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MO PHONG VA PANH GIA AN TOAN PAI AN TOAN TRONG VAN HANH

PHUONG TIEN CO GIOI
Luong Quy Hiép' , Vit Huy Hoa?

TOM TAT

Trong boi canh gia ting sir dung cac phirong tién co giGi trong linh viee cong nghiép va van tdi, van dé
dam bdo an toan cho nguoi van hanh ngay cang tré nén quan trong, ddc biét trong cdc tinh huong va cham.
Pai an toan la mét trong nhitng gidi phdp co ban nhung hiéu qua nham giam thiéu chan thwong cho nguoi
ldi. Tuy nhién, hi¢u quad bao vé cua hé théng nay phu thugc vao ddc tinh dong luc hoc va diéu kién lam viéc
cu thé ciia phwong tién. Bai bao trinh bay viéc xdy dung mé hinh dong luc hoc cua hé théng dai an toan cho
nguwoi ldi va img dung phan mém Matlab/Simulink dé mé ) phong, danh gia cac ddc trung lam viéc cua h¢ thong
trong diéu kién va cham. Cdc chi tiéu dwoc phan tich bao gom gia toc, lyc ddy dai, toc d¢ nén va bién dang
long ngue tai cdc van toc va cham khdc nhau (25 km/h va 60 km/h). Két qua mé phong cho thdy cdc théng so
dong luc hoc thay doi dang ké theo vén toc va cham, trong do mot $6 dai luong nhu bién dang léng nguc va
lyc day dai co thé vuot ngudong an toan khi van t6c tang cao. Trén co so do, bai bao dwa ra cdac nhan dinh va
khuyén nghi nham gép phan nang cao hiéu qua sir dung dai an toan, dong thoi giam thiéu nguy co chan thwong
cho nguoi van hanh phwong tién co giGi trong diéu kién thuec té.

Tir khoa: An toan, dai an toan, dong luc hoc, mo phong.

SIMULATION AND SAFETY ASSESSMENT OF SEAT BELT USE IN MOTOR

VEHICLE OPERATION

ABSTRACT

In the context of the increasing use of motor vehicles in industrial production and transportation, ensuring
operator safety has become a critical issue, especially under collision conditions. Seat belts are considered
one of the most fundamental yet effective solutions for reducing injuries to drivers. However, the protective
performance of this system largely depends on its dynamic characteristics and operating conditions. This
paper presents the development of a dynamic model of the seat belt system for drivers and the application of
Matlab/Simulink to simulate and evaluate its performance under collision scenarios. Key parameters,
including acceleration, seat belt force, chest compression velocity, and chest deformation, are analyzed at
different impact speeds (25 km/h and 60 km/h). The simulation results indicate that the dynamic parameters
vary significantly with impact speed. In particular, some factors such as chest deformation and seat belt force
may exceed safety thresholds at higher speeds. Based on these findings, the study provides practical
recommendations to enhance the effectiveness of seat belt systems and reduce injury risks for operators of
motor vehicles under real operating conditions.
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1. PAT VAN PE xe‘:, létmX xuat hién\cég h,rA’c tac fi(f)n’g rflanh 1€En

: vung dau, nguc va cit song, tir d6 gay ra cac
ton thuong nghiém trong néu khong c6 cac he
thong bao v¢ phu hop [1].

Trong cac h¢ thong an toan bi dong trén 6
t0, dai an toan dugc xem la gidi phdp co ban
nhung c6 hi€u qua cao trong viéc han che
chuyén dong quan tinh ctia nguoi lai khi xay
rava charr}. Co qhé hoat dong cua dai an toan
1a phén b6 va hap thu mdt phan nang luong
va dap thong qua qua trinh bién dang va giam
chén, tir d6 1am giam mirc d9 tén thuong cua
co thé nguoi. Tuy nhién, hi€u qua bao v¢ cua
hé thong dai an toan phu thy(}c 16n vao dzfu;
tinh dong luc hoc cua hé thong nguodi — ghé

Trong bdi canh phat trién manh mé cua
linh vuc cong nghiép, giao thong van tai va
co gidi hoa trong nong nghiép, cac phuong
tién co gidi nhu 6 to, xe tai va xe chuyén dung
ngay cang dugc su dung rong rai trong hoat
dong san xuat va van chuyén hang hoéa. Cung
Vi sy gia tang vé quy mo khai thac va téc do
van hanh, nguy co xdy ra tai nan giao thong
va va cham co hoc ngay cang lon, gdy anh
huong tryc tiép dén an toan cua ngudi dleu
khién phuong tién. Theo cic nghién ctru vé
dong luc hoc 6 to, trong qua trinh va cham,
quan tinh ctia co thé ngudi tao ra cc chuyén
dong twong d6i 16n giita ngudi l4i va khoang

' Truong Dai hoc Céng nghé Giao thong van tdi
2 Truong Dai hoc Thanh Péng
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ngdi — day dai ciing nhu diéu kién va cham
cu thé nhu van téc dam va, thoi gian va cham
va dic tinh bién dang cua long nguc [2].

Nhiéu nghién ctru trude ddy di tap trung
xdy dyng cac mo hinh mé phong co thé nguoi
trong qua trinh va cham nhim dénh gia mirc
d6 ton thwong ctia nguoi 1ai. Carneiro va
cong su [2] da sir dung mo hinh dong luc hoc
nhiéu vat dé nghién ctru phan tng cta co thé
ngudi dudi tic dong ciia hé thong ghé ngdi va
day dai an toan. Trong nghién ctru nay, ving
nguc cta ngudi 1ai duge mo hinh hoa bang hé
khéi lwong — 10 xo — giam chan nham mé ta
dic tinh dan hoi va kha niang hap thu ning
luong cua 16ng nguc trong qua trinh va dép.
Két qua cho thdy cac thong s6 nhu lyc day
dai, gia toc ving nguc va téc do bién dang co
anh huong truc tiép dén murc do chin thuong

cua nguoi lai.

Bén canh do, cac nghién ctru st dung
phuong phap phén tr hitu han cling dugc ap
dung rong rai de phén tich kha nang chiu va
dap cua két cau xe va hé thong an toan.
Usama Idrees va cong su [3] da xay dung mo
hinh phan tir hiru han dé danh gia va cham
tryc dién cua khung xe 6 t6 bang vat li€u nhe.
Andrew Hickey va Shaoping Xiao [4] da su
dung md hinh mé phong va cham 6 t6 dé danh
gia kha nang hap thu nang lugng cua hé thong
két cdu va anh huong dén an toan ngudi ngdi
trong xe. Ngoai ra, Gulshan Noorsumar va
cong su [5] da tong hop va phan tich nhiéu
mo hinh todn hoc danh gia kha nang chiu va
cham cua phuong tién, trong dé nhan manh
vai tro cua cac mo hinh dong luc hoc don gian
héa trong nghién ctru nhanh cac chi tiéu an
toan cta co thé nguoi.

Maic du cac nghién ctru trén da dat dugc
nhiéu két qua quan trong, tuy nhién phan 16n
tap trung vao mo hinh va cham tong thé cua
xe hodc st dung mo6 hinh phéan tir hitu han
phurc tap v6i chi phi tinh toan 16n. Cac nghién
clru mod phong twong tac gitra co thé nguoi va
hé thdng dai an toan dudi dang mé hinh dong
luc hoc don gian hoa nham danh gia nhanh

cac chi tiéu ton thuong ving nguc trong diéu
kién van hanh thuc té con tuong ddi han ché.
Vi viy, trong nghién ctru ndy, co thé ngudi
lai dugc mo hinh hoa bﬁng hé khdi lugng — 10
X0 — giam chan gdm cac phan tir biéu dién
khung xuong nguc, cot séng va dic tinh dan
hoi cta 1ong nguc. M6 hinh lyc tac dung 1én
nguoi 1ai dugce trinh bay ¢ Hinh 1, trong do
cac phuong trinh dong luc hoc (1), (2), (3),
(4) duoc xay dung dua trén nguyén ly can
béng dong luc hoc va mo hinh dao dong
nhiéu bac ty do cua hé ngudi — day dai — ghé
ngdi [2], [5]. Phuong trinh giam tdc cua
phuong tién trong qua trinh va cham dugc mo
ta bang ham thuc nghiém theo cong thuc (5),
thuong duoc su dung trong cac mod hinh mo
phong va cham 6 t6 dé biéu dién su bién thién
gia tc theo thoi gian va dap [5].

Trong nghién ciru ndy, cac thong s6 dong
luc hoc cia mo hinh nhu khéi luong tuong
duong vung nguc, do cung long nguc, hé so
giam chan va cac thong sé dan hoi cua hé day
dai duoc tham khao va hiéu chinh tir cac
nghién ctru thyc nghiém va mo hinh hoéa va
cham d3 cong bd trudce day [2], [5]. Viée lya
chon cac thong sb ndy nhim bao dam mo
hinh phan anh duoc dic tinh bién dang va hap
thu ning lugng cua co thé ngudi trong qua
trinh va cham.

Su phat trién cia cac cong cu md phong
hién dai nhu Matlab/Simulink cho phép xay
dung va gidi nhanh cac hé phuong trinh dong
lwc hoc phtc tap, dong thoi hd tro danh gia
cac kich ban va cham véi nhiéu diéu kién van
hanh khéac nhau [6]. Trén co s¢ do, bai bao
tap trung xay dung mo hinh dong luc hoc cua
hé thdng dai an toan cho ngudi 1ai va Gng
dung mé phong s6 dé phan tich cac dic trung
lam viéc ctia hé théng trong céac diéu kién va
cham khac nhau. Két qua nghién ctru gop
phan 1am rd co ché tic dong cia dai an toan
dén co thé nguoi, ddng thoi cung cp co s
tham khao cho viéc danh gia va nang cao an
toan van hanh phuong tién co gidi trong diéu
kién thyc té.
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2. POI TUQNG VA PHUONG PHAP
NGHIEN CUU

o DOi twong nghién ciu

- P6i tuong nghién ciru: dai an toan cho
nguoi lai.

- Sir dung phan mém Matlab Simulink mo
phéng dai an toan trén 6 to.

o Phwong phap nghién ctru

2.2.1. Phuong phap ké thira tai lidu

3. KET QUA VA THAO LUAN

3.1. Xay dung moé hinh tinh toan hé
thong dai an toan cho nguoi lai

Trong qua trinh xay ra va cham, co thé
ngudi 1ai chiu tic dong dong thoi cia quan
tinh chuyén dong va luc rang budc tu hé
thng dai an toan. Dudi tac dong cua giam tbe
dot ngdt cua phuong tién, phan than trén cua
nguot lai co xu huong tiép tuc chuyen dong
theo phuwong chuyén dong ban dau, lam xuat
hién cac lyc tac dung l6n 1én vung nguc va
cot séng. Pé danh gia ddc tinh lam vi¢c cua
hé thdng dai an toan va mirc 46 anh huong
dén co thé nguoi 1ai, nghién ctu tién hanh
xay dung mo hinh dong lyc hoc nguoi — day
dai dudi dang hé dao dong nhiéu bac tu do.

M6 hinh nghién clru dugc xay dung trén
co s ké thira cic nghién ctru md hinh hoa
dong luc hoc co thé nguoi trong va cham cta
Carneiro va cong su [2], két hop v6i cac mod
hinh todan hoc danh gia kha nang chiu va
cham cua phuong tién dugc trinh bay trong

Thu thap, suu tam cac tai lidu chuyén mon
lién quan dén linh vuc dong luc hoc cua xe 6
t6 dé 1am co s cho viéc nghién ctu 1y thuyét.

2.2.2. Phuwong phap nghién ciu ly
thuyét

Str dung Iy thuyét 6 t0, co hoc ki thuat dé
xay dung mo phong danh gia tinh an toan cua
hé thdng dai an toan.

nghién ctru cua Gulshan Noorsumar va cong
su [5]. Piém moi cuia nghién ctru 1a xay dung
mo hinh tuong tadc ngudi 1ai — dai an toan —
chuyén dong giam tc cta xe dudi dang mo
hinh khéi luong — 10 xo — giam chin nham
danh gia truc tiép cac chi tiéu tén thuong
ving nguc trong cac diéu kién van toc va
cham khac nhau. So véi cac nghién ctru st
dung m6 hinh phan tir hitu han c6 d6 phuc tap
cao, md hinh dé xuit cho phép giam khoi
lugng tinh todn nhung van phan anh duoc cac
dac trung dong luc hoc chu yéu cua hé théng
dai an toan trong qua trinh va cham.

Trong md hinh, ving nguc cua nguoi lai
duogc biéu dién bang cac phan tir khdi lugng
tap trung, phan tor dan hoi va phan tir giam
chan. Cac luc tac dung 1én nguoi 141 theo
phuong chuyén dong ngang cua xe duoc trinh
bay nhu trén Hinh 1, bao gom gia toc ving
cot song, bién dang 16ng nguc, tbc d6 nén
16ng nguc, chuyén vi xuwong tc va luc tac
dung cua day dai an toan.

Hinh 1. Biéu dién cdc lyc tic dung 1én nguwoi ldi
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Trong do:

- Qgpine: gla tdc cot sbng & phia trude

- AXchest: 0 bi nén ciia khung xuong nguc

- AVenest: tde dd bi nén cua khung xuong
nguc ‘

- Axsbs: su chuyén dbi xuong tic & phia
trudc, phia trong cia xe

- Xpelt: g161 thi€u co rut tai day dai

- asibs: gia toc xuong trc & phia trude

- Fpe: Luc day dai

_/\ A\

Khéi lvgng my biéu dién khéi lwong twong
duong cta vung xuong sudn va khung xuong
nguc. Khéi luong my biéu dién phan khdi
lugng co thé lién két voi vung nguc thong qua
coOt song. Cac phan tr dan hoi va giam chan
duoc sir dung dé mo ta kha nang bién dang va
héap thu ning lugng cua 16ng nguc khi chiu
tac dong cua luc day dai trong qua trinh va
cham. CAu triic md hinh co hoc duoc thé hién
trén Hinh 2.
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Hinh 2. M6 hinh giam chdn va l6 xo mé phéng ddc tinh dan héi phit hop va phan tan ciia
lyc khi nguc bi va dap

bong luc hoc cua hé dugc xay dung dua
trén nguyén 1y can bang luc va phuong trinh
dao dong cua h¢ nhiéu béc tu do. Céac phuong
trinh vi phdn mo ta chuyén dong ciia hé duoc
xac dinh nhu sau [2], [5]:
miX=-u+f(x2-x1)+h(X2-x1)+ka(x3-X1) (1)

m2i2=- f(Xz-X1)- h(f(z- 5(1)- C2(X3-X1) (2)
m35i3=-<:2()'(2- X3)-k2(X3-X1) (3)
Xy =a(t) 4)
Trong do:
- X1,X2,X3 1a chuyén Vi cua cac ph:ﬁn tr
khéi lugng;

- u la lyc tac dung cua day dai an toan;

- f(x2-x1) 12 luc dan hdi cua 16ng nguc;

- h(X2-X1) 1a lyc can nhot cua vung nguc;

-ka, ez lahé s6 do cung va giam chan cua
hé lién két.

Trong mo hinh, chuyén dong cua xe dugc
quyet dinh boi qui luat cua giam tdc véi cac
diéu kién dau 1a:
x1(0)=0, x20)=0, x3(0)=0 x,(0)=0
x1(0) = vo, X2(0) =vo, X3(0) =vo, Xv(0)=vo

Phuong trinh (1), (2), (3) duoc xay dung
nham mo ta twong tac dong luc hoc giita ving

nguc, cot séng va hé thong dai an toan trong
qua trinh giam tdc dot ngdt ctia phuong tién.
So v&i cac moé hinh truyén thdng chi xét
chuyén dong tuyén tinh don gian, mé hinh
nay cho phép danh gia dong thoi bién dang
16ng nguc, luc day dai va téc d6 nén vung
nguc theo thoi gian va cham.

Trong nghién ctru nay, quy luat giam toc
cua phuong tién trong qua trinh va cham
dugc mo ta theo dang ham thyc nghiém ntra
sin, thuong dugc sir dung trong cac nghién
ciru md phong va cham 6 t6 nham phan anh
dac tinh thay doi gia tc theo thoi gian va dap
[5]. Gia téc giam toc cua xe duoc xac dinh
theo cong thire:

. Tt
Asin( T )

0 t>0

0<r<T,

a(t) =

(%)
Trong do:
- A 1a gia tdc cuc dai cua xe khi va cham;
- Ty 1a thoi gian va cham;
- t 1a thoi gian khao sat.
Bién dg cua gidm tdc duoc xac dinh béng
cong thuc:
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A= 0 s ey ¢, (X, —x) if (x,-x,)20
2TP (6) h("z xl)_ {Cll('{cl _J.:I) If(‘z _—’;'1)< 0

V6i vo 1a van tdc trude va cham cua phuong
tién.

Lyc dan hoi cta 16ng nguc dugc tuyén tinh
hoéa theo biéu thie [2], [5]:

s _[kll(xl_xl)
f(xz -M)“l.ku{xz_Xl)_Fu

if 0<(x,-x)<6,
if (x,—x,)>0,
(7)
Trong d6 Fo= (ki2 —ki1)do )
Ngoai ra, ‘luc giam chan h, ty 1¢ véi toc do
va dap cua 1ong nguc, dugc tinh nhu sau:

|

®)
Céc thong s6 dong luc hoc sir dung trong
mo hinh duoc tham khao va hi€u chinh tir cac
nghién ctru thyc nghiém vé mé hinh hoa ving
nguc va hé théng dai an toan trong va cham
0 t6 cua Carneiro va cong su [2], Gulshan
Noorsumar va cong su [5], két hop véi cac
thong s6 thuong duoc sir dung trong mo hinh
mod phong hé co hoc trén Matlab/Simulink
[6]. Cac thong sd phuc vu md phong duge
trinh bay trong Bang 1.

A I s pen e . Nguon
TT Thong so Ky hiéu | Gia tri | Don vi tham khio
1. Khoi lugng viing xuwong nguc mi 0.3 kg [2], [5]
2. | Khoi luong co thé lién két nguc m> 18 kg 121, [5]
3. | P cling 16ng nguc 16n ki1 10522 | N/m [2]
4. | Po cung long nguc nho ki 7190 | N/m [2]
3. Bién dang ban dau b 0.03 m [2]
6. Hé sb giam chan phuc hoi Cil 403.3 | N.s/m [5]
7. | Hé s6 giam chan nén ci 2192.1 | N.s/m [5]
8. Do cling hé 10 xo giam chin k> 13153 N/m [5], [6]
9. | Hé so giam chan c: 175.4 | N.s/m [5], [6]
10. | Hé s6 do cing han ché k 105 N/m [6]

. Trén co s& md hinh toan hoc ya cac thong
s0 da xac dinh, nghién ctu tién hanh xay
dung mo6 hinh, mdé phdéng trén
Matlab/Simulink nham danh gi4 cac chi tiéu
dong luc hoc ctiia h¢ thong dai an toan trong
cac diéu kién va cham vdi van toc khac nhau.

3.2. Két qua m6 phong
Tinh toan cac chi ti€éu dong luc hoc ctia hé
thong dai an toan trong di€u kién:

200

Van toe dam va W0=25km/h
100

Van toc khi dam va vo = 25km/h, vo =
60km/h, thoi gian khao sat Tp=0.1s. K&t qua
thu dugc bicu dién dudi dang do thi va bang
sO liu: i

3.2.1. Do thi gia toc khi dam va

Gia toc khi dam mis?
20 :

Van foc dan w W=2Skmh

T Thesl igiain s v T, T8 100 | i “Thiol Gan ci ar =0 T8
ol i o L
100+ e 100} :
300 by i H 200} H
"| Gia toc ki dam wa ' r
E 300+ £ £ M0} ey
2 a0 E 400+ Qe lac i
o o
500+ 500}
Gla foc giol han foc
o0l 9 Gl g ok i Gia foe gisthan
200 IS -0 LK
800 i i i i i =] i
0 001 002 003 004 005 006 007 008 009 0,

Thol glan.sec

a. Vén téc va cham) vo=~25km/h ,
Hinh 3. Biéu dién su bién
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001 002 003 004 005 005 007 008 009 O1
Thei gian sec

‘ b. Vén téc va cham vo=60km/h
doi cua gia toc oto khi dam va

0.1
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Quan sat trén Hinh 3a ta thdy, trong trudng
hop tdc do trude khi dam va vo = 25km/h va
thoi gian va cham T, =0.1s thi gia toc dat gia
tri cuc dai amax = 110m/s? (amax = 12g) ¢ thoi
diém t=0.05s. Sau d6 gia toc giam dan vé
khong & thoi diém két thuc dam va (thoi diém
t=0.1s). Trén dd thi 3.1b ta thay toc do trudc
khi ¢am va thay d6i vo = 60km/h thi gia toc
dat gi tri cyc dai thay doi va khi d6 amax =
270m/s? (amax = 28g) Sau do gia téc cling
giam dan vé khong ¢ thoi diém ket thiic dam
va (thoi diém t=0.1s). Vay véan tc trude khi

Luc cua day dai,N
2500 T T T T

1500 ¢

Luc,N

1000 ¢

Van toc dam va v=25km/ih
Thoi gian dam va Tp=0.1s

ol i L i i L L i i |
o 001 002 003 004 005 006 007 008 009 01

Thai gian,sec

dam va thay doi s& dan dén gia toc thay doi,
gi tri cuc dai ciia gia toc nguc trong gidi han
cho phép (80g).

3.2.2. Do thi luc cia day dai

Quan sat trén Hinh 4a ta thdy, trong trudng
hop toc do trude khi ddm va vo=25km/h va
thoi gian va cham T, =0.1s thi luc cta day dai
dat gia tri cuc dai Umx=2900N & thoi diém
t=0.05s. Sau d6 luc cua day dai giam dan vé
khong & thoi diém két thuc dam va (thoi diém
t=0.1s).

Luc cua day daiN
6000 - % ; :

4000

i Van toc dam vav0=25m/h
Thaoi gian dam va Tp=0.1s
0 001 002 003 004 005 006 007 008 009 01
Tho gian,sec

a. Van toc va cham vo=25km/h b. Vin toc va cham vo=60km/h
Hinh 4. Biéu dién su bién doi lec ddy dai khi dam va

Trén Hinh 4b ta thiy tdc d trude khi dam
va thay ddi vo = 60km/h thi lyc cia day dai
dat gia tri cuc dai thay doi va khi d6 umax =
7000N. Sau d6 lyc cuia day dai ciing giam dan
vé khong ¢ thoi diém két thic dam va (thoi
diém t=0.1s).

Tee do ep long ngue.m's

Ghbi han tioe do ep long Aguc

Toe domis
w -

/\' rxhhfmaﬂ“.!kmh\

Thei gian dam 0 Tp=0.15

S E‘J 0.02 Olk 0.44 JO5 Utﬁ OD? oa f‘g EI

Thei gian sec

a. Van téc va cham vo=25km/h

3.2.3." D6 thi chuyén vi toc d nén long
nguc

Quan sgt trén Hinh 5a ta thay, tron, truong
hop vén toc trudc khi ddm va vo = 25km/h va
thoi gian va cham T, =0.1s thi van toc nén
16ng nguc dat gia tri cuc dai Ymax = 2.4m/s &
tho1 diem t=0.04s. Sau d6 toc do nén long
nguc giam dan vé dudi khong v=- 0.02m/s &
thoi diém két thuc dam va (thoi diém t=0.15s).

Toz do ep long ngucmis

Gl han toe 4o #p loag ngec

Ve toc kh dem g D=B0Amh
! Tha gian dam v | Tpa0.is
8 i r L i 1 L i i i
0 001 002 003 QD4 005 Q06 007 OWe 003 01
Thel e sec

b. Vin toc va cham vo=60km/h

Hinh 5. Biéu dién su bién doi cua toc do nén long nguc khi dam va
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Trén Hinh 5b ta thiy van toc truéc khi dam
va thay doi vo = 60km/h thi téc do nén 10ng
nguc dai dat gia tri cyc dai thay ddi va khi do
Vinax = 5.9m/s. Sau d6 ¢ d6 ép 16ng nguc ciing
giam dan vé dudi khong v=- 0.1n/s & thoi diém
két thac d4m va (thoi diém t=0.1s). Nhu vay
van toc trudce khi ddm va thay d6i va s& dan dén
tdc do nén léng nguc thay dobi gia tri cuc dai
cta toc do trong gidi han cho phép 14 6my/s.

Chuyen W nen long nguc,m
0 T T T T T

Vanitoc dam va vI=25kmih
Thoi'gian dam va Tp=0.1s

0.02+

D.04F

0.06 -

Bi nen,m

0.08f

012 L i : i i i i i i
0 001 002 003 004 005 008 007 008 0.09

Thoi gian sec

a. Van téc va cham vo=25km/h

3.2.4. Do thi chuyén vi bién dang tuyét
dbi ciia 10ng nguc

Quan sat trén Hinh 6a ta thay, trong trudng
hop vén toc trude khi ddm va vo = 25km/h va
thoi gian va cham T, =0.1s thi bién dang tuyét
dbi ciia 16ng nguc dat gia tri cyc dai (—0.11m)
& thoi diém t=0.08s. Sau d6 bién dang tuyét
d6i cuia 10ng nguc ting dan - 0.8m ¢ thoi diém
két thuc ddm va (thoi diém t=0.1s).

Chuyen vi nen long ngue, m
0.05 T T T T T T T

Vantoc damva vI=25kmih
Thai'gian dam va Tp=0.1s

0.05¢

22f

0254

0.3

0.1 0 001 002 003 004 005 006 007 008 009 01

The gian, sec

b. Vin toc va cham vo=60km/h

Hinh 6. Biéu dién su bién doi ciia bién dang long nguc khi dam va

Trén Hinh 6b ta thiy vén tdc trude khi ddm
va thay doi vo = 60km/h thi bién dang tuyét
dbi cua léng nguc dat gia tri cuc dai thay ddi
va khi d6 0.27m. Sau d6 bién dang tuyét d6i
ctia 16ng nguc ciing ting dan & thoi diém két

He sa can nhot khi dam va,m/s?

thiic dam va (thoi diém t=0.1s). Nhu vy van
tdc trudc khi ddm va thay dbi va s& din dén
bién dang tuyét ddi cta 16ng nguc thay doi
gia tri cuc dai cua toe do.

3.2.5. D6 thi chuyén vi hé s6 can nhét

He s0 can nhot khi dam vam/s?

0.3, 1.2, T
0.25L _Gigi han he so can nhot 1 1l ; i -  Gioi han hesc.ltan nhot
A : i H -
02} o8l
He so can nhol i Hescr.annh.c,'.
k: e 06
g 015 2 ol
g
w
o
2 01t o 04~
2 £

Van toc khi dam va v0=25km/h
Thai gian dam va : Tp=0.1s

002 003 004
Thei gian,sec

a. Vén téc va cham vo=25km/h

0 o001

005 006 007 008 009

DE'-/
0 t i i i

Van) toc khi dam va v0=60:km/Mh

Thai gian dam va ; Tp=0.1s
L= L 1 1 L ! ! i L L -
o1 0 001 o002 003 004 005 006 007 008 009 01
- Thai gian sec

b. Vén téc va cham vo=60km/h
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Trén Hinh 7b ta thiy van téc trude khi dam
va thay d6i vo = 60km/h thi hé sé can nhét
ctia 16ng nguc dat gia tri cuc dai thay doi bang
1.18m%s. Sau d6 bién dang tuyét ddi cua 1ong
nguc ciing giam dan ¢ thoi diém két thic dam
va (thoi diém t=0.1s). Nhu vy véan toc khi
dam va thay d6i va s& dn dén bién dang tuyét
dbi ctia hé sb can nhét thay doi gia tri cuc dai
ctia toc d9, ¢ tbe d6 vo=60km/h thi gia tri cuc
dai ciia hé s6 can nhét cua 1ong nguc nam
ngoai gi tri ton thuong 13 0.229m?s.

uhuyea W khi bi nenlung ngur. m
0.14
\"an O:da'n va WO=25kmih
Thoi gian dam va Tp=0.1s
012+ i i : i

01}

o
8

- i
~ Chuyenvikhibi
nen

Binen,m

o
)

o
®

Giatr
nguang

o
o
(5]

0 i i i i i I i |
o 001 002 003 004 005 005 007 008 008 01

Thoi gian,sec

a. Van toc va cham vo=25km/h

3.2.6. Do thi chuyén vi khi bi nén long
ngue

Quan sat trén Hinh 8a ta thdy, trong trudng
hop vén toc trude khi ddm va vo = 25km/h va
thoi gian va cham T, =0.1s thi chuyén vi bi
nén cua léng nguc dat gia tri cuc dai 0.13m &
thoi diém t=0.08s. Sau d6 chuyén vi bi nén
ctia 10ng nguc giam dan & thoi diém két thic
dam va (thoi diém t=0.1s).

Chu,en i khi bi nen Iung nguc m
03

Van toc dam va v= GCﬁcmh
Thoi gian dam va Tp=0.1s
i IS i i i

02}

0.5} i i i
Chuyen vi khi bi nen

Binen,m

x

/ P Glatd
i nguon
] I B atal. ol

D05l i i i i I— i I T—
0 001 002 003 004 005 006 007 008 009 01
Thei gian, sec

b. Van toc va cham vo=60km/h

Hinh 8. Biéu dién bién doi chuyén vi bi nén cua long nguc khi dam va

Trén Hinh 8b ta thdy véan tdc trude khi dam
va thay ddi vo = 60km/h thi chuyén vi bi nén
cua léng nguc dat gia tri cuc dai thay ddi va
bang 0.3m?/s. Sau d6 bién dang ctia 1ong nguc
cling giam dan & thoi diém két thuc dam va
(thoi diém t=0.1s). Nhu vay van toc khi dam

4. KET LUAN

Qua phéan t1ch danh gia cac thong ) cung
nhu cac nhan t6 dnh huéng ton thuong cua
16ng nguc khi dam va thu duge cac két qua
nhu sau:

D¢ bao dam hanh khach s€& khong bi
thuong nghiém trong, nhiing gidi han trén
khong dugc vuot qua. T4c gia s dung cung
gid tri gi6i han cia hé s6 can nhét cua long
nguc nhung tinh véi gia toc 1a 80g bién dang
nén 1a 0.045m. Cac két qua nghién ctru duoc
trinh bay trén hinh bao gom chuyén vi khi bi
nén cua 10ng nguc [x2(t)-x1(t)], toc do khi nén

va thay doi va s& dan dén bién dang bi nén
cua léng nguc thay doi gia tri cuc dai, o tde
do dam va thi cac gia tri cuc dai & chuyén Vi
bi nén cua 16ng nguc vuot qua gia tri ngudng
0.045m.

[%,() =% (D] bién dang tuyét d6i cua long
nenve [6,() =X (D] e d3v dai, hé s6 can nhét
[, (1) — X, (D][x, (1) - Xy (I)] gia toc chuyen
dong cua long nguc () 13 ham cua thot
gian. Két qua cho thiy, bién dang cua 16ng
nguc ¢ van toc dam va vo=25km/h la: 0.13m
va & van toc dam va vo=60km/h la: 0.3m.

Nhu vay da vuot qué gia tri ngudng 0.046
m mot khoang nhu trén hinh 10. V61 gia tri
nay, nguoi lai xe s€ bi day dai lam ton thuong
nghiém trong. Ngoai ra, gia tri cuc dai cua
bién dang vung nguc quan sat dugc & gan
vung ket thuc va dap.
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Tu d6 thi cho théy, toc do ép ung voi giUi
han ton thuong nguoi la: 6m/s. Nguoi lai s€
chuyen vi vé phia truéc khoang Scm do két
qua cua luc day dai lon. Sau khi két thuc dam
va, ngu’c‘fi lai “dich chuyén vé phia sau vi
khong co luc tac dong tir day dai trong mo
hinh dé han ché chuyén dong theo hudng nay.
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