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ABSTRACT

The paper studies the longitudinal dynamic model of a car using a hydraulic
transmission system combined with an automatic transmission. This model
includes an internal combustion engine, a hydraulic torque converter, a
geared automatic transmission, a main transmission, a semi-axle and a
wheel, under the influence of resistance forces such as air resistance,
inertia, rolling resistance and uphill resistance. Calculations are performed
to determine the structural parameters of the transmission system and the
engine, thereby evaluating the vehicle's ability to overcome resistance
during movement. The paper also applies analytical and simulation
methods to calculate the traction dynamics of the automatic transmission
system. The results obtained from the simulation include graphs of traction
force, dynamic factors and acceleration of the car, thereby evaluating the
vehicle's ability to overcome resistance, acceleration, climbing and
maintaining speed. The results obtained will serve as the basis for
determining the vehicle's ability to work under specific practical
conditions.
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TOM TAT

Bai bao nghién ctru m6 hinh dong luc hoc doc cua 6 t6 s dung hé thong
truyen Iuc thuy luc két hop véi hop sb tu 'dong. M6 hinh nay bao gdm dong
co dbt trong, bo bién mo thuy luc, hop sb tw dong co cip, truyén luc chinh,
ban tryc va banh xe, dudi tac dung ctia cac lyc can nhu lyc can khi khong
khi, Iyc quén tinh, luc can lan va lyc can 1én dbc. Cac budc tinh toan dugc
thuc hién dé xac dinh cac thong s6 két ciu cua hé théng truyén luc, dong
co, tir d6 danh gia kha nang khic phuc lyc can cta 6 t6 trong qua trinh di
chuyén. Bai bao ciing 4p dung phuong phap giai tich va mé phong dé tinh
toan dong luc hoc kéo cua hé thong tnlyen lyc tu dong. Cac két qua thu
dugc tir md phong bao gdm céc dd thi vé luc kéo, nhan t6 dong luc hoc va
gia toc ciia 0 t0, tir d6 danh gia kha nang khic phuyc lyc can cua 6 to, kha
nang ting toc, leo déc va duy tri tbe do. Két qua dat duoc s& lam cin ctr
cho viéc xac dinh kha nang lam viéc cia xe trong diéu kién thuc té cu thé.
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1. Pit vén dé

Hau hét cac 6 to hién nay dang sir dung ngudn dong lyc chu yéu bang dong co ddt trong véi nhidu
vu diém dugc phan tich trong [1]. Trong [2 1, [3] da chi ra rang duong dac tinh cua dong co dbt trong
khong phu hop voi cac ché do 1am viéc ciia o t0, do do hé thdng truyen luc dugc trang bi cho 6 t6 gitp
0t co the thay d6i duogc gia trj luc kéo, van tdc phit hop véi cac ché d6 chuyén dong cua 6 t6. Voisy
phat trién cua cong nghé, hé thong truyén lyc ty dong st dung bién md thuy luc két hop véi hop s tur
dong co cap dang dugc sir dung rong rai, h¢ thong dong vai tro truyén va bién doi mé men xoan cua
dong co dén cac banh xe chi dong phii hop véi ché do chuyén dong clia 6 to tuong ng véi cac ty sd
truyén khac nhau nhu da dé cap trong [4], [5].

Nghién ctru hé thong tmyen luc rat quan trong trong khau thiét ké xe [6], [7], trong d6 bao gom dong
lue hoc kéo cua hé thong truyén luc tw dong. Tinh toan dong luc hoc kéo c6 lién quan mat thiét dén viéc
xac dinh thong sO ket cau cua dong co va hé thdng truyén lyc 6 t6 [8], [9]. Nho tinh toan dong luc hoc
kéo co thé giai quyét hang loat cac van dé khi vén hanh 6 t6, cling nhu k¥ thuét xay dung duong b,
chang han khi van hanh 6 t6 can xéc dinh toc do chuyen dong trung binh, kha nang tang toc, kha ning
vuot dc, tir d6 trong k¥ thuat xay dung duong b can chon dang bé mit duong, goc doc ciia duong phu
hop véi cac ché 6 van hanh cua 6 to.

Tinh toan thiét ké stc kéo dugc thuc hién khi thiét ké kiéu 0 t6 moi, nhiém vu cua nd la xac dinh
thong sb co ban cua dong co va hé thong truyen lyc nhu cong suét, md men cyc dai cua dong co' tuong
g véi sb vong quay cua truc khuyu, ti s0 truyen ctia hop s, ti s6 truyen ctia truyén lyc chinh. Viée
tinh toan dong luc hoc kéo cuia hé thong truyén luc co khi dugc nhiéu tac gia nghién ctru, tuy nhién

nghién ctru, tinh toan dong luc hoc kéo cho hé thong truyén luc ty dong ¢ cép hién nay con han ché
nhu dé cap trong [10], [11].

Trong bai bao nay, tac gia tinh toan dong lyc hoc kéo cho hé thdng truyén luc sir dung bién moé thuy
luc ket hop v6i hop sb ty dong bang ‘phuong phap giai tich nham lya chon dugc dong co phu hop véi
yéu cau cho trudc, xac dinh thong s co ban cia hé thong truyen lue tw dong, va cudi cung danh gia
dong luc hoc kéo cta 6 t6 thong qua dd thi luc kéo, dd thi nhan tb dong luc hoc va dd thi gia tde.

2. Co sé ly thuyét

Trong bai bai nay hé thong truyen lyc ty dong co cap st dung dong co d6t trong cho 6 to con duoc
nghién ciru, trong do hé thdng truyén luc tu dong co cap bao gom céc bo phan nhu: bién mé thuy luc,
hop sb tu dong co cép, truc cac dang, truyén luc chinh — vi sai, ban truc. Trong qué trinh xe chuyén
dong, cac luc can thay dbi tuy theo ché do chuyén dong.

Bienmé Hop so Truc Banh xe

Dong co thuy lyc  tw dong cardan chu dong

0000

Hinh 1. So' do hé théng truyén luc s dung bién mé thuy luc — hop 56 tir dong
2.1. Dic tinh ngodi ciia dpng co dot trong

Khi khong co duong dic tinh tdc do ngoai cua dong co ddt trong bang thuc nghlem xay dung duong
dac tinh toc dd ngoai cua dong co dbt trong bang cach sir dung mdi quan hé giai tich gira cong suét,
momen xodn véi sé vong quay cua dong co, theo cong thire S.R.Lay Pécman ¢ dang sau:

2 3
F£=Pma{ane+b[nej —c{ne]] N.m/s (M
Ny Ny Ny
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Trong do, P, n, lan luot 14 cong suét hitu ich ciia dong co,sd vong quay cua truc khuyu, Ponax: My lan
lwot 1a cong sudt hiru ich cuc dai cua dong co, s6 vong quay cia truc khuyu tuong Gng v6i cong suit
cuc dai. Doi vdi dong co xang a, b, ¢ lan lugt 1a cac hé so dugce xac dinh bang thuc nghiém nhu sau:
a=1; b=1; c=1[12].

M6 men xoan cua dong co:

10°P
M,=—™2 N.m
® 71,0470, @)
2.2. Cic thong sé ciia bién mé thiiy luc
Hé s6 bién mo thuy luc:
M
Kbm = Mis (3)

; Ny
i =—
n = 0
Hiéu suét cta bién md thuy luc
N .
Tom = N7T = Kbm'lbm (5)

B

Mo men xoan trén truc bom va tua bin phu thudc vao két cau ctia bién mé thuy luc va duoc xac dinh
nhu sau:

Mg = 25.pn5D° (6)
M; = 4 .p.n2D° ()

Trong do, D 1a duong kinh ngoai ctia khoang cong tac; p la trong luong riéng chat 1ong trong bién
mo thuy luc; A, A, HE s6 bién d6i mo6 men so cép, thir cip.

3 T T T 100

T
1
< A >'(—>B
! 90
251 !
y 80
5 | “on| |
h'cé' ol : — 70 3\0/
2 | S
E | 160 =2
E | 2
o 1.5 : 50 2
> —
E 1 0
0 ! 40 3
(7] 3
> 1 ' @
= N A ez ~ o b 130 T
A: Vung lam viéc cua bién mé thuy lvc :
B: Vung lam viéc ly hop khoa 1 20
05t :
| 10
1
1

0 | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
Ty s6 truyén dong hoc

Hinh 2. Buong ddic tinh khéng thir nguyén ciia bién mé thiy hec
2.3. Ty s truyén ciia hé théng truyén luc tw dong

Ty sb truyén truyén lyc chinh dwoc x4c dinh nhu sau:
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i, =0,105 b emex (8)

Ithmax
Ty s6 truyén tay s6 1cta hop s6 duoc xac dinh theo diéu kién chuyén dong cua 6 6 [9]:
G.\P.rb Z(p-€0-rb

Iy € —, - )
M emax 'Io Tl M emax 'Io Tl

Trong do: G, Z o Thi 1an luot 1a tai trong cua 6 to, phan lyc tac dung 1é€n cau chu dong, higu sut truyén
luc. ¥, 0,1 1an luot 12 hé sb can tong cong mit dudng, hé s6 bam cua mit dudng, ban kinh banh xe.

Ty s6 truyén cua s trung gian hop s6 xac dinh theo quy luat cip s6 nhén:

I ="y iy (10)

Trong d6: n - s6 lugng tay sb; k = 2 + n 1a tay s trung gian
2.4. Cac lyc cdn cia 6 to

Luc can lan dugc xac dinh theo cong thuc:
F; = f.G.cosp (11)

Trong do, f, [ lan luot 13 hé sb can lan, goc dbe doc cua duong.

Khi xe 6 t6 di chuyén 1én déc, trong luong G ciia xe duoc phan tich thanh hai thanh phan: G.cosf,
¢6 phuong vudng goc voi miat dudng, tao ra cac phan luc phap tuyén tic dung 1én cac banh xe, ky hiéu
la Z, va Z,. Gsing, dong vai tro can tro su di chuyén cua xe khi 1én déc va duge goi 13 Iuc can dbc
3

Do d6, luc can tac dong 1én xe khi né chuyén dong 1én dbc duoc tinh toan theo cong thirc sau:

F =Gsing (12)

Béng thuc nghiém, lyc can khi dong hoc khi 6 t6 chuyén dong dugc xac dinh theo cong thure:

F, =K.FV (13)

Trong d6 K 1a hé s6 can khong khi, hé 5O nay phu thugc vao khi dong hoc cua 6 t6 (N. s?/m*); F la
dién tich can chinh dlen(mz) v 14 van téc chuyén dong cua 6 to (M/s).

Luc quan tinh xuat hién khi 6 to chuyén dong v6i van tdc thay doi, xac dinh theo cong thirc sau:

G.
Fi=671 (14)

trong do, j 1a gia toc ciia 6 t6, J; hé s6 co xét dén anh hudng cac chi tiét chuyén dong quay trong hé
thdng truyén luec.
3, =1,05+0,05i; , véi i 1a ty s truyén ciia hop sb.

Tong luc can tac dung 1én 6 t6 nhu sau:

F=FftRtF+F, (15)
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2.5. Xdc dinh dong lyc hoc kéo
2.5.1. Pdc tinh dau ra cia dong co dot trong — bién mé thity luc

bong co ndi véi hop s6 thong qua bién md thuy luc (néi mém). Pé tinh toan dong luc hoc, trong
truong hop nay phai xay dung dudng déc tinh ra dong co - bién mo thuy lyc. dau tién, tim diém lam
vi€c dong thoi gilra dong co va bién mo thuy lyc theo cac budc nhu sau:

Buéc 1. Xay dung duong dac tinh dong co véi n, =ng

Budc 2. Cho 1 s6 gié tri bt ky cuia ipm roi cin clr vao dic tinh khong thir nguyén tim cac gia tri Ay
tuong tng.

Budc 3. Cho 1 sb gia tri N, theo cong thirc (6) tim cac gia tri My tuong tmg véi I, . Su phu thude
M, = 4,.p.n2D° ¢ dang duong cong béac 2 (Parabol).

Tir db thi ta thay sy lam viéc dong thoi gitra bién mé thuy luc va dong co ddt trong & nhimg diém
M;, M, , M, nhu trong hinh 3, nhu vay véi timng géc mé buém ga s& c6 mot ché d6 1am viéc chung

thich hop gitra dong co dbt trong va bién mo thuy luc, ché d6 nay khong thay doi va khong phu thude
vao ché dé chuyén dong 6 to.

M. M, (N.m)

0 Ne=ny(V/p)
Hinh 3. Dac tinh tdi cia bién mé men thuy lyc va ddc tinh toc do ngoai cua dong co
Budc 4. Khi biét N,, I,. Ta xay dung d6 thi duong dic tinh ra dong co - bién md thuy luc

M =f(ne), Ny = f(np):
M; =Mg.Kyp, Ny =My (16)

2.5.2. Lyc kéo cuia 0 t6

Luc kéo tiép tuyén tai cAu chu dong tuong (mg vai cac tay s6 duoc xac dinh theo cong thic sau:

My g i -7
Fﬁ%i“ (17)

V6ild, r, 1an luot 1a hé sb bién dang cua lép, ban kinh banh xe.

Béng cach thay doi ty s6 truyén twong img véi cac tay sd, s& thu duoc gia tri luc kéo tiép tuyén twong
ung.

M&i quan hé giira tdc d6 dong co va van tdc cua 6 to twong ing vai cac tay s6 dugc xac dinh theo
coOng thtrc sau:

mN.AL
Fi=—"—"

(18)

Il

Bing cach thay doi gia tri n, trong khoang (n™", nr*) va ty s6 truyén hop s6 i, twong ung.
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2.5.3. Nhdn t6 dong lyc hoc
_Nhan td dong luc hoc dugc sir dung dé danh gia kha ning khic phuc can chuyén dong duoc biéu
dién dudi dang sau:

Dy = (19)

2.5.4. Gia toc chuyén déng
Gia tdc cta 6 to duge xac dinh thong qua nhan t dong luc hoc, biéu dién nhu sau:

. D, —sing— fcosp
i = 5 g

(20)

3. Két qua md phéng va ban luan
3.1. Théong sé yéu ciu

Cac thong s6 ban dau bao gdm: loai 6 t6 thiét ké: 6 t6 con; s6 hanh khach chuyén chd: 05 nguoi; toe
dgf) 16n nha”}t cua 0 t6: Vma=42m/s; cong }h&c banh xe: 4x2; Trong luqngw kh@ng tai: Go= 1550 (kg); Hé
s0 phan bo 1én cac truc: may=1.35; Hé s6 can mat duong: ymax = 0,3; Kicu 16p: 185/60R15.

Cac thong sb cta hé théng truyén luc duoc xac dinh nhu sau: in = 3,54; in2 = 2,11; i3 = 1,5; e =
1,16; ins = 0,9; ins = 0,7; 10=4,0875.
3.2. Két qud

190

500 4
185 | .
__ 450 | 35
180 s E s
g’ ’Z 400 =
175 B g g
P o 25 g
170 | & 2 350 | 2
= N < 2 5
- 165 | 2 8 o
2 a2 < 300 -
- £ g 15 3
g1 5 2 250 gn
155 = ! 8
150 | 200 | 05
145° ’ - ; 10 150 ! ! : 0
0 1000 2000 3000 4000 5000 0 500 1000 1500 2000 2500
S6 vong quay déng co (v/p) S8 vong quay banh tua bin (v/p)

Hinh 4. Puong ddc tinh ngodi ciia dong co dot trong  Hinh 5. Puong dic tinh dau ra cua dong co dot trong
— bién mo thuy luc

10000 . i . r . '
Fk1
Fk2
8000 Fk3 |
Fk4
Fk5
3 | Fk6 |
< 6000 —
0
B4 e
=
= 4000 |
2000 [ U |
Y 919
_______________ .
e . i . .
0 5 10 15 20 25 30 35 40 45

Van t&c cua 6 té (m/s)

Hinh 6. D6 thi déc tinh kéo ciia 6 16 & cdc tay s6 khdc nhau
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05 T T T T T
D1
D2
04f 03
g D4
= D5
s D6
o 0.3 i
o
O
S
e
c 02 4
<@
=
z
0.1
X 42
— Y 0.01365
0 1 L 1 1 1 Il Il el
0 5 10 15 20 25 30 35 40 45

Van téc clia 6 té (m/s)

Hinh 7. D6 thi nhdn téc dong luc hoc cia 6 t6 o cac tay $6 khdc nhau
5 r T T T

j2
B3|
4
5
6

6 t6 (m/s?)
w

dc cla b

Gia t

L I I I I ]
0 5 10 15 20 25 30 35 40 45

Van t8c clia 6 td (m/s)
Hinh 8. Bé thi gia téc ciia 6 6 & cdc tay sé khdc nhau

P thi dic tinh ngoai cua dong co (hinh 4) cho thady m6-men xoin cia dong co dat dinh & khoang
2500v/p vai gié tri xap xi 187N.m. Pay 1a mot diém quan trong vi do thi chi ra rang dong co dat hiéu
suit mo-men xo04n cao nhat trong dai toc d6 trung binh, gitp 6 t6 c6 luc kéo manh trong qua trinh ting
tbc va duy tri sic manh khi leo doc hoic kéo tai nang. Khi téc do dong co tiép tuc ting trén 3000
vong/phat, md-men xoan giam dan, diéu nay cho thiy dong co chuyén sang duy tri cong suit ting dan
& tc d6 cao. CONng suat dat cuc dai gan 80 kW tai khoang 5000 v/p, gitp 6 t6 duy tri toc do 1on trén
duong cao toc.

D6 thi dic tinh ra cia dong co dbt trong - bién mé thay lyc (hinh 5) dong vai trd quan trong trong
viéc xac dinh mo-men, cong suat tir dong co truyén dén banh xe chu dong. O téc do banh tua bin thap
(dudi 1000 vong/phat), mé-men truyén dat rat cao (xap xi 450 N.m), gilip xe c6 kha ning tang tbc manh
khi khai hanh tir vi tri ding yén. Tuy nhién, khi tdc do banh tua bin tang 1én, m6-men giam manh, dat
khoang 150 N.m & téc do khoang 2500 v/p, diéu nay cho thay bién md thay luc giam dan tac dong khi
xe chuyén sang dai toc do cao hon.

DE) thi luc kéo ctia 6 t6 (hinh 6) ciing minh hoa rd rang sy giam dan luc kéo khi van téc 6 to ting 1én.
O sb thap nhét (Fi), luc kéo dat gia tri cao nhat (khoang 9000 N), nhung giam rat nhanh khi van téc
tang. Dleu nay cho thay & dai tbe do thap, hop sé uu tién luc kéo dé gilp xe tang toc manh, nhung khi
chuyén s6 va van téc cua 6 t6 tang 1én, luc kéo giam dan, va sy thay doi ciia cac sb (tir s6 2 dén s 6)
lam giam lyc kéo, gilp duy tri kha ning di chuyén 6n dinh khi xe & van toc cao hon. Buong luc can (F)
tang dan theo van téc, va khi lrc can cit luc kéo (Fys) van tc cia 6 t6 dat gia tri 1on nhat 42 m/s.

Pd thi nhan té dong luc hoc (hinh 7) cho thay rd su khac biét giira cac cap s6. Nhan té dong hec hoc
cao & cac sb thip (D1 va D), dac biét ¢ van téc thap, gié tri nay thé hién kha niang khic phuc can hay
tang toc nhanh khi 6 t& khai hanh. Nhan t6 dong luc giam dan khi xe ting toc. Diéu nay l1a dién hinh
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trong céc hé thong truyén hrc véi nhidu cap s6, noi ma cac sé thap hd tro ting tbc manh mg, trong khi
céc sb cao téi uu cho van hanh 6n dinh ¢ tc do cao.

Cubi cung, dd thi gia téc (hinh 8) cho thay sy suy giam ro rét cua gia téc khi van téc 6 t6 ting. O cac
s6 thap, gia toc ban dau rat cao, v6i gia tri cyc dai gan 4,1 m/s?, dac biét & van toc dudi 10 m/s. Pay la
minh ching cho kha néng tang tb¢c manh m& khi 6 t6 khoi hanh. Tuy nhién, khi toc do tang va cac cap
s6 cao hon duoc su dung, gia toc giam xudng, va gan bang 0 & van toc khoang 40 m/s. Bac biét, & s6
cao (je), gia t6c gan nhu duy tri 6n dinh & muc rat thap, cho thdy & téc d6 cao, xe khdng con kha ning
tang toc nhidu nira ma chu yéu duy tri téc do hién tai.

4. Két luan

Tinh toan dong luc hoc kéo c6 lién quan chit ché dén viée xac dinh thdng sb két cdu co ban cua dong
co d6t trong va cac thong sé két cau caa hé thdng truyén lyc trén 6 t6. Nghién ctru nay, dong luc hoc
kéo duoc tinh toan bang cach sir dung chuong trinh Matlab/Simulink. Cac két qua dat dugc cho thay hé
thdng truyén luc c6 anh huéng dang ké dén hiéu suit van hanh cua 6 t6, dic biét trong qua trinh ting
tdc, leo déc va duy tri tc do cao.

Higu suét truyen luc cua h¢ thdng sir dung bién mo thiy lyc dugc tdi wu hoa nho dic tinh bién doi
md-men xoin. O tdc d6 banh tua bin thip (<1000 vong/phut), md-men xoin cyc dai dat 450 N.m, gitp
xe c6 kha nang tang td¢ manh tir trang thai dung yén. Khi toc do tang 1én 2500 vong/phit, mé-men giam
xudng 150 N.m, cho thay bién md thay luc dan chuyén sang ché do truyén dong hiéu suét cao hon. Téc
d6 ti da cua 6 t6 dat duoc 12 42 m/s (~151 km/h), pht hop véi yéu cau thiét ké. Didu nay xac nhan rang
hé thdng truyén luc duoc lra chon dam bao kha ning van hanh on dinh va hiéu suat cao.

Luc kéo cua 6 to thay dbi theo cap s6: O sb thap nhat (s6 1), luc kéo cuc dai dat 9000 N, gilp xe c6
kha nang tang t5¢ nhanh. Khi I&n cac cip sé cao hon, luc kéo giam dan, dam bao xe duy tri téc d6 6n
dinh. Piém cit giita duong luc kéo va luc can xay ra ¢ van téc 42 m/s, cho thay sy tdi uu cta hé théng
truyén luc ddi voi kha niang van hanh.

Gia toc cuc dai do dugc khi 6 t6 khoi hanh 13 4,1 m/s? ¢ s6 1, thé hién kha ning ting tbc manh ma.
Tuy nhién, khi van téc ting va 6 t6 st dung c4c s cao hon, gia toc giam dan vé& gan 0 m/s? khi dat tdc
d t6i da, diéu nay phu hop véi ly thuyét dong luc hoc kéo cua o to.

Nhan té dong luc hoc cua 0 t6 cao nhit ¢ s6 thap (D1, D2), gilp xe c6 kha néng khic phuc luc can
Ién khi bat dau di chuyén hozc leo déc. Khi van téc ting, nhan t6 dong luc hoc giam dan, dam bao xe
duy tri hiéu suat 6n dinh trén duong truong.

Nhitng két qua trén cho thay viéc tinh ton va lya chon hé thdng truyén luc ty dong véi bién mé thuy
lwc d3 gitp toi vu hoa kha ning truyén dong cua 6 t6, dic biét trong giai doan khoi dong va ting tc.

Két qua cua nghién ciu s& 1am co s& cho viéc tinh toan, thiét ké cho xe mai hoic tinh toan kiém
nghiém duoc thyuc hién déi véi mot xe da duoc san xuat, nham xac dinh cac thong s6 két ciu va danh
gia dong luc hoc kéo.

Xung dot lgi ich
Céc tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
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