KHOA HOC - CONG NGHE

NGHIEN CUU CHE TAO MACH BIEU KHIEN TR LUC LAl BIEN T

Nguyén Vin Phong!, Truwong Céng Tri, Nguyen Cao Ky,
Lé Van Pién’, Nguyén Trinh Nguyén'

TOM TAT:

Tro lyc lai dién (Electric Power Steering - EPS) la mot bg phan khong thé thiéu trén xe va ngay nay nguoi
ta dang tiép tuc - nghién ciu dé tim ra nhitng cai tién moi hay hon tot hon. EPS khéng chi don thuan giam thiéu
lyc tac dong can thiét dé diéu khién vo lang, mang lai trai nghiém lai xe thodi madi va dé dang hon, ddc biét
trong cdc tinh huéng giao thong phirc tap, ma con déng vai tro quan trong trong viéc ndng cao an toan ldi xe,
cdi thién hiéu sudt vin hanh va tiét kiém nhién lieu. Piéu khién tro liee sé linh hoat theo vin toc phirong tign va
cac tinh huong khi lai xe givp tang cuong su on dznh an toan trong viéc di chuyén. Bai bdo trinh bay vé viéc
img dung diéu khién PID, nham déap g cdc yéu cau vé mémen xodn tac dong 1én hé thong ldi ciia phirong tién
trong nhiéu tinh huong. Két qua nghién cieu dwgc thic nghiém trén mo hinh thue, qua cac két qaut thu duwoc
ching minh rang hé thong hé thong hoat dong on dinh va hiéu qua. Pdc biét nghién ciru da thanh cong trong
van dé tiét kiém nang lwong va co thiét ké nho gon. Két ‘qua nghién ciru da cho thdy rang sw hiéu qua va tinh
don gian cua b diéu khién PID khi sir dung dé diéu khién tro luc ldi dién.

Tir khéa: Bo diéu khién PID, hé théng tro luc 141 dién tir, mach cau H.

RESEARCH AND MANUFACTURE OF ELECTRONIC POWER STEERING CONTROL
CIRCUIT

ABSTRACT:

Electric Power Steering (EPS), is an essential vehicle component that is continually being researched for
new and improved innovations. EPS doesn't just reduce the effort needed to turn the steering wheel, making
for a more comfortable and easier driving experience, especially in complex traffic situations. It also plays a
crucial role in enhancing driving safety, improving operational performance, and saving fuel. The power
steering control system dynamically adjusts to vehicle speed and various driving situations, which boosts
stability and safety while on the road. This paper discusses the application of PID control to meet the torque
requirements of a vehicle's steering system in various scenarios. The research was tested on a physical model,
and the results demonstrate that the system operates stably and efficiently. Notably, the study succeeded in
achieving energy savings and a compact design. The research findings confirm the effectiveness and simplicity
of using a PID controller for electric power steering.

Keywords: Electric power steering, H-bridge, PID controller.

GIOI THIEU

Bo diéu khién PID (Proportional-Integral-
Derivative) 1a mot trong nhiing cong cu diéu
khién quan trong, duoc ung dung rong rii
trong cac hé thong k¥ thuat hién dai dé mot hé
thong hoat dong 6n dinh va hiéu qua. Dit lidu
dau vao cta nghién ctu 1a gia tri cam bién
momen xoan, dugc do luong trong qua trinh
hé thong dang hoat dong, khong phai 1a gia tri
mo phong. Céc tin hidu gid tri diéu khién phai
qua mét chuong trinh xur ly toan hoc dé dua
den ket qua sao cho hoat dong 6 6n dinh va hiéu
suat tot. Theo su phat trién ctia khoa hoc va
cong ngh¢, su cai tién va ché tao mach diéu
khién tro luc 1ai dién tir ngdy cang nho gon,
gi4 thanh ré va dap ung su 6n dinh. Vi vay,
nhom nghién ciru da nghién ciru ché tao va

phat trién mach diéu khién tro luc l4i dién tir
nhim muc dich nang cao sy hiéu qua, tiét
kiém nang lugng.

1. CO SO XAY DUNG BOQ PIEU

KHIEN PID

Bo diéu khién PID cho hé théng diéu
khién tro luc 1ai dién, nhom tac gia s dung
cam bién momen xodn cuia xe Toyota Prius
2009. Cam bién tro luc st dung cam bién
momen xodn loai cam ung, dua trén hién
tugng cam tng dién tir. Cac thong s6 dau vao
cho bo dicu khién PID 1a 2 tin hi¢u dién ap
ctia cam bién , 2 tin hiéu dién ap nay dung dé
so sanh tin hiéu véi nhau. Néu mat 1 trong 2
tin hiéu dién ap thi hé thong s& bao 15i va hé
thong s& khong c6 trg luc. Hé thong s& bat
dau diéu khién khi vuot qua mot ngudng dién
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ap, muc do trg luc cao hay thap s& dugc didu
khién bséi cam bién momen xodn. Néu
momen xodn cang cao thi s€ trg luc nhiéu
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Hinh 2.1 So do khoi ciia hé thong tro luc ldi

dién tu.

2. THUAT TOAN TOI UU PIEU
KHIEN CHO BQ PIEU KHIEN PID

2.1. Ciu tao ciia hé théng tro lwc li
dién tur.

Hé théng tro luc 1ai dién tir duoc céu tric
boi tru 14i, cam bién moment xoén, trung tam
diéu khién EPS, dong co DC, truc vit thanh
rang [4]. Ttr nhitng thanh phén trén trung tim
diéu khién EPS s& thu thap dir li¢u dau vao
cta cam bién moment xodn. Tin hiéu cta
cam bién moment xodn s& duoc thay doi boi
luc tac dung tir vo lang (nhu Hinh 2.1 va 2.2).
Thong qua tin hiéu d6 trung tdm diéu khién
EPS sé& ty dong tinh toan can phai cung cap
bao nhiéu dién ap va dong dién phi hop dén
dong co DC dé hé tro nguoi 1ai. Tir do gitp
nguoi lai diéu khién xe mot cach nhe nhang
muot ma hon.
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Hinh 3.2 So' do nguyén Iy mach cau H.
3.3. Xay dung thuat toan PID.

hon, ddng thoi mirc d6 tro lyc 14i con bi anh
huong boi toc do xe.

Hinh 2.2 Mé hinh hé thong tro luc ldi

dién tu.

2.2. Thiét ké mach ciu H diéu khién
dong co DC.

Dé diéu khién thoi gian dong mé cua céac
cap khoa Q1-Q4, Q2 Q3 va trong qua trmh
dao chiéu thi phai chac chan dién 4p cung cap
cho dong co phai vé khong trude khi mo cap
khoa tiép theo nham tranh tinh trang chi ngan
mach trén mot nhanh cta cau H. Chinh vi
nhu thé nhom nghién ciru sir dung IC IR2184
dé diéu khién bén IGBT 50JR22 kénh N. Déi
v6i IGBT50JR22 ¢6 thé hoat dong & ngudng
dién 4p 1én dén 600V va chiu duoc cuong do
dong dién 50A [6], IC IR2184 ¢6 tan sb didu
khién PWM 1én dén 500 kHz, thoi gian
chuyén giita kénh HO va LO tuong dbi thap
khoang 500ns rat thich hop d6i voi hé thong
trg lyc 14i dién. Mach EPS thiét ké sau khi
hoan thlen (nhu Hinh 3.3).
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Hinh 3.3 Mach thuc té sau khi hoan Zhlién.
Diéu kién tién quyét ciia chuong trinh diéu
khién trg luc 1ai doi hoi 1a kha nang dap ting
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nhanh dung véi muc trg luc cua dong co.
Chinh vi Iy do d6 nhom téac gia ap dung cach
thirc diéu khién PID, cach diéu khién nay dua
vao dién 4p phat ra ctia cam bién moment
xoan. PID s& duoc tinh dwa vao do 1éch dong
dién khi cam bién moment & vi tri khong 1am
viéc voi khi co tac dung luc vao vo lang. Khi

st dung phuong phap nay tin hiéu phat ra s&
tuong d6i 6n dinh va kha nang dap ung cua
hé théng s& nhanh hon. Bo diéu khién PID c6
ba thanh phan chinh, Kp 1a hé s6 ty 1&, Ki 1a
hé sb tich phan va Kd 1a hé sb vi phan [5].
Phuong trinh diéu khién PID duogc viét theo
mién thoi gian dugc phat biéu nhu trong (*).

‘ d
u(t) =K e(r) + K, ! ()T +K,—et) ()

Bing phuong phép thuc nghiém, nhém
nghién ctru d3 xac dinh dugc ba hé sb didu
chinh Kp =1, Ki= 0.3, Kd =0.001. Nhiing
gi4 tri nay khong chi giup hé théng dat duoc
kha nang phan hoi nhanh ma con dam béo sy

3.4. M6 hinh toan hoc ciia h¢ thong.
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Hinh 3.4. Luu do thudt toan diéu khién hé théng.

6n dinh va hiéu qua trong qua trinh van hanh.
Ket qua kiém tra cho thay hé thong hoat dong
t6i wru, giam thiéu sai s6 va nang cao d6 chinh
Xac.

Dé ¢ thé diéu khién téc do ddo chitu
dong co va c6 thé két hop hai IC IR2184 hoat
dong mot cach nhanh chong, chinh xac, hiéu
qua va on dinh hon ching s& diéu khién bang
STM32F103C8T6. Pé thuc hién viéc diéu
khién téc dong co DC s€ dugc thuc hién béng
cach s& tién hanh diéu ché d6 rong xung
(PWM) [7] cho mo6t IC TR2184 con IC IR2184
con lai cap tin hiéu bang 0. Khi d6 téc do cia
dong co phu thudc hoan toan vao muc do diéu
ché d6 rong xung PWM kénh HO két hop voi
kénh LO cta nhanh con lai s€ tao thanh mot
chiéu dong dién tuong tmg [8].

Dit liéu tir cam bién moment dugc thu thap
thong qua b chuyén doi ADC & Al va A2,
tir tin hiéu ADC chuong trinh s& chuyén vé
gia tri dudi dang dién ap. Khi xoay vo lang
sang trai hodc sang phai dé giatrido > 1.6V
hoic giatrido < 0.7V thi chuong trinh bit du
hoat dong va chi xét mot 1an khi trong sudt
chuong trinh. Thuat toan PID s€ dugc su
dung dé tinh toan gia tri diéu khién dua trén
dir liéu tir cam bién bang céach lay trung binh
cua hai tin hi¢u dién ap tr A1 va A2 ta dugc
bién “giatrido”.

Thuat toan so sanh d¢ léch cua hai cam
bién trong khoang tir -0.4V dén 0,4V néu
dung s& xét dén gia tri dau ra, con néu sai
chuong trinh s& nging hoat dong. Tiép dén
kiém tra gia tri dau ra thuat toan PID néu két
qua > 20% cua gia tri max chuong trinh s€
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phat tin hiéu PWM cho dong co quay trai. Néu két qua nam trong khoang tir 20% ciia
Néu két qua < 20% gi4 tri min chuong trinh ~ gia tri max dén 20% gia tri min thi dong co
s€ phat tin hi¢u PWM cho dong co quay phai.  dung hoat dong.
4. KET QUA VA PANH GIA Pé danh gia toan bo hoat dong va mirc do
Thong qua két qua da do duoc trong qua st dung nang lugng cia hé théng diéu khién
trinh thyc nghiém trén mo hinh va cac két qua tro lyc 1ai, nhom nghién ciru tién hanh khao
mo phong chimg minh tinh hiéu qua ctia bd nghiém thuc té ¢ cac ché d6 lai. Su khao
diéu khién trong cac nghién ctru trudc. Nhom nghiém dugc tién hanh thuc hién mot cach
tac gia so sanh sy diéu khién va mac do st ddng nhat.
dung ning luong cta 2 hé théng diéu khién.
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Hinh 4.1 a. Hinh 4.1 b. Hinh 4.1 c.
Hinh 4.1. Mutc dién ap, a. Luc tac dung 53 (N); b. Luc tac dung 106 (N), c. Luc tac dung 160 (N).
Dién ap cua mach diéu khién dao dong khoang [8.4037 <+ 9.74612] thdp hon hop
diéu khién tro luc khoang [5%=7%]. Giam nhiéu nhit 7% & luc tac dung 160N va cao
hon hop diéu khién [ 26%] ¢ lu:: tac dung S3N.
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Hinh 4.2 a. Hinh 4.2 b. Hinh 4.2 c.
Hinh 4.2 Cuong do dong dién; a. Luc tac dung 53 (N); b. Luc tdac dung 106 (N); c.
Luyec tdac dung 160 (N).

Cuong d6 dong dign cua mach dieu khoang [5%-17%]. Gidm nhiéu nhat 17%
khién dao dong khoang [4.06325 + ¢ luc tac dung 106N va cao hon hop diéu
5.60394] thap hon hop diéu khién trg lyc  khién [9%] & luc tic dung 53N.
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Hinh 4.3 a. Hinh 4.3 b. Hinh 4.3 c.

Hinh 4.3 Cong sudt; a. Luc tac dung 53 (N), b. Luc tac dung 106 (N), c. Luc tac dung 160 (N).
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Cong suat ctia mach diéu khién dao
dong khoang [30.9929 =+ 41.9221] thap
hon hop diéu khlen tro lyc khoang

[14%+17%]. Gidm nhiéu nhét 17% & lyc
tac dung 106N va cao hon hop diéu khién
[30%] o luc tac dung S3N.

Biang 4.1 Thong sb sau khi khao sat mirc 46 diéu khién ctia mach va hop.

LUC PANH LAI (N)
53 106 160
Mach | 8.4037 (tai 0.676s) |9.51182 (tai 0.442s)|9.74612 (tai 0.364s)
Diép ap (V) | Hop | 6.2373 (tai 0.52s) | 9.9938 (tai 0.442s) [10.4981 (tai 0.546s)
Giam -26% 5% 7%
Cuomg 46 Mach |4.06325 (tai 0.338s)| 4.6527 (tai 0.26s) |5.60394 (tai 0.156s)
dong dicn (A) Hop |3.70336 (tai 0.312s)| 5.59326 (tai 0.26s) |5.86936 (tai 0.364s)
- Giam 9% 17% 5%
Cong sult Mach [30.9929 (tai 0.364s)|41.9221 (tai 0.338s)|41.5665 (tai 0.208s)
W) Hop | 21.8119 (tai 0.52s) | 50.638 (tai 0.286s) | 48.4409 (tai 0.39s)
Giam -30% 17% 14%
Mach 1.094 0.91 0.806
Thoi gian (s) | Hop 1.17 1.04 1.014
Giam 7% 13% 21%

Thong qua thuc nghiém, mach diéu
khién tro luc ctia nhom tic gia c6 cong
suét 1on hon hop diéu khién & luc tac dung
53N va c6 cong suat thip hon ¢ luc tac

5. KET LUAN

Két qua thuc nghiém cho thiy muc do
diéu khién & timg ché d6 1ai khac nhau cta
ca hai hé théng diéu khién mach EPS va
hop EPS déu van hanh mot cach 6n dinh
tuy nhién mdi hé thong lai ¢6 wu diém
riéng. Mach EPS cho thiy kha ning dap
tmg nhanh chéng, khong cé do tré duogc
thiét ké nho gon, tiét kiém nang lugng véi
chi phi thap Déi véi hop EPS c6 uu the
trong viéc t6i wu nang luong va hiéu suit
tro luc 6n dinh & ca ba mirc do luc danh 14i
khac nhau. Tt nhitng két qua trén ca hai hé
théng déu cho théy do 6n dinh va muc do
tin cdy cao, gop phén mang lai su linh hoat
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