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Tom tat Hé thong truyen lyc co khi o chp (MT) cho phép thay
dbi ty sb truyén luc dé dap tmg t6t voi su thay ddi ché do chuyen
dong va strc can cua mat dudng. VAan dé dat ra dbi v6i hé thong
truyén luc nay la viéc chon thoi diém phl hop voi diéu kién
chuyén dong ciia 6 t6 khdng d& dang va thao tac chuyén s6 gay ra
do giat, dac biét ddi vsi nhirng ngudi co it kinh nghiém lai xe dé
x4c dinh thoi diém sang sé hop Iy kho khin. Céc van dé trén mang
tlnh quyét dinh dén chét luong cua hé théng truyén liwc co khi co
cAp. Trong bai bao nay cac tac gia tap trung vao vigc xay dung
m0 hinh toan hoc va md phong hé théng truyén luc co khi c6 cép
khi khoi hanh va khi chuyén s. Xay dung duong ddc tinh dong/
mé ly hop dé nang cao do ém diu khi chuyen s0. Két qua clia md
hinh 13 co s& dé xay dyng bo diéu khién tu déng cho hop b co
khi c6 cip ban tu dong (AMT).

Tir khéa - Hé théng truyén luc co khi c6 cép; ly hop; md hinh
dong Iuc hoc; qua trinh chuyén sb.

1. Pit véan dé

Mot trong nhitng hé théng quan trong trén 6 to 1a hé
thdng truyén lyc v6i cac chie ning nhu truyén, bién déi
mo-men va toc do quay tir dong co dén banh xe chu dong
sao cho phu hop véi timg ché do van hanh cua 6 to cling
nhu stre can sinh ra tdc dong 1én 6 t6 trong qué trinh chuyén
dong [1], [2]. Ngoai ra, h¢ thong truyén lyc con co cong
dung cat dong cong suét, thyuc hién thay dbi chiéu chuyén
dong 6 t6. Tuy theo phuong phép truyén cong cua dong co,
hé théng truyen luc 6 thé phan ra la: Hé thdng truyén luc
co khi c6 cép [3], Hé thdng truyén lyc tw dong (Automatic
Transmission — AT) [4], [5]; Hé thong truyén lyuc st dung
ly hop kép (Dual Clutch Transmission — DCT) [6], [7]; Hé
thong truyén lwc vO cdp (Continously Variable
Transmission — CVT) [8].

Nho vao két ciu don gian, hiéu suat cao va kha ning
dong lyc hoc tdt, hé théng truyén luc co khi c6 cép duoc
sir dung phd bién trén hau hét céc 6 t6. Tuy nhién, hé thong
truyén lyc nay yéu cau ngudi 1ai xe phai ¢ nhiu kinh
nghiém, hé théng c6 thé gay ra rung, giat hodc chét may
khi khoi hanh/khi chuyén s6 néu chon thoi diém sang s6
khong hop ly hodc thao théc 14i xe chua dung. Do do, viée
x&y dung md hinh déng luc hoc va md phong hé théng
truyén luc co khi dé thay duoc kha niang dap Gmg cua hé
thdng khi chuyén s6 va khai hanh, dong thoi 1 co so dé
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thiét ké bo diéu khién tw dong cho hé thong truyén luc nay
gilp khéc phuc nhitng nhuge diém trén. Xay dung mé hinh
hé thong truyén lyc ty dong thdng qua md men quén tinh
khéi lugng 6 thé duogc tim thay trong [5], [7], [9], [10].

Trong pham vi bai béo, cac tac gia chi thuc hién xay
dyng md hinh dong lyc hoc va mo phong qua trinh thay doi
tdc do khi chuyén s6 ctia hé thong truyén luc co khi ¢ cAp,
md hinh dong luc hoc ¢ ké dén sy dan hdi xodn cua cac
truc, su trugt ctia dia ma sat trong ly hop khi thyc hién dong
md ly hop trong pha khai hanh va chuyén sd.

2. M hinh dong lwc hoc hé thong truyén luc co khi c6
cip

CAu tao chung cua h¢ théng truyén luc co khi bao gdbm:
ly hop, hop s6 chinh, hop phan phéi (néu ¢0), truc cac dang,
ban truc, khép ndi (néu c6), béan truc... Mdi thanh phan cé
chirc néng riéng va phuong thuc hoat dong khac nhau. Ly
hop truyen mo6 men thdng qua dia ma sat, hop so co khi
truyén duge md men nho cac cip banh ring an khép ngoai.

M hinh dong luc hoc hé théng truyén luc co duoc xay
dung trén co sé dam bao don gian nhat nhung khéng lam
mét di tinh chit can nghién ctru. Céc gia thiét co ban khi
xay dung mo hinh dong luc hoc cho cho hé thong tmyen
luc co khi nhu: bo qua sy dao dong cua dong co trén goi
dd cua nd, coi sy phan phdi mé men cho banh xe chu dong
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& hai bén 1a nhu nhau, xem céc chi tiét quay nhu banh ring,
dia ly hop la dia clmg tuyét d6i va c6 md men hoan toan
xé&c dinh va phan tir dan hoi ciia hé 1a céc truc dan hdi khong
khéi lugng. Vi nhitng gia thiét trén, ta ¢ xay dung mo
hinh dong luc hoc hé thong truyén luc co khi dugc thé hién

trén Hinh 1:
‘E“J 1 _.
|_P?,§...u{:!

Hinh 1. M6 hinh t6ng quat hé thong truyén hec co khi MT
Trén hinh: M,; M_; M, - tuong ung l& mbé men déng
co, mo men truyén qua ly hop, md men trén truc so Cap hop

s6 va md men can chuyén dong cua 6 td quy dan vé banh
xe chu dong; J, — md men quén tinh khdi trong duong dong

co va phan cha dong cua ly hop; J, — md men quan tinh
khéi tuong duong ciia phan bi dong va truc so cp cua hop
s0 va cac banh rang n6 mang; J,— md men quén tinh khoi
tuong duong cua truc thir cip ciia hop s6 va cac banh ring
n6 mang; J, =J,, +J,, —moO men quan tinh khéi cua truyén
lyc chinh - vi sai cua hai bén truc; J; — mé men quan tinh
khdi twong duong cua ban truc va banh xe chu dong; J, —
md men quén tinh cua khéi twong dwong cua khéi lwong 6
td quy dan vé banh xe chu dong; K,, C, — twong tng la hé
s6 can nhét va do cang tuong duong cua truc so cap va 10
X0 giam chan quy vé truc so cap; K,,C, — hé s6 can nhét

va do cung cua tryc thir cap; C,, C, —hé s can nhot va do
Cung tuong duong cua hai ban truc; iy, i
s6 truyén caa hop s6 va ty sb truyén caa truyen luc chinh.

l o HTJ

Hinh 2. M6 hinh hé thong truyén lic co khi ¢é cdp

— tuwong (tng la ty

K -

ol oo

Dé rit gon, gia thiét su lién két giita 16p va mat dudng
12 ly tudéng (khdng c6 su trugt gitta banh Xe va mit duong)
cho nén quan hé chuyen dong cua banh xe va mat duong la
xac dinh, do d6 c6 thé thay thé mé men quan tinh J; , J;
bing  md-men  quan  tinh  twong  duong
Js 23y + g, + 3, =J, +m 12 trong do: m, — khéi luong toan
b6 cta 0 t0; rux— ban kinh banh xe;

([eriertiere ot

Hlnh 3. M6 hinh rit gon hé théng truyén lic co khi cé cdp
Tir md hinh dong luc hoc rit gon cia hé thong truyén
luc co khi c¢6 cip (Hinh 3), st dung nguyén ly Delambe,
phuong trinh dong luc hoc md ta dong co va dia ly hop ma
sat duge viet dudi dang sau:
Jioy =M, (@, 1) =M, 1)
Trong d6, M. (a,®@) - md men xoin cia dong co,
M, - mb men ma sat cta dia ly hop, a, @ - twong tng la

d6 mé cuia budm ga, toc do goc cua dong co.

Phuong trinh dong luc hoc m6 té dia ly hop ma sat va
truc vao hop s duogc viét dudi dang sau:
M, —[K,.(, — iyy.0,) + C,.(6, — iy, .0,)] )

Trong d6: @,, 6, twong tmg 12 tdc d6 goc va goc quay
clia truc vao hop so.

Phuong trinh dong luc hoc mo ta truc ra hop sé va banh
rang hop so dugc viet dudi dang sau:

3.0, =iy, [K (@, — iy,.0,) + CL.(6, —iy,.0,)]
K, (@, —i,.0,) +C, (6, —i,.0,)]

Trong d6: w,, 6, twong tmg 1 tc do goc va goc quay

ctia tryc ra hop sd, truyén lyc chinh.

Phuong trinh dong luc hoc mé ta truyén luc chinh va vi
sai, ban truc duoc viét dudi dang sau:

J, o, =1.[K,.(0; —i,.00,) + C,.(6, —1,.6,)]
Ky (@, — @) +Ca(6, - 6,)]
Trong dé: @,, 6, twong tmg 12 tdc d6 goc va goc quay
cua Vi sai, ban truc.

Phuong trinh dong luc hoc mo td banh xe va than xe
duogc viét dudi dang sau:
J

J,@, =

3)

(4)

—Sa= K3.(604 _a)s) +C3'(94 _65) - Mbr _(Fa + l:r + Fg)'rbx
rbx M
hoac

s = Ky (@, — ) +C5.(0, - 6;) — M

Mx

br — (Fa + l:r + Fg)'rbx

()

Trong do: @, 6, twong tng la téc do goc va géc quay

ciiabanh xe. M,, M, twong tng la mémen kéo truyén toi

banh chui dong va momen phanh. M6 men can chuyén dong

cba 6 t0 quy dan ve banh xe chu dong,

M, =M, —(F, +F +F).r, . Gid st ring khong c0 hi¢n

tuong truot gitta banh xe va mat dudng, st dung mdi quan
hé véan toc dai va van toc goc cia banh xe a=v=ay.r, .

Tur cac phuong trinh dong luc hoc (1), (2), (3), (4), (5),

ta thanh 1p dugc hé phuong trinh vi phan the hién dong
luc hoc cua hé thong truyén luc co khi ¢6 cap nhu sau:

Jo,=M,-M,

J,0, =M, —[K,.(0, —i;.0;) + C..(6, —i;.60,)]

J,0, =i, [K, (0, —iy.@,) + C.(6, —i,.6,)]
K, .(@; —i,.0,) +C,.(6, —i, 0)]

340, =1 [Ky (03 —1,.0,) + C,.(6; - 1,.6,)] Q)
—IK;.(w, — ;) +C,.(6, —6’5)]

I = Ky (@, — ) + C.(6, - 65) - M,

0 =w(=12,.,5)

Trong do: @, 6 (i=1,2, ...,5) - twong L'rng 14 toc do
goc va goc quay clia dong co, tryc vao hop s0, truc ra hop

s0, banh ring chu dong cua truyén luc chinh, banh xe chu
dong.
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2.1. M6 hinh déng co
Trong bai bao nay, md hinh tinh cua dong co dugce sur
dung. M6 men xoan cta déng co Me phu thudc vao d6 mé
buém ga « va téc do cua dong co @, va dugc md hinh
hoé bang phuong phép tra bang.
M, = f(a @) ()
Trén Hinh 4 thé hién moi quan hé giita md men xoén ciia
dong co vao géc quay truc khuyu o, va d6 mé buém ga «.

M_(Nm)|
b
/

-, racd's)

Hinh 4. M6 men xodn ciia déng co phu thugc VAo dé mé biedm
ga va goc quay cua truc khuyu
2.2. M6 hinh ly hgp ma sat kho
Ly hop c0 3 trang thai dong hoan toan, trugt va mo.
Trang thai mé, khdng ¢c6 m6é men truyén qua ly hop. O
trang thai trugt, md men truyén qua ly hgp 1a mé men ma
sat truot, duoc xac dinh nhu sau:

S} > pA

M =M, .sgn(@ —@,) = R,.F,...2, sgn(@y — ,) (8)

Trong d6: M, - md men ma sat cua ly hop; F, - luc ép;

 -hé sb masat coulomb; R, - ban kinh ma sat trung binh
cta dia ma sat.

M
Fn — ﬂ emax (9)
HR,Z,
v6i M, 1a md men xodn cuc dai cia dong co, 4 1a hé s6

dutrircualy hop, z, la s6 d6i bé mat ma sét cuia dia ly hop.

_2R*-r°

“ 5 RZ_?

V6i R, I' twong tng la ban kinh ngoai va trong cta dia ma

sét. O trang thai dong hoan toan, md men truyén qua ly hop

M? la md men ma st tinh, dugc X4c dinh trén co sé phuong

trinh (1) va (2) véi didu kién @, =, va @, = @, ta co:
M..J, + M.,

J,+J;

(10)

M¢ = (11)

Trong d6: M, 12 m6-men xoin trén truc so cap hop sd,
Moy = Ky(@, —iy.@,) +C..(0, —iy;.60,) (12)

Két hop biéu thirc (2) va (4) ta c6 md hinh téng quét
cua ly hop ma sét kho:

tr d

{MC ,|a)1—a)2| <(€,|MC
d

MC

<|M;r

(13)

v6i & - hing s6 duong du nho.

= {0
=
ot .‘lthl

- - l )

Hinh 5. So' @6 Simulink md phong dong luc hoc hé théng truyén hiee co khi ¢é cdp

2.3. M6 men cdn chuyén dpng ciia 6 t0

M6 men can chuyén dong cta 6 td quy dan vé banh xe
chu déng bao gom mo6 men can gié, md men can lan va md
men can doc.

Trong do: F,, F., F, tuong ng la lyc can gid, luc
can 1an va luc can déc.

F,=0,5.0,.A,.C,.V’

F =m,g.cosg.f
F,=m,.g.sing

(14)

véi p, la mat @6 khong khi; A, la dién tich can chinh

dién; C, 1a hé s khi dong hoc; v, 1a van tdc chuyén dong

tuong ddi cua 6 t6 so vai khdng khi; g la gia toc trong
truong, B la goc doc cua duong; f 13 hé sé can lan cua
duong.

3. Két qua mo phong

Trong bai bao nay, cac tac gia thuc hién md phong
dong luc hoc cua hé théng truyén luc co khi véi hop sb
co khi c6 4 cép truyén, st dung ly hop ma sat kho véi
thong sb dua ra nhu trong Bang 1. M0 hinh dong luc hoc
cua hé théng truyén luc co khi dugc xay dyng va md
phong bing phan mém Matlab/Simulink nhu Hinh 5.
Ngudng xac dinh trang thai trugt ctia ly hop dugc miéu ta
nhu trong Hinh 6. Két qua mod phong dugc thé hién & Hinh
7,8,9, 10, 11.
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Y va

Trpng thal trugt Ml<
Jog=Ma.m)-M - (.J

Frany thai déng hakn toan

v )i, = M {a.m)~ M

S =M =M.

M« M spnles

|ae?]= M o M M

/ T
Hinh 6. So do trang thdi miéu td qud trinh déng mé ly hop

Bing 1. Thong sé hé thong truyén lyc co khi ¢6 cdp [11]

S_I'_I' Ky hiéu Pon vi Gia tri

1 J; 3,03, kg.m? 0,184; 0,0108; 0,092
2 I ds kg.m? 0,495; 162,601

3 C,;C,;C, N.m/rad 160; 1630; 16300
4 K K, K, N.ms/rad 40; 60; 160

5 ig - 3,07

6 Mo m 0,32

7 R -- 1,0; 3,0

G6c mé buém ga va luc ép 1én dia ma sét duoc diéu
khién boi ngudi lai xe thé hién nhu ¢ Hinh 7. O giai doan
khoi hanh, d6 mé buém ga ting tuyén tinh dén 45% va
duogc gitt khdng dbi, tir sé N gai 1én sé 1. Quy trinh thuc
hién pha chuyén sé 1 sang sb 2, nguoi 1ai nha ban dap ga,
tirc 1a 36 mo budm ga duoc giam vé 0, déng thoi nguoi 1ai
tac dung vao ban dap chan ly hop nhanh va dut khoat, luc
ép Fy 1én dia ly hop ma sat giam nhanh vé 0, ngudi 1ai thuce
hién thao tac gai s6. Sau d6 nguoi 14i thoi tac dung 1én ban
dap chan ly hop, nha ban dap nay tir tir 4& dam bao dong ly
hop duoc ém diu, luc ép tang tir 0 dén gia tri 16n nhat, dbng
thot nguoi lai tac dung vao ban dap ga, thuc hién tang tde
& ché @6 tay s6 2. Luu ¥ rang khi thyuc hién gai s6 xong, luc
ép Fn 1én dia ly hop ma st ting dan, ly hop chuyén tir trang
thai truot twong dbi sang trang thai dong hoan toan, duoc
md ta nhu Hinh 6. Quy trinh thuc hién sang sé khac (1én
$6, vé sé) duogc thyc hién tvong ty nhu quy trinh trén.

ez

Hinh 8. Van téc goc ciia dong co va dia ma sat

4]

A ) i 1] no ' (L4

win)

Hinh 9. Vén tdc goc ciia 6 td

Time|s)

Hinh 10. Gia 6c¢ ciia 6 td

Hinh 11. B¢ gidt cuia 6 t6

Téc @6 goc ciia dong co va dia ly hop ma sét trong pha
khai hanh duge thé hién trén Hinh 8, thoi gian ly hop
truot khoang 1,55 v6i cuong do dong ly hop duge thé hién
& giai doan khi khoi hanh cua luc ép trén dia ly hop ma
sat. Tai do thi quan sat dén pha chuyén sé tir 1-2, tai thoi
diém 5,5s luc ép ly hop va d6 mé buém ga giam dén
khoang 5,7s thi dia ly hop bét dau truot va mé hoan toan
& 5,75s (luc ép bang 0). Sau khi gai sd, luc ép ting dan dé
déng ly hop, ly hop duge déng hoan toan ¢ 6,35. Thyc
hién thao tac Ién s6 2-3, 3-4 duogc thyc hién tuong tu va
v6i van toc tang dan theo thoi gian. Tai thoi diém tang luc
can tac dong lén xe truong hop I1én doc, nguoi lai thuc
hién vé s tir s6 4-3 tai thoi diém 50,5s luc ép ly hop va
d6 mod buém ga ting dén khoang 50,7s ly hop bat dau
truot va dong hoan toan ¢ 50,75s.

Téc d6 cua truc khuyu va tde do truc ly hop theo thoi
gian chuyén dong thé hién & Hinh 8, Van tdc dai ciia 6 t6
nhu & Hinh 9. Toc d6 cua 6 t6 thay doi trong qué trinh
khai dong va chuyén s6 do chénh 1éch tde do trude va sau
khi chuyén sé duoc thé hién viing khoanh d6 trén Hinh 8,
9. Trong giai doan khéi déng tir trang thai ding yén van
tbc goc ban dau bang 0 rad/s. Tang toc do goc khi nguoi
lai tac dung luc Ién ban dap ga, dong co sinh ra m6 men
xoén. Khi thuc hién thao tac chuyén sd, 1y hop ¢ trang
thai mo khién dong co chay khong tai, ddng thoi do md
men quan tinh dan dén téc toc do ciia do co ting lén nhu
vung khoanh do & Hinh 8. Khi dong ly hop, dong co tang
tai, tc do ctia dong co giam xudng, dong thoi truyén md
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men sang hop so. Trong qué trinh chuyén s nay, van toc
dai, gia toc cta 6 t0 ciing thay do6i trong mg voi ving
khoanh d6 & Hinh 9, 10. Pdng thoi gay ra rung giat tai
thoi diém chuyén sé nhu & Hinh 11.

Dbi v6i hop sé co khi c6 cp khi chuyén sé dong co
phai tach khoi hé thdng truyén luc (bang ly hop) do dé co
sy mat mét vé toc do khi chuyén sé nhu thé hién & ving
khoanh d6 cua Hinh 9.

Do ém diju khi thay ddi s6 duoc danh gia thong qua do
giat (dao ham cua gia toc theo thoi gian) duoc thé hién ¢
Hinh 11. Pha khai hanh véi thoi gian dong ly hop do giat
cta 6 t6 1a tam chdp nhan duoc (< 10 m/s3), trong khi dé
khi chuyén sb véi thoi gian ngian do giat cia 6 t6 16n hon.
Thuc té, do giat 16n hay bé phu thudc vao trinh d6 ngudi
lai khi phdi hop ban dap ga, dan dap ly hop va thao tac
chuyén sb.

4. Két luan

Bai b4o da xdy dung dugc md hinh toan hoc va mé
phong dong luc hoc hé thdng truyén Iuc co khi MT. Trong
mo6 phong ndy, ngudi ta gia dinh rang luc ép ly hop thay
d6i tuyén tinh dé dam bao ly hop dong hodc md hoan toan.
Két qua md phong cho thiy sy dap tmg cta hé thong truyén
luc co khi ¢6 cip, md men truyén qua ly hop va dong hoc
cua 0 t6 trong hai giai doan quan trong: pha khéi hanh va
pha chuyén sb. Piém quan trong trong md phong nay la
vide xem xét do giat cua 6 t0 khi chuyén s6 va khi khoi
hanh. B¢ giat nay phu thudc vao thoi gian thye hién va dic
tinh dong/ma cua ly hop. Két qua md phong 1am co so dé
nghién ctru b diéu khién tu dong hda qua trinh dong/mao
ly hop, muyc tiéu cua viéc diéu khién ty dong nay la giam
do giat va giam thoi gian truot, gidp cai thién trai nghiém
I4i xe va cai thién hiéu suét ciia hé thong truyén luc co khi
¢6 cap, hudng nghién ciru ndy s& duge nhom tac gia thuc
hién trong thoi gian toi.
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