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TINH TOAN DONG LU'C HOC XE O TO Bl HAM DO SU BO CUNG
CUA LUO1VOI CAU TRUC VA BANH XE

DYNAMIC CALCULATION A CAR IS BRAKED BY THE RIGGING OF THE NET
WITH THE AXLE AND THE WHEELS

Ngb Khic Yén', Phan Lam Hai', Kim Ngoc Duy?
'Vién Vi khi, Tong cuc Cong nghi¢p Quoc phong
Trudng Si quan K¥ thuat Quan sy, Tong cuc Ky thuat

TOM TAT

Bai bao nghién ciru xay dung mo hinh, tinh toan dong luc hoc cho xe 6 to trong truong hop
dang chuyén déng thi bi ham boi vit tac ddng mém (ludi) b6 cing cau truc va banh xe. Thuee hién
mé hinh héa va gidi bang phan mém Matlab - Simulink dé khao sat anh hwong ciia hee kéo ciia hedi
déi véi banh xe trong cdc truong hop khdc nhau. Két qud ¢é y nghia dinh huwéng cho viéc nghién
ciiu thiét ké va ché tao thiét bi dirng xe khdn cdp kiéu tac dong mém dang ledi cuon.

Tw khéa: Dung xe khan cd'p; Kiéu téc dong mém; Ludi cuén; Cau truc; Banh xe.
ABSTRACT

The paper studies the construction of a model and calculates the dynamics of a car in the
case of being locked by a soft impact object (mesh) that stiffens the axle and wheels while in motion.
Modeling and solving are performed using Matlab — Simulink software to investigate the influence
of the traction force of the mesh on the wheels in different cases. The results are meaningful for the
research, design and manufacture of a soft impact emergency stopping device in the form of a rolled

mesh.

Keywords: Emergency stop, Soft action type,; Roll-up grille; Axle; Wheel.

1. TONG QUAN

Hién nay, cac thiét bi chuyén dung dé
dudi bat va chan bit cac ddi tuong to1 pham st
dung 6 to ¢6 nhiéu loai, theo nhiéu nguyén 1y
khéc nhau, trong d6 hi¢u qua va dap tng cac
yéu ciu vé an toan cho ngudi, phuong tién va
hang hoa d6 14 cac thiét bi kiéu tac dung mém.
Xuét phat tir d6, nhém thuc hién dé tai da lua
chon va dé xuit phuong an thiét ké thiét bi ding

xe khan cip kiéu tac dong mém st dung ludi
cubn. Tuy nhién, tai liu nghién ciru 1y thuyét
vé van dé nay con rat han ché, dic biét & trong
nuée gan nhu chua c6 cong bd. Do vay, nhom
tac gia da thuc hién nghién curu, tinh todn dong
luc hoc khi xe 6 t6 dang chuyén dong bi ham do
su bo cung cua 1udi, cau truc va banh xe dé tir
d6 1am co s¢ cho viée thiét ké va ché tao thiét b
nhim dap Gmg t6t yéu cau thuc tién dit ra, dong
thoi gidm cong strc va chi phi thir nghiém.
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2. MO HINH TiNH TOAN
2.1. Cac gia thiét

- Dao dong cua hé 13 dao dong tuyén
tinh, nhé xung quanh vi tri can bang tinh. Géc
lic doc va lic ngang rat nhé va tuyén tinh véi
ham lugng giac cua cac goc trén;

- Toan bd phan dugc treo va khong
duogc treo 1a khdi cung tuyét d6i, khoi luong
duogc treo va khong dugc treo duoc quy dan vé
trong tdm va biéu thi qua gia tri khéi lugng va
mo-men quén tinh khéi lugng;

- Than xe, cau xe ddi xing qua mat
phang doc xe véi mit phang chuyén dong ctia 6
td; Cac lién két cuia céc vat trong co h¢ dugc coi
1a 1y tuong; Cac dic tinh cua phan tir dan hoi
va giam chan 1a dic tinh tuyén tinh va cac bo
phan dan hoi va giam chan chi bién dang theo
phuong thing dimg vudng goc v6i mit phang
chuyén dong cua xe;

- Banh xe duogc coi l1a khong nghiéng
so voi mit phang chuyén dong. Hién tuong
dan hoi bién dang cua 16p chi xét trong phuwong
thang dimg; Bo qua cac ngudn kich thich dao
dong trén xe. Coi map mé mit duong 1a ngudn
kich thich duy nhat; Bo qua anh huong dan hoi
hé thong lai; Khung xe 6 to cting tuyét doi;

- Chuyén dong phuong doc cua cau xe
tuong dwong véi chuyén dong doc cua khoi
lwong duge treo twong tng; Cau xe khong lac
doc tuong d6i véi khéi luong duoc treo;

- Céc gbc quay theo truc thang dimg cta
cac cu xe bang cac goc quay truc dung ctia khoi
luong duoc treo twrong tng; Cac diém dit lyc tir
hé thong treo 1én khéi luong duoc treo duge quy
vé diém tuong Gmg v6i diém gitra nhip;

- BO qua ma sat khop don treo doc; Bo
qua anh hudng cua vi sai dén phan bd moé-men
chu dong; Khi tién hanh phanh xe coi rang van
toc 6 to s& nho do d6 bo qua luc can khong khi;
Khi phanh xe do Iyc can l1an rat nhé so véi luc
phanh nén c6 thé bé qua.

2.2. Thiét 1ap mé hinh

Dua trén cac gia thiét trén, xay dung mo
hinh khao sat nhu sau (hinh 1).

Hinh 1. M6 hinh khao sat dong luc hoc qua trinh
phanh

- Hé quy chiéu c6 dinh OXYZ; Hé quy
chiéu gin voi quy dao chuyén dong cia 6 to
0,X,Y Z, (hinh 1) c6 O, dit tai hinh chiéu cua
toa do trong tim than xe 1én mat phing duong.
Trong hé quy chiéu nay, 6 t6 s& c6 3 bac ty do 1a
chuyén dong theo phuong X, Y vaxoay theo
phuong ¥ ;

- Hé quy chiéu gin vai khdi luong duoc
treo cua 6 t6 O XY Z,, (hinh 1) c6 O_dat tai toa
d6 trong tam phan khoi luong duoc treo. Trong
hé quy chiéu nay, khdi luong duoc treo cia 6 t6
co3bactrdola chuyén dong theo phuong Z,
xoay theo phuong ¢ _va 0 ;

- Hé quy chiéu gin voi khéi luong
khong dugc treo cau trude cua 6t6 G X 1YHIZ¥1 »
(hinh 1) c6 O, dat tai toa d§ trong tdm phéan

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024 109
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

khéi lwong khong dugc treo ciu trude. Trong
hé quy chiéu nay, khdi luong duoc treo cia 6 to
¢6 2 béc tu do 1a chuyén dong theo phuong Z,
xoay theo phuong ¢ ;

- Hé quy chiéu gin véi khéi luong
khong dugc treo clu sau cta 6 t6 G 2XuZYuZZu2’
(hinh 1) c6 O, dat toa d(f)‘ trong tam phan khoi
lugng khong dugce treo cau sau. Trong h¢ quy
chiéu nay, khdi luong dugc treo cta 6 to c6
2 bac tu do 1a chuyén dong theo phuong Z,,
xoay theo phuong o .

3. TINH TOAN PONG LUC HQC

3.1. Pong hoc chuyén dong ciia 6 td gin véi
h¢ quy chiéu O,,

Van toc cua 6 to trong hé quy chiéu
O XY Z vatrong hé quy chi€u co6 dinh:

v, =V, v

ov yv

of:[x v o/=4,

[o 0 ¢ :[0 0 wz]; (1)

Gia téc ctia 6 to trong hé quy chiéu
GXYZ:

X v 0]'=AU;,’L..([X' Y 0]+wsz.vw)(2)

Ap dung dinh luat II Newton, ta cé
phuong trinh vi phan:

m[dV, v, o]: F, F 0
, , 3)

1JU.[0 0 dw,|=[0 0 M|

Vi
F’z*u = F:z:qulL + F?z:qulR + F;;gu?L + F;:quZR
B B B
sz = F‘zqulL'E F‘IqulR 2 + F’zqu?L'E 2qu2R” 9 (4)

By = BFILF, = BFIR iF, ., = BF2L,iF, ,, = BF2R

quiR qu2L min?* equzR O < min

- La luc phanh & cac banh xe.

3.2. Pong hre hoc chuyén dong khéi lwong
dwgec treo

Thiét 1ap mo hinh khao sat dong luc hoc
chuyén dong cua khoi lugng dugc treo trén 6 t6
(hinh 2).

Hinh 2. Hé quy chiéu cia khéi lwong dwoc treo
trén xe 0 t6

Van téc khdi luong duoc treo m_cua 0
to trong hé quy chiéu GXYZ vatrong he quy
chiéu c6 dinh:

v, =0 o v oo z]=av, ©

G
s s

Phuong trinh dong hoc goc xoay trong

hé quy chiéu c¢6 dinh:

¢ 0 sin(y,) cos(),) w,

0| = cos(@ 3 |0 cos(f,).cos(p,) —cos(f,).sin(¢ (6)
P 1 sin(0,).sin(¢)) sin()). cos(wk)

Gia toc cua khéi lugng dugc treo m_
trong he quy chiéu GXYZ vatrong hé¢ quy
chiéu ¢ dinh:

00 Z]=4a.(v, += V] O
Xéc dinh dich chuyén va van tc dich
chuyén tai cac diém treo trong hé quy chiéu co

dinh:

- Dich chuyén cua cac diém treo dugc
xac dinh nhu sau:
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ROslL = RG + A.OslL; ROsIR = RG_+ A OslR;
ROs2L = RG + A .0s2L; ROs2R = RG_+ A .Os2R;

(8)

- Van tdc dich chuyén duoc xac dinh
nhu sau:

dROsIL = A VG + A .w OslL; dRosIR = A VG + A .w .OslR; (9)
dRO2L = AVG + A.@ 0s2L; dROS2R = AVG, + A 02R;

Phuong trinh vi phdn m6 ta dao dong
cua khoi luong duogc treo trén 6 t6 nhu sau:

mﬁ.[O 0 de] :[0 0 FZJ; Jﬁ.[dwn dww 0] = {Mws My, 0},(10)
Céc lyc tac dung 1én than xe nhu sau:

Fz, = Fz g + Fz,5+ Fz o, +Fz,
Mz, =—-0,5BFz_ , —0,5BFz,,

+0,5.BFz,,;, +0,5.BFz,, +h, F; (11)
My =—aFz , —aFz, *
TOFz,, 0 Fz,, + h‘c;P,w-:

sR-:

=R

Trong do: P, P, - Cac lyc quan tin}l;
a, b, h. - Toa d trong tdm thén xe; B - Chiéu
rong co s¢ cﬁq 0 t0; qulsL,, Fz ..Fz .  Fz . -
Céc luc dan hoi cua hé thong treo tac dung 1én

than xe.

3.3. Pong luc hoc chuyén dong khdi lwong
dugc treo

Hé quy chiéu cua khéi lugng khong
duoc treo cua 0 t6 duoc thé hién trén hinh 3.

Rt =
ol =

Hinh 3. Hé quy chiéu ciia khéi lwong khong dwoc
treo

Ma tran cosin chi huéng cia h¢:

10 0
Aui = A\',cw = 0 COS(SOW') _Sin(spui) (12)
0 sin(p, ) cos(p,)

Véii= 1; 2, xac dinh van téc cua khdi
luong khong duge treo m; cta 6 t0 trong hé
quy chi€u G X Y Z va trong h¢ quy chi€u c6
dinh:

V=l o v ]io 0 z]=av 6 0 o=[s]:(13)

Gia toc ctia khéi luong khong duoc treo
m  cua 0 to trong hé quy chieu G X Y Z va
trong hé quy chiéu c6 dinh:

Xac dinh dich chuyén cua cac lién két
cua cau xe voi h¢ thong treo va banh xe la:

ROwiL = RGui + Aui.Ouil; ROuiR = RGui + Au2.0wiR; (] 5)

Xéc dinh van toc dich chuyén cuia cac
lién két ctia cau xe voi h¢ thong treo va banh xe
la:

dROwL = A_VRGui + A_w_OuiL; dR O-H-fZR(16)
= A VRGui + A =  OuiR:
Vi, ouiL = |0 g 0]; OuiR:[O 75 ]

la cac véc-to xac dinh vi tri cac di€ém treo trong
hé quy chi€u O .

Phuong trinh vi phan mo td dao dong
khoi lugng khong dugc treo nhu sau:

mh-.--l[l 0 dI«"mé].=lD 0 Fzm’];

J .

[~43

do,, 0 0| =[a, 0 0

D

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024 111
cokhivietnam.vn / tapchicokhi.com.vn

(17) F



NGHIEN CUU - TRAO DOI

Céc lyc tac dung 1én cau xe:

Fz = quwl +Fz
M, =-05.BFz

ui qull

Fz —Fz

ik “suil, suiR?

+ 0,5.B.FZWR +0,5.Bkz.Fz , — 0,5.Bks.Fz ( 1 8)

il

Véi cac dan hoi cua hé thong treo tac
dung 1&n cau xe 6 t0 lan luot la:

{FZML =—Fz, i Fz ,=—Fz i Fz  =—Fz, ;Fz =—Fz

ulsL? sulR ulsR? su2L u2sl’? su2R u2sR?

Trong d6: ¥z ,Fz Fz Fz la

A qulL’ qulR’ qu2L’ qu2R °,
cac luc dan hoi cua banh xe tac dong 1én khoi
lugng khong treo.

3.4. Pong luc hoc banh xe khi phanh

So db Ie tac dung 1én banh xe nhw hinh 4.

Hinh 4. So do lyc tac dung 1én banh xe khi phanh

Gia thiét dé thiét 1ap mo hinh dong luc
hoc banh xe khi phanh nhu sau:

- Trong qua trinh phanh, lyc can lan rat
nho so véi lyc phanh, vi vdy bo qua luc cén lan
cua banh xe.

- Phan lyc Fz cia duong tac dung 1én
10p dugc dat trén truc do1 xtrng cua banh xe, tai
vet ti€p xuc gitta banh xe va mat duong.

- Khi phanh chi xét truong hop banh xe
chuyén dich theo phwong doc va chuyén dong
quay goc _] do mo6-men quan tinh MJK gayra. B
qua chuyén dong theo phuong thang ding x, do

b6 qua hé thong treo.

Véi gia thiét nhu trén, phuong trinh
chuyén dong quay ctia banh xe khi phanh duoc
xac dinh nhu sau:

J, 6, =M —BFr, (19)

Tir (19) x4c dinh dwoc gia tri cia gia toc
g6c banh xe khi phanh:

. Mp B BFTd

b= (20)

bz
Tur do, van toc goc cua banh xe dugc
xac dinh theo cong thtrc:

tM — BF.r,

w, = f —— Cdt+ w, (21)
0 me

Trong d6, w, 1a van tbc ban dau cua

banh xe trudce khi bi ham.

Hinh 5. Lyc cua luoi tac dung lén banh xe

Mo-men phanh sinh do luc kéo cua ludi
cubn vao banh xe va mic vao phan gdm xe cla
0 t0. MO hinh xac dinh luc kéo cua ludi tac
dung 1én banh xe tao nén mdé-men phanh nhu
hinh 5.
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3.5. Tinh toan kha ning chong léch lan, chong 1at ciia cac dong xe muc tiéu sir dung din dong
ciu sau

Tinh toan kha ning chdng léch lan, chong 14t cua xe duoc thyc hién thong qua khao sat anh
hudng cua luc kéo cua ludi doi véi cac banh xe. Thuc hién md hinh héa va giai bang phan mém
Matlab - Simulink v6i cac thong s6 dau vao (bang 1).

Bdng 1. Théng so két cdu ciia 6 t6 khdo sdt

TT Théng sb Pon vi Gia tri
1 | Khéi lugng toan bo kg 2150
2 | Khoang cach tir cau trudc dén trong tAm thin xe m 1,5
3 | Khoang céach tir cau sau dén trong tim than xe m 1,0
4 Chiéu cao toa dg than xe m 1,0
5 Ban kinh banh xe m 0,45
6 | Do clng cua hé thong treo trudc N/m 46000
7 | Hé s6 can giam chan ciia hé thdng treo trudce N/m.s? 4500
8 | Do cing cua hé thong treo sau N/m 48000
9 Hé s6 can giam chén cua hé théng treo sau N/m.s? 6000
10 | H¢ s6 bam - 0,8

Bdng 2. Ché d¢ khao sat

TT Théng sb Pon vi Gia tri
1 | Van toc khéo sat km/h 60-120
) \1;)(; ‘gzez I;[}éicxzhi)négn lgzikéo cua ludi tac dung ctia banh xe bén phai so s 0.01-0,06

* Trweong hop lue kéo cta lwdi tac dung 1én
cac banh xe nhw nhau:

£4 th| viin tde hdm

Do luc kéo cua ludi tac dung 1én cac
banh xe nhu nhau nén trong qua trinh bi ham,
xe 0 t06 khong bi Iéch lan va tranh cho xe khong
bi 1at. Pidu nay duoc thé hién rat rd trén hinh
6, khi duoi tac dung cua luc kéo cua ludi, xe bi
ham tir tbc do 60km/h thi van tdc xe giam gan O
nhu tuyén tinh theo thoi gian cho dén khi dimg Thei gian ham [s])
hén. Hinh 6. Do thi van toc xe tir khi bi ham do lyc kéo

ciia ludi (tiv toc Ao 60km/h) dén khi xe dirng hdn

[t

V§n toc hEm mih]
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Két qua khao sat quing duong, thoi
gian xe bi ham do tac dong cua ludi tuong ing
véi cac van toc ban dau khac nhau (bang 3).

Bdng 3. Két qua khdo st quing dwong,
thoi gian ham

Vin téc Quing Thoi gian tir
TT bat dau | dwong xe di khi bi ham
him | dwoc sau khi | cho dén khi xe

(km/h) | bi ham (m) | dirng han (s)

1 60 54,54 6,61

2 70 74,24 7,72

3 80 96,96 8,82

4 90 122,7 9,93

5 100 150,1 11,05

6 110 177,4 12,15

7 120 204,7 13,26

* Trwomg hop luc kéo cia ludi tac dung Ién
cac banh xe khac nhau

Do c6 do tré tac dung luc kéo cua ludi
db1 v6i banh xe bén phai so voi banh xe bén trai
nén khi bi ham, xe s€ c6 hién tuong xe bi léch
lan va c6 thé dan t6i 1at xe.

Do thi hinh 6 va bang 3 cho thdy khi
khao sat véi van téc 100km/h v6i cac d6 tré luc
kéo cua ludi tac dung 1én banh xe cang 16n thi
hanh lang phanh xe cua cang lon.

D4 thi vin the hEm

Hanh lang hilm [m]
——

La=— < r M " " " "
) ) ) "‘I‘hc'ngu-' hém :!.: ) ) N

Hinh 7. Bé thi quy dao phanh khi khdo sdt véi van
toc 100km/h

Bdng 4. Két qua khdo st hanh lang phanh ciia 6 t6

TT Po tré | Quing dwong | Hanh lang

(s) phanh (m) phanh (m)
1 0,01 151,18 0,08
2 0,02 151,77 0,17
3 0,03 151,87 0,25
4 0,04 151,90 0,34
5 0,05 152,30 0,44
6 0,06 152,67 0,55

S B ST i 7 G345 TN

phep Aperdn
g 8 0 i
— ——

3 i .
The e s

Hinh 8. Do thi phan liec phdp tuyén & cdc banh xe

Khi 6 t6 chuyén dong léch lan s& xuét
hién luc quan tinh ly tim lam nghiéng xe, néu
luc quan tinh nay 16n s& lam cho 6 t6 c¢6 thé
bi léch xe. D6 thi hinh 2.9 cho thiy khi 6 t6
chuyén dong véi van toc 60km/h va khi do tré
cua banh xe bén phai cham hon 0,12s thi phan
luc phap tuyén ¢ banh xe phia trudc bén trai
gan bang 0 hay trong trudng hop nay 6 t6 chuan
bi bi lat.

Badng 5. Két qua khdo sat thoi diém 6 t6 mat

on dinh

Vin téc Thoi Quiin

bitdiu | Dy tré  diém ang
TT A, R duong

phanh (s) mat on hanh (m)

(km/h) dinh (s) | P
1 60 0,120 | 0,15 56,2
2 70 0,105 | 0,13 75,9
3 80 0,095 | 0,12 98,7
4 90 0,085 | 0,11 124,4
5 100 0,08 0,10 153,1
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Tur két qua khao sat mo hinh dong luc
hoc noi trén, ta théy: Dé tranh bi léch lan va
1at xe thi phai han ché do tr& khi ham cua hai
banh xe. Do viy, cic phuong an thiét ké va
ché tao lu6i can dam béao ludi phai dam bao bd
ctng ddng thoi ca hai banh. Diéu nay dan dén
phuong an hop 1y d6 1a ding mét tAm luéi quén
dong thoi ca hai banh xe, thoi diém luéi bi kéo
cing ra ciing 13 luc hai banh xe dong thoi duogc
khoa cung.

4. KET LUAN

Bai bao da thuc hién tinh todn dong luc
hoc cho truong hop xe 6 t6 dang chuyén dong
va bi bo ctng boi ludi v6i cau truc va banh xe.
Két qua nghién ciru gitp dinh hudng cho viéc
thiét ké va ché tao thiét bi dimg xe khan cap
theo phuong 4n tac dong mém bang ludi cudn,
phuc vu cho viéc dung xe khéan cép, chin bét
cac loai toi pham str dung xe 0 t0, cac phuong
tién xe 0 t06 tham gia giao thong vi pham bo
chay dé trén tranh cac lyc lwong chirc ning
trong qua trinh thuc thi cong vu...
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