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XAY DUNG MO HINH VA KHAO SAT PONG LUC HQC
HOQP SO VO CAP TREN O TO

Luwu Piec Lich!*, Tran Vin Nhu?
'Khoa Co khi giao théng, Trieong Pai hoc Béch khoa, Pai hoc Pa Nang
2Khoa Co khi, Truong Pai hoc Giao thong van tdi

Tém tit
Hé thdng truyén luc (HTTL) vo cép sir dung hop sé CVT cho phép diéu chinh ti s6 truyén
Iwc mot cach linh hoat dé phan tmg linh hoat véi cac diéu kién chuyén dong va stic can cia
mit dudng. Hop sb CVT gilip xe 6 t6 ting tdc mot cich manh mé, ém 4i va giam tiéu hao
nhién lidu. Tuy nhién, nhitng vu diém nay phy thudc chu yéu vao chét luong diéu khién cua
hop s6 CVT, dam bao rang ti sé truyén phi hop véi didu kién chuyén dong. Xay dung mo
hinh va thiét k& bo didu khién cho hop sé CVT 1a mét chu dé dwoc nhiéu tac gia quan tam.
Trong bai bdo nay, cac tac gia tip trung vao viéc xay dung va khao sat mo hinh HTTL vo
cép, so sanh vé1 HTTL co khi ¢6 cép s6 vé mat dong lyc hoc, sy ém ai va dap ung cia dong
co trong qua trinh tang téc. Hop s6 CVT dugc lya chon trong nghién ctru nay gdm bién mo
thity luc va hé truyén dong dai kim loai. M6 hinh dong luc hoc 1a nén tang dé phat trién luat
diéu khién cho hop s6 vo cap.
Tir khéa: Hé thong truyén lyc tw dong; hp sé6 CVT; ti s6 truyén lién tuc; bién mé thuy lyc;
sudt tiéu hao nhién liéu; dong luc hoc kéo.

1. Tfmg quan

Hé thong truyén luc (HTTL) cua cac 6 t6 1am nhiém vu truyén va phan phéi cong
suét tir dong co ti cac banh xe chu dong, linh hoat thich tng vai diéu kién chuyén dong
Va st can ciia mat dudng. CO hai dang chinh cia HTTL: HTTL ¢6 cap va HTTL vd cap
CVT. HTTL co khi véi cap sb xac dinh str dung ly hop ma sat, c6 hiéu suat cao va kha
nang truyén md men 16n, tuy nhién, mic d6 ém diu khi chuyén sé phu thudc vao k¥ ning
lai cia nguoi 1ai. Quyét dinh chuyén sb thuong do ngudi lai dua ra, dan dén chua dat
duoc su tdi wu trong viéc chuyén sb dé giam thiéu tiéu hao nhién liéu, cling nhu d6 ém
diu khi chuyén s6. HTTL ty dong str dung bién mé thay luc va hop sé co khi véi cap sb
Kiéu banh rang hanh tinh, cho phép diéu khién chuyén sé mot cach téi wu duya trén didu
kién chuyén dong. Tuy nhién, do sir dung bién mé thay hrc va hop sé ¢ cap thuong co
murc tiéu hao nhién liéu 16n hon so v6i HTTL co khi.

Hé thdng truyén luc vo cip CVT cho phép diéu chinh ti s6 truyén lec mét cach linh
hoat, phan @ng tét véi su bién d6i cua ché do chuyén dong va muac do can tré cua mat
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duong. Loai HTTL nay gitp xe 0 to ting tb¢ manh mé va muot ma, dong thoi giam tiéu
hao nhién liéu [1]. Tuy nhién, nhitng uu diém nay chu yéu phu thudc vao chat luong cua
hé théng diéu khién cua hop sé CVT. Do do, su quan tdm cua nhiéu tac gia da duogc
huéng vao viéc phéat trién md hinh mé phong va thiét ké bo didu khién cho hop s6, nham
dap wng cac yéu cau vé kha ning tang tbc va giam tiéu hao nhién liéu cia cac phuong tién
0 t0. Trong viéc xay dung md hinh va md phong dong hec hoc cua HTTL vo cap CVT,
c4c tac gia chu yéu tap trung vao phan tich kha niang truyén md men [2-4], ciing nhu dénh
gia dong luc hoc cua cac bo truyén dai kim loai hodc phi kim, trong d6 bao gém ca sy dan
hdi cua dai [5-7] md hinh dong luc hoc HTTL vé cip CVT kiéu dia lan [8]. M6 hinh dong
lyc hoc day du caa HTTL v6 cip CVT, bo sung thém banh da quan tinh nham lam mém
dic tinh dong hoc trong qua trinh thay ddi ti s6 truyén, da duoc xay dung trong [9]. Tuy
nhién, trong nghién ciru ndy, cac tac gia da bo qua sy dan hoi cia dai. DI voi viée didu
khién hop sb CVT, trong [10], cac tac gia da ap dung thuat toan diéu khién PID dé diéu
khién ti s6 truyén cua hop sé CVT, nham dam bao rang dong co hoat dong trong pham vi
c6 muc tiéu thy nhién liéu nho nhat. Cling v6i muc tiéu twong tu, trong [11], cac tac gia
da 4p dung phuong phap phan hoi tuyén tinh dé diéu khién ti s truyén caa hop sé CVT.

Trong bai b&o nay, céc tac gia chi dung lai ¢ viéc xay dung md hinh va mé phong
dong luc hoc cua HTTL vd cip CVT, trong d6 md hinh dong luc hoc da bao gdbm ca su
dan hdi xoan cua cac truc va sy dan hoi cua dai. HTTL vo cap CVT duoc chon lya gom
bién mo thuy luc va truyén dong dai kim loai. Bang cach mé phong va so sanh véi HTTL
co khi ¢6 cap s6 vé mit dong luc hoc, cac tac gia ciing tap trung vao viéc danh gia do ém
diu va sy dép ng ctia dong co trong qua trinh tang toc.

Phan con lai cua bai bdo duoc sap xép nhu sau: Phan 2 xay dung mé hinh toan hoc
hé thong truyén lyc vo cidp CVT. Phan 3 trinh bay, phan tich két qua md phong dong luc
hoc hé thng truyén luc vo cap CVT. Phan cudi cling thao luan vé két luan va nghién ciu
¢6 thé co trong twong lai.

2. M6 hinh ddng luc hoc hé théng truyén luc vo cap CVT

Hé thdng truyén lyc cua 6 t6 ndi chung, va dic biét 1A HTTL vo cap CVT, 1a mot hé
thdng co hoc phirc tap bao gdm nhiéu thanh phan. M6 hinh dong luc hoc duoc xay dung
dua trén mot sb gia thiét vat Iy cu thé. Pau tién, sy dao dong cia dong co trén khung xe
dwoc bo qua, gia sir rang nd khong anh huong dang ké dén HTTL. Thi hai, su phan phdi
luc cho cac banh xe cht dong ¢ hai bén dugc xem nhu nhau, gia dinh nay giup don gian
héa qué trinh md hinh héa. Thi ba, mé hinh dong luc hoc cua cac thanh phan truc khéng
xem xét kich thudc cy thé, ma thay vao d6 dugc mé hinh hoa bang cac mé hinh khéi
lwong quan tinh tap trung va cac phan tir dan hoi - giam chin, gia dinh nay gidp giam do
phtrc tap ctia mo hinh.
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Lién két 16p - mat duong

Hinh 1. M6 hinh dong luc hoc HTTL v cap CVT trén 6 to.

Trén Hinh 1: T,,T,, T,, T, twong (g la m6 men dong co, moé men trén banh bom va
m6 men trén banh tua bin cua bién mé thay luc, md men can chuyén dong cua o td quy
dan vé banh xe chi dong; J, - md men quan tinh khdi twong duong ctia ddng co va banh
bom; J, - md men quan tinh khdi twong dwong clia banh tua bin, truc va pu-li so cap;
J, - md men quan tinh khdi twong duong ctia truc va pu-li thi cap; J, = J,, +J,, - M6 men
quan tinh khéi twong duong cua truyén luc chinh - vi sai quy dan vé truc ctia banh rang bi
dong; J, =J., +J., - md men quan tinh khdi twong duong clia ban truc va banh xe quy
dan vé banh xe chu dong; J, - md men quan tinh khdi twong duong cia khoi lugng 6 t0
quy din vé banh xe chu dong, J,=mr> véi m, - khdi lugng toan bo cua
0 10, r,, - ban kinh banh xe; K;,C, (i=1,2,3) tuong tng 1a hé s can giam chan va do
cuing cua truc so cap va cia dai quy dan vé truc so cap, truc pu-li thir cap, béan truc; i, , i,
trong Gng 12 ti s6 truyén cua bo truyén dai va cua truyén lyc chinh. Giita hai phan tir
md men quén tinh J,va J, 1a lién két gitra 16p va mat duong dugc mo hinh héa bang md
hinh ma sat [7].

Pé don gian hoa, gia thiét su lién két gitra 16p va mat duong 1a 1y tuong (khéng co
su truot giita banh xe va mat duong) cho nén quan hé chuyén dong cua banh xe va mat
duong 1a x4c dinh, do d6 c6 thé thay thé m6 men quén tinh J,, J, bang md men quan tinh
twong duong J; = Jg, +Jg, +J; = J, +M 2. Ta c6 mé hinh don gian héa 5 béc ty do thé
hién trén Hinh 2.

Tir mo hinh dong luc hoc don gian héa cia HTTL vé cap nhu Hinh 2, st dung

nguyén 1y Pa-lam-be, ta thanh 1ap dugc hé phuong trinh vi phan nhu sau:
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Jo =T,(a,0)-T,()

3,0, =T, ()= Ki(@, —icyr ;) —=C,(0, — i1 65)

33y =leyr (Kl(a)Z —ier @) +Cy (6, - icwes))_ K, (@; —ipe0,) —C, (6, —,6,)
J,0, = io(Kz(a)s —ly0,) +C, (6, _i0'94))_ K; (@, — ;) —C,(6, - 6;)

Jss = Ky(@, —a5) +C, (6, - 65) - T.()

f=w (i=12,..5)

1)

trong d6: @, 8 (i=1, 2, ... 5) twong ung la téc do goc va goc quay ciia dong co, truc so
cap, truc thir cip, banh ring bi dong cua truyén luc chinh, banh xe chu déng;
T.(a, @), T,(), T.(.), T.() - cac ham phu thudc vao do mé budm ga ddng co « va trang
thai ctia hé duoc trinh bay ¢ phan tiép theo.

J AT+, Qr

Hinh 2. M6 hinh @ong luc hoc don gian héa HTTL vo cdp CVT.
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Hinh 3. Puong dac tinh ciia déng co dot trong.
2.1. M6 hinh dong co
Trong bai b4o nay, cac tac gia sir dung mo hinh tinh ctia dong co. M6 men xo04n cua
dong co T, phu thude vao d6 ma buém ga va van toc goc cua truc khuyu. Hinh 3 thé hién
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méi quan hé gitta md men xo0an cia dong co vao van toc goc cia truc khuyu e, (rad/s) va
do mo buom ga (%) [12, 13]:

T, = f(a,@) )
2.2. Md hinh bién mé thay luc
M6 men xoin trén banh bom cua bién mé thiy luc duoc tinh toén theo cong thic
(3) [14]:
T, =k (¢)phd &} )
trong d6: p, - khdi lwong riéng cia dau bién mé, d - duong kinh 1am viéc caa banh bom,
k(¢#) - hé s6 kha ning cua bién mé, ¢ - ti s6 van toc goc ctia bién mo:

]

¢ (4)

a)l

Hé sé kha niang cua bién md k(¢) thong thuong dugc xac dinh bang thyuc nghiém,
trén Hinh 4a thé hién dudng dic tinh kha nang ctia mot loai bién mo [12].

M6 men trén banh tua bin duoc xac dinh theo cong thirc (5), trong 6 ¢ (¢) 1a hé sb
bién d6i m6é men cua bién md (hé sé bién md). Hé sé bién md phu thudc vao ti s6 van toc
¢ va duoc xac dinh bang thuc nghiém, trén Hinh 4b thé hién duong ¢ (¢) cia mot loai
bién mé [12]:

T, =¢(@M, ®)
2.3. Md men cdn chuyén déng ciia 6 to

M6 men can chuyén dong cua 6 td quy dan vé banh xe cha dong bao gém md men

do cac thanh phan luc can gio, luc can lan va luc can déc, duoc xac dinh theo cong thirc

(6) [15]:

T, =(F,+F +F,)r, (6)
trong d6: F,, F(, F, tuong tng la lyc can gio, lyc can ldn va lyc can dac,
F,=0,5p,AC,V @)
F, =m,gcoso.f (8)
F,=m,gsino 9
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a) Hé sé kha nang cia bién md
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b) Hé so bién mo
Hinh 4. Ddc tinh khdng thi nguyén cua bién mo.
Trén Hinh 4: p_- mat d6 khong khi; A, - di¢n tich can chinh di¢n cua 6 t6; C, - hé
s6 khi dong hoc; v, - van tdc chuyén dong tuong dbi cta 6 t6 so voi khong khi; g - gia téc

trong trudng; & - goc doc cua duong; f - hé sé can lan caa duong.

3. Két qua mo phéng ddng luc hoc hé théng truyen lwe vo cap CVT
Trong bai b4o nay, céc tac gia da thyc hién mé phong dong luc hoc cia HTTL vo
cap CVT ¢ ti sb truyén thay ddi lién tuc véi so d6 chuong trinh Simulink nhu Hinh 5, va
sir dung két qua ciia md hinh HTTL co khi ¢ cap twong duong dugc trinh bay trong [16]
dé so sénh. Ti sb truyén cua hop sé vo cip da duoc hra chon sao cho dong co hoat dong
trong viing c6 suét tiéu hao nhién liu tét nhat trong tng véi téc do cla dong co w (a),
duoc biéu dién boi duong “E-line" nhu trén Hinh 6. Tuong tng véi mdi ¢6 mé budm ga,
c6 mot pham vi van téc goc cia truc kKhuyu o (o) 1am viéc véi suét tiéu hao nhién li¢u
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thap nhat, tic 1a vang 1am viéc kinh té nhat. Ving 1am viéc cua dong co c6 suét tiéu hao
nhién liéu nho dugc trinh bay chi tiét trong [17, 18].

res power
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Hinh 6. Puong sudt tiéu hao nhién liéu nhé nhdt cia déng co (E-line).
Ti s6 truyén cia HTTL vd cap CVT duoc xac dinh phu thudc vao van toc goc cuaa
truc khuyu, van toc chuyén dong caa 6 t6 v, va ti s6 dong hoc cta bién mo thuay luc theo
cbng thuc sau:

1~ =
cvT
v, 0

Lo @9O% _ ¢ 4.9 (10)
1

Khi van téc cua 6 td nho ti s6 truyén cia hop sé CVT rat 16n vuot qua kha ning cua
bo truyén dong dai, do d6 gia tri i.,, duoc xac dinh theo cong thic (10) va bi gidi han

theo kha ning ctia bo truyen i, e[ it i |-
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Bang 1. Théng sé mé hinh déng luc hoc HTTL vd cdp CVT [19]
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Hinh 8. T/ s truyén cia hop sé doi véi 2 HTTL.
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Khi van téc caa 6 to nho, ti s6 truyén cua hop sé CVT rit 16n vuot qua kha ning
cua bo truyén dong dai, do d6 gia tri i, dugc xac dinh theo cong thirc (10) va bi gidi han

theo kha nang cua bo truyen i, [ids,idy |-

Thong sé cua md hinh dong luc hoc cia HTTL vé cdp CVT duoc hién thi trong
Bang 1. Puong dic tinh md men cua dong co va dac tinh khong thi nguyén caa bién md
duoc lay tir cac d6 thi twong tmg nhu dwoc md ta trong Hinh 3 va Hinh 4. Qua trinh ting
toc cua 6 tO tir van tde ban dau dén van tdc cuc dai, cling véi do6 mé budm ga theo thoi
gian, duoc biéu dién trong Hinh 7. M6 hinh dong luc hoc cia HTTL v cdp CVT di duoc
xay dung va md phong bang phan mém Matlab/Simulink, véi két qua md phong duoc thé
hién trén cac hinh 8 - 12.

Trén Hinh 8, d6 thi thé hién sy thay doi cua ti s6 truyén theo thoi gian trong qué
trinh tang tc. Trong hop s6 co khi co cap, thoi diém chuyén sb dugc quyét dinh boi lai
Xe, & bai bao nay cac tac gia gia dinh thoi diém chuyén sé cho hop s6 co khi ¢ cip nhu
trén Hinh 8. Chién luoc chuyén s nay dugc thiét ké dé dam bao rang 6 to dat duoc gia
t6¢ 16n nhét c6 thé.

DPong luc hoc cua 6 to duoc thé hién trén Hinh 9 va Hinh 10. Déi véi van téc cua
0 t6: Hop s6 co khi co cap khi chuyén sé, dong co phai dugc tach khoi HTTL théng qua
bo ly hop ma sét, thoi diém nay 6 t6 chuyén theo luc quan tinh, dan dén mat mét toc do
duoc thé hién ¢ 3 ving khoanh tron twong (ng véi 3 thoi diém chuyén sb. Thoi gian
chuyén s6 1a khoang 1,5 gidy, trong thoi gian nay, 6 td cd gia toc m, diéu nay dan dén
kha ning tang tbc kém hon so véi 6 t6 duoc trang bi HTTL v6 cap CVT (Hinh 10). O thoi
diém chuyén s6 cia HTTL co khi, gia toc bién thién rat 16n so véi HTTL v cap CVT.
Hon nita, d6 ém dju khi ting toc (dugc danh gia théng qua do giat - dao ham cua gia toc
theo thoi gian) caa HTTL: Két qua md phong ¢ Hinh 11 cho thay rang HTTL vo céap
CVT d6 giat nho hon rat nhiéu so véi HTTL c6 cip tai thoi diém chuyén sb, diéu nay
mang lai HTTL v6 cip CVT dap tng do ém diu, ém 4i t6t hon rat nhiéu so véi HTTL c6
cap. Vai hop s co khi ¢6 cap, khi chuyén sb, do giat I6n hon nhiéu so véi hop sé6 CVT tai
cuing thoi diém. Trén Hinh 12, két qua cho thdy HTTL vé cip CVT c6 biéu db thé hién su
dap tng cua dong co lam viéc trong viing cé suat tiéu hao nhién liéu nho nhit trong quéa
trinh ting toc so véi HTTL ¢ cap.

Déi véi HTTL CVT, dong co hoat dong trong viing cd suit tiéu hao nhién liéu nho
(gan véi duong "E-line"). Do d6, tinh kinh té v& nhién liéu caa 6 t6 duoc trang bji HTTL
CVT duoc cai thién.
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Hinh 12. Ving lam viéc ciia dong co doi véi 2 HTTL.

4. Két luan va huéng nghién cieu tiép theo
Bai bao di phat trién mot mé hinh dong luc hoc cho 6 t6 duogc trang bi HTTL vo

cap CVT, sau dé tién hanh mé phong va so sanh vé mit dong luc hoc, do ém diu va tinh

kinh té nhién liéu so vai 6 t sir dung HTTL co khi ¢6 cap. Két qua cho thay tinh niang
dong luc hoc, do 8m diju va tinh kinh té nhién liéu cua 6 t6 st dung HTTL v6 cip CVT
t6t hon so vai & t6 sir dung HTTL co khi c6 cap. Tuy nhién, viéc so sanh tinh kinh té
nhién liéu caa 8 t& chi duoc thuc hién & goc do cua dong co, chua xem xét dén hiéu suat
tong thé cua HTTL.

Hudéng nghién ciu tiép theo 1a xay dung thuat toan diéu khién cho hop sé CVT ¢6
xem xét dén co cau chap hanh cua hop so.
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DYNAMICS MODELLING AND SIMULATION IMPLEMENTATION
FOR A CONTINUOUSLY VARIABLE TRANSMISSION ON CARS

Abstract: The continuously variable transmission (CVT) system allows for flexible
adjustment of the transmission ratio to adapt dynamically to varying driving conditions and
road resistance. The CVT gearbox enables vehicles to accelerate powerfully, smoothly, and with
reduced fuel consumption. However, these advantages largely depend on the quality of the CVT
control, ensuring appropriate transmission ratios for different driving conditions. Developing a
model and designing a control system for CVT gearboxes is a topic of considerable interest
among researchers. In this article, the authors focus on developing a model and simulating the
continuously variable transmission system, comparing it with mechanically geared transmission
systems in terms of dynamic performance, smoothness, and engine response during
acceleration. The CVT gearbox chosen for this study includes hydraulic variable modes and a
metal belt drive system. The dynamic model serves as the basis for developing control laws for
the continuously variable transmission.

Keywords: Automatic transmission system; CVT gearbox; continuous transmission ratio;
torque converter; fuel consumption rate; traction dynamics.
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