAu trac, chire nang cua cac h¢ sinh thai ven
bién [2]. Cac bao cdo cho thiy cac hoat dong
vé sinh tai khu vuc bii bién va ven dam pha
da thu gom tong cong 12,3 tan chat thai ran,

* Email lién h¢: vglinh@hueuni.edu.vn; vequoclinh@huaf.edu.vn
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trong d6 chét thai nhya chiém 4,3 tan [3]. Khi
m¢ rong pham vi danh gid trén toan bg cac luu
vuc nudc, téng khdi luong chat thai nhya
dugc thu hdi udce tinh gan 823 tan [4]. Thuc té
cho thay viéc thu gom rac thai ven bién thu
cong bang strc ngudi gap nhiéu han ché vé
ning suét, strc khoe lao dong va khong thé xur
1y triét dé céac loai rac bi vui duéi 16p cat.

Dé giai quyét van dé nay, van dé co gidi
hoa cong tac lam sach bii bién 1a huéng di
thiét thuc. Tuy nhién, cac may don rac c¢& lon
nhap khau thudng c6 gia thanh rat cao, khé
van hanh trong khong gian hep. Cac nghién
clru gan day tap trung dén viéc ché tao cac
robot tu hanh chay dién hoac céac thiét bj kéo
nho gon. Tuy nhién, viéc thiéu cac tinh toan
dong luc hoc co hoc dat trong nghién curu
thuong dan dén hién tuong dong co bi qua tai,
banh xe bi sa lﬁy hoac Iud1 cao bi ket cat.
Nghién ctru nay tap trung vao vi¢c tinh toan
dong luc hoc tuong tac gitra cat va may, tir do
lam co s& khoa hoc dé thiét ké va ché tao mot
hé théng may don rac bii bién quy mé nho
phu hop véi dia hinh céc bai bién ¢ Thanh
phé Hué.

Céc thiét bi co gi6i don rac bai bién hién
nay hoat dong chi1 yéu dua trén ba nguyén 1y
chinh. Nguyén 1y dau tién 1a nguyén 1y sang
lc, trong do may str dung hé théng luéi loc
rung lién tuc dé phén tach cat va rac. Phuong
phap nay c6 wu diém thu gom tdt rac co kich
thudc nho (tan thude, ndp chai) nhung dé bi
tic nghén trong truong hop cat am [5].
Nguyén 1y thir hai 1a nguyén ly rang cao,
trong do h¢ thong may sir dung cdc rang kim
loai kéo 1é trén bé mit cat dé moc cac rac thai

2. POI TUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. Poi twong nghién ciru

Péi tugng nghién ciru ciia dé tai nay bao
gdm mo hinh may don rac bai bién tu hanh
quy md nhé hoat dong theo nguyén 1y trong
rang cao va dong luc hoc tuong tac gitta bai
cat ven bién va thiét bj. Hé théng nay duogc
thiét k& va ché tao thuc t& nham thay thé
phuong phap don rac thu cong bang sirc

¢ 16n. Uu diém cta nguyén 1y nay 13 hoat
dong tdt trén cat 4m nhung lai bd sot cac hat
nhwa nho [6]. Nguyén ly thtr ba la nguyén ly
trong quay, trong d6 h¢ thong may st dung
trong hinh tru xoay tron dé nang hon hop cat
rac 1én, khi do cat lot qua cac khe tréng roi
xudng. Uu diém cua nguyén ly nay la may co
cong sudt 16n nhung két cau cong kénh, nang
né va tiéu thy ning lugng cao [6]. Nham tdi
vu hoa thiét ké cho quy mé nho gon va dé
dang van hanh, nghién ctru nay dé xuét
nguyén 1y ring cao duoc bd tri trén trong
quay dé thue hién két hop cao va dwa rac vao
thung chtra phia sau.

Mt khac, viéc tim hiéu dic tinh co 1y cua
cat bién 1a can thiét dé thiét ké hé thong tréng
ring cdo va tinh toan chuyén dong. Cat bién
béi tim chu yéu thudc nhom cat min va cat
trung binh voi dai duong kinh hat tir 0,063
mm dén 0,63 mm theo tiéu chuan ISO 14688.
Pa s6 cac mau cat bién tai Viét Nam c6 khdi
luong riéng dao dong tir 2630 dén 2660
kg/m?. Tuy nhién, trong thuc té dat cat luon
c6 khoang rong va c6 chira khoéng khi (hodc
mot phan nuéc), do vay théng sd quan trong
nhét trong tinh toan dong luc hoc la khdi
luong thé tich xdp. Thong sé nay phan dnh do
chatva do xép thuc té cta bai cat. Khoi luong
riéng thé tich d6i voi bai cat kho phia trén
muc nude tridu dao dong tir 1400 dén 1600
kg/m? [7]. Ngoai ra, mdi truong ven bién co
ham lugng chloride (CI) trong hoi mudi
chiém khoang 1,9%, gy ra téc d6 an mon
kim loai cuc ky nhanh d6i voi cac bo phan
tiép xuc tryc tiép nhu ring cao, truc truyén
dong va cac bd phan khac.
nguoi, voi nhiém vu cao, loai bo rac trén bé
mat hodc ndm an dudi lopcattor 1 —5 cm, 1oi
dua rac vao thung chira va sang cat phia sau.
Mait khéac dong luc hoc tuong tac gitra bai cat
ven bién va thiét bi bao gdm lyc bam kéo tdi
da ctia banh xe dua trén Iy thuyét Bekker va
su tuong tac gitta co cdu trong rang cdo va
nén cat dua trén phuong trinh co hoc dét tong
quat cia McKyes cting dugc nghién cuu [8].
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2.2 Phwong phip tinh toan thiét ké
may
2.2.1. Tinh todn cong sudt dong co cung
cdp cho hé thong di chuyén
a) Tai trong toan bo may
Tai trong toan bo may 13 luc do khéi lwong
ctia toan bo thiét bi gay ra lén mat dat (hoac
mit tiép xtc), duoc tinh bang cong thirc:
N=m.g (1)
Trong do: N - lyc tac dung cua trong luong
xe 1én nén dit (N); m - khdi luong toan bo
méy (kg); m =105 kg; g - gia toc trong trudng
(m/s?).
b) Dién tich tiép xiic gitta banh xe va mdt
dat.
A= 2(bL) = (bL) (2)
Trong d6: hé s6 3 - 3 banh xe; L - chiéu dai
tiép xtic cua banh xe v6i mat dat (L = d/2)
(m); d - 1a dudng kinh téi da banh xe (m); d
= 0,340 m; b - chiéu rong lép xe (m); b =
0,090 m; A - dién tich tiép xuc gitra banh xe
va cat (m?);
¢) Tinh lyc kéo t6i da:
Ta c6 cong thirc tinh luc kéo tbi da H,,
[8]:
H, =c) A+ ) Ntan( 3)
Trong d6: ¢ - luc dinh két cua dat (kPa);
V6i trudng hop cat kho ¢ = 0 kPa; 3A - Tong
dién tich tat ca cac banh xe tiép xuc voi mat
dat (m?); 2N - tong luc doc tir phuong tién
xudng banh xe (N); @ - Géc ma sat trong,
chon @ = 28°
d) Cong suat cho qud trinh chuyén dong:
Cong suat ndy phan 4nh ning lugng can
thiét & dam bao xe c6 thé di chuyén trén mat
dat v6i toe d6 mong mudn. Luc kéo nay phu
thudc vao téng trong lugng cuia xe, diéu kién
mat duong va hé s6 can lan. Do d0, viéc xac
dinh chinh x4c cong suat di chuyén la rat
quan trong dé Iya chon dong co phu hop, dam
bao xe van hanh on dinh va tiét kiém ning
lwong. Cong suit di chuyén dugc xac dinh
bang cong thuc (4) [8].
P;. =H, Xv 4)
Trong d6: Py, - 1a cong suit can cho
chuyén dong (W); v - 1a téc do di chuyén

2km/h = 0,56m/s; H,,
phan di chuyén (N)
2.2.2 Tinh todn céng suit dpng co cung
cdp cho banh trong ring cao
Luc kéo tong can thiét dé banh tréng ring
cao di chuyén trén bai bién dugc tinh theo
cong thuc:
Fre = Fi+ F.+ Fy + (5)
Trong d6: Fr - lyc kéo tong can thiét, (N);
Fi - luc can lan trén cat, (N); Fc - luc can
cao/xoi cua rang, (N); Fa - lyc can do déc,
(N); Fj - luc quan tinh khi tang toc, (N). Trong
truong hop nay cong suit may 1am viéc & ché
d6 1am viéc o6n dinh, nén c6 thé bo qua dai
luong nay trong tinh toan.
a) Luc can lan trén cat
V6i may chay trén cat, c¢6 thé tinh gan
dl'mg [9]:
=y XN
Trong do: v - hé so can lan trén cat,
thuong lay: cat chat, am nhe: 0,15+0,25; cat
kho, toi: 0,25+0,45 [10]; chon y = 0,25; N -
trong luong toan may, (N)
b) Luwc can do rang cao cam vdo cdt
‘bay la thanh phan rat quan trong v&i banh
tréng co rang cao. Co thé tinh gan dtng theo
ap luc can cit cua cat:
Fe =ks X A, i ) (7)
Trong do: ks - 4p suat can cat riéng cua cat,
N/m?, ks = 15000 N/m? [11]; A - tong dién
tich cat hitu hiéu cia cac rang dang 1am viéc
dong thoi, m?
A. =5X%Xb, Xh, (8)
Trong d6: Hé s6 5 - s6 rang dong thoi cim

- 1a luc kéo cua bo

(6)

vao cat; by - bé rong mot rang, (m); b, = 0,005
m; h; - d0 sadu cam rang, (m) h; = 0,06 m
¢) Luc cdan do doc bdi bién
Néu may lam viéc trén bai co goc
nghiéng o
F; = N X sina 9)

V6i bii bién thodi, a thuong nho, ¢6 thé
lay 2°+5°, chon o = 2°.

d) Cong sudt cung cdp cho banh trong
rang cao
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Néu trong ring cao c6 ban kinh ngoai R
= 0,256 m (tinh tr tam truc dén dinh rang
cao0), mémen can thiét tai truc trong rang cao:

Myc = Fc X Ryc (10)
Cong suat tai truc trong rang cao:
P, = MreXnre (11)
9550

Trong d6: Py - cong suat tai truc tréng rang
cao (kW); Mrc - momen tai truc trong rang
cao (N.m); ne - s vong quay tai truc trong
rang cao (vong/phut). Pai luong nay dugc
tinh theo s6 vong quay cua dong co cung cap
cho tréng rang cao thong qua bo truyén xich:
Zde (12)

X Ngce
rc

Trong d6: zgc - sO rang cua banh xich trén
truc dong co; zic = 29; zr - sO rang cua banh

Nye =

c,

xich trén truc tréng rang cao; z = 14; nac -
vong quay trén truc dong co, ng = 81
vong/phut

2.2.3. Phuong phap khdo nghiém, danh
gid kha nang lam viéc ciia mdy don rdc trén
bai bién.

Dé danh gia kha nang hiéu qua thu gom
cua may don rac trén bai bién tai Thuan An,
thanh phd Hué, qua trinh thi nghiém duoc
tién hanh dya trén phuong phéap két hop b tri
dai thur thi nghiém véi céc loai rac (chai nhyua
va lon) duoc chuén bi trude. Kich thude dai
thir tuong ung dai x rong = 15 m x 1,2 m.
Trong do céc loai rac dugc chuén bi trén cac
dai thtr véi sd lugng 70 chai va 33 lon. Qua
trinh chuan bi dai tht va céc loai rac duge md
ta 0 Hinh 1.

Hinh 1. Qud trinh chudn bi rdc va bo tri ddi thi.
a,b. Chuan bi rac (chai nhya va lon) ; c. Bo tri dai thur

Dé danh gia hiéu qua thu gom ciia may voi
luong rac biét trwdc, qua trinh thi nghiém
dugc tién hanh bang cach chay may khi hoi
trén dai thir v6i ba lan 1ap lai. Sau mdi lan két
thac chay may, thoi gian chay may va s

lugng cac loai rac dugc thu gom dugc kiém
tra va ghi chép.

Hiéu qua lam sach dugc xac dinh nhu sau:

M = —2% % 100% (13)

Mgieo,i
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Trong do: 1 - loai rac (chai, va lon); mgico, i
- s0 lugng chai hoac lon gieo chuan; muu, -

) luong chai hodc lon thu dugc bo1 may don

rac
Ty 1€ bo sot:
MR=100-1m;
3.KET QUA VA THAO LUAN
3.1. M6 hinh may don ric trén bii bién
di dwoc thiét ké:

(14)

Duya trén tong hop, phén tich cac loai may

don réc trén bai bién, déng thoi dua vao cac
thong s6 da duoc tinh todn va tong hop theo

Bang 1. Thong sb dong luc hoc cua h¢ thén

Ning suét dién tich duoc tinh theo cong
thirc:

Q, = x 3600 (m?h) (15)
Trong do: Ada1 - dién tich dai (Laai X Baai);

t - 1a thoi gian chay may khur hoi (gidy).

ZXAdal

Bang 1, m6 hinh mdy don rac trén bai bién
da duoc thiét nhu Hinh 2.

may don réc trén bai bién

Théng s k§ Ky | Giatri Ponvi | Vaitré va y nghia ly thuyét
thuat hiéu | thiet ke
Khoi lugng toan Khoi lugng thiet ké lam co s&
may m 105 kg tinh toan tai trong tac dung
1én nén dat

Tai tr(%ng trong N 1030,05 N Luc do khoi }uong cua tt‘n_et
lyc may bi tdc dung 1€n mat dat roi
Van tdc di Van tdc 1am viée cua may tu
chuyén thiétké | ¥ 0,56 WS | Lanh trén bai bién
Luc kéo bam toi H.. 547,69 N L}rc kéo ngang toi da nho
da bam ma sat
Congx suat kéodi | Pqc 306,70 W Cpng suxat ti€u thy t61 thiéu dé
chuyén di chuyén
T?ng ll'J‘.’C can Fo 315,96 N Tong luc kéo can trong cao
trong cao
Toc 4o quay ne | 167,79 | Vong/phit
trong rang cao
Congsuattruc |, = |y W
trong rang cao
Ba}n kll;lh ngoai R. 0.256 m T}ﬂh tu tam truc dén dinh
trong rang cao rang cao

Nguyén 1y hoat dong cua may cao rac trén
bai bién: khi bat cong tic (1), dong co dién
(3) hoat dong, thong qua bo truyén xich banh
sau (7) dé din dong cho cac banh sau (8)
quay, gitip toan bd may di chuyén tién vé phia
trude trén bai cat. Dong thoi v6i qué trinh di
chuyén, dong co dién (3) cling truyén luc
thong qua bd truyén xich cao rac (5) (ndm

trong 6p bao vé) dé 1am quay truc cao rac (12)
dit ¢ phia trude dau may. Khi truc cao quay,
cac rang cao bang thép dugc gan trén tréng
cao rac (12) s& cam sau xudng mat cat (d6 sau
thuong tir 1 — 6 cm) dé xdi, xic va gom rac
thai trén bé mat hogc bi vii nhe duéi cat va
roi vao thung thu gom réc (13) dat ¢ phia cudi
may.
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Hinh 2. M6 hinh thiét ké mdy don rdc trén bdi bién
1- Cong tic; 2 — Khung mdy; 3 —Dong co dién; 4 - Op bdo vé bo truyen xich cao rac; 5
— B6 truyén xich cao rac; 6 - Op b truyén xich banh sau; 7-Bo truyen xich banh sau; 8 —
Banh sau; 9 — Banh truoc,; 10 — Phuot xe; 11 — Goi do 6 lan; 12— T rong caordac; 13—
Thung thu gom rac; 14 - Ac quy

3.2. Két qua ché tao va khao nghiém
may:

3.2.1. Ché tao mdy:

May don rac trén bii bién duoc ché tao dra
trén thiét ké nhu Hinh 2 va dugc trinh bay ¢
Hinh 3. May c6 kich thudc tong thé 2349 x
960 x 1065 mm (dai x rong x cao). Than tréng
cdo c6 dang hinh tru rong nhung khong kin
hoan toan va duoc tao thanh b1 ba dia bich
tron dugc phan bd déu doc truc rang cao, va
céc thanh nan doc dang thép phang dit song
song chay doc truc. Ban kinh cta tréng cao
dugc thiét k€ 1a 100 mm va chiéu dai lam viéc
cla trong cao dat 480 mm. Viéc thiét ké
khung tréng dang cac thanh nan doc c6 khe
ho 16n giup giam dang ké khéi lugng cua
tréng, dong thoi gitip cat kho dé dang lot qua

ma khong bi nén chat vao bén trong long
tréng khi quay. Céc ring ciao dugc ché tao tir
cac thanh thép udn cong dinh hinh, c6 do
cung viing cao dé chiu duoc luc can cat dat
va va dap voi soi da trén bai cat. Cac rang cao
c6 dau ring cao duoc bé gip goc tao thanh
cac moc hudng theo chidu quay cua tréng dé
xuc, moc va kéo céc loai rac myc tiéu (nhu
chai va lon) 1én mang dan rac. C4c cum ring
cao duoc gén ¢ dinh 1én cac tAm ban ma dém
phang. Sau d6, cac ban ma nay duoc bat vit
chic chin vao cac thanh nan doc cua tréng.
biéu nay tao diéu kién cuc ky thuén loi cho
viéc thao lép, can chinh d6 sau cdm rang hoac
thay thé riéng 1é timg ring cao khi bi mai
mon, gdy hong trong qua trinh van hanh thuc
té tai bai bién.
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Hinh 3. May don rac trén bdi bién sau ché tao

3.2.2. Khdo nghiém may don ridc trén bai
bién:

Qua trinh khdo nghiém may don rac dugc
thuc hién tai bai bién Thuin An, thanh phd

Hué (Hinh 4) dé danh gia cac chi tiéu bao
gom hi¢u qua lam sach va ty 1€ bd sot, nang
suat dién tich.

Hinh 4. Qua trinh chay khao nghiém thiét bi tai bai bién Thuan An, thanh ph6 Hué

a) Danh gia hiéu qua lam sach va ty ¢ bo
SOt:

Tir két qua thuc nghiém thu duoc qua 3 1an
chay vé6i lugng gieo chuan 1a 70 chai nhya va
33 lon nhom dugc trinh bay & Bang 2, hi¢u
qua lam sach trung binh dat 62,38% ddi véi
chai nhya (bo sét 37,62%) va 64,65% dbi vai
lon nhém (b6 sot 35,35%). Két qua nay phan
anh sy khac biét vé déc tinh hinh hoc va co

hoc cua hai loai rac dugc gieo chuan. Chai
nhya c6 ciu tric hinh try tron thuén dai, bé
mit nhan bong va c6 d6 dan hdi. Khi ring cao
quay va tac dong luc, chai nhya dé bi truot
xoay hodc lan tranh sang hai bén khe ho gitra
cac rang cdo, dan dén viéc ring khong thé
bam gitt dé dura 1én thung thu gom rac. Nguoc
lai, lon nhém c6 vé mong, dé bi bién dang,
mop méo khi chiu tic dong luc ban dau hodc
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lyc gieo thyc nghi¢m. Céc vét mop va goc
canh bién dang nay tao ra cac di€ém ty co hoc

ly twéng, gitip ring cao dé dang moc, giit chit
va cudn lon nhom 1én thung thu gom rac.

Bang 2. Hi¢u qué lam sach va ty 1¢ bo sot

A . .. So gieo So thu Hiéu qua | Ty 1€ bé sot
Lan thw Loai rac (Mieo (M) () %% (MR) %

1 Chai 70 46 65,71 34,29

1 Lon 33 22 66,67 33,33

2 Chai 70 43 61,43 38,57

2 Lon 33 21 63,64 36,36

3 Chai 70 42 60 40

3 Lon 33 21 63,64 36,36
Trung binh Chai 70 43,7 62,38 37,62
Trung binh Lon 33 21,3 64,65 35,35

b) Pdnh gid vé ndng sudt dién tich:

Tir cac so6 liéu téng hop & Bang 3, ning
suit dién tich trung binh cta thiét bi dat 921,8
(m%h). Thoi gian hoan thanh chay khir hoi
trén dai thyc nghiém giam déan rd rét qua cac
lén thu: tir 145s (lén 1) Xuéng 139s (lén 2)va
cudi cing 1a 138s (lan 3). O lan chay dau tién,
may di chuyén trén nén cat kho toi hoan toan,
hé s6 can lan cua cat dat mirc cuc dai, dong

thot hién tugng truot banh xe xay ra manh
khién vén toc thuc té bi kéo thép. Tuy nhién,
sau cac lugt chay, vét banh xe ciing hda bot
nén cat trén dai thuc nghiém da gieo. Nén cat
chit hon & cac luot sau lam giam dang ké hé
s6 can lan di chuyén, giup ting hiéu suit bam
kéo cua hé théng banh xe tu hanh, dan dén
tbc do di chuyén on dinh hon va thoi gian
chay duogc rat nge“in.

Bang 3. Nang suat dién tich cua mdy don rac trén bai bién

Lan thir t (s) Lgai (M) Baai (M) Qa (m?*/h)
1 145 15 1,2 893.,8
2 139 15 1,2 9324
3 138 15 1,2 939,1
Trung binh 140,7 15 1,2 921.,8
4. KET LUAN thong s6 dong luc hoc ciia may trén bai cat

Nghién ctru da thiét ké va ché tao hoan
chinh mau may don rac bai bién quy md nho
gon, hoat dong bang ngudn dién ac quy cap
cho cac dong co DC. Than trong cao duoc
ché tao dang hinh tru rong béng cac thanh nan
doc ¢ khe hd 16n gitp cat dé dang thoat qua,
két hop hé thong rang cao thép uon cong dinh
hinh ldp bang ban mi bat vit linh hoat, rat
thuan tién cho viéc bao dudng va thay thé.
Pong thoi, nghién ctru da ung dung thanh
cong 1y thuyét ap sudt - d6 lun Bekker va
phuong trinh McKyes dé dinh luong céac

kho bai bién Két qua tinh toan xac dinh luc
bam keo t6i da dat 547,69 N (tuong g cong
suat di chuyén 306,70 W) va cong sudt yéu
cau trén tryc tréng cao dat 1421 W & ché do
cam rang cyc han 6 cm. Két qua khao nghiém
thuc té tai bai bién Thudn An chirng minh
thiét bi co tinh kha thi cao trong viéc co gidi
hoa don dep bai bién. Hiéu qua thu gom lon
nhom va chai nhya tuong Ung 64,65% va
62,38%. Ning suat dién tich trung binh dat
921,8 m%h.
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BO TRi UHPC THEO NHU CAU CHIU LUC TRONG HE LOI - VACH NHA

CAO TANG: PHUONG PHAP VA PINH HUUN G NGHIEN CcUU
ThS. Nguyen Thi Thanh '*, TS. Pham Viét Hung'

TOM TAT

Bé tong siéu tinh nang UHPC la vat liéu co cuong do cao, mé dun dan héi I6n, dé dic chic cao va kha
ndng kiém sodt nirt tot, do dé cé nhiéu tiém ndng g dung trong cdc hé két cdu chiu e ciia nha cao tcfng.
Tuy nhién, viéc su dung UHPC theo huong thay thé toan b bé tong thuong trong hé vach chiu luc ngang c6
thé lam tang dang ké chi phi vt liéu va chua phan danh ddy di ddc diém phan bé néi luc trong cong trinh.
T rong nha cao tang, nhu cau chiu lyc, do czmg va bién dang khong phdn b6 dong déu ma thzmng tdp trung tai
cdc vung trong yéu nhu vung chan [6i, viing bién 161 va mgt so vach phy tro' c¢6 dong gop lom vao do cing
ngang hodc ddp ieng xocn. Bai viét nay trinh bay mot khung tiép cdn so bé cho viéc bo tri UHPC theo nhu cau
chiu lyc trong hé vach chiu lyc ngang nha cao tang. Trén co s6 phdn rd co hoc hé két cdu thanh cac ving
chirc nang, bao gom [oi trung tam, vung chan 161, viing bién 161, viing bung vach va cac vach phu tro dang L/T,
nghién ciiu dé xuat triét Iy bé tri UHPC tai cdc viing c¢é nhu cau dé cimg, mé men uon va iing sudt bién lon.
Cdch tiép cdn nay chuyén trong tam tir tw duy “thay thé vit liéu toan bo” sang “phan b6 vit liéu theo nhu cau
chiu lwc”. Mot mé hinh phan tir hitu han cua cong trinh nha cao tang duwoc sw dung dé minh hoa khung tzep
cdn d@é xudt. Trong pham vi nghién civu, hai cdu hinh co ban dwoc xem xét gom cdu hinh bé tong cot thép thong
thwong lam mé hinh doi chitng va cdu hinh sir dung UHPC cho toan bé hé vich chiu e ngang lam mé hinh
gidi han trén vé hiéu nang. Cdc chi tiéu nhuw chu ky dao dong co ban, chuyén vi dinh va dj léch tang Ién nhat
dwegre sk dung dé danh gid xu hwéng dnh hieong ciia UHPC dén dap img tong thé ciia cong trinh.

Két qua minh hoa ban dau cho thdy viéc sir dung UHPC trong hé véch chiu lic ngang co kha nang lam
tang do cing tong the va giam dap vng bién dang ngang ciia cong trinh. Tuy nhién, bai viét khong nham dua
ra két ludn t0i wu cudi cing vé vi tri bo tri UHPC, ma tdp trung xdy dung co so Iy ludn, thudt ngit, quy trinh
mo hinh hda va khung danh gia ban dau. Cdc phan tich dinh lwong day dii vé cdc kich ban bé tri UHPC cuc
bé, kha nang giam bé day twong dwong hiéu nang, hiéu qua sir dung vdt liéu va phan img cuc bé tai vimg bién
16i s& duegre phdt trién trong cdc nghién ciru tiép theo.

Tir khoa: UHPC; hé [o6i — vach nha cao td‘ng; b6 tri UHPC theo nhu cdu chiu lyc, tai trong ngang, moé
hinh phan ti hitu han; dap ieng dong luc hoc; kiém sodt bién dang ngang.

DEMAND-ALIGNED UHPC DEPLOYMENT IN HIGH-RISE CORE-WALL SYSTEMS:
METHODOLOGY AND RESEARCH DIRECTIONS

ABSTRACT

Ultra-High Performance Concrete (UHPC) is a cementitious material characterized by high compressive
strength, a high elastic modulus, a dense microstructure, and excellent crack-control capability. These
characteristics make UHPC a promising material for application in the lateral load-resisting systems of tall
buildings. However, the direct replacement of conventional concrete with UHPC throughout an entire structural
wall system may substantially increase material costs and does not adequately reflect the actual distribution of
structural demands within high-rise buildings. In tall buildings, the demands for strength, stiffness, and
deformation resistance are inherently non-uniform and are typically concentrated in critical regions, such as the
base of the core wall, the boundary elements of the core, and selected auxiliary walls that contribute significantly
to lateral stiffness and torsional resistance. This paper presents a preliminary framework for the demand-
oriented placement of UHPC within the lateral load-resisting wall system of tall buildings.

The proposed framework is established based on a mechanical decomposition of the structural system into
several functional regions, including the central core, the core base, the core boundary zones, the wall web,
and auxiliary L-shaped and T-shaped walls. Based on the structural demand associated with each functional
region, a material allocation strategy is proposed in which UHPC is assigned only to locations subjected to
high stiffness requirements, large bending moments, and elevated boundary stresses. Accordingly, the
proposed approach shifts the design philosophy from conventional full-scale material replacement to a
demand-based material allocation strategy, in which UHPC is selectively applied according to the structural
demand rather than uniformly throughout the entire wall system. To demonstrate the proposed framework, a
finite element model of a representative tall building is developed. Within the scope of this preliminary study,
two fundamental structural configurations are considered.: (i) a conventional reinforced concrete (RC) wall

! Trudong Pai hoc Nong Lam, Pai hoc Hué
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system, serving as the reference model, and (ii) a wall system constructed entirely of UHPC, representing the
upper-bound performance configuration. The influence of UHPC on the global structural response is
evaluated using the fundamental vibration period, roof displacement, and maximum inter-story drift ratio as
the primary performance indicators.

The preliminary results indicate that the incorporation of UHPC into the lateral load-resisting wall system
has the potential to increase the overall structural stiffness and reduce the lateral deformation response of the
building. However, the objective of this study is not to determine the optimal UHPC placement strategy.
Rather, it aims to establish the theoretical basis, terminology, modeling methodology, and an initial evaluation
framework for the demand-oriented application of UHPC in the lateral load-resisting wall systems of tall
buildings. Comprehensive quantitative investigations on localized UHPC placement schemes, equivalent-
performance wall thickness reduction, material utilization efficiency, and the local structural response of core

boundary regions will be presented in subsequent studies.
Keywords: UHPC; high-rise core—wall systems, demand-aligned UHPC deployment, lateral loads, finite
element modelling; dynamic response; lateral deformation control.

I. PAT VAN PE

1.1. B6i canh nghién ciru

Trong nhitng thap ky gan day, s6 lugng
cac cong trinh cao tang duoc xdy dung ting
1én mot cach dang ké. Nhirng toa nha cao tang
dugc thiét ke va xay dung bang cach str dung
cac hé két cau chiu lyc tién tién va vat lidu
nh¢ hon. Tuy nhién, nhiing toa nha nay nhay
cam véi tai trong dong gay ra so véi cac két
cAu khac. Phan 16n cac cong trinh cao tang dé
bi pha hoai dudi tai trong do gid va rung dong
dia chan. Do d6, viéc thiét ke cac cong trinh
nay mot cach phu hop la rat can thiét. Khoi
luong tang, d6 cing tang, chuyen vi dinh, chu
ky dao dong va hé s6 giam chén 1a cac thong
s6 can xem xét khi chiu tai trong dong cua cac
hé két cau nay. Tiur goc do thiét ké két cau,
loai cong trinh ndy yéu cau vat liéu bé tong
c6 dic tinh vuot troi dé chiju duoc ung suét
cao do trong lugng cta cong trinh ngay cang
tang, ngoai ra con chiu tdc dong cua tai trong
ngang. Hién nay ¢ Viét Nam, c4c tda nha cao
tang chu yéu sir dung vat liéu bé tong thuong
(c6 cudng do chiu nén 20 dén 50 MPa).

Trong nhiing nim gan day, bé tong siéu
tinh nang UHPC dugc quan tam rong rai do
c6 nhiéu vu diém vuot trdi so voi bé tong
thuong, bao gdom cuong do nén cao, md dun
dan hoi 16n, d6 dic chic cao, do bén tot va
kha nang kiém soat nit hiéu qua [1], [2], [3],
[4]. Vi cac dic tinh nay, UHPC c6 tiém nang
cai thién hiéu nang chiu luc va do bén lau cua
két céu [5].

Tuy nhién, viéc st dung bé tong si€u hi¢u
nang (UHPC) con kha han ché trong linh vuc
xay dung dan dung va cong nghi¢p mac du s¢
hiru nhitng dac tinh vuot troi. Pa c6 mdot )
nghién ctru vé ung dung vat liéu siéu tinh
nang UHPC dbi v6i nha cao tng va c6 nhirng
thao luan vé tim quan trong cua viéc sir dung
UHPC trong linh vuc két cAu va cach n6 duoc
coi la tuong lai ctia bé tong. Cac nghién cuu
d3 khang dinh rang UHPC c¢6 cac dic tinh tot
hon bé tong thong thuong va co thé gitp cai
thién tinh bén vimng cta cac toa nha cao tang
dac biét ddi vaoi cac két clu chiu tai trong
ngang nhu 161 va vach cing. Nghién ctru cta
tac gia AlHamaydeh et al. [6] ¢4 nhan manh
khéi lugng, do cung, chu ky dao dong tu
nhién va hé s6 can 1a cac dic tinh dong luc
hoc chinh ciia cac cong trinh cao tang va
UHPC anh huong truc tiép toi do ctng, chu
ky dao dong riéng, phan ung dia chén, tng
dung UHPC giup giam chiéu day vach, tang
kha ning khang chan, kiém soat nirt tot, ting
d6 déo va kha niang bién dang. Tac gia Tong
et al. [7] da nghién ctru kha nang chiu cit cta
vach UHPC duéi tai chu ky, khang dinh rang
vach UHPC c6 kha ning chiu cit va bién
dang cao, vét ntt phan bd déu; dé xuit cong
thire tinh strc khang cit phu hop voi két qua
thuc nghiém va c6 kha nang ing dung trong
thiét ké. Li et al. (2023) [8] d& danh gia ung
xtr khang chan cua vach UHPC dudi tai nén—
cit chu ky. UHPC cai thién dang ké kha nang
khang cét, kiém soat nirt t5t hon HSC, ting
khoang 85% stc khang cit, ting khoang 95%
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kha ning bién dang t&i han va nang cao kha
nang tiéu tdn nang lugng.

Li et al. (2023) [9] clng da Nghién ctru
vach UHPC chiu kéo-cit ket hop mo6 phong
tai dong dat cho nha cao tang, két qua cho
thdy rang ting kha nang duy tri cudong do,
tdng do déo, cai thién co ché chéng truot va
va dé xuét cong thirc tinh sirc khang cit co
xét dén kha nang chiu kéo cia UHPC.Wu et
al. (2025) [10] nghién ctru vach lap ghép sir
dung UHPC cuc b0 tai vung bién va vung
chiu lyc 16n. Viée chi st dung UHPC & cac
ving trong yéu van cai thién rd rét kha ning
khang chén, tang kha nang chiu luc, do déo
va tiéu tan ning lugng, dong thoi dam bao
hiéu qua kinh té. AlHamaydeh et al. [11] d3
phan tich hi¢u quéa st dung UHPC cho nha
cao tang tai UAE. UHPC giup giam chuyén
vi 1éch téng, cai thién ung xtr dong dét ctia hé
véch lién két, cho phép giam kich thudc ciu
kién va c6 thé giam tong chi phi ban dau khi
st dung UHPC cuong do 150—185 MPa.

Wang et al. [12] da nghién clru vach
UHPFRC c6t thép cudng do cao dudi tai
trong chu ky. Cudng d6 chiu cat tang khoang
76% so vo1 bé tong thudng; vach van duy tri
g xr déo ngay ca khi nhu cau chiu cit vuot
khoang 20% gi6i han thiét ké theo ACI 318;
so1 thép cai thién kiém soat nit va kha nang
tiéu tan nang luong. Tuy nhién, n6 khong
duoc st dung phd bién do chi phi cao va quy
trinh thiét ké day thach thirc. Nhiéu nha
nghién ctru da tap trung vao su phat trién va
ung xur cua vat liéu UHPC cua no tr goc do
lién quan dén vat lidu.

Khi sir dyng vat lieu UHPC, yeu t6 ky
thuat va kinh té can duoc can nhac dong thoi.
Bén canh cai thién kha nang chiu tai trong
ngang. Tuy nhién chi phi vat li¢u cao, viéc sur
dung UHPC mot cach dai tra trong toan bg hé
két cau chua chic 1a phuwong an kinh té va hop
ly nhit. Pbi v6i hé vach chiu luc nha cao
tang, noi lyc va bién dang khong _phén b
dong déu theo chiéu cao va mit bang cong
trinh. Vung chan 161 thuong chiu mé men uon
16n va c6 anh huéng manh dén chuyén vi

tong thé; ving bién 15i thuong chiu té hop
nén — udn 16n; trong khi viing bung vach hoic
mot s6 vung it chiu lyc hon c6 thé khong can
st dung vat liéu cuong do rat cao.

1.2. Vén dé nghién ciru

Cau hoi dit ra khong chi 1a c6 nén sir dung
UHPC trong h¢ vach chiu lyc hay khong, ma
quan trong hon 13 nén bd tri UHPC ¢ dau dé
dat hiéu qua co hoc cao hon trong khi van
kiém soat dugc lugng vat liéu str dung. Piéu
nay goi mé mot hudng tiép can méi do 1a
chuyén tir “thay thé vat liéu toan bd” sang “bd
tri vat liéu theo nhu cau chiu luc”.

Trong pham vi bai hoi thao nay, van de
duoc tiép can & muc nén tang: xay dung triét
1y b tri UHPC theo ving chiu luc, xac dinh
cac ving co hoc trong yéu trong hé vach nha
cao ting, va minh hoa anh hudng so bo cia
UHPC thong qua so sanh gitra m6 hinh bé
tong ¢t thép ddi chung va mé hinh UHPC
toan bd h¢ vach chiu luc ngang.

1.3. Muc tiéu va pham vi nghién ctru

Nghién cuou nay duogc thuc hién nham
hudng dén ba muc tiéu chinh. Thir nhat, tong
hop va phan tich co so 1y ludn vé tng dung
bé tong siéu tinh ndng (UHPC) trong h¢ vach
chiu lyc ngang ctia nha cao ting, trén co sé
cac nghién ctru thue nghiém va mo phong sb
da dugc cong bd. Thir hai, dé& xuit mot khung
tiép can so b cho viée bd tri UHPC theo nhu
cau chiju luc, dua trén quan diém phan ra hé¢
véch thanh cac viing chirc nang ¢ co ché 1am
vi¢c khac nhau, tir d6 dinh hudng phan b vat
liéu phu hop vé6i dic trung ing sudt va bién
dang cua tung vung. Thir ba, minh hoa tinh
kha thi ctia cach tiép can nay thong qua mo
hinh phan tir hitu han, bang viéc so sanh hai
c4u hinh co ban gdom: (1) m hinh dbi chung
sir dung bé tong cdt thép thong thudng cho
toan by hé vach chiu lyc ngang va (2) mo
hinh str dung UHPC cho toan bg h¢ vach chiu
luc ngang.

Nghién ctu nay khong nhim xac dinh
ngay phuong an t6i wu vé vi tri b tri UHPC
trong hé két cdu. Thay vao do, nghién ciru
dong vai tro xay dung nén tang phuong phap
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luan, lam co s& cho cac nghién cuu dinh
luong chuyén sau & giai doan ti€p theo, trong
d6 hi€u qua cua céc kich ban bo tri UHPC cuc

bd s€ dugc danh gid thong qua cac chi tiéu co
hoc, kinh t€ va hiéu qua str dung vat li¢u.

Hinh 1. Sy chuyén dich tw duy nghién cuu tu thay thé vat liéu toan bo sang bé tri vit lidu
theo nhu cau chiu luc

II. CO SO CO HQC CUA BO TRi
UHPC THEO NHU CAU CHIU LUC

2.1. Vai tro cia do cirng ngang trong
dap ung dong luc hoc

Pép ung dong luc hoc clia nha cao ting
chiu anh hudéng manh boi khdi lugng, do
cung va phan bd do cung cua h¢ chiu luc
ngang. Chu ky dao dong co ban cua cong
trinh ¢6 thé duoc ly giai dinh tinh théng qua
tuong quan gitra khéi luong hiéu dung va do
cing ngang tong thé. Khi do clng ngang
tang, chu ky dao dong co ban c6 xu hudng
giam. Vi UHPC ¢6 md dun dan hoi 16n hon
bé tong thuong, viéc bd tri UHPC tai cac
vung dong gop dang ké vao do cung ngang
c6 thé cai thién dap tng dong luc hoc cua
cong trinh.

Tuy nhién, hiéu qua tang do cing khong
chi phu thudc vao viéc thay d6i vat liéu, ma
con phu thudc vao vi tri b tri vat lidu trong

hé két cdu. Néu UHPC duoc dit tai cac ving
c6 dong gop nho vao d6 cing ngang hodc co
nhu ciu chiu lyc thip, hiéu qua cai thién tong
thé co6 thé khong twong ximg véi luong vat
ligu st dung. Nguoc lai, néu UHPC dugc bd
tri tai cac vung c6 md men, bién dang hodc
{rmg suat 16n, hiéu qua co hoc ¢ thé cao hon.

2.2. Vai tro cua vung chan 16i

Trong h¢ vach chiu lyc nha cao tﬁng, vung
chan 151 thuong 13 noi tap trung md men udn
16n do tac dong cua tai trong ngang. Bién
dang udn tich lily tai viing nay c6 anh huong
quan trong dén chuyén vi dinh va do léch tang
cta toan cong trinh. Do d6, viéc tang dd cing
vat li€u tai vung chan 161 c6 thé tao hiéu qua
dang ké trong viéc giam bién dang ngang.

V& mit co hoc, chuyén vi ngang cua h¢
chiju udn phu thudc vao phan bd md men udn
va do cting udn theo chiéu cao cong trinh. Khi
ving ¢6 md men 16n dugc ting cudong bang
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vét liéu c6 md dun dan hdi cao hon, bién dang
ubn tai ving d6 co thé giam, kéo theo su giam
chuyén vi dinh va d6 1éch tang. Diéu nay giai
thich vi sao vung chén 161 1a mét trong nhirng
ving can dugc vu tién xem xét khi xay dung
cac chién luge bd tri UHPC cuc bd.

2.3. Vai tro cua vung bién 16i

Vung bién cua vach 16i thuong chiu ung
suat 16n do t6 hop gitra luc doc va md men
udn. Trong tiét dién vach chiu udn, ung sudt
tai mép vach thuong 16n hon dang ké so voi
vung bung vach. Vi vay, bd tri UHPC tai
ving bién 161 ¢6 thé c6 y nghia trong viéc
kiém soat tmg suét cuc bo, ning cao kha ning
lam viéc cua tiét dién va cai thién kha nang
chiu nén — udn cta hé vach.

Trong pham vi nghién clru nay, vai tro cua
vung bién 161 dugc trinh bay & muc co so ly
luan nham chuén bi cho cac phan tich siu hon
& giai doan nghién ciru tiép theo. Cac phan
tich chi tiét vé ung suit bién, ndi luc cuc bd
hodc luc trong phan tir vo chua duoc trinh
bay day du trong bai viét nay dé giit pham vi
hoi thao & murc khung phuong phéap so bd.

2.4. Vai tro cua vung bung vach va cac
vach phu tr¢

Vung bung vach, hay web region, c6 vai
tro truyén luc cét, lién két cac vung bién va
duy tri sy lam viéc tong thé cua tiét dién vach.
Tuy nhién, vung nay khong phai luc nao ciing
1a ving ¢6 nhu cau chiu tmg suit nén — ubn
16n nhat. Vi vay, trong cac chién luogc tiét
kiém vt liéu, ving bung véach c6 thé 1a ving
dugc can nhic giit bé tong cdt thép thong
thuong, trong khi UHPC duoc b tri tai cac
ving trong yéu hon.

Ngoai 18i trung tdm, mot sb cong trinh nha
cao tang con c6 cac vach phy tro dang L/T
phan bé trén miat bang. Cac vach nay cé thé
gop phan tang do cung ngang theo mot s6
phuong nhat dinh, klem soat chuyén vi va anh
huong dén dép ung xoan. Murc do dong gop
cua chung phu thudc vao vi tri, hinh dang,
kich thudc, lién két véi hé san va do cung
tuong d6i so voi 15 trung tim. Do d6, vach
L/T 1a mot thanh phén can dugce nhan dién
trong khung bd tri UHPC theo nhu cau chiu
luc, nhung can danh gia cu thé théng qua mo
hinh két cau.

Bdng 1. Phan vung co hoc cua hé vach chiu lyc ngang va vai tro dy kién cia UHPC

Viung két ciu

Vai tro co hgc chinh

Ly do c6 thé bo tri
UHPC

Ghi chu

Loi trung
tam

Chiu phan 16n tai trong
ngang va dong gop chu
yéu vao do cung tong thé
cua cong trinh.

Tang d6 cung tong thé
cta hé két cu, cdi thién
dac trung dao dong va
giam chuyén vi dudi tac
dong cua tai trong
ngang.

La thanh phan quyét
dinh dén kha ning
khang gi6 va dong
dat ctia nha cao tang.

Vung chan

Chiu mé men uén 16n
nhat do tai trong ngang,
anh hudéng manh dén

Tang do ctrng udn cuc
bo, gidm bién dang uon
tich lily va nang cao

bay la khu wvuc
thuong xuat hién noi
luc 16n va co ti€m

vach.

thién hi¢u qua lam viéc
cua tiét dién.

16i L v 1A 1A A , .2 . < ,
chuyénvidinhvadgl¢ch | hi¢u qua kiém sodt|ndng Ung dung
tang. chuyén vi (drift). UHPC cao nhat.

Nang cao kha nang chiu
., ., . . «_ |nén va chiu kéo cua|Diac biét cd y nghia
. i Chiu tng suatnén vauén | . A 2 \ AR i
Vung bién A ., | vung bién, kiém soat | doi voi cac vach chiu

2. l6n tdp trung tai mép |, J Y DA . y

10i ung suat cuc bo va cdi | m6 men 1én hoac

vach lién hop.
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Truyén luc cat va lién két
lam viéc gilra cac vung
bién cua vach.

Vung bung
vach

Khong nhat thiét phai
su dung UHPC; co thé
duy tri bé tong cdt thép
thong thudng nham tdi
vu hiéu qua kinh té.

La ving thich hop dé
ap dung chién lugc
su dung vat li¢éu phan
vung (hybrid
concrete).

B6 sung do cung theo
mat bang, ting kha ning
khang xodn va hd tro
kiém soat chuyén vi
ngang.

Vach L/T
phu tr¢

C6 thé su dung UHPC
cuc bo dé tang do cling
hodc kha nang chiu luc
trong cac cau hinh dic
biét.

Vai tro va muc do
hiéu qua can duoc
danh gia theo tung
phuong an bd tri va
hinh dang cong trinh.

a) Phdn rd co hoc vdch trén mdt bang
+ Mau hong: Bién vich
+ Mau xanh la: Bung vach
+ Mau do: Vach phu tro
b) Phan ra co hoc vach trén mat dung
+ Mau xanh dwong: Chan l6i

Hinh 2. Phdn rd co hoc hé vach chiu lyc ngang nha cao td‘ng

III. CACH TIEP CAN VA QUY
TRINH NGHIEN CUU

3.1. Quan diém tiép cén

Triét Iy nghién ctru cua bai viét 1a bd tri
UHPC theo nhu cdu chiu lyc thay vi thay thé
vat liéu toan bg. Theo cach tiép can nay, hi¢u
qua cua UHPC khong chi phu thudc vao
lugng vat li¢u s dung, ma con phu thudc
manh vao vi tri bd tri trong hé két cau. bay la
diém khac biét quan trong so voi cach tiép

can chi so sanh bé tong thuong va UHPC &
c:?ip vat liéu hodc cau kién don 16.

Khung tiép can dé xuat gom ba 16p tu duy.
Tht nhét, hé vach chiu luc ngang duogc phan
rad thanh cac vung co hoc ¢6 vai tro khac nhau.
Thi hai, nhu cu chiu luc cta timg ving duoc
nhan di¢n dya trén do clrng, m6 men uén, ung
suat bién, bién dang ngang va dong gop vao
dap ung dong luc hoc téng thé. Thir ba,
UHPC dugc dinh hudng bd tri tai cac vung
¢6 nhu cau cao, trong khi cac ving it quan
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trong hon c6 thé tiép tuc stir dung bé tong cbt
thép thong thuong.

Céch tiép can nay cho phep chuyén bai
toan str dung UHPC tur cau hoi “c6 nén dung
UHPC hay khong” sang cau héi sau hon “nén
bd tri UHPC & dau, véi pham vi nao, dé dat
dugc hiéu qua co hoc va vat li¢u tdt nhat”.
Trong pham vi bai héi thao, khung nady maoi
dugc trinh bay ¢ mutc so bg, lam nén cho céc
nghién ctru dinh luong day du sau nay.

3.2. Quy trinh nghién ciru

Quy trinh nghién ciru so bd dugc dé xuat
gdm sau budc nhu sau:

Budc thir nhat 1a xéc dinh hé véach chiu luc
ngang ctia cong trinh, bao gdm 15i trung tim
va cac vach phuy trg néu co. bay la bude nham
nhén di¢n pham vi h¢ két cau tham gia chinh
vao viéc khang tai trong ngang.

Budc thir hai 1a phan ra hé vach thanh céc
ving co hoc ¢6 vai trd khac nhau, bao gdm
vung chan 101, vung bién 181, ving bung vach
va cac vach phu trg dang L/T. Viéc phan
ving nay can dya trén hinh hoc cong trinh,
dong truyén luc va dic diém phan b6 ndi luc
du kién.

Budc tht ba 1 xdy dyng mé hinh phén tir
hiru han dbi chimg str dung bé tong cbt thép
thong thuong. M6 hinh nay dong vai tro
baseline dé danh gia sy thay doi dap tmg khi
str dung UHPC.

Budce thir tu 1a xdy dyng mo6 hinh st dung
UHPC cho toan bd h¢ vach chiu lyc ngang.
Ciu hinh nay khong nhim dai dién cho

IV. MO HINH PHAN TU HUU HAN
MINH HOA

4.1. M6 ti cong trinh va h¢ két cAu

Mot mé hinh nha cao tang dugc xay dung
bang phuong phap phan tir hitu han nham
minh hoa khung tiép can dé xuat. Hé chiu luc
ngang chinh cia cong trinh gdm 16i clng
trung tdm két hop véi cac vach phu tro dang
L. L3i trung tim déng vai tro chu yéu trong
kiém soat tai trong ngang, trong khi cac vach
phu trg co thé gop phan ting d6 cimg mit
bang, hd tro kiém soat chuyén vi va anh

phuong an téi wu, ma duge dung nhu gidi han
trén vé hiéu nang dé xac dinh mtre cai thién
¢6 thé dat duoc khi hé vach duoc tang cudng
bang UHPC.

Budce thr nam 1a so sédnh cac chi tiéu dap
mg tong thé nhu chu ky dao dong co ban,
chuyén vi dinh va d¢ 1éch téng 16n nhét. Cac
chi tiéu nay phan anh tryc tiép do cing dong
hoc va bién dang ngang cua cong trinh.

Budc thtr sau 1a st dung két qua so bo dé
dinh hudng cac kich ban bé tri UHPC cuc bd
trong nghién ctru tiép theo. Cac kich ban nay
6 thé xem xét vung chan 161, vung bién 161,
vach phu trg hodc cac to hop b6 tri khac nhau.

3.3. Pham vi phan tich trong bai viét

Trong pham vi bai hoi thao, nghién ctru chi
trinh bay khung phuong phap va két qua
minh hoa gitra hai cau hinh co ban. CAu hinh
thir nhit 14 mo hinh bé tong cbt thép ddi
chtng. Cau hinh thir hai 14 mé hinh sir dung
UHPC cho toan bd h¢ vach chiu luc ngang.
Céc kich ban b tri UHPC cuyc bo, giam bé
day vach, phan loai tuong duong hiéu nang,
danh gia hiéu qua st dung vat li¢u va phan
tich phan tng cuc bd chua dugc trinh bay chi
tiét trong bai viét nay.

Vi€ce gioi han pham vi nhu vay giup bai
viét tap trung vao muc ti€u nén tang: xay
dung co s 1y ludn, thuat ngit va quy trinh tiép
can ban dau. Cac nodi dung phan tich sau hon
s& dugc phat trién trong cac nghién ctru tiép
theo.

huong dén dap ing xodn ciia cong trinh. Cac
cdu kién san, dam, cot va hé khung xung
quanh dugc mo6 hinh hoa phu hop véi vai tro
chiu tai trong trong lyc va tuong tac voi hé
véach. Trong pham vi bai viét ndy, trong tim
phan tich dat vao anh hudng cua vat li€u su
dung trong hé vach chiu luc ngang dén cac
chi tiéu dap tmg tong thé cua cong trinh. Cac
chi tiét phén tich sau hon vé phan tng cuc b
va hi¢u qua vat liéu chua dugc trinh bay trong
bai hoi thao.
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Bdng 2. Pham vi phan tich trong bai hgi thao va huong mo rong nghién cuu

Noi dung Pham vi trong bai hoi thio leo’ng moé rong nghién ciru
Téng quan Trinh bay ¢ mirc co so, gidi thidu | Phat trién thanh tong quan chuyén sau,
UHPC vahé | déc tinh cia UHPC va vai tro cua | cdp nhét cac nghién ciru qudc té vé img
vach chiu lyc | h¢ vach chiu lyc ngang trong nha | dung UHPC trong két cdu nha cao tang
ngang cao tang. va h¢ véach chiu lyc.

Co sé co hoc

Xay dung khung 1y luan vé su
khéc bi¢t vai tro co hoc gitra cac

Lién két vdi cac phan tich dinh lugng vé
ndi lyc, ng suat va do cung dé xac dinh

cta bo tri UHPC vung cta heA VZ}Sh va tiém nang vi tri bo tri UHPC t4i wu,
phan vung vat liéu.
M5 hinh bé tong | Thiét lap va phan tich mé hinh sir | Sir dung lam mé hinh chuan (baseline)
cot thép dbi dung bé tong cbt thép thong | cho ma tran phan tich day du voi nhiéu
chimg thuong 1am co s so sanh. phuong an bo tri UHPC khac nhau.
Mo hinh UHPC | Xay dung va danh gid mo hinh su

cho toan bd hé
vach chiu luc
ngang

dung UHPC cho toan bo hé vach
nham xac dinh xu hudng cai thién
hi¢u nang.

St dung nhu gi6i han trén (upper bound)
vé hiéu quéa co hoc dé ddi chiéu voi cac
phuong én st dung UHPC cuc bd.

Céc kich ban bd
tri UHPC cuc b0

Chi d& xuat dinh huéng va co so
ly luén cho viéc phan vung st
dung UHPC.

Phét trién thanh cac kich ban chi tiét
(chan 161, vung bién, 101 trung tam, ..),
két hop phan tich so sanh vé d6 cung,
chuyén vi va noi luc.

Panh gié hi¢u
qua su dung vat
liéu

Chua dugc trinh bay trong pham
vi bai hoéi thao.

Xay dung céac chi s6 danh gia hiéu qua
vat li¢u (Material Efficiency Index), can
bang gitta mirc cai thién hiéu nang két
céu va luong UHPC sur dung.

Phan g cuc bo
tai vung bién 161

Chua dugc xem xét trong bai hoi
thao.

Phan tich chi tiét trang thai ing suat, noi
lwc va phan bé luc trong cac phan tir vo
(shell elements) dé danh gia co ché lam
viéc cuc by cua vung bién 161 khi st
dung UHPC.

Cu thé mo hinh céng trinh 20 ting
gdm 1 tang ham va 19 ting nodi, cac tang
dién hinh cao 3,3 m; téng ham cao 4,0
m. Hé két cdu khung vach - 16i BTCT,
co tong chiéu cao 1a 66,7m. Hé théng
chiu lyc cua coéng trinh bao gém hé
thong chiu luc ngang 1a cac vach ding
bd tri & 4 goc bién cia toan nha va va
161 & chinh giita. Hé thong chiu tai trong
dting bao gdm cac tim san phang va cot

52

vuong. Day 1a két cdu phd bién duoc sir
dung cho céc tda nha cao tang.

Cong trinh chiu tdc dung cua tinh tai
bao gdm trong luong ban than gbt, trong
luong céc 16p céu tao san gs=150 daN/
m2, hoat tai st dung qs=200 daN/m2.
Kich thuéc tiét dién dam 300x600mm,
cdt 600x600mm, vach day 300 mm, san
day 120 mm. tudng xay trén dam day
200 mm.
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Hinh 3. Khung nghién cuu so bo cho bé tri UHPC theo nhu cau chiu luc
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a) Mit bang tang dién hinh
b) Phdi canh 3D ciia cong trinh
Hinh 4. M6 hinh phan tir hitu han va mdt bang tang dién hinh ciia cong trinh nha cao tang
Céc to hop tai trong twong (mg v6i cac Trang thai giéi han theo TCVN 2737-2013 [13] va
TCVN 9386-2025 [14].
Bing 3. T6 hop tdi trong kiém tra cdc TTGH

T6 hop kiém tra trang thai giéi han thir nhit vé cwong dd (Ultimate limit state - ULS)
STT | Tén to hop Noi dung t6 hop Tiéu chuin dp dung
1 ULS1 TT+1,3 HT TCVN 2737-2023
ULS2 TT+2,1GX+ TCVN 2737-2023
3 ULS3 TT+2,1GX- TCVN 2737-2023
4 ULS4 TT+2,1GY+ TCVN 2737-2023
5 ULSS TT+2,1GY- TCVN 2737-2023
6 ULS6 TT+0,9*1,3 HT+2,1GX+ TCVN 2737-2023
7 ULS7 TT+0,9*1,3 TH+2,1GX- TCVN 2737-2023
8 ULSS TT+0,9*1,3 TH+2,1GY+ TCVN 2737-2023
9 ULS9 TT+0,9*1,3 TH+2,1GY- TCVN 2737-2023
10 ULS10  |TT+1,3 HT+0,0*2,1GX+ TCVN 2737-2023
11 |ULSII TT+1,3 HT+0,0*2,1GX- TCVN 2737-2023
12 |ULS12 TT+1,3 HT+0,0*2,1GY+ TCVN 2737-2023
13 |ULSI3 TT+1,3 HT+0,0*2,1GY- TCVN 2737-2023
14 |ULS14 TT+EX+0,3*EY TCVN 9386-2025
15 |ULSIS TT+EY+0,3*EX TCVN 9386-2025
16 |[ENVEULS |[ENVERLOPE ULS1+ULS2+.. +ULSlS) TCVN 2737-2023
2. To hop kiém tra trang thai giéi han thi hai vé trang thai lam viéc binh thudng
(Serviceability limit state-SLS)
17 |SLSI1 TT+GX+ TCVN 2737-2023
18 |SLS2 TT+GX- TCVN 2737-2023
19 |SLS3 TT+GY+ TCVN 2737-2023
20 |SLS4 TT+GY- TCVN 2737-2023
21 |ENVESLS |ENVERLOPE (SLSI+...+SLS4) TCVN 2737-2023
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Phuong phap tinh tai trong dong dat dua vao
phuong phéap phd phan | mg theo TCVN 9386-
2025 [14]. Véivung dia chan 1y tai Thanh phé
Hué c6 gia toc nén a,=0.06 (m/s?). Nén dit loai
D phu thudc vao dia chét khao sat.

D6 1éch tam ngau nhién 1a 0,05 , trong d6
I 13 hé sb quan trong 1a 1, g 1a gia téc trong
truong ldy bang 9,81 m/s%. Hé s6 mg xtr cua
két cau 1a 3,9.

Téi trong gi6 dugc xac dinh theo TCVN
2737-2023 ¢ ké dén hé s6 hiéu tmg giat Gy,
véi vung gi6 1A, c6 ap luc gié tu nhién 1a 95
daN/m?.

4.2. M6 hinh vat liéu

Hai nhom vat liéu dugc xem xét trong mo
hinh minh hoa. Nhom tht nhat 12 bé tong c6t
thép thong thuong, dung cho mo hinh ddi
chung. Nhom thtr hai 1a UHPC, dung cho hé
vach chiu lyc ngang trong mo hinh gi¢i han
trén. Cac thong sd vat liéu chinh bao gdm
cudng do nén, mod dun dan hoi, trong luong
riéng, hé s6 Poisson va cac hé sd hiéu chinh
d6 cting néu dugc st dung trong mé hinh.

Trong md hinh minh hoa, viéc thay ddi vat
liéu dugc thyc hién trong pham vi hé vach chiu
luc ngang. Diéu nay cho phép danh gia so bd
anh huong cua viée tang d6 climg vét lidu trong
hé vach dén 1 dap ung tong thé cua cong trinh,
dong thoi van giit cac cau kién khac nhu san,
dam, cot va hé khung xung quanh theo vt lidu
bé tong cbt thép thong thuong.

Mo hinh tham chiéu (C0) dugc chon véi
mac bé tong 1a B25 (M350).

V&1 mo hinh str dung vat liéu bé tong siéu
tinh nang UHPC (C1), kha nang chiu nén 150
MPa dé nghién ctru trong cong trinh nay.

Cac thong s6 vé vat liu UHPC duoc téng
hop tir cac hudng dan thiét ké UHPC va cac
tai lidu tong quan duoc sir dung phd bién
trong nghién ctru trong nudc va quéc té. Do
dac tinh UHPC phu thuoc cap phdi va ham
luong soi thép, cac tiéu chuan thuong khuyén
nghi khodng gia tri hodc yéu cau xac dinh
bang thi nghiém, thay vi cho mot gia tri ¢
dinh nhu bé tong thuong.

Bdng 4. Thong 56 vdt ligu su dung trong mo hinh minh hoa

Théng s6 Ky hiéu | UHPC-150 Ngudn tham khio chinh

Cuong d6 chiu nén (MPa) fc' 150  |CEDD [15], K-UHPC [16]

Mo dun dan hdi (MPa) E 50,000 | <-UHPC, ACI239R [17] va cac
nghién ctu thuc nghiém

Heé sb Poisson v 0,20 |[K-UHPC, CEDD

Cuong d6 chiu kéo tryc tiép ; 9.0 ACI 239R, KICT-UHPCJ[ 18],

(MPa) ' ’ FHWA[19]

H¢ %) gian n¢ vi nhiét a 1 CEDD, FHWA

(x10°5/°C)

Khi luong thé tich (kN/m?) v o5 |FHWA, cdc nghién clru thyc
nghiém

4.3. Cau hinh mé hinh @i chirng va mé
hinh UHPC giéi han trén

CAu hinh CO 13 md hinh bé téng cbt thép
ddi chung, trong do toan b hé két cu st
dung bé tong cot thép thong thuong. Cau hinh
nay duoc ding lam co s& so sanh ban dau.

Céu hinh C1 12 mé hinh st dung UHPC
cho toan bd hé vach chiu lyc ngang, bao gdm
161 trung tam va cac vach phu trg dang L. Cac
cAu kién khac nhu san, dim, cot va hé khung
xung quanh van giir bé tong cdt thép thong

thuong. Cau hinh nay dugc xem 1a mé hinh
gidi han trén vé hiéu nang cua hé vach chiu
luc ngang khi sir dung UHPC.

Viéc so sanh CO va C1 khong nham khang
dinh rﬁng st dung UHPC toan b hé vach la
phuong 4n toi wu, ma nhdm chimg minh vai
tro cua vat liéu UHPC trong viéc cai thién do
cling va dap ung bién dang ngang cua cong
trinh. Trén co s& do, cac kich ban b tri
UHPC cuc bd s€ dugc phat trién trong cac
nghién ctru tiép theo.
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a) Mit bang ting dién hinh mo hinh CO

b) Mit bang ting dién hinh mo hinh C1

Hinh 5. Hai cdu hinh minh hoa C0 va C1

4.4. Chi tiéu danh gia

Céc chi tiéu duoc str dung dé danh gia gdom
chu ky dao dong co ban, chuyén vi dinh va
d6 1éch tang 16n nhat. Chu ky dao dong co
ban phan anh d6 cting dong hoc tong thé cua
cong trinh. Chuyén vi dinh phan 4nh bién
dang ngang toan cyc. Do léch tang 16n nhat
phan anh diéu kién str dung va muc d6 kiém
soat bién dang gitra cic ting.

Luc cét day co thé dugc xem xét nhu mot
chi tiéu bo sung nham danh gia su thay doi
luc tac dung khi hé két cAu tré nén cung hon.
Tuy nhién, trong pham vi bai hdi thdo, trong
tam van dat vao cac chi tiéu bién dang va
dong luc hoc téng thé.

V. KET QUA MINH HQA BAN PAU

5.1. Anh hwéng ciia UHPC dén chu ky
dao dong co ban (Natural Period: gidy)

Dé xem xét anh huéng cia UHPC dén chu
ky dao dong co ban, s lugng cac mode tham
gia dao dong trong cic md hinh dugc xac
dinh dya vao yéu cau caa TCVN 9386-2025
[14] sao cho “Téng cac khdi lugng hitu hiéu
ctia cac dang dao dong dugc xét chiém it nhat
90% tong khdi lwong cua két cau”. Muc dich
ctia yéu cau nay 1a dam bao cong trinh nhan
du tai trong dong tac dung 1én cac ciu kién
trong cong trinh (ddm bao an toan). Vai yéu
cau nay, s6 lugng mode dao dong dugc chon
l1a 12 mode 1a dam bao.

Bing 5. Két qud chu ky dao dong ciia cdc mé hinh

Case | Mode E%“Od (szcl) Mirc giam (%) Phuwong dao dong
Modal 1 2,009 1,88 6,42 Dao dong theo phuong Y
Modal 2 1,742) 1,573 9,70 Dao dong theo phuong X
Modal 3 1,296 1,148 11,42 Dao dong X0dn
Modal 4 0,574 0,52 9,41
Modal 5 0,459, 0,394 14,16
Modal 6 0,385 0,331 14,03
Modal 7 0,279| 0,243 12,90
Modal 8 0,224/ 0,189 15,63
Modal 9 0,185 0,151 18,38
Modal 10 0,168 0,141 16,07
Modal 11 0,137, 0,113 17,52
Modal 12 0,112 0,092 17,86
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Biéu db chu ky dao dong

Chu ky dao dong (gidy)
SO0
SRR —I RN

e C() =1

6 7 & 9 10 11 12

Mode

Hinh 6. Biéu dé so sanh chu ky dao déng ciia 2 mé hinh

Két qua nghién ctru ban dau cho thay
viéc thay thé bé tong thuong bang bé tong
siéu tinh nang UHPC lam giam dang ké
chu ky dao dong riéng ciia cong trinh & tat
ca cac mode dao dong, vd1 muce giam dao
dong tir khoang 5,6-18,1%.

So sanh chu ky dao dong gitra CO va
C1 cho phép danh gia so bd anh huong cua
UHPC dén d6 cting dong hoc tong thé cua
cong trinh. Khi UHPC dugc str dung cho
hé vach chiu luc ngang, m6 dun dan hoi
cua cac vung chiu lyc chinh tang 1én, lam
tang do cimg ngang tong thé. Do d6, chu
ky dao dong co ban c6 xu hudng giam so
v6i md hinh bé tong cbt thép dbi chimg.

Su gidm chu ky dao dong co ban co
thé dugc xem 13 ddu hiéu cho thdy hé két
ciu tré nén ctng hon. Tuy nhién, can luu y
rang sy gia ting do cimg cling c6 thé 1am
thay ddi luc tac dung trong hé két ciu, dic
biét 1a lyc cat ddy do tai trong ngang. Do
d6, chu ky dao dong can dugc danh gia
déng thoi vé6i cac chi tiéu bién dang va ndi
luc khac.

5.2. Anh hwéng cia UHPC dén
chuyén vi dinh: Maximum story dis-
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placement (mm)

Chuyén vi dinh 1 chi tiéu quan trong
phan 4nh bién dang ngang tong thé cua
cong trinh. Néu mé hinh C1 cho chuyén
vi dinh nhé hon md hinh CO0, diéu nay cho
thdy viéc sir dung UHPC trong hé véach
chiu luc ngang c6 kha ndng cai thién do
clmg ngang va giam bién dang tong thé.

Két qua ndy co y nghia quan trong vi
chuyén vi dinh lién quan truc tiép dén diéu
kién st dung, cam giac dao dong, bién
dang tong thé va yéu cau kiém soat chuyén
vi trong thiét ké nha cao tang. Tuy nhién,
trong pham vi bai viét nay, két qua C0-C1
chi dugc xem la minh hoa ban dau, chua
du dé dua ra két luan vé chién luoc bd tri
UHPC t6i uu.

Chuyén vi tai dinh theo 2 phuong X, Y
1a gia tr1 duoc xem xét trong trang thai gidi
han 2 vé diéu kién lam viéc binh thuong
ctia hé két cau. Puoc lay voi t6 hop céc tai
trong & gid trj tiéu chuan, xét dén cac to
hop tai trong co tai trong gi6 (ENVESLS).

Két qua chuyén vi dinh 16n nhét tai vi
tri diém 1-A cua ting 20:
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a) M6 hinh CO

b) M6 hinh C1

Hinh 7. Bién dang cia 2 mé hinh

Bing 6. Két

ud chuyén vi dinh cua hai mé hinh

M6 hinh Chuyén vi dinh | Chuyén vi dinh | P9 giam theo | Do giam theo
phuong X (mm) |phuong Y (mm)| phuwong X (%)| phuong Y (%)
Co 24,32 43,23
Cl 20,22 39,69 -16,86 -8,20
Biéu db so sanh chuyén vi dinh
2000 43.23 39.69
é‘ 40.00
z 3000 24.32 20.22
B 20.00 X
& 1000 Y
2 0.00
© Co C1
Mo hinh

Hinh 7. Biéu do so sanh chuyén vi dinh cua cac moé hinh

Két qua phan tich cho thay viéc thay thé bé
tong thudng B25 bang bé tong siéu tinh ning
UHPC da lam giam dang ké chuyén vi dinh
cua cong trinh dudi tdc dung cua tai trong
ngang, muc giam 8,2% dén 16,9%. Diéu nay
cho thiy viéc st dung UHPC trong hé vach
chiu lyc ngang c6 kha nang cai thién do ciing
ngang va giam bién dang tong thé. Két qua
dat dugc cho thdy UHPC 1a vat liéu c6 nhiéu
tiém ning tng dung trong két ciu nha cao
tang, noi yéu cau khat khe vé kiém soat
chuyén vi va dam bao kha ning lam viéc
trong trang thai sir dung.

5.3. Anh huong ciia UHPC dén d6 léch
ting 16n nhit (Maximum story drifts Ratio)

D6 1éch tang 16n nhét 1a chi tiéu quan trong
trong danh gia diéu kién str dung va an toan
bién dang cta nha cao tang. Viéc giam do
léch tang trong mo hinh C1 so véi CO cho
thdy UHPC c6 tiém nang cai thién hiéu ning
lam viéc cua hé vach chiu lyc ngang.

Tuy nhién, do léch tang 1a chi tiéu phu
thudc vao phan bd d6 cimg theo chiéu cao
cong trinh. Do d0, trong cac nghién ciru tiép
theo, can danh gia thém céc chién luoc bd tri
UHPC cuc b theo chiéu cao, dic biét 1a vung
chan 131, noi c6 md men udn va bién dang tich
Ity lom.

Két qua do 1éch ting 16n nhat nhu sau:
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Bing 7. Két qua d¢ léch tang I6n nhat ciia hai mé hinh

Mo hinh | P01éch tanglén [Do léch tanglén| Dj gidm theo | D gidm theo
nhat phwong X | nhat phwong Y | phwong X (%) |phwong Y (%)
Co 0,0004560 0,0008120
Cl 0,0003670 0,0007340 19,5 9,6
Biéu d6 do léch ting 16n nhét
0.0009000 0.0008120
0.0008000 0.0007340
oy 0.0007000
& 0.0006000
< 0.0005000 0.0004560 00003670
- 0.0004000 '
2 0.0003000
0.0002000
0.0001000
0.0000000
Co Cl
Mb hinh

Hinh 8. Biéu do so sanh dé 1éch tc”ing 16m nhat

Gié tri ty sb chuyén vi léch tang & 2 md
hinh dugc quan sat thiy déu ting 1én cho dén
tang 8, sau d6 giam nhe & cic tng phia trén.

Két qua phan tich cho thiy viéc thay thé bé
tong thudng B25 bang UHPC lam giam dang
ké gié tri d0 1éch ting 16n nhét ciia cong trinh
trong khoang 9,6-19,5%. Két qua nay khang
dinh réng viéc st dung UHPC c6 tdc dong
tich cuc dén kha ning kiém soat bién dang
cua nha cao tang. Do d6, UHPC 1a vat liéu c6
nhiéu tiém nang umg dung trong nha cao tang
nham giam bién dang va cai thién trang thai
2161 han st dung cta cong trinh.

5.4. Nhan xét chung vé két qua minh hoa

Cac két qua trong bai viét nay chi duoc
xem 1a minh hoa ban dau cho khung tiép cén
dé xuat. Cu hinh CI khéng dugc xem la
phuong an ti wu vé hiéu qua vat lidu, ma chi
dong vai trd mo hinh gi6i han trén dé ching
minh réng vigc thay ddi vat liéu trong hé vach
chiu lyc ngang c6 anh huong rd rét dén dap
tmg dong luc hoc va bién dang ngang.

Trén co s& do, cac kich ban bd tri UHPC
cuc bd can duge phat trién trong cac nghién
ctru tiép theo nham tra 16i cac cAu hoi sau
hon: ving nao trong h¢ vach nén dugc uu tién
bd tri UHPC; muc do giam bé day vach co
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thé dat duoc 1a bao nhiéu; hiéu qua cai thién
trén mot don vi thé tich UHPC ra sao; va phan
g cuc bo tai ving bién 15i thay doi nhu thé
nao.

VI. THAO LUAN

6.1. Y nghia ciia so sanh C0—C1

So sanh gitra mo hinh bé tong cdt thép ddi
ching va mo hinh st dung UHPC cho toan
bd h¢ vach chiu luc ngang cho théy UHPC ¢6
kha ning cai thién d6 cimg va giam bién dang
ngang cua cong trinh. Day la co s¢ quan trong
dé khang dinh rang vat lieu UHPC c6 thé anh
huong 16 rét den dap ung tong thé ctia hé két
cdu nha cao tang. Tuy nhién, két qua nay
chua nham xac dinh phuong 4n b tri tdi uu,
vi cdu hinh C1 sir dung UHPC v&i pham vi
16n va co thé chua phai la giai phap hiéu qua
nhit vé vat liu. V& mat nghién ciru, C1 nén
dugc xem nhu mo hinh giéi han trén vé hiéu
nang, gitip xac dinh mirc cai thién téi da khi
toan by hé vach chiu lyc ngang dugc tang
cuong bang UHPC.

6.2. Su cén thiét ciia b6 tri UHPC cuc bd

Do ndi lyc va bién dang trong nha cao ting
phan bd khong déu, viéc st dung UHPC toan
bo ¢ thé dan dén lang phi vat li€u tai cac
vung khong c6 nhu cau chiu luc cao. Vi vay,
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mot hudng nghién ciru hop ly 1a bb tri UHPC
cuc b tai cac ving trong yéu, chang han nhu
vung chan 161, vung bién 161 hodc céc vach
phu trg c6 dong gép 16n vao do cling ngang.

Céch tiép can nay co thé gitp khai thac hiéu
qua wu diém cua UHPC trong khi van kiém
soat dugc lugng vat li¢u stir dung. Pay cling 1a
co s& dé phat trién cac tiéu chi danh gia hiéu
qua vat liéu trong cac nghién ctru tiép theo.

6.3. Y nghia ciia cach tiép can dé xuit

Khung tiép cin dé xuét gitp chuyén bai
toan st dung UHPC tur cép vat liéu hodc ciu
kién riéng 1é sang cip hé két cu. Thay vi chi
danh gia UHPC nhu mot vat liéu c6 cuong do
cao, nghién ctru hudng dén viéc xac dinh
cach phan bd UHPC trong toan hé vach chiu
luc sao cho phit hop véi nhu cau co hoc ctia
timg vung. Piém quan trong ctia khung nay
1a su két hop gitra co sé co hoc va md hinh
phan tir hitu han. Co s co hoc gitip giai thich
vi sa0 mot s6 ving trong hé vach can dugc uu
tién b6 tri UHPC. M6 hinh phan tir hitu han
giup dénh giad dinh lugng anh hudng cia cac
phuong 4n bd tri dén dap tGng tong thé cua
cong trinh.

6.4. Pham vi va gidi han cua bai viét

Bai viét chi dimg ¢ murc khung tiép can so bd
va minh hoa ban dau bang hai ciu hinh CO va

VII. KET LUAN

Bai viét da trinh bay mot khung t1ep can so
bd cho viéc bd tri UHPC theo nhu ciu chiu
lyc trong hé vach chiu lyc ngang nha cao
tang Trén co so phan ra co hoc hé vach thanh
cdc vung chirc nang, nghién ctu cho thy
UHPC khong nhét thlet phai dugc st dung
theo hudng thay thé vat liéu toan bd, ma co
thé duogc dinh huong b tri tai cac ving c6
nhu cau chiu lyc va do cu:ng cao.

So sanh minh hoa glua mo hinh bé tong cbt
thép ddi chimg va mé hinh UHPC toan b hé
véach chiu lyc ngang cho thdy UHPC cO Xu
huéng 1am giam chu ky dao dong, chuyen vi
dinh va do léch tang cta cong trinh. Két qua
nay cho thay UHPC c6 kha nang cai thién do
cting va giam bién dang ngang cua cong trinh.
bay 1a co so quan trong dé khang dinh ring
vat lieu UHPC c6 thé anh hudng rd rét dén dap

Cl1. Do do, cac két qua chua dugc st dung dé
dua ra khuyén nghi thiét ké cudi cung vé vi tri
b tri UHPC hodc mirc do giam bé day véch.
Céc phan tich v& hiéu qua vat liéu, phan Gng cuc
bo tai ving bién 16i, cac kich ban b tri UHPC
cuc bd va tiéu chi twong duong hi¢u ndng chua
dugc trinh bay trong pham vi bai viét nay. Viéc
gi61 han pham vi 1a can thiét dé tap trung vao
muyc tiéu nén tang cua bai hdi théo, dong thot tao
co s& cho cac nghién ciru dinh lugng day di hon
trong giai doan tiép theo.

6.5. Pinh hwéng nghién ciru tiép theo

Tur két qua minh hoa ban dau, cac nghién
ctru tiép theo can md rong theo cic hudng
sau: xay dung ma tran bd tri UHPC cuc bod
trong hé véach chiu luc ngang; danh gia kha
ning giam bé day vach theo tiéu chi tuong
duong hi¢u ndng; tinh todn hi¢u qua sir dung
vat liéu; kiém tra phan tng cuc b tai ving
bién 161, vung chan 181 va xung quanh 16 ma;
xay dung ban d6 khuyen nghi b6 tri UHPC
theo muc tiéu thiét ké. Cac hudng phat trién
nay s& gitp chuyén khung tiép can so bo
trong nghién ctru thanh mét khung danh gia
day du hon cho viéc sit dung UHPC trong hé
két cdu nha cao ting.

{g tong the ctia hé két cAu nha cao tang Tuy
nhién, két qua nay chua nham xac dinh
phuong an bo tri t6i wu ma nd tao co s ban
dau dé phat trién cac kich ban bo tri UHPC cuc
bd trong nhitng nghién ctru tlep theo.

Bai viét khong dua ra két luan téi wu cudi
cung vé vi tri bd tri UHPC, ma tap trung xay
dyng co s¢ 1y luan, khung phuong phap va
két qua minh hoa ban dau. Cac budc nghién
ciru tlep theo s€ tap trung vao phan tich day
du céac chién luoc bd tri UHPC, danh gia kha
nang glam bé day vach tuong duong hi€u
nang, xay dung chi sd hiéu qua vat liéu va
ki€ém tra phan (mg cuc b¢ tai cac vung chiu
lye trong yéu.

Céch tiép can nay co thé gop phan hinh
thanh mot khung danh gia hi€u qua hon cho
viéc str dung UHPC trong hé két cau nha cao
tang, trong d6 hiéu qua cua vat liéu khong chi
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dugc xem xét thong qua cu’c‘mg do hoac do
cirng, ma con thong qua vi tri bo tri va vai tro
co hgc cua tirng vung trong hé két cau.
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XE PAP PIEN BA BANH NANG LUQNG MAT TROI: TONG QUAN CONG

NGHE VA TRIEN VONG TAI VIET NAM
_ Nguyén Xudn Trung', Pham Vin Quang?*

TOM TAT

Bai bdo téng quan pham vi vé cdu tao, théng sé kyj thudt va trién vong tai Viét Nam cua xe dap dién ba
banh nang hrong mat troi (solar-assisted electric tricycle — SAET). Tur 36 tai liu gom 15 céng bé khoa hoc
va 9 mau xe thwong mai, dir liéu duwoc chudn héa vé sudt tiéu hao ning lwong riéng va san lwong quang dién
riéng, roi doi chiéu bang mé hinh déng liec hoc doc va mé hinh cin bang ndng lwong birc xa. Sudt tiéu hao
quy doi theo dung lwong danh dinh la 16-29 Wh/km, cao hon mitc 6-13 Wh/km ma mé hinh duw bdo khi chay
on dinh trén dwong bang. Méi 100 Wp b6 sung khodng 918 km hanh trinh méi ngdy khi bire xa thudn loi, , phu
hop voi thuc nghiém da cong bo. Mdi che quang dién chi mang lai loi ich ning lwong rong ré rét ¢ toc dé
thap B diéu khién sac bam diém cong sudt cuc dai c6 thé tang 10-35% dién nang thu dwoc so véi logi diéu
ché dp réng xung, con phanh tdi sinh chi thu hoi phan nhé ndng lwong. Véi bike xa 2,46-5,77 kWh/m*/ngay,
Viét Nam thudn loi dé trién khai SAET trong van tdi chuyén dung pham vi hep va hé tro nguoi khuyét tat.

Tir khoa: Xe dap dién ba banh; nang luwong mat troi; sudt tiéu hao nang luong riéng, xe dién hang nhe;
giao thong xanh; Viét Nam.

SOLAR-ASSISTED ELECTRIC TRICYCLES: OVERVIEW OF TECHNOLOGY AND

PROSPECTS IN VIETNAM

ABSTRACT

This scoping review examines the construction, specifications and prospects in Vietnam of solar-assisted
electric tricycles (SAETs). From 36 sources, including 15 scientific publications and 9 commercial models,
data are normalised into specific energy consumption and specific photovoltaic yield and cross-checked with
a longitudinal dynamics model and an irradiance energy-balance model. Consumption derived from nominal
battery capacity is 1629 Wh/km, above the 6—13 Wh/km predicted for steady level riding. Every 100 Wp adds
roughly 9—18 km of daily range under favourable irradiance, consistent with published experiments. The
photovoltaic canopy yields a clear net energy gain only at low speeds; maximum power point tracking can
raise harvested energy by 10-35% over pulse-width-modulation controllers, while regenerative braking
recovers only a small share of trip energy. With irradiance of 2.46-5.77 kWh/m*day, Vietnam offers
favourable conditions for SAETs in confined-area specialised transport and assistive mobility.

Keywords: Electric tricycle; solar energy, specific energy consumption, light electric vehicle; green
transport,; Vietnam.

I. GIOI THIEU

Dién hoa giao thong két hop ning luong tai
tao 1a giai phap quan trong dé giam phat thai
khi nha kinh [1]. V&i cam két phat thai rong
b?mg "0" vao nam 2050 [2], cac 1§ trinh
chuyén dbi cua Viét Nam déu nhdn manh phat
trién phuong tién dién, ha t?mg sac va chinh
sach khuyén khich [3]-[5]. Phuong tién dién
hang nhe 13 thanh phan quan trong ciia giao
thong d6 thi bén vitng nhd tiéu thy nang luong
thdp va phu hop voi chuyén di ngan [6]. So
v6i xe hai banh, xe ba banh 6n dinh hon khi
dung, di cham, cho duoc nhiéu hon va cho
phép tich hop mai che hodc thung hang.

V6i gia thanh tim quang dién ngiy cang
giam [7], tich hop quang di¢n lén phuong ti¢n

giup giam chi phi van hanh va phu thudc vao
dién ludi. O to dién tiéu thu hang trim
Wh/km, con xe ba banh hang nhe chi cin mot
phan nho, nén cung cong suat lip dat, tim
quang dién chiém ty trong 16n hon nhiéu
trong nhu cau niang luong. Tuy nhién, hiéu
qua con phu thudc vao buc xa, che bong, bo
diéu khién sac, thoi gian d6 ngoai troi, ciing
nhu khéi lugng va luc can ting thém do chinh
két cAu mang tAm pin.

Bai bao tong hop cac san pham thuong mai
va nghién ctru vé SAET nham tra 10i ba cu
hoi: (i) SAET c6 ciu tao, cAu hinh va dai
thong sb nao, (ii) quang nang déng gop thuc
té & muc nao khi xét dong thoi can bang nang

! Khoa O t6, Trudng Pai hoc Dong A; email: trungnx@donga.edu.vn
* Tac gia lién hé: Khoa O t0, Truong Pai hoc Bong A; email: quangpv@donga.edu.vn
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lugng va dong luc hoc phuong tién va (ii1)
linh vuc tng dung nao kha thi tai Viét Nam.

II. POI TUQNG VA PHUONG PHAP
NGHIEN CUU

Nghién ctru dung phuong phap tong quan
pham vi, phu hop dé hé thong héa mot linh
vuc con phén tan, v6i khung d6i tugng — khai
niém — bdi canh: dbi tuong 1a phuong tién ba
banh ¢ co ciu dap, tay quay hoic tay lac,
khai ni¢m la tich hop quang dién 1én phuong
tién, bdi canh 1a ing dung d6 thi va diéu kién
Viét Nam.

Tai ligu dugc tim trén sti.vista.gov.vn,
vjol.info.vn, thu vién s6 céc truong dai hoc,
Google Scholar, ScienceDirect,
ResearchGate, SSRN, DOAJ, CORE va tai
liéu nha san xuit, v6i cac tir khoa “xe dap
nang lugng mat troi”, “solar electric
tricycle”, “solar powered tricycle”, “solar-

assisted tricycle”, két hop truy vét tai lidu
(snowballing). Tiéu chi sang loc trinh bay ¢
Bang 1. Dur ligu dugc trich Xuit theo sau
nhom bién: nhan dang, c4u hinh co khi, h¢
thdng nang luong — truyén dong, théng sé van
hanh, myc dich su dung va do tin cay
nguon Thong sd thwong mai 1a do nha san
xudt cong bo.

Sau sang loc, c6 36 tai li¢u dugc dua vao
tong hop, gém 15 cong bd khoa hoc Ve thiét
ké, thor nghiém nguyén mau, 12 ngudn ky
thuat va bao chi twong tmg 9 mau xe thuong
mai, va 9 tai liu vé chinh sach, tai nguyén
bire xa. Dit liéu dugc chuin hoa theo suat tiéu
hao nang lugng riéng (Wh/km) va san luong
quang dién riéng (Wh/Wp/ngay), roi dugc
kiém chimg bang mo6 hinh cin bang ning
lugng birc xa va mo hinh dong luc hoc doc xe
(muc 3.2).

Bdng 1. Tiéu chi chon va sang loc tai liéu

Nhom tiéu chi

Tiéu chi chon

Tiéu chi sang loc

Déi tuong

Xe ba banh ¢ ban dap hoic co ciu tay
quay, tay lac; c6 hé truyén dong dién,
bd Iuu trit va tam quang dién.

Xe dién ba banh khong c6 co
cau dap; xe tuk-tuk dién; xe

Muiuc do phat
trién

San pham thwong mai hoic nguyén
mau hoan chinh c6 cong bo thong so ky
thuat.

golf; xe bdn banh tdc do thap.
Y tuong so bd, quang cao
khong kém thong sb, ngudn
khong xé4c dinh.

Dir li¢u

C6 it nhat mot théng sé dinh lwong:
cong suat tim quang dién, dung luong
luu trir, cong sudt dong co, quing
duong, tde do, tai trong hodc gié thanh.

Nguon md ta chung chung;
thong so0 mau thuan; nguyén
mau chua thir nghiém.

Nguén

Bai bao khoa hoc, ky yéu hoi nghi, tai
liéu k¥ thudt cua nha san xuat, bao chi
chuyén nganh.

Nguon thuong mai khong kém
hinh 4nh hodc khong truy cép
duoc.

Ngon ngir, thoi
gian

Tiéng Viét va tiéng Anh; khong gidi
han moc thoi gian bat dau.

Tai lieu khong ti€p can duoc
toan van.

III. KET QUA VA THAO LUAN

3.1. Khai niém, phan loai va ciu tao
téng quan

SAET duoc hiéu 1a phuong tién ba banh
c6 co ciu dap, tay quay hodc tay lic, co
truyén dong dién hod tro hodc thay thé mot
phan strc ngudi, ¢6 bo luu trir va tim quang
dién tich hop trén than xe, mai che hoac thung
hang; khai niém nay loai trir xe dién ba banh
khong co co ciu dap, tuk-tuk dién, xe golf va
xe bdn banh tdc do thap.

TAP CHi CONG NGHIEP NONG THON SO 62

Hai c4u hinh pho bién 14 tadpole va delta.
Tadpole c6 hai banh trudc, mot banh sau,
thuong 6n dinh hon khi vao dudng cong va
khi phanh [8]. Delta c6 mot banh trudc, hai
banh sau, két cau don gian va dé cai tao tir xe
dap hoac xe lic. Phan loai theo ché do hoat
dong va cong nang duogc trinh bay ¢ Bang 2.

Moi SAET déu c6 thé dap khi khong ding
dién hodc hét dién, xe cho nguoi khuyét tat
dung tay quay hodc tay lic thay ban dap. Mot

63



KHOA HOC -

CONG NGHE

nhin hiéu c6 thé c6 nhiéu mau chd khach,
chd hang hodc ban hang luu dong [9], [10].
V& cAu tao, SAET 1a hé co dién tur gém ba
phan hé (Hinh 1). Phan hé co khi gdm khung,
hé thdng 14i, banh xe, phanh co, truyén dong
strc nguoi (ban dap — xich — lip hodc tay quay,
tay lac) va khung d& tAim quang dién, thudng
dong thoi 1a mui che hodc vach thing hang.
Phén hé ning luong gdm tAm quang dién, bo
diéu khién sac, bd luu trit, bd sac luéi, bo dicu

khién dong co va dong co BLDC ¢ moay-0
hoic giita khung. Phan hé diéu khién gdm tay
ga, cam bién tro luc, cong tic phanh, khoa
dién, cong tac chon ché do hodc di lui va déng
ho hién thi. Nguyén méu cia Berjoza va cs.
[11] c6 du cac thanh phan nay, véi tay phanh
tich hop cong tic va bo diéu khién sac MPPT
gin trén khung tam pin. O xe lic ciia Nguyén
va Duong [12], bop phanh dong mach ngat 5
V dé bo diéu toc dimg cip dién.

Hinh 1. Cdu tao tong quan (a) va so do lién két co — dién (b) ciia SAET

Trén Hinh 1b, bo diéu khién dong co nhan
tin hi¢u tay ga ¢ ché d6 chay dién. Tin hi¢u
cam bién tro luc & ché do dap co tro luc, khi
d6 dong co chi duoc cép dién lac nguoi lai
dap va trong dai tbe do gidi han. Tin hi¢u

cong tic phanh dé ngat dién hodc kich hoat
phanh tai sinh néu c6. Nhanh co khi qua khép
mot chiéu lam viée doc 1ap nén xe van chay
duoc khi hét dién.
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Bdng 2. Phan logi SAET theo ché dé hoat dong va cong nang

Phén loai Nhom Pic diém chinh Nguon dién hinh
Pap co tro luc bong co tu ddng tro luc khi khéi dong, | [10], [13], [14]
1én doc hodc di cham.
Ché do | Chay dién Chay hoan toan bang dién véi tay ga, | [15]-[17]
van hanh hodc chi dung strc nguoi.
Tro lyc dién va | Hoat dong ¢ ca ba ché do: dap, dap co tro | [18]-[20]
chay dién luc va chay dién.
Di chuyén ca nhan | 1-2 chd ngdi, c6 thé kém khoang hanh 1y. | [18], [21], [22]
Cho khach Chuyén chd hanh khach, 2-4 chd ngéi. 131, [23
Cong | Cho hang, | 1 chd ngdi, kém thung hodc gia ché | [9], [10], [24]
nang chuyén dung hang, hodc thung chuyén dung.
Cho ngudi | Phuc vu nguoi khuyét tat chi du6i, dung | [12], [25], [26]
khuyét tat co céu tay quay hodc tay lic.

Tat ca SAET déu c6 cong sac ludi, quang
ning chi 1a ngudn bd sung nhim kéo dai
quang duong [11], [12], [27], mot sb thiét ké
co6 phanh tai sinh [19], [28], [29].

3.2. Co sé tinh toan cAn biang ning lwong

3.2.1. San lrgng quang dién va b diéu
khién sac

San luong dién trung binh ngay cua hé
quang di¢n trén xe dugc udce tinh theo:

Enw=Py.H.PR (1)

Epy — san lugng dién quang dién trung binh
ngay (Wh/ngay); Py — cong suat dinh cta tim
quang dién & diéu kién thir nghiém chuan (Wp);
H—s0 gio nang dinh, c0 tri s6 bang biic xa téng
trén mat phang tm pin tinh theo kWh/m?/ngay
(gid); PR — hé s6 hiéu sudt hé thong
(performance ratio), 0 < PR < 1, phan anh t6n
that do nhiét do, bui ban, che bong, hudng lap
dat, bo diéu khién sac va hiéu suét nap.

Tam quang dién trén xe thuong lip nim
ngang va bi che bong trong d6 thi nén PR thap
hon lép ¢ dinh trén mai nha. Véi H = 4,5—
5,0 gio> va PR = 0,6-0,7, mdi 1 Wp cho
khoang 2,7-3.5 Wh/ngay; két hop suat tiéu
hao quy doi 20-30 Wh/km, mdi 100 Wp
tuong u‘ng khoang 9—-18 km hanh trinh bd
sung moi ngay. Quan hé nay dugc dung de
kiém chimg s6 liéu cong bb & muc 3.5.

Trong PR, bd diéu khién sac 1a thanh phan
c6 thé cai thién bang thiét ké dién tir ma
khong can tang dién tich tAm pin. Cong suat
nap tuc thoi vao bd luu trir la:

Pn = Pyy.(G/Gstc).[1+p(Te25)].npmppT.10d (2)

G — blrc xa trén mat tim pin (W/m?), Gstc
=1 000 W/m?, y — hé sd nhiét d6 cua cong
suét (v6i silic tinh thé khoang 0,004 1/°C);

— nhiét do té bao quang dién (°C); nwmper,
’7bd hi¢u suat bam diém cong suat cuc dai va
hiéu suét bd bién d6i DC-DC.

Bo dleu khién dleu ché do rong xung
(PWM) nbi tryc tiép tAm pin véi ac quy nén
tam pin phai lam viéc tai dién ap ic quy thay
vi dién ap diém cong suit cuc dai Vip. BO
MPPT dung bd bién d6i DC-DC va thut toan
do tim dé gilr tAm pin tai diém nay. Véi tim
55 W ctuaxe lac [12] (Vip=19,44 V, I = 3,08
A) nap khéi dc quy 12 V & 12,8-14,4 V, bd
PWM chi khai thac khoang 39-43 W, tuc 70—
78% cong suat dinh, v6i 70a = 0,95, bd MPPT
thu thém khoang 22-35%. Khi tim pin néng
dén 60 °C, Vmp giam gan vé dién ap nap nén
loi ich chi con khoang 10%. Trong cac tai licu,
chi Berjoza va cs. [11] néu rd dung MPPT, cac
ngudn thuong mai déu khong cong bd loai bd
diéu khién sac.

Khi xe chay, bong cdy va nha quét qua tim
pin trong vai gidy (¢ 20 km/h, vung bong dai
10 m di qua trong khoang 1,8 s). Diode
bypass tao nhiéu cuc dai cuc b trén duong
ddc tinh P—V, khién thuét toan nhiéu loan —
quan sat don gian c6 thé dimg ¢ dinh phu, nén
toc d6 dap mg va kha ning quét toan cuc
quan trong hon hiéu suit tinh. Vi tim pin
phan b6 trén nhiéu mat nhu thing hang
SunRider [24], [30], dung bd bam cong suat
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riéng cho tirng mit s& giam t6n that do birc xa
khong dong déu.

3.2.2. Pong luc hoc doc va suit tiéu hao
nang lwgng

Dé kiém ching doc 1ap suat tiéu hao quy
ddi, luc kéo yéu cau tai banh chu dong duoc
xac dinh theo can béng lyc doc, tuong tu cach
dinh ¢ cong suit ciua Paudel va Kreutzmann
[27] va Nguyén va Duong [12]:

Fx=m. g.f cosa+05p.Cad.(v+ve)+
mg . sina + om . dv/d¢ 3)
Pa = Fyina SEC = Pg/(3,6v) = Fid/(3,614) (4)

m — khoi lugng toan bo (kg); /- hé s6 can
lan; a — goc déc; p = 1,2 kg/m?; Cad — tich hé
sd can khi dong va dién tich can chinh dién
(m?); v, vg — vén tdc xe va gid nguoc (m/s); 0
— hé s6 khdi luong quay; Pa — cong suét dién
lay t b luu trit (W); #a — hi¢u sudt tir bo luu
trir dén banh xe; SEC — suét tiéu hao ning
luong riéng (Wh/km).

Véi nguyén mau cia Berjoza va cs. [11]
(155 kg, f do dugc 0,008), gia thiét Cad =
0,4-0,7 m? va nq = 0,70-0,80, phuong trinh
(4) cho SEC khoang 6-8 Wh/km & véan toc
trung binh do duogc 15,7 km/h va 8-13
Wh/km & 25 kmv/h. Vi xe lac ciia Nguyén va
Duong [12] (khoang 140 kg ké ca ngudi thir,
Ced = 0,6-0,9 m?, f=0,008-0,012), m6 hinh
cho 6-10 Wh/km & 15 km/h, cong khoang 4
Wh/km do doan dbc 5° trén tuyén thir. Cac
gia tri nay thép hon nhiéu so vé&i 25-29
Wh/km quy d6i ¢ Bang 4 vi hai ly do. Thur
nhit, dc quy chi-axit xa dong lon chi cap
dugc mot phan dung lwong danh dinh. Xe lic
nay dung khi dién ap con 23,8 V, tirc chua xa
can, va néu chi 50-60% dung luong duoc
khai thac thi SEC thyc té 13 13—17 Wh/km,
khdp v6i mé hinh. Thi hai, tuyén thi khir hoi
¢ nhiéu 1an quay dau, ting toc va 1én dbc.

Kiém tra nguoc cho két luan tuong tu. Néu
SEC =~ 25 Wh/km, phan tang thém 33,1 km
cua Berjoza va cs. [11] tng v61 khoang 830
Wh. Néu chay lién tuc, hanh trinh 50,2 km &
van toc trung binh 19, 25 knv/h chi kéo dai
khoang 2,6 h, nghia 14 tim 330 Wp phai phat
trung binh khoang 320 W, gin bang cong suét

dinh, diéu khong kha thi khi c6 che bong. Vi
SEC = 12-15 Wh/km, cbng suit nap trung
binh chi can 150-190 W (0,46-0,58 cong
sudt dinh), hop 1y & vi do 56,65° vao thang
Nam. Do do, dai 16-29 Wh/km ¢ Bang 4 1a
can trén cla suét tiéu hao.

Khung d& va mai che quang dién lam tang
khdi luong Am, kéo theo luc can lan va lyc
can dbc, ddng thoi lam ting A(Cud). O xe lic
[12], riéng bdn tAm pin nang 18,8 kg, chua ké
gia d& thép 6ng ®27, va kich thudc bao ting
tur 178 x 58 x 100 cm 1én 205 x 108 x 150
cm. Dién tich 1,96 m? cta tim pin Trike-
ES320 14 dién tich hinh chiéu bang, dién tich
can chinh dién tang it hon nhiéu, nhung tru
dd va mép mai van lam Cyd ting dang ké.
Cong suat dién ting thém & cling van toc la:
APs=[Am .g.(f. cosa + sina) + 0,5p .
A(C4d) . V?] . vina o ®

Hinh 2 so sanh APq4 trén dudng bang voi
cong suit nap ctia hé 220 Wp va 400 Wp khi
nang tot (G = 800 W/m?, hé sb ton that 0,7).
V61 Am =20 kg va A(Ced) = 0,1-0,3 m? (gia
thiét), APs chi 17-56 W & 15-20 km/h, nho
hon nhiéu so v&i cong suat nap 123-224 W.
Nhung APq ting gan theo 1ap phuong van tbc,
dat 139-358 W ¢ 40 km/h, vugt cong suat
nap ctia hé 220 Wp. Trén dbc 5°, riéng 20 kg
tang thém can khoang 63 W dién ¢ 10 km/h.
Diéu nay ly giai khuyén nghi toc d6 25 km/h
ctia Berjoza va cs. [11] va dé xuit dung pin
déo dé giam khoang 18 kg ciia Nguyén va
Duong [12].

Mai che con nang chiéu cao trong tim /.
Xét mé-men quanh truc lat ndi diém tiép xuc
cua banh don v&i mdt banh ctia cdp banh kép
(vét banh B, chiéu dai co s¢ L, khoang cach
doc tir truc banh don dén trong tam /), ngudng
gia toc ngang gay lat tinh 1a:

aye/g=B . l/(2h.L)

Nguodng lat giam ty 1€ nghich voi 4 va
giam khi trong tim dich vé phia banh don,
phtt hop véi phan tich 6n dinh xe ba banh
cua Huston va cs. [8]. Vi vay, can dit bo luu
trir thép, gén cap banh kép, va han ché khéi
luong két cAu dat trén cao.

(6)
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Hinh 2. Cong SL,td't dién tang thém do khung do, mdi che quang dién theo van toc so voi
cong suat nap quang dién (dwong bang, Am = 20 kg, f= 0,01, na = 0,75)

3.2.3. Phanh tai sinh

Phanh tai sinh dugc néu & ELF 3.0 [18], [29],
mo [19] va Murthy va cs. [28], nhung khong
ngudn nao cong b ty 1& thu hdi. Can trén cua
nang luong thu hdi duoc wée luong theo:

En=nw . [0,5m . (vi2 —v2?) + mgAh —
E G

trong do vi, v2 — van toc dau va cudi qua
trinh him (m/s); Ak — d6 cao giam khi xubng
dbc (m); E. — ning luong tiéu hao do luc can
trong qua trinh ham (J); 7o — hiéu suat chudi
thu hoi (truyén dong, may phat, bo diéu
khién, nap).

Voi xe 155 kg cua Berjoza va cs. [11],
dong nang ¢ 25 km/h chi khoang 1,0 Wh. Véi
Nt = 0,4-0,6 va hai lan dimg mdi km, ty 18
thu hoi chi khoang 3-10% khi SEC = 12-25
Wh/km. Poan dbc 5° dai 100 m trén tuyén
thir ctia Nguyén va Duong [12] ¢6 thé ning
khoang 3,3 Wh nhung chi thu hdi duge 1,1-
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1,6 Wh, tuong duong 4-10% nang lugng cua
vong thir 1,1 km. Khi ham gép tir 25 km/h véi
gia tdc cham dan do duoc 3,5 m/s?, cong suét
phanh khoang 3,8 kW, gip 8-15 lan cong
suat dong co 250-500 W, nén phanh tai sinh
chi dam nhén dugc cac lan giam tdc nhe.
Pong co moay-o c¢6 ly hop mot chiéu va dong
co dit gifra truyén qua lip nhu trén Trike-
ES320, Haley (Bang 3) khong thé phat dién
nguoc. Vi Vay, phanh téi smh chu yéu c6 gia
tri kiém soat toc do khi xuong dbc dai va giam
mon phanh co0.3.3. Cac mau xe thuong mai

3.3.1. Nhom phwong tién ca nhan

SAET cé nhan hudng dén di lai quing ngin
trong d6 thi, thudng c6 céu hinh tadpole, mot
dén hai chd, hoat dong ¢ ca ché dd tro luc va
chay dién, gém hai loai thian vo kin
(velomobile) va ngdi nga lung (recumbent
trike), thong so trinh bay & Bang 3.
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Bing 4. Chudn héa dit liéu theo sudt tiéu hao :a:% luong riéng va san lwong quang dién riéng

x o Dung lwgn ~ \ n . | Suét tiéu hao quy doi
Mau xe/ :m-:ﬁ. cut %Em: &E_m Quéng m:S(_m khong co theo dung _:Qum w»:: Dong gop cia quang ning
(nguon) (Wh) quang nang (km) dinh (Wh/km)

Berjoza va cs. [11] 432 17,14 =25 +33,1 km (=193%) trong ~2,6 h chay thur; quy theo
sut tiéu hao danh dinh ~830 Wh tir tim 330 Wp,
tuong duong =2,5 Wh/Wp (xem myc 3.2.2)

Nguyén va Duong [12] 720 24,7 ~29 +23,3 km/ngay (294%); ~680 Wh tir tim 220 Wp,
tuong duong ~3,1 Wh/Wp/ngay

Abdullah va cs. [23] 1 440 65 ~22 +12-15% (~8-10 km/ngay); =170-215 Wh tir tAm
50 Wp, twong duong ~3,5-4,3 Wh/Wp/ngay

SunRider [24]; Bowden 1 600 >100 <16 ~65% nhu cau nap trung binh tir tim 545 Wp, trong

[30] duong ~1,9 Wh/Wp/ngay

GoSun Gopher [9] 2200 Khong cong bd - +24-40 km/ngay tir tam 650 Wp, twong dwong

~1,0-1,7 Wh/Wp/ngay

Bing 5. Cdc linh viec ing dung tiém néng ciia SAET tai Viét Nam

Diéu kién trién khai

Nguon tiéu biéu

Linh vuc, hoat dong
Di chuyén cd nhén trong
do thi

Gid thanh phu hop thi truong trong nuéc; uu tién cau hinh don gian thay cho than vo kin; cong | [
suit mozm co twong thich quy dinh vé xe dap dién.

14], [18], [20], [22], [31]

Giao hang trong do6 thi,
khu cong nghiép, trang
trai

xe dap dién.

HE&: van chuyén ldp lai, co diém dd ngoai troi va bao dudng tap trung; thung hang cho phep
ldp tAm quang dién trén nhidu mit; x4c dinh rd khung phéap 1y khi toc do va tai trong vuot mirc

[9], [10], [24], [30]

Ch¢ khach du lich, nghi
dudng

Khong gian khai thac c6 kiém soat toc 9 va bao dudng tap trung; ket cau mo-dun doi cau hinh
ghe theo mua vy; c6 mai che chong niang, mua.

[13], [23]

HO trg ngudi cao tudi va
nguoi khuyet tat

Thiét ké chuyén dung theo dang khuyét tat, bao dim an toan va kha nang tiép can; vu tién delta
cdi tao tu xe lac tay; cong bo quang dudng trong ca hai diéu kién c6 va khong cé quang ning.

[12], [15], [25], [26], [32]
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ELF, san xudt tir nam 2013 tai My, 1a mau
dién hinh cta loai than vé kin. Phién ban ELF
3.0 c6 than composite, khung nhdm, tam
quang dién 200400 W va chay dién khoang
48 km mdi lan sac [18], murc ti€u hao 0,12 lit
xang/100 km cong bd 1a gia tri quy doi theo
nang luong, khong phai sb do.

PEBL (M¥, 2013) [31], m6 (Tay Ban Nha,
2017) [14] va Wello (Phép, 2019) [20] cling
theo hudng than vé kin nhung da ngumg hoac
tam nglng san xuét, cho thay rao can cua
SAET ca nhan nam & chi phi va quy mé thi
truong hon 1a ky thuét.

O loai ngdi nga lung, tim quang dién dit
trén khung d& don gian lam mui [21]. Trike-
ES320 dung tim 48 V/400 W kich thudc 228
x 86 cm [22], tirc hiéu sudt khoang 20%, phu
hop cong nghé silic tinh thé hién hanh.

3.3.2. Nhom ché hang va chuyén dung

Nhom choé hang cé tiém niang thuong mai
r0 hon vi van hanh theo dodi xe, 1o trinh lap
lai, tai trong tinh todn dugc va bdo tri tap
trung. SunRider c6 thung c& pallet 1 m?,
quing duong hon 100 km, tdm quang dién
545 Wp trén thung hang va pin hoan déi 1,6
kWh, dap ng phan 16n nhu cau nap [24],
[30]. Suét tiéu hao suy ra khong qua 16
Wh/km, thap nhat trong tap dit liéu; dién tich
thung 16n va hoat dong ngoai tro1 gitip nhom
nay dat ty 1€ tu nap cao nhat.

Xe Haley c6 hai banh trudce vai thung phia
trude, tai trong 120 hoac 208 kg [10], cho
thdy c6 thé chuyén doi xe ba banh chd hang
san c6 thanh SAET v&i chi phi thip. GoSun
Gopher [9] c6 dang tuong tu xe lam nhung c6
ban dap, voi tam 650 Wp, pin LiFePOs 2,2
kWh, téc do 45 km/h, tai 272 kg va quing
duong tang thém 2440 km/ngay nhd quang
nang, tuc khoang 1,0-1,7 Wh/Wp/ngay, gia
tri thip nay phu hop véi luc can ting nhanh &
tdc do cao va tai 16n (muc 3.2.2). Kich thudc,
khéi lugng va tbc d6 cua nhom nay co thé
vuot khung thong s6 xe dap di¢én tai Viét
Nam.

3.4. Cac miu xe nghién ciru

3.4.1. Nhom phwong tién ca nhan

Cac nghién ctru SAET ca nhan chu yéu
thiét ké, ché tao nguyén mau tir linh kién san
c6 va khung cai tao [28], [33], nén thong sd
khac biét 1on va da sb khong du dir liéu dé
tinh sudt tiéu hao.

Berjoza va cs. [11] cung cap dur liu day
du nhit: nguyén mau tadpole ngdi nga lung,
tdm 330 W 1am mai che, 4c quy chi—axit 36
V-12 Ah, dong co BLDC 500 W gidi han
250 W, xe nang 79,4 kg, vét banh 765 mm,
tdc d6 toi da 32 km/h. Thir nghiém tai Latvia
cho 50,20 km khi c6 quang nang so véi 17,14
km khi khong c6 (gap 2,93 lan) va quing
duong phanh 7,26 m tir 25 km/h; can bang
nang luong dugc phan tich & muc 3.2.

Paudel va Kreutzmann [27] dinh c& mot
nguyén mau delta theo lyc can khi dong, can
lan, tai trong va buc xa, cho théy hiéu qua
SAET phuy thudc vao su phdi hop giita cac
thanh phan hon 1a ting thiét bi riéng 16.

3.4.2. Nhom phwong tién ché khach

Chi hai nghién ctru tap trung vao SAET
ché khach, déu huéng dén du lich. Kowalski
[13] & xuat SAET tadpole twong ty xich 10,
dong co 36 V-250 W tr¢ luc qua cam bién
ban dap, pham vi 20-50 km va két cau mo-
dun d6i duoc ghé, khoang hang. Abdullah va
cs. [23] thir nghiém nguyén mau delta bon
khach trong d6 thi nhiét di voi tam 50 W,
dong co 1500 W, pin 48 V—30 Ah va hé thong
lam mat, dat khoang 40 km/h va 65 km mdi
lan sac, trong d6 quang ning tang 12-15%
pham vi hoat dong. Muc giam 40% phat thai
CO: ma nhom tic gia cong bd kho twong
thich véi dong gop 12—15% clia quang nang,
cho thay hai chi tiéu duoc tinh trén cic co s&
khéc nhau.

3.4.3. Nhom phwong tién danh cho
nguoi khuyét tat

Nhom xe cho nguoi khuyet tat chiém 9
trén 15 cong b, tap trung tai An Do va Viét
Nam. Céac nguyén mau déu cai tao tir phwong
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tién sin co, chay dién va dung cau hinh delta.
Kandasamy va cs. [32] nhan manh giam sirc
van hanh va dé sir dung, cac nghién ctru khac
[15]-[17], [25], [26], [34], [35] cung hudng
cai thién kha ning di chuyén doc 1ap nhung
phan 16n dimg & mo ta thiét ké, chua bao cao
quang duong do dugc khi ¢6 va khong co
quang nang.

Tai Viét Nam, Nguyén va Duong [12] céi
tao xe lic tay voi dong co 24 V-250 W ¢
banh trudc, hai dc quy 12 V=30 Ah va bon
tam pin 12 V=55 W 1am mui che; co cau
khuyu cimg duoc thay bang khuyu trugt mot
chiéu dé tay lic khong chuyén dong theo
banh xe khi chay dién. Xe di dugc 24,7 km
bang dc quy va 48 km khi két hop tdm pin
trong ngdy ning dep. Quy ddi tir dung luong
danh dinh 720 Wh, sut tiéu hao khoang 29
Wh/km va phan ting thém 23,3 km tuong
duong khoang 680 Wh, tirc 3,1 Wh/Wp/ngay
véi hé 220 Wp.

3.5. Thong s6 k¥ thuit va xu hwéng phat
trién cong nghé

3.5.1. Thong s6 ky thuat

Bang 3 cho thiy dai thong sb rat rong:
cong suit quang dién 50-650 Wp, dung
luong luu trir 0,43-2,2 kWh, cong suit dong
co 250-1500 W va tai trong 150-272 kg.
Nhiéu san phdm thuong mai khong cong bd
cong sudt tAm pin, con phan 16n nguyén miu
khong bao cdo quing dudng trong ca hai diéu
kién c6 va khong co quang nang.

Dé so sanh, thong s6 duoc quy doi vé suat
tiéu hao nang lugng riéng (dung lugng danh
dinh chia cho quang duong khi khong cé
quang ndng) va san lugng quang dién riéng
(nang luong do tAm pin cung cap chia cho
cong suit dinh) (Bang 4).

Suit tiéu hao quy dbi tap trung trong
khoang 16-29 Wh/km, gi4 tri thip thudc xe
chd hang dung pin lithium, gié tri cao thugc
nguyén mau cai tao dung dc quy chi—axit. Mo
hinh & muc 3.2.2 cho thiy day 1a can trén, vi
khi chay on dinh trén duong bang SAET chi

can khoang 6-13 Wh/km. Du theo céach tinh
nao, mirc nay van thap hon 6 t6 dién khoang
mot bac, nén tim quang dién vai tram Wp co
thé chiém ty trong dang ké trong nhu cau
nang lugng.

Dai luong quan sat truc tiép va it phu thudc
gia thiét nhat 1a quing duong tang thém trén
100 Wp: khoang 10 km trong =2,6 h chay thtr
& Latvia [11], 10,6 km/ngay tai Hué [12] va
1620 km/ngay & Malaysia [23], phu hop véi
du bao 9-18 km/100 Wp. Khi tach thanh hai
thanh ph?m, dung suit tiéu hao danh dinh cho
2,5-4,3 Wh/Wp, trong d6 gia tri cia Berjoza
va cs. [11] chi tich [y trong khoang 2,6 h con
gia tri cua Abdullah va cs. [23] ham y PR =
0,8, déu cao bat thuong; dung suit tiéu hao
theo mo hinh thi céc gia tri nay vé muc hop 1y.
Nhu véy, ty sb gitra PR va suét tiéu hao méi 1a
dai lugng quyét dinh; cong thuce (1) voi PR =
0,6-0,7 két hop suit tiéu hao quy d6i 20-30
Wh/km du tin cay dé ude luong s6 km bo sung
khi thiét ké so bd, nhung khong nén ding
riéng 1& timg thanh phan.

Cac san phém thuong mai cong b6 1,0-1,9
Wh/Wp/ngay, thap hon 1y thuyét, co thé do
da tinh dén che bong d6 thi va tai 16n, tic
khong quang cio thdi phong. Moi gia tri
trong Bang 4 duoc suy ra gian tiép nén chi 1a
udce lugng do 16n.

3.5.2. Xu huéng phit trién cong nghé

Cong sudt tim quang dién truéc hét phy
thudc dién tich kha dung: nguyén mau nghién
ctru dung 50-220 Wp, xe ca nhan 200—-400
Wp, xe ché hang thuong mai 545-650 Wp
nho khai thac nhiéu mat thing hang. Mudn
tang dang ké ty 1é tu nap can thay ddi cau trac
than xe dé mo rong dién tich hing ning,
nhung phai can nhic khdi luong va luc can
tang thém (muc 3.2.2).

San pham thuwong mai gan day chu yéu
dung pin lithium-ion hodc LiFePOa, trong khi
mot s6 nguyén mau van dung ic quy chi—axit
dé giam chi phi; khac biét nay giai thich phan
16n khoang 16-29 Wh/km ¢ Bang 4. Pong co
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BLDC chiém wu thé, dit & banh trude (don
gian, it bao tri) hodc gitta khung (leo ddc tot
khi tai 16n). Téc d6 khai thac ctia nguyén mau
phan 16n 1 20-40 km/h.

Vé tng dung, xu huéng chuyén rd tur
phuong tién ci nhan sang van chuyén hang
hoéa va hanh khach: SunRider, Haley va
GoSun Gopher huéng dén giao hang ching
cudi, con Kowalski [13] va Abdullah va cs.
[23] phat trién khoang hanh khach linh hoat.
Nhom chd hang vira c¢6 dién tich 1ap pin 16n
nhat vira ¢ suét tiéu hao thép nhat, va mo
hinh d01 xe cho phép phan bé chi phi dau tu
trén s6 km van hanh 16n hon nhiéu.

3.6. Trién vong tai Viét Nam

3.6.1. Tiém ning birc xa va co sé chinh
sach

SAET tan dung quang nang dé kéo dai
quing duong va giam tan sudt nap tir ludi,
dac biét phu hop vdi phuong tién chay quang
ngan, tai vira phai va hoat dong ban ngay.

Theo s6 liéu tr 171 tram khi tuong, blrc xa
mat troi tai Viét Nam dat 897-2 108
kWh/m?*/ndm, tuong duong 2,46-5,77
kWh/m?/ngay, cao nhat ¢ TAy Nguyén va
Nam B§ [36]. Ap dung muc 3.2.1 v6i H =
4 5 5,0 gio, dic trung cho mién Trung Va
mién Nam, tim 400 Wp trén mui xe cung cap
khoang 1,1-1,4 kWh/ngay, tuong ung 40—70
km hanh trinh bd sung v6i sudt tiéu hao 20—
25 Wh/km, ¢ phia Bic gia tri ndy giam dang
ké. Cac chuong trinh dién hoa giao thong tao
nén tang cho thir nghiém [2], [4].

3.6.2. Cac linh vure ing dung tiém ning

Bang 5 tong hop cac linh vuc tng dung
tiém nang. SAET tai Viét Nam nhiéu kha
ning phat trién theo hudéng chuyén biét hoa
thay vi thay thé phuong tién hién c6. Giai
doan diu phu hop véi khu du lich, truong dai
hoc, khu cong nghi€p va giao hang ching
cudi, 1a nhiing noi c6 19 trinh 1dp lai, tbe do
thap va xe db ngoai troi phan 16n thoi gian.

3.6.3. Rao can ky thuét, an toan va
phap ly

Quang ning hién chi bd sung ning luong,
chua thay thé dién luéi. Khi hau Viét Nam
dt ra hai yéu té ma nghién ctru & ving on doi
chua phan anh: nhiét d cao lam gidm cong
suit tdim pin theo phuong trinh (2) va day
nhanh suy giam pin, khién PR c6 thé & can
dudi 0,6-0,7. Mua mua kéo dai lam gian
doan ty nap, nén dung lugng luu trit phai
chon theo kich ban khong cé quang nang.

Vé an toan, mai che quang dién lam ting
khéi lugng, lyc can va chiéu cao trong tam
(myc 3.2.2), déng thoi ting tai trong gid
ngang 1én cau hinh ba banh vén nhay cam vé
6n dinh ngang. Girikshith va cs. [17] moi
phan tich trong tdm so vdi van tdc toi han,
con Nguyén va Duong [12] b tri trong tAm
phan lap thém tring trong tdm xe, chua c6
nghién ctru thr nghiém 6n dinh ngang khi
mang tai va chiu gi6é ngang.

V& phép 1y, mau nhu GoSun Gopher (45
km/h, 272 kg) vuot xa khung thong s xe dap
dién tai Viét Nam nén nhiéu kha nang phai
quan 1y nhu phuong tién co gidi, con cau hinh
tro lyc gioi han 250 W [11], [13] phu hop
hon. Vi véy, can xac dinh nhom phuong tién
muc ti€u va khung quy dinh tuong ing ngay
tir khi thiét ké.

3.7. Han ché ciia tong quan va huéng
nghién ctru tiép theo

Téng quan c6 mot s6 han ché. Thtr nhit,
tai liéu khong duoc danh gia chit luong
phuong phap mot cach hé thong va nhiéu
thong sd do nha san xuit cong bd. Thir hai,
diéu kién thir nghiém rat khac nhau nén so
sédnh trong Bang 3, Bang 4 mang tinh dinh
huéng, va chi 5 trong 24 mau xe, nguyén mau
du dit liéu dé chuan hoéa. Thi ba, tinh toén &
muc 3.2 dung gia tri gia thiét cho Cad va céac
hiéu suat nén chi kiém ching d¢ 16n. Tha tu,
tai liéu chu yéu bang tiéng Viét va tiéng Anh.

Céac hudng nghién ctru tiép theo gdom: (i)
quy trinh thir nghiém chuan hoa, bit budc bao
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cdo quang duong khi c6 va khdng c6 quang
nang, dién ning thyc té 1y tir bo luu trit, loai
bo diéu khién sac, PR va ty 1é thu hdi cua
phanh tai sinh; (i1) do dac dai han trong khi
hau Viét Nam vé anh huong cua nhiét do cao
va mua mua dén PR va tudi tho bd luu trix;
(iii) danh gia vong doi va hiéu qua kinh té cia
phan quang dién; va (iv) xac dinh thyc
nghiém Ca4 va 6n dinh ngang khi c6 mai che
quang di¢n chiu gio.

IV. KET LUAN

Bai bao da tong hop 36 tai liéu vé SAET,
lam rd ciu tao, dic diém thiét ké, xu hudng
cong nghé va linh vuc ung dung. Du cong
sudt quang dién (50-650 Wp), dung luong
luu trit (0,43-2,2 kWh) va cong suat dong co
(250-1500 W) rat khac nhau, xu huéng
chung 1 dung quang nang 1am ngudn bo sung
va chuyén tir nguyén miu ching minh tinh
kha thi sang san phdm chuyén biét.

DPoéng gop cua bai bao 1a chuan héa dir lidu
phan tan vé hai chi tiéu so sanh duoc va kiém
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MO PHONG VA PANH GIA BO PIEU KHIEN FUZZY-PID THICH NGHI

CHO HE THONG LAI STEER-BY-WIRE
] Lé Pinh Hiéu'*, Poan Ngoc Hiéu', Lé Thi Kim Lién® , Nguyén Thi Phic’
TOM TAT
Hé thong Steer-by-Wire (SbW) yéu cau d chinh xdc bam géc ldi va khd nang han ché dao dong cua co cdu
chap hanh. Nghién ciru xdy dung bo diéu khién Fuzzy-PID thich nghi voi 25 ludt suy ludn dé diéu chinh truc
tuyén cdc tham sé PID theo sai léch va téc do bién thién sai léch. Mé hinh dwgc mé phéng trén
MATLAB/Simulink va so sanh véi PID va PSO-PID. Két qud cho thdy Fuzzy-PID gidam bién dé géc dong co
tir 1.60 xudng 1.55 rad (3.13%), bién dé géc banh xe tir 16.0 xudng 15.5 rad va bién do dao déng gia toc géc
xdc ldp tir khoang £0.72 xuong +0.53 rad/s?. B qua diéu chinh giam tir 69.36% xuong 68.87%, trong khi thoi
gian xdc ldp gan nhw khéng doi. Két qua cho thdy Fuzzy-PID c¢6 khd nang giam dao déng va cdi thién ddc tinh
bdm trong diéu kién mé phéng khdo sdt.

Tir khoa: Steer-by-wire (SbW), Fuzzy-PID, PID, Steering wheel (SW), Road wheel (RW).
SIMULATION AND EVALUATION OF AN ADAPTIVE FUZZY-PID CONTROLLER
FOR STEER-BY-WIRE STEERING

ABSTRACT

The Steer-by-Wire (SbW) system requires steering angle gripping accuracy and the ability to limit the
vibration of the actuator. The study constructed the Fuzzy-PID controller adapted to 25 laws of inference for
online adjustment of PID parameters according to deviation and deviation variation rate. The model was
simulated on MATLAB/Simulink and compared with PID and PSO-PID. The results showed that the Fuzzy-
PID reduced the motor angle amplitude from 1.60 to 1.55 rad (3.13%), the wheel angle amplitude from 16.0
to 15.5 rad, and the amplitude of the established angular acceleration oscillation from about £0.72 to £0.53
rad/s’. The overcorrection decreased from 69.36% to 68.87%, while the setting time was almost constant. The
results show that Fuzzy-PID has the ability to reduce vibration and improve adhesion properties under survey

simulation conditions.

Keywords: Steer-by-wire (SbW), Fuzzy-PID, PID, Steering wheel (SW), Road wheel (RW).

I. MO PAU

Qua trinh sd hoa va dién tir hoa trong
nganh coéng nghiép 6 t0, cung vdi sy phat
trién ctia cam bién thong minh, truyen thong
thot gian thuc va céc thuat toan diéu khién
tién tién, dang thuc day su chuyén doi tir kién
trac co khi truyén thong sang cac hé thong
diéu khién dién tur tich hop. Cac cong nghé
nhu hé théng chong bé cimg phanh (ABS),
can bang dién tar (ESC), kiém soat luc kéo
(TCS) va trg lyc lai dién (Electric Power
Steering — EPS) da gop phan nang cao do an
toan, Oon dinh va kha nang d1eu khién cta
phuong tién, ddng thoi tao nén tang cho céc
hé théng hd tro 1ai va phuong tién tu hanh.
Mic du EPS di cai thién déang ké hiéu suét
diéu khién so v6i cac hé théng tro luc truyén
thdng, cu tric ndy van duy tri lién két co khi

1 Khoa K§ thuat va Cong nghé - Dai hoc Hué
2 Trudng Cao dang Nghé so 4, BO Quoc phong

gifta vo lang va co ciu lai. Lién két nay han
ché tinh linh hoat trong b6 tri khong gian, anh
huong dén kha ning tich hop cac chirc ning
diéu khién ty dong va co thé lam tang nguy
co chin thuwong khi xay ra va cham truc dién.
Do do, hé théng Steer-by-Wire (SbW), voi
kha ning thay thé lién két co khi bang giao
tiép va diéu khién dién tir, dang tré thanh mot
hudng phat trién quan trong nham nang cao
tinh linh hoat va kha nang tich hop ctua hé
thong i trén cac phuong tién thé hé moi.
Pé khic phuc nhitng han ché cua lién két
co khi truyén thdng, hé théng Steer-by-Wire
(SbW) dé dugc nghién cliru nhu mét huong
phat trién quan trong trong cong nghe dleu
khién 6 t6. Khic véi hé thong lai truyén
thdng, SbW thay thé lién két co khi giita vo
lang va co c4u l4i bang cac cam bién gbc, cam

3 Truong Dai hoc Cong nghiép Quang Ninh Thanh phd Quang Ninh, Viét Nam

* Email: ledinhhieu@hueuni.edu.vn
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bién mé-men, bd didu khién dién tir (ECU),
mang truyén thong va co cau chap hanh dién.
Kién triic nay gop phan giam khéi luong, ting
tinh linh hoat trong b tri khong gian va tao
diéu kién tich hop cac hé thong hd trg lai tién
tién (ADAS) ciing nhu chirc nang 1ai ty dong.
Do qua trinh truyén 1énh va phan hdi lai duoc
thue hién chu yeu thong qua cac thuat toan
diéu khién, chat lugng diéu khlen co vai tro
quan trong ddi vé6i d6 chinh xac, 6n dinh va
an toan cua hé théng. Tuy nhién, viéc loai bo
lién két co khi cling 1am gia ting yéu cau ddi
v6i kha ning dong bo giira goc vo lang va goc
banh xe, tai tao phan hoi mo-men va duy tri
on dinh khi hé théng chiu tac dong cua sai )
md hinh, bién thién tham sd, phi tuyén 16p,
ma sat, khe hé co khi va nhiéu tor mat duong.
Vi vay, dong luc hoc SbW can duoc xem xét
trong diéu kién phi tuyén va bat dinh nham
bao dam kha ning bam goc lai va dap tmg 6n
dinh trong cac diéu kién van hanh khac nhau.

Trong nhitng ndm gan day, nhiéu phuong
phap diéu khién da dugc nghién ciru cho hé
thdng SbW, bao gém PID, LQR, diéu khién
truot (Sliding Mode Control), diéu khién du
bao md hinh (Model Predictive Control), diéu
khién thich nghi va cac phuong phap diéu
khién thong minh dya trén mang no-ron hodc
logic mo. Trong d6, PID van duoc sir dung
rong rdi nho cau tric don gian, dé trién khai
va chi phi tinh toan thap. Tuy nhién, hiéu
nang cua PID phu thudc dang ké vao viéc lua
chon céc tham sé Kp, Ki va Kd. Khi hé théng
chiu anh huong cua bién thién tham sd, dic
tinh phi tuyén hodc nhidu tir mat duong, bo
tham s6 cd dinh c6 thé 1am suy giam kha ning
bam goc 14i va gia tdng dao dong hodc thoi
gian dap tmg. Mac du cac phuong phap diéu
khién tién tién da duoc dé xuat nham cai thién
hiéu ning SbW, viéc dong thoi bao dam kha
nang thich nghi, d¢ chinh x4c bam va tinh kha
thi trong trién khai thoi gian thuc van 1a mot
van dé can tiép tuc nghién ctru. Mot sb

phuong phap c6 kha nang dat hiu nang cao
nhung yéu cau mé hinh chi tiét hodc ciu tric
tinh toan phirc tap, trong khi PID truyén
théng lai han ché kha ning thich tmg trudc
cac diéu kién van hanh thay d6i. Do d6, viéc
phat trién mot cdu tric didu khién c6 chi phi
tinh toan hop 1y nhung van c6 kha ning tu
diéu chinh tham s theo trang thai hé thong 1a
mot hudng tiép can dang quan tim d6i v6i hé
thdng SbW.

Xuat phat tir nhitng van dé trén, nghién
ctru nay dé xudt bo diéu khién Fuzzy-PID
thich nghi cho h¢ théng lai Steer-by-Wire
trén xe 0 t6. BO diéu khlen sir dung logic mo
dé diéu chinh tryc tuyén cac tham s6 Kp, Ki
va Kd theo sai léch bam va tdc dd bién thién
clia sai léch, nham cai thién kha nang thich
nghi ctia hé thong. Hiéu qua diéu khién dugc
danh gia théng qua cac chi tiéu vé do chinh
xac bam goc lai, thoi gian dép ung, do qua
diéu chinh va dic tinh dao dong, dong thoi
duogc so sanh véi PID truyén thong va PSO-
PID trong moi truong MATLAB/Simulink.
Két qua mé phong duoc st dung dé danh gia
kha néng cai thién dap ung cua Fuzzy-PID
trong diéu kién khao sat va 1am co s cho céc
nghién ctru tiép theo vé kha ning khang nhiéu
va thich nghi voi bién thién tham sé.

II. PHUONG PHAP NGHIEN CUU

2.1. M6 hinh toan hgc Steer by wire (SbW)

Steer-by-wire (SbW) la hé thong 1ai co cac
thanh phan va lién két co hoc truyen thong
ndi gitra v0 lang va banh xe dugc loai bé hoan
toan Hinh 1. Trong nghién ciru ndy, hé thong
SbW duoc mé hinh héa tép trung vao co ciu
chap hanh goc banh xe din hudng va bd diéu
khién dién tir. Viéc thay thé hé théng diéu
khién co hoc hoic thuy luc béng hé théng
dién t@ dugc goi chung la cong nghé¢ "by-
wire". Su diéu khién xe dugc thuc hién thong
qua cdc tin hi¢u di¢n, mang ludi két ndi may
tinh va cac co cdu chip hanh co dién thay vi
cac khép ndi co hoc.
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Hinh 1. Kién triic hé thong ldi Steer-by-
Wire [15]

Hinh 2. Cdu triic mé hinh hé théng Steer-
by-Wire dwoc sir dung trong nghién curu.
Steer-by-wire sir dung triét dé cac thanh
phan ctia hé thng 1ai théng thudng ngoai trir
cac chi tiét truc 14i trung, phan nay bi cit lam
doi voi dau trén va dugce loai bo hoan toan
Hinh 2. Tao ra mot hé théng lai chi con lai
mot trong hai khop cac-ding, nham giam
thiéu goc nghiéng cta cac khép trong viée
dinh hudng cac truc két nbi.
Bét ky su dao dong nao vé md-men xoan
va tdc do truyén dong do khdp cac-ding giy
ra c¢6 thé dugc mo hinh héa bang giai tich:

g = ( cosf )9.
out = \1 — sin2Bcos26,,) ™

cosfs
T =\ 7; 1
out (1 sinZ Bcos26;y, ) n (1)

Trong do f3 1a goc gitra truc dau vao va truc
dau ra. Bé cung cép su dan dong lai thay cho
v6 lang, mot dong co servo DC khong chdi
than dugc gan vao phan con lai cua tryc trung
gian thong qua mot khop nbi mém, clng ve
mat xoan nhung linh hoat trong udn cong,
gitip dép tng bat ky su 1éch truc doc nao giira
cac truc két ndi. Vo dong co servo dugc cd
dinh vao khung xe.

2.2. M6 hinh toin hoc ddi twong diéu
khién

Pé xdy dyng mo hinh diéu khién cho hé
thdng 1ai Steer-by-Wire, di twong diéu khién
dugc mo ta thong qua cac quan hé dong luc
hoc va truyén dong co khi. M6 hinh bao gom
dong co chip hanh, quan hé truyén dong tir
dong co dén thanh ring va quan hé bién doi
chuyén vi thanh rang thanh goc quay banh xe.
Céc phuong trinh toan hoc tuong ung duogc
trinh bay nhu sau:

Phuong trinh dong luc hoc:

Jinm + B = T — T, (2)
M6 hinh dong co dién:
T = Kii 3)
Quan h¢ truyén dong:
= f(Om) 4
Quan h¢ thanh rang banh xe:
§ = f(x;) )
Trong do:

0,,: gbc dong co

x,: 6 dich chuyén thanh rang
5: gbc banh xe dan huéng
Jm: mOmen quan tinh

_, (tanby, B,,,: hé s6 ma sat nhét
Opye = tan™ " (—— < .
cosf T, : mOmen tai
Bing 1. Thong s6 mé hinh
Tham s Ky hi¢u Gia tri Pon vi

Momen quan tinh dong co ™
Hé s6 ma sat Bm
Hing s6 mémen K
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2.3. Thiét ké va t6i wu héa hé thong diéu
khién

2.3.1. Bj diéu khién PID

Bo diéu khién PID s& gitip cho hé thong
SbW sao chép chinh xé4c cac 1énh 1ai c6 thé
duogc tao ra bdi nguoi lai xe Hinh 3.

CéAu trac cua toan hoc cta bo diéu khién
PID dugc mé ta bang ciu trac trong
MATLAB:

K(s)=P+1 +p N _

s Nt

§ (6)

bay la phuong trinh ham truyén cia bo

diéu khién PID dang song song co tich hop
bd loc vi phan trong mién Laplace.

Trong do:
K(s): Ham truyén cta bo diéu khién.
P : H¢ s0 khuyéch dai cua khau Ti 1€. Tac
dong truc ti€p vao sai sO hién tai.
I': H¢ s0 khuyéch dai ctia khau Tich phan.
1

Triét tiéu sai s6 xac 1ap. Khau s chinh la dai
dién cho phép toan tich phan trong mién
Laplace.

D: Hg¢ sb khuyéch dai cia khau dao ham.
Phan tmg véi téc d6 thay doi cua sai s0.

§: Toan tu Laplace (bién s6 phuc trong
mién tan so)

N': Hé s6 bd loc ctia khau vi phan.

Hinh 3. B¢ diéu khién PID

Trong thyc té, khau vi phan thuan tay (
D-s) s& khuéch dai cac tin hiéu nhidu tan sd
cao tao nén hién twong nhiéu cam tmg tir. Nén

N / 1+ N—
lac do s s€ dong vai tro 1a mot bo
loc thong thap bac 1. Giap giéi han d6 loi ¢
dai tin sd cao dé bao vé hé thong va giam
thiéu tin hi¢u nhiéu.
Trong bd diéu khién PID cac tham sb diéu

khién K> K vak, s& dugc tim va tinh chinh

theo phuong phap Ziegler—Nichols. Theo
phuong phap Ziegler—Nichols ta tim dugc

cac gia tri ctia K, =27, K =63 K, =05 (40
tin hiéu dau vao cho théy sy danh 141 thong
thuong c6 xu hudng ém va lién tuc nhung s&
thay ddi rat nhiéu vé toc do, vi thé diéu quan
trong dbi voi bo diéu khién 14i s& bam theo
céc tin hidu dau vao nhanh véi d¢ tré tdi thiéu.
Pé don gian hoa thiét ké cta bo diéu khién,

TAP CHi CONG NGHIEP NONG THON SO 62

truong hop khong co tiép xuc giita 16p va mit
dat (cac banh trudc dugc nang lén khdi mat
dat) dugc xem xét ban dau dé anh huong cua

Jo biva te 6 thé duge ¢o 1ap khoi cac luc

nhleu cia 16p xe. NG luc diéu khién cho
truong hop nay bao gdm ba thanh phan:
T = Tteedback + Tfeedforward + Tfriction (7)
Thanh phan phan hdi ty 1¢ -tich phan- dao
ham (PID) dugc cho boi:
0) +K;[ (64 — 0)dt +

(8)
K

hang s6 phan hoi ty 18, Kia hang s6 phan hoi

Tf'eedbaclf = Kp (Hd -
Kq(64—6)

Trong do 9. 1a goc lai mong mudn,
cta tich phan va X+ 1a hing sé phan hdi dao

\ 7 A A A . o A K
ham. Céc hé s6 khuéch dai phan hé1, 7, K,

Vé’ K, duogc chon dé mang lai dap tmg hé
thong vong kin nhanh ma khong c6 hanh vi
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dao dong. Tuy nhién, bo diéu khién PID vén

c6 thé gap cac van dé gy anh huong dén do
an toan va tdi wu cta hé thong. Bo dleu khlen
PID s& d& bi anh huong bai nhiu tin s6 cao
¢6 xu hudng trd nén toi té hon khi dao ham,

va viéc loc manh c6 thé gay ra d6 tré trong tin
hi¢u. Ngoai ra, con khong c6 kha nang thich
nghi t6t trong moi mdi trudng cia duong
chay trén thoi gian thuc.

Bing 2. Théng s6 PID

Controller K, Ki Ka
PID 27 6 -0.5
Fuzzy-PID 27 6 -0.5
Déi véi Fuzzy-PID, céc gia tri trén dugc Dao ham sai so:
str dung lam thong s0 co 56, sau do dugc hiéu é(t) = de (t) (11)
chinh truc Euy? thon.%> qua AK,, AK; va AK,. Céic thong sb dleu chinh:
2.3.2. B¢ dieéu khién Fuzzy-PID
A < ~ A 5 A <A AKp, AKi, AKd (12)
bé khac phuc nhitng han ché ctia bo diéu , R LA aex .2
X - X A A Nhom thong s6 bo diéu khién PID:
khién PID véi tham s6 ¢6 dinh trong diu K. =K. +AK 13
kién h¢ théng c6 tinh phi tuyén v bién thién, p = Kpo + AK, (13)
bo diéu khién Fuzzy-PID thich nghi duoc K = Kio + AK; (14)
thiét ké. Ta c6 phuong trinh co ban cua Kq ~ Kao + AKy (15)
Fuzzy-PID: Trong do:

t de(t)
=K, e +K, dr+K,
u(t) Le(t)+ ,_[0 e(r)ydr+ o ©)
Phuong trinh sai sé:
e(t) = r(t) - y() (10)

e() . sai 1éch gitra gia tri dat va gia tri thyec.

Kp(e), K'(e), K, (e), hé sé PID khong cd
dinh, ma duogc diéu chinh theo luat mo dua
trén () va 2¢(!) (dao ham cua sai léch).

Bdng 3. Noi suy qua 25 ludt Fuzzy

NB NS

ZE PS PB

NB

NS

ZE

PS

PB

Bo diéu khién Fuzzy-PID dugc thiét ké
nham diéu chinh truc tuyén céc tham sd K,
K;va K, theo trang théi sai léch cua hé thong,
qua do cai thién kha nang bam goc lai trong
diéu kién dong luc hoc bién thién (Hinh 4).
Duya trén viéc su dung dugc ndi suy qua 25
luat Fuzzy tir d6 trich Xut ra cac lugng gia
phi tuyen dé cap nhat truc tuyen cau trac
thong sb cua bo diéu khién 15i tai mdi chu ky.

Trong cau tric nay, bo suy dién Fuzzy déng
vai trd giam sét cap cao, lién tuc danh gia cac
trang thai dong luc hoc cua xe s€ di vao 2
bién: sai s6 bam va dao ham cua sai s voi 5
ham. Bang viéc 4p dung luat Fuzzy duogc duc
két tir cac kinh nghiém ctia cic chuyén gia, s&
thuc hién qué trinh Fuzzy héa va giai Fuzzy
dé ndi suy ra cac gia tri cip nhat

(AKAKAK)
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Hinh 4. Cdu triic bg diéu khién Fuzzy-PID thich nghi.

Bo suy luan mo nhan sai s6 bam e va
dao ham sai sd e 1am hai bién dau vao. Cac
tin hiéu dau ra AK_p,AK i,AK d duoc sir
dung dé cap nhat truc tuyén cac tham sd
ctia b diéu khién PID

Nho vao kha nang tu dong tinh chinh
cac hé s diéu khién mot cach lién tuc va
phi tuyén, bd Fuzzy-PID c6 kha ning bu
trir chi dong cac tin hiéu nhiéu tir goc lai
vo ling (Steering wheel angle - Sw) dén
v6i goc chuyén hudéng cia banh xe chu
dong (Road wheel angle — Rw), thong qua
d6 1am noi bat 1én sur triét tidu di hién tuong
rung chdn ¢ ving xac lap, qua d6 téi wu
hoa dong thoi ca thoi gian dap ung qua do
va do chinh x4c bam quy dao dudi cac diéu
kién moi truong khic nghiét cua bo didu
khién Fuzzy-PID mét cach rd rang.

I1I. KET QUA VA THAO LUAN
3.1 Pap uwng bam goc lai

Pé c6 dugc cai nhin khach quan, su
thay ddi ctia md hinh toan hoc va hiéu
nang cua bd diéu khién Fuzzy-PID so voi
bd diéu khién truyén thdng PID trén hé
théng lai Steer-by-Wire (SbW), qua trinh
dugc thyc hién trong mdi truong moé phong
MATLAB-Simulink. Trong 46, tin hiu
dugc gia lap 1a goc quay vo lang (Steering
wheel angle — Sw) cing véi tin hiéu dau
ra dugc mo phdng theo tin hi¢u cua goc

chuyén huéng banh xe (Road wheel angle
— Rw) trén khoang bién thién lién tuc cua
tho1 gian, dai dién cho céc tin hi€u phan hoi
tir vo lang dén banh xe chuyén huéng khi
ngudi 1ai diéu khién phuong tién thay d6i
trén dudng phang.
3.2 Panh gia kha ning bam cia bd diéu
khién

Hinh 5 trinh bay dap tng goc 1ai ciia hé
théng SbW duéi tin hiéu tham chiéu hinh
sin trong khoang thoi gian 0-50 s. Cac bd
diéu khién déu duy tri dugc kha ning bam
quy dao va tai tao xu hudng bién thién cia
tin hiéu tham chiéu qua cac chu ky. Tuy
nhién, sai 1éch bién d6 va sai léch pha van
xudt hién, dic biét tai cac dinh va day cua
tin hiéu. Poi v6i PID, sai 1éch giita tin hiéu
tham chiéu va dap ung diéu khién tang dan
theo thoi gian, thé hién rd hon ¢ cac chu ky
cudi. Fuzzy-PID cho dap mg gan tin hiéu
tham chiéu hon va duy tri dang séng 6n
dinh hon, trong khi PSO-PID cling cho kha
ning bam tuwong d6i tét. Theo Bang 4, 46
qua diéu chinh lan luot 13 69.36%, 68.87%
va 67.91% ddi voi PID, Fuzzy-PID va
PSO-PID. Tuy nhién, chénh léch gitta cac
bo diéu khién tuong ddi nho; do do, két
qua nay nén dugc xem la bang chimg vé
xu hudng cai thién thay vi co s& dé khang
dinh Fuzzy-PID vuot tri hoan toan.

TAP CHi CONG NGHIEP NONG THON SO 62 Sl



KHOA HOC -

CONG NGHE

(a) PID Controller

(b) Fuzzy-PID

(c) PSO-PID
Hinh 5. So sanh dap vng goc lai dudi tin
hiéu tham chiéu hinh sin cia cdc bg diéu
khién: (a) PID, (b) Fuzzy-PID va (c) PSO-
PID.

Bdng 4. So sanh mot so chi tiéu dap wng cua cac bo diéu khién

Controller Settli?s time Peak time (s) | Rise time (5s) Ovif,zl)mm
PID 49.72 5.9820 26.3728 69.36
Fuzzy-PID 49.723 5.9774 26.3854 68.87
PSO-PID 49.733 5.9693 26.3852 67.91

Bang 4 cho thiy Fuzzy-PID tao ra mirc cai
thién nhit dinh vé d6 qua diéu chinh va thoi
gian dat dinh so véi PID, trong khi thoi gian
xac 1ap va thoi gian tang thay doi khong dang
ké. PO qua diéu chinh giam tir 69.36% xudng
68.87%, tuong ung muc giam 0.49 diém
phan tram. Pong thoi, thoi gian dat dinh giam
tir 5.9820 s xudng 5.9774 s. Tuy nhién, mirc
chénh léch twong d6i nho cho thiy wu thé cua
Fuzzy-PID khong thé hién rd néu chi danh
gi4 bang cac chi tiéu thoi gian trong Bang 4.
Vi vay, céac dac tinh dong hoc cua goc dong
co, chuyén vi thanh ring va gia toc goc can
dugc xem xét dong thoi dé danh gia day du
anh hudng ctia co ché diéu chinh thich nghi.

3.3 Panh gia dong hoc va dap wng vi tri
ciia co' cAu chap hanh

Hinh 6 thé hién dap Gmg goc quay ciia dong
co truyén dong dudi tin hiéu tham chiéu hinh
sin. Trong chu ky dau, ca hai bo diéu khién
déu xuit hién qua do do hé thong phai dap
mg nhanh voi sy thay doi cua tin hiéu dat.
Dbi véi PID, bién d6 goc dong co dat khoang
1.60 rad, trong khi Fuzzy-PID gi6i han bién
do cuc dai ¢ khoang 1.55 rad. Nhu vay, bién
do dap ung giam khoang 0.05 rad, tuong
duong 3.13%. Mic du mirc cai thién vé bién
do khong 16n, xu hudng dap ung cua Fuzzy-
PID cho thiy kha ning han ché dao dong du
thira tai co cdu chap hanh. Két qua nay c6 y
nghla d6i véi viee giam muc bién thién cia
chuyen dong quay, nhung chua dil co so dé
két luan truc tiép vé muc glam tiéu thu nang
lwong hodc tng suat co khi néu chua co cac

82 TAP CHi CONG NGHIEP NONG THON SO 62



KHOA HOC - CONG NGHE

dai luong nhu moé-men dong co, cong suat
hodc ung suat dugc tinh toan bd sung.

Hinh 6. Két qua bam quy dao goc quay dong
co ciia cde chién lwoc diéu khién khdc nhau

Hinh 7 mé ta chuyén vi cta co cdu thanh
rang tuong ung voi dap g cia goc dong co.
Bién d¢ cuc dai ctua thanh rang dudi PID dat
khoang 0.051 rad, trong khi Fuzzy-PID gidi
han & khoang 0.050 rad. Chénh léch khoang
0.001 rad, twong Grng murc giam xap xi 1.96%.
Mic du mirc thay d6i twong dbi nho, sy giam
bién do chuyén vi cho thay b dicu khién
thich nghi c6 kha ning han ché mot phan
chuyén dong du thira truyén tir co cu quay
sang co cAu tinh tién. Tuy nhién, dé xac dinh
anh hudng cua thay d6i nay dén tai trong, do
mon hoic khe hd ctia co cdu banh ring—thanh
rang can bd sung cac dai luong co hoc twong
{ng thay vi chi suy luan tir chuyén vi.

Hinh 8 thé hién dap Gmg goc banh xe dan
hudng duéi tin hiéu kich thich hinh sin. Két

Hinh 8. Dap vng goc quay banh xe voi
tin hiéu dau vao hinh sin dudi cac phwong
phap diéu khién khac nhau

Hinh 7. Bé dich chuyén thanh rang dudi
cdc b diéu khién

qua cho thiy ca PID va Fuzzy-PID déu duy
tri dugc dang dap tmg twong dong véi tin hiéu
tham chiéu, tuy nhién PID xuat hién bién do
dap ung 16n hon tai cac dinh cta chu ky. Bién
d6 goc banh xe dat khoang 16.0 rad ddi voi
PID va giam xudng khoang 15.5 rad khi str
dung Fuzzy-PID, tuong (mg murc giam xap xi
3.13%. Pong thoi, dap tng cta Fuzzy-PID c6
xu hudng bam gan tin hiéu mong mudbn hon
va han ché bién do dao dong tai cac chu ky
khao sat. Két qua nay cho thiy co ché diéu
chinh thich nghi c6 tac dong tich cuc dén kha
ning kiém soat bién do géc banh xe. Tuy
nhién, dé danh gia chinh xac chat luong bam
goc lai, can bd sung cac chi tiéu dinh lugng
nhu RMSE, MAE, IAE hodc d¢ I¢ch pha gitra
tin hi¢u dat va tin hi¢u dap ung.

3.4 Panh gia dap ng gia toc va chat
lwong tin hiéu diéu khién ciia mé-to

Hinh 9 danh gia gia tc gdc cna dong co
nham khéo sat mac do dao dong cua co cau
chap hanh trong qua trinh bam tin hiéu hinh
sin. P4i v6i PID, tin hiéu gia téc duy tri dao
dong véi bién do ting dan theo thoi gian va
dat khoang +0.72 rad/s? & cac chu ky sau. Pi
v6i Fuzzy-PID, mac du xuét hién céc xung
qua d6 dang ké trong giai doan dau, dao dong
sau qua do dugc duy tri & muc xap xi £0.53
rad/s2. Néu chi xét ving dap Gmg sau qua do,
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bién d¢ dao dong gidm khoang 0.19 rad/s?,
trong duwong khoang 26%, so véi PID. Két
qua cho thay Fuzzy-PID c6 kha ning lam
giam dao dong gia tdc trong trang thai xac
1ap. Tuy nhién, cic xung gia toc 16n xuat hién
trong giai doan qua do cho thay bo diéu khién
van can duge hiéu chinh dé han ché dap ung
dot bién khi hé théng chuyén trang thai.

(a) PID

(b) Fuzzy-PID
Hinh 9. Bdp vmg gia toc dong co khi bam
quy dao hinh sin: (a) diéu khién PID va (b)
diéu khién Fuzzy-PID.
IV. KET LUAN
Nghién ctru da xay dung va danh gid bo
diéu khién Fuzzy-PID cho h¢ thong 1ai Steer-
by-Wire  (SbW) bang mo  phong
MATLAB/Simulink. Két qua cho thay
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THIET KE BQ LOC KALMAN TOI UU NANG CAO PQ CHINH XAC UOC

LUQNG TRANG THAI SAC (SOC) CUA PIN TREN XE PIEN
Lé binh Hiéu!*, Phan Pinh Chi¥!, Tran Van Tan Pat,
] Tran Quang Huing', Lé Pinh Nguyén!, Poan Thanh Son', Lé Thi Kim Lién?
TOM TAT
Uéc luong chinh xac trang thai sac (SOC) dong vai tro quan trong trong bdo dam ndng cao do an toan,
hiéu sudt khai thdc va tuéi tho cia pin lithium-ion trén xe dién. Tuy nhién, dg chinh xdac cua bg loc Kalman
mo rong (EKF) phu thugc dang ké vao viéc lwa chon cdc tham sé hiép phuong sai ciia nhiéu qua trinh, nhiéu
do luong va sai so woc luong trang thai ban dau. Viéc lwa chon tham sé theo kinh nghiém gidn tzep lam suy
giam chdt lwong wée lwong, dic biét khi SOC & mike thdp hodc mirc cao va khi dong dién tai blen thién dot
ngot. Trong bai bdao nay, phwong phap HGOA-EKF dwoc dé xudt nham tw dong 16i wu cdc tham sé ciia bé loc
Kalman ma réng, qua do ndng cao do chinh xdc woc lwong trang thdi sac cua pin Lithium-ion. M6 hinh pin
va thudt toan woc luong dwoc xay dung trén MATLAB/Simulink voi hiéu qua duoc danh gia thong qua RMSE,
MAE va sai s6 uéc lwong cuc dai. Két quad mé phong cho thcfy HGOA-EKF cdi thién dang ké dé chinh xdc va
kha nang déap vmg ciia qud trinh wée lwong SOC so véi EKF sir dung tham sé hiéu chinh thii cong, dong thoi
khang dinh tiém nang g dung ciia phwong phdp trong hé théng quan Iy pin (BMS) cho xe dién.
Tw khéa: Udc luong trang thai sac; Pin Lithium-ion; B¢ loc Kalman mo vong; Thudt todan 16i wu héa chau
chdu lai; Hé thong quadn 1y pin; Téi wu héa da tham so.

DESIGN OF AN OPTIMIZED ADAPTIVE EXTENDED KALMAN FILTER FOR
ACCURATE STATE-OF-CHARGE ESTIMATION OF ELECTRIC VEHICLE
BATTERIES

ABSTRACT

Accurate state-of-charge (SOC) estimation is essential for enhancing the safety, operational efficiency, and
service life of Lithium-ion batteries in electric vehicles. However, the accuracy of the extended Kalman filter
(EKF) strongly depends on the proper selection of the process-noise covariance, measurement-noise
covariance, and initial state-estimation error. Empirical parameter tuning may compromise estimation
performance, particularly at low or high SOC levels and under abrupt load-current variations. This study
proposes a hybrid grasshopper optimization algorithm-based extended Kalman filter (HGOA-EKF) to
optimize EKF parameters for Lithium-ion battery SOC estimation automatically. The battery model and SOC
estimation algorithm are developed in MATLAB/Simulink. The estimation performance is evaluated using the
root mean square error (RMSE), mean absolute error (MAE), and maximum estimation error. Simulation
results demonstrate that the proposed HGOA-EKF improves SOC estimation accuracy and dynamic response
compared with the conventional EKF with manually tuned parameters. The proposed approach offers a
promising solution for improving the reliability of battery management systems (BMSs) in electric vehicles.

Keywords: State of charge (SOC); Lithium-ion battery (LiB); Extended Kalman filter (EKF); Hybrid
Grasshopper Optimization Algorithm (HGOA); Battery management system (BMS); Multi parameter
optimization.

I. PAT VAN PE

Trong xe dién, trang thai sac (SOC) cua
pin Lithium-ion 13 bién trang thai quan trong,
chi phdi truc tiép cac quyét dinh van hanh
nhu ude lugng quang duong con lai, gio1 han
cong suét sac/xa va chién luge bao vé pin.
Tuy nhién, SOC khong thé do truc tiép ma
phai dugc udc lugng tur cac dai lugng do

! Khoa K§ thuat va Céng nghé - Pai hoc Hué

dugc nhu dién ap, dong dién va nhiét o, von
chiu tac dong ctia nhidu do va diéu kién van
hanh. Do do6, udc lugng SOC chinh x4c va tin
cdy la mot bai toan uoc luong trang thai phi
tuyén ¢ y nghia quyét dinh d6i voi an toan,
hiéu suat va tudi tho cua hé thong pin [1, 2].
Céac phuong phap truyén théng van ton tai
nhitng han ché dang ké: phuong phap dém

2 Trwong Cao Ding Nghé sb 4 - Quan Khu 4 - Bé Quéc Phong
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ampe-gio chiu anh hudng cua sai s6 tich liy
va SOC ban dau, trong khi phuong phéap dua
trén dién ap ho mach (OCV) yéu cau pin &
trang thai nghi du 1au dé dat can bang dién
héa. Dé khic phuc nhitng han ché nay, bo loc
Kalman mé rong (EKF) dugc st dung rong
rdi nho kha nang tuyén tinh héa mo hinh phi
tuyén va cap nhat lién tuc trang thai SOC tur
phan hoi dién ap, dong thoi duy tri chi phi
tinh toan twong d6i thap, phu hop véi cac ing
dung thoi gian thuc trong hé théng quan 1y
pin (BMS) [3-8].

Tuy nhién, hi€u nang va do tin cady cua
EKF phuy thudc chat ché vao viéc lua chon ba
ma tran hi€p phuong sai, bdi cac tham sb nay
quyét dinh mirc d6 tin cay tuong dbi giita mo
hinh dy bao va tin hiéu do trong qua trinh cap
nhat trang thai. Trong thuc té, cac ma tran
hiép phuong sai thuong dugc xac dinh bang
kinh nghiém hoac phuong phéap thu—sai, nén
khi lya chon khong phu hop, bd loc co thé hoi
tu cham, nhay qua mirc v6i nhiéu do hoic tao
ra sai 1éch dang ké trong qua trinh u6c luong
SOC [2, 9, 10]. Vi vay, viéc tur dong xac dinh
va t6i wu cac tham sb hiép phuong sai 13 yéu
cau then chdt nham nang cao do chinh xac va
tinh 6n dinh cua EKF.

Trong bdi canh o, cac thuat toan tdi wu
héa ldy cam hung tir ty nhién dugc xem 1a
mot hudng tiép can phit hgp nhd kha nang tim
kiém nghiém t6i uu trong khong gian tham s6
ma khong phu thudc vao thong tin vé gradient
[9, 12]. Trong s6 do, thuat toan tdi wu hoa
chau chau (GOA) ¢6 ciu tric twong ddi don
gian va kha nang tim kiém toan cuc tbt; tuy
nhién, kha ning khai thac cuc bd con han ché
va nguy co hoi tu som c6 thé 1am giam chat
luong nghiém t6i wu [11, 13]. Dé khac phuc
nhitng han ché nay, bai bao dé xuat chién
lugc HGOA-EKEF, trong d6 thuat toan chau
chéu lai (HGOA) [13] dugc tich hop voi EKF
dé ty dong toi wu cac ma tran hiép phuong sai
phuc vu cho uéc lugng SOC. Cu thé, nghién
ctru xay dung mo hinh mach tuong duong phi
tuyén va khung udc lugng SOC duwa trén

EKF, st dung HGOA dé xac dinh bo tham s
hiép phuong sai tdi vu thong qua ham muc
tiéu duoc xay dung tir sai s6 udc lugng, dong
thoi thyc hién so sdnh véi EKF st dung tham
s6 thong thuong va cac phuong phap tdi uu
PSO [14] va DOA [15]. Qua d9, hi¢u qua cua
phuong phap dé xuat dugc danh gia mot cach
toan dién v€ do chinh xac udc lugng, tdc do
hoi tu va tinh on dinh, qua d6 1am ro kha nang
nang cao hi¢u nang cua EKF trong bai toan
udc lugng SOC cho pin Lithium-ion.

Bai bao dugc trinh bay vdi cau tric nhu
sau: Phan 2 md hinh toan hoc va thuit toan
t6i uu hoa, phan nay néu ra cac ly thuyét toan
hoc ctia mé hinh pin, EKF va Iy thuyét vé cac
thuat toan toi wu hoa dugce st dung trong
nghién ctu nay, Phan 3 két qua mo phong,
phan nay danh gia két qua sau khi t6i vu hoa
cua bo loc Kalman mé rong cua céc thuat
toan t6i wu hoa, qua hai kich ban dugc dé xuét
1a sai s wdc luong ban dau cao hon thuc té
va thap hon thyc té dé danh gia kha nang hoi
tu. Cubi cung la Phan 4 két luan.

II. PHUONG PHAP NGHIEN CUU

2.1. Phuwong phiap mé hinh héa pin
Lithium-ion va b loc Kalman mé rong

Trong nghién cru nay, pin Lithium-ion
duoc moé ta dac tinh bé“lng mo hinh mach
twong duong nham hd tro viée wéc luong
trang thai thong qua EKF. Trén thuc té, cac
dac tinh dién cta pin khong chi phu thudc vao
SOC ma con chiu anh hudng cua nhidu yéu
t6 nhu nhiét do, chidu dong dién, hién tugng
tu xa va su suy giam dung lugng theo thoi
gian. Hon nira, cac bat thuong va nhiéu la
nhirng yéu td von cé trong qua trinh nap/xa
cling nhu trong qua trinh do di¢n ap va dong
dién; do d0, can phai tinh dén cac yéu t6 nay
khi xay dung mo hinh uéc lugng SOC. Hinh
I minh hoa cac nhém thong tin chinh va cac
ngudn nhidu lién quan dén viéc woc luong
SOC va trang thai sirc khoe (SOH), qua do
tao co so dé tich hop cac yéu té nay vao mo
hinh toan hoc va EKF duoc dé cap trong cac
phan tiép theo. M6 hinh mach twong duong
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duoc lua chon ¢6 ciu tric don gian, dé dang
trién khai trén MATLAB/Simulink nhung
van nam bat duoc cac dic tinh dong co ban
cua pin, chéng han nhu dién 4p hd mach, dién
trd trong va hiéu trng phan cuc trong qua trinh

nap va xa. Cu trac tong thé cia mo hinh bao
gdm mdt ngudn dién ap phu thude vao SOC,
mot dién trd trong va mot hodc nhiéu nhanh
RC dai di¢n cho céc dac tinh dong cua pin [3].

Hinh 1. Cdc théng sé pin lién quan dén SOC va SOH.

Dién ap cuc cua pin cod thé duoc biéu dién
dudi dang:

Ve = 0CV(SOC) — I-Ry — V, (1)

Trong d6: V. 1a dién ap cuc cua pin,
OCV(SOC) la dién ap ho mach phu thudc vao
trang thai sac, I 1a dong dién cua pin, R, 1a
dién tr¢ tuc thoi va V, la dién 4p phéan cyc trén
nhanh RC. Trong bai b4o nay, dong xa quy
udce co gia tri duong va dong sac quy udc co
gia tri am. Khi do, SOC cua pin dugc cép nhat
dua trén can bé“mg dién tich nhu sau:
SOC(k+1) = SOC(k) — n-1(k) -4t/ Qu  (2)

Trong do: SOC,, 1a trang thai sac tai thoi
diém lay mau thir k, 1 1 hiéu suat Coulomb,
At 1a chu ky lay méu va Q,, 1a dung luong
dinh muc cta pin. Phuong trinh (2) thé hién
SOC phu thudc tryc tiép vao dong dién (k)
va dung luong pin Q,. Vi vdy, néu dung
luong thuc té cua pin thay doi do qua trinh
130 hoa, sai s6 SOC c6 thé ting dang ké néu
bd udc lugng khong cap nhat kip thoi hodc
bu trir sy thay doi nay thiéu chinh xéc.

Dbi voi nhanh phan cuc RC, dién ap phan
cuc dugc mo ta boi phuong trinh vi phan bac
nhat:

dv,/dt =

—Vp/(R:iC1) + 1/C1 (3)

Trong d6: Ryva C; lan luot 13 dién tré phan
cuc va dién dung phan cuc. Khi ro1 rac hoa
v6i chu ky 14y mau At, phwong trinh trén c6
thé viét dudi dang:

Volk +1) = exp[~At/(RiC] - V,(k) +
Ri{1 — exp[—At/(R.C1)]} - I(k) 4)

Tu cac phuong trinh trén, mo hinh trang
thai phi tuyén cua pin c6 thé dugc biéu dién
tong quat nhu sau:

x(k+1) = flx(k),u(k)] + w(k) (5)

y(k) = hlx(k),u(k)] + v(k) (6)

Trong do: x; 1a vector trang thai, u, 1a tin
hiéu vao, y; 1a tin hiéu do, w;, 1a nhiéu qua
trinh va v, 12 nhiéu do luong.

Trong khi do, EKF dugc su dung dé uwoc
luong trang thai ctia hé phi tuyén bang cach
tuyén tinh hoa mé hinh xung quanh diém lam
viéc hién tai. Di v6i bai toan pin Lithium-
ion, tinh phi tuyén chu yéu xuat hién trong
quan h¢ gitra dién ap hé mach va SOC. Do
d6, EKF 1a phuong phap phu hop dé xtr Iy mo
hinh pin khi dic tuyén OCV-SOC khéng
tuyén tinh.

Qua trinh du béo trang thai cia EKF dugc
thuc hién theo:
2klk—1) = f[#(k -1k = D utk—1] (7)
P(klk—1) = AxP(k—1lk—1D AT +Q  8)
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Trong do: J?{kl k—1) la trang thai dy bao,
P{k|k -1 12 ma tran hiép phuong sai sai sb

du bao, Aj 1a ma tran Jacobi cua ham trang
thai, va Q 1a ma tran hiép phuong sai nhiéu
qua trinh. Ma tran Q phan anh mac d khong
chic chin cia mé hinh pin. Néu Q qua nho,
bd loc ¢6 xu hudng 1¢ thudc vao mo hinh va
phan ung cham vé6i sy thay doi thuc té.
Nguoc lai, néu Q duoc lya chon qua 16n, bo
loc ¢6 thé tré nén qué nhay véi nhiéu, 1am gia
tang dao dong cua két qua ude luong dan dén
thiéu chinh xac.

Sau budc du bdo, dién ap cuc cua pin dugc
tinh tir m6 hinh do:

y(k) = h[X(k|k —1),u(k)] 9)
Sai léch gitra dién ap do va di¢n ap du bao
duoc xac dinh boi:

e(k) = y(k) — y(k)

H¢ s6 Kalman dugc tinh nhu sau:

(10)

DH" + R]™ (11)
Trong do: Hy, 1a ma tran Jacobi cua ham do
va R 14 hiép phuong sai nhiéu do luong. Sau
do, trang thai va ma tran hi¢p phuong sai sai
sb duoc cap nhat:
x(klk) = £(klk—1) + Kxe(k) (12)
P(klk) = [I — KiH]P(klk—1) (13)
Trong bai toan udc luong SOC, két qua
cua EKF phu thudc nhiéu véo viéc lua chon
cac tham sb ciia ma tran Q, R va P,. Cac tham
s6 nay thuong duge chon theo kinh nghiém
hodc phuong phdp tht sai. Tuy nhién,
phuong phap thi cong c6 thé 1am ting thoi
gian hi¢u chinh va khong dam bao bd loc dat
sai s6 nho nhét. Vi vy, nghién clru ndy sir
dung thuat toAn HGOA dé tu dong tdi wu hoa
cac tham s quan trong cuia ma tran Q, R va
P, trong bo loc EKF.

Hinh 2. So do nguyén ly cua bo loc Kalman mo rong

2.2 Thuit toin t6i wu héa da muc tiéu
tham s6 bd loc Kalman mé rong

Chat lugng udc luong cia EKF phu thudc
nhiéu vao ba nhém tham s6: Hiép phuong sai
nhiéu qua trinh Q; hiép phuong sai nhiéu do
R va hiép phuong sai sai s6 ban dau P,. Trong
thuc té, cac tham s nay thuong dugc xac
dinh theo kinh nghiém, khién hiéu nang EKF
dé suy giam khi diéu kién van hanh cua pin
Lithium-ion thay ddi theo thoi gian va chu
trinh hoat dong cua xe. bé giam sy phu thude
vao hi¢u chinh thu cong, bai bao xay dung
mot khung t6i wu héa thong nhat, st dung ba
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thuat toan metaheuristic PSO, HGOA va
DOA dé tu dong xac dinh cac tham s6 EKF
trén cung mo hinh va ham muyc tiéu, dam bao
tinh nhat quan va khach quan khi so sanh vé
do chinh xéc, toc d hoi tu va tinh on dinh cia
qué trinh uéc lugng SOC.

Do céc phan tir hiép phuong sai c6 do 16n
bién thién trén nhiéu béc, cac bién quyét dinh
duge mi hoa theo thang logarit dé cai thién
hiéu qua t6i vu hoa:

x=[q1 g2 7 p1 P2] (14)
Trong do: g4, q,la hai phan tir trén duodng
chéo ciia Q, r 1a hiép phuong sai nhiéu do,
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P1, P, 12 hai phan tr duong chéo ciia ma tran
Py:

<[t g ernels 2] o

Bang 1. Gidi han tim kiém ctia céc bién toi uu

Tham s6 Mién tim kiém
91, 92 [1073% 6]

r [1073% 6]
P1, P2 [1073% 6]

Mién tim kiém cua ting bién duoc cho
trong Bang 1, vi mdi 16i giai ing vién x, ba
ma tran Q, R, P, sau gidi ma dugc nap vao
EKF, md hinh pin Lithium-ion trén Simulink
duoc chay tron chu trinh khao sat va sai )
wéc luong SOC thu duoc ding dé tinh gia tri
thich nghi. Ham muc ti€u la can trung binh
binh phuong sai 1éch gitta SOC udc lugng
2, va SOC chuin z,:

min J(x) = RMSE + MAE =

\/ Zk (e —z)? ++ Z LilZe—z. 1 (16)

2.3 Phuong phap tdi wu héa tham sob
EKF bang PSO

Trong thuat toan ti wu bay dan PSO, mdi
Gmg vién x; dugc xem nhu mdt phan tir
chuyén dong trong khong gian tim kiém, quy
dao ctia phan tir chiu anh hudng dong thoi tir
vi tri t6t nhdt ma chinh no6 tung dat dugc p;
va vi tri tot nhit cta ca biy dan g. Vén tc va
vi tri clia cac phén tir trong bay dan duogc cap
nhat [14] theo cong thuc sau:
vitt =wv} + cr(p — X)) + eera(g —xp)  (17)

xH =xt+ vttt (18)

Trong do w 1a trong s6 quan tinh diéu tiét
can bang gilta tham do va khai thac, ¢4, ¢; lan
luot 1a h¢ sO nhan thu:c va h¢ so6 xa hdi,
7,7, € [0,1] 14 cac s ngdu nhién. Nghién
ctru ndy dung w giam tuyén tinh theo vong
1ap: giai doan dau thién vé tham do rong, giai
doan cudi tip trung khai thic quanh céac
nghiém tdi tru da tim kiém duoc.

2.4 Phwong phap téi wu héa tham sb
EKF bing DOA

Thuat toan t6i wu s6i lira DOH (Dhole
Optimization Algorithm) dugc xay dung dua
trén co ché sin moi hop tac va hanh vi giao

tiép bang tiéng goi ctia loai s6i ltra [15], gdm
ba pha hanh vi dugc chuyén ddi boi gia trj v
€ [0,1] (vocalization cuong do tiéng goi v) va
quy mo bidy ngiu nhién PMN =
round(rand - 15 + 5).

1) Pha tim kiém. Mot con mdi ao dugc
xac dinh tor nghiém tot cuc bo va toan cuc,
prey = (prey,,..; + preyglobal) /2. Khi
PMN < 10 va cuong do tiéng goi v <0.5, clia
mdi phan tir (c4 thé) tién dan vé phia con moi:
ditt = di; + C, - rand - (prey, — df ;) (19)

C,=1- ; (20)

Trong d6: C, 1a hé s6 déc giam tuyén tinh,
T 1a sb vong lap ti da.

2) Pha bao vay. Khi PMN > 10 va cuong
do tiéng goi v <0.5, ca bay siét vong vay
quanh con mdi théng qua mot thanh vién
ngau nhién d} ;:

dit' =df;—d;; + prey; (21)

3) Pha tin cong. Cuong do tin cong thich
nghi theo kich ¢& con moi thong qua hé sb
C; =3:

§ = (3 - rand - (fitness; /fitness,,.,) (22)

Co ché chuyén pha theo tiéng kéu nay gitip
DOA duy tri can bang giita tham do (tim
kiém) va khai thac (bao vay/tin cong).

2.5 Phwong phap toi wu héa tham sb
HGOA

Thuat toan chau chau lai HGOA ghép ndi
phién ban chau chiu cai tién (EGOA) voi
phién ban budm cai tién (MBOA) qua co ché
lua chon x4c suét, déng thoi bd sung hoc ddi
nghich trong tdm va tim kiém mAu ty thich
nghi lam by may tinh chinh cuc bg [13].

1) Co che lwa chon x4c suat O mdi vong
lap, mot sd ngdu nhién quyét dinh toan tir
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duoc kich hoat: néu rand < 0.5 thi ding
EGOA, nguogc lai dung MBOA - nho d6 kha
nang khai thac cia EGOA va kha nang tham
do cia MBOA bd trg 13n nhau.

2) EGOA. Pan chau chiu di chuyén theo
mo hinh lyc xa hoi, nhung tham s6 diéu khién
cduoc thay bang quy luat suy giam phi tuyén
theo ty 16 s6 1an danh gia t, = FEs/FES .y

_ 2|
€ = =P Cmin + (Cmax + P Cmin) € ¢max*P emin
(23)

Trong d6: p = 10%. Téc do6 suy giam
nhanh cta ¢ & giai doan cudi giup quan thé
thoat khdi cac cuc tri dia phuong.

3) MBOA. Mot trong s6 quéan tinh dong
w dang ham lugng giac tung khuc dugc dua
vao phuong trinh cdp nhat cia buém nhim
tang cuong tham do:

t+1

yitt=wyi+ g -y fi

II1I. KET QUA NGHIEN CUU VA
THAO LUAN

3.1 Két qua mé hinh héa va mé phéng
vai kich ban 1: SOC khéi tao 16n

Kich ban thir nhat duoc thiét ké dé kiém
ching kha nang hoi tu va do bén viing cua
ting bo wéc luong khi sai sd trang thai ban
dau khi ap dat & muc 16n. Trong khi SOC
thuc cua pin 14 0.5 (50%), ca bon bo loc déu
bi khdi tao tai 0.8 (80%) tuong ung do 1éch
ban dau +30%. Cach bé tri ndy tach riéng tinh
chét co y nghia thuc tién: khi xe duoc khoi
dong ma khong co6 thong tin SOC tin cdy tur
trude, bo loc duoc tdi wu hoa tdt phai kéo ude

24)

Trong d6: g* 1a ca thé tot nhét hién tai, f;
1a cudng d6 huong, hai bién thé tim kiém toan
cuc/cuc bo duoc chuyén doi qua xac suét p.

4) Hoc d6i nghich trong tam. T trong
tam quﬁn thé M;, mot nghiém ddi nghich
duoc sinh ra dé lam giau tinh da dang, va
nghiém tot hon trong cap duogc gitr lai:

yi =2M; —y; (25)

5) Tim kiéem mau ty thich nghi. Ct sau
T vong lap, mot pha tim kiém cuc bo khoi
dong tur nghiém tdt nhat hién co, bude tim 6;
tu co lai khi quan thé hoi tu, giup mai sic do
chinh xac cudi cing.

Céc hang sd dung nhu sau: f = 0.5, [ =
1.5, cpax = 1, Cmin = 4 X 107* (GOA), p =
0.8,a €[0.1; 0.3],c =0.01 (BOA), 6 =1,
a=1,=05(PS), chu ky kich hoat T =
2 - Dim.

lugng vé gia tri thuc mgt cach nhanh chong
va 6n dinh, con bd loc chinh kém hiéu qua s€
héi tu cham, dao dong qua mirc hodc mang
theo do léch kéo dai. Ca bon bd udc lugng
gom: bd woc lwong EKF thong thudng va ba
bién thé EKF duoc diéu chinh bang
metaheuristic: PSO-EKF, DOA-EKF va
HGOA-EKF (dé xuit) cung thyc hién trén
cuing bo thong s6 tai va mé hinh pin duy nhat
nhu Hinh 3.Do d6, su khac biét vé hiéu nang
dugc quy vé duy nhat viéc toi wu hoa bo ba

(Q' R Py).

Hinh 3. M6 phéng qud trinh sac va xa ciia hé théng xe dién
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91



KHOA HOC -

CONG NGHE

Hinh 4 so sanh quy dao SOC udc lugng
v6i gia tri chudn, trong d6 SOC ban dau duoc
dat ¢ 0.8, 1éch dang ké so vOi gia tri chuan
0.5. Ca bdn bo loc déu hoi tu vé gié tri chuén,
nhung khac biét ro rét vé tc d6 va chat luong
hoi tu. EKF thong thuong c6 thoi gian thu hep
sai léch 30% dai hon va xuat hién qua diéu
chinh truée khi 6n dinh, trong khi HGOA-
EKF hoi tu nhanh nhit va bam sat gia tri

L i L i
0 10 20 30
Time (h)

40

chuan sém nhat, tiép dén la DOA-EKF va
PSO-EKF. Tuong ung, HGOA-EKF dua sai
s6 SOC vé gan 0 nhanh nhét va duy tri bién
d6 dao dong nho nhit & trang thai xac lap. Két
qua khang dinh viéc t6i vu cac ma tran hiép
phuong sai gitp EKF ting toc d6 hoi tu va cai
thién kha ning chéng anh huéng cta nhiéu
do.

; ‘ . -
s0 0 0.5 1(h)

Hinh 4. Udc luong trang thai sac trong kich ban thir nhat

So sanh dinh lugng dugc trinh bay trong
Bang 1 va Hinh 5 dya trén hai chi tiéu RMSE
va MAE cuia sai s6 SOC. RMSE nhay vdi cac
sai léch 16n, do d6 phan anh 13 chat lwong dap
ung qué do, trong khi MAE déc trung cho murc
sai s trung binh trong toan bo chu trinh danh
gia. Viéc sir dung dong thoi hai chi tiéu cho
phép danh gia toan dién ca kha ning hdi tu va
d6 chinh xac wdc luong. Két qua cho thay thir
hang nhat quan: HGOA-EKF dat hiéu ning t6t

u v

AV

nhét, tiép theo 1a DOA-EKF, PSO-EKF va
EKF thong thuong. So voi DOA-EKF,
HGOA-EKF tiép tuc giam RMSE 81.3% va
MAE 37.7%, cho thay kha ning xac dinh cau
hinh ma tran hiép phuong sai hiéu qua hon.
Uu thé nay dugc thé hién truc tiép qua kha
nang rat ngan qua trinh hoi tu va nang cao do
chinh xac udc lugng SOC, dac biét trong diéu
kién sai léch SOC ban dau 16n.

au

Time (h)

“Gu JuU

Hinh 5. Sai 56 wéc luwong trang thai sac trong kich ban thir nhat
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Bdng 1. So sanh cdc mo hinh EKF thich nghi trong kich béan 1

Phwong phap RMSE MAE

EKF thong thudng 0.0089477 0.0020896
PSO-EKF 0.0024791 0.0019119
DOA-EKF 0.0018282 0.0014132
HGOA-EKF (dé xuét) 0.0016688 0.0013011

3.2 Két qua md hinh h6éa va mé phéng
kich ban 2: SOC khéi tao 16n theo chiéu 4m

Trong kich ban thur hai, SOC thuc dugc dat
6 0.5 (50%), trong khi SOC khoi tao cta cac
bd loc 1a 0.2 (20%), tuong tng sai léch ban
dau -30%, nham danh gia kha nang hoi tu khi
SOC khoi tao thap hon gia tri thyc. Do quan
hé OCV-SOC phi tuyén, d6 nhay dién ap

Time (h)

thay dbi theo ving SOC, ¢6 thé anh huong
dén dong hoc hdi tu cua bo loc. Cac diéu kién
mo phong va tham s6 ciia EKF, PSO, HGOA
va DOA dugc gilt nguyén nhu kich ban tha
nhat, bao dam su khéc biét vé két qua phan
anh truc tiép kha niang thich nghi va tinh bén
virng cua tirng phuong phap.

Hinh 6. Udc luong trang thdi sac trong kich ban thir hai

Hinh 6 cho théy cac bo loc déu hoi
tu tr dudi 1én vé& quy dao SOC chuan,
vo1 th hang tuong tu kich ban tha nhat.
HGOA-EKF dat hoi tu nhanh va bam
sat gia tri chudn sém nhat, tiép theo 1a
DOA-EKF va PSO-EKF, trong khi EKF
thong thudng c6 thoi gian hoi tu dai nhét
va xuét hién vot 16 trudc khi 6n dinh.
Sai s&6 SOC twong tng cho thiy HGOA-

EKF duy tri dai sai s6 x4c 14p hep nhit va
phan bb gan d6i xtmg quanh khéng, cho
thay cdu hinh hiép phuong sai t6i wu co
kha nang duy tri hiéu nang 6n dinh truée
su thay doi hudng cua sai l¢ch khoi tao.
Két qua nay cho thdy nghiém t6i wu cua
HGOA c6 tinh khai quat tot, khong phu
thudc dang ké vao mot diéu kién khai tao
cu thé.
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w v

LU

Time (h)

au “u au

Hinh 7. Sai s6 wéc lwong trang thadi sac trong kich ban thur hai

Hinh 7 va Bang 2 tong hop RMSE va
MAE cua sai sb SOC d6i voi bon phuong
phap. HGOA-EKF tiép tuc dat hiéu nang tot
nhét, tiép theo 1a DOA-EKF, PSO-EKF va
EKF thong thudng; dong thoi, so véi EKF,
HGOA-EKF giam RMSE 84.5% va MAE
45.0%. Viéc duy tri nhat quan thir ty va mirc
cai thién trong hai kich ban c¢6 sai l1éch khoi

u v

Fav)

tao trai ddu cho thay hiéu qua cia HGOA-
EKF khong phu thudc vao hudng sai I¢ch ban
dau ma gan vé6i cau hinh hiép phuong sai
duoc toi uvu. Két qua khang dinh tinh 6n dinh
ctia phuong phap khi diéu kién khoi tao SOC
thay d6i, phi hop véi yéu cau udc lugng SOC
trong BMS.

au

Time (h)

“Gu U

Hinh 8. Udc luong trang thdai sicc khoe ciia pin

Ngoai ra, Hinh 8 va Hinh 9 trinh bay hai
chi tidu quan trong dé dénh gia trang thai pin
Lithium-ion. P6i v6i qué trinh udc luong
SOH, tinh 6n dinh cta cac bd loc dugce thé
hién rd trong gio dau tién. Tai thoi diém t =

0.9h, HGOA xuét hién dap g qua muc khi
tin hi€u cap nhat bi gian doan, khién SOH
duoc udc luong giam dot ngdt xudng 97.8%
trude khi co ché phan hoi dwa hé thong tro lai
trang thai 6n dinh.

Bdng 2. So sanh cdc mo hinh EKF thich nghi trong kich bén 2

Phwong phap RMSE MAE

EKF thong thuong 0.012534 0.0023849
PSO-EKF 0.0027002 0.0019282
DOA-EKF 0.0019386 0.0014185
HGOA-EKF (dé xuit) 0.0019373 0.0013122
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Trong subt chu ky hoat dong kéo dai 50 h,
DOA duy tri quy dao bién thién muot ma nhat
khi SOH giam dan theo duong thing vé
ngudng 10%, qua d6 khang dinh do tin cay
va kha nang thich ing vuot trdi cua thuat toan
trong qué trinh van hanh lién tyuc khi pin chiu

v v FAV)

Time (h)

tdc dong cua su suy giam cac dic tinh di¢n
hoa. Hinh 9 biéu dién sy thay d6i cua dung
lugng kha dung theo qua trinh ldo hoa cua
pin. Hai thong s ndy 13 co s& quan trong dé
xdy dung va danh gid cic thuat toan udc
luong trong hé thong quan 1y pin.

au “4u U

Hinh 9. Udc luong dung luong kha dung cia hé théng pin

IV. KET LUAN

Két qua md phong trén md hinh mach
tuong duong trong MATLAB/Simulink v&i
hai kich ban sai léch SOC khoi tao trai dau
+30% cho thdy cac phuong phap EKF dugc
t6i vu bang metaheuristic déu cai thién hi¢u
nang so v6i EKF sir dung tham sb duoc chinh
dinh thu cong. Trong d6, HGOA-EKF dat két
qua tdt nhat & ca hai kich ban, v&i mire giam
RMSE/MAE lan luot 1a 81.3%/37.7% va
84.5%/45.0% so voi EKF thong thuong.

Dang chu y, HGOA-EKF duy tri thtr hang
cao nhat trong ca hai huong sai 1éch khoi tao,
dong thoi cai thién nhat quan céc chi tiu sai
s6. Két qua nay cho thidy cdu hinh hiép
phuong sai dugc tdi wu c6 kha ning duy tri
hiéu niang khi diéu kién khoi tao SOC thay
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THIET KE VA MO PHONG HE THONG SAC KHONG DAY CONG HUONG

TU TOI UU CHO XE PIEN HIEU SUAT CAO
Lé Pinh Hiéu'", Tran Quang Huimg', Phan Binh Chit, Lé Thi Kim Lién?

TOM TAT

Céng nghé sac khéng day la gidi phdp tiém nang cho xe dién nho tinh an todn, linh hoat va thudn tién. Bai
bdo nghién ciru tiéu chudn, déc tinh truyén nang leong, kha ndng tiwong tac cudn ddy va cdu triic hé thong
truyén nang heong khong dday bang cam img tie (WPT), dong thoi thiét ké va mé phong hé thong trén
MATLAB/Simulink. Két qud cho thdy dién dp DC-Link cé d¢ gon dudi 2%, dong dién dao dong diéi 5%, cong
sudt truyén khoang 7 kW va hiéu sudt dat khodng 95% tai diéu kién cong hwong, khang dinh tinh kha thi ciia
WPT cho hé théng sac khong dady xe dién hiéu sudt cao va an toan.

Tir khoa: Xe dién (EV), Truyén dién khong day (WPT), Truyén dién cam irng tir (IPT).

DESIGN AND SIMULATION OF THE OPTIMAL MAGNETIC RESONANCE
WIRELESS CHARGING SYSTEM FOR HIGH-PERFORMANCE ELECTRIC VEHICLES

ABSTRACT

Wireless charging technology is becoming a potential solution for electric vehicles due to its safety,
flexibility and convenience. This paper presents studies on wireless charging standards, energy transfer
characteristics, interoperability between coils, and wireless power transfer (WPT) system structures. On this
basis, a wireless charging system for electric cars is designed and simulated in the MATLAB/Simulink
environment to evaluate power transfer characteristics and operating efficiency. The simulation results show
that the DC-Link voltage is maintained stable with a ripple of less than 2%, a stable current with an oscillation
of less than 5%, and a power transmission system of about 7 kW with an energy transfer efficiency of
approximately 95% under resonant conditions. The results achieved confirm the feasibility of the magnetic
induction energy transfer method, and at the same time create a basis for the development of high-
performance, safe wireless charging systems that meet the application requirements of electric cars in the
future.

Keywords: Electric Vehicles (EVs), Wireless Power Transmission (WPT), Inductive Power Transmission
(IPT).

I. MO DAU

Nham giam phat thai khi nha kinh tir nhién
liéu hoa thach thuc ddy lam ting dong luc
phat trién xe dién va giao thong xanh bén
virng [1]. Trong dé, truyén ning lwong khong
day (WPT) la giai phap sac tiém ning nhd
tinh an toan, linh hoat va thuan tién hon sac
tiép xtic [2], [3]. Hé thong sac khong day gdm
bo chinh Iuu, nghich luu, mach bu cong
hudng, by ghép tir va b chinh luu phia thu.
Su khac biét vé ciu tric, diéu khién va thong
sd thiét ké gitra cac nha san xudt anh huong

! Khoa K§ thuat va Céng nghé - Pai hoc Hué

dén hiéu suat va kha ning tuong thich cua hé
thdng [4]. Vi vay, kha ning twong tac giita bo
phat va bo thu 13 yéu cau quan trong dé bao
dam hiéu qua van hanh va thuc diy thuong
mai hoéa [5].

Hién nay, thach thtrc chu yéu nim & cdu
trac by ghép tor va mach bu cong hudng,
trong khi truyén thong di timg budc duoc
chuan hoa [6]. Cac phuong phap danh gia
twong tac gop phan kiém tra tinh twong thich,
toi wu thiét ké va hoan thién tiéu chuén sac
khong day [7].

2 Truong Cao Pang Nghé s6 4 - Quan Khu 4 - Bd Qudc Phong

*Email: ledinhhieu@hueuni.edu.vn
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Hinh 1. Thanh phdn cia b sac khéng day EV

Trong nghién ciu nay, khai niém “cai
tién” dugc st dung theo nghia cai tién kién
trac hé thong, thé hién & viéc tich hop dong
bo céc khau bién d6i AC-DC, DC-Link,
nghich luu cao tan, mang bu cong hudng S—
S, bd ghép tir va chinh luu phia tht cip trong
mdt mo hinh thdng nhat. Trén co s kién tric
nay, cac tham s6 dién tir cuia bd ghép va diéu

kién cong hudng dugc xac 1ap dinh lugng dé
danh gia kha niang truyén cong suat va hiéu
sudt cta hé thong. Nghién ctru tap trung vao
thiét ké va danh gia bang mo phong, trong khi
t61 wu hoa hinh hoc bo ghép va kiém chimg
thuc nghiém dugc xem la cac bude phat trién
tiép theo.

Hinh 2. Ba logi kha ndng tuwong tdc trong hé thong sac khéng day

II. PHUONG PHAP NGHIEN CUU

Phuong phép nghién ctru duoc trién khai
lan luot la xac lap yéu cau thiét ké sau do, lua
chon ciu hinh bd ghép va mang bu tiép dén,
xdy dyng mo hinh toan hoc va cudi cting thiét
lap m6 hinh MATLAB/Simulink, danh gia

cac chi ti€u di¢n ap, dong dién, cong suit va
hiéu suat.

2.1. Tiéu chuin va yéu ciu thiét ké h¢
thong sac xe dién khong day

Tiéu chuan hoa sac khong day cho xe dién
gitp bdo dam kha nang tuong thich, lién

thong giita cac thiét bi, nang cao hiéu qua
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khai thac va trai nghiém nguoi dung. Vi vay,
cac to chuc quoc té€ nhu SAE,q IEC,‘ UL va
IEEE da xay dung cac tiéu chuan nham thuic

day kha niang tuong tic va thuong mai hoa
cong nghé nay.

Bing 1. Yéu cau thiét ké hé thong

Tham sb Ky hiéu Gia tri

Cbng suat muc tiéu P, oted ~ 7 kW

bién 4p DC-Link Voe ~ 395V

Tan s cong huong P, 85 kHz

Cong suit phia thir cap P, ~ 6.65 kW

Hiéu suat IPT muyc tiéu Nipr ~ 95%
D6 gon dién 4p DC-Link Ty <2%
Dao dong dong DC-Link 17 <5%

Trong s6 d6, SAE J2954 dugc xem la tiéu
chuan quan trong nhit d6i voi hé théng
truyén tai ning lugng khéng day cho xe dién
hang nhe. Tiéu chuan nay quy dinh bdn cap
cong suét truyén nang luong gdm WPT1 (3,7
kW), WPT2 (7,7 kW), WPT3 (11 kW) va
WPT4 (22 kW), dong thot yéu cau hiéu suat

truyén nang luong toi thiéu dat 85% trong
diéu kién can chinh tiéu chuan. Bén canh do,
SAE J2954 con quy dinh cac yéu cau vé vi tri
lap dat, khoang hé giita xe va mat dét ciing
nhu phuong phap can chinh vi tri dua trén ky
thut dinh vi tir tinh nhdm h tro ca xe tu 1ai
va xe diéu khién boi con nguoi [8].

Bdng 2 Mot s tiéu chudn va yéu cau lién quan dén hé thong WPT cho xe dién

Nh.aA phat txr ién Tén tiéu chuin | Nim xuét ban Sw miéu ta
tiéu chuan j
SAE 12836/6 201305 2013 Ung dung cho giao tiep sac khong
- day PEV
Thiét bi twong thich PEV véi xe
SAE J2953/1 201310 2013 dién (EVSE)
Quy trinh kiém tra kha ning tuong
SAE J2953/2 201401 2014 thich ctia PEV v6i EVSE
Céc kich ban kiém tra kha nang
SAE 1295313 2016 tuong tac cua EVSE va PEV
SAE J2953/4 2020 Béo cdo muc phi PEV
Tram sac EV khong day va PEV
SAE 12847/6 2020 hang nhe c6 thé giao tiép cho WPT
WPT cho xe hang nhe plug-in,
SAE 12954 2020 cling nhu ky thudt can chinh

Céc yéu cau ky thuat néu trén dugc sir
dung lam co s& xac 1ap ché d6 mo phong cua
nghién ctru. Trong d6, cong suat danh dinh
khoang 7 kW duoc lya chon tuong tmg voi
ving cong suat WPT2 duoc dé cap trong
pham vi nghién ctru, trong khi tan sO van
hanh 85 kHz dugc st dung lam tan sd cong
hudng danh dinh. Do nghién ctru hién tai tap

trung vao md phong kién trac va dac tinh
truyen nang lugong, cic yéu cau vé tuong
thich dién tur, truong dién tir 1o va bao vé vat
thé la duoc xem 1a cac diéu kién thiét ké can
duoc kiém chimg ¢ giai doan thuc nghiém
tiép theo.

2.2. Phan tich bo ghép tir va kha nang
tuwong thich
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Bo ghép tir 1a thanh phan c6t 18i quyét dinh
hiéu suit va kha ning tuong tac ciia hé théng
sac khong diy. Ciu trac cia bd ghép tir
thudng bao gdm cudn day, 15i tir va tim chin
tur, nhu minh hoa trong Hinh 3. Trong do,
hinh dang cudn déy dong vai tro quan trong
dbi véi dic tinh truyén nang lugng va muc do
tuong thich gitra cac hé thong. Cac cau tric

cudn ddy co ban hién nay gdbm cudn day tron,
hinh chir nhat va Double-D (DD). Khé néang
tuong tac gitra cac loai cudn day thuong duoc
danh gia dya trén hai tiéu chi chinh: phan bd
tir thong trong khong gian va cac thong sb
dién tr dac trung nhu h¢ $6 ghép tir hodc hd
cam.

Hinh 3. Cdu triic bé ghép tir [9]

Céc nghién ctru cho thdy cudn diy hinh
chit nhat c6 hé sb ghép tur va hiéu suét tmyén
nang lugng cao hon cudn day tron khi co
cung kich thudc ngoai. Pac biét, cdu hinh
cudn phat hinh vuéng—cudn thu hinh tron c6
thé dat hd cam va hiéu suat truyén cong suét
cao hon c4u hinh tron—tron truyén thong, cho
thiy kha ning tuong tac tot gitta cac hinh
dang cudn day khac nhau trong hé thng sac
khong day cho xe dién.

Tir cac tham sd trong Bang 3, hé s ghép
tr cia by ghép dugc xac dinh khoang k =

0.3269. Gia tri nay phan anh muc d6 lién két
tur htu han gitra hai cugn day va la co so de
danh gia cong suat truyen sang phia thtr cap.
Bong thoi, voi tan s 1am viée 85 kHz va dién
tré cudn day twong duong 1 mQ, cac hé sd
pham chét tinh toan dat khoang Q, = 142.2
va Q, = 137.2. Cac gia tri ndy cho thiy bd
ghép c¢6 mirc ton hao dién trd twong ddi thap
trong m6 hinh Iy trong hoa hién tai, trong khi
hiéu suat truyén thuc té con phu thudc vao hd
cam, diéu kién cong hudng va cac ton hao cua
cac té‘mg bién ddi cong suat.

Bing 3. Thong s6 bd ghép tir trong mo hinh

Tham s6 Ky hi¢u Gia tri
Dién tré cudn so cap R, I mQ
Pién cam cudn so cip Ly 266.16 pH
bién trd cudn thir cép R, 1 mQ
Dién cam cudn thir cap L, 256.79 uH
Hd cam M 85.46 uH
Heé s6 ghép k 0.3269
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Trong pham vi nghién ctru nay, kha nang
tuong thich cua by ghép tor dugc xem xét
thong qua kha nang duy tri lién két tir va
truyén cong suét giita hai cudn day. Do mé
hinh hién tai chua bao gdm mé phong trudong
dién tir theo hinh hoc chi tiét, cac dic tinh cua
bo ghép duge quy d6i vé cac tham sd mach
tvong dwong L,, L,, M va k. Cach tiép can
nay cho phép danh gia dinh lugng anh hudéng
ctia mirc d6 ghép tir dén qua trinh truyén ning
luong trong mo hinh hé théng.

2.3. Phan tich va lwa chon ciu hinh bu
cong huwéng

Mang bu 14 thanh phan quan trong trong hé
thdng truyén ning lwong khong diy cam tng
(WPT), c6 nhiém vu phdi hop tré khang va
bu cong suat phan khang. Ngay ca khi cudn
day phat va cudn day thu c6 hé s ghép tir tét,
mot mang bu dugc thiét ké khong hop 1y van
c6 thé gay mét phdi hop tré khang, lam giam
cong suat tac dung truyén den tai [10]. Vi
vay, cau trac mang bu 1a yéu t6 quyet dinh
dén kha ning tuong thich va hiéu suat truyén
nang lugng cta hé thong.

Hinh 4. Cdu triic lién két DSLCC ciia hé théng sac khéng ddy EV

Hién nay, cac ciu trac bu phd bién
trong hé thong sac khong day cho xe dién
bao gdm Series (S), Parallel (P) va LCC.
Céc nghién ctru cho thiy cau tric S-S ¢o
tinh 6n dinh tan sd cao hon, trong khi cac
t6 hop S/P con lai d& bi 1éch cong hudng
khi tai thay d6i, dan dén kha ning tuong
thich thap hon [11]. Pé khic phuc han ché
nay, cdu tric LCC hai phia (DSLCC) da
dugc dé xuat voi kha nang chong sai léch
tham s tdt hon, 6n dinh hiéu suit cao hon
va giam tng sut trén linh kién so voi cau
tric S-S truyén théng [12,13]. Ngoai ra,
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cac nghién ctru cling chi ra rang cac cdu
hinh st dung LCC c6 thé dat cong suét
dau ra twong duong véi cac cau trac S va P
trong nhiing diéu kién van hanh nhat dinh
[14], ddng thoi phan tich trd khang phan xa
chtrng minh sy twong dwong vé chirc ning
giira bu S va LCC khi tai 1am viéc gan diéu
kién t6i wu [15]. Do d6, DSLCC dugc xem
12 mét trong nhimg ciu trac bu trién vong
nhat va d3 duoc dua vao tiéu chuin qubc
gia ciia Trung Qudc d6i véi hé thdng sac
khong day cho xe dién.
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Hinh 5. Cdu tric lién két TMN cho WPT3 / Z2

Tiéu chuan SAE J2954 khuyén nghi sur
dung mang phéi hop tré khang diéu chinh
dugc (TMN) nham duy tri cong hudng va diéu
chinh cong suét trong cac diéu kién véan hanh
khac nhau [16]. So v6i bu LCC truyén thong,
TMN c6 tinh linh hoat va kha nang thich nghi
cao hon. Tuy nhién, nghién ctru nay lya chon
cAu hinh S-S & ca phia so cap va thi cap do
cdu triic don gian, dé xac lap cong hudng va
pht hop v6i muc tiéu danh gia dic tinh truyén
nang lugng cua bd ghép tir; DSLCC va TMN
chi duogc str dung dé tham khao va so sanh vé
nguyén ly.

Hiéu sut truyen nang luong cua hé théng
phu thudc déng ké vao dic tinh dién tir ctia bd
ghép tir, trong d6 hai thong s6 quan trong nhat
13 hé s6 ghép tir k va hé s6 pham chat 0. Hé
s6 ghép tir md hinh phan anh muc do lién két
tu thong gilta cudn day phat va cudn day thu,
trong khi hé s6 pham chat dic trung cho kha
nang tich trit nang lwong va mic d6 t6n hao

cua cudn day. Gia tri k va Q cang 16n thi hi¢u
suit truyén cong suit cang cao, dong thoi
gitip nang cao kha nang lam viéc ciia hé thong
trong diéu kién khe ho khong khi 16n hodc co
do léch vi tri gitra cac cudn day. Déi vo1 hé
thdng gom cudn day so cap va th cap c6 dién
cam lan luot 1a L1 va Ly, cac tham sd hé sb
ghép tir k va hé sb pham chét Q1, Q. duoc xac
dinh theo céc biéu thirc sau:

k=Tn M
1 1
Cl o w%Ll ! CZ - w%Lz (2)

Trong do, L1 va L, lan luot 1a dién cam tu
cam cua cudn ddy so cip va tht cap, M 1a
dién cam ho cam giita hai cuon day, R; va R,
la di¢n tré twong duong cua cudn day phat va
cudn day thu, con w, = 2nf, 1a tan sd goc
tuong (g voi tan s6 1am viéc fo cuia hé thong,
Ci va C; 1a tu cOng huong.

Bing 4. Cic bién thiét ké va rang budc

Bién Ky hi¢u Gia tri
Tan s6 cong hudng f 85 kHz
Tu b so cip C, ~ 13.17 nF
Tu bu tht cip C, ~ 13.65 nF
Khoéng cich truyén d dy
Do I¢ch ngang Ax 0
Heé sb ghép k 0.3269
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D6i v6i bo ghép tir, hé s6 ghép tir kk va hé
s6 pham chat QQ tang khi toi wu kich thudc
cudn day, tiét dién day dan va vat liéu tir va
viéc tang kich thudc, vat li¢u tir lam tang khdi
lugng kem chi phi. Trong nghién ctru nay,
cau hinh bu Series—Series (S-S) duoc st
dung VO’l tu bu mac ndi tiép & ca phla SO cap
va tht cap dé dat cong huong tai tan sb fo =
85kHz, qua d6 tdi wu cong sudt truyén va
hiéu suét cua bo ghép tur.

2.4. Nguyén ly truyén ning hrong cim
ung tur

Trong hé théng truyén tai ning lwong
khong day, nang luong dién co thé duoc
truyén tir ngudn dén tai thong qua hai co ché
chinh la truyén trudng xa va truyén truong
gan, nhu minh hoa trong Hinh 6. Déi véi
truyén truong xa, nang lugng duge truyén
bang song vi ba hodc chum tia laser, cho phep
truyén cong sut trén khoang cach 16n.

Hinh 6. Truyén néng lwong khéng day bang cam g tir gita hai cudn ddy

Tuy nhién, cac phuong phap nay yéu cau
duong truyen truc tiép gitra bo phat va b thu,
dong thoi tlem an cac van dé vé an toan sinh
hoc nén hién van chua dugc ing dung thuong
mai rong rai trong linh vyc sac xe dién.

Nguoc lai, truyén truong gan dua trén
nguyén 1y ghép dién dung (Capacitive Power
Transfer — CPT) hoac ghép cam ung tu
(Inductive Power Transfer — IPT), trong d6

IPT duoc xem 1a cong nghé phi hop nhét cho
cac ung dung sac khong day cong suit 16n.
Bang 5 trinh bay sy so sanh gitra hai cong
ngh¢ CPT va IPT. Mac du CPT c6 uu diém
vé chu trac don gian, cong suét truyen va
khoang cach 1am viéc thuong thap hon so voi
IPT. Vi vay, phan 16n cac hé thong sac khong
day thuong mai hién nay déu dua trén cong
nghé IPT.

Bdng 5. So sanh gitta CPT va IPT trong irng dung sac khong day cho xe dién

Tiéu chi CPT IPT
Nguyén ly truyén ning lugng Dién truong Tu trudong
Phan tir ghép ndi1 Ban cuc tu dién Cudn day cam Uing tir

Cong suit truyén Thap dén trung binh | Trung binh dén cao
Khoang cach truyén Nho Lén hon
Hiéu suét truyén Trung binh Cao
Ung dung cho xe dién Han ché Pho bién

Nguyén 1y IPT dya trén cam tUng dién tir
gitra cudn phat va cudn thu. Dong dién xoay
chiéu qua cudn phat tao tir trudng bién thién,
cam Ung dién 4p trén cudn thu thong qua hd
cam; cac mach cong hudng giup nang cao
hiéu suat truyén ning luong. Hiéu suat phy
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thudc chu yéu vao tan sd, dién tro, sd vong
day, kich thuéc cudn diy va hé sé ghép tu.
Khi khoang cach gilta hai cudn tang, h¢ so
ghep tur va ho cam giam, lam giam hi¢u suét;
do d6 can t6i wu cau trac bo ghép tir, khoang
cach truyén va thong s6 cong hudng.
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Hinh 7. So do tong quat hé thong sac khéng day cho xe dién

Trong nghién ctru nay, co ché IPT dugc
lra chon do phu hop voi truyén nang lugng
cong suat kW & khoang cach ngan gitra hai
cudn day. Phan phan tich tiép theo tap trung
vao bd ghép tir cong hudng va cac tham sb
dién tuong duong, thay vi md rong sang cac
phuong thirc WPT khac.

2.5. M6 hinh toan hoc va tham sé bd
ghép tur

Heé thdng cudn day 1a thanh phan cbt 16i
cta sac khong day, dam nhiém truyén ning
lugng qua truong tir bién thién giita cudn S0
cap va tht cp. Trong sac tinh, cudn so cap
dat tai tram sac hodc dudi mat duong, cudn
thir cap tich hop dudi gam xe, v6i khe ho
khong khi thuong 100-300 mm [17]. Déi véi
sac dong, cac cudn so cip duoc bd tri doc
theo lan duong, cho phép xe nhan nang lugng
lién tuc khi di chuyén.

woL
Q1=L; Q; =

R R (3)
1 2

Phuong trinh cudn day ghép tur duoc xéc
dinh:

dll

171 == Rlil + L1 + M dt (4)
= Ryl + Ly ”“1‘: + M (5)

Trong mién tan s duoc bleu dién:

Vi =R, +jwl); + joMlI, (6)
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Vo = joMI; + (R; + jwLy)l, (7

Hé sb phém chét tang theo tan s6 hoat
dong, do do tan sb6 cao giup ning cao hiéu
suat truyén nang lugng [18]. Theo SAE
J2954, hé thdng sac khong day xe dién hang
nhe s dung tan s6 danh dinh 85 kHz, trong
dai 81,38-90 kHz [19]. Bén canh d6, h¢ so
ghép tur quyét dinh dang ké den kha nang
truyén cong suat [20], vi vay tbi ru ciu tric
bd ghép tur 1a hudng nghién clru quan trong
dé nang cao hiéu suit sac khong day.

26. Thiét 1ap md  hinh
MATLAB/Simulink va diéu kién mé
phong

Nghién ctu dugc thuyc hién & mic mod
phong sb trén MATLAB/Simulink. Do do,
cac két qua trinh bay trong phan nay dugc goi
1a két qua mo phong va khong duoc xem la
két qua thuc nghiém. M6 hinh bao gom chudi
bién ddi tir nguén AC, chinh lwu, DC-Link,
nghich luu cao tan, bd ghép tir cong hudng,
chinh luu phia thir cip dén mo hinh pin
Lithium-lon. Céc tin hi¢u di¢n ap, dong dién,
cong suat va SOC duoc ghi nhan tai cac vi tri
tuong tmg dé danh gia dic tinh cua timg khau
va hiéu qua truyén ning luong cia bd ghép
tu.
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Hinh 8. Céu triic mach sac khéng ddy dwgc mé phong trén Matlab Simulink

Nghién cuu dugc thuc hién béng mo
phong sb trén MATLAB/Simulink, véi hé
thong gom chinh lwu AC-DC, DC-Link,
nghich luu cao tan, bo ghép tir cong hudng,
chinh luu phia thir cdp va pin Lithium-Ion.
Két qua md phong cho thay dién 4p DC-Link
dat khoang 395 V, 6n dinh véi sai 1éch +1—
2%; dong dién DC-Link duy tri khoang 15 A,
dao dong dudi 5%; cong sudt DC-Link dat

a)

khoang 7 kW, dao dong dudi 2%. Dién ap
395 V duoc xac dinh tir mo6 hinh Simulink va
khong phai dién ap dinh 1y thuyét ciia ngudn
220 V AC (311,1 V), ma phan anh diéu kién
van hanh cta tang bién doi phia trudc DC-
Link. Cac két qua cho thidy DC-Link duy tri
ngudn DC on dinh, bdo dam qua trinh bién
d6i va truyén nang luong lién tuc.

b)

Hinh 9. Két qua mé phong hé thong sac khéng ddy cong hwong cam ing tu:
(a) DC-Link; (b) cac dai lwong phia so cap.

TAP CHi CONG NGHIEP NONG THON SO 62
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Cong suét tai cac nit duogc xac dinh tur
tin hiéu cong suat tac dung trong mo hinh
mo phong. Cac gid tri dién ap va dong dién
dugc hién thi trén Scope c6 thé tuong ting
véi cac dai luong tirc thoi, trung binh hodc
gid tri dac trung cia dang song. Vi vay,
khong str dung phép nhan truc tiép giira
hai gia tri hién thi nay dé suy ra cong suét
tac dung néu chua xéac dinh cung mat mién
thoi gian va dinh nghia gid tri trung binh.

Hinh 9.b) cho thdy & phia nghich luu,
dién ap dau ra dao dong xap xi +400V theo
tin hiéu diéu ché PWM. Dong dién phia so
cap dat khoang 20 A va c6 dang gan hinh
sin khi hé thong lam viéc & diéu kién cong
huéng. Cong suit phia so cp dat khoang
7 kW véi dao dong nho hon 3%. Dap tng
nay cho thdy nghich luu tao duoc ngudn
xoay chiéu cao tan phu hop dé kich thich
mang cong huéng va truyén ning luong
sang bd ghép tur. Trong pham vi mé hinh
hién tai, két qua nay dugc ding dé danh
gi4 su 6n dinh ciia qua trinh cung cip cong
suit cho bo ghép tir, khong duoc dién giai
nhu két qua cia mot vong diéu khién cong
suat kin.

Hinh 10 thé hién dap tng dién ap, dong
dién va cong suit ¢ phia tht cap. Dién 4p
thir cap dat khoang 320 V, trong khi dong
dién duy tri quanh 18 A. Cong suét phia
thir cap dat khoang 6,65 kW. So véi cong
sut phia so cap khoang 7 kW, két qua cho
thdy phan 16n ning lwong dugc truyén qua
bd ghép tir dén phia nhan trong diéu kién

cong hudng danh dinh.
Mipr = = X 100% (8)
1
Piossipr = P1 — PZ‘ )
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Nhu vay, trong diéu kién mo phong
danh dinh, hiéu sut truyén qua khau IPT
dat xdp xi 95%, tuong tng véi ton hao
cong suit khoang 0,35 kW giita hai vi tri
do cong suit so cip va thir cp. Can nhan
manh rang gia tri 95% trong nghién ctru
dugc dinh nghia 1a hi¢u sudt cta khau
truyén ning lugng cam tmng tir, khong phai
hiéu suat tong thé tir ngudn dién ludi AC
dén dau vao pin. Cac tén hao ctia bo chinh
lwu so cap, nghich luu, chinh lwu thir cip
vacac phén tu phu tro chua dugc tach riéng
dé xé4c dinh hiéu suit toan hé théng.

O phia tai, mé hinh pin Lithium-Ion
dugc st dung dé dai dién cho ddi tuong
nhan ning luong cua hé théng sac. Theo
cu hinh mo hinh, pin c6 dién ap danh dinh
180 V, dung lugng dinh mic 100 Ah va
SOC ban dau 10%. Cac tham sé nay duoc
sit dung dé danh gia dap ung dién ap va
trang thai cta tai pin khi nhan cong suét tir
b chinh luu phia thtr cap.

Két qua mo phong cho thiy dién ap
phia pin dat trang thai 6n dinh sau khoang
0,03-0,04 s va d0 gon di¢n ap nhd hon
1%. SOC chi tang khoang 0,00003% trong
khoang thoi gian khao sat 0,5 s. Gia tri thay
d6i rat nho nay khong duoc st dung dé két
luan vé thoi gian sac thuc té cua pin, boi
khoang thoi gian mé phong ngin hon rat
nhiéu so voi thoi gian can thiét dé quan sat
su thay d6i dang ké ctia SOC. Trong nghién
cuu hién tai, dap ing dién ap, dong di¢n va
cong suat duoc wu tién st dung dé danh
gia kha niang cung cap ning luong cta kién
tric WPT, trong khi phén tich qué trinh sac
theo SOC dai han dugc xem 1a hudng phat
trién tiép theo.
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a)

b)

Hinh 10. Két qud mé phong ciia hé théng sac khéng ddy bang phuong phap cong huong
cam vng tir: (a) Dién dp, dong dién va cong sudt phia thir cdp; (b) Pién dp pin va trang thdi
sac (SOC)

Tir cac két qua mo phong, hé théng dat
dién ap DC-Link khoang 395 V, cong suit
phia so cdp khoang 7,00 kW va cong suit
phia thir cap khoang 6,65 kW. Hi¢u suét
truyén qua khau IPT dat khoang 95%, trong
khi d¢ gon dién ap DC-Link nho hon 2%, dao
dong dong dién nho hon 5% va thoi gian xac
1ap cua dap g phia pin khoang 0,03-0,04 s.
Cac két qua nay cho thay kién trac dugce dé
xuét c6 kha nang duy tri qua trinh truyén ning
lugng tuong ddi 6n dinh tai diéu kién cong
huong danh dinh.

Hiéu suét dat dugc co lién quan tryc tiép
dén dic tinh ctia bd ghép tir va diéu kién cong
huéng. V&1 L, =266,16 uH , L, =
256,79 uHva M = 85,46 uH, hé s6 ghép tir
tinh toan dat khoang 0,3269. Khi hé sb ghép

TAP CHi CONG NGHIEP NONG THON SO 62

giam, hd cam M giam theo quan hé M =
ky/L,L,,1am suy giam kha ning truyén ning
luong gitta hai cudn ddy. Vi vay, hiéu sut
95% thu dugc trong nghién ciru nén dugc hiéu
1a két qua tai diéu kién ghép danh dinh ctia mo
hinh, thay vi mdt gia tri ¢ dinh khong phu
thudc vao vi tri tuong ddi gitra hai cudn day.

III. KET QUA VA THAO LUAN

Nhin chung, m6 hinh MATLAB/Simulink
cho thay kién trac sac khong day cong hudng
cam Ung tir c6 kha niang truyén cong suit
khoang 7 kW trong diéu kién van hanh danh
dinh. Dién ap DC-Link dugc duy tri ¢ khoang
395 V v6i do gon nho, cong suat phia so cap
dat khoang 7,00 kW va cong suit phia tht cap
dat khoang 6,65 kW. Tu hai vi tri do cong
suat tuong ung, hiéu suit truyén qua khau
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IPT dat xap xi 95%, v6i ton hao twong dwong
khoang 0,35 kW. Cac két qua nay ching
minh tinh kha thi v& mit dién cta kién trac
dugc mo phong.

Tuy nhién, hi¢u suét néu trén 1a hiéu suét
ctia khau IPT va chua dai dién cho hiéu suit
toan b chudi tir ludi AC dén pin. Pong thoi,
anh hudéng dinh lugng ctua khoang cach, do
1éch cudn day, truong dién tr ro va FOD chua
dugc khao sat trong moé hinh hién tai. Nhitng
gidi han nay xac dinh rd pham vi cia két qua
va la co s cho budc nghién ctru tiép theo vé
t6i wu bo ghép tir, khao sat d6 nhay hinh hoc
va kiém chung thyc nghiém.

IV. KET LUAN

Nghién ciru di xay dung va danh gia bang
mo phong MATLAB/Simulink kién tric hé
thong sac khong diy cho xe dién duwa trén
phuong phap truyén niang luong cam Gng tir
cong hudng, bao gdm cac khau chinh luu
AC-DC, DC-Link, nghich luu cao tin, mang
bu cong huong S-S, bé ghep tir va chinh luu
phia tha cap. Voi tan sd cong huong 85 kHz,
dién cam cudn so cap 266,16 pH, dién cam
cudn th cap 256,79 pH, hé cam 85,46 uH va
hé s6 ghép tir k = 0,3269, mo hinh dat dién ap
DC-Link khoang 395 V, cong suét phia so
cap khoang 7,00 kW va cong suat phia thir
cap khoang 6,65 kW. Hiéu sut truyén niang
lugng qua khau IPT dat xap xi 95%, tuong
g ton hao cong suat khoang 0,35 kW; do
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NGHIEN CUU TONG QUAN VE HE THONG QUAN LY VA PIEU KHIEN
PIN TREN XE PIEN VA XE HYBRID: CAC TIEN BQ GAN PAY VA XU

HUONG PHAT TRIEN
_ Vo Cong Anh, Tran Pirc Hanh'!, Ho Sy Vieong!, Pham Xudn Phuong’

TOM TAT

Si phat trién nhanh chéng ciia giao thong dién héa ddt ra yéu cau ngdy cang cao doi voi hé thdng quan ly
pln (BMS) va chién lioc ' quan ly nang luong (EMS) trén xe dién (EV) va xe hybrid (HEV), dac bi¢t vé do chinh
xdc, an toan va hiéu sudt. Mdc dit cong nghé BMS da cé nhiéu tién bg, cdc kién triic truyén thong van ton tai
nhitng han ché trong wéc lwong trang thai pin dwoi diéu kién vin hanh dong, kiém sodt nhiét khi sac nhanh va
kha nang tinh toan trén nén tang phan cieng gidi han. Bai bdo ndy tong quan va phén tich cdc tién bg noz bat
trong cong nghé quan 1y va diéu khién pin giai doan 2020 — 2026. Néi dung tap trung vdo si phat trién cia
cdc phwong phdp wée lwong trang thdi pin tir mé hinh mach twong dwong dén cac phiong phdp hoc sdu va
mang no-ron tich hop thong tin vat ly (PINNs), cung voi cac hé thong qudn Iy nhiét pin tién tién (BTMS) va
chién lwoc qudan 1y nang lwong hiéu qua. Bén canh do, bai bao phan tich cac xu hudng moi nhw kién triic BMS
dua trén song sinh so, an ninh mang — vat Iy, hé thong dién ap cao 800 V va kha nang thich umg voi cac cong
nghé pin thé hé méi, bao gom pin sodium-ion va pin thé ran. Cdc thach thicc ky thudt, phwong phdp kiém thir
phan cung trong vong lap (HIL) va nhitng huwong nghién ciru tzem néng duwoc thao ludn nham dinh huong phdt
trién BMS théng minh, an toan va hiéu qua cho thé hé xe dién tiép theo.

Tir khéa: Hé thong quan 1y pin (BMS), trang thdi sac (SOC), trang thai sitc khée (SOH), hé thong qudn 1y
nhiét pin (BTMS), chién lwoc qudn Iy nang lwong (EMS)
A REVIEW OF BATTERY MANAGEMENT AND CONTROL SYSTEMS FOR ELECTRIC

AND HYBRID VEHICLES: RECENT ADVANCES AND DEVELOPMENT TRENDS

ABSTRACT

The rapid development of electrified transportation has placed increasingly stringent demands on battery
management systems (BMS) and energy management strategies (EMS) in electric vehicles (EVs) and hybrid
electric vehicles (HEVs), particularly in terms of accuracy, safety, and efficiency. Despite significant advances
in BMS technologies, conventional architectures still face limitations in battery state estimation under dynamic
operating conditions, thermal management during fast charging, and computational capability on resource-
constrained hardware platforms. This paper reviews and analyzes major advances in battery management and
control technologies during the period from 2020 to 2026. The review focuses on the evolution of battery state
estimation methods, ranging from equivalent circuit models to deep learning approaches and physics-informed
neural networks (PINNs), together with advanced battery thermal management systems (BTMS) and efficient
energy management strategies. In addition, emerging trends are examined, including digital-twin-based BMS
architectures, cyber-physical security, 800 V high-voltage systems, and adaptability to next-generation battery
technologies, including sodium-ion and solid-state batteries. Key technical challenges, hardware-in-the-loop
(HIL) testing methodologies, and promising research directions are also discussed to guide the development
of intelligent, safe, and efficient BMS technologies for next-generation electric vehicles.

Keywords: Battery Management System (BMS), State of Charge (SOC), State of Health (SOH), Battery
Thermal Management System (BTMS), Energy Management Strategy (EMS)

I. PAT VAN PE

Sy bung nd ciia bién ddi khi hau toan cau
va su can kiét cua nguén nhién liéu hoa thach
da thiic day nganh cong nghiép 6 t6 trai qua
cudc cach mang chuyén dich lich st sang cac
dong xe dién hoa, bao gom xe dién chay pin
(BEVs) va xe hybrid (HEVs) [1]. Trong kién
trac téng thé cua xe dién, bd pin luu trit nang
lugng - dac biét 1a cong nghé pin Lithium-ion

(LIBs) - dugc coi 1a bd phén quyét dinh tryc
tiép dén pham vi di chuyen hiéu suat van
hanh va gia thanh san pham [2]. Tuy nhién,
cac dic tinh dién hoa phi tuyén phuc tap,
nguy co mat an toan nhiét va hién tuong thoai
hoa nang lugng theo thoi gian ctia LIBs doi
hoi phai c6 mot hé théng giam sat va diéu
khién théng minh. Hé théng quan 1y Pin
(Battery Management System - BMS) dong

' Khoa Co khi va Cong nghé, Truong Pai hoc Nong Lam, Pai hoc Hué

Email: voconganh@hueuni.edu.vn
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vai tro 1a by nao trung tdm, thuc hién nhiém
vu duy tri bd pin van hanh trong vung lam
viéc an toan (Safe Operating Area - SOA),
d6ng thoi t6i wu héa tudi tho va hiéu suat cia
toan hé thong [3].

Thach thtrc ¢t 161 d6i voi cac dong BMS
thé hé hién tai nam & viéc nang cao dd chinh
xac cua cac thuat todn udc lugng trang thai
bén trong pin. Do cac dai lugng nhu trang
thai sac (State of Charge - SOC) va trang thai
st khoe (State of Health - SOH) khong thé
do truc tiép bang cac cam bién vat 1y, chung
phai dugc suy ra thong qua cdc mo hinh toan
hoc va thuét toan wdc luong [4]. Su két hop
gitra cac phuong phéap dua trén mo hinh nhu
Extended Kalman Filter - EKF, Sliding Mode
Observer - SMO va cac thuat toan hoc may
nhu Long Short Term Memory - LSTM,
Convolutional Neural Networks - CNN da
mo ra dinh huéng moi trong viée du bao
trang thai pin véi d chinh xac cao va kha
nang thich tng linh hoat véi diéu kién véan
hanh dong [5]. Song song do, cac thuat toan
chan doan 16i sém gitp phat hién kip thoi cac
bat thuong vé dién ap, dong dién hoic hién
tuong doan mach ndi, ngan ngura cac sy )
chay nd nguy hiém [6].

Bén canh khia canh thuat toan gidm sat,
chién lugc quan 1y niang luong va hé thong
diéu khién nhiét Pin dong vai tro quyét dinh
dén su can béng gitra hi¢u suit va do bén cla
pin. Nhiét d6 lam viéc khong dong déu hodc
vuot qua gidi han 1y tudng (thuong tir 20°C
dén 40°C) s& lam tang téc d6 thoai hoa hoa
hoc va nguy co mat an toan [7]. Do do, viéc
tich hop cac giai phap lam mat tién tién (1am
mat bang chat long, vat liéu chuyén pha
PCM, hoic chat long ngam) cung vai cac giai
phap can bang té bao pin chu dong/bi dong la
bat budc dé duy tri tinh dong nhat trong bo
pin quy mo 16n [8].

Niam 2026 ghi nhan budc tién mang tinh
dot pha ciia nganh cong nghiép 6 t6 voi sy hoi
tu cua cong ngh¢ BMS dam may (Cloud-
based BMS) va ban sao sb (Digital Twin) [9].
Bang cach chuyén giao b6t khéi luong tinh
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todn nang né tr cac bo vi diéu khién trén xe
1én ha ting dam may, Cloud-BMS cho phép
xtr 1y dit liéu 16n thoi gian thuc, trién khai cac
mo hinh hoc sau phuc tap va lién tuc cap nhat
trang thai pin theo thoi thuc. Hon nira, su xuét
hién cta cac cong nghé pin thé hé méi - nhu
pin thé ran (Solid-State Batteries - SSBs) va
pin Sodium-ion (SiB) - dang déat ra cac yéu
cau hoan toan méi d6i v6i kién trac phan
ctng 14n thudt toan phan mém ctia BMS [10].

Mic du dd c¢6 nhiéu cong trinh nghién ciru
dugc cong bd, viéc hé thong hoa mét cach
toan dién tu cac thuat toan truyén thong dén
cac xu hudng ha tang tinh todn mdi van con
nhitng khoang trong déng ké. Cac thach thic
vé chi phi tinh toan, bao mat dir liéu dam
may, do tin cdy cua mo hinh trong diéu kién
khic nghiét va kha ning tich hop cho pin thé
hé méi van 1a cac rao can k¥ thuat 16n can
giai quyét [11].

Bai bao tong quan nay duogc thyc hién
nham cung cdp mot goc nhin toan dién, hé
thong va cap nhat nhit vé cong nghé¢ BMS
trén xe EV/HEV. Nhitng dong gdp chinh cua
nghién ctru nay bao gém: Toéng hop va so
sanh chi tiét cac thuat toan udc luong trang
thai (SOC, SOH) va chan doén 15i, danh gia
uu/nhuge diém tir cac mo hinh dua trén 1y
thuyét klem soat dén cac phuong phap hoc
sau tién tién; phan tich chuyén siu cac chién
luge quan ly nang luong va giai phap quan ly
nhiét, lam rd moi lién hé gitra kiém soat nhiét
do va tbe do suy thodi pin; cap nhat cac xu
hudng dot pha méi nhat, dic biét 1a kién trac
Cloud-BMS, viéc tng dung Digital Twin va
cac thay doi bat budc trong thiét ké BMS dé
twong thich véi pin thé rin va pin Sodium-
ion; danh gia cac thach thirc k¥ thuat con ton
dong va dé xuat cac dinh hudng nghién ctru
tiém nang cho hé théng BMS thé hé tiép theo.

II. UGC LUQNG TRANG THAI PIN
(SOC, SOH, SOP) VA CHAN POAN LOI

2.1. Phan tich so sanh cac phwong phap
wéc lugng trang thai Pin

Vi¢e uoc luong chinh xac SOC, SOH va
kha ning cong suat (SOP) 1a bai toan cbt 16i
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trong Viéq dam bao hi¢u nang va do an toan
cho h¢ thong quan 1y pin [12-14].

Bdng 1. So sanh cdac phwong phap woc luong trang thai pin

dién hoa chi tiét.

xac khi van hanh ngoai phan
phoi dir li¢u huan luyén.

. . <z D¢ phire tap
Phuong phap Uu diém Nhuge diém tinh todn

Mo hinh mach |+ M hinh toan hoc déng, |« Phu thudc vao do chinh xac| Thap dén
tuong duong c6 y nghia vat Iy rd rang. |cua qua trinh dinh danh tham | trung binh
(ECM) + b6 loc | Kha ning tu sira 18i trang| s0.
Kalman thai ban dau nho phan hdi|* Kém hiéu qua khi mo hinh
(EKF/UKF) [12] |vong kin. hoa cac hién tugng phi tuyén

* Phu hop trién khai thoi|manh & nhiét do thép hoac

gian thyc trén vi diéu|ving SOC bién.

khién nhung.
Mang than kinh|e Hoc tryc tiép quan hé phi|+ Doi hoi tap dit liu huan|Cao
hoc sau thudn tay|tuyén phirc tap tir dir liéu|luyén 16n va da dang. Dic biét ton
(LSTM/PINN) chudi thoi gian. « Thiéu tinh giai thich (hién |kém tai
[13, 15, 16] * Khong doi héi tri thuc|tugng "hdp den"). nguyén trong

tién phong vé thong sb|+ D& bi suy giam d6 chinh|pha huin

luyén va cap
nhat trong so
tryc tuyén.

Phuong phéap hoc
may lai (Hybrid
Methods) [12, 17]

« Dung hoa giira tinh 6n
dinh vat ly cia ECM va
kha nang xap xi phi tuyén
cua Al.

* Giam sy phu thudc vao
khéi lwong dir liéu thudn
tay.

« Cau truc thuét toan phirc
tap, kho téi wu héa dong
thoi.

* Thach thuc trong viéc can
béang trong sd giita nhidu do
ludng va sai s6 mo hinh.

Trung binh
dén cao

Phu thudc vao
quy mO mang
tich hop va tan
sd cap nhat
tham s0.

2.2. Xu huwdéng irng dung Physics-
Informed Neural Networks (PINN) trong
woce lwgng SOH

Céac mo hinh hoc may truyén thong thuong
gap hién tuong suy giam d6 chinh xac khi ap
dung vao diéu kién van hanh thyc t& do sy
bién thién phurc tap cta tai xa va nhiét do moi
truong. Nhiam giai quyét han ché ndy, mang
than kinh nhung quy luat vét Iy (PINN) di tro
thanh mot hudéng tiép can dot pha trong
nghién ctru udc lugng SOH [13, 15, 16]. So
d6 minh hoa mang than kinh nhung quy luét
vat 1y (PINN) cho udc lugng SOH duogc trinh
bay ¢ hinh 1.

a) Co ché nhiing rang budc vt Iy
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Khac voi cdc mang neural thuan tiy chi t6i
wu hoa sai s gitra gia tri dy doan va dir li¢u
thuc nghiém, PINN tich hop truc tiép cac
phuong trinh vi phan mo ta dong hoc suy hao
(nhu dong hoc phat trién mang SEI hoic
phuong trinh khuéch tan Fick) vao ham ton
thit tong thé [14, 18]

Liotar = Ldatat ﬂvahysics

Trong do:

Luaa - dai dién cho sai sé binh phuong
trung binh (MSE) gitta SOH du doan va gia
tri do dac.

Liysics - biéu thi do 1éch khoi quy luat dong
hoc suy hao vat ly.

A - 12 hé s6 can bang trong so thich Gmg.
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Hinh 1. So d6 mang than kinh nhiing quy ludt vit Iy (PINN) cho wéc heong SOH

b) U thé trong diéu ki¢én van hanh thye té

Giam sy phu thuoc vao dir liéu: Nho su
huéng dan cua mién dinh luat vat 1y, PINN duy
tri d§ chinh xé&c cao ngay ca khi tdp dir licu
hudn luyén bi khuyét thiéu hogc chira nhidu do
ludng tir thiét bi van hanh [14, 15, 18].

Kha ning tong quat hoa: M6 hinh dam bao
tinh on dinh va nhat quan khi suy luan & cac
kich ban van hanh chua tirng xuét hién trong
tap huin luyén (chang han nhu van hanh theo
budc nhay ngau nhién - Random Walk), han
ché t6i da hién tugng vi pham quy tic bao
toan nang luong [13].

2.3. Chan doan 156i: Ma Lithium
(Lithium Plating) va phat hién sém thoat
nhiét (Thermal Runaway)

a) Phat hién hién twgng ma Lithium

Ma Lithium 1 qu4 trinh két tua kim loai Li
trén bé mat cyc 4m Graphite, thuong xay ra
khi sac & nhiét do thép hodc dong dién cao.
Hién tugng nay lam suy giam dung luong kha
dung va gia tdng nguy co hinh thanh nhanh
cay gy ngan mach n6i [19, 20]. Hinh 2 trinh
bay co ché ctia hién twong ma Lithium xay ra
bén trong pin xe dién va xe hybrid.

Hinh 2. So do giai thich co ché ciia hién twong ma Lithium

Phan tich di¢n 4p tha long (Relaxation
Voltage Analysis): Sau khi két thuc qua trinh
sac nhanh, su hoa tan cua kim loai Lithium bi
ma tao ra mot cao nguyén dién ap va diém udn
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ddc trung trén duong cong vi phan dién ap tha
long dV/dt. Viée trich xuat dic tinh nay cho
phép dinh lugng khong phé hity lugng Lithium
bi két taa [19, 20].
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Dinh danh tré khang truc tuyén: Su xuét
hién ctia ma Lithium lam thay d6i dong hoc
sac va dién tr¢ trong R_in. Cac phuong phap
phat hién dua trén bién thién dién trd trong
theo chudi xung két hgp véi mo hinh héa truc
tuyén gitp phat hién som thoi diém khaoi phat
ma Lithium ma khong cin thém phan cing
do chuyén dung [19, 20].

b) Canh bao sém hién twgng thoat nhiét

Thoat nhiét 1a chudi phan tg toa nhiét
khong kiém soat, dan dén su bung phat nhiét
d6 va nguy co chay nd nghiém trong [21].
Hién tuong thoat nhi¢t trong phin xe dién va
xe hybrid dugc minh hoa ¢ hinh 3.

Pho tré khang dién hoa thoi gian thuec:
Theo ddi thanh phan tré khang & dai tan s6
trung va cao dé phat hién su phan huy sém

cua mang SEI va gia ting nhi¢t do noi tai
trude khi xuat hién bién dong nhiét do ro rét
trén vo ngoai [22].

Dong giam sat da cam bién: Ket hop toc
dd bién thién nhiét do dT/dt véi tde do gia
tang 4p suat ndi bo dP/dt va cam bién khi xa.
Su gia ting 4p suit dot ngot do hién tuong
bdc hoi dung moi xuat hién sém hon tir 2 dén
Sphtt so véi ngudng bung phat nhi¢t dd bung
nd [21, 22].

Mo hinh nhiét 3D ghép n6i mé hinh dién
héa: Udc luong phan bd nhiét do khong dong
déu bén trong cau trac cell, cho phép phat
hién cac "diém nong" do ngén mach noi1 cuc
b trudc khi phan tng day chuyén kich hoat
[22].

Hinh 3. Hién twong thodt nhiét trong phin xe dién va xe hybrid

III. CHIEN LUQC QUAN LY NANG
LUQNG (EMS) VA QUAN LY NHIET PIN
(BTMS) TREN XE PIEN THE HE MOI

3.1. Cac chién lwge quan 1y ning lwong
(EMS) cho xe Hybrid (HEV/PHEYV)

EMS doéng vai tro then chét trong viéc
phan bo cong suat t6i wu gitta dong co dbt
trong va dong co dién, nham tdi vu héa hiéu
suét tiéu thu nhién liéu, giam luong phat thai
khi nha kinh va kéo dai tudi tho ctia bd pin
[23]. Cac hudng tiép can EMS hién nay duoc
chia thanh ba nhom chinh:
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a. Phwong phdp dwa trén quy tic (Rule-
based EMS)

Chién lugc dia trén quy tic phan thanh hai
nhanh chinh: Deterministic Rule-based (dua
trén cac tap Iénh If-Then-Else) va Fuzzy
Logic. Cac quy tic nay duoc thiét 1ap dua trén
ban dd hiéu sut cua dong co va trang thai sac
pin [24]. Uu diém: Khi lugng tinh toén thap,
khong doi hoi phan cting ECU ciu hinh cao
va dap ung tinh thyc thoi.

Han ché: Phu thudc nhiéu vao kinh nghiém
cua chuyén gia, khong co6 tinh linh hoat va
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bo vuot bac, viéc trién khai thyuce té trén hé
thong quan ly pin thuong mai van dang d6i
mat voi nhidu rao can ky thuét lon. Phan nay
trinh bay mot s6 khoang trong nghién ctru cdt
16i va dé xuét cac dinh hudng phat trién trong
tuong lai.

4.1. Chuin héa va déng bd héa dir liéu
Pin thue té

Thach thtrc: Phan 16n cac thudt toan hién
nay dugc phét trién, huan luyén va danh gia
trén cac by dir licu thu thap trong diéu kién
phong thi nghiém, véi chu ky sac/xa duoc
thiét 1ap twong dbi c¢b dinh va nhiét d6 moi
truong duoc kiém soat chit ché. Tuy nhién,
dit liéu véan hanh thuc té cua pin trén xe dién
thudng c6 mirc d6 bién thién va nhidu cao do
anh hudng dong thoi ctia hanh vi 1ai xe, diéu
kién méi truong, dic tinh tai khong on dinh
va ché d6 sac nhanh khong dong nhat [33].
Sy khac biét dang ké giita dir lidu thuc
nghiém trong phong thi nghiém va dir li¢u
van hanh thuc dia lam han ché kha nang khai
quat hoa cia cac mo hinh, dac biét ddi véi cac
bai todn udc lugng trang thai va du dodn suy
giam hi¢u suét pin. Bén canh do, su thiéu hut
cac bd dit liéu m& c6 cau trac, dinh dang va
tiéu chuan thu thap thong nhat tir diéu kién
van hanh thuc té giy kho khin cho viée tai
1ap nghién ctru va so sanh khach quan hi¢u
nang gitra cac thuat toan.

Dinh hudng nghién ctru: Trong thoi gian
t6i, can phat trién cac khung chudn hoéa dir
liéu quy md toan cau nham thong nhét quy
trinh thu thap, dong bd hoa, tién xir 1y, luu trir
va chia s¢ dit liéu pin EV. Cac khung nay can
tich hop cac phuong phap phat hién va loai
b6 nhiéu thich tng, dong thoi ap dung cac ky
thuat khoi phuc dir liéu thiéu (data
imputation) duya trén Generative Al va
Autoencoders dé ning cao tinh day du va do
tin cdy cua dir li€u. Song song vdi do, viéc
xdy dung cac bo dir liéu chuan (benchmark
datasets) c6 quy mod lon, dugc thu thap tu
nhiéu loai cell/module/battery pack, nhiéu
cu hinh xe va da dang diéu kién van hanh
thue té 12 can thiét. Nhimg bo dir liéu ndy s&
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tao nén tang cho viéc danh gid, tai lap va so
sanh cong bang cac thuat toan AI/BMS, dong
thoi thuc ddy qua trinh chuyén dich tir cac mo
hinh dugc kiém chiig trong phong thi nghiém
sang cac hé thong quan 1y pin ¢6 kha nang hoat
dong tin cdy trong diéu kién thuc dia.

4.2. T6i wu héa hiéu qua tinh toan trén
phén cirng nhiing

Thach thirc: Cac mo hinh hoc sau hién dai,
chéng han nhu transformer, PINN va DRL co
kha nang dat d chinh xac cao trong cac bai
toan quan ly va dy doan trang thai pin. Tuy
nhién, cac mé hinh nay thuong cé sb luong
tham s6 16n va yéu cau dang ké vé nang luc
tinh toan, bd nhd cling nhu bang thong dir
lidu. Trong khi d6, bo dicu khién duoc sir
dung trong hé thdng quan 1y pin trén xe dién
thudng bi gidi han vé tai nguyén tinh toan,
dung lugng RAM/Flash, muc tiéu thu nang
luong va thoi gian dap tmg theo yéu cau thoi
gian thuc [34]. Do d6, viéc trién khai truc tiép
cac md hinh Al phirc tap trén phan cimg BMS
hién tai vAn 13 mot thach thirc dang ké.

Mot huéng nghién clru quan trong 1a phat
trién cac phuong phap toi wu va nén mo hinh
Al nham giam chi phi tinh toan ma van duy
tri dd chinh xac can thiét. Cac ky thuat nhu
cit tia mang (Pruning), luong t&r hoa
(Quantization) va chung cit tri thuc
(Knowledge Distillation) c6 thé duoc nghién
clru va dleu chinh phu hop véi cac kién truc
mang yéu cau xur 1y thoi gian thuc. Pic biét,
can ti wu dong thoi kich thude mo hinh, thoi
gian suy luan, muc ti€u thu nang lugng va do
chinh xac, thay vi chi tap trung vao mot chi
ti€u riéng l&.

Bén canh do, kién trac dién toan lai
Cloud-Edge dugc xem l1a mdt giai phap co
tiém nang nham can bang gitta kha nang tinh
toan va yéu cau thoi gian thuc ciia BMS.
Trong kién tric nay, Edge BMS thuc hién céac
tac vu ¢6 yéu cau phan hdi nhanh, ching han
nhu udc luong SOC va SOH ¢ muc co ban,
phat hién bat thudng va gidm sat trang thai
pin. Trong khi d6, cac mé hinh hoc sau c6 do
phirc tap cao hon duoc trién khai trén Cloud
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Server dé thyc hién huan luyén, phén tich dir
liu quy m6 lon va t6i wu tham sb. Cac mo
hinh hodc tham sb duoc cap nhat dinh ky cho
BMS thong qua co ché cap nhat phan mém tir

a [35, 36]. Cach tiép can nay co thé giam
dang ké tai tinh toan trén phan cing nhing,
dong thoi tao diéu kién dé hé thong BMS lién
tuc dugc cai thién ma khong can thay thé
phan cimg.

Dinh hudéng nghién clru trong tuong lai
nén tap trung vao viéc thiét ké cac mé hinh
Al nhe c6 kha ning trién khai truc tiép trén
MCU/SoC ctia BMS, két hop véi cac ky thuat
TinyML, Edge AI, Quantization-aware
Training va Knowledge Distillation. Pong
thoi, cAn xay dung céc tiéu chi danh gia thong
nhat, bao gém do chinh xac, thoi gian suy
luan, mac sir dung RAM/Flash, muec tiéu thy
ning luong va do tin cdy trong diéu kién van
hanh thuc t&, nhdm danh gia toan dién kha
nang trién khai AI trén BMS xe dién.

4.3. Dinh luwgng do khong diam bdo va
khi niing dién gidi ctia Al

Maic du cac mo hinh hoc may va hoc sau
ghi nhan hi¢u sult vuot troi vé do chinh xac
trong du bao cac tham s6 van hanh cua pin,
da sb cac thuat toan hién nay van hoat dong
theo co ché “hop den”, gdy can trd nghiém
trong dén viéc minh bach hoa qué trinh suy
luan ciing nhu xac dinh cac yéu t6 vat 1y tac
dong dén két qua dau ra. Trong hé thong
BMS, noi cic quyét dinh van hanh doi hoi
khit khe vé do tin cdy va tinh xac minh vat
1y, han ché nay tao ra rao can 16n d6i véi viéc
trién khai thue té. Dic biét, khi xuat hién hién
tugng 1éch phan phéi dit liéu giita moi truong
van hanh thuc té va tap dir licu huén luyén,
mo hinh c6 xu hudng tao ra cac du bao sai
léch déng ké nhung lai thiéu co ché thong bao
mirc do khong chic chin di kém. Han ché
trén lam suy giam kha nang phat hién sém
céc tinh trang bat thuong, truc tlep anh hudng
dén d6 an toan chirc nang va tinh 6n dinh cia
toan hé théng BMS [37].

DPé khic phuc thach thic ndy, hudng
nghién ctru trong tdm hién nay 1a tich hop cac
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phuong phap dinh lugng do khong dam bao
(Uncertainty Quantification - UQ) vao kién
trac AL Viéc ung dung céac ki thuat thong ké
nhu mang No-ron Bayesian (BNN) hoac
Monte Carlo Dropout (MC Dropout) cho
phép udce luong phan bd x4c suit ctia dau ra
thay vi chi cung cap mot gia tri du bao don
1é. Nho d6, BMS ¢6 thé xac dinh cac khoang
tin cay (confidence intervals) gan lién voi két
qua uoc lugng SOC, SOH, nhiét do va cac
tham s6 lién quan. Khi chi s d6 khong dam
bao vuot qua ngudng an toan tién dinh, hé
théng s€ chu dong kich hoat canh bao hoac
chuyén sang ché d6 diéu khién du phong an
toan. Song song voi UQ, viée phét trién Al ¢6
kha ning dién giai dong vai tro then cht
trong viéc nang cao tinh minh bach cua céac
mo hinh. Cac phuong phap phan tich hau vi
nhu SHAP (SHapley Additive exPlanations)
va LIME (Local Interpretable Model-
agnostic Explanations) cho phép dinh lugng
mirc 46 dong gop cua timg bién dau vao - bao
gom dién ap, dong dién, nhiét do va lich su
sac/xa - doi véi quyét dinh cua mé hinh. Dit
lidu nay cung cap co so khoa hoc gitip cac ki
su kiém chimg tinh hop 1y vé mat vat 1y, xac
minh mo6 hinh va phat hién sém cac du bédo
bat thudng.

Do d6, dinh hudng nghién ctru tiém ning
trong tuong lai can hudng tdi viée xay dung
mot kién tric BMS hop nhat, két hop dong
thoi kha niing du bao chinh xac, tinh dién giai
cao va nhan thic dugc do khong dam bao.
Muc tiéu cudi cung khéng chi dimg lai & viée
t6i wu hoéa do chinh xac du bao, ma con cho
phép hé théng tu dénh gia do tin cay va tuong
minh hoa nguyén nhan cia quyét dinh dugc
dua ra yéu t6 quyét dinh dé chuyén dich céac
mo hinh Al tor moéi truong nghién ctru sang
cac tmg dung BMS thuc té dap tmg nghiém
ngit cac tiéu chuan an toan cong nghiép.

4.4. Panh gia va khai thac pin cho vong
doi thir hai

Su suy giam hiéu suat trong qua trinh sir
dung khong dong nghia véi viée pin xe dién
d3 mat hoan toan gia tri khai thac. Khi dung
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lugng con khoang 70-80% so voi trang thai
ban dau pin ¢6 thé khong con phu hop voi
yéu cau van hanh khat khe cua phuong ti¢n
giao thong, nhung van c6 kha ning dap ng
cac tmg dung luu trir ning luong c¢d dinh
(Energy Storage Systems — ESS). Viéc
chuyén d6i pin EV sang cac Gmg dung vong
doi tht hai vi vay dugc xem la mot gidi phéap
¢6 tiém niang nham kéo dai thoi gian st dung,
giam luong chat thai va nang cao hiéu qua
khai thac vat li¢u.

Tuy nhién, qua trinh chuyén d6i nay khong
don gian do mdi cell pin sau thoi gian van
hanh c6 thé trai qua lich str sac/xa va diéu
kién nhi¢t khac nhau. Su khac biét vé murc do
suy giam, dién trd trong, trang thai stic khoe
va dac tinh dién hoa gitra cac cell co6 thé dan
dén sy mat cin bang trong qua trinh van hanh.
Néu céc cell c6 mac do 1do hoa khac nhau
dugc ghép truc tiép thanh cung mot module,
nhimg cell suy giam manh ¢ thé tré thanh
yéu t6 gi61 han cong suat Va lam gia tdng
nguy co qua nhiét hoic mat 6n dinh cua toan
hé thong [38].

Mot yéu cau quan trong do d6 1a danh gia
nhanh va phan loai chinh x4c tinh trang cta
tung cell trudce khi tai sit dung. Thay vi thuc
hién cac phép thir sac/xa kéo dai, cac dic trung
dién hoa c6 thé duogc khai thac dé rat ngan thoi
gian danh gia. Trong d6, dién tr¢ trong tir phép
thir xung (pulse resistance) va phd tré khang
dién hoéa  (Electrochemical Impedance
Spectroscopy — EIS) 1a nhiing thong tin ¢6 kha
nang phan anh mac do suy gidm cua cell. Khi
két hop véi cac thuat toan hoc may, nhitng dic
trung nay co thé duoc sir dung dé ty dong phan
nhom cell theo SOH, kha ning cung cip cong
suit va muc do 130 hoa.

O cip d6 hé thong, BMS truyén thong
cling can duoc chuyén tir co ché quan 1y ¢
dinh sang kién trac quan 1y thich tng
(Adaptive BMS). Hé thong c6 thé lién tuc cip
nhat trang thai cua tung cell, tir 46 diéu chinh
gidi han sac/xa, chién luoc can bang va phan
phdi cong sudt theo mirc do suy giam thuc té.
Dbi v6i cac b pin c¢6 dd khong déng nhat
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cao, kha ning tu cdu hinh va diéu chinh chién
luge vén hanh s& giup giam anh hudng cua
cell yeu han ché sy mat cAn bang va nang cao
hiéu suit khai thac .

Vé lau dai, hudng phat trién co trién vong
1a hinh thanh mot quy trinh danh gid va quan
1y vong doi thir hai dua trén dir li€u, trong do
AI/ML dugc st dung xuyén subt tir khiu
kiém tra, phan loai va tai cdu hinh dén giam
sat van hanh va dy bao tudi tho con lai
(Remaining Useful Life — RUL). Cach tiép
can nay khong chi nang cao do tin cay cua cac
hé théng second-life ma con tao co sé cho
viéc tai st dung pin theo tinh trang thuc té
(condition-based reuse), thay vi &p dung mdt
tiéu chuan loai bo chung cho toan b bo pin.
Day la huong tlep can quan trong dé thiic day
md hinh kinh té tudn hoan va nang cao gia tri
khai thac cua pin EV sau giai doan st dung
trén phuong tién.

4.5. Pong thiét ké md hinh vat Iy va hoc
may cho du bao suy giam pin

Mo hinh hoa qua trinh 130 héa pin la bai
toan phirc tap do dong thoi chiu tac dong cua
nhiéu co ché dién héa va diéu kién van hanh.
Cac md hinh vat 1y chi tiét, dién hinh nhu
Doyle—Fuller—Newman (DFN), c6 kha nang
mo ta sau cac qua trinh bén trong cell nhung
thudng yéu cau chi phi tinh toan 16n, kho dap
g cac bai toan giam sat va diéu khién thoi
gian thyc. Ngugc lai, m6 hinh hoc may c6 vu
thé vé toc do suy luan va kha nang khai thac
dir liéu 16n, nhung c6 thé dua ra két qua
khong phu hop v6i cac quy luat vat 1y khi gap
diéu kién van hanh khac biét so véi dit lidu
huén luyén.

Hudng tiép can day trién vong 1a Physics-
Informed Machine Learning (PIML), trong
d6 kién thire vat 1y dugc tich hop truc tiép vao
qué trinh huan luyén mé hinh. Cac phuong
trinh mo ta nhig co ché suy giam quan
trong, nhu hinh thanh va phat trién 16p SEI
(Solid Electrolyte Interphase), hi¢n twong ma
lithium (Lithium Plating) va suy giam vat liéu
dién cyc, co the dugc dua vao ham mat mat
cung voi sai s6 dit liéu. Nho d6, mo hinh hoc
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may khong chi t6i uu kha ning khép dir liéu
ma con bi rang budc béi cac quy luat chi phdi
qua trinh 130 hoa.

Su két hop gitra mo hinh vat Iy va hoc may
¢6 thé tao ra cac md hinh vira duy tri kha ning
dién giai vé mat vat 1y, vira giam dang ké chi
phi tinh todn so véi md phong dién hoa day
du. Pay 1a hudng nghién ciru ¢6 tiém ning
cho céc ung dung udc lugng SOH, du bao
RUL va quan 1y suy gidm pin theo thoi gian
thuc, dac biét trong cac h¢ théng BMS c6 tai
nguyén tinh toan han ché.

V. KET LUAN

Bai bao di tong quan cac phuong phap tién
tién trong giam sat, chan doan va quan ly trang
thai pin xe dién, tir m6 hinh dua trén vat ly,
phuong phap dwa trén dir liéu dén cac kién
trac lai. Ké qua cho thdy AI/Machine
Learning dang tr6 thanh huéng phat trién quan
trong nhiam nang cao kha ning xir 1y tinh phi
tuyén va cac co che lao hoa phurc tap ma cac
phuong phap truyén théng kho dap tng.

Trong d6, PINNs ndi bat nho kha niang két
hop d6 chinh x4c cua hoc may voi cac rang
budc vat ly, qua d6 cai thi¢n tinh tin cay va
giam phu thudc vao dir liéu. Pong thoi,
Cloud-Edge BMS m¢ ra kha ning phan b
linh hoat tac vu tinh toan giita phan cung
nhtng va dién toan ddm may, ho tro giam sat
thoi gian thyc va cap nhat mo hinh trong sudt
vong doi phuong tién. Viéc danh gia chinh
xac SOH va d¢ an toan cua pin ngay tur giai
doan sir dung trén xe ciing co ¥ nghia quyét
dinh dbi voi kha nang tai stir dung pin cho cac
hé thong luu trir nang luong vong doi thir hai.

Pé thic day chuyen giao tir nghién ciu
sang Ung dung thuc te cac nghién ctru tiép
theo can uu tién ba véan dé: 1) chuan hoa va
xay dung bd dir liéu ma tur diéu kién van hanh
thue té; (ii) tdi wu va nén mo hinh AI dé trién
khai hiéu qua trén phan cing BMS han ché
tai nguyén; va (iii) tang cuong tinh minh bach
va dd tin cay cua Al thong qua Explainable
Al (XAI) va Uncertainty Quantification
(UQ). Day la nhirng nén tang quan trong dé
phat trién BMS thé hé méi c6 kha niang thong
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minh, an toan, thich ting va hoat dong tin cay
trong diéu kién thuc té.
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THIET KE VA CHE TAO MAY CAT SQI CHO THAN CAY MON BAC HA
VOI NANG SUAT 100 kg/h, PHUC VU MON AN TRUYEN THONG

COM HEN HUE
] Nguyén Thanh Cuong'*, Tran Nguyén Minh Quéc!, Hoang Tdan Phiic!

TOM TAT

Trong boi canh phat trién néng nghiép hién nay, viéc co gioi hoa cac khau san xudt, ché bién nong san
dong vai tré quan trong nham ndng cao ndng sudt lao dong, tiet kiem thot gian va giam chi phi san xuat. Cong
doan so ché than cdy mon bac ha phuc vu mon an com hén lruyen thong Hué cho dén nay van dwoc thuc hién
bang phuo’ng phap thi: cong. Nguoi ché bién phai ding tay cat tia, thai nhé ting doan, vira tdn nhiéu thoi
gian, vira khé dam bdo sw dong déu vé kich thude lat cdt va qud trinh thao tac thi cong dé gy mat an toan vé
sinh thuc pham viéc nghién ciru va ché tao mét chiéc may cdt sgi cho than cdy mén bac ha phuc vu cho mon
an truyén thong com hén Hué la can thlet Nhém nghién ciru budc dau da tao ra mau may thir nhdt véi thiét
ké bg phdn luéi cdt, khao nghiém, chon toc do cdt phit hop va cho ra san pham cdt diing yéu cau ky thudt gop
phan co gidi héa, tang cuwong dam bdo an toan vé sinh thwe pham va thay doi tdp qudn san xudt thi cong da
ton tai ldu nay.

Tir khoa: Cdy mon bac ha; Méy ché bién rau cii qua; Mdy cdt soi rau; Thiét ké ché tao.

DESIGNING AND MANUFACTURING OF A 100 kg/h STALK-SHREDDING
MACHINE FOR LEUCOCASIA GIGANTEA SERVING HUE’S TRADITIONAL CLAM
RICE PRODUCTION

ABSTRACT

In the current context of agricultural development, mechanizing production and processing stages plays a
crucial role in improving labor productivity, saving time, and reducing production costs. To date, the
preliminary processing of taro stems (Leucocasia gigantea) for Hue's traditional clam rice (Com hén) is still
performed manually. Processors must trim and shred each section by hand, which is not only time-consuming
but also makes it difficult to ensure uniform slice sizes, furthermore, this manual process poses risks to food
safety and hygiene. Therefore, researching and manufacturing a shredding machine for taro stems dedicated
to the traditional clam rice dish of Hue is highly essential. The research team has initially developed the first
prototype featuring a custom-designed cutting blade mechanism. Through testing and selecting the
appropriate cutting speed, the machine has successfully delivered products that meet technical requirements,
thereby contributing to mechanization, enhancing food safety and hygiene, and transforming long-standing
manual production habits.

Keywords: Leucocasia gigantea; Vegetable and fruit processing machine; Vegetable shredding machine;
Design and manufacturing.

I. PAT VAN DE

Co gidi hoa cac khau san xuit, ché bién
nong san dong vai tro quan trong nhim nang
cao ning suit lao dong, tiét kiém thoi gian va
giam chi phi san xuit. Bén canh cac loai cay
trong pho bién nhu lua, ngd, khoai, sin thi
cdy mon bac ha (Leucocasia gigantea) cling
dugc trong rong rdi ¢ nhidu ving qué cua
nuoc ta. Pay 1a loai cay c6 gia tri st dung cao,
khong chi 1am thyc phdm cho con ngudi (ché
bién thanh cac mon an truyén thong, dic san)
ma con duoc tan dung lam thire an chan nuoi
cho gia stic, gia cAm nho ham lugng chit xo
va khoang chit phong phu. Tuy nhién, cong

doan so ché than cady mon bac ha hién nay chu
yéu duoc thuc hién thu cong bang dao. Ngudi
ché bién phai dung tay cit tia, thai nho timg
doan, vira tén nhiéu thoi gian, vira khé dam
bao sy dong déu vé kich thude lat cat. Ngoai
ra, qué trinh thao tac tha cong d& giy mat an
toan vé sinh thuc pham, khong phu hop véi
céc co s& ché bién thue pham c6 quy mo6 16n
hogc phuc vu nhu cau thuong mai, nhu cau vé
ché bién thuc pham sach, nhanh chong va an
toan ngay cang ting, viéc nghién ciru va ché
tao mot chiéc may cit soi cho than cady mon
bac ha 1a that sy can thiét. Chiéc may khong
chi gitp ting ning suat (dat khoang 100 kg/h)

! Khoa Co khi va Cong nghé - Trudng Dai hoc Nong 1am - Dai hoc Hué

*E-mail lién h¢: nguyenthanhcuong@huaf.edu.vn
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ma con dam bao d¢ min, déu cua lat cat, dap
ing yéu cau thAm my va chat lugng trong ché
bién mén dn. Pong thoi, may c6 thé gop phan
giam suc lao dong thu cong, nang cao hi¢u
qua san xuat cho cac ho gia dinh kinh doanh
quén an, nha hang va co s¢ ché bién thuc
phém

Pé khic phuc nhing khuyet diém ctia cach
ché bién truyén théng nham muc dich giam
thoi gian, ndng cao niang suat cho viéc thai
than cay mon bac ha va dam bao v¢ sinh an
toan thuc pham, chung t6i da thuc hién dé tai
“Thiét ké va ché tao mdy cit soi cho than cay
mon bac ha voi nang suit 100 kg/h, phuc vu
moén an truyén thong com hén Hué”.

II. POI TUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. Poi twgng nghién ciru

a) Cay moOn bac ha tén khoa hoc la
Leucocasia gigantean con c6 thé goi theo
tiéng viét 1a cay doc mung, ray bac ha, mén
bac ha... than ciy chtra nhiéu thanh phan hoa
hoc ¢6 tac dung t6t cho sirc khoe con ngudi
va cling c0 loai gy ngtra dugc nghién ctru voi
nhiéu két qua & cac truong Pai hoc Y Dugc
trong nude va Qudc té [1], [2], [3].

Mon bac ha 1a mot loai cay thudc ho Ray
(Araceae), thuong duoc trong nhidu & cac
vung nong thon Viét Nam. Day la cay than
thao lau nam, c6 than ngém dudi dat dang cu,
tir cit moc 1én cac than gia thyc chét 1 phan
be 14 6m sat nhau tao thanh. Than mon bac ha
cao khoang 1 dén 1,2 mét, dic diém dé nhan
biét 14 than mong nudc, mém, mau xanh nhat
va ¢6 16p phdn mong phu bén ngoai. L4 cua
cay to, rong, c6 dang hinh miii tén hodc hinh
tim, xanh ddm va moc vuon cao. Trong than
cdy chira nhiéu nudc, giau khoang chat va
chit xo, tuy nhién ciing c6 calci oxalat va mot
s6 hop chat giy ngtra néu an song. Khi ché
bién dung cach, mon bac ha tro thanh mot
loai rau quen thugc, dugc dung nhiéu trong
cac mon canh chua, lau c4, mang lai vi thanh
mat, dé dn va c6 gia tri dinh dudng.

- Cay moén ngot (mdén bac ha/bac ha)
thudng gita tan 14 s& c6 chdm tim. Con cay
mon ngua s€ co chdm tréng [4].

- Cong dung cua than cdy mon bac ha:

+ Lam rau song an kém voi mén Com
hén truyén théng ciia Hué.

+ dugc dung nhiéu trong cac mén canh
chua, lau c4, mang lai vi thanh mat, dé n va
c6 gié tri dinh dudng [5].

Hinh 1. Cdy mon bac ha

b) May cit soi than cidy mén bac ha dugc
ché tao va lap rap tai xuong co khi, Khoa Co
khi va Cong ngh¢, Pai hoc Nong Lam, Dai
hoc Hué, sau d6 duge dua vao thir nghiém tai
ho gia dinh anh Muoi co so san xuat rau song

112)

& Con hén, Phuong V§ Da — Thanh phd Hué,
v6i két qua khao nghiém budc dau xac dinh
thong s0, s6 vong quay cua ludi cat phu hop
dé cho san pham soi cat dong déu.

TAP CHi CONG NGHIEP NONG THON SO 62



KHOA HOC - CONG NGHE

Hinh 2. M4t phan than cdy mén bac ha

2.2. Phuong phap nghién ciru

2.2.1. Phwong phdp diéu tra khdio sdt,
nghién cuu tai liéu

Lién quan dén céc dit liéu vé tinh hinh ché
bién rau séng com hén Hué trong cong doan
cit soi than cay mon bac ha trén dia ban thanh
phd Hué, dong thoi tham khao nguyén Iy 1am
viéc nhirng mau may thdi rau ci qua da c6
trong nudc va trén thé gidi, duge nhom tong
hop, phén tich va lya chon nguyén 1y cét phu
hop cho viée cit soi cho than cay mon bac ha.

2.2.2. Phwong phdp tinh todn thiét ké

my [8]

a) Co s6 vt Iy ciia qud trinh cdt thdi

Cac b phan lam viéc cia may cat thai rau
¢0, cii qua thuong dua theo nguyén 1y cit thai
bang canh sic cia ludi dao. Qua trinh cat thai
thuong dugc thuc hién b?mg cach di chuyén
canh goc nhi dién AB (canh sic) hop bai hai
mit phang cta ludi dao theo hudng p phép
tuyén v6i canh d6 (hinh 3. a) hodc theo hai
hudéng vudng goéc voi canh do: viua theo
huéng p (hudng cit phap tuyén), vira theo
huong q vudng goc voi huéng p (hudng cat
tiép tuyén), nghia 1a theo hudéng chéo tong
hop r, hudng cit nghiéng (hinh 3. b).

Hinh 3. Tdc dung cdt théi cia luéi dao

Vién si Goriatkin V.P. d3 chimg minh rang
qué trinh cét thi nghiém c6 truot lam giam
dang ké lyc cit va ting chat luong thai va
duoc mo ta bang phuong trinh c¢6 dang:

TAP CHi CONG NGHIEP NONG THON SO 62

S =A.e "N hoac N>*S =Ct
Trong d6: A- hang sé;
S — d6 dich chuyén (mm);
N — luc cat thai (N);

(2-1)
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Goriatkin V.P. goi trudng hop cit phap
tuyén (theo thi nghiém S =0) 1 qué trinh chat
bo, cat thai khong co truot; (may thai trong
dao thang) truong hop cit nghiéng (theo thi
nghiém S #0) la qua trinh cét thai co truot
(may thai kiéu dia dao hodc trong dao cong).
R rang la khi cét thai co truot, luc can thiét
dé cat thai giam so voi khi cat thai khong
truot (hinh 4).

Hinh 4. P6 thi phy thude luc cdt thai N
vao do dich chuyén S
Khi cit thai c6 trugt bé rong lat thai giam,
do d6 qua trinh cat thai dé dang hon. Lat thai
do doan A4S cua ludi thai trugt theo phuong P
v6i dién tich F (cm?) s& ¢6 bé rong by nhod hon
bé rong by, khi doan thai AS thai khong truot
(theo phuong N) cung véi dién tich F do

(hinh 5).
Trén hinh 5 ta co:
by = F_ b, AA, bncost  (2-2)
AA AA

p p

Hinh 5. Tdc dung cdt trueot gidm chiéu
rong lat thai
Do tinh chat dan hoi cua vat thai cling lam
giam luc cét thai. Cac vat thai trong nong
nghiép thuong co tinh dan hoi va nhiéu tho, tao
diéu kién thuan loi cho qua trinh ludi dao vira
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nén vira truot twong dbi véi chd tiép xuc véi
vat thai. Néu vat cimg ran khong dan hoi, it thé
thi cit truot bang ludi dao khong co tac dung.

b) Nhitng yéu to chinh dnh hwéng dén
qud trinh cdt thdi bang lwéi dao

Pé cat thai vat liéu thanh doan thai bao
dam chat lugng, giam dugce nang luong cat
thai, can xét dén s6 yéu té thudc pham vi dao
thai va vat thai anh huong den qua trinh cét
thai, c6 thé xet dén nhiing yéu t6 sau:

o Ap sudt riéng q (N/em) ciia canh sdc
ludi dao trén vt thai

Ap suat cét thai riéng q 1a yéu tb chu yéu
tryc tiép dam bao qua trinh cat dat vat lidu va
lién quan dén cac yéu t6 khac thudc pham vi
dao thai va vat liéu thai. Néu goi luc cat thai
can thiét 1a Q (N) va do dai doan ludi dao 1a
AS (cm) thi:

q=QAS N/cm (2-3)

Theo vién si Goriatkin V.P. thi khi cit théi
khong c6 truot (chat bd 1= 0), dbi vé6i rau co
12 q= 40 - 80 (N/cm), con dbi v6i cu qua thi
q= 20 - 40 (N/cm). Con khi cit ¢ truot thi q
thay d6i phu thudc vao goc trugt . Dbi véi
mang cu, 1a loai vat li€u thai chira xenlulo, co
thé xem nhu 12 loai rau c¢6 nén chon q = 40 -
60 (N/cm).

Trong qua trinh thai ludi dao di vao vat
thai con phai khac phuc luc ma sat Ty do ap
luc can cua vat thai tac dung vao mat bén ctia
dao va T» do vat thai dich chuyén bi nén ¢ép
tdc dong vao mat vat cua canh sdc ludi dao.

Néu goi P 1a lyc can cit thai thi:

Q=P+ Ti+ Tacosc
o - gbc mai dao cua ludi dao

(2-4)

Hinh 6. So d6 qud trinh cdt thai bang
luoi dao voi lwoi dao co goc mai o
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e D¢ sdc cia ludi dao

Do sic cua ludi dao chinh la bé day s (mm)
ctia canh sic ludi dao. Dbi véi cac may cit
thai s khong vuot qua 100 um, néu s qua 100
pm ludi dao coi nhu bét dau cun va thai kém.
R rang 14 d6 sic s cang 16n thi 4p suat riéng
q cang tang. Néu goi g sudt cit ciia vat liéu
la o, thi g = s.0, (hinh 7).

B |S

Hinh 7. Canh sdc ludi dao

o Géc cit thdi

Goc cit thai o 1a goc hop bai goc dit dao
B va goc mai dao o (hinh 8). Tri sb goc cit
thai dugc xac dinh nhu sau:

a=f+o (2-5)

Hinh 8. Géc cat thdi

Goc dit dao B phai tinh toan thiét ké sao
cho 16p rau ¢t khi duoc dao thai xong va tiép
tuc duoc cudn vao s& khong cham vao mit
dao, tranh ma sat vo ich, hodc ddi voi dao thai
kiéu dia dao dung cit thai cu qua: goc B phai
tinh toan dé khi 16p ctia qua truot ty ém nhe
1én mat dao ma khong gay hién tugng ndy ra
khoi mit dao, dam bao qua trinh cit 6n dinh.
Van dé tinh toan goc dat dao B s€ phu thude
vao van tdc quay cua dao thai, van toc dua vat
thai vao bg phan thai va dang canh sdc cua
ludi dao...

Con ddi voi dao thang tuy theo cach lip
dao ma c¢6 thé thuc hién cit thai c¢6 trugt hodc

TAP CHi CONG NGHIEP NONG THON SO 62

ct thai chat bo (lap dao theo phuong hudng
kinh ).

S6 dao lip trén dia hay trong thuong 1a 2,
4 hoidc 6 dao. Khi lap vao may vi tri dao dat
nghiéng so v6i mat phing thiang ding cua
tam ké mot goc B (goi 1a goc dat dao).

Néu goi a 1a goc cit thai thi a = p +o.

Thong thuong a = 12418° va goc B =
346°.

o Vin téc cua dao

- Van tdc dao théi anh huong dén qu4 trinh
cat thai, thé hién cu thé bang do thi thue
nghiém biéu dién sy blen thién cta ap suat cét
thai riéng q hodc luc cit thai (Iuc can cit thai
Pt va cong cit thai Act ) v6i van toc ciia dao
thai (hinh 9).

Hinh 9. o6 thi phu thuoc cua dp sudt cdt

thdi riéng va vén toc dao thdi

- Van tbc toi vu khi cét thai co thm ké v =
20+30 m/s.

2.2.3. Phuwong phap khdo nghiém, danh
gid khd nang lam vigc ciia mdy cdt thén cdy
mon bac ha thanh sgi:

Qua trinh khao nghiém nham danh gia kha
ning lam viéc va tinh 6n dinh cia _may cét
than cay mon bac ha thanh sgi bao gdm: ning
suét, do dong déu cua soi cit, s6 vong quay
cta ludi cit phu hop dé dam bao tinh dong
déu cta soi cat tir than cdy mon bac ha.

a) Nang sudt may: [8]

Ning suat may cét soi than cdy mon bac
ha dugc xac dinh boi cong thic:

3600. ¢.
=228 (eg/my
FE+w
Trong do:

(2.6)
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f — kha nang cit cua dao, dugc xac dinh
béng dién tich coa dao cit duoc trong mot
don vi thoi gian m?/s;

@ —hé s6 str dung kha ning cat cta dao;

E. — bé mit méi duoc tao thanh khi cit 1
kg san pham m/kg;

pu—ti 1€ thoi gian cia cac nguyén cong
phu voi thoi gian cit, voi may cit lién tuc thi
a=0.

+ P6i voi may cat dao nhiéu ludi: f =
60.S.z.n

1. KET QUA VA THAO LUAN

3.1. M6 hinh may cit soi than cdy mon
bac ha di dwoc thiét ké:

Trén co sé tinh toan [6], [7], tong hop va
phan tich cac loai mdy thai rau cu qua khac

Trong do:

S — Dién tich cit cia mot 16p vat liu trong
chau hay trong mang ctia may cat (m?);

7 — s0 dao cit;

n — téc d6 quay cua dao (vong/phut).

b) Bé dong déu ciia soi cat [8]:

bo déng déu cuta soi cat duge xac dinh bai

cong thuc sau:
S8 lwgng soi cit cung kich thwoc (tiét dién)

: % 100(Y
Tong so soi cat lwa chon (%)

(2.7)

nhau, déng thoi dua vao ly thuyét cat, thai va
cac yéu cau vé k¥ thuit ciia may, mo hinh
may cit soi cho than cdy mon bac ha duogc
thiét k& nhu Hinh 10:

Hinh 10. MG hinh thiét ké mdy cat sgi than cdy mon bac ha
1-Khung mdy; 2-Dong co; 3-Nap bao vé dong co; 4-Nap sau hop bao vé dao; 5-Dia dao; 6-
Dao; 7- Nap trudce hop bao vé dao; 8- Phéu nap liéu.

Nguyén 1y hoat dong clia may cit sgi mon
bac ha: khi dong co (2) lam vigc, dan dong
quay truc tiép dén dia mang dao (5-6), may
thai lam viéc. Luc nay, than cdy mon bac ha
duogc day xudng theo phuong nghiéng cua
pheu cap li€u (8) va tai vi tri cudi cua pheu
cap liéu chung ta c6 thé xem d6 1a diém ké dé
dao tién hanh cét vat liéu va tao ra san pham
so1 mon bac ha va thoat ra ngoai theo trong
luc xudng phia dudi cua nip hop bao vé dao
(phia dudi hop bao vé dao chung ta c6 thé bd
tri thém mang himg chira san pham sau khi
cat).
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3.2. Két qua ché tao va khao nghiém may

Do ¢6 gidi han vé phan trinh bay nén trong
phan thiét ké ché tao dudi ddy ching t6i chi
tap trung vao phan thiét ké chinh cho khung
may, dia dao va dao con nhimng phan thiét ké
khéc chung t61 khong trinh bay ¢ bai bdo nay
va v6i phan khao nghiém may, budc dau
chung t6i chi dimg lai ¢ viéc xac dinh s6 vong
quay cua dia dao twong ng phu hop dé cho
ra san pham soi cit than cdy mon bac ha theo
ding yéu cau k¥ thuat.

3.2.1. Thiét ké khung mdy
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- Khung méay duogc ché tao tir thép V kich
thuéc 40x40 mm, chiéu day 3 mm, nham
dam bao d6 cing viing va kha nang chiu tai
cho toan bo hé thdng. Céc thanh thép V dugc
cit theo chiéu dai yéu cau va lién két béng
phuong phap han ho quang, tao thanh mot ket
ciu khung hop ving chic. Kich thuéc tong
thé khung theo ban v& 1a 400x450 mm, véi
chiéu cao tong cong 440 mm. Tai cac vi tri

lién két ngang va doc, thép V duoc b tri tao
thanh khung chit nhat, dong thoi bd sung cac
thanh gidng nham tang kha nang chiu luc va
giam bién dang khi van hanh. Trén mat khung
c6 cac 16 khoan @8, @50 theo diing vi tri quy
dinh dé lap dat motor, hop bao vé motor va
dao. Cac chan khung dugc lam tu thép V
déng bo, han vuong gbc dé tao do 6n dinh,
han ché rung lac khi 1am viéc nhu hinh 11.

Hinh 11. Khung may thiét ké

3.2.2. Thiét ké dia cat va dao

3.2.2.1. Thiét ké ludi dao cdt

a. Dao cat dut

- Dao dugc che tao bang thép khoéng gi,
ludi cit co do sic bén cao, dé dé dang cat dit
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dugc sgi mon, chiéu day dao 2 mm, 2 16 04
dé co dinh dao 1én dia cat, chicu dai cat dat la
114 mm nhu hinh 12.
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Hinh 12. Dao cdt thiét ké
b. Dao cit soi thude 3,5 mm dé tao cac dudng ranh rdi dao

- Dao cit soi cling dugc lam béng vatliéu cat dut s& cit tiép theo. Dao c6 bé rong 20
khong gi va xép thanh hai hang xen ké cé kich mm va chiéu dai cat 110 mm nhu hinh 13.

Hinh 13. Dao cdt soi thiét ké
- Nép dao cit soi duogc ché tao dé lép dao

vao theo ranh c6 san va dugc lap vao dia cat
nhu hinh 14 .
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Hinh 14. Nép cdt soi thiét ké
- Sau khi ldp dao vao nép thi s& duoc dao

hoan chinh, trén than dao c6 6 16 vit @2 dé lap
vao dia cdt nhu hinh 15.

Hinh 15. Dao cdt soi hoan chinh
3.2.2.2. Thiét ké dia lip dao xing dbi trong va huéng dén tim quay khi

_ Bialdp dao duoc thiét ké tr nhitng b phan  1dp rap vao nhau nhu céc hinh 16, hinh 17 va
lap rap bang vit tdch ro1 nhau, ¢6 tinh chat déi  hinh 18.
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Hinh 16. Nép dia cat

Hinh 17. Dia cdt chinh

Hinh 18. Pia cit hoan chinh
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Bang 1. Két qua khao nghiém d6 dong déu clia s¢i cat tir than cdy mon bac ha theo s6 vong
quay cua ludi cat

STT | Ty l€ trung binh | Ty 1€ trung binh | Ty 1€ trung binh
(yeuto |dat dwec trén 03 | dat dwec trén 03 | dat dugc trén 03 Ghi chii
thay doi) |lan thi thir nhat| lan thi thir hai | lan thiir thi ba
(&) (Y0) (&)
230 (Con xo0, chua déu
vong/phiit 67 69 70 va ning suét thap)
317 (Con xo0, chua déu
vong/phiit 2 4 75 va ning suét thap)
] 382 , 76 73 30 (}zet X0, deéu va dat
vong/phut nang suat)
‘ 452 ’ ’4 23 90 ((?ong geu va dat
vong/phut nang suat)
a) b)
c) d)

Hinh 19. San pham soi mén dwoc cdt véi lan lu’,O'ZNSOA’ vong quay dia cat thay doi a) 230,
b) 317, ¢) 382 va d) 452 vong/phut (trich mau cho 03 lan cat thir thir ba).
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IV. KET LUAN

Trén co s& két qua thiét ké, ché tao va khao
nghiém may cit soi cho than cdy mon bac ha
phuc vu mén in com hén truyén théng Hué,
budc dau chang toi da hoan thanh mau may
thir nhat va khao sat dugc ) vong quay cua
dia dao cat phu hop dé cho chat luong soi
mon bac ha ddng déu ding yéu cau ky thuat.
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NGHIEN CUU UNG DUNG QUY TRINH VA HE THONG THIET BI CO

GIOI HOA PONG BOQ CANH TAC CAY CA ROT
] Nguyén Xudn Thiét!, Nguyén Chung Thong' *

TOM TAT

Bai bdo nay trinh bay két qua nghién ciru ung dung quy trinh canh tac va hé thong cdc may canh tac va
thu hoach ca rot theo huéng co gioi hoa dong bg quy mé 5 ha. M6 hinh duoc trién khai & vu chinh trén
dat cdt pha tai viing san xuat chuyén canh ca rot — xa Tué Tinh, thanh phé Hdi Phong. Quy trinh canh tac
gom cdc khdu chinh: Lam ddt va lén luéng dong thoi véi kich thuée mdt luong 0,75-0,8 m, chiéu cao
luéng 0,3-0,35 m va bé réng ranh trung binh 0,3 m; Gieo hat 4 hang va bén phéan 2 hang dong thoi véi
giong ca rot Til03 (100 g/sao) va phdn bon tong hop NPK (44 kg/sao); Twdi phun mwa dam bdo dé dm
thich hop ciia dat 60-70%; Thu hoach gom 3 giai doan: cdt bam nhé ld ca rot véi kich thiede trung binh
duéi 10 cm, dao phoi bay cii 1én mdt luong va thu gom vao tiii. Két qua mé hinh cho thdy hé thong 05 mdy
lam viéc tot phit hop véi quy trinh canh tac da dé ra. So véi canh tdc thii cong: chi phi phi giam 26,8%,
thoi gian bang 1/3 lan, gidm ton thdt va ting chdt lepng cii ca rot.

Tir khéa: Canh tac ca rét, Co giéi hoa dong bd, Mé hinh san xuét, Quy trinh.

RESEARCH ON THE APPLICATION OF A SYNCHRONIZED MECHANIZATION
PROCESS AND EQUIPMENT SYSTEM FOR CARROT CULTIVATION

ABSTRACT

This paper presents the results of research on the application of a cultivation process and a system of
machinery for carrot cultivation and harvesting toward synchronized mechanization at a scale of 5 ha. The
model was implemented during the main cropping season on sandy loam soil in the specialized carrot
production area of Tue Tinh Commune, Hai Phong City, Vietnam. The cultivation process comprised the
following main operations: soil preparation and simultaneous bed formation, with a bed surface width of 0.75—
0.80 m, bed height of 0.30—0.35 m, and an average furrow width of 0.30 m, sowing four rows of seeds and
applying fertilizer in two rows simultaneously, using Til03 carrot seeds at a rate of 100 g per sao and
compound NPK fertilizer at a rate of 44 kg per sao; sprinkler irrigation to maintain an appropriate soil
moisture content of 60—70%. The harvesting process consisted of three stages. cutting and chopping carrot
leaves to an average length of less than 10 cm; digging and exposing the carrot roots on the bed surface; and
collecting the roots into bags. The results of the production model showed that the five-machine system
operated effectively and was well suited to the proposed cultivation process. Compared with manual
cultivation, the mechanized system reduced production costs by 26.8%, reduced working time to one-third,
reduced losses, and improved carrot root quality.

Keywords: Carrot cultivation, synchronized mechanization; production model; cultivation process.

I. PAT VAN DE

Ca rot (Daucus carota L.) 1a cdy rau an ci
co gia tri kinh té cao, dugc trong tap trung tai
nhiéu dia phuong nhu Hai Phong (Hai Duong
cii), Bac Ninh, Lam Pong va mot sd tinh
khéc. V&i nhu cau tiéu thu trong nude va xut
khau ngay cang ting, san xuat ca rot dang
tung budc dugc mé rong theo hudng tip
trung, quy m6 l6n va nang cao chét luong san
pham. Tuy nhién, tai nhiéu viing san xut, cc
khau gieo hat, cham soc, thu hoach va xur ly
sau thu hoach van chu yéu thuc hién bang lao
dong thu cong hoidc co gidi hoa don 18, dan
dén chi phi san xut cao, thiéu lao dong thoi

' Khoa Co — Pién, Hoc vién Nong nghiép Viét Nam
Email*: ncthong@vnua.edu.vn

TAP CHi CONG NGHIEP NONG THON SO 62

vy, ndng suét lao dong thép va khé m¢é rong
quy mé san xudt. [1, 2].

Trong nhiing nam gan day, nhiéu thiét bi co
gi61 phyc vu san xuit ca rot di duoc nghién
ctru, ché tao va tmg dung cho timg cong doan
riéng biét. Tuy nhién, viéc ap dung ddng bo hé
thong may tir 1am dét, 1én lung, gieo hat két
hop bon phén, cham soc den thu hoach trén quy
mo san xuat tap trung con rat han ché. Dic biét,
chua ¢6 nhiéu mé hinh thyc tién danh gia kha
ning phdi hop cua toan bd hé théng thiét bi
trong mot quy trinh san xuat hoan chinh, ciing
nhu hiéu quéa k¥ thuat va hiéu qua kinh & khi
{mg dung co gi6i hoa ddng bd vao san xuit ca
rt. [2, 6, 7].
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Trong khuon kho d¢ tai doc 1ap cap Nha
nudce “Nghién ciru quy trinh canh tac va h¢
thong thiét bi co glO’l hoa ddng bo san xuit
carot phu hgp véi diéu kién Viét Nam” (ma
s6 PTDL.CN-88/21), nhém nghlen ctru da
xdy dung quy trinh canh tac va hoan thién
hé thong thi€t bi co giéi hoa dong bd gom
may lam dat két hop lén luong, may gieo
hat két hop bon phan may cat bam than
14, may dao cu va may thu gom ca rot. De
danh gia kha nang (mg dung cua cac ket
qua nghlen cltru trong dleu kign san Xuét
thyc t€, mo hinh san xuat ca rét quy mé 5
ha da du:oc trién khai tai vung chuyén canh
ca rot xa Tué Tinh, thanh pho Hai Phong.

Bai bao trinh bay két qua trién khai mo
hinh san xuét ca rét quy mo 5 hat ung dung
quy trinh canh tac va hé thong co glO’l hoa
dong bo; danh gia hi¢u qua ky thuat cua hé
théng thlet bi, kha nang ap dung trong dleu
kién san xuat thuc t& va hiéu qua kinh té
cua mo hinh, lam co s6 cho viéc hoan thi¢n
quy trinh k}7 thuat, chuyén giao cong nghé
va nhén rong co giGi hoa ddng b trong san
Xuat ca rot tai Viét Nam.

IL. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Poi twgng nghlen ciru

Péi tuong nghién ctu 1a mo6 hinh san
xudt ca rot tmg dung quy trinh canh tac va
hé thong th1et bi co glO’l hoa dong bo. HE
thong thlet bi gom may lam dat két hop
1€n luong, may gieo hat két hop bon phan
may cat bam than la; may dao cu va may
thu gom ca rét.

Mo hinh duoc trién khai trén dign tich
5 ha tai vang chuyén canh ca rot xa Tué
Tinh, thanh phd Hai Phong trong vy san
xuat nam 2025 véi giong ca rot Til03. San
xuat d6i ching dugc thyc hién theo phuong
thirc canh tac truyén thong cua dia phuong
trén cung didu kién dat dai, gidng, thoi vu
va ché d6 cham séc.

2.2. Nji dung nghlen ciru

+ Trién khai mo hinh san xuét ca rét
quy mo 5 ha tng dung quy trinh canh tac
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va hé thong co gidi hoa dong bd.

+ Danh gia kha nang lam viéc cua hé
thong thlet bi co gidi hoa trong diéu kién
san xuat thuc té.

+ Danh gia céac chi tiéu sinh tru:ong,
ning suit va chat luong san phdm cua mo
hinh.

+ Danh gia hiéu qua kinh te cua mo
hinh so véi phuong thirc san xuat truyén
thong.

2.3. Phu’O'ng phap nghién ciru

Mo hinh san xut dugc trién khai theo
quy trinh canh tac va h¢ thong co gioi hoa
dong bo do nhom nghién cuu xay du’ng
Céc chi tiéu theo doi bao gom thoi glan
thuc hién cac cong doan san xuat, nhu cau
lao dong, luong gidng st dung, cac chi
tiéu sinh trudng, nang suat chat luong san
pham va hiéu qua kinh té ctia mé hinh.

Céc chi ti€u sinh truéng va nang suat
dugc xac dinh theo phuong phap di€u tra
dong ruong thong dung. Hiéu qua kinh té
dugc danh gia thong qua cac chi ti€u chi phi
san xuat, doanh thu, 191 nhuén va ty sudt loi
nhuén, dong thoi so sanh véi phuong thirc
san xudt truyen théng.

Céc s6 li¢u thu thap dugc tong hop,
xtr 1y bang phuong phap thong ké mo ta
va trinh bay dudi dang bang, biéu dé phan
tich, danh gia hi€u qua cua mé hinh.

III. KET QUA NGHIEN CUU VA
THAO LUAN

3.1. Quy trinh canh tic va h¢ thong
co giéi héa dong bd ap dung trong md
hinh

Trén co s& quy trinh canh tic va hé
théng thlet bi da dugc nghién ciu trong
khuon kho dé tai DPTPL.CN- 88/21, md
hinh san xuét quy mo 5 ha duoc trlen khai
theo hu:ong co gidi hoa dong bo tat ca cac
khau san xuat, tir chuan bi dat dén thu
hoach. Cac cong doan dugc bb tri lién hoan
nhiam bao dam su phu hop glua yeu ciu
ndng hoc véi kha nang lam vigc cua timg
loai may, dong thoi han ché t6i da cac thao
tac thu cong trong qua trinh san xuét.
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b)

Hinh 1. H¢ thong thiét bi co gidi héa dong by sik dung trong mé hinh
a) May lam dat lén luong, b) Mdy gieo hat ca rot két hop bon phdn, ¢) May cat bam la ca
rot, d) May dao cu ca rot, e) May thu gom cu
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Quy trinh san xudt gdm cac cong doan
chinh duogc thé hién trong hinh 1: chuén bi dét
va 1én ludng; gieo hat két hop bon phan; cham
soc va tudi nudce; cat bam than 14; dao ct; thu
gom va van chuyén san phim. Mdi cong doan
déu duoc thuc hién béng thiét b chuyén dung,
bao dam tinh lién tyc cua day chuyén co gidi
hoa.

Khau lam dat va 1én luéng duoc thuc hién
bang may 1én ludng chuyén ding. Sau khi
hoan thanh, mat luéng dat chiéu rong 0,75—
0,80 m, chiéu cao 0,30-0,35 m, chiéu rong
ranh khoang 0,30 m, dap (mg yéu cau k¥ thuat
d6i véi phuong phap gieo bén hang va tao
diéu kién thuén lgi cho cac may lam viéc trong
cac cong doan tiép theo.

Sau khi chuan bi lubng, may gieo hat két
hop bon phan dugc sir dung dé thyc hién dong
thot hai cong doan gieo hat va bon phan. Viée
két hop hai nguyén cong trong mot lan lam
viéc gitip giam so lugt may di trén dong rudng,
han ché hién tuong nén dt, dong thoi ning
cao nang suit lao dong va bao dam do dong
déu vé khoang cach gieo ciing nhu luong phan

bon. May st dung cong nghé gieo khi dong
hoc gieo hat nho va tho. [6, §].

Trong giai doan sinh truéng, md hinh su
dung hé thong twéi phun mua nham duy tri do
am dat thich hop cho cdy ca rét phat trién.
Viéc chii dong ngudn nude gop phan nang cao
ty 1€ moc, tao diéu kién sinh trudng déng déu
va han ché anh hudng cua diéu kién thoi tiét
trong giai doan dau sau gieo. [3-5].

Khi cay dat thoi diém thu hoach, qua trinh
thu hoach duoc thuc hién theo ba budc lién
tiép gdbm: cat bam than 13, dao cii va thu gom
san phdm. May cat bam than 14 cit nho phan
than 1a trén mat luéng, tao diéu kién thuan loi
cho méy dao cu lam viéc 6n dinh, dong thoi
phan than 14 sau khi cat duoc giir lai trén dong
rudng dé phuc vu xir Iy 1am phan hitu co hoic
cac muc dich stir dung khac. [9, 10].

Tiép theo, may dao cu thuc hién nang va tach
ct ra khoi dat, dua ct 1én bé mat luéng voi ty 1€
sot va ty 18 ton thuong thap. Sau khi diao, may
thu gom tién hanh thu gom ca vao bao chira,
giam dang ké khdi lwong lao dong thu cong
trong khau thu hoach. [9, 10].

Bang 1. Cac thong sé k¥ thuit chinh ciia hé thong thiét bi

mziy/th:ilé bi Théng sé k§ thuit chinh
May lam dat | - Cong nghé thuc hién: phay két hop tao hinh lung thong qua khuén tao hinh.
1én ludng - Kich thudc (DxR*C) mm: 1500 x 1300 x 1100
- Bé rong dudng phay mm: 1300
- Ngudn dong luc: 40-60HP
May gico hat | - Cong ngh¢ thuc hién: gieo khi dong hoc (bang ddc quyén sang ché niam 2023 theo
ca rbt két hop | QP s 9818w/QD-SHTT nam 2023); bon phan kiéu truc cubn.
bén phan - Gieo hat: s6 hang 3-4; s6 hat/hdc 1-3; chidu sdu gieo hat 10-20 mm;
- Bon phan: s6 hang 2; lugng phan bon 600-900 kg/ha
- Ngudn dong luc: 40-60HP
May cat bam | - Cong nghé thuc hién: Hai tréng quay nguoc chiéu lap hé thong dao cit va bam dong
1a ca rt thoi. Chiéu cao cit c6 thé diéu chinh qua cum tréng lan tya mém trén mat ludng.
- Kich thudc (DxRxC) mm: 1400 x 1200 x 1200
- B6 phan bam: 2 tréng bam, c4u tao nhiéu dia dao xép 16p, dao cit dang tam giac-
rang cua
- Kha nang diéu chinh chiéu cao cit: 1-20cm; chiu dai doan bam 5-8cm;
- Ngudn dong luc: 40-60Hp
May dao cu | - Cong nghé thuc hién: dao tich cuc va su dung hé théng xich tai giii va phan ly dat.
ca rot - Kich thudc (DXRxC) mm: 2300x1500x1400
- Bo phén lam viéc chinh: B6 phan dao theo nguyén 1y dao tich cuc; Bo phan giti gdbm
hai xich tai phan ly + by phan gom
- Ngudn dong luc: 40-60HP
136
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May thu gom
cu ca rot
bao kién.

dat; b(:) phan gom vao bao kién
- Ngudn dong luc: 50-60HP

- Cong nghé thuc hién: Gom — Néng — Phan ly so b — Lam sach tap chat (co than
1a cay) va dat meém va dat kich thudc nhd — Nhat cuc dat I16n — Gom san pham vao

- Kich thudc (DxRxC) mm: 3520 x 1200 x 1760
- B6 phan 1am viéc: Cum gom; xich tai phan ly; cum rulo lam sach; cum rulo nhat

3.2. Két qua theo ddi va phén tich qua
trinh sinh truwéng ciia cay

Theo ddi thoi gian sinh trudng ciia giéng
ca rot Ti103 trong theo 2 quy trinh trong trot

khac nhau cho thay khong c6 su khic nhau
ve thoi gian sinh trudng qua cac giai doan
cua giong.

Bang 2: Thoi gian hoan thanh cac giai doan sinh trudng phét trién cua giéng Ti103

Thoi gian qua cac giai doan sinh trwéng (NSG)
TT | Cong thirc . A . A . P Caa . £
Gieo hat den ndy mam Gieo hat den ra la that | Gieo hat dén thu hoach
1 Mo hinh 4 8 120
Dbi chimg 4 8 120

. Ghi chu: NSG: Ngay sau gieo
Bang 3. Bic diém hinh thai 14 cua ca rot tai md hinh

TT Cong thirc Dai la Mau sic 4 Dang l4
1 MO hinh 58,6 Xanh sang Xoe mong
2 D6i chimg 55,75 Xanh sang Xde mong
Bang 4. Muc d6 nhiém mét so loai sdu bénh hai chinh trén cac cong thire thi nghiém
TT | Cone thie | BEN 16 coré | Bénh Phan tring | Bénh thoi nhiin | Bénh chay 1a | Ghé cia
8 (%) (chp bénh) (%) (cip benh) | (%)
1 Mo hinh 0 1 0,42 1 0
2 Doi chiing 1,67 2 2,02 2 0
Bang 5. Nang suat cu cua giong ca rot tai cac cong thic thi nghiém
Size S Size M Size L Tong ning
TT Cong | KLTB T(:,)ng $O|  Knéi | Knéi o Khéi o suat cu Size
thire | ci(g) |(tan/ha)| Tyle| Tyle | Tyle M+L
S @) | (EiS | @) | (EnS) | %) | (thnm
(tAn/ha) (tAn/ha) (thn/ha) (tan/ha)
1 }11\1/{1?1 206,43 | 73,54 3,75 | 510 | 14,17 | 1926 | 55,63 |75,64| 69,79
2 D,Ol 186,08 | 66,85 3,89 5,82 14,44 21,61 48,52 72,58 62,96
chimg

Vé dac diém hinh thai cu, chiéu dai ci &
mo hinh 4p dung két qua cua dé tai dat 20,2
cm, cao hon so v6i dbi chung (19,9 cm), cho
thiy trong diéu kién ap dung mé hinh ap dung
két qua cua dé tai do ludng duoc 1am véi do
siu cao hon, cdy ca rot c6 kha ning sinh
truong tot hon, giup ci phat trién dai hon.
Tuy nhién, dudong kinh cu & mo hinh (5,08
cm) lai thip hon nhe so véi dbi chimg (5,11
cm). Su chénh 16ch nay khong dang ké va cho
thdy kich thuéc cu giita hai cong thirc twong
dbi twong dong. Puong kinh 15i cu cia mod
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hinh ap dung két qua cia d& tai va ddi ching
gan nhu khéng c6 sy khac biét, déu dat 2,36
cm. Tuong tw, chi s duong kinh 13i
cu/duong kinh cu dao dong tur 0,46-0,47,
phan anh ty 18 15i trong cti 6n dinh giira hai
cong thue. Chi ) nay tuong dbi phu hop ddi
v6i ca rét thuong pham, vi 18i ct khong qua
16n s& gop phan nang cao chét luong an tuoi.

Ham luong chat hoa tan tong s (°Brix)
ctia ca rét trong mé hinh ap dung két qua cua
dé tai dat 8,65, cao hon so v6i dbi chimg
(8,50). Pidu nay cho thiy trong diéu kién mé

137



KHOA HOC -

CONG NGHE

hinh ap dung két qua cua dé tai, cii ca rot c6
xu hudng tich lity duong t6t hon, gop phan
lam tdng d0 ngot va gia tri cdm quan cua san
pham. Su gia ting nhe vé °Brix c6 thé lién
quan dén diéu kién canh tac hodc ché do dinh
dudng trong mé hinh 4p dung két qua cua dé
tai, giup cdy quang hop va tich lity chat kho
hi¢u qua hon.

Vé mau séc, ca vo ci va 161 ¢t ¢ hai cong
thirc déu c6 mau vang cam, tuy nhién & mo
hinh ¢t ¢6 mau sac ddm hon so véi ddi ching.
Maiu sic ctia ca rot thuong lién quan dén ham
luong sdc td carotenoid, dic biét 1a [-carotene
1a nhimg chat rat c6 y nghia vé mat dugc 1y
dugc ngudi tiéu dung rat quan tm.

Danh gia cam quan cho thay ca rot trong
mo hinh ap dung Kkét qua cua dé tai co vi ngot,
gion, trong khi & d6i chimg ci ¢6 vi ngot va
gion nhung hoi cing. Piéu nay cho thay ca
rot trong mo hinh do dugc st dung nhiéu
phan hitu co nén chat lugng ci ngon hon do
Brix cao hon, khau vu an gion ngot hon va
mau sic ci ddm hon. Su khac biét nay cho
thdy diéu kién sinh truong va dinh dudng
dugc cung cap boi quy trinh nghién ctru phu
hop hon so v6i k¥ thuat canh tac truyén thong
do ngudi dan ap dung gitip cai thién nang suat
cling nhu chit luong cu.

3.3. Panh gia hi¢u qua ky thuit ctia hé
thong co giéi héa ddng bd

Két qua trién khai mo hinh cho thiy hé
théng co gioi hoda déng bd hoat dong on dinh

va phu hop vdi quy trinh canh tac da xay dung.
Céc thiét bi trong hé thong duoc bd tri theo
trinh tu hop 1y, bdo dam tinh lién tuc gitra cac
cong doan, giam thoi gian chd doi va han ché
su phu thude vao lao dong thu cong.

Qua do dac thuc té tgi mé hinh, cdc chi
tiéu ky thudt dat dwoc nhw sau:

Chat luong dat va luéng: Do nho cua dat
sau phay dat ty I¢ hat < Smm & muc rat tot (G
80%), tao diéu kién tbi vu cho hat nay mam.
Luéng ¢4 do chic chén cao, d6 ltn sau 24 gio
chi < 10%.

Do chinh xac gieo trong: Ty 1é gieo chinh
xéc dat > 92%. Nho gieo bang may, ty 1& nay
mam ting 5-15% so voi phuong phép bat tp
thu cong.

Chét lugng thu hoach: Ty 18 phoi bay cu
sau dao dat muc cao >80%, cu khong bi sot
dusi dat.

Ty 1& cu hu hong co hoc (tray xudc, giy)
rat thap, chi tir 0,8 — 1,5%.

Do sach cua cu trong bao kién dat 95 —
98%, dap tmg ngay yéu cau so ché.

Hé thong van hanh lién hoan, dong bo, it
xay ra su c¢b 16n 1am gian doan san xuat.

Bang 7 va bang 8 cho thay birc tranh tong
thé viéc ung dung €0 gidi hoa gilta phuong
phép canh tac truyen thong va phuong phap
mg dung hé thong may ciia dé tai cling nhu
muc do cai thién cia viéc ing dung co gidi
hoa dong bo.

Biang 6. Bai toan so sanh chi phi hai m6 hinh canh tac co gidi khau 1am dét va gieo

Tiéu chi so sanh

Phwong phap
truyen thong

Phuong phap ung dung
hé thong may ciia dé tai

Mirc cai thién

Phay dit bang may

Phay dat bang may kéo 42

Néng suat cao hon, 6n

dung

Lam dat kéo 35 Hp, 2 lugt | Hp. 2 lugt dinh hon
A 1A May kéo 35 Hp, bé | May kéo 42 Hp + thict bi | Luong dong déu, phu
Lén luong TR A T X X R T,
rong lam viéc 1,72 m | 1&€n luong dong bd hop co gidi hoa
. Gieo bang dung cu bat | May gieo hat két hop bon | Gieo chinh xac, dong
Gieo hat , AN K A
up, thu cong phan deu
Thoi gian thuc | 96 gio (12 cong lao . R A 0/ ilrs s
hién 1 ha dong) 8,32 gio (1 cong lao dong) | Gidm 91% thoi gian
Chi phi san xuat ~4.096.400 d/ha ~1.913.008 d/ha Gidm 53% chi phi
Lao dong su dung | ~12 cong/ha ~1 cong/ha Giam 91% cong
- A 5 - A A B 0 A
Luong giong st 3,6 kg/ha ~1,75 kg/ha Tiet kiém 40-50% giong

nho gieo chinh xac
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- - ; Z oNo —
Tién d6 san xudt | 3-5 ngay/ha 4-6 gio/ha Ig{i‘:n ngan 80-90% thoi
Py dong déu | Phu thudc tay nghé L}léng va mat do gieo dong | Thuan loi chiam soc va
rudng lao dong deu thu hoach

gg;lg suat  cay Mtc trung binh Téng khoang 5-10% Cai thién ning suat
DAleu kién lao LEIO dong nang, cuong Chiy éu van hanh méy GAlam rui ro va suc lao
dong do cao dong

Bing 7. D6i sénh phuong phép thu hoach ca rot

Tiéu chi

Phu’o‘ng phap u’ng dung he thong may

Pac diém san xuat

Phwong phap truyén thong
Chu yéu st dung lao dong thu

Ap dung hé thong may gom: may cit bam

cong 14, may dao cu va may thu gom

Quy trinh thu hoach NAho cu — cat 14 — lam sach — C’a.t bam 14 — dao ci — thu gom va dong
vén chuyén g0i

"11“1}11(;1 gian thu hoach 2 - 3ngay 7,58 gio

S6 lao dong can 15 — 20 nguoi

4 nguoi (3 1ai may + 1 dong goi)

Ning suét lao dong

Thép, phu thudc sirc nguoi

Cao, hoat dong lién tuc va on dinh

Ton that sau thu

_ g9 0
hoach 5-8% <3%

Chat lugng cu sau Sach, dam bao yéu cduso ché | Sach, dam bao yéu ciu so ché

thu hoach

K7ha n.:;lng mo rong KAhO mo‘r rong do phy thuge lao Co thé ap dung cho san Xuat quy mo 16n
san xuat dong thoi vu

Il‘f;}t‘ chi dong san | pi sk hudng béi thiéu lao dong | Chit dong tién do thu hoach

So véi phuwong thirc san xuét truyén
thong, mo hinh co gi6i hoa da giam dang ké
nhu cau lao dong truc tiép trong cac cong
doan nang nhoc nhu gieo hat va thu hoach.
Pong thoi, viéc thyc hién cic cong doan
dung thoi vu gop phan néng cao tinh dong
déu cua cay trong, giam ton thit sau thu
hoach va tao tién dé nang cao hiéu qua kinh
té ctia md hinh.

Nhin chung, két qua nghién ctru khang
dinh rang hé thong thiét bi co gidi hoa dong
bd duoc xay dung trong khudén kho dé tai co
tinh kha thi cao, dap g yéu cau ky thuat va
c6 kha ning ung dung trong san xudt ca rét
quy mo tap trung tai cac vung chuyén canh
o Viét Nam.

3.4. Pdnh gid hiéu qua kinh té ciia mé
hinh

Hiéu qua kinh té cia mo hinh dugc ddnh
gia thong qua vi€c so sanh voi phuong thire
san xudt truyén thong dang ap dung tai dia
phuong trén céc chi tidu vé chi phi san xuat,
doanh thu, lgi nhuan va thoi gian thyc hi¢n

TAP CHi CONG NGHIEP NONG THON SO 62

toan bo quy trinh san xuat. Két qua cho thay
viéc ap dung dong bd quy trinh canh tac va
hé théng co giéi hoa di tao ra nhimng cai
thién rd rét ca vé hiéu quéa su dung nguén luc
va hiéu qua kinh té trén don vi dién tich.
Chi phi san xudt ciia mo hinh giam déng
ké so véi phuong thirc truyén thong nho
giam manh nhu cau lao dong & cac cong
doan gieo hat va thu hoach. Méc du chi phi
dau tu cho hé thong thiét bi va str dung phan
hiru co c6 ting & mot sb hang muc, nhung
phan chi phi ting thém nay dugc bu dap boi
viéc giam dang ké chi phi nhan cong, luong
gidng st dung va s6 lan thuc hién céc
nguyén cong ngoai dong rudng. Dic biét,
viéc sir dung may gieo hat két hop bon phan
da thay thé gan nhu hoan toan lao dong thu
cong trong khau gieo, ddng thoi nang cao do
chinh xac cia mat do gieo, gop phan tiét
kiém glong va glam cong tia sau nay. Ket
qua tong hop cho thiy tong chi phi san xuat
cuia md hinh dat khoang 118,7 tri¢u
dong/ha, thap hon khoang 49,1 tri¢u
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dong/ha so véi phuong thuc truyén théng,
twong Gmg muc giam khoang 26,8%. Piéu
nay cho thiy co giéi hoa ddng bo khong chi

nang cao nang suat lao dong ma con lam
giam dang ké chi phi dau vao cua qua trinh
san xuat.

Bang 8. Bing so sanh chi phi vat tu ndng nghiép va san Xuét

Canh tic truyén thong Canh tic theo quy trinh dé tai
Khoin myc (VND/ha) (VND/ha)
Thudc BVTV 5.800.000 5.800.000
Phan bon 36.675.000 39.800.000
Rom phu 8.000.000 8.000.000
Cong phun thuéc BVTV 8.000.000 8.000.000
Cong tia cay 22.000.000 14.000.000
Téng chi phi 80.475.000 75.600.000
Bang 9. Chi phi khau lam dat, gieo hat
Khau sin xudc | Phuongphap | Chiphi (fé‘;"“;l‘éggl%?lp Chiphi | Chénh léch
truyén théng | (VND/ha) gm iy € | (VNDP/ha) | (VND/ha)
Phay dat (2 luot) | May kéo 35 Hp 763.100 | May kéo 42 Hp 850.226 87.126
Lén lubng My kéo 35 Hp 333300 | M& 1én ludng 531.391 198.091
dong bd
Gico hat Gieo thu cong | 53 550 ggg | My gico hat ket | 534 391 | _5 468609
(12 cong) hop bén phén
Chi phi hat giéng | ~3.6 kg/ha 16.200.000 | ~1,75 kg/ha 7.875.000 | —8.325.000
Cél’lg tudi  + N X e . N Z e .
Khiu hao thiét bi | Lo thOng tICtbL| 54 400 ggq | HE thong DL 3, 54 o9 :
. dung 5 nam dung 5 nam
tuol
Tong chi phi 50.296.400 39.788.008
san xuat
Béng 10. Chi phi thu hoach ca rot
Khodn muc chi phi Phwong phap thi cong Phwong phap co gidi hoa

Nh6 cu

12,5 — 20,6 triéu d/ha

Thuyc hién bang may do cit

Cit 14 va lam sach

7,5 — 8,3 triéu d/ha

Thuyc hién bang may cat bam 1a

Véan chuyén, boc xép

2,5 3,9 triéu d/ha

Thuyc hién bang may thu gom

Lai may Khong co 1,65 triéu d/ha
Nhén céng dong gdi Khoéng tach riéng 0,50 triéu d/ha
Khiu hao may méc Khoéng co 0,60 tri¢u d/ha
Nhién liéu Khéng c6 0,54 triéu d/ha
Tong chi phi/ha 27 — 28 triéu dong 3,29 tri¢u dong

Hiéu qua kinh té ciia mo6 hinh khong chi
dén tir viéc giam chi phi ma con dugc ning
cao nho cai thién nang suit va chat lugng san
pham. Két qua theo ddi cho thiy ning sut
cu dat 73,54 tAn/ha, cao hon khoang 10%
so voi phuong thirc canh tac truyén théng.
Pong thoi, ty 1& cu kich ¢ M va L cao hon
da lam ting gia tri thuong pham cia san
pham. Pay 13 két qua cua viéc bao dam mat
d6 gieo dong déu, sinh truong on dinh va
giam ton that trong thu hoach nho hé théng
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may hoat dong lién hoan. Vi vay, doanh thu
ctia mé hinh dat 585,69 triéu dong/ha, cao
hon 62,37 triéu dong/ha so voi ddi ching,
trong khi lgi nhuan thuan dat 466,99 triéu
dong/ha, cao hon 99,37 tri¢u ddng/ha,
twong tng ting khoang 21,3%. Nhitng két
qua ndy chtng minh riang co gi¢i hoa dong
bd khong chi giup gidm chi phi ma con nang
cao gia tri kinh té cta san pham thong qua
viéc cai thién dong thoi ning sudt va chat
luong thuong pham.
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Bang 11. Hi¢u qua kinh t€ ciia mo hinh sén xuat ca rot

Chi ticu Pon vi M0 hinh mlg qnng két Poi cht’rl}g (truyén

i qua de tai thong)

Niing suit tong tan/ha 73,54 66,85

Doanh thu size M triéu dong/ha 85,02 86,64

Doanh thu size L triéu dong/ha 500,67 436,68

Tdng thu triéu dong/ha 585,69 523,32

Tdng chi phi san xuat | tridu dong/ha 118,7 155,7

Loi nhuén thuin triéu dong/ha 466,99 367,62

Chénh Iéch lgi nhuan | triéu dong/ha 99,37 —

Mot lgi ich ndi bat khac ctia mé hinh 1a
kha ning rat ngin dang ké thoi gian san
xuat. Tong thoi gian thyuc hién toan bd quy
trinh giam tu khodng 129,5 — 137,5 gio/ha
xubng con 21-22 gio/ha, twong duong
giam khoang 84%. Trong d6, khau gieo hat
c6 muec cai thién 16n nhat khi thoi gian thuc
hi¢n giam trén 91%, con khau thu hoach
giam khoang 50-65% nho st dung dong

bd may cit bam than 14, may dao cii va may
thu gom. Viéc rat ngan thdi gian san xuét
khong chi ning cao ning suat lao dong ma
cOn gitp ngudi san xuat chu dong hon trong
bd tri thoi vu, han ché rui ro do diéu kién
thoi tiét bat loi va giam sy phu thudc vao
nguon lao dong thoi vu. Pay la loi thé dic
biét quan trong dbi voi cac ving san xuét ca
rot tap trung quy mo 16n.

Bang 12. Bang so sanh thoi gian trién khai mé hinh (1ha)

A Phuong phép truyen | Phwong phap un L g
Cong doan gtlr:(")ng y dung h ég tll)l énl; mégy Mikc rat ngan
Lam dét ~3,5 gid ~3,0 gid Tuong duong
Lén ludng ~4,0 gid ~2,0 gio 1 50%
Gieo hat + bén phan ~96 gio ~3,32 gio | ~91%
Cham sdc (tia cdy, bon phan,...) ~10 gio ~6 gi0 | ~40%
Thu hoach 16 — 24 gio (2-3 ngay) 7,5 — 8 gid | ~50-65%
Tdng thoi gian thyc hién 1 ha ~129,5 —137,5 gio ~21 -22 gid Gidm ~84%
Bang 13. Quy dbi tién do san xut
Chi tiéu Truyén thong Ung dung hé thong may
Thoi gian hoan thanh 1 ha ~5—6 ngay ~2 ngay
Lao dong can huy dong ~15-18 nhan céng ~4-5 ngudi van hanh
Mirc rat ngén tién do Nhanh hon khoang 2,5-3 lan

Téng hop cac két qua phan tich cho thdy mo
hinh san xuat Gmg dung quy trinh canh tac va h¢
thong co gioi hoa dong b dé mang lai hiéu qua
16 1ét ca vé ki thuat, to chirc san xuat va kinh té.
Heé théng may khong chi gop phan giam chi phi
san xudt, giam nhu cau lao dong va rat ngén thoi
gian thuc hién ma con nang cao ning suit, cai

IV. KET LUAN

Nghlen ctru da xay dung va trién khai
thanh cong md hinh san xuat ca rét quy mé 5
ha u’ng dung quy trinh canh tac va h¢ théng
co giéi hoa dong bd tai vung chuyén canh xa
Tu¢ Tinh, thanh phé Hai Phong Mo hinh da
kiém chimg tinh phi hop cia quy trinh k¥

TAP CHi CONG NGHIEP NONG THON SO 62

thién chét luong thuong pham va ting loi nhuan
trén don vi dién tich. Nhiing két qua nay khang
dinh tinh kha thi ctia viéc img dung co gidi hoa
ddng bo trong san xuit ca rot quy mo 16n va 1a
co s¢ khoa hoc quan trong dé chuyén giao, nhin
rong md hinh tai cac ving chuyén canh co diéu
kién tuong tu.
thudt va kha nang 1am vi¢c ctua h¢ thong thiét
bi trong diéu kién san xuat thuc te

Hé¢ thong co gidi hoa dong bd gorn céc thiét
bi 1am dat két hop lén luong, may gieo hat két
hop bon phan, may cat bam than 14, may dao
cu va may thu gom ca rot hoat dong 6n dinh,
dap ung yéu cau k¥ thuat cua tirng cong doan
va bao dam tinh lién hoan trong toan bd chudi
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san xudt. Viéc ap dung dong bo cac thiét bi da
néng cao muc dg co gioi hoa, giam dang ke lao
dong thu cong, bao dam tién do san XUt va
néng cao nang suat lao dong. Két qua theo doi
cho thay cay ca rot sinh truong tt, ning suét
dat 73,54 tan/ha, cao hon khoang 10% so vai
phuong phap canh tac truyén thong; ty 1€ cu
thuong pham size M + L dat 69,79 tin/ha,
dong thoi chat lugng cu du:oc cai thién voi do
ngot va mau sic tot hon.

Vé hiéu qua k¥ thut va kinh té, mo hinh
da chimg minh uvu thé 10 1ét S0 vOi phuong
thirc san xuét truyén thong. Chi phi san xuat
giam khoang 26,8% (tir khoang 157,8 tri¢u
dong/ha xudng con 118,7 tri¢u dong/ha) 101
nhuan thuan dat 466, 99 tri¢u dong/ha, cao
hon 99,37 tri¢u dong/ha (tuong duong
khoang 21,3%). Tong thoi gian thye hign
toan bo quy trinh san xuat giam khoang 84%,
tur khoang 129,5 — 137,5 glo’/ha xuong con
21-22 gio/ha, trong do riéng khau gieo hat
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CHE TAO BQT PHAT QUANG Ca;ALSiO7: Sm** GIAI PHAP PIEU KHIEN
PHO ANH SANG CHO NONG NGHIEP THONG MINH
' TS. D6 Thanh Tién'", ThS. Pao Lé Minh Tudn’
TOM TAT
Vat liéu phat quang nhom calcium aluminosilicate c6 cong thirc mang nén CazA415Si07 don pha tap ion dat
hiém Sm®* da dwoc tong hop thanh cong bang phiwong phdp phan vmg pha rdn nhiét do cao. Phan tich cdu
tric thong qua gidan dé nhiéu xa tia X (XRD) xdc nhan vdt liéu dat trang thai don pha voi cdu triic tinh thé tr
gidc (tetragonal) on dinh. Khao sat tinh chat quang hoc cho thdy phé phat quang (PL) ciia hé mau CazALSiO;:
Sm®* ddc trung béi cdc vach phat xa hep, tdp trung manh trong viing dnh sang do. Toa do mau CIE dwoc xdc
dinh nam trong vung do-cam va c6 su dich chuyén ‘nhe phy thugc vao nong dé chat hoat héa. Phéphat x@ nay
co sy chong ldn manh mé véi phé hdp thu cia hé sdc t6 diép luc (chlorophyll a va b) o thyc vt. Két qud nghién
ciru khang dinh hé vit liéu huynh quang ché tao dwoc cé tiém ndang vmg dung cao lam giai phdp diéu khién
phé danh sang nhan tao trong cdc mé hinh néng nghiép théng minh.

Tir khoa: Vat liéu phat quang, CazA1:Si0;, chuyén doi vach hep, burc xa do, nong nghiép thong minh.
FABRICATION OF CaAlLSiO7: Sm* PHOSPHOR POWDER: A SPECTRUM-
MODULATION SOLUTION FOR SMART AGRICULTURE

ABSTRACT

A calcium aluminosilicate phosphor with a host matrix of Ca>ALSiO; single-doped with rare-earth Sm’>*
ions was successfully synthesized via a high-temperature solid-state reaction method. Structural analysis using
X-ray diffraction (XRD) patterns confirmed that the material achieved a single-phase state with a stable
tetragonal crystal structure. Optical property characterization revealed that the photoluminescence (PL)
spectra of the CaALSiOz: Sm®* phosphor system are characterized by sharp, narrow emission lines
predominantly concentrated in the red spectral region. The calculated CIE color coordinates are located in
the orange-red region, exhibiting slight shifts depending on the activator doping concentration. Importantly,
this emission spectrum shows a strong spectral overlap with the absorption bands of photosynthetic
chlorophyll pigments (chlorophyll a and b) in plants. The research results confirm that the synthesized
Sfluorescent materials hold high potential as a spectrum-tuning solution for artificial lighting in smart
agriculture models.

Keywords: Phosphor, Ca;Al:SiO7, narrow-band transition, red emission, smart agriculture.

I. PAT VAN PE sy quan tam lon tir gioi khoa hoc va cong

Trong ky nguyén nong nghi¢p cong nghé
cao va nong nghi¢p thong minh, ng dung
ngudn anh sang nhan tao nham tdi wu héa va
kich thich sy sinh truéng, phat trién cua cay
trong dang tr¢ thanh mdt xu hu:0’ng tat yéu
trén toan cau. Vé mat sinh hoc, hé sac td cta
thuc vat, dac biét 1a di¢p luc chlorophyll a va
b, khong héap thu dong déu toan bo dai phd
anh sang mat tro1 ma chi hép thu chon loc va
manh mé& nhat tai hai ving: Ving xanh duong
(budc song ngan) va ving anh sang do (budc
song dai). Do d6, viéc nghién ctru phat trién
cac dong bot huynh quang chuyén d6i phé co
kha nang phat xa vach hep trong vung anh
sang do nham tich hop vao hé théng LED
chuyén dung cho nong nghi¢p dang thu hut

nghé [1]. Trong s6 céac vat liéu chiéu sang va
hién thi thé hé méi, vat liéu phat quang pha
tap ion dat hiém s& hitu nhiéu dic tinh vu viét
nhu: Khong doc hai, than thién véi moi
truong sinh thai, do choi cao va tudi tho linh
kién kéo dai. Viéc két hop cac chip LED phat
blrc xa tir ngoai gan (near-UV) hoic LED
xanh duong véi cac hat bot huynh quang phat
xa da sic (dd, xanh 14, xanh duong) la giai
phap c6t 18i dé tao ra cac ngudn sang nhéan tao
hiéu suét cao, tiét kiém nang luong [2].

Vit liéu phat quang nén silicate alumino
kiém thd (M2ALSiO7 v6i M = Ca, Sr) pha tap
cac ion dat hiém da va dang duoc nhiéu tac
gia trong va ngoai nudc nghién ctru do cd
hiéu sudt phat quang cao, dic trung quang

! Khoa Co Khi va Céng Nghé, Truong Dai hoc Nong Lam, Pai hoc Hué
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phé phu hop vé6i nhiéu ting dung, dic biét 1a
trong hién thi va chiéu sang. Cac nghién ctru
tinh chat phat quang cta vt liéu phat quang
trén nén (Ca, Sr)2AlSiO7 pha tap cac ion dat
hiém c6 nhiéu uu diém nhu chi phi thip, tinh
6n dinh nhiét va 6n dinh héa hoc cao, dac biét
la hép thu manh bic xa & vung tir ngoai
gan,..[3-7]. Gan day, cac vat liu huynh
quang phat xa dé kich thich béi tia tr ngoai
gan va anh sang xanh nham t6i uu hoa su phat
trién cua cdy trong trong nha kinh tiép tuc thu
hit sy quan tdm nghién ctru manh mé [8]. Vi
vay, vi¢c nghién clru ché tao vat liéu phat
quang Ca,Al,SiO7 pha tap ion Sm** phat birc
xa mau do va dinh hudéng Umg dung trong
néng nghi€p cd y nghia khoa hoc trong
nghién clru co ban va ung dung.

II. THU'C NGHIEM

Hé mau bot phat quang Calcium
Aluminosilicate don pha tap ion Samarium
(Ca2AL:Si07: x %mol Sm**, ky hiéu la CAS:
xSm**) duoc ché tao bang quy trinh phan tmg
pha ran ¢ nhiét do cao. Cac nguyén liéu tién
chat c¢6 do tinh khiét cao bao gdm: CaCOs
(99,9%, Trung Qudc), AlLOs (99%, Trung
quéc), SiO2 (99,9%, Han qudc) va SmyOs
(99,9%, Merck).

Quy trinh téng hop dugc thuc hién tuan
tu theo cac buodc:

Budc 1: Can dinh heong: Tién chit duoc
can chinh xac theo ty I¢ hgp thuc tuong ing
v6i cac ndng do pha tap thay d6i x = 0,5; 1,0;
1,5;2,0; 2,5 va 3,5 %mol.

Budc 2: Trén phoi liéu: Bo sung thém chat
chay B20s voi ty 16 ¢b dinh 4% theo khdi
luong tong san pham dé ha nhiét do thiéu két
va dong déu hoa pha. Hon hop duoc dem
nghién tron co hoc lién tuc trong thoi gian 1
gid bang cbi va chay ma nio dé dat do dong
nhit cao & quy mo vi hat.

Budc 3: Nung thiéu két: Hon hop bot sau
khi sdy kho duge chuyén vao cdc nung va tién
hanh thiéu két trong 10 nung ¢ nhiét 4o duy
tri 6n dinh 1280°C trong 1 gid [4, 6, 7], sau
d6 lam nguoi tu nhién vé nhiét do phong.

CAu trac tinh thé cta san phim dang bot
sau nung duoc kiém tra bang gian do nhidu
xa tia X (XRD) trén thiét bi nhiu xa ké
Bruker D8-Advance. Tinh chit quang hoc
bao gdm phd phat quang (PL) va phd kich
thich phat quang (PLE) dugc khao sat ¢ nhiét
d6 phong thong qua hé théng phd ké huynh
quang cao cdp FS5 Spectrofluorometer
(Edinburgh Instruments Ltd).

I1I. KET QUA VA THAO LUAN

3.1. CAu tric tinh thé cia vét liéu CAS
pha tap ion Sm3*
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Hinh 1. Gidn d6 nhiéu xa tia X ciia hé mau CAS: Sm’" thay déi theo nong dg pha tap ion Sm
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Gian d6 nhiéu xa tia X (XRD) ctia hé mau
bot CAS: xSm>* véi cac ndng d6 pha tap khac
nhau (x = 0,5; 1,0; 1,5; 2,0; 2,5 %mol) dugc
thé hién cu thé trong cAu tric thuc nghiém.
Két qua phan tich dbi chiéu cho thay toan bo
cac dinh nhiéu xa cta tit ca cdc mau déu hoan
toan tring khop voi cac dinh phd chuan cia
cdu truc tinh thé Ca;ALSiO7 theo thé chuan
qudc té JCPDS s6 35-0755. Hé mau dat trang
thai don pha 1y tuong va két tinh vimg chac
trong céu trac hinh hoc t gidc (tetragonal)
thuoc nhom khong gian P42im.

Su gia ting nong do ion Sm*" trong
khoéng tir 0,5 dén 2,5 %mol hoan toan khong
lam xuét hién bat ky dinh nhiéu xa la nao ctia
cac pha tap chét hay pha oxit ban dau. Diéu
nay chimg to quy trinh phan ung pha ran &
nhiét 46 1280°C c6 do 6n dinh k¥ thuat cao
va tinh lap lai tot; cac ion dat hiém Sm* da
hoa tan hoan toan va thé chd mot cach thuan
lgi vao vi tri cua ion mang nén Ca?* nho sy
trong dong twong d6i vé ban kinh ion ma
khong gy ra hién tugng bién dang hay sup
d6 cAu trac mang nén tinh thé.

3.2. Pic trung quang phd cia vt li¢u
CAS: Sm**

Trén hinh 2 12 phd phat quang (PL) hé mau
CAS: Sm*" (x %mol), kich thich bang burc xa
c6 bude song 402 nm. Phép do duoc thuc

hién tai nhiét d6 phong & cung diéu kién. Két
qua nay cho thay, khi pha tap mot lugng rat
nho ion Sm** (0,5 %mol) mau da c6 hién
tuong phat quang, didu d6 cho thiy rang vat
li¢u nay c6 d6 nhay quang phat quang tuong
d6i t6t. Pho phat quang cua hé mau CAS:
Sm** (x %mol), v&i bude song kich thich 1a
402 nm déu co dang vach hep tir 550 nm dén
680 nm, cyc dai buc xa tai cac budc song
khodng 563 nm, 602 nm, 645 nm. Pho birc xa
vach hep nay dic trung cho chuyén doi trong
ciu hinh 4f° cua ion Sm**, d6 1a cac chuyén
doi tir murc *Gsjz vé cac mue *Hypn véi (J = 5,
7, 9) [9]. Khi thay d6i nong do tap ion Sm**
cuong do buc xa cuc dai cua vat li€u thay ddi,
nhung dang dai vach hep ctia phd khong thay
d6i. Cuong do buc xa dat gia tri cuc dai khi
nong d6 Sm** 1a 1,5 %mol. Néu tiép tuc ting
nong d6 ion Sm** trong mang nén thi cudng
do buc xa cuc dai giam do hi¢u ung dap tat vi
néng d6. Su phu thudc cia cuong do buc xa
cuc dai vao nong do ion Sm** dugc thé hién
trén hinh 4. Pong thoi, viéc khao sat pho kich
thich phat quang (PLE) ctia hé¢ mau CAS:
Sm** (1,5 %mol) ing véi birc xa phat quang
¢6 budc song 602 nm cho thay pho kich thich
c6 dang vach hep dac trung cho dich chuyén
tur trang thai co ban 1€n trang thai kich thich
ctia ion Sm** dugc thé hién trén hinh 3.

(1 =0, 5
e (2 o= 1.0
- (Fpm—=15
(4 P =2, 0

(4) (=1, 5

(6 =3, 5

e
1

-
1

X

Cuong do PL (dvty)

T T T T T T
540 560 580 a00 820 840 660 880

Bude song (nm)
Hinh 2. Phé PL ciia hé mau CAS: Sm** (x
%omol), Aex=402 nm

TAP CHi CONG NGHIEP NONG THON SO 62

Cuong do PL (dvty)
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Hinh 3. Phé PLE ciia mau CAS: Sm** (1,5
%omol), Jem= 602 nm
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Hinh 4. Su phu thuoc cua cuong do phat quang cuc dai vao no”ﬁg do pha tap ion Sm>*

Su dép tit cuong d6 phat quang vi nong do
d6i voi vat liéu CAS: Sm** xut hién khi nong
do ion Sm*" dat 1,5 %mol nhu & hinh 4. Theo
1y thuyét vé hién tuong dap tat nong do cua
Dexter va Blasse, tuong tac ludng cuc-ludng
cuc (d-d) dong vai tro chinh trong co ché dap
tat cuong do phat quang vi ndng do cua ion
Sm** trong vat liéu CAS [4, 7].

3.3. Toa do0 mau CIE ciia anh sang phat
quang ddi véi hé miu CAS: Sm* va dinh
hwéng ng dung trong nong nghiép

Béng céach st dung phan mén xéc dinh toa
dd mau CIExyz 1931 cua &nh sdng phat
quang, cac gia tri toa do mau (x, y) ciia h¢ vat

Hinh 5. Toa d6 mau CIE ciia hé mau
CAS: Sm** (x %mol), Aex = 402 nm

b¢ xac dinh chinh xac dac tinh mau sac
ky thuat, cac so liéu phd PL cia hé¢ mau
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liéu CAS: Sm3* da duoc tinh toan tir phd PL
khi kich thich & budc song 402 nm (hinh 5).
Két qua cho thiy céac gia tri toa @ mau ndm
trong vung btrc xa mau do cam va co su khac
biét nho khi thay doi ndong do pha tap ion
Sm**. Pong thoi, viéc nghién ciru phd hép thy
cua chlorophyll a va b nhu trén hinh 6 [10]
cho thiy kha ning hap thu cua chlorophyll a
va b khé phu hop véi bic xa phat quang cua
vat liéu CAS: Sm*". Nhu vay, vat liéu nay co
trién vong trong ché tao LED hodc dén huynh
quang bic xa mau do cam thong qua viéc
kich thich bang anh sang tim dinh hudng ting
dung trong trong trot.

Hinh 6. Phé hdp thu chlorophyll a va
chlorophyll b cua thuc vat

CAS: Sm*" dudi kich thich budc song 402
nm da duogc s6 hoa va tinh toan thong qua
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phan mém tiéu chuan cta Uy ban Chiéu
sang Qudc té (CIE 1931). Két qua tinh toan
thiét 1ap toa d6 mau thyc nghiém (x, y) dinh
vi vat liéu nam chuén xéc trong vung birc
xa anh sang do-cam c6 do tinh khiét mau
cao. Su thay d6i nong do pha tap tir 0,5 dén
3,5 %mol chi gay ra cac dich chuyén toa do
v6i bién do rat nhod, minh chung cho tinh on
dinh mau séc ly tudng cua h¢ vat lidu.
Nhim hién thyc héa dinh hudéng ung
dung, mot phan tich d6i chiéu sinh hoc da
duoc thuc hién béng cach so sanh phé phat
xa do cua vat lieu CAS: Sm* v&i phd hap
thu thuc té cua hé sic td quang hop
chlorophyll a va chlorophyll b chiét xuét tir
thuc vat. Do thi ddi chiéu cho thay dai vach
phat xa mau dé6 manh mé cua bdt phat quang
CAS: Sm*" (ddc biét 1a vung dai tir 600 nm
dén 660 nm) c6 sy chong 1an véi ving dinh
hap thu ning luong quang hop then chét ciia
chlorophyll a va b. Pac tinh phat xa vach
hep trong dai dé-cam cua h¢ vat li¢u pha tap
ion Sm** cho thiy su twong thich voi ving
phé kich thich diép luc, twong tu cac phat
hién gan day &
IV. KET LUAN
Nghién ctru di téng hop thanh cong bot
phat quang cau tric gehlenite CaxAlSiO7
don pha tap ion dat hiém Sm** bang k¥ thuat
phan tng pha rin & nhiét d6 cao 1280°C. Vit
liéu tao thanh c6 do tinh khiét pha cao, cau
tric mang tinh thé tr giac 6n dinh va khong
bi bién do6i khi thay doi nong do chat kich
hoat. Khao st quang phd xac dinh nong do
pha tap ion Sm** ti wu dat 1,5%mol; vuot
qua ngudng ndy, co ché twong tac ludng cuc
- ludng cuc gilra cac ion s€ gay ra hiéu ung
dap tit phat quang do ndng d6. Vi dic tinh
phat xa vach hep mau ¢6 manh mé chong lan
tot v6i vung hap thu sinh hoc cua

trén cac hé nén
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oxide/germanate phuc vu ndong nghiép thong
minh [1, 8].

Tt co sé khoa hoc nay, vat li¢u bot phat
quang CAS: Sm** dong vai tro 1a mot giai
phap cong nghé diéu khién va chuyén d6i
phd anh sang vo cung hiéu qua. Trong thuc
té xay dung cac mo hinh nong nghiép thong
minh (nha mang, nha kinh, nha may thuc
vat), vat li¢u nay cé thé dugc ung dung theo
hai phuong an ky thuat:

+ Ché tao dén LED chuyén dung: St dung
bot huynh quang nay phu 1én bé mat cac chip
LED phat anh sang tim hodc tr ngoai gan
(Near-UV) c6 sin trén thi trudng, bién doi
ngudn anh sang nang luong cao nay thanh
anh sang d6 sinh hoc tinh khiét kich thich
cdy trong tang truong than 14 va ra hoa.

+ Mang phu chuyén ddi quang phd: Tich
hop bot phat quang vao cac mang polymer
pht mai nha kinh, giap hip thu cac thanh
phan tia tir ngoai co hai tir anh sang mit troi
va chuyén héa ching thanh blrc xa mau do
cam co ich, gip tang cuong quang hop tu
nhién.
chlorophyll, hé wvat liéu phat quang
Ca,AlbSi07: Sm** htra hen 1a mot giai phap
vat liéu tién tién, mo ra tiém nang tng dung
16n trong viéc thiét ké cac hé thong diéu
khién pho anh sang nhan tao phuc vu phat
trién néng nghiép thong minh.
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BE TONG CARBON THAP (LOW-CARBON CONCRETE): XU HUONG
QUOC TE VA TIEM NANG UNG DUNG HUONG TOI MUC TIEU NET ZERO

TAI VIET NAM
] Ngé Quy Tudn '* Lé Minh Pirc

TOM TAT

Nganh san xudt xi mang va bé téng déng g0p khoang 7-8% téng luwong phat thai khi nha kinh (GHG) toan
cau. Truede sikc ép ciia bién doi khi hdu va cam két dat phat thai rong bang 0 (Net Zero) vao nam 2050, bé tong
carbon thap (Low-Carbon Concrete - LCC) da tro thanh dinh hudng nghién ciru va vng dung miii nhon trén
toan thé giol. Bai bao nay tong quan cdc xu hudng nghién ciru quoc té méi nhat vé LCC, bao gom viéc ap
dung chat phu gia khodng thay thé xi mang (SCMs), bé tong khodng hoa CO», xi mang dat sét nung da voi
(LC3), bé tong Geopolymer va bé tong tai ché. Bai bdo tdp hop, phan tich cac thanh phan cap phéi LCC tiéu
bleu cung hiéu qua giam phat thai CO; twong umg (30% - 80%). Pong thoi, nghién cieu khdo sat thie trang
tiem nang trit lwong cdc phu gia khoang thay thé xi mang tai Viét Nam (xi lo cao GGBFS, tro bay, xi thép, tro
day, tro xo dira/tro nong nghigp, ddt sét nung), phan tich, dw bdo nhu cau sur dung xi mang trong ché tao bé
t6ng va cau kién bé tong diic san. Cudi cung, cac nhom giai phdp toan dién vé chinh sdch, tiéu chudn kj thudt,
cong nghé va dinh huong thi truong duwoc dé xudt nham thic day viéc trién khai LCC tai Viét Nam.

Tir khéa: Bé tong carbon thip; Phu gia khodng SCM; Cap phéi bé téng; Net Zero; Xi mang LC3; Carbonat
héa CO>; Tdi ché vit liéu xay dung.

LOW-CARBON CONCRETE: GLOBAL TRENDS AND APPLICATION POTENTIAL

TOWARDS NET-ZERO TARGET IN VIETNAM

ABSTRACT:

The cement and concrete manufacturing industries contribute approximately 7-8% of global greenhouse
gas (GHG) emissions. Under the pressure of climate change and the commitment to achieve Net Zero emissions
by 2050, Low-Carbon Concrete (LCC) has emerged as a spearhead research and application direction
worldwide. This paper provides an overview of the latest international research trends in LCC, including the
application of supplementary cementitious materials (SCMs), CO2-mineralized concrete, limestone calcined
clay cement (LC3), geopolymer concrete, and recycled aggregate concrete. Typical LCC mix designs and their
corresponding COZ2 emission reduction efficiencies (ranging from 30% to 80%) are compiled and analyzed.
Furthermore, the study investigates the potential and reserves of SCMs in Vietnam (ground granulated blast-
furnace slag - GGBFS, fly ash, steel slag, bottom ash, coconut coir ash/agricultural ash, and calcined clay),
while forecasting the demand for cement in the production of ready-mix concrete and precast concrete
elements. Finally, a comprehensive set of solutions spanning policy frameworks, technical standards,
manufacturing technologies, and market orientations is proposed to facilitate the widespread adoption of LCC
in Vietnam.

Keywords: Low-Carbon Concrete; Supplementary Cementitious Materials (SCMs),; Concrete mix design,
Net Zero; LC3 cement; CO2 mineralization, Construction material recycling.

I. PAT VAN DE

Bé tong 1a vat liéu nhan tao duogc tiéu thu
nhiéu nhét trén hanh tinh, chi démg sau nuéc
vé tong khoi lugng s dung hang nam (voi
khoang 30 ty tin bé tong duoc san xuit moi
nim trén toan thé gidi) [1, 2]. Mic du bé tong
c6 muc phat thai CO, trén mdi don vi khéi
luong twong dbi thip so véi thép hay nhua,
nhung do quy md san xuét khong 16, nganh
cong nghiép bé tong va xi mang dong gop toi
7-8% tong lwong phat thai CO, do con ngudi
gdy ra [3, 4]. Nguyén nhan chinh xuét phat tir

qué trinh san xuét clinker xi mang Portland
(OPC), trong d6 phan ung nung voi
(CaC05 — Ca0 + CO,) chiém khoang 60%
phat thai va qua trinh d6t chay nhién liéu hoa
thach & nhiét d6 cao (1450° C) chiém khoang
30-35% [5].

Tai Hoi nghi Thugng dinh vé Bién d6i Khi
héu ctia Lién Hop Qubc COP26, Viét Nam da
cam két dat mirc phat thai rong bang 0 (Net
Zero) vao nam 2050. Pé dat dugc muc tiéu
nay, Chién luge phat trién vat liéu xay dung
Viét Nam giai doan 2021-2030, tam nhin dén

' Khoa Co khi va Cong nghé, Truong Dai hoc Nong Lam, Dai hoc Hué

* Tac gia lién h¢: ngoquytuan@huaf.edu.vn
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niam 2050 d3 dat ra yéu cau cap thiét vé giam
lugng tiéu thu clinker, tang cuong st dung
chat thai cong nghiép 1am phu gia va chuyen
d6i sang cac cong nghé bé tong carbon thap
(Low-Carbon Concrete - LCC).

Bai bao nay tap trung nghién ciru, tong hop
cac xu hudng khoa hoc - cong nghé LCC
qudc té, danh gia kha nang cat giam COs tir
cac thlet ké cap phdi tién tién, phan tich
ngudn nguyén liu phu gia thay thé tai Viét
Nam, danh gia nhu cau xi mang trong twong
lai va dé xuat hé thong giai phap ung dung
thuc tién tai Viét Nam.

II. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Poi twong va vat liéu nghién ciru

Dbi twong nghién ctru 13 cac loai cAp phdi
bé tong LCC, trong tam 13 cac giai phap cat
giam lugng phat thai carbon trong qua trinh
san xudt bé tong. Vat liéu khao sat bao gdm
cac chit phu gia khoang thay thé xi mang
(SCMs) phd bién va c6 tiém nang thuong mai
cao nhu: tro bay (Fly ash) tor cac nha may
nhiét dién than; xi 10 cao hat hoa nghién min
(GGBS) tir cong nghiép luyén kim; dat sét
nung (Calcined clay) phdi hop voi da voi
(cong nghé xi mang LC3).

2.2. Phuwong phap nghién ciru

Bai bao ap dung phuong phap nghién ctru
téng quan tai liéu két hop v6i phén tich dir
li€u thir cap.

II. KET QUA NGHIEN CUU VA
THAO LUAN

3.1. Xu huéng nghién ciru va irng dung
bé tong LCC trén thé gigi

Trong nhitng niam gan ddy, xu hudng
nghién ctru phat trién LCC trén thé gioi da
chuyén dich tir viéc thay thé don 1¢é xi mang
bang mot loai phu gia théng thudng sang cac
cong nghé phirc hop va tuan hoan [6-10]:

3.1.1. H¢ chit két dinh da thanh phan
(Ternary & Quaternary Blended Binders)
va Xi ming dat sét nung da voi (LC3)

Viéc két hop nhiéu loai phu gia pozzolanic
va hydraulic phu tr¢g (SCMs) nhu tro bay (Fly
Ash - FA), xi 10 cao nghién min (GGBFS),
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silica fume (SF) va dit sét nung (Calcined
Clay) cho phép thay thé tir 50% dén hon 80%
OPC ma van duy tri hodic gia ting cuong do
co hoc va d6 bén lau dai [6, 7]. Pac biét, cong
ngh¢ xi mang LC3 (Limestone Calcined Clay
Cement) két hop giita dat sét nung (chira
khoang metakaolin) va bot da voi (CaCOs)
tao ra phan ing héa hoc twong hd hinh thanh
pha carboaluminate, gitp 1ap day 16 x0p, ting
cuong d6 som va giam phat thai CO; tdi 30—
40% so voi OPC [8, 11].

3.1.2. Bé tong khoang héa va thu giir
CO: (Carbon Capture, Utilization and
Storage - CCUS in Concrete)

Nghién ctru Gng dung cong nghé hip
thu/khoang héa CO, truc tiép vao bé tong
trong quad trinh trdn hodc bdo dudng
(Carbonation Curing) dang thu hit sy chu y
didc biét [12, 13]. Qué trinh ndy chuyén héa
CO, thanh céc tinh thé CaCOs kich thuéc
nano gia cudng ciu trac 15 xdp, gitip nang cao
cuong do sdém va co lap 6n dinh CO; vinh
vién trong bé tong. Ngoai ra, viéc carbonat
hoa cic phé thai nhu bot bé tong tai ché
(RCP) hay xi thép (Steel Slag) trude khi dua
vao lam SCM hoic cdt liéu ciing gitp ting
cuong do hoat tinh pozzolanic [12, 14].

3.1.3. Bé tong khong sir dung clinker
(Geopolymer va Alkali-Activated
Materials - AAMs)

Pugc ché tao tir 100% nguyén liu giau xi,
tro bay hodc tro day két hop véi dung dich
kich hoat kiém (nhu NaOH, Na,SiOs), bé
tong Geopolymer c6 kha nang gidm phat thai
CO» téi 60-80% so véi bé tong OPC truyén
théng [15, 16]. Cac nghién ctru gan day tap
trung vao viéc cai thién tinh lam viéc
(workability), kiém soat thoi gian dong két va
t6i wu hoa chi phi cling nhu giam phat thai
carbon ctia cac hoa chét kich hoat kiém [16].

3.1.4. Bé tong tuin hoan két hop cot liéu
tai ché (Recycled Aggregate Concrete -
RAC)

Nhiam giam thiéu viéc khai thac tai nguyén
thién nhién va phat thai tir van chuyén, xu
hudéng qudc té hudng téi viée thay thé 100%
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cdt lidu tu nhién (cat, da) bang phé thai xay
dung nghién (Recycled Concrete Aggregates
- RCA) két hop véi chét két dinh sinh thai
(Eco-binders) [14, 17]. Cong nghé xu 1y bé
mit RCA bang dung dich CO» hoidc phu vi
sinh vat gitip cai thién ving chuyén tiép pha
(ITZ), nang cao dic tinh co ly cua bé tong tai
ché [14, 17].

niang giam phat thai CO;

Dua trén viéc tong hop cac cong trinh
nghién ctru thuc nghiém da cong bd trong
thoi gian gan day, Bang 1 trinh bay cac cap
phéi LCC dién hinh, dic tinh k§ thuat va kha
nang giam phat thai carbon tuong duong
(CO2) so véi bé tong OPC ddi chimg (C30-
C50).

3.2. Tong hop cac cap phodi LCC va tiém

Bing 1: Tong hop cdc nhém cap phoi LCC va hiéu qua gidm phat thai CO»

Thanh phén chit két |Cwong dd| Phat thai Mire vidm
TT | Nhém bé tong LCC | dinh chinh (% khéi nén | CO2 (kgCO; C‘(")c %‘j/‘)
lwgng) (MPa) /m?) 2L7e
1 |Bé téng OPC d6i 100% OPC 40 — 50 0
chimg [7, 18] (28d) | P0-40 | 0%
2 |Bétong SCMs hén  [15-20% OPC + 50-60% | 42 —45
hop (High-volume GGBFS +20-25% Tro (28d) 25110 70% —
Ternary LCC) [6, 7] |bay + 5% Silica Fume 58 -65 80%
(90d)
3 [Bé tong Xi ming Pat [50% Clinker + 30% Dat | 40 — 48
sét nung - B4 voi sét nung + 15% Bot da (28d) 220 — 250 35% —
(LC3) [8, 11] voi + 5% Thach cao 50-55 45%
(90d)
4 |Bé tong Geopolymer [0% OPC (100%

[9, 15, 16] GGBFS/Tro bay/Tro xo | 35-55 100 — 140 60% —
dura/Xi thep) + Chat kich | (28d) 75%
hoat kiém

5 [Bé tong Carbonat hoa [70% OPC + 30% Bot bé

& Cot licu tai ché tong tai che carbonat hoa| 35—42 180 — 210 45% —

(CO2-cured RAC) (C-RCP) + 100% RCA (28d) 55%

[14, 17]

6 |Bé tong Ba voi ham 30-40% OPC + 50-60% | 30 —40

lugng cao Bot da voi min (28d) 130 — 160 55% —

(HVFA/HVLP (Limestone Powder) + 45-50 65%

Concrete) [18] SCMs (90d)

Két qua nghién ctru di chi ra rang: cac hé
cap phdi bé tong SCMs (High-volume
SCMs) dat hiéu qua giam phat thai CO, rat
16n (t6i 80%). Mic du cuong do tudi som (3—
7 ngdy) phat trién cham hon OPC do phan
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{mg pozzolanic dién ra tir tir, nhung cuong do
dai han (28-90 ngay) va do bén trong moi
truong xam thuc (chong thim clo, chéng in
mon xunfat) vuot troi so vai bé tong OPC [6,
7]; Cong nghé bé tong LC3 mang lai sy can
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bang t6i wu gitra kha nang cit giam CO, (35-
45%), téc do phat trién cuong do som tuong
duong OPC va tinh san c6 ciia nguyén liéu [8,
11]; Ung dung khoang hoa CO, giup bu dap
sy suy giam cuong do som khi gidm ham
lugng OPC, dong thoi dong vai trd nhu mot
bé chira CO; ¢ dinh bén ving [12, 13].

3.3. Tiém ning trir lwong nguyén liéu
thay thé xi ming dé phat trién LCC tai
Viét Nam

Viét Nam c6 ngudn tai nguyén khoang san
va phu pham cong nghiép/ndéng nghiép vo
cuing phong phu, 1 tién dé thuén loi cho viée
san xuat LCC quy mé 16n.

3.3.1. Tro bay va tro day tir cic nha may
nhiét dién [19]

Mic du Viét Nam dang chuyén dich ning
luong, h¢ théng cac nha may nhié¢t dién than
(nhu Pha Lai, Vinh Téan, Duyén Hai, Nghi
Son, Mong Duong...) hi¢n phat thai khoang
15 — 20 triéu tAn tro xi (tro bay va tro day)
mdi nim. Tro bay dat chuin TCVN
6882:2016 14 ngudn pozzolan nhan tao chat
lugng cao, gitp tang do sut, gidm nhié¢t thay
hoa va nang cao d6 bén cho bé tong.

3.3.2. Xi 10 cao nghién min (GGBFS) tir
nganh luyén thép [20]

Su phat trién ciia cac lién hop luyén kim
16n (nhu Hoa Phat Dung Quét, Formosa Ha
Tinh) tao ra khoang 5 — 7 triéu tan xi 10 cao
mdi nim. GGBFS c6 tinh ty thay hoa tiém
tang (latent hydraulic properties), khi dugc
nghién min dat dién tich bé mat S, >
4000cm? /g c6 thé thay thé tdi 60-70% OPC
trong bé tong khoi 10n, bé tong cong trinh
bién va bé tong cudng do cao.

3.3.3. Nguon tai nguyén dat sét (Clay)
cho cong nghé LC3 [21]

Viét Nam c6 trit luong dat sét phan bd
rong khép ca nude (nhit 12 ving Pong bang
song Hong, Tay Nguyén va bong Nam BJ).
Nhiéu mo dat sét c6 ham luwong khoang
kaolinite trung binh va thap (30— 50%) khong
du tiéu chuan lam gém s cao céap nhung lai
1a nguyén liéu hoan hao dé san xuat dat sét
nung (600-800°C) cho xi mang LC3 [8, 11].
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3.3.4. Xi thép, tro ndng nghiép va phé
thai xay dung

e Xi thép (Steel Slag): Phat thai khoang
2-3 triéu tin/nam, sau khi xir Iy 6n dinh thé
tich (ngtra n6 CaO/MgO tu do) hodc carbonat
héa c6 thé dung lam SCMs hodc cbt liéu bé
tong [12, 15].

e Tro nong nghiép (RHA, Coconut
shell ash): Hang triéu tan phé phy pham nhu
vo trau, xo dira, bd mia khi dwoc dot kiém
soat tao ra tro giau SiO2 vo dinh hinh (>85%),
dong vai tro 1a si€u phu gia pozzolanic nang
cao cuong do bé tong [10].

e Phé thai pha d& xay dwng: Khéi luong
phé thai xay dung tai cac do thi 1on (Ha Noi,
TP.HCM) dat hang ngan tan/ngay, 1a ngudn
cot liéu tai ché (RCA) tiém ning cho bé tong
xanh [14].

3.4. Nhu ciu sir dung xi ming va ché tao
cau kién bé tong tai Viét Nam trong twong lai

3.4.1. Quy md san xuit va tiéu thu xi
mang

Viét Nam hién ding thir 3 thé giGi vé nang
luc san xuét xi mang (chi sau Trung Qubc va
An bo) voi tong cong suat thiét ké vuot 110
triéu tAn/nim. Tiéu thu ndi dja dat khoang 60—
65 triéu tin/nam, phén con lai danh cho xuét
khau. Nganh san xudt xi mang déng gop t6i
hon 70% tong luong phat thai CO, trong linh
vuc san xuat vat liéu xay dung tai Viét Nam.

Trudc bdi canh do thi hoa va phat trién ha
tang giao thong tang tdc, thi truong s¢ dich
chuyén manh mé& sang phén khic cau kién bé
tong duc san (Precast) va cac cau kién dy ng
luc lap ghép (duc coc, dam cau, tim tuong,
dam san lap ghép). Moi trudng ché tao tap
trung tai nha may cua bé tong dic san chinh
1a diéu kién 1y twong nhat dé ung dung dong
bd cac cong nghé bé tong carbon thap (LCC)
thé hé méi (nhu bao dudng bang CO., kich
hoat kiém (AAMs) hay phu gia khoang hoat
tinh cao thay thé xi mang) nham kiém soat
nghiém ngit chat luong va téi uvu hda mic do
cit giam phat thai, khong bi phu thudc vao
diéu kién thoi tiét cong truong [12, 22].

Ngoai ra, cong nghé in 3D bé tong (3D
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Concrete Printing) dang bat dau dugc nghién
clru ing dung tai Viét Nam, yéu cau cap phbi
bé tong c6 d6 6n dinh hinh dang (buildability)
va dong két nhanh, rat phu hop khi két hop
cac hé¢ SCMs gia cuong hat min [23].

3.4.2. Ap lwc giam phat thai va co ché
thué carbon (CBAM)

Khi Lién minh chau Au (EU) ap dung Co
ché diéu chinh bién gi6i carbon (CBAM) va
cac thi truong qudc té thit chit tiéu chuan
ESG, cac doanh nghiép xuét khau vat liéu va
bét dong san tai Viét Nam bét bude phai gidm
"d4u chan carbon" (carbon footprint) trong
san pham. Néu khong chuyén doi sang LCC,
nganh bé tong Viét Nam s& mét loi thé canh
tranh trén thi truong qudc té.

3.5. Pé xuit giai phap phat trién va ing
dung bé tong LCC tai Viét Nam

Pé hién thuc hoa viéc ung dung bé tong

LCC huéng to1 Net Zero 2050, Viét Nam can
trién khai dong b cac nhom giai phap veé mit
ky thuat ciing nhu cac giai phap vé co ché,
chinh sach.

3.5.1. Gidi phap ky thuat

Dua trén cac phan tich vé diéu kién thuc
tién tai Viét Nam (bao gém trlt luong tai
nguyén, ha ting cong nghé hién tai, chi phi
san xudt va hanh lang phap 1y), hé SCMs da
thanh phan (str dung tro bay, xi 1o cao) va xi
mang LC3 la hai giai phap phu hop va kha thi
nhit. Cu thé, SCMs da thanh phéan 1a giai
phap t6i vu dé ung dung ngay 1ap tirc (ngin
va trung han), trong khi xi mang LC3 la giai
phap mang tinh chién lugc, bén viing nhat
cho dai han. Két qua phan tich danh gia timg
nhom gidi phap ky thudt dugc trinh bay &
Béang 2 dudi day:

Bing 2: Pdnh gid sy phit hop cdc nhom cdp phoi LCC trong diéu kién Viét Nam

Titu chi H¢ SCMs da Xi mang Bé tong Khoang héa
thanh phan LC3 Geopolymer CO2
Tinh san c6 cla tai | ¢ .. .. | Cao va vinh | Thap (phu thudc héa| Thép (Thiéu
nguyén Rat cao (hién tai) clru chat) CCUS)
Chi phi trién khai R4t Thip Tha%i/n{lmng Cao R4t Cao
Micdokhathi | peiinathi | Kha thi cao ft kha thi Rt it
hién tai

Céc két qua nghién ctru cho thiy hé cip
phdi SCMs da thanh phan sir dung xi ming
Portland (OPC) phéi tron t6i wu véi xi 10 cao
nghién min (GGBFS), tro bay (FA) va muoi
silic (SF) & ty 1é thay thé xi ming cuc cao

(80% — 90%) [7]. Hiéu qua mdi truong khi
ung dung giai phap nay tuong ing vdi cac ty
1¢ thay thé khac nhau dugc trinh bay chi tiét
0 Bang 3 dudi day:

Bing 3: Panh gid hiéu qua méi truong hé cdp phéi SCMs da thanh phin

s s ... |Betongddi|Cip phdi LCC-|Cép phdi LCC-|Cép phéi LCC-
Cap %‘;‘I’:h/ Chi tiu chl'rngg(C- p4g (80% p312) (85% p215) (90%
g1 40) SCMs) SCMs) SCMs)
Thanh phan cap phoi (kg/m?):
- Xi mang thuong (OPC)| 335 85.00 (20%) | 63.75(15%) | 42.50 (10%)
_ Xi 16 cao (GGBFS) - 198.33 (46.7%) | 212.50 (50.0%) | 226.66 (53.3%)
- Tro bay nhiét dién (FA) ] 99.16 (23.3%) | 106.25 (25.0%) | 113.33 (26.7%)
- Musi silic (SF) - 42.50 (10.0%) | 42.50 (10.0%) | 42.50 (10.0%)
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- Ty 1 Nu6c/Chat két
dinh (w/b) 0.54 0.40 0.40 0.40
- Phu gia siéu déo (SP, % 0 0 o 0
chéit két dinh) 0.90% 0.80% 0.70% 0.60%
Chi tiéu moéi trwong va chi phi (LCA):
- Luong phat thai carbon 336.2 131.1 (Gidm 112.9 (Giam 95.1 (Giam
(kg CO2/m?) ' 61.0%) 66.4%) 71.7%)
- Tiéu thy nang luong 1977 4 816.5 (Giam 713.9 (Giam 611.3 (Giam
tich Ity (MJ/m?) ' 58.7%) 63.9%) 69.1%)

Trén co s& cac phan tich trén, c6 thé thiy
dé hién thuc hoa cam két Net Zero, Viét Nam
nén ap dung 10 trinh song song:

- Giai doan tir nay dén 2035: Thuc day t6i
da viéc thay thé mot phan xi ming bang hé
SCMs (tro bay, GGBFS, tro trdu) thong qua
viéc chuén hoa lai bd TCVN va dua vao cac
g6i thau dau tu cong xanh.

- Giai doan 2030 - 2050: Chuyén giao cong
nghé va xiy dung cac tram nung dét sét dé
thurong mai héa xi mang LC3 nhiam thay thé
triét dé clinker khi nguén tro bay nhiét di¢n
dan khan hiém.

3.5.2. Giai phap vé co ché chinh sich

Pé hién thuc hoa viée ung dung bé tong
carbon thip hudng téi Net Zero 2050, Viét
Nam can trién khai dong bo cac nhom giai
phap sau:

- Nhém giai phap Thé ché & Kich ciu
thi trudmng

+ Tién phong trong dau tu cong (Green
Procurement): can c6 quy dinh yéu ciu bat
budc str dung ty 1¢ nhét dinh LCC (bé tong
tron tro bay, xi 10 cao) trong céc du an ha ting
trong diém st dung vén ngan sach (nhu
duong cao tc, cau cang, dé ke bién).

+ Co ché tai chinh carbon: sém ban hanh
dinh mirc phét thai CO, trén mdi m® bé tong
cho timg cap cuong do, huéng dén xay dung
16 trinh 4p dung thué carbon ddi véi cac san
pham bé tong phat thai CO; cao, tir d6 tao loi

154

thé canh tranh truc tiép vé gia cho bé téng
xanh, bu dip chi phi chuyén ddi céng nghé
cua doanh nghiép.

- Nhém gii phap Tiéu chuin ky thuit
(G& b6 rao cin)

+ Cap nhat TCVN theo "Tinh ning'":
Chuyén ddi hé théng TCVN tir viéc khong
ché "thanh phan" (quy dinh cirmg ham luong
xi mang toi thiéu) sang quan 1y "tinh nang dau
ra" (dap ung du cuong do, do bén, chong
thim). Diéu nay tao khong gian phap 1y dé
cac tram tron ting ty 1é thay thé phu gia
khoang 1én murc cao (50-70%).

+ Xay dung bd tiéu chuin riéng cho
LC3: Nhanh chong nghién ctru va ban hanh
bd quy chuan k¥ thuat qudc gia cho xi ming
dat sét nung va cdt lidu tai ché, 1am co s& dé
dua san pham vao thiét ké thi cong dai tra.

- Nhém giai phap Céng nghé & Chubi
cung ung

+ Ung dung ddt pha tai mang bé tong
diic sin (Precast): Khuyén khich cac nha
may san xuét ciu kién dic sin (coc ly tam,
dam cu, cong) di dau tmg dung bé téng tro
xi va Geopolymer. Mdi truong nha may giup
d& dang kiém soat diéu kién bao dudng nhiét,
khic phuc nhuoc diém cham phat trién cuong
d0 sém cua LCC.

+ Quy hoach viung nguyén li¢u tap
trung: Thay vi phat trién tu phat, can quy
hoach céc trung tdm thu gom, tuyén lya va
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chuan hoa chat luong dau vao cta tro xi nhiét
dién, xi thép va dat sét nghe¢o. Pam bao
ngudn cung phu gia c6 chit luong 6n dinh
(kiém soat do truong nd, lugng than chua
chay) trudc khi dua tdi cac tram tron.

IV. KET LUAN

Bé tong carbon thap (LCC) khong con 1a
mot lya chon thir nghiém ma da tré thanh xu
hudng bét budc cta nganh xay dung toan cau
trong ky nguyén Net Zero. Viéc thay thé OPC
bang cac hé¢ SCMs da thanh phan, xi mang
LC3, bé tong Geopolymer va cong nghé
khoang héa CO; da chimg minh kha nang cit
giam tir 30% dén 80% luong phat thai CO»
ma van dam bdo dic tinh co 1y va do bén lau
cua cong trinh.

Viét Nam so hitu tiém nang vo cing to 16n
vé ngudn phu gia khoang (tro bay nhiét dién,
xi thép, xi 10 cao, dit sét nung va phy phim
ndng nghi€p) cung mot thi trudong tiéu thy bé
tong dic san day trién vong. D& hién thuc hoa
tiém ning nay, can cé su phdi hop dong bod
gitta Nha nudc (vé chinh sach, tiéu chuan),
cac Vién/Truong (vé nghién ciru thanh phan
cap phdi) va cac Doanh nghiép san xuit bé
tong/xi mang (vé thuong mai héa san pham).
Vi¢c ung dung rong rai LCC sé€ 1a try cot quan
trong gitp Viét Nam thuc hién thanh cong
cam két Net Zero vao nam 2050, hudng tGi
mot nén kinh té xanh va bén viing.
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DANH GIA HIEU QUA KINH TE - KY THUAT VA GIAM PHAT THAI CUA
HE THONG SWB-HRES CHO CUM AO NUOI THUY SAN VUNG DAM PHA
TAM GIANG - CAU HAI

] Pham Van Quang® 2*, Bui Thi Minh Tii', Lé Minh Tién', Nguyén Xudn Trung*

TOM TAT

Nghién ciru danh gid hiéu qua kinh té—ky thudt va méi truong ciia hé thong ndng lwong tdi tao lai mdt troi—
gid—sinh khoi (SWB-HRES) cho cum 05 hg nudi tém tham canh tai dam pha Tam Giang—Cdau Hai bang phan
mém HOMER Pro. Hai ché dg vin hanh t6 may phat sinh khéi duwoc so sanh: lich trinh ¢é dinh tir 17:00-05:00
va tw dong bam tai theo nhu cau phu tdi. Cdu hinh t6i vu g&m cong sudt dién mat troi 28-30 kW, ba tua-bin
gi6 1,5 kW, té may phat biogas/syngas 20 kW va bg chuyén doi 20 kW. So véi phwong dn chi sir dung dién ludi,
ché do lich trinh c6 dinh giam 24,5% chi phi hién tai rong (NPC), dat ty sudt hoan vén dau tw (ROI) 12,6%,
1y 1é nang lwong tdi tao 61,3% va giam 60,5% phdt thai CO:, véi thoi gian hoan von chiét khdu 5,98 nam. Ché
d6 bam tdi ¢6 hiéu qua kinh té cao hon, véi NPC gidam 28, 3%, ROI 14,9% va thoi gian hoan von 4,70 nam,
nhung ty I¢ nang luong tai tao va mirc giam phat thai CO: thép hon, lan ot dat 41,8% va 41,2%. Xét tong
thé hiéu qud kinh té, méi truong va ddc tinh van hanh, ché dg lich trinh c6 dinh duoc lya chon lam phuong dn
chudn. Phdn tich dj nhay cho thdy xudt khau mét phan dién dur 1én heéi c6 thé tiép tuc giam NPC 12,5-13,8%
va rit ngdn thoi gian hoan von xuong 3,79-3,87 ndm.

Tir khéa: SWB-HRES, trang trai thity san, Tam Giang-Cau Hai, Net Zero, HOMER Pro
TECHNO-ECONOMIC AND EMISSION REDUCTION ASSESSMENT OF AN SWB-HRES
FOR AN AQUACULTURE POND CLUSTER IN THE TAM GIANG-CAU HAI LAGOON

ABSTRACT

This study evaluates the techno-economic and environmental performance of a solar—wind—biomass hybrid
renewable energy system (SWB-HRES) for a cluster of five intensive shrimp-farming households in the Tam
Giang—Cau Hai lagoon, Vietnam, using HOMER Pro. Two dispatch strategies for the biomass generator were
compared. a scheduled strategy operating from 17:00 to 05:00 and a load-following strategy operating only
when renewable generation is insufficient to meet the load. The optimal configuration comprises 28—-30 kW of
PV capacity, three 1.5 kW wind turbines, a 20 kW biogas/syngas generator, and a 20 kW converter. Compared
with the grid-only baseline, the scheduled strategy reduces the net present cost (NPC) by 24.5%, achieves a
return on investment (ROI) of 12.6%, a renewable fraction of 61.3%, and a 60.5% reduction in CO: emissions,
with a discounted payback period of 5.98 years. The load-following strategy provides superior economic
performance, with NPC reduced by 28.3%, ROI of 14.9%, and a discounted payback period of 4.70 years, but
achieves a lower remnewable fraction and CO: emission reduction of 41.8% and 41.2%, respectively.
Considering economic, environmental, and operational performance simultaneously, the scheduled strategy is
selected as the preferred operating strategy. A sensitivity analysis further indicates that exporting a portion of
surplus PV electricity to the grid could reduce NPC by an additional 12.5—13.8% and shorten the discounted
payback period to 3.79-3.87 years.

Keywords: hybrid renewable energy system; solar—wind—biomass;, HOMER Pro; aquaculture; generator
dispatch strategy.

I. GIOI THIEU tro séng con (IEA, 2021; Rogelj et al., 2021).

Tinh trang bién d6i khi hau toan ciu dang
thiic day cac qudc gia réo riét tim kiém cac
giai phap ning luong thay thé nham kiém ché
su gia tdng nhiét do trai dat. Hudng t61 muc
tiéu trung hoa carbon (Net Zero) vao giita thé
ky 21 theo tinh than ctia Hoi nghi COP26,
viéc loai bé dan nhién liéu héa thach va
chuyén dich sang ning luong tai tao dong vai

! Truong Pai hoc Bach Khoa, Pai hoc Da Nﬁng
2 Truong Pai hoc Pong A
* Email: quangpv@donga.edu.vn
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Chuyén héa cam két nay thanh hanh dong
thyc tién, Quy hoach phat trién dién luc quéc
gia thoi ky 2021-2030 (Quy hoach dién VIII)
cua Viét Nam da xac dinh r6 10 trinh wu tién
phat trién manh mé cac ngudn dién sach (Thu
tudng Chinh phu, 2023). DBinh hudéng vi mo
nay ciing di dwoc chinh quyén tinh Thira
Thién Hué cu thé hoa thong qua céc chién
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lugc phat trién ha tang kinh té - k¥ thuat theo
hudng bén viing (Uy ban nhan dan thanh phd
Hué, 2026).

Du s& hitu tiém nang to 16n, vi¢c khai thac
cac ngudn niang luong tai tao truyén thong
nhu dién mit troi hay dién gié ludn vap phai
rao can vé tinh bat dinh va phu thudc manh
vao diéu kién thoi tiét, gay ap luc 16n 1én tinh
6n dinh cua ludi dién (Bajpai & Dash, 2012;
Deguenon et al., 2023). Dé khic phuc diém
yéu nay, hé théng nang luong lai (HRES) —
tich hop dong thoi nhiéu ngudn phat — dugc
danh gia 1a mot giai phap chién luoc nham t6i
vu héa do tin cdy va giam bdt ganh ning dau
tu cho céc thiét bi luu trit ning lugng dat do
(Dufo-Lopez & Bernal-Agustin, 2008;
Maleki & Askarzadeh, 2014). P c6 nhiéu
nghién ctru tng dung cac cong cu ti uu hoa
nhu HOMER Pro dé thiét ké mé hinh lai, tuy
nhién, phan 16n cac cong trinh méi chi dimg
lai & cAu hinh co ban (Duman & Giiler, 2018;
Hasan & Geng, 2022). Trong khi cic ciu
phan chinh nhu pin mat troi, tua-bin gié va
b6 chuyén d6i déu 1a cong nghé da duoc kiém
ching rong rai, riéng hé thong phat dién sinh
khéi lai chwa dugc trién khai pho bién do dac
diém cong kénh ciia nguyén liéu va yéu cau
diéu khién phic tap (Tu et al., 2025; Bui va
cs., 2022). Bay chinh la mot trong nhiing rao
can k¥ thuat khién cac moé hinh SWB-HRES
van con han ché trong thyc tién trién khai; cac
danh gia toan dién vé tinh kha thi kinh té - k¥
thuat ctia mé hinh tich hop sinh khéi tai cac
khu vyc nong thon, bai ngang ven bién van
con 1a mot khoang trong 16m.

Xuat phat tir khoang trong nghién ciru trén,
nghién ctru nay duogc thuc hién nham muc
tiéu "Déanh gi4 hidu qua kinh té - k¥ thuat va
giam phat thai ctia hé théng SWB-HRES cho
cum ao nudi thuy san vung dam phd Tam
Giang - Cau Hai". Thong qua nen tang phan
mém HOMER Pro, nghién ctru tién hanh mé
phong va so sanh hai ché d6 van hanh (lich
trinh ¢ dinh va tu dong bam theo tai) cua vi
ludi dién da ngudn (mit troi, giod, sinh khdi)
c6 twong tac ludi dién hién hiru. Két qua

158

nghién ctru dinh luong cac chi sé tai chinh
(Gia tri hién tai rong NPC, ty suit hoan von
ROI, thoi gian hoan vbn) va kha nang giam
thiéu khi thai (CO:-eq), qua d6 cung cap luan
ctr khoa hoc cho qua trinh chuyén d01 nang
luong bén viing tai cac viing nudi trong thiy
san ven bién.

1. PHUONG PHAP NGHIEN CUU

1. Céu triic h¢ thong SWB-HRES

Hinh 1. So dé tong
thé hé thong SWB

Nghién ctru ding phan mém HOMER Pro
dé tinh toan lua chon tdi wu cac cau phﬁn cua
hé vi ludi lai SWB-HRES phuc vu cum ao nu6i
t6m tai ving dam pha Tam Giang — Cau Hai.

Error! Reference source not found. gioi
thiéu so do tinh toan hé théng SWB-HRES
trong HOMER. Trong so d6 nay, gian pin mit
troi, tua-bin gi6 va may phat dién chay khi
biogas/syngas déu 1a nguoén mot chiéu, dugc
dau ndi chung vao mot thanh cai (DC bus).
Céu tric nay giup giam so tang chuyén doi
dién ning so véi viéc modi nguon ty cd bo
nghich luu riéng (Dosa et al., 2025). Toan bo
cong suat trén nhanh DC duoc chuyén doi
sang xoay chiéu (AC) qua mét bo chuyén dbi
trung tam duy | nhét de cap cho phu tai ciia cum
ao nudi va dau n01 voi ludi dién quoc gia,
dong vai tro ngudn dy phong khi cac ngudn tai
chd khong dap tng ¢t nhu cau. Bo chuyén 601
la loai hoa ludi. Khi phu tai vugt cong sut
dinh muc ciia bd chuyén doi, phan thiéu hut
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duoc ludi dién c?ip tu dong, bao gém ca dong
khoi dong cua dong co suc khi.

2. Khu vue nghién ctru

Hé dam pha Tam Giang — Cau Hai (Hinh
2) 1a dAm phé nude 1o 16n nhat Dong Nam A,
giit vai trd quan trong véi sinh ké cong dong
ven bién mién Trung (Duong et al., 2026).
Nu6i tom thdm canh 1a mé hinh san xuat dang
phat trién manh tai khu vyc, voi xu hudng

tham canh hoa kéo theo nhu cau phu tai suc
khi tdng nhanh (Duong et al., 2026; Nguyen
& Matsuhashi, 2019; V6 va cs., 2019). Viéc
phat trién nang luong tai tao tai ddy ciing phu
hop dinh hudng "Céng vién dam pha qudc
gia" Tam Giang — Cau Hai theo Quy hoach
chung d6 thi Hué d dwoc Tha tuéng Chinh
phu phé duy¢t (Thu tuéng Chinh phu, 2024).

Hinh 2. Vi tri dia Iy va hinh anh ving Cau Hai — Tam Giang

Mo hinh duogc khao sat tai mot cum 05 ho
nudi tom tham canh ven dim phé (toa do
16°30,2' N, 107°43,3' E), véi tong cong sut
lép dat dinh murc 57,0 kW. Dir liéu burc xa mat
troi, toe d6 gid va nhiét d6 méi truong tai khu
vuc nghién ctru dugc trich Xuét tir co so dit
liéu v€ tinh NASA tich hop trong HOMER
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Pro (NASA, n.d.; HOMER Energy, 2026).
Téc do gi6 trung binh ndm dat 4,29 m/s, mirc
cao nhit vao thang 11 (5,59 m/s) va thap nhat
vao thang 5-6 (3,42 m/s); cudong dJ buc xa
mat troi trung binh dat 4,10 kWh/m?*/ngay
(Hinh 3).

(@)

(b)

159



KHOA HOC - CONG NGHE

Hinh 3. Toc dé gié trung binh (a) va birc xa mdt troi (b) trong nim tai Cau Hai — Tam Giang

Khu vuc Cau Hai — Tam Giang ¢6 quy mé
chét thai rin sinh hoat (CTRSH) tham chiéu
khoang 46 tin/ngay (Thiéu Quang va cs.,
2023). Cung vo1 CTRSH, cac hoat dong nong
nghiép va nudi trong thuy san dic trung ciia
ving dam phé con tao ra ngudn phu pham
sinh khéi dang ké, tao co s& cho viéc thu hoi
nang lugng. Trong d6, sinh khdi d& phan hay
¢6 thé duoc sir dung dé san xuat biogas, trong
khi sinh khdi kho phan hity c6 thé dugc ché
bién thanh vién nén nhién liéu RDF (Refuse
Derived Fuel), sau d6 chuyén hoa thanh

syngas thong qua qua trinh khi hoa (Nguyen-
Thi et al., 2023; Phung et al., 2023).

Phu tai di¢n cua cuym ao mang luong dién
tiéu thu trung binh 475,5 kWh/ngay (tuong
duong 19,81 kW) va cong suit dinh dat 50,63
kW. Phu tai dién mang dac trung nghich dao
chu ky ngay — dém 13 rét: tai nén ban ngay
chi khoang 5,2—8,0 kW, trong khi tai dinh ban
dém co thé 1én dén 35-40 kW, dugc minh hoa
qua so d0 tai dién hinh trong Hinh 4. Khu vuc
nghién ctru hién d3 két ndi ludi dién qudc gia.

Hinh 4. Bién thién phu tdi dién trung binh theo gio trong ngay

3. Thong sb kinh té — k¥ thuit diu vao
va ché d9 van hanh

Tudi tho dy 4n duogc gia dinh 1a 25 nam. Lai
sudt chiét khau duoc lay theo 13i suat tai cAp
v6n cta Ngan hang Nha nudc Viét Nam nam
2026 1a 4,5%/nam (Ngan hang Nha nudc Vit
Nam, 2026). Ty 1€ lam phat stir dung 1a lam phat
co ban binh quan nam 2025, dat 3,21%/nam so
v6i nam 2024 (Cuc Thong ke, 2026).

Chi phi thiét bi chinh (dau tu, thay thé,
O&M) dugc trinh bay cing thong s6 ki thuat

trong Error! Reference source not found..
Pon gia may phat chi bao gdm t6 may phat.
Chi phi hé thong khi hoa, him biogas va day
chuyén san xuat RDF dugc tinh vao chi phi
xtr 1y rac, do d6 chi phi nhién liéu sinh khdi
dugc gia dinh bang 0. Gia dién ludi 4p dung
biéu gia TOU hién hanh cta EVN (gio thap
diém 1.300 ¢/kWh; gio binh thuong 1.987
d/kWh; gio cao diém 3.640 d/kWh) (B6 Cong
Thuong, 2025).

Bing 1. Théng s6 kj thudt va chi phi cdc cdu phan cia hé thong SWB-HRES

‘ Chi phi du | Chi phi thay | Chi phi Tudi tho
Thanh phin |  Loai/Model tu thé 0&M (‘:1 Am).
(VND) (VND) (VND)

R Generic Flat Plate,
Pin mat troi o007 10,000,000, 8,000,000 100,000 25
Tua-bin gi6  |AWS HC 1.5 kW 30,000,000 24,000,000, 300,000 20
May phat : 780 20000
syngas Generic, 1 kW 13,000,000/ 10,400,000 (VND/h) (id)
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Bo chuyén doi |Generic 95%, 1 kW ‘

5,000,000|

5,000,0000 50,000 15

Hai ché d6 van hanh ddi véi to may phat dién
sinh khéi duoc thiét 1ap va so sanh: (1) van hanh
theo ché do lich trinh ¢b dinh (Scheduled), theo
d6 t6 may hoat dong trong khung thoi gian dinh
trude tir 17:00 d&én 05:00 ngay hom sau, nhim
tang cuong ngudn dién tai chd dé dap tmg phu
tai suc khi cao vao ban dém, dong thoi giam
luong dién mua tir ludi trong khung gio gia cao;
(2) van hanh theo ché d6 tu dong bam tai (Load
Following), trong d6 to may chi hoat dong khi
cong sudt tir cac ngudn ning luong tai tao khong

di dap tmg phu tai tai timg thoi diém, voi cong
sut phat duoc diéu chinh theo mirc thiéu hut.
II. KET QUA VA THAO LUAN

1. Céu hinh tdi wu ciia h¢ thong SWB-
HRES

Két qua tdi wu hoa xac dinh cau hinh chung
cho ca hai ché d6 véan hanh gém 03 cum tua-
bin gi6 1,5 kW, may phat biogas/syngas 20 kW
va bo chuyén doi 20 kW. Cong suét PV tdi uu
1an Tuot 1a 30 kW déi v6i ché d¢ lich trinh ¢6
dinh va 28 kW d6i voi ché do tu dong bam tai.

(a

®

Hinh 5. Co cdu san lwong dién theo thang, ché dg lich trinh c¢6 dinh (a) va ché do tw dong
bam tai (b)

€))

Bién thién cong suét theo tai va ngudn phat - lich trinh ¢b dinh (a)

(b)
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PV  e=——WT1.5

Bién thién cong sut theo tai va ngudn phat - tu déng bam tai (b)

GenSyn

Grid Total Load

Hinh 6. Bién thién cong sudt tdi va nguon phat theo cdac ngay trong nam doi véi ché dg lich
trinh ¢ dinh (a) va ché dé tu dong bam tai (b)

Tong luong dién san xuat duoc dat
198.130 kWh/nam d6i véi ché d6 lich trinh
c6 dinh va 196.514 kWh/nam déi v6i ché do
bam tai. O ché d6 lich trinh ¢ dinh, may phat
sinh khoi dong gop 87.600 kWh/nam, tuong
ung 44,2% tong dién nang, trong khi ty trong
nay giam xubng 27,7% d6i v6i ché do bam
tai, tuong Ung 54.460 kWh/nam. Sy gidm
dong gop ciia may phat sinh khdi & ché do
bam tai di kém véi muc dién ndng mua tir
ludi tang tor 67.014 kWh/nam (33,8%) lén
100.961 kWh/nam (51,4%). Trong khi do,
dong goép cua PV giam tir 36.351 xudng
33.928 kWh/nam, con san lugng dién tur tua-
bin gié duy tri & mtrc 7.165 kWh/nam trong
ca hai ché d6. Do hé thong khong co co ché
ban dién 1én ludi va khong tich hop hé théng
luu trit, dién nang du dat 19.152 kWh/nam
ddi v6i ché do lich trinh ¢6 dinh va 19.285
kWh/nam d6i véi ché d6 bam tai. Cac gia tri
nay tuong Umg 9,67% va 9,81% tong san
luong dién phat, déu thip hon ngudng 10%
dugc dé xuat d6i véi cac hé thong HRES
(Vaziri Rad et al., 2023).

Co cau san luong dién theo ngudn cia hai
ché d6 duogc thé hién & Hinh 5a va b. S liéu
cho thay ty trong dong gop cuia timg ngudn
phat duy tri 6n dinh gitta cac thang, phu hop
v6i dic tinh birc xa mat troi va toe do gio it
bién dong theo mua tai khu vuc nghién ctru.

Hinh 6a va b minh hoa bién thién cong sut
tai va ngudn phat cac ngay trong nim. Tai
dién dao dong trong khoang 5-45 kW, phu
hop voi dac trung phu tai suc khi. Vao ban
ngay, dién mit troi dap ang phan 16n nhu cau
phu tai. Trong khi do, vao ban d&m, may phat
dién van hanh két hop véi dién luéi dé dap
{rmg nhu cau phu tai dinh tir 35 dén 45 kW, do
mirc phu tai ndy vuot qua cong suit dinh mirc
ctia may phat va bo chuyén doi.

2. So sanh hai ché d van hanh

Bang 2 trinh bay cac chi tiéu kinh té, k§
thuat va moi truong cua hai ché do van hanh.
Két qua cho thay sy khac biét giita ché do lich
trinh cd dinh va ché d6 ty dong bam tai vé hiéu
qua kinh té, mirc do khai thac nguén tai tao,
phat thai CO2 va dac tinh van hanh may phat.

Bing 2. So sanh cdc chi tiéu kinh té, ky thudt va méi truong gitka hai ché dg van hanh

Chi tiéu Lich trinh ¢6 dinh | Ty dong bam tii | Chénh léch

Chi phi hién tai rong, NPC (d) 5.892.334.000 5.595.120.000 —5,0%
Chi phi dién quy dan, LCOE o

(d/kWh) 1.591 1.511 5,0%
Ty 1€ nang lugng tai tao (%) 61,3 41,8]  —19,5 diém %
Gi0 van hanh may phat (h/nam) 4.380 2.723 —37,8%
Sinh khdi tiéu thy (tin/nim) 520 323 -37,9%
Phat thai CO: (kg/ndm) 42.627 63.473 +48,9%

Ché d6 bam tai cho két qua kinh té thuan loi
hon, v61 NPC giam 5,0%, tuong g 297,2
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triéu dong, tir 5.892,3 triéu dong xudng 5.595,1
triéu dong; dong thoi, LCOE giam tur 1.591
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xudng 1.511 ¢/kWh. Ché do bam tai ciing lam
giam gid van hanh may phat tir 4.380 xudng
2.723 gio/ndm, tuong tmg 37,8%, va lugng
sinh khdi tiéu thu tir 520 xudng 323 tAn/nam,
tuong tng 37,9%.

Nguoc lai, ché d6 lich trinh ¢6 dinh c6 ty 1&
nang lugng tai tao cao hon va phat thai CO:
thap hon. Ty 1¢ ning luong tai tao dat 61,3%,
50 v6i 41,8% & ché do bam tai. Phat thai CO»
tuong g dat 42.627 va 63.473 kg/nam, trong
d6 ché do lich trinh ¢ dinh thap hon 32,8%.
Dién mua tir ludi dong gop 41.783 kg/mam va
62.949 kg/nam, tuong tmg 98,0% va 99,2%
téng phat thai CO: cia hai ché do; phﬁn con lai,

tuong ing 844 va 524 kg/nam, dén tir may phat
tai chd. Ché d6 bam tai c6 muc dién mua tir
ludi cao hon, dat 100.961 kWh/nam (51,4%),
s0 v6i 67.014 kWh/nam (33,8%) ¢ ché do lich
trinh c6 dinh.

Xét vé dic tinh van hanh cta may phat, cac
chi s6 trong Bang 3 cho thiy ché d6 bam tai ¢6
486 chu ky khoi dong mdi nam, cao hon 32,8%
0 v0i 366 chu ky/nam cua ché db lich trinh ¢
dinh. Hé sd tai trung binh ctia may phat ciing
thap hon, 1an luot dat 31,1% va 50,0%. Trong
khi d6, sut tiéu hao nhién liéu riéng duy tri &
mirc 0,890 kg/kWh & ca hai ché do.

Bdng 3. Cac chi so vé dac tinh van hanh

Chi 50 Lich trinh c6 dinh Tw dong bam tai
S6 lan khoi dong (1an/ndm) 366 486
He s6 tai trung binh (%) 50,0 31,1
Suét tiéu hao nhién liéu riéng (kg/kWh) 0,890 0,890

Céc két qua cho thdy su danh d6i gitra hai
ché do van hanh. Ché d6 bam tai c6 vu thé vé
hiéu qua kinh t& va murc tiéu thu sinh khdi,
thé hién qua NPC va LCOE thip hon, dong
thoi giam dang ké thoi gian van hanh va
lugng sinh khéi tiéu thu. Nguoc lai, ché do
lich trinh ¢d dinh c6 wu thé vé ty 1€ nang
lwong tai tao va phat thai CO., dong thoi duy
tri ddc tinh khai thic may phat 6n dinh hon
v6i s6 1an khoi dong thap hon va hé sb tai
trung binh cao hon.

3. Phén tich hiéu qua kinh té va méi
truong

So v6i phuong an chi str dung dién ludi, hé
thong SWB-HRES cho thiy sy cai thién rd
rét vé ca chi phi vong doi va phat thai CO: &
ca hai ché do6 van hanh. Phuong an chi st
dung dién luéi dap ung toan bd nhu cau phu
tai tir dién ludi qudc gia va khong tich hop
ngudn phat tai chd. Két qua so sanh duogc

trinh bay trong Bang 4.

Bing 4. Hiéu qua kinh té va méi truong ciia hé thong SWB-HRES so véi phwong dn chi
s dung dién luoi

TAP CHi CONG NGHIEP NONG THON SO 62

Chi <4 Chi sir dyng dién| SWB-HRES — Lich | SWB-HRES — Ty
luéi trinh co dinh dong bam tai

(Cdk)“ phi hién tai rong, NPC - ¢ 600 000 5.892.334.000 5.595.120.000

o 1.907.666.000 2.204.880.000

Tiét kiém NPC (d) - (24.5%) (28.3%)
Ty suat hoan von dau tu,

ROL (%) | ; 12,6 14,9

Chi phi dau tu ban dau (d) 0 750.000.000 730.000.000

Chi phi van hanh (d/nam) 365.000.000 241.000.000 228.000.000
Chi phi dién quy dan,

LCOB (d/cWh) 2.109 1.591 1511

Phat thai CO» (kg/nim) 107.965 42.627 63.473
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Giam phat thai CO: (kg) - 65.338 (60,5%) 44.492 (41,2%)
Thfn gian hoan von chiét i 5.98 470
khau (nam)

Vé kinh té, ca hai ché d6 van hanh déu cho
thy chi phi vong doi thap hon phuong 4n chi
st dung dién ludi. Chi phi hién tai rong giam
24,5% dbi voi ché @6 lich trinh ¢ dinh va
28,3% dbi voi ché do tu dong bam tai, tuong
mg murc tiét kiém 1.907,7 va 2.204,9 triéu

dong trong vong doi 25 nam. Chi phi dién
quy dan giam tir 2.109 d/kWh ctia phuwong an
chi str dung dién ludi xudng lan luot 1.591 va
1.511 d/kWh. Dong thoi, chi phi van hanh
giam tir 365 triéu dong/nam xudng 241 va
228 triéu déng/nam.

(2,000,000,000)

(4,000,000,000)

(6,000,000,000)
(8,000,000,000)

Cash Flow (VND)

(10,000,000,000)
0 5

emmeGrid e SWB-HRES

10 15 20 25

year

Hinh 7. Chi phi chiét khau tich liiy cua hé théng SWB-HRES theo ché dé lich trinh c6
dinh va phuwong an chi sw dung dién ludi trong vong doi 25 nam

5,500,000,000

Cost summary

EWT1.5kW GenSyn HEPV

A 4,400,000,000
E 3,300,000,000 A
-~ 2,200,000,000 A
o 1,100,000,000 - S
% O I

-1,100,000,000

@"& 0/00’
dﬁ 5?
R
Q;.

Grid mConverter
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Cost summary

6,000,000,000

3 4,800,000,000

E 3,600,000,000 -

~ 2,400,000,000 -
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= 0
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Hinh 8. Co cdu chi phi vong doi ciia hé thong SWB-HRES theo ché dp lich trinh 6 dinh (a)
va cheé do tw dong bam tai (b)
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V& von dau tu, hai ché do yéu cau chi phi
dau tu ban dau lan luot 1a 750 va 730 tridu
dong. Ty suat hoan vbén dau tu (ROI) dat
12,6% dbi véi ché do lich trinh ¢6 dinh va
14,9% d6i voi ché do tu dong bam tai. Thoi
gian hoan von chiét khiu 1an luot 1a 5,98 va
4,70 nam. Céc gié tri ROI duong va thoi gian
hoan von dudi 6 ndm cho thay ca hai ché d6
déu dat hiéu qua tai chinh tich cyc trong vong
do1 25 nam cua du an.

V& moi truong, phat thai CO: cta hai ché
d6 lan luot dat 42.627 va 63.473 kg/nim,
tuong Ung gidm 65.338 kg/nam (60,5%) va
44.492 kg/nam (41,2%) so v6i phuong an chi
st dung di¢n ludi. Mirc giam phat thai cua

TAP CHi CONG NGHIEP NONG THON SO 62

ché do lich trinh 6 dinh 16n hon so v&i ché
d6 ty dong bam tai.Hinh 7 thé hién chi phi
chiét khau tich lily cua hé thong SWB-HRES
theo ché d¢ lich trinh c6 dinh va phuong 4n
chi sir dung di¢n ludi trong vong doi 25 nam.
Chi phi tich lily ctia hé thong SWB-HRES
cao hon trong giai doan dau do phat sinh chi
phi dau tu ban dau, sau d6 thap hon phuong
an chi sir dung di¢n ludi sau thoi diém hoan
vbn, va khoang cach tiép tuc gia ting trong
cac nam tiép theo. Do chénh léch NPC giira
hai ché d6 van hanh chi & muc 5,0%, dudng
lity ké chi phi cia ché do bam tai c6 dang
tuong tu.
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Co ciu chi phi vong doi cua hai ché d6
duoc thé hién ¢ Hinh 8a va b. Bdi v6i phuong
an chi st dung dién ludi, chi phi van hanh
chiém ty trong chu dao do toan bo dién ning
phuc vu phu tai dugc mua tir ludi. Trong khi
d6, ca hai ché 46 SWB-HRES déu chuyén
mot phan chi phi tir van hanh sang dau tu ban
dau théng qua viée tich hop cac ngudn phat
tai chd, dong thoi 1am giam chi phi van hanh
trong sudt vong doi du an.

4. Phan tich d6 nhay theo co ché xuit
khau mét phin dién mit troi

Pé danh gia tic dong cua kha ning ban
dién du 1én ludi, nghién ctu thuc hi€én mo
phong trén cing cau hinh phan cing ti wu
ctia hai ché do van hanh. Cong suat xuét khiu
dugc gia dinh bang 50% cong suat PV lap dat,
tuong tng 15 kW ddi v6i ché do lich trinh ¢
dinh va 14 kW dbi v6i ché d6 ty dong bam
tai; cac thanh phén con lai cua hé théng duoc
gilt nguyén. Két qua duogc trinh bay trong
Bang 5.

Bing 5. So sanh hiéu qua cia hé thong khi cé co ché ban dién du 1én ludi

Chi sb Lich c6 dinh | Lich c6 dinh + | Ty dong bam tai| Ty dong bam tai
(khong ban) ban 15 kW (khong ban) + ban 14 kW
S;}C?g; hién tai rONg, 5 ¢9 334.000| 5.158.289.000  5.595.120.000  4.823.071.000
1{11312 ktlg;l Iljﬁeilgongi 734.045.000 772.049.000
e 0 0
e (12,5%) (13,8%)
Chi phi dién quy dan, o o
LCOB (d/kWh) 1.591|  1.273 (20,0%) 1511 1.186 (21,5%)
(Cdl;l phi dau tw ban dau .50 550 000l 750.000.000 730.000.000 730.000.000
Chi ~phi van hanhi ) 5600000  206.404.000 228.000.000 191.645.000
(d/nam)
(TOZO)I‘-’ néng luong tai tao 61,3 64,7 41,8 478
Dién nang du (%) 9.67 0,96 9.81 121
Ty suat hoan von dau tu,
ROL (%) 12,6 17,2 14,9 19,8
Thoi gian hoan von
chidt khu (nam) 5,98 3,87 4,70 3,79

Khé ndng ban dién du lén ludi cai thién rd
rét hidu qua kinh té & ca hai ché do. NPC
giam 12,5% d6i véi lich trinh ¢d dinh va
13,8% db6i v6i bam tai, trong khi LCOE giam
1an luot 20,0% va 21,5%. Chi phi dau tu ban
dau (CAPEX) khong thay doi, trong khi chi
phi van hanh (OPEX) gidm tuong ung 34,596
va 36,355 triéu dong/nam.

Déng thoi, ty 1¢ dién du gidm manh tir
9,67% xudng 0,96% dbi véi lich trinh ¢ dinh
va tir 9,81% xudng 1,21% ddi v6i bam tai; ty
1€ nang luong tai tao tang tuong ung tur 61,3%
1én 64,7% va tir 41,8% 1én 47,8%. ROI ting
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1&n 17,2% va 19,8%, trong khi thoi gian hoan
vbn chiét khdu giam con 3,87 va 3,79 nim.
Nhu vy, trong diéu kién gia dinh c6 thé
ban dién du 1én ludi, ca hai ché do déu cai
thién hiéu qua kinh té va murc khai thac nguén
tai tao, dong thoi giam dang ké lugng dién du
ctia hé thdng. Két qua ndy mang tinh thim do
k¥ thuat — kinh té; kha ning ap dung thuc té
con phu thude vao hinh thire lip dat PV, diéu
kién d4u nbi va quy dinh hién hanh.
IV. KET LUAN
Nghién ctru di str dung HOMER Pro dé t6i
vu hoa hé théng ning lugng tai tao lai két hop

TAP CHi CONG NGHIEP NONG THON SO 62
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sinh khoi (SWB-HRES) cho cum 05 hd nudi
tom tham canh tai ving ddm pha Tam Giang
— CAu Hai, dong thoi danh gia hai ché do van
hanh may phat sinh khdi gom lich trinh ¢
dinh va tu dong bam tai. C4u hinh t5i vu gdbm
PV 28-30 kW, ba cum tua-bin gié 1,5 kW,
may phat biogas/syngas 20 kW va bo chuyén
d6i 20 kW. Két qua cho thiy ca hai ché do
déu co kha ning dap Gmg phu tai ctia hé
thong, voi ty 1& dién nang du khoang 9,7
9,8% trong dicu kién khong co co ché xuit
khau dién.

Vé hiéu qua kinh té, ca hai ché d6 van hanh
déu cho chi phi vong doi thip hon so véi
phuong an chi sir dung dién ludi. Ché d6 lich
trinh ¢ dinh dat chi phi hién tai rong (NPC)
5.892,3 triéu dong, giam 24,5%, voi thoi gian
hoan vén chiét khau 5,98 nim va ROI 12,6%.
Ché d6 tu dong bam tai dat NPC 5.595,1 tri¢u
ddng, giam 28,3%, véi thoi gian hoan vén
chiét khau 4,70 nam va ROI 14,9%. Vé méi
truong, phat thai CO: lan luot 1 42.627 va
63.473 kg/nam, trong ng muc giam 60,5%
va 41,2% so v&i phuong an chi s dung dién
ludi; ty 1€ ndng luong tai tao dat 61,3% va
41,8%. Cac két qua nay cho thdy su danh doi
1o rét giita hiéu qua kinh & va hiéu qua moi
truong cua hai ché do van hanh.

Xét vé dic tinh van hanh, ché do tu dong
bam tai c6 s6 chu ky khoi dong may phat cao
hon 32,8% so vé6i ché do lich trinh ¢4 dinh,
tuong tmg 486 va 366 chu ky/nam, dong thoi
c6 hé sb tai trung binh thap hon, lan luot
31,1% va 50,0%. Nhirng dic diém nay c6 thé
lam gia ting yéu cau bao tri va anh huong dén
d6 bén van hanh cia to may, nhung chua
duoc luong hoa trong mo hinh kinh té cia
nghién ctru. Trén co s& xem xét dong thoi
hiéu qua kinh té, moi truong va dac tinh van
hanh, ché d¢ lich trinh ¢ dinh duoc lya chon
lam phuong 4n van hanh chuan cho hé théng
SWB-HRES. Lya chon nay dua trén lgi thé
vé phat thai, ty 1€ nang lugng tai tao va dac
tinh van hanh, trong khi chénh I¢ch CAPEX
va NPC so véi ché do tu dong bam tai chi
khoang 2,7% va 5,0%, tuong tng.

TAP CHi CONG NGHIEP NONG THON SO 62

Phan tich d¢ nhay véi gid dinh cho phép
xuét khau mot phﬁn dién du lén ludi cho théy
hi€u qua cua ca hai ché do tiép tuc duoc cai
thién ma khong phat sinh thém CAPEX. NPC
giam thém 12,5% ddi voi ché do lich trinh ¢
dinh va 13,8% d6i v&i ché d6 ty dong bam tai
so voi cac kich ban tuong tng khong xuat
khau; thoi gian hoan von chiét khau giam con
lan luot 3,87 va 3,79 nam. Pong thoi, ty 18
dién nang du giam tir 9,67% xudng 0,96% va
tr 9,81% xuong 1,21%. Két qua nay cho thy
kha niang xuat khau dién du co thé nang cao
hiéu qua khai thac ngudn tai tao va hiéu qua
kinh té ctia hé thong. Tuy nhién, day 1a két
qua thim do k¥ thuat—kinh té; kha nang ap
dung thuc té con phu thudc vao quy dinh
phép 1y hién hanh.

Nghién clru cung cép co s¢ dinh lugng cho
vige tich hop cac nguon nang luong tai tao voi
phu tai nuoi trong thily san tai ving dam pha
Tam Giang — Cau Hai, dong thoi 1am rd su
danh doi giira hiéu qua kinh t&, moi truong va
ddc tinh van hanh khi lya chon ché d6 van hanh
méy phat sinh khéi. Két qua c6 thé dugc tham
khao cho cac cum nuéi trong thity san c6 dic
diém phu tai va tiém ning tai nguyén tuong tu.
Nghién ctru mé phdéng theo bude 1 gio nén
chua danh gia dugc qua trinh qua dd khi khoi
dong dong co suc khi. Ngoai ra, nghién ctru chi
xét ché do van hanh ndi ludi. Cac nghién ciru
tiép theo nén tap trung danh gia sau hon anh
huong cia ché do khoi dong—dumg dén tudi tho
va chi phi bao tri may phat, dong thoi khao sat
cac mitc va diéu kién ban dién khac nhau nhim
xac dinh pham vi van hanh phu hop vé ca k§
thuat, kinh t& va phap 1y.
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TU TU PONG HOA PEN TU TOI UU CO KIEM SOAT TRONG CONG
NGHIEP THUC PHAM: TONG QUAN VA KHUNG CHIEN LUQC AI-10T
DUA TREN TINH TOAN VEN CUA QUYET DINH

] TS. Pham Viét Hing!, PGS.TS. Nguyén Vin Toan'*

TOM TAT

S6 héa tao ra lwong dir liéu I6m trong nha mdy thue pham nhung chwa bao dam cdc hé théng van hanh,
chat lwong va bdo tri hinh thanh chudi quyét dinh thong nhat. Théch thirc ndy gia tang do bién dong sinh hoc
cua nguyén liéu anh huong ddng thoi dén truyén nhiét, truyén khoi, phan ing sinh hoa, chat leong va hiéu
qua tai nguyén. Thong qua tong quan dinh hiéng cé cau triic két hop téng hop khdi niém, bai viét d‘e xudt
Tinh toan ven cua quyet dinh (Decision Integrity) lam nguyén tic chuyén die liéu cé ngi canh thanh quyet dinh
6 thé truy xudt, kiém chimg va kiém sodt trong gi6i han an toan thuc pham Khung dé xudt lién két dir liéu,
ngit canh qud trinh, phién ban mo hinh, myc tiéu, rang bugc, tham quyén va két qua xdc minh, dong thoi duy
tri quyen giam sat, can thiép va phuc hoi ciia con nguoi. Bon dong gop gom mé hinh treong thanh nang lyc
quyét dinh nam cdp, kién tric tham chiéu AI-IoT sau tang, 19 trinh trién khai theo gia tri va chwong trinh
nghién ciru chién hege cho Viét Nam. Ba khong gian tao gia tri va vong quyét dinh khép kin dwoc sic dung dé
vin hanh héa khung. Tw t6i wu cé klem soat duoc xem la lua chon theo tung truong hop su dung, khong phdi
dich mdc dinh. Khung hién la dé xudt khdi niém, chira dwoc kiém dinh thuc nghiém; cac bang chitng mé phong,
nghién civu triecong hop va khao sat chi dwoc dién gidi trong pham vi nguon.

Tir khéa: AI-IoT: ché bién thuce phcfm thong minh; tinh toan ven cua quyét dinh; tw t6i wu c6 kiém sodt;
ban sao so,; Quality 4.0

FROM AUTOMATION TO CONTROLLED SELF-OPTIMIZATION IN FOOD
MANUFACTURING: A REVIEW AND DECISION-INTEGRITY-BASED STRATEGIC
FRAMEWORK FOR AI-10T

ABSTRACT

Digitalization generates extensive data in food manufacturing, yet operational, quality, and maintenance
systems do not necessarily support integrated decision-making. Biological variability in raw materials further
complicates heat and mass transfer, biochemical reactions, product quality, and resource efficiency. Through
a structured, perspective-oriented review and conceptual synthesis, this article proposes Decision Integrity as
a principle for converting contextualized data into traceable, verifiable, and controlled decisions within
approved food-safety boundaries. The framework links data, process context, model versions, objectives,
constraints, authorization, and verified outcomes while preserving human oversight, intervention, and
recovery. Four contributions are presented: a five-level decision-capability maturity model, a six-layer AI-
10T reference architecture, a value-driven implementation roadmap, and a strategic research agenda for
Vietnam. Three value spaces and a closed decision loop operationalize the framework. Controlled self-
optimization is considered a use-case-specific option rather than a universal objective. The proposed
framework remains conceptual and has not been experimentally validated, simulation results, case studies,
and surveys are interpreted within their respective evidential limits.

Keywords: AI-IoT; smart food processing; decision integrity; controlled self-optimization, digital twin;
Quality 4.0

I. PAT VAN PE

S6 hoa tao ra luong dir li¢u 16n trong nha
may thyc pham, nhung cic hé théng
PLC/SCADA, MES, ERP, quan ly chat
luong va bao tri thuong thiéu lién két vé ma
mé, thoi gian va ngit canh, khién dir liéu chua
hinh thanh chudi quyét dinh thong nhat. Céc
tong quan Industry 4.0 va Quality 4.0 cho
thiy su phat trlen da dang cua cong nghé
nhung chua trie tiép dinh luong muac d6 phan

manh dit liéu tai mot mau nha may thuc phém
dai di¢n (Damian Moran et al., 2025; Peres et
al., 2025).

Thach thie nay dac biét r6 trong ché bién
thue pham do bién dong sinh hoc cua nguyén
lidu anh huong dén truyen nhiét, truyén khéi,
phan tng sinh hoa va chat luong. Nghién cuiu
bong sb trong say ca r6t minh hoa kha ning
mo hinh hoa bién dong nay (Schemminger et
al., 2024); cam bién mém trong thanh tring

! Khoa Co khi va Coéng nghé, Truong Dai hoc Nong Lam, Dai hoc Hué

*Tac gia lién hé: nguyenvantoan@huaf.edu.vn
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bia cho thay tiém ning giam sat dai lugng kho
do tai mot thiét bi cong nghiép (Afolaranmi
et al., 2023). Tuy nhién, cac két qua chua du
dé suy rong cho toan nganh. Téi vu héa con
doi hoi can bang ning suét, chit luong va tai
nguyén trong gidi han an toan thyc pham.
Nghién ciru quan 1y nudc tai mot nha may do
ubng cho thdy hiéu qua cia chuong trinh
nhiéu bién phap, khong thé quy riéng cho IoT
(Jagtap et al., 2021).

Khoang céach tir thi diém dén trién khai bén
virng phu thugc vao duong co sd, kha nang
xac dinh tac dong va chi phi vong doi. Khao

sat tai Viét Nam ghi nhan sy khac biét vé tiép
nhan céng nghé nhung chua cung cip bang
chtng riéng du chi tiét vé AI-IoT trong ché
bién thuc pham (Cirera et al., 2021).

Trén co s¢ d6, bai viét d& xuét Tinh toan
ven cta quyét dinh (Decision Integrity): kha
ning truy xuat mot quyét dinh céng nghé tir
dir liu, ngir canh qua trinh, phién ban mo
hinh, myc tiéu, rang bugc va tham quyén dén
két qua thyc te ddng thoi bao dam gidi han
an toan, quyén giam sat, bac bo va phuc hoi
ctia con nguoi.

Hinh 1. Vong tinh toan ven cua quyet dinh

(Nguon: Pé xudt ciia tdc gid trén co s¢ tong hop tdi liéu.)

Hinh 1 thé hién su lién két gitra dit liéu co
ngtr canh, mé hinh, quyét dinh duoc cép
quyén va phan hdi xac minh. Theo do, tu t01
vu c6 kiém soat khong dong nghia véi quyen
tur chu tuyét dbi. Bai viét dat cau hoi: Lam thé
nao chuyén tir ty dong hoa sang ning lyc du
béo, dé& xut va tu diéu chinh trong gidi han
an toan thuc phém? DPé tra 101, nghién ctru
phat trién bbn cdu phan lién két: mé hinh
truong thanh nam cap, kién tric tham chiéu
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sau tang, 16 trinh trién khai theo gia tri va
chuong trinh nghién ctru chién luge cho Viét
Nam. Ba khong gian tao gia tri va vong quyét
dinh khép kin duoc sir dung dé van hanh hoa
khung dé xuat.

II. PHUONG PHAP TONG QUAN VA
XAY DUNG KHUNG NGHIEN CcUU

2.1. Pham vi va dinh huéng tong quan

Bai viét thyc hién tong quan dinh hudng
c¢6 cau tric, két hop tong hop khai niém vé
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Industry 4.0, san xuat thuc pham thong
minh va Quality 4.0 (Konur et al., 2021;
Damian Moran et al., 2025; Peres et al.,
2025), cung cac nghién ctru ing dung, mo
phong, khao sat, bao cdo va tiéu chuan
lién quan. Cac tiéu chuan chi dung dé ddi
chiéu, khong phai bang chimg vé hiéu qua
Al-IoT.

2.2. Tiéu chi lya chon va phan tich tai
li€u

Tai liéu duogc lua chon theo tinh lién
quan, kha ning truy xuét va gia tri bang
ching; phan tich theo d6i tuong, cong
nghé, thiét ké nghién ctru, diéu kién van
hanh, dudng co sd, don vi chirc nang, KPI,
loai quyét dinh, rang budc an toan va gi6i
han suy rong.

2.3. Phan loai va tong hop bing chu’ng

Bang chimg duoc phén loai theo thiét
ké va pham vi ap dung, gdbm mo hinh hoa
sdy ca rot (Schemminger et al., 2024), cam
bién mém trong thanh tring bia (Afolaran-
mi et al., 2023), quan ly nude tai nha may
do ubng (Jagtap et al., 2021) va khao sat
tiép nhan cong nghé ta1 Viét Nam (Cirera et
al., 2021). Két qua chi duoc dién giai trong
pham vi timg ngudn, khong cong gop hoic
suy rong thanh hi¢u qua chung cua Al-IoT.

2.4. Xay dung khung nghién ciru

Tu céc truc dir li€u, nglr canh qua trinh,
mo hinh, quyét dinh, an toan va trach
nhiém con ngudi, nhom tac gia tong hop
nghién ctru vé san xuat thong minh, két nbi
dir liéu va moé hinh $b (Konur et al., 2021;
Rocha et al., 2019; Defraeye et al., 2019;
Schemmlnger et al., 2024) dé dé xuat mo
hinh truong thanh nam cap, kién triic sau
tang, 16 trinh theo gia tri va chuong trinh
nghién ctru cho Viét Nam. Ba khong gian
gia tri va vong quyét dinh khép kin duoc str
dung dé van hanh hoa khung.

2.5. Pinh vi va dong gop khai niém

Industry 4.0 nhan manh két néi, tich hop
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va ty dong hoa (Konur et al., 2021; Damian
Moran et al., 2025); Quality 4.0 tdp trung
vao quan tri chit luong s (Peres et al.,
2025), con ISO/IEC 42001:2023 quy dinh
cac yéu cau quan ly AL

Bai viét dé xuat Tinh toan ven cta quyét
dinh (Decision Integrity) nham tich hop di
liéu, nglt canh, phién ban md hinh, muc
tiéu, rang budc, tham quyén va két qua
xac minh trong cong nghiép thuc pham.
An toan thyc phém la ranh gi61 clrng; con
nguoi duy tri quyén giam sat, can thiép va
phuc héi. Khung dé xuat chua duoc kiém
dinh thyc nghiém va khong thay thé cac
tiéu chuén hién hanh.

III. MO HINH TRUONG THANH
CUA NANG LUC QUYET PINH

Hinh 2 t0 chire mure truong thanh theo
ning luc quyét dinh cua tung truong hop
si_dung, khong theo s6 cam bién, phan
mém hoac mo hinh.

Bai viét dé xuat mo hinh truong thanh
niam cap Connected — Visible — Predic-
tive — Prescriptive — Controlled Self-Op-
timizing, danh gia ning luc quyét dinh theo
ting trudong hop st dung thay vi s6 lugng
cong nghé trién khai. M6 hinh phan anh sy
chuyén dich tir két ndi, quan sat sang dy
béo, dé xuit va tu diéu chinh trong mién
dugc phé duyét, voi cac yéu cau trong tng
vé bang chung, thAm quyén, an toan, truy
xuat va phuc hoi.

Mot nha méy c6 thé dong thoi van hanh
& nhiéu cap; chang han, bao tri dat cip Pre-
dictive trong khi quén tri chit lvong méi &
cap Visible. Cap cao hon khong miac nhién
phu hop v61 moi trudong hop, dac biét khi
rii ro vuot qua ning luc kiém soat. Vai tro
con ngudi chuyén tir thao tac lip sang xéac
1ap muc ti€u, phé duyét gidi han va xu ly
ngoai 18, doi hoi ning lyc phdi hop lién
chiic nang trong cong nghiép thuc pham
(Akyazi et al., 2020).
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Dong gbp ctia mo hinh ndm & viée cau tric
hoa niang luc quyét dinh theo dic thu ché bién
thuc pham, thay vi xép hang theo murc do
trang bi cong nghé. Day 1a dé xuat khai niém,
chua phai thang do dugc kiém dinh toan

Hinh 2. M6 hinh trLrO’ng thanh nam cdp cuia nang lyc quyét dinh

(Nguon Pé xudt cua tdc gid trén co s¢ tong hop tai lleu)

nganh va can duoc d6i chiéu, xac nhan trong
céc nghién ctru tiép theo.

Bang 1 chuyén Hinh 2 thanh céc tiéu chi
quan sat dugc d¢ xac dinh bang chung can c6

Bing 1. M6 hinh trueéng thanh ndm cap

trude khi mot trudng hop sir dung chuyén cép.

Diéu kién

Cap Dir li€u Quyét dinh | Con nguoi KPI chuyén cp

Connected |Co6 ID, timestamp |Thu nhan Dién giai, |(Data availability, [Lién Kkét dir liéu
va trao doi dit lidu [trang thai hanh dong |loss, latency voi mé

Visible Dir liéu gan mé, |Mo ta, truy |Chan doan |Traceability, Co duong co s&
cong thuc, thiét  |[nguyén detection time
bi, chét lugng

Predictive Lich str, nhdn va |Du béo, canh [Xé4c nhan, |[Sai s6 ding don | X4c nhén ngoai
mién ap dung bao chon hanh |vi, false alarm, mau va giam sat

doéng lead time drift

Prescriptive |Muc ti€u, rang So sanh, dé [Phé duyét [Cai thién so véi  |Quyén phé duyét
budc, chi phi hanh |xuit phuong |danh ddi  |baseline, vi pham |va fallback
dong an rang budc

Self- M0 hinh, phan hoi|Piéu chinh [Pt muc KPI da muc ti€u, [Safety case va

optimizing  |va logic thyc thi |trong mién [tiéu, giam  |override, recovery |quén tri vong doi
tich hop cho phép sat, override

Khi muc truong thanh tang, dir liéu giau
ngit canh hon; quyét dinh chuyén tir mo ta

(Nguon: Tong hop ciia tdc gid trén co sé tong hop tai liéu.)
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sang du bdo, chi dan va hanh dong gidi han;
con nguoi chuyén tu thao tdc sang dat muc
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tiéu, phé duyét va xur 1y ngoai 1€. KPI ciing
chuyén tor kha dung dir li€u sang hi¢u qua
quyét dinh, vi pham rang budc, can thiép va
phuc hdi. Mirc truong thanh phai dugc chiing
minh bang nang luc quyét dinh, xac nhan va
quan tri, khong bang nhin céng nghé.

IV. BA KHONG GIAN VAN HANH
HOA GIA TRI

Ba khong gian gi tri gdm qua trinh va tai
nguyén, Quality 4.0 va do tin cay thiét bi, hoi
tu thong qua dir liéu c6 ngir canh (Hinh 3).
Lién két dir liéu nguyén liéu, meé san Xudt,
trang thai qu4 trinh, chit luong va bao tri cho
phép xac dinh nguyén nhan sai léch, hd trg
quyét dinh va kiém ching két qua.

Hinh 3. Ba khong gian tao gia tri hoi tu qua di liéu co ngit canh
(Nguon: Tong hop va dé xudt cia tac gia trén co s tdi liéu.)

4.1. Qua trinh va tai nguyén

AI hd tro dbi chiéu quy dao van hanh véi
cac mé tham chiéu trong mién duge chuyén
gia phé duyét; KPI can chuan hoa theo san
pham va don vi chtc nang. Cam bién mém
hd trg uée luong dai lugng kho do nhung can
hiéu chuan, kiém chtng bang phép do tham
chiéu va kiém soat do bat dinh, nhu nghién
ciru thanh trung bia tai mot thiét bi cong
nghi¢p (Afolaranmi et al., 2023).

IoT hd tro giam sat tiéu thu tai nguyen
MPC va cac phuong phéap téi wu hoéa hd trg
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lwa chon ché d6 van hanh nhung MPC khong
mic nhién 1a AL Nghién ciru sdy ca rét minh
hoa béng sb (digital shadow), chua ching
minh kha ning diéu khién vong kin bang ban
sao so (digital twin) (Schemminger et al.,
2024). Edge Al chi nén ap dung khi c6 yéu
cau vé do tré, tinh lién tuc hodc quyén dir lidu.

Bang 2 minh hoa yéu ciu gan quyét dinh
AI-ToT véi bién dong sinh hoc, trang thai qua
trinh va mién van hanh duoc phé duyét; an
toan thuc pham 1a rang budc khong thé dénh
doi.
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Bing 2. Ban chdt cong nghé thuc pham va diém quyét dinh AI-IoT

Qua Bién dong Bién trang | Muc tiéu chat | Gidihan an | Quyét dinh AI-ToT
trinh sinh hoc thai lwgng toan
Séy D6 am, cau Nhiét do san D6 am cudi, cau [Mién nhiét—am Khuyén nghi nhiét do,
trac, kich pham, d6 4m |triic, giit lai dinh |duoc phé duyét |luu lwong khi va thoi
thuoc lat dudng gian trong mién gi6i han
Thanh |Thanh phén va |Lich st nhiét |Muc xu ly va Ché d6 thanh |[UGc lugng trang thai
trung  [tai vi sinh ban |d0—thoi gian chét lugng cdm |trung da dugc |kho do va hd tro lya
dau quan xac nhan chon diém dat

Lén Thanh phan  [Nhiét d6, pH, [D6 6n dinh va  [Mién van hanh [Phat hién sai léch, dur
men nguyén liéu va |dién bién qua [thudc tinh san  [va tiéu chi bao quy dao va khuyén
hoat tinh sinh |trinh pham chap nhan nghi can thi¢p

hoc
Chudi |P¢ chin va lich [Nhiét d6 san |Duy tri chat Gi6i han nhiét |Canh béo sai léch va hd
lanh  |sirtrudc bao  |pham, thoi  |lwong va thoi  |do—thoi gian dé|tro quyét dinh luu

quan gian han stir dung phé duyét kho/van chuyén

(Nguon: Tong hop ciia tdc gid trén co s6 tong hop tdi liéu.)

4.2. Quan tri chit lwong théng minh

Quality 4.0 tich hop dir liéu qua trinh, kiém
tra, kiém nghiém va truy xuat RGB,
NIR/hyperspectral va X-ray cung cp thong
tin b trg voi pham vi Uing dung khéac nhau.
Céc nghién ciru X-ray va DEXA cho thiy tiém
ning phat hién bat thuong, di vat nhung con
gidi han theo san phém va diéu kién thu
nghiém (Kim et al., 2021; Andriiashen et al.,
2021). Panh gia can chi trong ty 18 bo sot 16i
nguy hiém, canh béo sai va kha ning khai
quat. Al khong thay thé HACCP, kiém
nghiém hodc tham quyén phé duyét san pham.

4.3. Do tin cay thiét bi

Béo tri du bao doi hoi lién két dir lidu tinh
trang, tai van hanh, san pham va lich st stra
chita dé du bao dang hong hoac tudi tho hiru
ich con lai (RUL), qua d6 hd tro can thiép kip
thoi. Nghién ctru bao tri tai nha may d6 udng
chua ching minh hi€u qua riéng cua Al bao
tri du bao (Ben et al., 2021); tong quan RAM
cho thdy su khac blet giita cac ddy chuyén,
khong du can ctr suy rong hi¢u qua xuyén
nganh (Tsarouhas, 2012). OEE can duoc
phan tich theo tinh san sang, hiéu suét va chat
lwong; hiéu qua Al bao tri du bao van can
dugc ddi chung da nha may.

4.4. Hpi tu va tinh toan ven ciia quyét
dinh
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Ba khong gian gid tri hoi tu khi dir li¢u qua
trinh, cht lugng va thiét bi duoc lién két theo
mé va lich str van hanh. Chéng han, sai 1éch
khéi luong c6 thé lién quan dén do nhét, ap
suat, bom hodc cam bién; dir liéu don mién
kho xac dinh nguyén nhén. Vi vay, dir liéu co
ngir canh 1a nén tang cua quyét dinh c6 thé
truy xuét va kiém chung trong kién tric sau
tang.

V. KIEN TRUC THAM CHIEU SAU
TANG

Bai viét de xut kién trac Al- IoT sau tang
trén co s tong hop nghién ciru vé san xuat
thuc pham thong minh, két ni dir liéu va méd
hinh s6 (Konur et al., 2021; Rocha et al.,
2019; Defraeye et al., 2019; Schemminger et
al., 2024). Kién trac t6 chirc dir liéu tir qua
trlnh vat Iy dén quyet dinh duoc cap quyén va
phan hoi xac minh, gdm:

Tang 1 — Qua trinh vat 1y: Gom nguyén
liéu, san pham, thiét bi, moi trudng va dong
vat chat—nang lwong; 12 noi tao gia tri va kiém
chung két qua.

Tang 2 — Cam bién, diéu khién va co ciu
chip hanh: Thu nhén trang thai va thyc thi
1énh, véi yéu cau vé hiéu chudn, dong bo, do
tin cay va diéu kién vé sinh.

Tang 3 — Két nbi va kha ning twong tac:
Trao d6i dit liéu gifra thiét b, hé thong bién va
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méy chit; bao dam van hanh an toan khi mat
két ndi nhung khong tu tao ngit nghia dit licu.

Tang 4 — Dit liéu va ngir canh cong nghé:
Lién két tin hiéu véi ma mé, nguyén liu,

cong thuc, thiét bi, vé sinh, bao tri va kiém
nghiém dé tao dir li¢u c6 y nghia doi véi
quyét dinh.

Hinh 4. Kién triic tham chiéu AI-IoT sdu tang

(Nguon: Pé xudt ciia tdc gid trén co s6 tong hop va tdi cau tric tai liéu.)

Tang 5 — Mo hinh va téi vu hoa: Hd tro du
béo, phat hién bt thudng, cam bién mém va
mo hinh s6; yéu ciu quan 1y phién ban, mién
ap dung, xac nhan va giam sat troi dat.

Tang 6 — Quyét dinh, quan tri, an toan va
con nguoi: Xac 1ap thdm quyén, gi6i han an
todn, quyén can thiép va phuc hoi; dau ra Al
khong dugc vuot qua lién dong bao ve.

Tinh toan ven cua quyét dinh dugc duy tri
qua ba luong xuyén tang: dir liéu 6 ngilr canh
di lén, quyet dinh duogc cap quyen di xudng
va phan hoi két qua quay lai dé xac minh. Moi
hanh dong phai tuan thu muc ti€u, rang budc,
do tin cdy va tham quyén; thay d6i mé hinh
phai dugc xac nhan, kiém soat phién ban va
c6 phuong an quay lui. Xu ly tai bién chi
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duoc uu tién khi c6 yéu cau vé do tré, tinh
lién tyc hodc quyén dir liéu. Trong mdi
truong ché bién thyc pham, chat luong cam
bién con phu thudc diéu kién vé sinh, nhiét va
am. Theo d6, Tang 4 bao dam ¥ nghia cua dit
liéu, con Téng 6 bao dam tinh hop 1¢ cua
quyét dinh.

Bang 3 ddi chiéu pham vi céc tiéu chuan
va khung lién quan; kién trac d& xuit khong
thay thé hodc chimg minh tudn thu céc tiéu
chuan nay. Cac khung va tiéu chuan nay co
pham vi khac nhau; Decision Integrity t1ch
hop céac yéu cau lién quan tai cap do quyet
dinh nhung khong thay thé bt ky tiéu chuan
nao.
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Bing 3. Chudn/khung doi chiéu va pham vi sir dung

Chu?in/khung Pham vi géc Céch sir dung va gi6¢i han
ANSI/ISA-95 /IEC  |Tich hop hé thong doanh D6i chiéu ranh gi61 chirc nang; khong tuyén
62264 nghiép—dicu khién b tuong duong kién truc

Codex CXC 1-1969  [Vé sinh thuc pham va

HACCP

Déi chiéu mbi nguy, giam sat, khac phuc va
x4c minh; khong quy dinh AI-IoT

ISO 22000:2018/ Amd|Hé thong quan 1y an toan

Doi chiéu trach nhiém va kiém soat; khong

1:2024 thuc pham tuyén bd chimg nhén

ISA/IEC 62443 series |An ninh mang hé thong  [D6i chiéu phan ving, truy cip va vong doi an
diéu khién cong nghiép ninh

ISO/IEC 42001:2023 |Hé thong quan Iy tri tué¢  [D4i chiéu quan tri vong doi Al khong thay
nhan tao thé an toan qua trinh

EHEDG Guideline
Doc. 8 (2025)

Nguyén tac thiét ké vé sinh|Dadi chiéu lap dat thiét bi/cam bién; khong

quy dinh Al-IoT

(Nguon: Tong hop cia tdc gid trén co sé tong hop tdi liéu.)

VI. CO CHE VAN HANH: VONG
QUYET bINH KHEP KiN

Bang 4 tong hop bang chimg dinh luong
theo ddi twong, ngudn va gi¢i han nham phan

biét ket qua m6 phong, nghién ctru tai co s¢
san xudt va khao sat tiép nhan cong nghé.

Bing 4. Bang chirng dinh lwong va giGi han suy rong

Két qua va doi twong Nguon/vi tri

Gidi han suy rong

11% giam nu6e; mot nha

méy d6 udng ta1 An Do 8, Bang 3 tr.9

Jagtap et al. (2021), tr.1,

Chuong trinh nhiéu bién phap; khong tach
riéng tac dong loT

45% thoi gian sdy; 1at ca rot
(2024), tr.1, 15, 20

Schemminger et al.

Két qua mo phong; khong phai hiéu qua
quan sat tai nha may

27% nang lugng gia nhiét;

Schemminger et al.

Khéng phai tong nang luong; chua bao

cung kich ban (2024), tr.9, 15, 20 quat day du ton thét thiét bi
8% gilr lai B-carotene; cung |Schemminger et al. Phu thudc gia dinh va dong hoc ciia mo
kich ban (2024), tr.1, 20 hinh

6,9% cloud; 1,5% big

data/Al; 5,9% robot Hinh 2 tr.9

Cirera et al. (2021), tr.5,

Khao sat da nganh trude dai giich; khong
dai dién riéng nganh thyc pham

46% co s¢ dung cam quan
kiém tra dau vao

tr.22

Cirera et al. (2021),

Nhom ché bién thye pham; khong phai ty
1€ tirng luot kiém tra

(Nguon: Tong hop ciia tdc gid trén co s6 tong hop tdi liéu.)

Céc két qua trén khac nhau vé thiét ké, d6i
tuong va diéu kién nghién ctu, khong thé
cong gdp thanh muc hi¢u qua chung cuia Al-
[oT hodc str dung truc tiép dé du bao hiéu qua
dau tu.

Vong Sense — Contextualize — Predict
— Decide — Act — Verify — Learn van
hanh hoéa kién triic sau tang: dir liéu dugc gin
ngit canh mé va qua trinh dé dy bao kém do
bat dinh; quyét dinh tuan thi muyc ti€u, rang
budc va tham quyén; két qua dugce xac minh
s0 v6i dudng co so. Thiéu ngit canh, do tin
cay thép hodc troi dat phai kich hoat co ché
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tir chdi hodc chuyén vé trang thai an toan.
Moi cap nhat mo hinh can duoc xac nhan, phé
duyét va c6 phuong an quay lui.

Bén ché do van hanh gdm phan tich vong
ho, hd tro quyét dinh, vong kin c6 giam sat
va tu chi trong mién gidi han. Bang ching
hién c6 mé1 minh hoa cac chirc nang riéng 1¢,
chua xac nhan toan bd vong quyét dinh khép
kin & quy mdé nha may thyc phidm
(Afolaranmi et al., 2023; Kim et al., 2021;
Schemminger et al., 2024). Vi¢c tang quyén
tir chi phai dua trén bang chimg vé an toan,
hi¢u qua so véi dudng co sé va kha nang phuc
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hoi; két qua thyc thi va moi thay d6i mé hinh
déu phai duoc kiém soat.

VIL. PONG GOP THU BA: LQ TRINH
TRIEN KHAI THEO GIA TRI

Hinh 5 sap xép cac cong trién khai theo gia
tri, bat dau tir van dé quyét dinh c6 dudng co
sO thay vi mua cong ngh¢.

Bai viét d& xuét 16 trinh Bai toan — Puong
co s — Dir liéu tdi thiéu kha dung (MVD) —
Thi diém — Cong KPI/ROI va an toan — Tich
hop — Quan tri vong doi. Lo trinh khéng quy
dinh thoi gian ¢b dinh; m& rong sang san pham,
day chuyén hodc co sé khac phai dugc tai xac
nhén do thay d6i dir liéu va rui ro.

Hinh 5. L$ trinh tir diF liéu ti thiéu khd dung dén hé sinh thdi

(Nguon: Dé xudt cia tdc gid trén co sé tong hop tdi liéu.)

7.1. Bai toan va dwong co so

Moi trudmg hop sir dung can xac dinh van
de, gia tri ky vong, mirc sin sang cong nghé,
chu s¢ hitu, KPI va gidi han an toan. Buong
co 8O phai thdng nhat don vi chte nang, ranh
gioi he thdng, thoi gian va co cdu san pham
chuan hoa tiéu thu tai nguyén theo dau ra,
phan tach ba thanh phan OEE va thoi gian
dirng may c6 hodc ngoai ké hoach.

7.2. Dir liéu t6i thiéu kha dung (MVD)
va thi diém

MVD phai du dé kiém chimg gia tri va truy
xuét quyét dinh, gom dir liéu do, chat luong,
thoi gian, ma mé, két qua va quyén quan 1y;
b sung dit liéu kiém nghiém hogc dang hong
tuy ung dung. Thi diém cin c6 gia thuyét,
KPI, d6i chimg, quyén can thiép va tiéu chi
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dimg. Khi chua du bang chimg an toan, wu
tién ché do quan sat (shadow mode); chi m¢
rong sau khi vuot qua cong danh gia.

7.3. Tich hgp va quan tri vong doi

Céc hé théng PLC/SCADA, MES, QMS,
LIMS, ERP va CMMS can lién thong vé dinh
danh, thoi gian va ngt nghia dir liéu. M6 rong
ung dung doi hoéi tai xac nhan mo hinh va an
toan. Panh gia tong chi phi so hitu phai bao
gdm tich hop, an ninh, xac nhan, dao tao va
bao tri; hop doéng quy dinh quyen du licu,
muc dich vy va kha nang chuyén dbi nha
cung cap. Modc trién khai chi mang tinh tham
chiéu, khong bao dam hiéu qua.

VIIL. RAO CAN VA CAC PIEU KIEN
KHONG THE THOA HIEP
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Bang 5 mo rong danh gia tir sai s6 mo hinh
sang trach nhiém va kiém soat khi Al c6 thé
anh hudéng qua trinh thyc pham.

Bdng 5. Nhan to con nguoi va quan tri rui ro

Mién trach

an toan

en Vai tro Ruii ro chinh Kiém soat dé xuét
nhiém
Nguoi van Phé duyét muc tiéu, Automation bias; mat ky  |Phéan quyén; giai thich theo
hanh nhan canh bao, bac nang; tai canh bao vai tro; dién tap ngoai 1é;
bo/khoi phuc ghi ly do can thi¢p
Cong nghé Xac 1ap mién van hanh, M6 hinh dang dir liéu Rang budc vat ly; kiém
thyc pham gi6i han chit lugng va |nhung sai co ché; bo qua  |chimg theo san pham, mé va

truyén nhiét/khdi va phan
ung sinh hoa

ché dd van hanh

Dir liéu va mo |Bao dam truy xuat

Drift; ro ri dir liéu; mat

Data contract; versioning;

hinh phién ban, ngit canh va |ddng bo thoi gian giam sat drift; tiéu chi dung
do tin cay

An toan va Duy tri HACCP, kiém Khuyén nghi vuot gidi han; |Interlock doc lap; mién phé

chét luong soat thay d6i vakha  [16i cam bién; hanh dong  |duyét; fail-safe; xac minh
nang quay lui khong thé phuc hoi trude tang quyén tu chi

An ninh mang |Bao vé két noi OT/IT, Mo rong bé mit tan cong; |Phan vung; least privilege;
danh tinh va nhatky  |thay d6i diém dat trai phép [xac thuc; quan Iy ban va va

su co

(Nguon: Tong hop va dé xudt ciia téc gid trén co sé tong hop tai liéu.)

Thién I¢ch ty dong hoa, tan cong mang,
mat ngir canh va hanh dong vuot quyén do1
hoi giam sat con nguoi xuyén suot vong
quyét dinh. Sau diéu kién quan tr1 can duorc
duy tri trong toan bo vong doi trién khai gom:

Gia tri va bang chung: Xac dinh chu so
hitu, dudng co so, diém quyét dinh va KPI
trudce khi lya chon cong nghé.

An toan thyc pham: Duy tri ranh gidi an
toan cung; Al khong thay thé HACCP, kiém
nghiém, xac minh hodc thim quyén phé
duyét san pham.

Ngit canh va truy xuét: Lién két dir liéu,
mo hinh, quyét dinh va két qua theo mé san
xuét va phién ban.

Trach nhiém con ngudi: Gi6i han quyén ty
chu theo murc rti ro, d§ tin cay va kha nang
can thiép, phuc hdi.

Kha nang tuong tdc va an ninh mang: Quy
dinh rd giao dién, ngit nghia dit liéu, quyén truy
cap va phuong an chuyén d6i nha cung cap.
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Xéc nhan vong doi: Gidm sat troi dat, dich
chuyén mién va thay d6i mé hinh; kich hoat
ra soat khi phat sinh sai 1éch hodc sy cd.

Cac rao can chinh gém chat lugng dir lidu,
thiét bi hién hiru, dang hong hiém, sai lgch
mo hinh, an ninh mang, thiéu ning luc va phu
thudc nha cung cap. Bang chung vé kiém tra
bang hinh anh va cam bién mém con gidi han
theo co s& hodc bd dir li€u, chua du xac nhan
kha nang khai quat dai han (Afolaranmi et al.,
2023; Kim et al., 2021; Andriiashen et al.,
2021). Cac tiéu chuén vé an toan thuc phém,
an toan chuc nang va an ninh mang dugc st
dung dtng pham vi dé d6i chiéu trién khai,
khong thay thé 13n nhau.

IX. CHUONG TRINH NGHIEN CUU
CHIEN LUQC CHO VIET NAM

Chuong trinh nghién ctru dé xuat cho Viét
Nam xem x¢ét dic thu nguyén li¢u, khi hau,
thiét bi hién hitu va ning luc doanh nghiép
nho va vira. Khao sat cho thay mirc do tiép
nhan cong nghé khong dong nhat, nhung
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chura x4c dinh riéng mirc sin sang AI-IoT ctia
nganh ché bién thuc pham (Cirera et al.,
2021). Trén co s¢ do, bai viét dé xuét ba cum
uu tién c¢6 quan h¢ phu thude.

9.1. Nén dir liéu va do luwong

Phét trién dit liéu qua trinh ban dia c6 ngir
canh theo mua, ving nguyén liéu, san pham
va thiét bi; dong thoi nghién ctru cam bién
mém cho cac dai luong khé do. Uu tién
phuong phap do, hiéu chuan, danh gia do bat
dinh va co ché chia sé dit liéu c6 kiém soat.

9.2. Ung dung dang tin ciy va phu hop
nguon lue

Phat trién Edge Al phu hop doanh nghiép
nho va vira, bong sd/ban sao s6 cho cac qua
trinh thuc pham va phuong phéap xac nhan Al
dang tin cdy. Cac nghién ctru mo hinh sb
duoc vién dan chu yéu thuc hi¢n ngoai Viét
Nam, trong nhiing diéu kién nghién clru cu
thé (Defraeye et al., 2019; Schemminger et

al., 2024). Vi vay, can danh gia kha ning
chuyén giao, chi phi vong doi, do tin cay va
an toan trong diéu kién van hanh thuc té.

9.3. Chuyén giao va phat trién ning hre

Thiét 1ap phong thi nghiém sbéng (living
lab) lién két truong dai hoc, doanh nghiép va
nha cung cip; phat trién nhan luc lién nganh
cong ngh¢ thuc phém, tu dong hoa, dir liéu,
chat lugng, an ninh mang va kinh té—ky thuat.
Céc nghién ctru hién c6 cung cap co sd vé yéu
cau k¥ nang nganh thuc pham va xu hudng
lao dong lién quan dén Al nhung chua dai
dién riéng cho Viét Nam (Akyazi et al., 2020;
Green, 2024).

Ba cum uu tién duoc trién khai theo logic
nén dir liéu va do ludng — Gng dung duoc
xac nhan — chuyén giao va phat trién ning
I, v6i bay chuong trinh va dau ra can kiém
chung tai Bang 6.

Bing 6. Chuong trinh chién luoc cho Viét Nam

Chuong trinh Muc tiéu

Pau ra can kiém ching

ban dia
thiét bi

1. Dt liéu qua trinh|Dataset c6 metadata theo mua,
vung, nguyén li€u, qua trinh va

Data dictionary; protocol;
controlled sharing

2. Cam bién mém

Udce lugng dai lugng kho do truc
tuyén

Calibration; uncertainty;
reference testing

3. Edge Al cho
SME

Giai phéap nhe, phu hgp brownfield
va duy tri cuc bd

Cost/maintainability benchmark;
gateway mau

4. Digital
shadow/twin

Mo hinh du dung cho séy, 1én men,
lanh, thanh trung, bao goéi

Model validation; domain;
update logic

5. Al déng tin cay

External validation, uncertainty,

Model card; stress test; approval

explainability, drift, rollback

workflow

6. Living lab

Thur nghiém truong—doanh nghiép— |Pilot, SOP, testbed, transfer

economics

nha cung cap package
7. Nhén lyc lién  |Food technology—automation— Curriculum; role-based training;
nganh data—quality—cyber—techno- SME access

(Nguon: Tong hop cia tac gid trén co so tong hop tai liéu.)

9.4. Co ché phdi hop va chuyén giao

Trién khai chuong trinh nghién ctu tai
Viét Nam can su phéi hop gitra doanh nghiép,
truong dai hoc, vién nghién clru, nha cung
cip cong nghé va cac to chirc hd trg. Doanh
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nghiép chiu trach nhiém vé cong ngh¢ va an
toan thyc phdm; trudng, vién phat trién va
chuyén giao phuong phép xac nhan; nha cung
cap bao dam hd tro k¥ thuat, kha nang tich
hop va chuyén d6i hé thong. Hiép hoi va t6
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chire tai chinh c6 thé hd tro doanh nghiép nho
va vua tiép can cong nghé theo cac mdc kiém
ching; co quan quan 1y tham gia trong pham
vi thim quyén. Nguoi lao dong can dugc
tham gia thiét ké quy trinh, phén tich ngoai 18
va giam sat van hanh. Mdi thi diém nén
hudng toi ba két qua: bang chimg dugc kiém
chtng, tai san dir liéu—quy trinh c6 thé tai sir
dung va nang luc ndi bo.

X. KET LUAN VA PINH HUONG
HANH PONG

Tu dong hoa khong mic nhién tao ra quyét
dinh tich hop. Trong cong nghiép thuc pham,
gia tri AI-IoT phu thuoc vao kha nang
chuyén dir liéu c6 ngit canh thanh quyét dinh
c6 thé truy xuét, kiém ching va kiém soat
trong gi6i han an toan. Trén co s d6, bai viét
dé xuét bon cau phan lién két: mé hinh truéng
thanh nam cap, kién trac tham chiéu séu ting,
16 trinh trién khai theo gia tri va chuong trinh
nghién clru chién lugce cho Viét Nam.

Tu tdi wu c6 kiém soat khong phai dich
mac dinh; mic ty chu phai twong xing véi
rii ro, bang chimg xac nhan va kha nang phuc
hoéi. Doanh nghiép can bat dau tir bai toan co
gia tri, xac lap duong co so, KPI va ranh gidi
an toan; trién khai dit liéu c6 ngir canh va thi
diém c6 kiém soat; chi mé rong khi loi ich,
rui ro va chi phi vong doi da dugc xac minh.
Quyén giam sat, can thiép va quay lui ciia con
nguoi phai dugce duy tri.

Péi voi Viét Nam, trong tam la phat trién
dir liéu ban dia, phuong phép do va xac nhan,
phong thi nghiém séng (living lab) va nhan
luc lién nganh. Mdi thi diém can tao dong
thoi bang chimg, tai san dir liéu/quy trinh cd
thé tai st dung va nang luc ndi bd. Khung dé
xudt 14 két qua tong hop khai niém va dinh
hudng chién luoc, can duge kiém dinh thuc
nghiém trudce khi suy rong hi€¢u qua hoac tang
quyén ty chu.
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PANH GIA HIEU NANG PONG CO FI — IPM TRONG HE TRUYEN PONG

MAY KEO DIEN NONG NGHIEP SU DUNG DPIEU KHIEN FOC
Hoang Than'* Ngé Purc Kién®, V6 Thanh Binh!,
] Truong Xudn Loc!, Lé Quang Phu!
TOM TAT
Dién hoa may kéo nong nghiép la mot xu huong quan trong nhdam ndng cao hiéu sudt nang lwong va giam
phat thai trong san xudt néng nghiép. Trong cdc hé truyén dong dién, dong co Flux-Intensifying Interior
Permanent Magnet (FI-IPM) voi dac tinh dién cam truc d lon hon dién cam truc q (Ld > Lq) duwoc xem la gidi
phap tiém néing nho kha nang tao mé-men 1ém & viing toc do thap. Bai bdo trinh bay viéc xdy dung mé hinh
dong co FI-IPM cong sudt 50 kW trén nén tang MATLAB/Simulink két hop diéu khién dinh hirong tir thong
(FOC) va diéu ché vector khong gian (SVPWM) cho umg dung mdy kéo dién nong nghiép. Cac kich ban mo
phong duogc thuc hién voi tai thay doi nham mé phong diéu kién lam viéc thyc té ciia may kéo. Két qua mo
phong cho thdy hé truyen déng sir dung dong co FI-IPM dap ieng t6t yéu cau vé khd ning tang toc, duy tri toc
do on dinh va cung cap mé-men cao khi tai bién thién. Ddc biét, ddc tinh ting cuong tir thong cua dong co FI-
IPM gitip cdi thién ty s6 mé-men trén dong dién va ning cao hiéu quda khai thdc trong viing toc dg thap, phu
hop voi cac umg dyng kéo tai nang trong nong nghiép. Nghién ciru la co so cho viéc phat trién cdc hé truyén
déng dién hiéu sudt cao cho may kéo va thiét bi nong nghiép thé hé moi.
Tir khoa: FI-IPM, mdy kéo dién, FOC, MATLAB/Simulink, hé truyén déng dién, néng nghiép théng minh.

. PERFORMANCE ANALYSIS OF A FLUX-INTENSIFYING INTERIOR PERMANENT
MAGNET MOTOR DRIVE FOR ELECTRIC AGRICULTURAL TRACTORS UNDER
FIELD-ORIENTED CONTROL

ABSTRACT

The electrification of agricultural tractors is an important trend for improving energy efficiency and
reducing emissions in modern agriculture. Among electric drive technologies, the Flux-Intensifying Interior
Permanent Magnet (FI-IPM) motor, characterized by a higher d-axis inductance than q-axis inductance (Ld
> Lq), has attracted significant attention due to its capability to generate high torque at low speeds. This paper
presents the development of a 50-kW FI-IPM motor model in MATLAB/Simulink using Field-Oriented Control
(FOC) and Space Vector Pulse Width Modulation (SVPWM) for electric agricultural tractor applications.
Several simulation scenarios with varying load conditions were conducted to emulate real operating
conditions of agricultural tractors. The simulation results demonstrate that the proposed FI-IPM drive system
provides satisfactory acceleration performance, maintains stable speed regulation, and delivers high torque
under load variations. In particular, the flux-intensifying characteristic of the FI-IPM motor improves the
torque-per-ampere ratio and enhances operational efficiency in the low-speed region, making it well suited
for heavy-duty agricultural traction applications. The findings provide a useful foundation for the development
of high-performance electric drive systems for next-generation agricultural tractors and machinery.

Keywords: FI-IPM motor, electric tractor, field-oriented control, MATLAB/Simulink, electric drive
system, smart agriculture.

1. PAT VAN PE

Trong bdi canh ddy manh phat trién nong
nghiép thong minh va bén viing, viéc hién dai
hoa trang thiét bi may moéc, dic biét 1a xu
hu0’ng dién hoa may keo nong nghiép [1], dong
vai trd then chdt nham t6i uru hoa hiéu suat ning
luong va giam thiéu phat thai khi nha kinh.
Khac voi cac dong xe dién thong thuong, may
keo dién doi hoi hé truyen dong phai co kha
ning cung cip mo-men xoan 16n tai ving tdc

! Truong Cao Pang Cong Nghiép Hué

d6 thap dé dap tmg cac nhiém vu kéo tai ning
trong diéu kién dia hinh canh tac phuc tap [2].

Trong s cac giai phap céng nghé hién nay,
dong co Interior Permanent Magnet (IPM)
dugc uu tién nhd mat d§ cong suit cao, tuy
nhién dong dong co truyén thong thuong gap
han ché vé kha nang tao m6-men & téc do thap.
Dé giai quyét vin dé nay, dong dong co Flux-
Intensifying (FI-IPM) voi déc tinh dién cam
dic biét (Ld>Lq) d4 ndi 1én nhu mot giai phap
dot pha, giup cai thién dang ké ty s6 mo-men

2 Truong Pai hoc su pham k¥ thuat Pa Nang, Pai hoc Pa Nang

*Email lién hé: hthan@hueic.edu.vn
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trén dong dién va ning cao hiéu suit khai thac
trong cac umg dung dac thu cia nganh nong
nghiép [3].

Mic du ¢6 nhiéu wu diém, viéc kiém soat va
van hanh 6n dinh hé truyén dong dién cong suit
16n (nhu muc 50 kW) trong cac kich ban tai
bién thién thuc té van 1a mot thach thic ky
thuat ddi v6i cac nha thiét ké [4]. Piéu nay doi
hoi su két hop chat ché gitra cac thuat toan diéu
khién hién dai nhu diéu khién dinh huéng tir
thong (FOC) va k¥ thuat diéu ché vector khong
gian (SVPWM) dé dam bao kha ning ting tdc
mugt ma va duy tri tdc d6 6n dinh cho may kéo
[5]. Xuat phat tir thuc tién d6, nghién ctru nay
tap trung xay dung va danh gia mé hinh dong
co FI-IPM trén nén ting MATLAB/Simulink,
tao co s khoa hoc quan trong cho viéc phat
trién cac hé truyén dong di¢n hi¢u suét cao cho
may kéo va thiét bi ndng nghiép the hé moi.

2. POI TUQONG VA PHUONG PHAP
NGHIEN CUU

2.1. Péi twong nghién ciru.

Hé théng truyén dong dién cho may kéo
nong nghiép, tip trung vao md hinh dong co
FI-IPM cong suat dinh mirc 50 kW. Hé thong
duoc tich hop thuét toan diéu khién dinh hudng
tir truong (FOC) két hop ky thuat didu bién
vecto khong gian (SVPWM) nham t6i uu héa
kha ning dap tmg mo-men trong cac ché do van
hanh dac thu cua nong nghiép (nhu cay, kéo tai

ning). Céc chi tiéu danh gia bao gdm: hiéu suit
hé théng, dac tinh dong dién va do 6n dinh cua
mo-men khi thay doi tai trong dot ngot.

2.2. Phuwong phap nghién ctru

2.2.1. Phwong phdp mé phong, nghién ciru
tai ligu: mod phong va danh gia mo hinh diéu
khién dong co FI-IPM dua trén trén thuat toan
diéu khién FOC va SVPWM nham kiém tra va
danh gia kha nang van hanh ctia dong co FI-IPM
trong moi trudng tai thay doi dé ap dung cho xe
kéo dién trong nong nghi¢p.

2.2.2. Phwong phap mé hinh hoa thudt
todn diéu khién:

a) So' do cau tric dieu khién FOC-VSPWM

CAu tric diéu khién dinh hudng theo tur
thong huéng truc (FOC) két hop ki thuat diéu
ché vecto khong gian (SVPWM) cho hé truyén
dong dong co IPM va FI-IPM dugc dé xuat nhu
trong Hinh 1.

Hé thdng sir dung cau trac diéu khién mach
vong kin hai cép cascaded phan hoi dong dién
va toc do:

Mach vong toc do (Vong ngoai): Sai léch
gitta toc d6 dat w,e f va tbc d6 phan hoi w,
dugc xu ly qua bo diéu khién toc do PI dé xac
dinh thanh phan dong dién truc q tham chiéu
lq, twong g voi mé-men xoin yéu cau cta hé
thong.

Speed C DC
Controller urrent . Power
* Controller 1 Clark | |
; i A Park v Vet PWMI
rel L~ + o PWM2
i ¢ PI _7: Pl da /T 1B/ [Vt SUPWM oL
* - PWM4 1 Inverter
o | iy ig > 04 Va op Vs abe |Vref3 PWMS | v
= MTPA s PI ! pwvet| Uvw
i‘] - ‘ii Iy ®
daq ) o,
. ; .
d . 2] /abele ®
Angle ] | Park Clark
Calculator | 1|
0, .
Rotor Position Thong s6 dong co -
w and Speed
- Measurement

Hinh 1. Cdu triic diéu khién FOC-SVPWM ciia hé truyén dong IPM/FI-IPM

184 TAP CHi CONG NGHIEP NONG THON SO 62



KHOA HOC - CONG NGHE

Khoi toi wu hoa dong dién (MTPA): Tir gia
tri ig, thudt toan t61 vu mod-men trén mot don
vi dong dién (MTPA) s€ tinh toan ra thanh
phan dong dién truc d tham chiéu i; nham tdi
wu hoa hiéu suit va khai thac tdi da mo-men
khéang tir cua dong co.

Mach vong dong dién (Vong trong): Cac
thanh phan dong dién ba pha thuc t€ (ia,iv,ic) do
tir stator dugc chuyén doi sang hé toa do quay
d-q thong qua cac phép bién doi Clarke va
Park. Hai bo diéu khién PI dong dién doc 1ap
(Current Controller) s& triét ti€u sai léch dong
dién va xuat ra dién ap diéu khién Vg, V.

Khéi diéu ché: Pién ap diéu khién sau khi
bién ddi Park nguoc Park™! sang hé toa do )
dinh o-B s& dugc dua vao khéi SVPWM dé
phat xung kich déng cat cho 6 van ban dan
ctia bo nghich Iuu (Inverter), cip ngudn cho
dong co.

b) M6 hinh toan hoc dong co IPM/FI-IPM
[3.6]

Phuong trinh di¢n ap cua dong co FI-IPM
trén hé truc toa d0 d-q dugc md td nhu
phuong trinh (2.1)

. dyg
Uy = Rgig + rra welq
(2.1)
. dy
uq = Rslq + d_tq + (Uel/)d

Trong do: ug, u,: Dién ap stator trén truc
d va truc q; ig, iq: Dong dién stator trén truc
d va truc q; Ry: Pién trod ddy quan stator; w,:
Téc d6 goc dién cia rotor (w, = pw,,, Voi p
13 86 cdp cuc va w,, 1a tbe d6 co hoc); Ya, Yy
Tu thong lién két truc d va truc q.

MGéi lién hé giita tir thong lién két voi dong
dién dugc mo ta nhu phuong trinh (2.2)

Ya = Laig + Ypm
Vg = Lqlq
Trong do: Yom la ttr thong ctia nam cham

2.2)

vinh ctru; Ly, L, 1a dién cam cua truc d va truc
q

TAP CHi CONG NGHIEP NONG THON SO 62

Do céu tric cia FI-PMSM (thuong st
dung cac rao chan tir thong - flux barriers doc
theo tryc q hodc bd tri nam cham dic biét) [6],
ta c6 dic tinh dic trung nhu phuong trinh
(2.3)

Ly >Lgig>0 (2.3)

M6 men tong quét ciia may dién dong bo
duoc biéu dién nhu phuong trinh (2.4)

2
T, = §p(¢diq + l'bqid (2.4)

Thay (2.2) va (2.4) ta c6 phuong trinh mo
men dién tu ciia may dién FI-IPM nhu (2.5)

2
T, = §p[(lppmiq + (Ld - Lq)idiq] (2.5)

Trong do: Te 1a moé men dién tur.
Tt phuong trinh (2.5) ta thiy mo men dién
tir bao gdbm hai thanh phan [3]
A Al 2 A
M6 men nam cham: gplppmlq va md men
tir tro: = (Lg — Lg)ialq
Tir d6 ta co thé tim phuong trinh chuyén
dong co hoc dua vao mbi quan hé gitta mo
men va tc dd co hoc duoc md ta qua phuong
trinh vi phan (2.6)
dw
Jm =T =T, = By, OO
Trong d6: Tr 1a m6 men tai; J: Mo-men
quén tinh cia rotor va tai; B: hé s6 ma sat co
hoc
Dé t6i uru hoa hiéu suat nang luong va khai
thac t6i da thanh phan mo-men khang tir ciia
dong co FI-IPM, chién luge diéu khién toi wu
mod-men trén mdt don vi dong dién (MTPA)
duogc ap dung. Bang phuong phap giai tich toi
uu héa dao ham phuong trinh (2.5) theo goc
dong dién, quy dao dong dién tryc d tham
chiéu i}; duoc xac dinh phu thudc vao dong
dién tryc q tham chiéu i theo phuong trinh
2.7):
i
Yo Wi+ 8(La — L)) (2.7)
4(Lg — Lg)
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¢) Mo hinh dong luc hoc phu tai cua may
kéo dién nong nghiép:

Nhim dénh gia kha ning kéo ctia dong co
FI-IPM trong cac diéu kién canh tac thuc té,
md-men tai can Troad quy doi vé truc dong co
dugc xay dung dya trén phuong trinh can
bang luc tong hop tac dong 1én phuong tién
[2]:

Ftc=E+Fw+Eg+Fk (2.8)
F = C,Mg 2.9)

Trong do: F:la lyc can lan phu thudc vao
hé sd mat duong C,, khdi luong may kéo M
va gia toc trong trudng g; Fy 1a luc can gio;
F, 13 luc can khi may leo dbc véi goc o dugc
mo ta nhu cong thirc 2.10

F, = Mgsina (2.10)

Ttr lyc can tong hop Fi, mé-men tai dap
ung tai truc dong co dugc xac dinh qua
phuong trinh (2.11):

T _ Fi..R,,

Lot = G N 2.11)

Trong d6: Trong d6: Ry 1a ban kinh banh
xe cong tac, G 1a ty s6 truyén toan bo ctia hé
théng hop s6 co khi, va m 13 hiéu suat truyén
dong co hoc.

F, =(A+B.v+C.v?).b.d (2.12)

Trong d6: A, B, C cac thong s6 dic trung
cua dat, v 13 van téc may kéo, b 1a do rong
lam vi¢c va d la d¢ sau canh tac. [2]

d) Giai thugt MTPA cho dong co FI-IPM:

Dé dam bao hé truyén dong may kéo nong
nghiép van hanh on dinh trong toan bo dai tde
d6, quy dao dong dién tham chiéu ig,1q dang
don vi trong dbi (p.u) duoc xac dinh thong
qua cau trac luat diéu khién phan ving logic:

- Trong ving van hanh co ban (tdc d6 dudi
tbc do dinh muc): chién luoc diéu khién khai
thac dic tinh mach tir Lg> Ly dé gam dong
truc d mang gié tri duong i, > 0 nham tdi uu
hoa thanh phin mé-men khang tir theo cong
thuc:

Te*n
i (2.13)

id :1_

Trong do: T, 1a md6 — men dién tr tham
chiéu (p.u), bién thién lién tyc theo yéu cau
phu tai cta hé thong tai mdi thoi diém.

- Trong ving van hanh téc do cao (tbc do
16n hon tdc d6 dinh muec): chién luge giam tur
thong, Khi van tde may kéo vot 1€n cao va
dong truc q ti¢m can sat ngudng triét tieéu do
bao hoa dién ap (ij < €), hé thong tu dong
kich hoat co ché gam giit gidi han dién ap
ngudn (Vs). Dong dién i lic nay duoc hiéu
chinh tuyén tinh theo phuong trinh dong luc
hoc gidi han ap:

it = _l/me.p.(x) - Vs‘

a p.Lg.w. I, (2.14)

Trong d6: & 1a hang s6 cuc tiéu bao vé mau
s tranh 131 triét tiéu toan hoc; p 1a s6 d6i cuc;
Iy 1a dong dién mdc co ban ciia hé thong.

e) Mo hinh mo phong trén
Matlab/Simulink:

Pé kiém chung thuat toan diéu khién dé
xudt, md hinh méd phong tong thé ciua hé
thong duoc xdy dung trén modi truong
Matlab/Simulink nhu trong Hinh 2. M6 hinh
bao gdm céc khdi chirc ning chinh sau:

Khéi mo hinh dong co va cong suat: Gom
hai nhanh m6 phong ddc 1ap cho dong co 50
kW IPM va 50 kW FI-IPM két hop véi bo
nghich luu cong suat st dung cdu trac van
ban dan 1y tuong. Cac tham s6 vat Iy ctia dong
co duogc ciu hinh chinh x4c theo bd thong )
thiét ké & Bang 2.

Khéi diéu khién trung tam (FOC
Controller): Hién thuc hoa toan bd thuat toan
bién doi toa do, mach vong dong dién PI va
bd tao xung SVPWM tuong ung cho tung
loai dong co.

Khéi quan 1y quy dao (Reference
Generator & Speed Controller): Khdi
Reference Generator dong vai tro tao kich
ban thir nghiém (thay doi toc do dt w,e va
mo-men tai Tr theo thoi gian). Khéi Speed
Controller thuc hién thuat toan vong ngoai dé
diéu phéi chung cho ca hai hé thong.
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Hinh 2. M6 hinh mo phong trén Matlab/Simulink

Bdng 1, Thong so van hanh va nguon cdp cua dong co

Cong suit 50kW
DC Power 550V
Ts 20us
Tbc d6 danh dinh 500rpm
Tdc d6 toi da 3000rpm
Tai To Thay doi

Bdng 2. Thong 56 dinh muc cua hai dong dong co IPM va FI-IPM
Thong s6 IPM FI-IPM

Rs 0.028 (QQ) 0.028 (QQ)
Ld 0.45¢-3(H) 1.1e-3(H)
Lqg 0.82e-3(H) 0.7¢-3(H)
Am 0.145(V.s) 0.115(V.s)
p 4 4

3. KET QUA VA THAO LUAN

3.1. Panh gia dic tinh dong hoc tong
thé toan chu ky

Dic tinh dong hoc tong thé toan chu ky
2s bao gém dap ung toc d6, moé-men dién
tir va cong suat dién tiéu thu cta hai ciu
tric dong co duge thé hién chi tiét tai Hinh

TAP CHi CONG NGHIEP NONG THON SO 62

3. Két qua cho thdy ca hai hé thong truyén
dong déu bam sat cac kich ban thay do6i
van toc bac thang va cac cip phu tai dong
luc hoc co khi cua xe. Nham boc tach dinh
luong céc sai léch qua do va hanh vi bam
xung xac 1ap, cac phan doan dd thi duoc
phéng to chuyén sau tai Hinh 4.
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- V& dap tng van toc (Hinh 4 - trén): Tai
dai van hanh co ban dudi tdc d6 dinh muc
500rpm —=>1000rpm va dai giam tir thong sau
toc do cao 1000rpm = 1500rpm, mach vong
kin vén tdc cia ca hai hé théng déu dat chat
luong 1y tuong véi do vot 16 thuc t& POT =
0.00% tai trang thai xac lap. H¢ thong tang
trudng muot ma theo ham doc va tiép dat phang
mugt tai bang dinh, chirng minh khau gidi han
dong dién (Current Limiter) di ép dap tmg vé
trang thai tit dan t&i han, bao vé toan dién hé
thdng truc truyén luc co khi cua may kéo.

- Vé dic tinh nhiap nhé mé-men (Hinh 4
- dwéi, trai): Khao sat tai ving xac 1ap phang
0.55's = 0.65s ¢6 tai @ mbc 1000rpm bién do
dao dong dinh - dinh ctia dong co IPM truyén
thdng duy tri hep hon, chénh léch dinh - day
dat xap xi 210 N.m. Trong khi d6, dong co
cAu trac méi FI-IPM c6 bién do rong hon, dat
muirc 270N.m. Hién tuong nay xuét hién do
tac dong phi tuyén tir thanh phan mo-men
khéang tur hiru cong sinh ra bdi dédc tinh mach
tur dac biét Ld > lq, tuy nhién gia tri mo6-men
trung binh cta ca hai hé théng van gam chéc
chan dé thang lyc can nén dat rudng.

- V& tinh Kkinh té niing lwong va dinh
cong suat (Hinh 4 - dwéi, phai): Tai trang
thai tinh on dinh & mdc 1000rpm (t<1.6s),
duong cong suat dién tiéu thu Pe ciia dong co
FI-IPM gim & murc thap hon rd rét 13.2kW

s0 v6i IPM truyén thong 15.8kW chirng minh
hiéu qua tiét kiém dién vuot troi nhd giai
thuat MTPA cai tién. Tai thoi diém qua do
cuc han t = 1.6s, khi may kéo di€n vira tang
tdc 1én 1500rpm vira bi giat cp tai ning nhat
5414N, dinh vot cong suét ctia FI-IPM chi
cham muc 39kW, nim an toan dudi ngudng
gi6i han dinh mirc 50kW. Giai thuat phdi hop
dd gam giit dong ning luong cuc tot, loai bo
hoan toan hién tuong vot dinh cong suat pha
huy (Power Spike), gitip bao vé t6i da tudi tho
khoi pin nguon cua xe.

- Kiém ching dong dién phan hdi (Hinh
5): Ban chit co dién tir giai thich cho cac
hanh vi trén 16 di€n hoan toan thong qua quy
dao dong dién tryc d-q tai Hinh 5. Trong vung
tde do thép t<1.2s, dong dién truc d ciia dong
co FI-IPM (Hinh 5 - trén) dugc duy tri lién
tuc & mién gia tri duong idl = +50A ding
theo luat diéu khién MTPA dé xuit [Phuong
trinh (2.9)] dé tro tir ting kéo. Khi may kéo
budc vao ving dai tée d6 cao vugt dinh muc
t>1.2's, dong id1 1ap tuc dao chiéu linh hoat
gim sau xudng mién am dé thyc hién chién
luge khir tir giam tir thong. Co ché giam tir
thong ty dong nay da giai phong khoang du
trlt dién 4p (Voltage Margin) cho bd nghich
luu, giup ctru mach vong PI khong bi bao hoa
dién ap, tir d6 giir cho hé théng FI-IPM hoat
dong muot ma tuyét ddi & dai van tdc cao.

Hinh 5. Quy dao dong dién phan hoi trén hé toa dé quay d-q toan chu ky.
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3.2. Phén tich chi s6 diéu ché va hiéu
suit dinh lwgng hé thong

Pic tinh str dung ngudn ap va gidi han bao
hoa cua bd nghich luu (Inverter) duogc ddi
ching truc quan thong qua chi sé diéu ché
(Modulation Index) tai Hinh 6. Két qua dinh
luong tong hop cudi cung vé chét lugng mo-
men va tinh kinh té ning luong dugc thong
ké chi tiét tai Bang 3.

- Vé niing lye dur trix dién ap (Hinh 6): Khi
méy kéo van hanh & dai toc d6 co ban (dudi
1.2s, chi s6 diéu ché cua ca hai hé thong duy tri
& murc thap dudi 0.3 p.u. Khi phuong tién ting
tdc 1én ving diéu khién giam tir thong siu & van
tdc cuc dai 1500 rpm (thoi diém t > 1.6s), dinh
vot qua do cua chi s6 diéu ché ddi voi dong co
FI-IPM céu trac méi (dudng mau xanh duong)
cham mtrc cuc dai xép xi 0.68 p.u, sau do xac
1ap 6n dinh phang tai mdc 0.47 p.u. Puong dd
thi nay nam dudi rat sdu so voi ranh gidi bio
hoa dién ap (mdc 1.0 p.u), ching minh giai
thuat phdi hop dai van hanh s6 da giai phong
mot khoang du trir dién ap (Voltage Margin) ly
tuong cho bo nghich luu, loai bo hoan toan hi¢n
tuong quéa diéu ché (Over-modulation) hay bio
hoa dién ap.

1

So sdnh Chi sd didu chd (Modulation Index}
I I

-vé do nh{lp nho mo- men xo4n (Bang
3): Phan tich dinh lurgng gam mdc xéac lap cho
thdy chi s6 nhédp nhd moé-men (Torque
Ripple%) tinh theo mdé-men dinh mic cua
dong co FI-IPM dat 28.81%, nhinh hon so
v6i mirc 24.00% cua dong IPM truyén thong.
Bién d6 dao dong nay xuat hién do tac dong
phi tuyén cua thanh phan mé-men khang tir
hiru cong sinh ra boi dac tinh hinh hoc mach
tir dao ngugce Ld >Lq. Tuy nhién, mirc nhap
nho nay hoan toan nam trong gidi han cho
phép cua hé truyén dong néng nghiép, khong
gdy ra cac ct soc pha hay co hoc.

-Vé hi¢u suét nang luwgng vung tii cuc
dai (Bang 3): Khao sat tai dai thoi gian tinh
tir 1.75s dén 1.95s khi may kéo cay 101 rudng
nang, hi¢u sudt ning luong téng thé cia hé
thong sir dung dong co ciu trac méi FI-IPM
dat t61 94.65%, vuot trol hon rd rét so voi
murc 91.38% ciia dong co IPM truyén thong.
Ket qua nay khang dinh giai thudt MTPA cai
tién da t6i wu hoa goc mo dong dién mot cach
hoan hdo, giam thiéu ton hao dong vo cong
trén cudn day stator, giip may keo dién hoat
dong tiét kiém pin tbi da trén dong rudng.

.8 —

08—

o7 —

Chi s Mod (p.u)
o o o
Yy ih o

a2
w

0.2

T

F1IFN B e

— — - IPMg IrgBabtng,
Harih g1 b han (=1 0;

Then quarn ()

Hinh 6. Ddc tinh bién thién chi s6 diéu ché ciia hai hé thong truyén dong.
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Bdng 3. Két qua so sanh do nhap nhé mo-men xoan va hiéu suat nang lwong

FI - IPM IPM
Do nhap nhé mo-men xoan 28,81% 24%
Hiéu suit ning luong ving tai
T j 94,659 91,385
cuc dai [1.75s - 1.95s] o &

Tong hop cac két qua dong hoc khing
dinh dong co FI-IPM ganh tii hi¢u qua
hon va dat hiéu suit ning lwong tét hon.
Day 14 cau tric dong co tdi vu, dap ng tron
ven yéu cau vé cé stc kéo manh mé 13n tinh
kinh té ning luong cho hé truyén dong may
kéo dién ndng nghiép.

4. KET LUAN

Nghién ctru da xay dung va danh gia
thanh cong hé truyén dong dién s dung
dong co FI-IPM cong suat 50 kW tng dung
cho médy kéo nong nghiép trén nén tang
MATLAB/Simulink. Thong qua céc kich
ban mo phong tai bién thién phuc tap, két
qua nghién ctru cho phép rit ra cac két luan
chinh sau:

1. Vé hiéu sudt va kinh té ning
lwong: Dong co FI-IPM voéi chién luoc diéu
khién MTPA cai tién cho thdy kha ning tdi
uu hoa dong nang lugng vuot troi. Hiu suat
hé thong ¢ ving tai ning dat 94,65%, gitip
tiét kiém dang ké dién ning so véi cac dong
dong co IPM thong thudng (91,38%). Piéu
nay khang dinh tinh kha thi cua giai phap
trong viéc kéo dai thoi gian lam viéc va
gidm chi phi van hanh cho may kéo dién.

2. V& didc tinh van hanh: Hé thong
diéu khién FOC-SVPWM dam bao khd
ning bam tc do 1y tuong voi do vot 16 bang
0% (6 trang thai 6n dinh), giup bao vé hé
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1. Chao  Zhang, Xiongwei Xia,
HongZheng and Hongpinglia., Permanent
Magnet Synchronous Motor Drive System
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théng truyén dong co khi khoi cac tac dong
qua do dot ngodt. Mic du cau trac FI-IPM co
do nhép nhdé mo-men cao hon (28,81%),
nhung gi4 tri mé-men trung binh van duy tri
on dinh, dap ung t6t yéu cau kéo tai ning
trong diéu kién dia hinh canh tac phtc tap.

3. Veé kha nang diéu khién: Viéc thuc
hién thanh coéng co ché giam tir thong tu
dong giup hé thong duy tri khoang du trit
dién ap (Voltage Margin) an toan ngay ca &
dai tée do cao (1500 rpm), loai bo hoan toan
nguy co bao hoa dién ap bod nghich luu.

Tom lai, dong co FI-IPM la cAu trac tbi
uu, dap ing tron ven sy can béng gilra suc
kéo manh mé va tinh kinh té nang lugng cho
thé hé may kéo dién thong minh. Nghién
clru nay tao tién dé quan trong cho viéc ché
tao thir nghiém va trién khai cac hé truyén
dong dién hicu suét cao trong thuc té san
XUt nong nghi¢p hién dai.

Hwéng nghién ciru phat trién trong
twong lai: Trién khai hé thong truyén dong
dong co FI-IPM trén mo6 hinh may cay dién
tu 1ai van hanh thuc dia. Nghién cuu s€ tap
trung mo hinh hoéa su bién thién lién tuc cua
dac tinh co ly tinh dat va hé sb bam duong,
dong thoi tng dung cac thuat toan diéu
khién hién dai (nhu Fuzzy-PI hodc mang
than kinh) nham ning cao chat lugng dong
hoc va d6 6n dinh bam quy dao cua xe.
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NGHIEN CUU UNG DUNG CONG NGHE VI SONG TRONG CHUNG CAT

TINH DAU SA BANG PHUONG PHAP LOI CUON HOI NUGC
Ngyyén Tién Long’, Nguygn Quéc Hiép?, Tran Vé van May',
' Nguyen Thi Ngoc!, Nguyén Truong Giang', Dinh Viong Hiing'
TOM TAT
Nghién ciru nham thiét ké, ché tao va danh gid buéc dau mé hinh chung cat tinh dau sa bangphu’ongphap
[6i cuon hoi nudce ng dung cong nghé vi song. Thi nghiém khao sdt dong thoi hai yéu to, gom cach bo tri
nguyén liéu — nueée va ché do cong sudt vi song Ba cdch bé tri nguyén li¢u dugc thuc hién gom: khong bo
sung nudc, nudc dat dudi [op nguyen liéu va nguyén liéu ngap mot phan trong miede; moi cach bé tri dugc két
hop véi ba ché do cong sudt vi séng: thap trung binh va cao. Két qua cho thdy anh hu’ng cua cong sudt vi
Song dén lwong tinh dau thu dwoc thay doi tity theo cach bé tri nguyén li¢u — nuoc. Két qua nghién cieu chi ra
rang nguyén liéu ngdp mot phan trong nude va ché do cong sudt cao cho két qua tot nhdt, thu dwoc trung binh
9,43 mL tinh dau tir 1,5 kg sa twoi sau 180 phit, twong iing 6,29 mL/kg. Lwong tinh dau thu dwoc ¢ diéu kién
ndy cao hon 4,78% so voi phwong phdp chung cat truyén thong, dat 9,00 mL voi cung . khoi lwong nguyén liéu.
Keét qua bucc dau cho thdy céng nghé vi song ¢ kha nang ing dung trong chung cat tinh dau sa, dong thoi
cung cdp co so thuc nghlem cho viéc tiép tuc hoan thién thlet biva toz wu hoa cac thong so van hanh.
T khéa: tinh dau sd; cong nghé vi song; chung cat 16i cuén hoi nwée; cong sudt vi séng; thu hoi
tinh dau.
A PRELIMINARY INVESTIGATION OF MICROWAVE-ASSISTED STEAM
DISTILLATION FOR LEMONGRASS ESSENTIAL OIL EXTRACTION
ABSTRACT

This study aimed to design and fabricate a laboratory-scale microwave-assisted system for the steam
distillation of lemongrass essential oil. The experiments included three material-water arrangements: no
added water, water placed beneath the plant material, and plant material partially immersed in water. Each
arrangement was combined with three microwave power settings. low, medium, and high. The results showed
that the effect of microwave power on essential oil recovery was strongly dependent on the material-water
arrangement. The combination of partial immersion and the high-power setting produced the highest essential
oil volume within the investigated conditions, yielding an average of 9.43 mL after 180 min, equivalent to 6.29
mL/kg of fresh lemongrass. This value was 4.78% higher than that obtained by conventional distillation, which
yielded 9.00 mL of essential oil from the same mass of material. These findings indicate the potential
application of microwave technology in the steam distillation of lemongrass essential oil and provide a basis
for further improvement of the experimental system and optimization of operating conditions.

Keywords: lemongrass essential o0il; microwave technology, steam distillation; microwave power;
essential oil recovery.
I. PAT VAN PE dai, tiéu thu nhiéu ning luong va kha nang

Tinh dau 12 hdn hop céc hop chit tir nhién
dé bay hoi, dugc thu nhén tir nhiéu bo phan
khac nhau cua thuc vat nhu hoa, 14, than, vo
va ré. Tuy thudc vao dic tinh ciia nguyén liéu
va yéu cau doi v6i san phim, tinh dau c6 thé
duge chiét xuat bang nhleu phuong phap.
Trong dd, chung cét 161 cudn hoi nude dugc
sit dung phd bién nho nguyén 1y twong ddi
don gian, thiét bj d& ché tao, van hanh thuan
tién va c6 kha nang xur ly luong nguyén li¢u
16n. Tuy nhién, phuong phap nay van ton tai
mot s6 han ché nhu thoi gian chung cit kéo

thu hoi tinh dau chua cao trong mot s6 diéu
kién van hanh.

Gia nhiét bang vi song st dung ning luong
dién tur tuong tac vdi cac phan ti phan cuec,
dac biét 1a nudc co trong mo thuc vat, thong
qua co ché quay ludng cuc va dan ion. Su
tuong tac nay tao nhiét nhanh va theo thé tich
ngay trong moi truong hap thu, lam ting nhiét
d6 va ap suat bén trong md, qua d6 ho tro giai
phong va van chuyén cac hop chét d& bay hoi.
Trong chung cét thiy c6 hd trg vi song, kha
ning gia nhiét nhanh va truc tiép giup rut

! Khoa Co khi va Cong nghé, Trudng Dai hoc Néng Lam, Dai hoc Hué

" Téc gid lién hé: nguyentienlong@huaf.edu.vn

2 Hoc vién cao hoc K21, Khoa Co khi va Cong nghé, Truong Dai hoc Nong Lam, Dai hoc Hué
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ngin thoi gian gia nhiét, dong thoi ting
cudng qué trinh giai phong va thu hoi tinh
dau [2]. Nghién ctru trén vo chanh cho thay,
su hd trg clia vi song cai thién qua trinh
truyén nhiét va truyén khéi, nho do rat ngin
thoi gian thu nhan tinh dau so v&i phuong
phap chung cat thuy thong thuong [1]. Tuy
nhién, hi€u qua ctia phuong phap con phu
thudc vao dic diém nguyén liéu, lugng nudce,
cong suat vi sdng va ciu hinh thiét bi.

Sa 1a cy chira tinh dau c6 gia tri kinh té,
dugc st dung rong rai trong cong nghiép thuc
pham my pham duoc phim, nudc hoa va san
xuét cac ché pham c6 hoat tinh khang khuan.
Do d6, nang cao kha ning thu hoi tinh dau,
rt ngan thoi gian chung cat va giam chi phi
ning luong 1a nhiing yéu cau quan trong

II. POI TUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. P6i twong nghién ciru

Dbi twong nghién ctru 1a qua trinh chung
cat va thu hoi tinh dau tir sa bang hé thong
chung cét c6 ung dung cong nghé vi song &
quy mo phong thi nghiém, trong do tip trung
khao sat anh huéng ctua cach bé tri nguyén
lidu — nuéc va ché do cong suit vi song dén
luong tinh dau thu dugc. Nguyén liéu nghién
ctru 12 sa tuoi, v6i khoi luong 1,5 kg cho mdi
1an thi nghiém. Thiét bi gia nhiét 14 16 vi song
SANYO EM-G3650V, dién ap 220 - 230 V,
tan s6 ngudn 50 Hz, cong sut dién vao dinh
murc 1.250 W, cong sudt vi song dau ra cuc
dai 800 W va tan s vi song 2.450 MHz.

2.2. Phuwong phap nghién ctru

Nghién ciru sir dung két hop phuong phap
tinh toan, thiét ké ché tao mo hinh, khao
nghiém thiét biva thyc nghiém. Kha nang tao
hoi ctia ngudn vi séng duge xac dinh bang
cach gia nhi¢t 800 mL nudc trong 25 phit va
do thé tich nude con lai. Khéi luong hoi nude
bay ra hoi dugc tinh theo cong thuc: Q,, =
2 5 60, trong d6 Qy la khéi lugng hoi

nudc bay ra trong mot gio (kg/h), Vi va Vi
lan luot 1a thé tich nudc trude va sau khi gia
nhi¢t (mL); t 1a thoi gian gia nhiét (phut).
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trong qua trinh hoan thién cong ngh¢ va thiét
bi ché bién tinh dau sa. Mic du cong ngh¢ vi
song da dugc nghién ctru trong chlet xudt tinh
dau thyc vat, viéc tich hop nguon gia nhi¢t vi
song vao hé théng chung cat 16i cudn hoi
nuéc voi cu hinh thiét bi va diéu kién
nguyén liu cy thé van can tiép tuc dugc khao
sat, danh gia.

Nghién ctru nay dugc thuc hién nham xay
dyng md hinh chung cat tinh dau sa bang
phuong phap 161 cudn hoi nude st dung cong
nghé vi song. Két qua nghién ciru cung cap
co s& khoa hoc va thuc nghiém cho viée t6i
vu hoa cac thong sé van hanh, hoan thién
thiét bi va xem xét kha nang Gmg dung cong
nghé vi song trong chung cét tinh du sa o
quy mo 16n hon.

Phuong trinh c4n bang nhiét va truyén nhiét
duogc su dung dé xac dinh lugng hoi tao thanh,
nhiét lugng can trao d6i, dién tich truyén
nhi¢t va céc thong s6 co ban cua thiét bi
ngung tu. Thi nghiém khao sat hai yéu to.
Yéu t6 thir nhat 1a cach b tri nguyén liéu —
nude, gdm: (i) khong bd sung nudc; (ii) nude
dat du6i 16p nguyén liu; va (iii) nguyén liéu
ngap mot phan trong nudc. Yéu t6 thir hai la
ché do cong suit vi song, gdm ba murc cai dat:

thap, trung binh va cao. Nguyén liéu sir dung
trong mdi thi nghiém 13 1,5 kg sa tuoi. Sa sau
khi thu hoach, loai bo cac 1a kho va tap chit,
rura sach, dé rdo, cit thanh doan dai 160 mm,
b6 thanh b6 nho va khong lam dép trude khi
chung cét. Kich thude bo nguyén liéu va diéu
kién 1am mat dugc duy tri thong nhit giira cac
cong thire thi nghiém. Ddi vai cac thi nghiém
¢6 bd sung nude, lugng nude st dung 1a 800
mL/mé, tuong ung ty 1€ nudc/nguyén lidu la
0,53 L/kg. Nguyén liéu dugc b tri theo hai
phuong thirc: ndm hoan toan phia trén mat
nudc va ngap mot phan trong nudc. Cac thi
nghiém dugc 1ap lai ba lan. Phuong phap
chung cét 16i cudn hoi nuéc su dung ngudn
gia nhiét thong thuong duoc bd tri dé ddi
chtrng. Hon hop hoi nudc — tinh dau sau khi
ngung tu dugc thu dinh ky 10 phat. Thé tich
dich ngung dugc xac dinh bang dung cu do
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thé tich chia d6. Sau khi hdn hop phan 16p,
tinh dau dugc tach bang dung cu phan tach va
thé tich tinh diu dwgc xac dinh bing dng
dong chia d6. Thoi gian két thiic ting thi
nghiém dugc xac dinh khi nguyén liéu c6 du
hiéu khé hodc lugng tinh dau thu thém rat
thap. Luong tinh dau thu duoc trén 1 kg sa
tuoi dugc xac dinh theo cong thuc: ¥V = Via/
my, trong d6 Y 1a luong tinh dau thu duoc

III. KET QUA VA THAO LUAN

3.1. Két qua xay dung hé thng chung
cat tinh dau str dung vi séng

3.1.1. Lua chon so d6 nguyén ly hé
thdng chung cét tinh dau Gng dung cong
nghé vi song

Gia nhiét bang vi song c6 kha ning tac
dong truc tiép 1én nudc va cac thanh phan
phan cuc c6 trong nguyén licu sa. Nang lugng
vi song duoc chuyén héa thanh nhiét bén
trong moi truong hap thy, lam tang nhiét do
cua nudc va nguyén liéu, qua do ho tro giai
phong cac hop chat dé bay hoi khoi mé thuc
vat. Hoi nudc di qua 16p nguyén li¢u va 161

(mL/kg sa tuoi), Via 14 thé tich tinh dau thu
duoc (mL) va my 1a khéi luong sa tuoi sir
dung (kg). Téc d6 thu tinh dau trung binh
dugc tinh theo cong thuc: v = 60 Via/t , trong
d6 v 1a téc do thu tinh dau trung binh (mL/h)
va t la thoi gian chung cat (phat). S6 liéu
duoc xtr 1y bang phan mém Microsoft Excel
2013.

cubn tinh dau ra khoi budng chung cat. Hon
hop hoi nude — tinh dau sau d6 duogc din dén
thiét bi ngung tu, chuyén thanh pha long va
dua vao bo phan thu, phan tach tinh dau. Dé
duy tri kha ndng ngung tu, thiét bi ngung tu
duogc cip nude lam mat theo ché d6 tuan hoan.
Trinh ty ctia qua trinh gdm gia nhiét — tao hoi
— giai phong va 16i cudn tinh dau — dan hoi —
ngung tu — thu va phén tach san pham. Trén
co s¢ nguyeén ly cong ngh¢ va trinh tu qua
trinh dd xac dinh, so dd nguyén 1y cua hé
théng chung cat tinh dau sa bang phuong
phap 16i cudn hoi nuée tng dung cong nghé
vi song dugc lya chon nhu Hinh 1.

Hinh 1. So' d6 cong nghé ciia hé thong chung cdt

3.1.2. Tinh toan thong s6 thiét bi ngung tu
Thiét bi ngung tu gdm cé phan vo chira
nude 1lam mét va dng dan hdn hop hoi nudc —
tinh dau duoc ché tao béng déng, udn theo
dang xodn 1. Pé xac dinh kha ning tao hoi,
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800 mL nudc duge gia nhiét bang 10 vi song
trong 25 phut. Sau khi gia nhiét, thé tich nuéc
con lai 1a 540 mL.
Khdi luong hoi bay ra trong mot gid s& 1a:
Qn = Z22x 60 = 624 mL/h = 0.624 (kg/h)
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&: hé s6 bay hoi véi 1 kg (e ~1,2)

=  Qnoi =1200x 0.624 = 748,8 1/h

Nhiét lugng hoi a :
Qn=m.C.AT =748,8 x 4186 x 70 =21.941.337,6 (J)

Hé s6 dan nhiét va tinh sin c6 cua vat ligu
ta chon vat li€u truyén nhi¢t ciia binh ngung
1a bng dong: Adeng = 384 W/m.°C

Do dan nhiét cua nudc 13: huwse =
W/m.’C

Nhiét d6 bay hoi ban dau: t; = 100°C

Nhiét 6 sau khi ngung tu bang nhiét do
cua moi truong: t, = 30°C

Chon 6ng dan hoi c6 vat liéu bang dong,
duong kinh 12 mm, chiéu day cua thanh dng
0,35 mm:

0.6

d2=12,0 mm =>r12=6 mm (d2 = 0,012 m)
di=11,30 mm, r1 = 5.65 mm (d; =0,0113 m)

Ln (Z_i) = Ln (0(?6011123) = 0,06

Khi d6:

Qn. Ln( ) 2. A L. (t;- ty)

Qn-Ln(a)
Zﬂ.}\.(tl— tz)
Thay so0 vao ta co:

21941337,6 X 0.06

L= - =7, 7m

2x314x384x70

L=

Hinh 2. So do cdu tao thiét bi ngung tu

3.1.3. Lua chon va bd tri cac by phin
chinh

Quat hat duoc bd tri trén duong dan hon
hop hoi nham hd trg van chuyén hoi nuéc —
tinh dau tir budng chung cat dén thiét bi
ngung tu. Quat s dung dong co dién mot
chleu lam viéc 6n dinh ¢ dién ap 7,2 V VOl
tbc do khoang 13.500 vong/phut. Puong dng
dan hoi dugc thiét ké phu hop véi kich thude
quat, cac mbi ndi duge lam kin va boc cach
nhiét nhim han ché thét thoat hoi va hi¢n
tuong ngung tu som trén duong Ong. Hé
thng 1am mat sir dung bom tuan hoan cd
cong suit 15 W, luu lugng 1.200 L/h va cot
ap 1 m. Nudc dugce bom tir bé chira qua thiét
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bi ngung tu va hoi vé bé, tao thanh vong tuan
hoan kin. Cach bd tri nay giup duy tri dong
nudc lam mat lién tyc trong qua trinh van
hanh. Céac vi tri ndi giita budng chung cét,
dudng 6ng dan hoi va thiét bi ngung tu duoc
lam kin dé han ché that thoat hdn hop hoi.
Phan vo ngoai ciia budng chung cat va duong
6ng dan hon hop hoi duoc boc vt liéu bao 6n
nham han ché thét thoat nhiét va hién tuong
ngung tu som.

3.1.4. Ché tao, lap dit va van hanh thir
hé thong

Trén co so két qua tinh toan va cac thong
$6 ky thuat da lya chon, cac by phan ctua hé
théng duoc ché tao va lép dat thanh mo hinh
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quy mé phong thi nghiém (Hinh 3). Hé thong
goém budng chung cit st dung 10 vi séng,
khay chtra nuéc va nguyén licu, quat hut,
duong 6ng dan hdn hop hoi, thiét bi ngung tu,
b phén thu san pham va hé thong nudc lam
mat tuan hoan. Cac vi tri két ndi duoc 1am kin
va cac bd phan duoc b tri phu hop dé thuan

tién cho viéc van hanh, theo doi va thu thap
s6 liéu. Két qua van hanh thir cho thiy hé
thong ¢6 kha ning tao hoi, dan hon hop hoi
dén thiét bi ngung tu va thu duge dich ngung
& ca ba ché do cai dat cong suat. Hé thong
nude lam mat tudn hoan va quat hut hoat
dong on dinh trong qua trinh thi nghiém.

Hinh 3. Hé thong chung cdt bang 16 vi séng

3.2. Két qua thi nghiém chung cét va thu
héi tinh dAu sa

3.2.1. Anh hwéng ciia cich b tri nguyén
liéu - nwéc va ché dj cong suit dén lwong
tinh dau thu dwoc

Nham danh gia dong thoi anh hudéng cia
cach bd tri nguyén liéu — nudc va ché do cong

sut vi song dén kha nang thu hoi tinh dau sa,
lugng tinh dau va lugng tinh dau thu duoc
trén 1 kg sa tuoi tai ting thi nghiém dugc
tong hop trong Bang 1. San pham thu dugc
va trang thai nguyén liéu sau chung cat & ba
cach bd tri nguyén liéu — nudc duge minh hoa
trong Hinh 4.

Bing 1. Luwong tinh dau thu dwoc ¢ cdc thi nghiém

Cich bé tri nguyén licu Ché do thip Ché d trung binh Ché dd cao

- nuoc (mL) | (mL/kg) | (mL) | (mL/kg)| (mL) |(mL/kg)
Khoéng bd sung nudc 1,70 1,13 1,20 0,80 1,00 0,67
Nude dat dudi 16p 3,67 | 245 2,57 1,71 | 2,67 | 1,78
nguyén li¢u
Neuyén litungdpmot | o0 | 053 | 603 | 402 | 943 | 629
phéan trong nudc

Ghi chii: Moi nghi¢ém thire sir dung 1,5 kg sa tuoi. Cac gia tri la trung binh cua ba lan lap
lai, ngoai trir thi nghiém nguyén li¢u ngdp mot phan trong nuwée & ché dé thap chi thue hién

mot lan.

Bang 1 cho thay khi khong bo sung nudc,
ting cong suat vi song lam luong tinh dau
giamtr 1,70 xubng 1,00 mL. Trong diéu kién
nay, ngudn nudc tao hoi chi 1a d6 4m tu nhién
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cua sa; cong suét cao lam nudc thoat nhanh,
nguyén li¢u som bi kho va khong duy tri dugc
dong hoi du lau dé 16i cudn tinh dau. Gia
nhiét khong dong déu giita phan than va 14
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cling ¢ thé gy qua nhiét cuc bo. Khi nudc
duogc dat dudi 16p nguyén liéu, luong tinh dau
dat 2,57-3,67 mL, cao hon nhom khong bd
sung nudc ¢ ca ba ché d6. Hoi nudc da ho trg
truyén nhiét va 16i cudn cac phan tir d& bay
hoi, nhung ting cong suat khong lam luong

tinh dau ting twong tmg. Quan sat phan la
phia trén bi kho trong khi nuéc van con trong
khay cho thdy hoi nudc tiép xtic chua dong
déu véi toan bo 16p nguyen li¢u; do d6 kha
nang giai phong tinh dau bi gidi han boi b
tri tiép xuc, khong chi boi toe do tao hoi.

Hinh 4. San pham va trang thai nguyen lieu sau chung cdt & cdc cach bé tri nguyen liéu - nuoc
(a) san pham khi khong bo sung nuoc, (b) san pham khi nuoc dat dudi lop nguyén li¢u; (c) san
phdm khi nguyén liéu ngdp mot phan trong nuée; (d) trang thdi lé sa bi khé sau chung cat.

Dbi véi nguyén liéu ngdp mot phan trong
nudc, anh huong cta cong suat thé hién theo
chiéu nguoc lai. O ché do thép, lugng nude
16n 1am tang tai nhi¢t nén sau 180 phut chi
thu dugc 0,80 mL tinh dau. Khi ting 1én ché
d6 trung binh va cao, lugng tinh dau ting lan
luot 1én 6,03 va 9,43 mL. Cong suit cao gitp
hé nudc - nguyén liéu dat nhanh diéu kién tao
hoi, dong thoi gia nhiét lam nudc trong mo
nong 1én, tang ap suat ndi bao va hd tro giai
phong tinh dau. Xu hudng nay tuong dong
v6i két qua cua mot nghién ctru trude day,
trong d6 hiéu suat chung ct thity ¢6 hd tro vi

198

song ting theo cong sudt va dat gia tri cao
nhét tai 800 W trong pham vi khao sat [5];
nghién ctru d6 ciing cho thiy ty 1& nguyén
liéu/dung moi chi lam tang hiéu suat dén mot
gidi han nhat dinh. Két qua nay phu hop voi
nhan dinh rang cong suat vi song, thoi gian
chung cét, kich thudc nguyén lidu va ty 18
nguyén liéu/nuéec déu anh huong dén qua
trinh thu hoi tinh dau [4]. Nhu vay, luong
nudc 1on chi phat huy tic dung khi ndng
luong vi song cung cap da cho ca gia nhiét va
tao hoi.
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3.2.2. Anh hwéng ciia thoi gian va toc dd
thu hdi tinh diu

Bén canh luong tinh dau thu dugc, thoi
gian chung cat va téc do thu hdi ciing la
nhitng chi tiéu can thiét dé danh gia kha ning
lam viéc cua hé thong. Do thoi gian két thic

thi nghiém khac nhau gitra mot s6 thi nghiém,
tdc do thu tinh dau trung binh dugc tinh nham
hd tro so sanh kha ning thu hdi san pham
giita cac cach bd tri nguyén lidu — nudc va cac
ché do cong suat. Két qua duoc trinh bay
trong Bang 2.

Bing 2. Thoi gian chung cdt va téc ¢ thu tinh dau trung binh

Ché dj thap Ché @) trung binh Ché dp cao

Cich bd tri nguyén o , o , o )

lidu - nuée g‘;‘ The dp g:;‘ The dd E:;‘ The dp

oy | @M | SE | mimy | S| L

Khong b6 sung 110 0,93 80 0,90 80 0,75
nuwoc
Nuée ddt dudi 16p 130 1,69 90 1,71 90 1,78
nguyén liéu
Nguyén liéu ngap
mot phan trong 180 0,27 180 2,01 180 3,14
nudc

Két qua trong Bang 2 cho thdy, ¢ nhém
khong bd sung nudce, ting cong suat rat ngan
thoi gian tir 110 xudng 80 phut nhung toc do
thu tinh dau giam tr 0,93 xudng 0,75 mL/h,
xac nhan rang thiéu nude 1a yéu té gidi han.
O nhém dat nude dudi 16p nguyén ligu, tbe
d6 thu tuong dbi 6n dinh, 1,69-1,78 mL/h;
chénh Iéch lugng tinh dau cubi cung chu yéu
lién quan dén thoi gian chung cat 90 hodc 130
phat. O nhém nguyén liéu ngép mot phan
trong nudc, ca ba ché d6 déu van hanh 180
phat nén co thé so sanh truc tiép. Tinh dau
xuét hién cham va tang khong déu & ché do
thip; & ché do trung binh bat dau thu sau
khoang 20-30 phat va ting manh trong
khoang 100-160 phut. O ché d6 cao, dich
ngung xuat hién sém hon, khoang 10-20
phat; lwong tinh dau ciing tip trung nhiéu
trong khoang 100-160 phiit réi giam dan. Toc
dd thu trung binh tang tr 0,27 1én 2,01 va
3,14 mL/h khi ting cong suat tir thip lén
trung binh va cao. Ché do cao cho luong tinh
dau 16n hon 56,4% va toc do thu cao gap 1,56
lan ché do trung binh trong cung thoi gian.
Xu huéng ting nhanh & giai doan dau va
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chiam dan vé sau tuong déng v4i dién bién thu
hdi tinh dau bang vi séng & quy md pilot duoc
mo ta bang mé hinh dong hoc bac nhit trong
mét nghién cuu trude day [5]. Thoi gian
chung cit, cong sudt vi séong va ty 18
nude/nguyén liéu déu anh huong dén qua
trinh thu hoi tinh dau; diéu kién téi vu phu
thudc vao pham vi khao sat va khong nhat
thiét twong ing v&i mirc cong suat 16n nhat
[3].

3.2.3. So sanh v6i phwong phap truyén
thong va diic diém cam quan

Thi nghiém nguyén liéu ngdp mot phin
trong nudc va ché do cong suit cao cho két
qua tot nhat, dat 578 mL dich ngung, 9,43
mL tinh dau (6,29 mL/kg va toc do thu trung
binh 3,14 mL/h) sau 180 phut. Két qua nay
phan anh sy phdi hop phu hop nhat giita
lrong nude, mirc d6 tiép xac voi nguyén lidu
va ning lugng vi séng trong cac diéu kién da
khao sat. So v6i phuong phap chung cat 16i
cubn hoi nuéce truyén thong trén cung 1,5 kg
nguyén liéu, thu duoc 9,0 mL tinh dau, lugng
tinh dau cua thi nghiém sir dung vi séng cao
hon khoang 4,78%. Chung cat c6 hd tro vi
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song dat hi¢u suét thu hdi tinh dau 0,35% sau
90 phut, trong khi chung cat thiy truyén
thong chi dat 0,20% sau 360 phut, cho thay vi
song ¢6 kha niang nang cao hiéu sut va rat

ngan thoi gian thu hdi tinh dau [4]. Tuy nhién,

khong nén so sanh truc tiép luong tinh dau
thu dugc 1a 6,27 mL/kg cua nghién clru nay
Vi cac két qua cong bd dudi dang phan tram
khéi luong, vi co s tinh toan khong gidng
nhau. Nghién ctru nay st dung thé tich tinh
dau trén khdi luong sa tuoi, trong khi cong
trinh nghién ctru khac sir dung khdi luong
tinh dau trén nguyén liéu kho hodc nguyén
liéu da lam héo. Néu xéc dinh duge khoi
lugng riéng cua tinh dau, hiéu suat theo khoi
luong o thé duge quy ddi. Viée so sanh dinh
lugng chi c6 y nghia khi théng nhét loai sa,

b phan nguyén li€u, trang thai twoi hoac kho,

thoi gian chung cit va phurong phap tinh hiéu
suét. Tom lai, két qua chirng minh mo hinh
vi song c6 kha ning chung cat va thu hdi tinh
dau sa. Hiéu qua cta qua trinh phu thudc vao

su két hop gitra cong sut vi song va cach bd
tri nguyén liéu - nuéc. Pidu kién nguyén lidu
ngap mot phan trong nude & ché do cong sudt
cao cho két qua cao nhat, dat 9,43 mL tinh
dau va 6,29 mL/kg sa tuoi. Tuy vy, can tiép
tuc xac dinh muc tiéu thy nang lugng, thuc
hién kiém dinh théng ké va phén tich thanh
phan héa hoc cta tinh dau trude khi két luan
day du vé hiéu qua va chit lugng san pham
s0 voi phuong phap truyén thong.

3.2.4. Pic diém cam quan cia tinh diu
thu dwgc

Bén canh luong tinh dau thu duoc, su khac
biét vé ddc diém cam quan giita hai phuong
phap ciing dugc ghi nhan. Quan sat truc tiép
cho thay tinh dau thu dugc bang phuong phap
chung cat thily ¢6 sir dung cong nghé vi song
¢6 mau dam hon va mui sa rd hon so voi tinh
dau thu duoc bang phuong phap chung cat
truyén thong (Hinh 5). Hai mau déu giir duoc
mui dac trung cua sa va khong ghi nhan tap
chit rd rét bang quan sat thong thuong.

Hinh 5. Tinh dau sa thu dwgc bang phwong phap vi song (trdi) va phuong phap truyén
thong (phai)

Su khac biét v& mau sic va cuong do mui
c6 thé lién quan dén su khac nhau vé co ché
gia nhiét va thanh phan cac hop chat duoc
giai phong trong qué trinh chung cat. Tuy
nhién, nghién ctru méi chi danh gia cam quan
bang quan sat va nhan biét mui truc tiép, chua
thuc hién phép do mau, danh gia cdm quan
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bang hoi ddng hoidc phan tich thanh phan hoa
hoc. Vi vy, két qua nay chi phan anh sy khac
biét cam quan ban dau, chua du co so dé két
luan phuong phép st dung cong nghé vi séng
tao ra tinh dau c6 chat luong cao hon phuong
phap truyén théng.
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IV. KET LUAN

Nghién ctu da thiét ké, ché tao va van
hanh duoc hé thong chung cat tinh dau sa co
st dung cong nghé vi song & quy mo phong
thi nghiém. Hé thdng thyc hién dugc cac qua
trinh gia nhiét, tao va dan hon hop hoi nude
— tinh dau, ngung tu va thu nhan san pham.

Két qua cho thay lugng tinh dau thu dugc
phu thudc vao su két hop giira cach bd tri
nguyén liéu — nudc va ché do cong suat vi
song. Piéu kién nguyén liéu ngdp mot phan
trong nudc va ché do cong suat cao cho két
qué cao nhét trong pham vi khao sat, thu dugc
trung binh 9,43 mL tinh dau tir 1,5 kg sa twoi
sau 180 phut, tvong tmg 6,29 mL/kg sa tuoi.
Luong tinh dau nay cao hon khoang 4,78%
s0 voi phuong phap chung cét truyén thong,
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THIET KE VA CHE TAO MAY PHAY CNC MINI 3 TRUC
Khirong Anh Son'*, V6 Céng Anh!, Ho Van Diing!, Nguyén Thi Kim Anh’,
] Nguyén Quéc Toan!, Pdng Van Vinh?, Pham Luong Hoan?
TOM TAT
Bai bdo trinh bay két qua thiét ké, ché tao va thir nghiém mday phay CNC mini 3 truc phuc vu dao tao va
nghién ciu trong linh vue Ky thudt Co dién tu. May dugc thiét ké voi két cau nho gon, chi phi ché tao hop Iy.
H¢ thong su dung co cau truyén dong vit me — thanh dén hu’ong tuyén tinh, dleu khién bang Arduino Uno két
hUp phan mém GRBL. May duwoc thir nghiém gia cong trén cac vat lieu nhu go nhya va bo dong PCB. Cac
san pham thir nghiém gom tranh khdc CNC, 16g6 va bo mach in (PCB), cho thdy mdy hoat déng on dinh, dép
ikng yéu cau gia céng cdc chi tiét cé kich thude nhé va phuc vu hiéu qua céng tac giang day thwe hanh nganh
Ky thudt Co dién tu.
Tir khoa: may phay CNC mini; CNC 3 truc; Arduino Uno;, GRBL.
DESIGN AND FABRICATION OF A THREE-AXIS MINI CNC MILLING MACHINE
ABSTRACT
This paper presents the design, fabrication, and experimental evaluation of a three-axis mini CNC milling
machine developed for education and research in the field of Mechatronics Engineering. The machine features
a compact structure and a cost-effective design. The system employs a lead screw—linear guide transmission
mechanism and is controlled by an Arduino Uno integrated with GRBL software. Machining experiments were
conducted on wood, plastic, and PCB copper-clad boards. The fabricated products, including CNC-engraved
artworks, logos, and printed circuit boards (PCBs), demonstrate that the machine operates stably, meets the
requirements for machining small-sized components, and effectively supports practical teaching in

Mechatronics Engineering.

Keywords: mini CNC milling machine; three-axis CNC; Arduino Uno; GRBL.

I. PAT VAN PE

Trong xu thé phat trién cua cudc Cach
mang cong nghi€p 4.0, cong nghé diéu khién
s6 bang mdy tinh (Computer Numerical
Control — CNC) da tr¢ thanh mot trong nhiing
nén tang quan trong ctia nganh co khi ché tao.
May CNC cho phép gia cong cac chi tiét voi
d6 chinh xac cao, tinh 1ap lai tdt va muc do tu
dong hoa 16n, gop phan nang cao ning suit,
chit luong san pham va giam su phu thudc
vao tay nghé ciia ngudi van hanh. Vi vay,
cong nghé¢ CNC hién nay dugc ung dung
rong rai trong cac linh vuc co khi chinh xéc,
dién tr, ché tao khudén mau va san xuit cong
nghiép [1, 7].

Tuy nhién, phin 16n cac may CNC cong
nghiép c6 kich thudc 16n, két cdu phuc tap va
chi phi dau tu cao, nén chua phu hop véi diéu
kién trang bi cua cac co so' dao tao, phong thi
nghiém va cac xuong san Xuit quy mo nho.
Trong khi d6, nhu cau gia cong cac chi tiét kich
thude nho, ché tao mo hinh, khic bién tén, gia

cong bo mach PCB va phuc vu thuc hanh trong
dao tao k¥ thuit ngay cang gia ting. Diéu nay
dt ra yéu cau nghién ciru va phat trién cac mo
hinh may CNC mini c¢6 gia thanh hop 1y, d& ché
tao, dé van hanh nhung van dam bao do cimg
virng, do chinh x4ac va tinh 6n dinh trong qua
trinh lam viéc [2, 3, 4, 5, 6].

Xuit phat tir nhitng yéu cau thyc tién do,
nghién ciru nay tap trung thiét ké va ché tao
may phay CNC mini 3 tryc. May dugc thiét
ké vé6i két cu nho gon, str dung cac linh kién
co khi va dién tir phd bién, dé tim kiém va
thay thé, dong thoi ung dung hé thong diéu
khién s nhdm dam bao kha ning van hanh
on dinh va linh hoat. Nbi dung nghién ctru
bao gém thiét ké két cAu co khi, lua chon hé
thong truyén dong, thiét ké va tich hop mach
diéu khién, ché tao, lap rap va thuc nghiém
danh gia cac dac tinh lam viéc cia may.

Két qua nghién ctru gop phan xdy dung
may CNC mini 3 tryc c6 tinh ung dung cao,
dap tng nhu cau hoc tap, nghién ciru va gia

! Khoa Co khi va Coéng nghé, Truong Dai hoc Nong Lam, Dai hoc Hu,é
2 Phong dao tao&BDCLGD, Truong Pai hoc Nong Lam, Pai hoc Hué

3 Cong ty ¢b phan CT Modulex, Thanh phé HS Chi Minh

* Email lién hé: khuonganhson@huaf.edu.vn
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cong cac chi tiét nho trong linh vuc co dién
tr. Pong thoi, day cling 1a co s& cho cac
nghién ctru tiép theo nham nang cao d6 chinh
xac, md rong chirc nang va hoan thién cac h¢
théng CNC mini 3 truc phuc vu dao tao.

II. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Vit liéu nghién ciru

Dé thiét ké va ché tao md hinh may CNC
mini da nang, nghién cuu st dung céc vat
lidu, linh kién co khi va thiét bi dién - dién tir
phé bién, d& tim kiém trén thi truong. Khung
may dugc ché tao tir nhom dinh hinh nham
giam khéi lugng nhung van dam bao do climg
virng. Hé théng truyén dong st dung gbi d&
tryc vit me T8 két hop thanh truot din hudng
tuyén tinh dé nang cao do chinh xéac dinh vi
va giam sai sd chuyén dong trén cac truc X,
Y va Z. Bo diéu khién sir dung mach Annoy
Tools diéu khién may CNC mini. Pong co
DC diéu khién tryc chinh cua mdy, dong co
bude didu khién céac truc X, Y va Z. Cac vat
liéu gd, nhya, mica va bo mach PCB dé gia
cong cac san pham.

2.2. Phwong phap nghién ctru

Nghién ctru dugc thuc hién theo ba
phuong phép chinh:

Phuong phap thu thap théng tin: Tong hop,
phan tich va ké thira cac tai liéu, sach, bai bao
khoa hoc va nguén tu ligu lién quan dé lya
chon giai phap thiét ké phu hop.

Phuong phap thiét ké: Sur dung phén mém
Autodesk Inventor dé thiét ké 3D va xuét ban
vé ché tao; dong thoi sir dung phan mém
Aspire, Inkscape va GRBL d¢ tao G-code va
diéu khién may.

Phuong phap thuc nghiém: Ché tao mé
hinh va tién hanh chay thtr ché d6 hoat dong
phay CNC 3 truc trén mot s6 vat liéu gia cong
nhu nhya mica, gd, mach in PCB, nham danh
gia d6 chinh xac, 46 6n dinh va hoan thién
thiét ké ciia may CNC mini 3 tryc.

II. KET QUA NGHIEN CUU VA
THAO LUAN

3.1 Thiét ké tong thé may CNC mini 3 truc

May CNC mini 3 tryc dugc thiét ké 3D
trén phan mém Autodesk Inventor nham tao
ra mot thiét bi gia cong co két cau nho gon,
va phu hop vai diéu kién ché tao trong phong
thi nghiém (Hinh 1). Xay dung cac cum ban
may, truc chinh va hé théng truyen dong duoc
b tri dong tryc nham tang d6 on dinh va giam
sai s6 khi gia cong.

Két qua thiét ké cho thdy may c6 kich
thudc tong thé 330 x 360 x 220 mm (dai x
rong x cao) va vung lam vi¢c 150 x 200 x 40
mm theo céc truc X, Y va Z. Véi kich thude
nay, may dap img yéu ciu gia cong cac chi
tiét c6 quy mo nho trén cac vat liéu nhu gd,
nhua, mica va mach in PCB.

Hinh 1. Thiét ké tong thé ciia mdy phay CNC mini 3 truc
1. Khung may; 2. Truc dan huéng; 3. Dong co bucc; 4. Ga kep dong co truc chinh,
5. Vit me; 6. Mach diéu khién; 7. _May tinh diéu khién; 8. Péng co chinh; 9. Ban phay; 10. Goi
do vit me; 11. Géi do truc dan hiedmg, 12. Thanh tro lyc khung.
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3.2. Thiét ké mdt so chi tiét chinh ciia tao ra cic chuyén dong chay dao ding nhu
may CNC mini 3 truc ban v¢€ [2, 3, 6, 7, 9].

B6 phén chip hanh bao gdm toan bd khung 3.2.1. Khung may
may, ban may, cac dong co va cac co ciu Khung may hinh thanh két cau may, bo

chay dao truyén dong trén may CNC mini 3 phén co s¢ dé ghép ndi cac co ciu quan trong
truc, n6 nhan tin hi¢u tr bo driver dicu khién khac (Hinh 2).

Hinh 2. Khung mdy phay CNC mini 3 truc
3.2.2. Ban phay Ban phay la noi ga dat, dinh vi ph6i
chuan bi cho qua trinh gia cong (Hinh 3)

Hinh 3. Ban phay may CNC mini 3 truc
3.2.3. Dong co chip hanh trong, day 1a ngudn ning lugng thiét yéu cho
Trong hé’ thong may CNC mini 3 tryc, su hoat dong ctia may. Ga kep dong co truc
dong co chap hanh dong mdt vai trdo quan chinh cia may CNC mini 3 truc (Hinh 4).
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Hinh 4. Ga kep dong co truc chinh cua may CNC mini 3 truc

3.2.4. Tinh chon djng co truc chinh

Bong co truc chinh c¢6 nhi€ém wvu tao
chuyen dong quay cho dao phay, 1a bd phan
quyét dinh kha ning cat got va chat luong bé
mat san pham gia cong. Pdi véi may phay
CNC mini, ddi trong gia cong chu yéu 1a go
nhya, mica Va bo mach in PCB nén yeu cau
dong co c6 tbe dd quay cao, cong sudt vira
phai va kich thudc nho gon.

Trong qua trinh van hanh, dong co phai
lam viéc on dinh dudi ché d6 khoi dong, dimg
va thay ddi tée do lién tuc. Vi vay, dong co
duoc lua chon can dap tng cac ti€u chi: tde
d6 16n dé phu hop véi dao phay duong kinh
nhd, mé-men du cho gia cong vat lidu mém,
déng thoi c6 két cau gon nhe, dé lép dat va sur
dung ngudn dién 24 VDC ciia hé thdng CNC
mini [2, 3, 6, 7, 8]. Co s¢ lya chon dong co
duoc tinh toan nhu sau.

Cong suat cit dugc xac dinh theo cong
thirc:

p XV
60000

TAP CHi CONG NGHIEP NONG THON SO 62

Trong do:

Pc: cong suit cat (kW)
Fe: luc cat (N)
Ve: toe do cat (m/phat)

Véi vat liéu gb, nhya va mica, luc cat
thuong nam trong khoang 15-40 N. Chon
truong hop tinh toan: Fc=30 (N), Puong kinh
dao phay: D=2mm; Toéc do quay:
n=10000 (vong/phut).

Tbc d6 cit:
_mDn _
1000

COng suat cat:

3,14X2Xx10000
1000

= 62,8 (m/phut)

p RAY 30><62,8_00314
€7 60000 60000
=314 (W)

Xét hiéu suit truyén dong va hé s6 duy trit
khoang 2,5-3 lan:

Pyc =3x31,4=94,2 (W)

Nhu vdy, dong co ¢ cong suat 150 W dap
mg yéu cau gia cong ctia may CNC mini.
Chon dong co DC 775 véi cac thong s6 chinh
(Bang 1).
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Bing 1. Thong s6 kj thudt cia dong co DC 775 150W

Loai dong co DC 775

Dién 4p su dung 24VDC

Dong tiéu thu toi da 6A

Cong suit trung binh 150W

Tdc d6 quay toi da 10000 (vong/pht)
Puong kinh truc Smm

Trong lugng 400g

3.2.5. Tinh chgn dong co budc trén cac
truc X, Y, Z

bong co budc duge su dung dé dan dong
cac tryc X, Y va Z cua mady CNC mini 3 truc
thong qua co ciu vit me - dai dc. Yéu cau ddi
voi dong co la c6 momen du 16n dé dich
chuyén cac cum ban may va cum truc chinh,
dé)ng tho1 dam bao dd chinh xac dinh vi va
kha ning diéu khién timg budc trong qua
trinh gia cong [7, 8, 10].

May CNC mini 3 truc duogc thiét ké dé gia
cong cac vat liéu mém nhu gd, nhya, mica va
PCB, do do6 tai trong trén cac truc khong lom.
Vi¢c tinh toan chon dong co budc dua trén co
s6 khéi lugng cum chuyén dong, budc vit me
va yéu cau vé do chinh xac (D6 phan giai can
thiét ctia dong co budc, S6 vong quay cia
dong co budc can thiét, mdémen quan tinh truc
vit, mémen quan tinh ban may va chi tiét tac
dung 1én truc vit, mémen quan tinh do khoi
luong cua tai tac dung Ién truc dong co,
momen quan tinh tong cong tac dung 1én truc
dong co, momen xoan do khéi lugng cua tai
tac dung 1én tryc dong co, moémen xodn do
ma sat cta thanh dan huéng tac dong 1én truc
dong co, médmen téng cong tac dung 1én truc
dong co). Bong co budc duogc lwa chon
42BYGH34H c¢6 moémen gitt 0,3 (N.m).
bong co co6 géc buoc 1,8°, tuong ung 200
(budce/vong), Dong dién dinh mic 1,3 (A),
Kich thudc 42 x 42 x 35 (mm) dap ng tot
yéu cau diéu khién vi tri va chuyén dong 6n
dinh cua 3 truc.

3.3. Thiét ké mach diéu khién ciia may
phay CNC mini 3 truc

Hé théng diéu khién cia may phay CNC
mini dugc thiét ké theo ciu trac diéu khién
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sO, gdbm bo diéu khién trung tdm, mach diéu
khién dong co budc, ngudn cip va cac thiét
bi ngoai vi. So @6 mach diéu khién dugc trinh
bay & hinh 5.

Bo diéu khién trung tdm st dung mach
Annoy Tools, ¢6 chirc ning tiép nhan chuong
trinh gia cong (G-code) tir may tinh thong qua
cong USB, xir Iy tin hiéu va phat 1énh didu
khién dén cac co ciu chép hanh. Mach duoc
Iira chon nho wu diém két cau nho gon, d& lip
dat, dé 1ap trinh va tuong thich v6i cac phan
mém diéu khién CNC thong dung.

Ba truc X, Y va Z dugc diéu khién bang 03
driver A4988, mdi driver diéu khién mot dong co
budc ddc lap. Driver A4988 hd tro dong co budce
ludng cuc c6 dong lam viée nho hon 2 A va cho
phép thiét 1ap ché do vi budc (microstepping),
g6p phan ning cao d6 phéan giai chuyén dong va
do chinh xac dinh vi cua may.

Ngudn cap cho hé thong 13 adapter 24 VDC,
cung cip dién ning cho mach diéu khién, cac
driver va dong co. BPdng co DC 775 dugc su
dung 1am tryc chinh dé tao chuyén dong quay
ctia dao phay, trong khi quat tan nhiét dugc bd
tri nhdm lam mat cac driver va bo diéu khién,
dam bao hé théng hoat dong 6n dinh trong diéu
kién lam viéc lién tuc.

Nguyén 1y hoat dong ctia mach nhu sau:
chuong trinh gia cong dugc truyén tir may
tinh dén mach Annoy Tools; bd diéu khién
giai ma cac 1énh ndi suy va tao tin hi¢u STEP
va DIR gui dén 03 driver A4988 dé diéu
khién dong bd cac dong co budc theo quy dao
d3 1ap trinh. Pong thoi, dong co DC 775 thuc
hién chuyén dong quay cua dao phay, cho
phép may gia cong chinh xac trén cac vat licu
nhu gd, nhya va mica.
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Hinh 5. So' d6 mach dién diéu khién may phay CNC mini 3 truc

3.4. Ché tao, lip rap hoan thién va thir
nghiém may CNC mini 3 truc

3.4.1. Ché tao va lip rap hoan thién
may CNC mini 3 truc

Sau khi hoan thanh thiét ké co khi va mach
diéu khién, cac chi tiét cia may duoc gia cong,
lap rap va hiéu chinh dé tao thanh may CNC
mini 3 truc hoan chinh. Qua trinh ché tao duoc
thuc hién theo trinh ty: gia cong cac chi tiét co
khi, lip rap khung may va cic cum truyén
dong; lap dat hé thong dién, mach diéu khién.

Khung mdy, ban lam viéc va cac gia do
duoc gia cong theo ban v& thiét ké bang vat

li¢u nhom dinh hinh va tim nhom, bao dam
dd cung virng va khdi luong nhe (Hinh 6). HE
thong truyén dong ctia ba truc X, Y va Z duoc
lap rap gdm dong co budc (Hinh 7), khdp nbi,
vit me va ray dan hudng tuyén tinh. Dong co
truc chinh DC 775 gan theo truc Z dugc lap
ddng tdm voi truc chinh théng qua gia d&
chuyén dung nham giam rung dong trong qua
trinh gia cong (Hinh 8). Mach Annoy Tools
diéu khién may CNC mini (Hinh 9). May
CNC mini 3 truc da duoc lép rap hoan thién
(Hinh 11).

Hinh 6. Khung may

TAP CHi CONG NGHIEP NONG THON SO 62
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Hinh 7. Béng co bude gan trén cdc truc X (trdi), Y (giita), Z (phdi)

Hinh 8. Pong co truc chinh (Péng co DC 775 gan theo truc Z)

Hinh 9. Mach Annoy Tools diéu khién mday CNC mini 3 truc
Hop dién diéu khién 1a bo phan trung tam  trong hdp dién, gém: bo nguén chuyén mach
ciia may CNC mini 3 truc, 6 nhiém vu cdp 24 VDC, bd ngudn 12 VDC, bo diéu khién
nguodn, xtr 1y tin hiéu diéu khién va truyén Annoy Tools, 03 driver A4988, cong tic
Xung dén céc dong co budc cua cac truc X, Y nguén, quat tan nhi¢t va cac dau ndi tin hiéu
va Z. Viéc lap rap duoc thuc hién gon gang (Hinh 10).
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Hinh 10. Hop dién diéu khién may CNC mini 3 truc

Hinh 11. Ldp rdp hoan thién may CNC mini 3 truc

3.4.2. Thir nghiém kha niang lam viéc
cia m6 hinh may phay CNC mini 3 truc

Sau khi hoan thién qu4 trinh ché tao va lap
rap, mo hinh mdy phay CNC mini 3 tryc dugc
thir nghiém nham danh gia kha ning van
hanh, d6 6n dinh va chit luong gia cong. Céc
thi nghiém dugc thyc hién trén nhiéu loai vat
liéu gém g0, nhyra, mica va bo mach PCB, str
dung phin mém Aspire dé tao dudng chay
dao va GRBL Control dé diéu khién may.

Quy trinh thir nghiém duoc tién hanh theo
cac budc sau:

1. Thiét ké chi tiét gia cong va xuét ban
v& trén phan mém Aspire.

2. Thiét 1ap thong sd cit, tao duong
chay dao va xuit tép G-code.
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3. G4 dat phoi 1én ban may, lip mii
phay vao truc chinh va xac dinh géc toa do.

4. Nap tép G-code vao phin mém
GRBL Control.

5. Thuc hi¢n qua trinh gia cong tu dong.

6. Két thuc chuong trinh, thao phoi va
danh gia san pham.

Két qua gia cong trén cac vat lidu gd, mica
va bo mach PCB duogc trinh bay ¢ hinh 13,
14, 16. Cac san pham thu duoc c6 bién dang
rd nét, dudong cat lién tuc, bé mit tuong ddi
dong déu va sai léch kich thudce nho. Trong
sudt qua trinh van hanh, hé thong truyén dong
theo ba truc X-—Y-Z hoat dong on dinh,
khong xuét hién hién tuong méat budc hodc
rung dong dang ké.
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* Két qua khao nghiém trén vit liéu gb:

Dé danh gia kha nang gia cong hinh anh cta
may CNC mini, hé théng duoc van hanh theo
chuong trinh thiét ké san pham trén phan mém
Aspire 9.5 (Hinh 12) trén vat liéu gb. Qua
trinh khao nghiém nham kiém tra do chinh xéac
noi suy quy dao, su dong bo chuyén dong cua
ba truc va do 6n dinh ctia may trong qua trinh
gia cong cac bién dang c6 nhiéu chi tiét.

Két qua cho thdy may tai tao hinh anh trén
gd véi cac duong nét va chi tiét khac 13 rang,
hinh dang thyuc té gan gidng voi mau thiét ké
ban dau. Tuy nhién, thot gian gia cong con
kha dai (20 phut) do sO lugng duong chay dao
16n, vi vy can tdi uu toc do va ché do cat dé
nang cao ning suat ma van dam bao chat
lugng bé mit.

Hinh 12. Thiét ké san pham trén phan mém Aspire 9.5

Hinh 13. San pham dwoc khdc tir vit liéu gé

210

TAP CHi CONG NGHIEP NONG THON SO 62



KHOA HOC - CONG NGHE

* Két qua khao nghiém trén vat liéu mica:

Két qua khao nghiém cho thdy may CNC
mini gia céng trén vat liéu mica dat chat
lugong tt, cac bién dang, chir va duong chi
duoc khic rd nét, ding theo hinh dang da
thiét ké trén phan mém. Kich thuéc do thuc
té cia san pham gan nhu tring khop véi kich
thude thiét ké, chimg to may c6 do chinh xac
gia cong va kha ning lap lai 6n dinh. Pong
thoi, d6 sau khic gitra cac ky tu va cac dudng
chi dong déu, bé mat gia cong twong ddi nhat
quan. San pham 16g6 cua Trudng Dai hoc
Nong lam, Pai hoc Hué dugc khéc tir vat lidu

nhya mica (Hinh 14).

Tuy nhién, san phém van xuét hién mot
han ché nho 1a cac duong nét khic con tuong
d6i 16n do str dung mii khic c6 duong kinh
16n. Han ché nay c6 thé duoc khic phuc bang
cach thay thé mii khic c6 duong kinh nho
hon (0,2-0,5 mm) dé nang cao do sic nét khi
gia cong céc chi tiét va ky tu nho.

Thoi gian hoan thanh mét san pham khic
g6m bién dang, chir va duong chi khoang 15
phut, dap tng tét yéu cau ché tao mo hinh,
logo, bang tén va cac san phdm my thuat trén
mica.

Hinh 14. San phcfm dwgc khdc tir vat liéu nhira mica

* Két qua khao nghiém trén vat liéu bo
mach PCB: i
Thuc hién cho méy chay chuong trinh dé

danh gia kha nang noi suy cac chi duong cua
may CNC mini trén bo dong (Hinh 15).

Hinh 15. Buong chi mach in PCB duoc khao nghiém trén may CNC mini

M4y CNC mini dugc thr nghiém khic
mach in PCB trén bo dong nham danh gia do
chinh x4c cua chuyén dong va kha ning gia
cong cac chi tiét nho. Két qua cho thiy may
van hanh 6n dinh, cac dudng mach va vi tri
khoan 16 dugc thuc hién twong dbi chinh xac,
dap tng yéu cau ché tao cac mach dién tir don
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gian. San pham mach in dong duoc khéc trén
bo mach PCB (Hinh 16).

Trong qué trinh thir nghiém, mot s6 duong
mach c6 kich thudc rit nho va khoang cach
giita cac duong dan hep xudt hién hién twong
dat hodc chua tach hoan toan. Nguyén nhan
chu yéu 13 do bé rong dudng dan trong ban
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thiét ké qua nho so v6i dudng kinh dao khic.
Vén d& nay c6 thé khic phuc bang cach hiéu
chinh trén phan mém thiét ké PCB, ting
khoang céach gitra cac duong mach hodc lya
chon dao khéc c6 duong kinh nhé hon.

Thot gian gia cong hoan thién mdt mach
PCB khoang 20 phiit, bao gdm qua trinh khéc
cac duong dan va khoan 15, cho thy may dap
g tot yéu cau ché tao mo hinh va phuc vu
thuc hanh trong phong thuc hanh.

Hinh 16. San phcfm mach in déng dwoc khdc trén bo mach PCB

3.4.3. Thao luian

Két qua thir nghiém cho thiy may CNC
mini hoat dong on dinh va dam bao dugc cac
yéu cau dit ra khi gia cong cac chi tiét kich
thudc nho, phu hop cho muc dich dao tao,
nghién curu trong linh vuc co dién tur.

Két qua nghién ctru da thiét ké va ché tao
hoan thién may phay CNC mini 3 truc su
dung Arduino Uno két hop phan mém GRBL.
May co két cAu nho gon, van hanh on dinh va
duoc thir nghiém gia cong cac san pham nhur
tranh khac CNC, 16g6 va bo mach in (PCB)
trén cac vat liéu gb, nhya va bo dong PCB.
Két qua thir nghiém cho thay may dap ung
yéu ciu gia cong cac san pham co kich thudce
nhé va c¢6 kha nang phuc vu cong tac giang
day thuc hanh va nghién ctru cho sinh vién
nganh K¥ thuat Co di¢n tur.

Téng chi phi ché tao so bo clia may khoang
4.500.000 ddéng. V&i céu hinh st dung
Arduino Uno, bo diéu khién GRBL va céc
linh kién co khi, dién — dién tir pho bién, giai
phap ché tao co tinh kha thi trong viéc xdy
dung thiét bi phuc vu dao tao va nghién ciru
¢ quy md phong thuc hanh.

Két qua nghién ctru c6 sy twong dong voi
nghién ctru ctia Nguyén Tat Bao [2] vé thiét
ké va ché tao may phay CNC mini. Theo
nghién ctru nay, may c6 kha nang gia cong
mach in PCB va sir dung co ciu chuyén dong
ba truc X, Y, Z, dugc diéu khién bing
Arduino Uno R3 thong qua chuong trinh
GRBL [15]. Tuong tw, may trong nghién ctru
nay ciing st dung cau triic diéu khién ba truc
X, Y, Z véi Arduino Uno va GRBL, dong
thoi duge thr nghiém gia cong chi trén 1 loai
vat liéu 1a bo dong PCB.

Hinh 15. M6 hinh méy CNC mini khdc bo mach in PCB [2]
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3.4.4. Han ché va huéng phat trién

Mic du may CNC mini da dap img yéu cau
thu nghiém dat ra, mot sO van de van can
dugc tiép tuc nghién ctru. Mot s6 chi tiét két
céu co khi c6 thé dugc thay thé hodc gia cong
bang vat liéu kim loai co do. bén va do clng
phi hop nham nang cao d6 6n dinh ctia may
trong qua trinh st dung lau dai.

Bén canh do6, c6 thé nghién ctru thay thé
vit me thudng bang vit me bi nham giam ma
sat, cai thién kha ning truyén dong va nang
cao do chinh xac dinh vi cua cac truc. Trong
cac nghién ciru tiép theo, can thuc hién danh
gia dinh luong do chinh x4c gia cong, sai s6
dinh vi va cac lan thir nghiém cua may dé co
co s danh gia ddy da hon vé kha ning lam
viéc ctia thiét bi.
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IV. KET LUAN

Nghién ctru da thiét ké, ché tao va thi
nghiém thanh cong méy phay CNC mini 3
tryc st dung Arduino Uno két hop phan
mém GRBL. May c6 két cau nho gon, chi
phi ché tao hop 1y va van hanh 6n dinh trong
qué trinh thtr nghiém.

Két qua thir nghiém cho thay may c6 kha
nang gia cong trén cac vat liéu nhu go mica
va bo dong PCB, tao ra cic san pham gom
tranh khac CNC, 16g6 va mach in PCB. Két
qua nay cho théy méay dap ung yéu ciu gia
cong cac san pham co kich thudce nho va cé
kha nang ung dung trong giang day thuc hanh
nganh KV thuat Co dié¢n tur.
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CO GIOI HOA GOP PHAN BAO VE TAI NGUYEN PAT-NUOC VA TANG
NANG SUAT CAY TRONG O CAC TINH NAM TRUNG BQ VA TAY NGUYEN
Phan Hiéu Hién !

TOM TAT:

Co glO’l hoa nong nghiép khong chi giam lao dong va tang nang sudt cdy trong, ma con phai bao vé tdi
nguyén dat-miede. Bai tong quan nay trinh bay thwe trang dat dai va nuwée cho nong nghzep 0 cdc tinh Nam
Trung B¢ va Tay Nguyén; noi bt la dat doc gdy xéi mon vi nueée mua chdy tran, dat dai thodi héa vi thiéu
chat hitu co va dinh dwéng. Gidi phdp dwa cdc thiét bi co khi dé bao vé dat-nide, cé thé gom ba viéc: 1) san
phdng diéu khién bang laser dé don dién doi thira; 2) san phdng diéu khién bdng laser dé tao rugng bdc thang;
va 3) boi dudng chdt hitu co cho dat. Véi hai ving nong nghiép nay, cé thé goi cdc gidi phap nay la cong
nghé cao va cong nghé moi. Cdc viéc ndy déu co thé thiee hién véi cdc thiét bi co khi trong tam ché tao hodc
sit dung ciia Viét Nam, cho mét nén néng nghiép bén viing, .

Tir khéa: Co gidi héa néng nghiép; San phdang laser; Rudng bdc thang; Chat hitu co.
MECHANIZATION CONTRIBUTING TO SOIL AND WATER CONSERVATION AND
INCREASED CROP PRODUCTIVITY IN THE SOUTH CENTRAL COAST AND
CENTRAL HIGHLANDS OF VIETNAM

ABSTRACT:

Agricultural mechanization not only helps reducing manual work and increasing crop yield, should also
conserve soil-and-water resources. This review paper shows the present status of soil and water use for
agriculture in the Southern Central Coast and Central Highlands of Vietnam, the salient feature is the soil
erosion due to rainwater runoff, and soil degradation due to lack of organic matter and nutrients. The
proposed measure is to use machinery to conserve soil and water, with three activities: 1) Laser-controlled
land leveling to group small fields into larger size; 2) Terrace construction by laser-controlled equipment; 3)
Soil amendement with organic fertilizers. These measures for the two mentioned regions may be termed as
aplication of high and new technologies, and with machinery within the fabrication and utilization capacities
in Vietnam. for a sustainable agriculture.

Keywords: Agricultural mechanization; Laser-controlled land leveling; Terrace,; Soil organic matter.

1. PAT VAN PE Trung B va Tay Nguyén, dinh hudng va giai

1.1 D4n nhap: Tai nguyén dat-nuéc voi
ciy trong

Co gidi hoa nong nghi¢p khong chi thay
thé cong lao dong cuc nhoc ngoai dong, giam
chi phi va ting ning suit cdy trong, ma con
phai bao vé tai nguyén dat-nudc, s dung
hiéu qua nhét 2 tai nguyén qui gi4; d6 1a hang
triéu hecta PAT va NUOGC MUA cho song
ngoi va trong trot, cho hang triéu nong dan it
von. Khai thac phai dong thoi bao vé cac tai
nguyén nay, dé nong nghiép duogc bén vimg.
Nang suat khong thé giit mai & mic cao, néu
dat dai ngay cang thoai hoa, nudc tudi ngay
cang thiéu. Bao vé dat-nuéc kho co thé bang
lao dong thu cong (chua du cho canh tac) ma
phai st dung thiét bi co khi.

Bai tong quan nay trinh bay thuc trang dat
dai va nudc cho néng nghi¢p ¢ vung Nam

phép dua cac thiét bi co khi (bao gém cac
thiét bi cong nghé cao) dé bao vé dat-nudc,
nham gitt dugc mot nén nong nghiép bén
vitng. No6i dung —ngoai phan nho cho dat
trong la-- nham dén dét cho cay trong can va
ciy cong nghiép trén dét cao, 1 tiém ning cta
vung Nam Trung B¢ va Tay Nguyén.

Ghi cha: Cay trong trén dat cao, khong
ngap nudc thuong xuyén, co thé tam chia
theo 2 thé loai: 1) Cay trdng can ngan ngay
(upland crops) bao gom céc cay luong thuc
va thuc phém (ngd, khoai, san, laa rﬁy, dau
tuong, lac, dau xanh v.v), cdy bong vai.
2) Céc cay lau nam khac nhu ca phé, che, cao
su, cdy an qua, v.v ... con goi vdi tén cay
cong nghi¢p, industrial crop, cash crop ... voi
phuong thic canh tac va thu hoach c6 khac
cAy ngan ngdy. Riéng cdy mia, tuy thu hoach

! Giang vién (dd nghi huu) Pai hoc Néng Lam TP Hb Chi Minh.

* Email: phhien1948@yahoo.com
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qua nhiéu nim, nhung canh tac gidng véi ciy
luong thuc hon 1a cay an qua. Thuc sy cong
dung co thé dan xen, vi du dau lac dé rang an
hodc ép dau trong nha may; mia c6 thé ché
bién thanh duong phén hodc thanh ethanol
cho cong nghiép...

1.2 Thye trang sit dung dat-nwéc &
Nam Trung B va Tay Nguyén

1.2.1.Thuc trang dit nong nghtep mién
Trung va Tdy Nguyén va vin dé dp doc

Bing 1: Phan chia dat theo d6 ddc:

Trude day, dién tich dat & cac tinh Nam
Trung Bo (tir Pa Ning dén Binh Thuén) 1a
6,6 triéu hecta (Mha) va Tay Nguyén (5
Tinh) 13 9,2 Mha, 16n hon nhiéu so véi 3,8
Mha & Pong bang song Ctru Long [1]. Sau
sap xép, Nam Trung Bo va Tay Nguyén sap
nhap lai thanh 6 tinh [2]. V& dia hinh dat dai
(46 dbc, sa ciu v.v.) Nam Trung Bo va Tay
Nguyén khic nhau, nén trong bai nay van
phan biét hai viing nong nghiép nay.

o . bat Doc Doc Doc
D “-"I‘I:Ch’ T},V/ol‘-’ bing | <3 | <15 | >15°
% % % %
Nam Trung B, 6587000 | 100 | 11,8 | 87 | 275 | 521
Tay Nguyén, 9237000 | 100 | 26 | 182 | 258 | 534
DB Song CiuLong 3834000 | 100 | 987 | 01 | 02 | 10

Pat danh cho san xuat cdy trong can (ngin
ngay hodc 1au nam) chi chiém ~12% & Nam
Trung Bo va =3% ¢ Tay Nguyén (Bang 1).
Phén dat déc dudi 3° (hoac 5% ") can cai tao
chong X061 mon méi trong trot tot. Néu tinh ca
dat doc < 15° thi ciing chi dugc 47- 48%.
Khac véi Pong bang song Ctru Long gan 99%
1a dat bang phang.

Theo phan loai qui hoach xét vé d6 dbc :

* Po doc tir 3 dén 15° (5%-27%), 1a dia
hinh ddi thip, nhu 6 Tay Nguyén hoic Dong
Nam B0, thudong trong ciy cong nghiép dai
ngay nhu cao su, che, ca phé, tiéu, diéu, cay
an qua, v.v, hodc cdy cong nghiép ngan ngiy
nhu khom, mia, bong vai v.v. [1].

* P dbc dudi 3° (5%) 1a dia hinh bang
phang, thich hop cho trong lta va rau mau.

C6 thé khong dong thuan vé véan dé phan
loai dat “bang phang” ndy, gia sir xét ving
dat doc 1% (0,6°):

" Po dbc tinh bang %, cong thirc:
| Dé¢,% =(H/L) *100 |
v6i: L = chiéu dai do giita hai diém tinh theo
duong ngang,
H = chénh léch d6 cao.

TAP CHi CONG NGHIEP NONG THON SO 62

- Trong laa can dét rat bang phang, ly
tuong 0% dbc, gidi han 0,08% ddc, nghia 1a
thtra ruong dai 100 m chi dugc phép chénh
1éch 0,08 m (8 cm), dé giit nuGe cho cay lua.
Vi dé khdng ché co dai, néu chénh léch giira
diém cao nhét va thép nhét (Max-Min) vugt
qua 15 cm/100 m (déc 0,15%) can bom nudc
gap doi so voi thira rudng bang phing
(Max-Min) chénh 5 cm/100 m (dbc 0 05%)
[3]). Ddc 1% nghia 1a phai dap bo, chiéu dai
chi con 5- 10 m thanh cdc manh rudng “manh
mun”.

- Tréng rau mau, néu d6 doc thira rudng
vuot qua 0,5%, dat véi cay trong can sé bi x6i
mon, dac bi¢t voi mua nhi¢t doi [4].

Can théy su khéc biét vé anh hudng ctia do
dbc gitta mot ving bang phang nhu Pdong
bang séng Ciru Long, va ving dat déc nhu
Nam Trung Bd hoac Tay Nguyén , minh hoa
bang cac vong lap sau.

Do dbc tinh bang Goc doc Alpha®, cong thirc:
|(x, d6 =arctan(H /L) |

Vi du chuyén do6i: Déc 3° (d6) = 5%.

D06 dbc% lién hé truc quan véi do dac. Goc doc
dé hinh dung vé hinh hoc.
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* Pong bang song Ciru Long:

Hinh 1. Vong lap dnh huong ciia dé doc ¢ Dong bang séng Cieu Long
* Nam Trung B¢ hoac Tay Nguyén : "vong luan quan" véi cay trong can:

Hinh 2. Vong ldp dnh hwéng ciia x6i mon ddt dai & Nam Trung Bé va Tday Nguyén

Vi du cay bap (ngd) & Tay Nguyén: cac khau
gieo, cham soc déu thu cong; khau thu hoach
chi méi biang may khoang 8 nim gan day, va
ciing chi trén mot phan dién tich. Chi phi canh
tac cao, dat dai bi x6i mon mat dudng chét,
nang suat khong cao nhu thé gidi, nén khong
canh tranh dugc voi bép ngoai nhdp. Co I€ vi
thé ma dién tich cia vung trong diém bap
khoang 250 000 ha nim 2014 di giam xudng
166 000 ha vao nam 2024 [5].

Vé6i dat doc 3-15° néu trong cdy cong
nghiép nhu kiéu ¢ dat bang, thi x6i mon dat
la nghiém trong. Mot nghién ctiu ¢ 3 tinh
(cli) Thira Thién-Hué, Quang Tri, va Quang
Nam [6]: Rudng 16n c& 0,5— 2 ha thuong sur
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dung dé trong hoa mau, do dbc 1on gay xoi
mon dat manh, din dén dat nhanh bi thoai
hoa. Hang dat < 3°nay chiém ~9% & Nam
Trung B9, va ~18% & Tay Nguyén, (Bang 1).

Ciing nghién ctru nay, voi cdy lta, dat
thudong c6 do doc kha 16n; trong laa phai tién
hanh ngan bo thanh cac thta ruong manh
miin (dudi 1000 m?) dé dat 6 doc 0,1-0,2%.
Thuc su, dat trong lia & Nam Trung Bo va
Tay Nguyén gop chung (=653 000 ha) so vdi
DBSCL chi bang 17% vé dién tich, va 20%
vé san luong [5]. Ly do khong c6 nhiéu dat
laa, cling vi do ddc, rudng manh mun, chi phi
san xudt (VND/kg lua) canh tac tha cong hay
co gi6i déu cao, nén khong du von dau tu cho
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co gidi hoa. Viet lai "vong luan quan" voi cay
lta & Nam Trung B6 va Tay Nguyén:

Hinh 3. Vong lap dnh hiong cia dg doc & Nam Trung Bé va Tday Nguyén

Toém lai, cong nghé co khi dé co gidi hoa 1.2.2. Thure trang su dung nuoc tuoi cho
nong nghi€p & Nam Trung B6 va Tay Nguyén néong nghiép Nam Trung Bé va Tiy Nguyén
phai wu tién giai quyét van dé do doc dit dai Luong mua va phan bd mua 1 diém khéc
cua hai vung nay. biét co ban ctuia vung nhiét d41 so voi 6n déi

Hinh 4 minh hoa su khéc biét nay.

‘ Lwong mwa hang théng‘

Téng luong mua

—@®—DaLat
1872 mm
——&— Dak-Lak
1403 mm
—&— TP.HCM
1903 mm
— -@— - Frankfurt
692 mm
—=—— Sydney
1223 mm

Berkeley
617 mm

1 2 3 45 6 7 8 9 1011 12
Théng (DL)

Hinh 4: So sdnh lwong muwa va phan bé miea & Pa Lat, Pak-Lak, TP Ho Chi Minh
va mét sé thanh phé Au My. [7]
Mua ¢ Viét Nam néi chung va Nam Trung ~ Frankfurt (Péc) 690 mm; Sydney (Uc)
Bo /Tay Nguyén noi riéng rat cao. So sanh 1220 mm va Pa Lat /Dak-Lak khoang 1400-
lugng mwa mdi nim: Berkely (M§) 620 mmy;
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1800 mm/nam; tinh ra 1 ha nhan hon 14 000
m® nudc modi nam.

Tinh v&i vai triéu hecta dat cia Nam Trung
B6 va Tay Nguyén, mot lugng nude khong 16
da duoc “troi cho”, gip hang chuc 1an cac hd
chtra cia cac thity dién mién Trung. Tinh ly
thuyet luong mua nay du nuéc cho 2 vu
trong lGa va mau voi tong thoi gian sinh
truong 200 ngdy. Van dé khong don gian, vi
nudc mua: chéy tran ra séng sudi; tham vao
long dat, dé roi, mot phan dugc gilr trong dat,
mot phan thim xuong tang nuoe ngam, mot
phan cling chay ngam ra séng sudi, mot phan
bdc hoi trd lai vao khong khi. Chi c¢6 phan
gilr trong dat duoc st dung truc tiép cho cay
trong. Str dung nudce ngam hay song sudi déu
phai bom hoic dap dap, tén nang luong.

Khong nhitng khac vé lugng mua, ma con
khac vé& cuong d6. Mua & Nam Trung Bo va
Tay Nguyén tap trung khoang 6 thang “mua
nhu trat nude” dén 200 mm/tran mua khong
phai 12 bat thuong, nén nudc chay tran lam
that thoat nudc, ma con cudn theo dat dai va
dudng chét can cho cay trong. Nguoc lai,
mua & cac Xt on doi phan bo déu trong nim,
moi ngay 2- Smm (Hinh 4).

Vay, van d¢é 1a 1am sao gitr dugc nuwdc mua
& lai toi da trong 16p dat dé ré cay tiép can

II. PINH HUONG: CONG NGHE VA
THIET BI BAO VE PAT-NUGC O QUI
MO LON

Phén phén tich trén cho thay huéng di cta
cong nghé va thiét bi co gidi hoa cho Nam
Trung Bo va Tay Nguyén. Can chu trong co
gidi hoa véi cong nghé va thiét bi bdo vé dit-
nuoc ¢ qui mé lon. Pinh hudng nay doi hoi
nhiéu nghién ctru phat trién cho phu hop véi
diéu kién cay trong, khi hau va dat dai & Nam
Trung B6 va Tay Nguyén (Cac tinh ¢ Bic
Trung Bo nhu Hué, Quang Tr1 cling c6 nhitng
diéu kién tuong tu) Yéu cau chung la cai
thién va bao vé dit-nudc, v4i cong suit 1am
viéc cao hon nhiéu so véi lao dong thu cong,
dau tu va chi phi hoat dong chép nhan duoc.
Ning suét cdy trong ciing phai ting so véi
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duoc truc tiép. D6 1a tiét kiém nudc & cép vi
md, trong tinh hinh bién doi khi hiu, ngudn
nudc cho trong trot ngay cang giam. Lau nay,
chung ta cling c6 tiét kiém nudc bang cac

“cong ngh¢ cao” nhu tudi phun, tudi nho giot
v.v; loi diém rat 13, vi du tudi nho giot can
5 mm so v&i1 8 mm tudi tran [8] thi hai vu co
thé tiét kiém 200 mm nudc. Tiée raing qui mo
dién tich dung cac cong nghé nay con nho,
gia sir dat vai ngan hecta ciing chua dén 1%
tong dién tich dat nong nghiép cua Nam
Trung B va Tay Nguyén.

Vi vay, bién phap nao tiét kiém nudce troi
mua dat qui md 16n gap trim lan cac cong
nghé cao nhu tudi phun /tuéi nho giot déu
dang goi 1a “cong ngh¢ cao”

Can co gi6i hoa dé bao vé tal nguyén dat-
nuwdc, bao vé mdi truong cho mdt nén nong
nghiép bén vitng: Hau nhu chua c6 nghién
ctru nao dé bao vé dat trén qui mo 16n; cling
c6 nhiéu nghién ctru chéng x6i mon dat
nhung thuong chi trén vai ngan m? chua
nhan rong duogc 1€n hang tram ngan hecta cua
ving Dong Nam Bo va Tay Nguyén; va dat
dai ngdy cang bac mau va can kiét ngudn
nudc.

canh tac thong thudng. Dé dat chi phi thap,
c6 thé tham khao m6 hinh “chi may lam dich
vu” phd bién voi co gidi hoa la & Dong bang
Song Ctru Long [9]. Tham khao thém ¢ My
70 nam trudce. \chua co6 IT, eCloud v.v, ma
néng nghiép ho giau hon rat nhiéu, vi ho 1am
co gidi hoa va bao vé dit dai va tiét kiém
nudce [10].

III. CAC GIAI PHAP VA THIET BI

Dé nghi 03 giai phap v6i cong nghé va
thiét bi twong tng: 1) San phing diéu khién
bang laser dé don dién dbi thira. 2) San
phang diéu khién bang laser dé tao rudng bac
thang; va 3) Bdi dudng chat hitu co cho dat.
Céc giai phap nay déu trong kha ning ché tao
hodc ung dung tai dia phuong:
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3.1 San phing diéu khién bang laser dé
don dién doi thira

Thura ruong cang 16n cang thuén tién cho
may moc hoat dong. Qui md san xuat nong
san hang hoa cang nho, chi phi san xuit (mdi
kg la, bap, v.v.) cang cao. So sanh chi phi
san xudt gitta mién Trung va Dong bang Song
Ctru Long theo kich thudc thira ruéng, cé thé
thdy duoc quan hé gitra hai yéu t6 nay [9]).

bé tao thira rudng 16n hon, thuan loi 1a cé
thiét bi san laser, cAu tao va nguyén ly hoat
dong nhu Hinh 5: Tia laser tir b0 phat tin hi¢u
laser tao thanh mot mit chuan laser ¢b dinh
song song voi mat phang nam ngang [3]. B
nhan nhan tin hiéu laser lip c6 dinh trén gau
san, va co gén cic cam bién xéc dinh vi tri
tuong d6i ctia mit phang laser do bo phat tao

ra so v6i vach chuan ctia b nhan. Hé thong
thuy luc ndi v6i ciia may kéo diéu khién ty
dong nang ha gau san, dé tao mit rudng béng
phang [11).

Véi ltia nudc, san phang dé tao ra mot thira
ruong bing phang v6i dién tich nhu mong
mudn, da sd truong hop 1a hop nhat nhiéu
manh rudng nhd lai, va kiém soat dugc muc
nude cho cdy lta phat trién, tao tién dé ung
dung co gidi hoa tiép theo. San laser duoc ap
dung pho bién & My, Uc v.v. tir thap ky 1980.
O Viét Nam san laser dd duoc Vién Laa IRRI
chuyén giao; o Pdng bang Song Ciru Long
tir 2004 dén 2025 di san dugc khoang
5000 ha dat lta [12], thdp hon An Do trong
cung thoi gian da san hon 1 tri¢u hecta.

Hinh 5: Lién hop mdy san phang laser va may kéo 55 HP [13]

Viéc don dién & Nam Trung B9, va Tay
Nguyén da dugce thuc hién thanh cong tai hai
noi:

Nam 2008, tai Huyen Lam Ha (cu) Lam
Pong, Cong ty Gidng Cay Trong Mién Nam
da san laser trén dién tich 29 ha gobm hon 330
manh nho va dd cao khac nhau, gop thanh 40
thira rugng moi thira 0,5- 1 ha (Hinh 6). Danh

gia hiéu qua qua san xuit hat giéng lua xac
nhan sau khi san laser: Tang ning suit lua
gidng tir 3,0 tdn/ha 18n 4,7 tin/ha; giam chi
phi thuy loi; gidm chi phi st dung may gat
dap lién hop; giam coéng lao dong (lam co,
nudc). Tong cong giam chi phi va ting ning
suét 1a 14,5 triéu dong /ha [14].

Hinh 6: Ru¢ng hia lai tai Lam Ha, sau khi san phang)
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Nam 2012, tai huyén Easup (cli) Dak-Lak,
mot trang trai tu nhan da san laser, két hop
may ui trude d6 (do dd doc 16n) da san 20 ha,
phé bo gdp nhiing manh ruong nho 0,1- 0,2
ha c¢6 d¢ chénh 1éch 10 cm- 20 cm, thanh cac
thtra 16n 0,5- 1,0 ha (Hinh 7a va 7b), do
chénh 1éch chi con 2 cm- 4 cm [15]. Nho vay,
ap dung dugc may sa kho (Hinh 7¢) tiét kiém
nhan cong sa, va kip thoi vu do nhiéu dién
tich can sa. Nang suét thu hoach duoc 5.4
tan/ha, so v6i nang suit trung binh 5,0 tin/ha
clia nong dan dia phuong. Tong tiét kiém vat
tu so voi rudng cua nong dan dia phuong
khoang 1,1 tri¢u d/ha. Téng tang loi nhuan
(do tang nang suét va tiét kiém vat tu) 1a 3,2
triéu dong/ha. Udc lugng néu nong dan dia

a: San laser ¢ DakLak, b: Cdc thira ruéng tuy chénh
léch do cao, nhung du lon
(0,5-1 ha) cho co gidi hoa.

2012. Photo: T.V.
Khanh

phuong dau tu ~8 triéu /ha dé san laser, thi s&
duoc hoan vdn sau 3 mua vu.

Véi dat Ita, tir 2 mo6 hinh & Lam Dong va
Pak-Lak, c6 thé théy 2 loi ich khac cta san
laser:

a) Tang dién tich dat hitu hiéu thém
khoang 5- 7% (nho phé bo rugng), tuc 1a tang
san lugng la 5- 7% (van giit cac bién phap
nong hoc nhu cii).

b) Thuéan ti¢én cho co gioi hoa do giam
dugc 10- 15% thoi gian quay vong voi thira
ruong 16n hon; van hanh may hiéu qua hon.

Ghi cha: Gan day, mdy cdy lta cang duoc

ap dung nhiéu; thira rudng bang phang 1a

diéu kién can dé ciy may.

c: Thiét bi sa khé ung dung
trén dong ruong da san
phang laser [15]

Hinh 7. Ung dung san phang laser trong néng nghiép

Céc thuan loi trén té ciing Gmg véi cac uu
diém vé moi truong; sb liéu & Pong bang
song Ciru Long da giam vat tu dau vao (nudc,
phan, thudc v.v) ddng nghia v6i giam khi nha
kinh, muc giam 13 0,25 tin COaxe/ha/vu [15].

Nhung, cac thuan lgi vé k¥ thuat, kinh té,
va moi truong cling song hanh véi cac kho
khin vé mit x3 hoi. Thir nhét 1a suy nghi "tu
hiru" ciia néng dan. Trén gidy to 1a "quyén st
dung d4t" nhung thuc té néng dan nao ciing
nghi dén "s¢ hitu" trén manh ruéng minh da
lam lau nay, theo y ng ta phi nhiéu hon méanh
bén canh ciia ngudi khac. Khong chiu don
dién doi thira vi chua thay loi ich gi, chi thdy
nguy co bi thua thi¢t. Thir hai l1a y chi cia nha
quan ly. Co chu truong & cip cao, nhung chua
nhiéu dong thai cu thé ¢ cap dudi. Dé xdy
dung néng thén thuong chu y dén thay loi,
"dién duong truong tram", it noi c6 bién phap
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dé thira ruong 16n hon. Mdi dia phuong déu
¢ ban dd st dung dét ctia mdi ho, nhung néu
hoi thém c6 bao nhiéu hd canh tac "da beo"
va khoang duong trung binh gitra cac thira
rudng khong lién ké nay, kho co cau tra 1o
duoc ngay...

Van dé xi hoi kha phuc tap, can ¢6 chinh
sach phu hop dé giai quyét. Can dat muc tiéu
cho canh tdc lha & Nam Trung B va Tay
Nguyén 1a: thira rudng phai téi thiéu ¢& 0,5
ha va mdi ho canh tac trén cac thia lién ké
nhau; tir d6 c¢6 cac chinh sach phu hop.

3.2 San phing rudng diéu khién bang
laser dé tao rudng béc thang

Véi cay trong can (dau, bap v.v) trén dat
c6 do dbe khong 16n, cd 1-2%, san laser tao
mat rudng cd do dc 0,3% dé co thé tiéu thoat
nudc tu tir, nhung cling khong dugc qua 0,5%
vi x6i mon dat xay ra do nuéc chay tran
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manh. Thiét bi san v&i déc nghiéng theo hai
huéng hién c6 séin trén thi truong.

Nhung véi dit co do doc 16n hon, c& 3-
10%, khong thé san nhu trén vi khéi luong
dat dao-dap qua 16n. Phai tao thanh nhiing
rudng bac thang ddong murc (contour terraces).
Rudng bac thang da c6 cd ngan nam ¢ Tay
Bic bo 1a nhitng dai dong mirc rong 1- 2 m
chi hgp véi canh tac thu cong; nhung kho co
gidi hoa trén cac bac thang qua hep nay. Y
tudng thuc hién cia 6ng cha ta doi trude can
dugc nang tam 1én véi thiét bi co gidi, san

Lam dai dong mirc nhu trén ciing 1a cach tot
nhit dé gitr dat, chinh xéac 13 gitr d6 phi nhiéu
dat dai. Mot tai liéu & Nebraska ctia My [16]
cho thay kha niang giam dén 80% lugng that
thoat dét troi, nhd k¥ thuat canh tac theo dai

dong mirc bac thang.

Hinh 9: Co gidi hoa trén rupng bdc
thang [17]

Nim 2013, k¥ thuat lam bac thang dong
mirc dé co gi6i hoa nhu trén di duoc cong ty
Trimble (My) thuc hién véi hé théng lai tu
dong AutoSteer, thong tin va diéu khién qua
GIS. Céng ty di thyc hién thi diém 8 hecta &
Indonesia [19]. Sau khi khao sat dia hinh va
v& duong dong mirc yéu cau, may kéo s& tur
dong 1ai theo chwong trinh; tai xé chi ngdi
theo doi man hinh trén may kéo (Hinh 10).
Day 1a céng nghé cao, tmg dung hé théng
thong tin dia Iy GIS va lai tu dong [18]. Tu
2025, hé thong ty dong diéu khién nay da
dugc cong ty mia duong TTC ap dung & Tay
Ninh (Théng tin tir TS Tran Tan Viét, Cty
TTC).

Gilt nudc dugc, mua mua 7 thang s€ co
nudc cho 8-9 thang, mua kho 5 thang chi
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phang laser. Cac dai rudng bac thang “co gidi
hoa” c6 bé rong 15- 30 m, dé giam bt khoi
lugong dat dao dép; va cling thuan lgi cho vi¢c
van hanh may, may kéo co thé chay hang
tram mét, ting hiéu suét sir dung may (Hinh
8 va9). Do déc mdi bic thang khoang 0,3%,.
K§ thuat str dung laser dé san phang khong
vuot tim tay chung ta. Pau tu kién thiét mdi
hecta udc luong 25- 50 triéu dong, ciing
khong qua 16n so vai ich loi 1au dai va bén
virng cho ndng nghiép.

Hinh 8: So' do dai dong mire béc
thang cho co gioi hoa

Hinh 10: Hé thong "AutoSteer" ciia
Trimble dé tao ruong bdc thang [18]

thiéu nude 3- 4 thang, vay m01 nam cling co
thé 1am duoc hai vy cay ngan ngay

3.3 Giai phap: Boi dudng chit hiru co
cho dit

Chét hitu co trong dét da duoc xéc 1ap co
4 vai trd: Cai thién két cAu dit tao thong
thoang cho b ré cdy; gilt dugc cac khoang
chat, bot that thoat phan hoa hoc, va gitr thém
nuée, chéng kho han; tao moi truong song
cho vi sinh vat c6 ich trong dat, gop phan tang
nang suat cdy trong; thém dudng chit cho
cdy trong.

Pat dai Viét Nam, trong la hay trong
mau, theo nhiéu nghién ctru da cong bd, da sb
thiéu chét hiru co, thim chi & muc nghiém
trong. Nguyén nhin do nong dan qua tin cay
vao phan hoa hoc. Con hitu co thi “c6 ra ma
khong c6 vao”. Lua & Pong bang song Ctru
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Long, do bi dap ngin & thuong ngudn, va do
dé bao ¢ dia phuong, nén phu sa mang hiru
co ngay cang giam di. Bip, dau, mia \OAY
mién Dong Nam bg va Tay Nguyén trong 0
dat “hoi doc” bi x6i mon nén ciing dan mat
chat hitu co.

Dé boi dudng hitu co cho dat dai trén dién
rong, khé c6 thé theo hudng “hitu co cao cip”
nhu trdng rau hoa & d6 thi (mdi kg phan hiru
co gid 4000- 10000 d, bing gia lua!). S6
luong phai ¢& hang chuc tan mdi hecta, nén
chi ph1 phai tbi thiéu. Péap tng yéu ciu nay,
nguon nguyén li€u lam phan hitu co phai ré
va it tén chi phi van chuyén, nghia la phai c6
san trén dong rudng. Vay chi c6 hai nguon:
a) Du thira cdy trong sau khi thu hoach;
b) C6 dai trén dong. Dung ngudn nao thi
cling phai bam nat d& chung mau phan huy.

(2)

Thi trudng cac may bam nay co san trén thé
giéi (Hinh 11); dé rat ngan thoi gian nghién
clru, chung ta c6 thé nhip mau [20] va thu
nhd lai cho phu hgp vdi c& may kéo tai dia
phuong; cong ngh¢ ché tao cac may bam nay
cing khong qua tam nganh co khi trong nuoc.

C6 thé bam cdy trudc khi lam dét hoic
trong; hodc c6 thé bam giita cac hang cay khi
co da moc cao (Hinh 12). Da ap dung cho
200 ha cua mdt nong trai trong chudi va
ca cao 0 Huyén Easup, Dak-Lak. Vung nay
rat nghéo hiru co, (ring cay lo tho goi 1a
“rimg khop”). Nong trai da “nudi” co M§
(Pennisetum setaceum) va dung may thu
hoach va bam co rai gilta hang cay an trai,
nhu thé c¢6 duoc hang chuc tan chat hitu co
mdi ha (Thong tin ca nhan tir TS Pham Hong
buc Phudc).

(b)

Hinh 11: Cdc may bam dw thira thuc vat, (a): Kuhn [21]; (b) Loftness (My) [22]

Hinh 12: May cdt-bam "cé My" tai mot nong trai
trong chuoi va ca cao ¢ Easup, Dak-Lak (made in

VietNam) Photo: Pham H.D.Phudc

Mot s6 nghién ciru img dung vé bdi dudng
hitu co cho dat da duoc trién khai thanh cong,
nhu: xtr 1y rom lga thanh phan bén & Dong
bang Séng Ciru Long [23], st dung biochar
trong canh tac lta & Thira Thién- Hué [24].
Can phat trién cac Gmg dung nay cho Nam
Trung B¢ va Tay Nguyén.

oy

IV. KET LUAN

D3 trinh bay thuc trang dat va nude cho
ndng nghiép & vung Nam Trung B va Tay
Nguyén, ma mirc d6 x6i mon dat-nudc kha
tram trong do dit déc va mua 16n. Trong lac
van tiép tuc phat trién cac cong nghé thong
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minh c6 hiéu qua hién nay, can thém dinh
huéng va giai phap dua cac thiét bj co khi
(bao gdm cac thiét bi cong nghé cao) dé bao
vé dat-nuée, cho nong nghiép bén viing. Pa
dé nghi 03 giai phap co ban, voi cac thiét bi
twong ng: san phing dé don dién doi thua;
san phang tao rudng bac thang thuan loi cho
co gidi hoa; bdi dudng hitu co cho dat; va
trdng cay trén lubng.

Céc giai phap canh tac khac cho ciy trong
1au nam nhu ca-phé, sau riéng v.v, khong san
laser ma van giam bét rira troi (nhu trdng trén
mo, dao hd triing trir nude v,.v); do han ché
d6 dai bai bao, nén khong ban chi tiét.
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TAP CHI CONG NGHIEP NONG THON: CAU NOI TRI THUC VA KIEN TAO
PHAT TRIEN BEN VOUNG

Tap chi Cong nghiép Nong thon (tén tiéng Anh: Journal of Rural Industry, mi
chuan quoc t€ ISSN: 1859-4026) 1a co' quan bao chi chuyén nganh tryc thuoe Hoi Co
khi Nong nghi¢p Viét Nam. Vi sat ménh truyén thong khoa hoc, Tap chi dong vai tro
nong cbt trong cong tac pho bién kién thire, gioi thiu cac thanh tyu nghién ciru va thic
day tng dung cong nghé phuc vu phat trién nong nghiép, cong nghiép cung kinh té néng
thon.

Khoi ngudn tir ban tin “Co dién néng nghiép & Ché bién nong 1am san” thanh 1ap
thang 10/2004 va ra mat s dau tién vao thang 12/2004, don vi da timg bude kién toan
t6 chtrc. Pén ngay 28/01/2011, an pham chinh thirc hoat dong theo Gidy phép bao chi s6
124/GP-BTTTT do B6 Thong tin va Truyén thong cép Tiép ndi hanh trinh hién dai hoa
bao chi khoa hoc, nam 2026, co quan dugc cap d6i Gidy phép hoat dong tap chi in va tap
chi dién tir s6 29/GP-BVHTTDL ngay 03/03/2026. Uy tin hoc thuat ctia Tap chi tiép tuc
duoc khang dinh viing chic khi dugc Hoi dong Gido su Nha nudc cong nhan vao danh
muc cac tap chi khoa hoc chuyén nganh dugc tinh diém cong trinh.

Khong gian hoc thuit va phan anh thue tién toan dién
Tap chi tap trung x4y dung hé thong bai viét chuyén sau trén nhiéu linh vuc trong diém:

« Cokhi—dong luc, co dién, ty dong hoa va co gidi hoa dong bo trong ndng nghiép;

« Cong nghé ché bién, cong nghé sau thu hoach va bao quan néng — 1am — thay séan;

« Chuyén dbi s6, t6i wu hoa nang lugng tai tao, giam phat thai va san xuat xanh;

« Phat trién kinh t& nong thon, bao tdn va phat huy gia tri cac lang nghé truyén

thong gan voi chudi cung img hién dai.

Khong ding lai & 1y thuyét han 1am, cac 4n pham ludn uu tién gidi thiéu nhitng mo
hinh trinh dién k¥ thuat ti€u bi€u, cac giai phap cai tién day chuyén thiét bi va nhiing dé
tai nghién ctru c6 kha nang thuong mai hoa cao.

Gin két vién — trudong — doanh nghiép vi nén néng nghiép hién dai

Véi triét Iy hanh dong “khoa hoc gin lién v6i doi séng”, Tap chi 1a dién dan hoc thuat
uy tin quy tu dong ddo cac nha khoa hoc, giang vién, nghién ctru sinh, k¥ su thuc hanh
cung cong dong doanh nghiép va nha quan ly. Day la khong gian trao doi tri thirc c61 mo,

noi cac bao cao phan tich thyc nghiém va giai phap cong ngh¢ dugc co xat thuc té, gop
phan rat ngan khoang cach tir phong thi nghiém tdi dong rudng va nha may.

Nham dap tmg yéu cau hoi nhap va cong nghiép hoa nong nghiép trong giai doan méi,
Tap chi Cong nghiép Nong thon mong mudn tiép tuc mé rong hop tac voi cac chuyén
gia, t6 chtrc nghién ctru va doanh nghiép trén ca nudc. Sy d6ng hanh cta quy ban doc va
cong tac vién chinh 1a nén tang vimg chac dé Tap chi khong ngung nang cao chat lugng
bién tap, chuan hoa chét lwong bai bao khoa hoc va phat huy tdi da vai tro dong lyc thuc
day kinh té néng thon Viét Nam chuyén dich theo hudng xanh, hién dai va bén viing.
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HOI CO KHI NONG NGHIEP VIET NAM  CONG HOA XA HQI CHU NGHIA VIET NAM
TAP CHi CONG NGHIEP NONG THON Poc 1ap — Tw do — Hanh phiic

86: 77 /CV-TCCNNT Ha Ngi, ngay 14 thang 11 ndm 2025
Vv: “Moi tham gia viét bai khoa hoc”

THU MOI VIET BAI KHOA HQC

Kinh giti: Nha khoa hoc, Chuyén gia, Giang vién, Nghién ctru sinh va cac tac
gid quan tim

Tap chi Cong nghiép Nong thon la co quan thong tin khoa hoc uy tin, thyc hién st
ménh tuyén truyén chu truong, duong 16i ctia Pang, chinh sach va phap luat cua Nha nudc,
ddng thoi cap nhat cac tién bo khoa hoc k§ thudt trong san xuat, ché bién, bao quan néng lam
thily san, phat trién nganh nghé nong thon va kinh té thwong mai dich vu néng thon.

Véi muc tiéu thuc dy cac hoat dong nghién ciru khoa hoc, ting cudng trao doi hoc
thuat va cong bd cac két qua nghién ciru cb gia trj trong linh vuc vé Co khi, Pong luc, Co
gi61 hod trong ndong nghi€p, Tu dong hod va Nong nghiép thong minh, Cong nghé bao quan
va ché bién nong, 1am, thuy san ... Ban Bién tap Tap chi Cong nghiép Nong thon tran trong
kinh moi Quy tac gia gui bai viét khoa hoc dé dang tai trén tap chi cta ching toi.

Vi uy tin khoa hoc cao: Tap chi duge Hoi ddng Gido su Lién nganh Co khi — Pong
lwe va Hoi dong Gido su Lién nganh Hoa hoc va Cong nghé thwe pham cong nhan, véi
mdi bai viét duoc tinh 0,5 diém theo Quyét dinh s6 26/QD-HPGSNN ngay 11 thang 7 nim
2025 ctia Hoi dong Gido su Nha nudc.

Céc bai viét dugce danh gia boi doi ngii chuyén gia ddu nganh trong nudce va quéc té,
dam bao chat luong khoa hoc cao nhat cung voi, co hoi hop tac quoc té, Tap chi khuyen
khich cac bai viét ¢6 tinh tng dung qudc té, mé rong co hdi hop tac nghién ciru toan cau.

Thong tin lién hé va giri bai viét

Email nhan bai: khoahoccnnt@gmail.com
Hotline : 0865.988.388; Website: https://congnghiepnongthon.vn/

Ban Bién tap Tap chi Cong nghiép Nong thon hy vong nhan dugc sy quan tam va
tham gia ctia Quy tac gia ngudi Viét Nam, cac nha khoa hoc quéc té, dé cung nhau dong
g0p vao sy phat trién bén vimg cua linh vuc co dién, co khi, déng lyc, co gi61 nong
nghiép, ché bién ndng san va nganh nghé ndng thon va thic ddy cac nghién ciru mang
tam anh hudng toan cau.

Xin tran trong cam!

Noi nhin: TM. TAP CHI CONG NGHIEP NONG THON
- Nhu trén; TONG BIEN TAP

- Luu Van phong;
Pa ky
Nha bao, TS. Lé Ngoc Anh
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CONG TY CO PHAN NANG LUONG
VA BAT DONG SAN MCG



POI NGU VIEN CHUC

BO MON KY THUAT CO’ KHi, BO MON
TU DONG HOA VA XAY DUNG CONG NGHE THY'C PHAM

KHOA CO KHi VA CONG NGHE
TRUONG DPAI HOC NONG LAM, PAI HOC HUE
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