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DIEU KHIEN GAI SO TREN HE THONG TRUYEN LUC AMT

GEAR SHIFT CONTROL FOR AUTOMATED MANUAL TRANSMISSIONS

TOM TAT

Hé thong truyén luc ty dong AMT (Automated Manual Transmission) va DCT
(Dual Clutch Transmission) st dung bg dong téc thong thutng dé gai s6. Tuy
nhién khac véi hdp so co khi co cap, trén hdp so nay viéc gai so dugc thuc hién
thdng qua b diéu khién. Bo phan chdp hanh ¢4 thé la xy lanh thiy luc hoac dong
¢o dién, trong do bd phan chap hanh loai ddng co dién dugc st dung kha phé
bién. Trén co s6 mo hinh ddng luc hoc bo dong toc, nhom tac gia xdy dung bo
diéu khién PD thuc hién diéu khién gai 6. Két qud md phéng vdi bd diéu khién
thiét ké duoc so sanh véi md hinh diéu khién vong mach hg.

Tir khéa: M6 hinh bj ddng tac; diéu khién gai s6; AMT; DCT.

ABSTRACT

The automated manual transmission and the dual-clutch one use conventional
synchronizers to shift gears. However, unlike a manual transmission on these
transmissions gear shifting is done through a controller. The actuator can be a
hydraulic cylinder or an electric motor, of which the electric motor type actuator is
commonly used. Base on the synchronizer dynamics model, the authors design a PD
controller to perform gear shifting control. The simulation results with the designed
controller are compared with the open-loop control.

Keywords: Synchronizer model; gear shifting control: AMT; DCT.

Truong Dai hoc Giao thong Van tai

“Email: thanhhuyen@utc.edu.vn

Ngay nhan bai: 02/6/2021

Ngay nhdn bai stia sau phan bién: 25/6/2021
Ngay chdp nhén déng: 25/8/2021

1. TONG QUAN

Hé théng truyén luc tu ddng hop s6 banh rang c6 nhiéu
uu diém so véi hé théng truyén luc tu dong hop s6 hanh
tinh va hé théng truyén luc co khi ¢4 cap vé tinh diéu khién
va hiéu suat truyén luc. Co hai loai hé théng truyén luc tu
déng hop s6 banh rang dugc ap dung trén 6 t6, gém loai
DCT (Dual Clutch Transmission) va loai AMT (Automated
Manual Transmission). H& théng truyén luc DCT dugc s
dung kha phé bién trén 6 té con. Hé théng truyén luc AMT
c6 trién vong ap dung trén 6 t6 c6 khéach va 6 t6 tai do kha
nang truyén mo men I6n ma hop sé DCT bi han ché. Ca hai
loai hé théng truyén luc trén, diéu khién gai s6 dugc thuc
hién bai bod diéu khién tac dong Ién bd dbng téc truyén
théng dé thuc hién gai s6. B6 phan chap hanh c6 thé la xy
lanh thay lyc hodc dong co dién, trong dé bd phan chap
hanh loai ddng co dién dugc st dung kha phé bién. Bo
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dong téc co vai tro thuc hién gai banh rang quay l6ng
khéng véi truc cila né ddm bao khong gay va dap do su
chénh léch vé téc d6. B6 dong toc c6 cau tao kha phtc tap
gém nhiéu chi tiét. Qua trinh hoat dong clia bé dong toc
trai qua nhiéu pha vé6i cdc mo hinh déng luc hoc khac nhau.
Trong [1] m6 t& va xay dung mé hinh toan chi ti€t qua trinh
gai s6 cla bd dong toc vai 8 pha khac nhau. Mé hinh dong
Iuc hoc bo déng téc kha phtc tap, co tinh phi tuyén cao do
dé thudng st dung céc bo diéu khién don gidn va dé rang
thiét ké nhu bo diéu khién PI [2]. Hodc don gidn héa md
hinh bo dong t6c bang mé hinh ly hop con va st dung bé
diéu phuong phap diéu khién bén viing H,, dé loai bé su
khéng chinh xac cia mé hinh va hé s6 ma sat [3]. Bién dau
ra clia bd diéu khién I3 luc doc truc tac dung lén bd déng
téc (luc gai). Muc tiéu cta bo diéu khién dé van toc gilia
phan ch dong va bi déng clia bd dong téc bang nhau [3]
hodc diéu khién vi tri mo tc gai s6 dé ddm bao thuc hién
gai [2]. Trong bai bdo nay, cac tac gid trinh bay viéc xay
dung thuat toan diéu khién gai s6 co s& phuang phap diéu
khién PD. Mé hinh bd déng téc véi 8 pha dugc mé phéng
dé danh gia bo diéu khién.
2. XAY DUNG MO HINH PONG LUC HOC CO CAU GAI SO
AMT

M6 hinh déng luc hoc ca cdu gai s6 gdm hai mé hinh
con: mé hinh déng luc hoc bd déng téc va mé hinh dong
co - hé dan dong.
2.1. Mé hinh déng luc hoc bd déng téc

Theo [1], cac tac gia da xdy dung dugc mé hinh bd déng
téc hé théng truyén luc AMT, véi két cdu bd dong toc dugc
thé hién nhu hinh 1.

Hinh 1. B dong tc
1) Banh rang gai; 2) Vanh rang bér)h rang; 3) 0 bi kim; 4,5) Vong bac;
6) Vanh déng téc; 7) Moay o dong téc; 8) Ong gai; 9) Bo phan khéa him
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Qua trinh gai s6 co thé chia thanh 8 pha:

- Pha 1: Ong gai di chuyén doc truc tlr vi tri trung gian vé
phia banh rang gai, ddy vanh ma sat ctia 6ng gai tiép xuc
véi vanh ma sat cla banh rang.

- Pha 2: Luc ti dau bo phan khoa tang Ién tao ra mé men
ma sat lam ra quay vong déng téc trong gidi han cla hoc
trén 6ng gai (8). Mat vat ti€p xdc clia vanh dong téc (7) tiép
xUc véi vanh banh rang tao ra mé men ma sat Ién lam banh
rang bat dau dong téc véi vanh dong téc va 6ng gai.

- Pha 3: Pha déng toc, pha nay két thac khi banh rang,
vanh déng téc va 6ng gai c6 cung van téc géc.

- Pha 4: Luc gai ti€p tuc tang, rang trén 6ng gai trugt
trén dau rang cda vanh dong téc tim dén khe gila 2 rang
cla vanh déng téc¢ lam vanh déng t8c dich chuyén 1 goc.

- Pha 5: Ong gai tiép tuc dich chuyén doc truc cho dén
khi rang vat ctia 6ng gai ti€p xUc vdi rang vat clia vanh rang
banh rang.

- Pha 6: Luc gai ti€p tuc ting dé dadm bao duy tri dich
chuyén doc truc clia 6ng gai. Qua trinh nay dung lai khi
thanh phan luc tiép tuyén trén canh vat dd Ién dé quay vong
déng toc bi ket trong phan hinh nén cdia vanh banh rang.

- Pha 7: Luc doc truc tdng dén luc can thiét dé dau rang
trén 6ng gai trugt trén dau rang cda vanh banh rang tim
dén khe gita 2 rang trén vanh béanh rang. Banh rang sé
quay di mot goc.

- Pha 8: Ring trén 6ng gai ti€p tuc di sdu vao khe giira 2
rang trén vanh rang banh rang dén hét hanh trinh. Két thac
qua trinh gai s6.

Mé hinh c6 8 bac tu do bao gém: vén t6c goc clia banh
réng w,, vanh dong téc w,, 6ng gai w, va van téc géc cla
khoa gai w,; dich chuyén doc truc clia 8ng gai x,, clia vanh
déng téc x,, va cta khoa gai x,; dich chuyén theo phuong
huéng kinh ctia khéa gaiy4. M6 hinh todn & cac pha nhu sau:

a) Pha 1: Pha nay két thac khi bé phan khéa ham dich
chuyén hét khoang cach can thiét dé ti€p xdc véi vong
déng téc. Cac bién trang thai cla hé: w,,w, =w, =w,,

sl T

Xg,Xeqs X, = 0 vayy. Cac phuong trinh mé ta nhu sau:

w,=T,/J, 1)
%, = (F, =Ny (sing + pcose)) /ms, )
Wy =T,/(Jy +dg+Jg +5) (3)
%, =Ny (sin@ + pcose) / (n,m,, | (4)
Yoa =F, (1 sin@—cose) /m,, (5)

Trong dé: F; - lyc doc truc tac dung 1én éng gai; N, - luc
phap tuyén tac dung lén mat nghiéng ranh khoéa; T, - mé
men ma sat trén mat cong vanh rang banh rang; J, - mé
men gian tinh khéi cGia banh rang; m,, - khéi lugng clia 6ng
gai; @, - goc nghiéng clia mat nghiéng ranh khéa; y, - hé s
ma sat; T; - mé men ma sat 6ng gai; J, Jy, Jou J5 tuong tng
la m6é men quan tinh khéi ca vanh déng téc, ctia 6ng gai,
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cla khéa va cla truc; n, - s6 lugng khoéa gai; my, - khoi
lugng khoéa gai; F, - luc 16 xo clia khéa gai. Trong giai doan
dau ctia pha nay, khi 16 xo khoa chua bi nén, khi d6 x, = x,
do dé:

56sI = Ff/(msl +npmsd) (6)

Pha 2: Cac bién trang théi ciia hé goém: wy, X =X, =X,
Wy, Wy = W Va Yy Cac phuong trinh mé ta nhu sau:

_ T +T

g J1

(1+(1=n)a/b, ) 4mux,Rlw

sroC ST

J

W

(1 - wg/wsr)b/h +T,

FF—N_, . (1+ a_/sina
X _ f c,ax( UCCOS c/ c) (8)

Sr
(msr + msl + npmsd)

(bsr = (l Tc | +Nth _Nsdustsd +T2 )/Jsr (9)
%y = (F, —Nsl(simp—&—us,cosq)))/mSI (10)
ysd = (Fspring + Nsl (“sl sin ¢— COS(P)/np )/msd an

Trong d6: h, - khoang cach ban dau gilta cac bé mat non;
h.in - khodng cach t6i thiéu gilia cdc bé mat con khi ¢6 tinh
dén d6 nham bé mat; K., Ky - cac hé sé hinh dang clia vong
doéng toc; R, - ban kinh tiép xuc gilta moay o va vong déng
toc; Ryy - ban kinh tiép xuc gilta vong déng téc va bd phan
khoa; n - s6 lugng bd phan khoa. Khi 160 xo bi nén, ¢ su
chuyén déng tuong déi gilta bd phan khéa va 6ng gai. Do dé
phuang trinh chuyén ddng vong déng téc va khéa gai la:

Ny (sing + p,cos@) —N, . (1+p, cosa, /sina, ))

X, = (12)

(mSr + npmsd>

wy = (Nsdustsd —N,R, +T, )/(Jsl +Jy +J5)

Néu gilta vong déng toc va khe khoa gai quay cling t6c
do, cac phuong trinh _ va w_ dugc thay thé bang phuong
trinh sau:

wsr = (| Tc |+T2 )/(Jsr +Jsl +Jsd +J5)

Pha 3: Trong pha nay rang vat ca vong dong t6c va
dng gai ti€p xuc va khong thay ddi vi tri cho dén khi dat
dugc su dong téc. Do d6 khéng co su dich chuyén doc truc
cla 6ng gai; vanh déng t6c va khéa gai. Cac bién trang thai
cla pha nay: w,,w

(13)

(14)

Wy, Xy =X g =X, =y, =0. Cac

sro Yslo

phuong trinh mé ta nhu sau:
W, = (fchch/SinClc (1+b2 sin® ac/(3R§)) +'I'1)/J1 (15)

(uCFfRc (1 +b?sin’ ac/(3R§ )))

Jsr(‘;')sr = . 7Nth
Sina
¢ (16)
(R, (1-p tanB)(F, =N (sinf +pcost)))
_ +T2
(tanB-+,)
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Ry (1—u, tanB)(F, —N, (sing + pcosp))
(tanB + Hs )
(Jsl +Jsd + JS)

MR (1+b7sin” a, /(3R?))

+NR, +T,

, +T,
O, = SII‘]ClC (_I 8)
(Jsr +Jsl +Jsd +JS)

Pha 4: Cic bién trang thdi: wy=w

Srixsl’xsd = O’

Wy =Wy,Y. 4 cac phuong trinh mé ta nhu sau:
. FRy(1—p, tanp)
J +J =
(h+0), (tanB+p,)
~ N,R,(sing +pcose)(1—p, tanp)
(tanB +u,)
_deNsdusd +T1
= (Ff — Ny (sing + p,cosp) —N, (sinB -+ pscosﬁ)) 00

m

(19)

sl

(NsrRsI (COSB_HS SinB) - deNsdusd =+ T3 )

Ba (Jy+Jg+J5) )

Vg = (Fspring —N, (cos<p —Hy sin(p)/np )/mSd (22)

Pha 5: Cac bién trang thai: Wy =W, =Wy =Wy,
XgsXyq = 0,Yy =0, phuang trinh mé ta nhu sau:

Xy = (F —Ngy —N,u, ) /m (23)

Wy =T, /(4 +Jy +Jy +1g +s) (24)

Pha 6: Cac bién trang thdi: Wy,W, =Wy =Wy,

g)
Xy, Xgq =0,y =0, phuong trinh mé ta nhu sau:

W, :(NgRsI (cosB—pg sinB)—NcRcuC +T, )/J1 (25)

o (NQRSI (pg sinB—cosB)—i—Ncchc +T3) 26)
! (Jsr +Jsl +Jsd +J5)

- (Ff —N, (sinB+ugcosB) —N, (uscosyfsiny)stlusl) )

m,

sl

Trong dé: N, - luc tiép xtc phap tuyén gilia cac vat rang
cla vanh rang banh rang va 6ng gai; y - géc vat tha hai ca
rdng ong gai; y, - hé s6 ma sat clia goc vat thi 2 cda rang
ong gai.

Pha 7: Cac bién trang thai: Wy,Ww, =Wy =Wy,

Xg,Xg = 0,Xq =0,y .4 =0, phuong trinh mé ta nhu sau:
) RyF (17;19 tanB)
o, =————
(tanBJrug) 08)
Rs Nsrus+Ns“s 1_“ tanB
- l( l I)( . )_NcRcuc+T1
(tanB+ug)
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myXy =F —Ngug —N, g ng(sinBergcosB) (29)

(NgRsl (M, 5inB — cosp)+NR k. + T3)

30
(Jo Fdg+dg+J5) 0

sl

Pha 8: Cac bién trang thdi: Wy =W, =Wy =Wy,

XsI > Xgr

=0,X4 =0,y.y =0.Cac phuong moé ta nhu sau:

Xy = (Ff — Ng (ugcosy — siny) =N, 1, — Ny )/mSI 31

wsl = 3/(J1 +Jsr+Jsl+JSd +J5)

2.2. M6 hinh cum déng co dién va dan déng

Mé hinh ddng luc hoc don gidn héa ctia dong co dién
c6 thé dugc mé ta nhu sau:

) . . F
Tdc =Tgcla = Jdcer + kdcer +._f (32)
Nt

Trong d6: Ty, - m6 men dién tu cla dong co dién;
Ty - hdng s6 m6 men clia dong co dién; i, - cudng d6 dong
dién phan lng; w, - van téc géc cla rd to; J va B - tuong Ung
la mé men quan tinh va hé sé ma sat nhét clia dong co va
cd cau chap hanh gai so; F; - luc gai; i, - ty s6 truyén luc clia
hé dan doéng, rad/m; n, - hiéu suat truyén luc. Luc gai F;
dugc xac dinh nhu sau:

6, . 8,
F =k, [i__xs|]+ct (i__xslj
t t

Trong d6: k,, ¢, - tuong Ung la hé s6 ma sat can nhét va
dd ciing cta hé dan dong ti dong co gai dén bod déng téc;
X, - dich chuyén doc truc cGa 6ng gai
3. THIET KE BO PIEU KHIEN CAU GAI SO

Qua trinh gai s6 trén hé thong truyén luc AMT ciing
giéng nhu hé théng truyén luc co khi, bao gém 3 giai doan:
nha s6, chon s6 va gai s6. Trén hé théng truyén lyc 3 giai
doan nay dugc thuc hién béi dong co diéu khién, théng
thudng gém ddng ca chon s6 va déng ca gai s6. DE hoan
thanh toan b qua trinh gai s6, hai dong co nay dugc diéu
khién chinh xac & tung gian doan. Trong nghién ctu nay,
nhém tac gid st dung bo diéu khién PD diéu khién vi tri goc
quay clia déng co gai s6 dé dam bdo gai s6 hoan toan. Gia
tri dat diéu khién goc quay ctia déng ca la 12 vong, tuong
Gng 8¢ =75,36 rad. Tin hiéu diéu khién la cudng dé dong
dién phan ung i,. Luat diéu khién PD dong dién phan tng
dap theo yéu cau trén nhu sau:

i, =u=P(6?-6,)+D8,

(33)

(34)

Trong d6: 6, - géc quay clia mé tg, dugc 1dy tir mé hinh
déng téc va bo phan chap hanh; P, D - cac théng s6 cla bd
diéu khién, dugc lua chon dé dam bao thsi gian gai s6
khéng qua dai va luc gai khéng qua 16n dé tranh xdy ra
va dap. Trong mdé phong nay, cac tac gid chon P = 0,5;
D = 0,001, khi d6 thai gian gai s6 khoang 0,228s. Trén hinh
2 thé hién sy thay d&i dong dién phan Ung cda dong o i,
theo thoi gian gai s6. Hing s6 mé men cua déng co gai
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T4 = 0,126Nm/A. G thdi gian khéi dau dong dién ting dé
gidm thoi gian déng téc (pha 3). G giai doan cudi qua trinh
gai, cudng dé dong dién giam dam bao két thac gai ém
diu. Van t6c goc trugt gita vanh rang banh rang va vanh
déng toc thé hién trén hinh 3. Khi c6 diéu khién, thai gian
déng toc (pha 3) gidm con khoang 0,06s. Tuy nhién thai
gian cla pha 2 va pha 4 tang lén. Pay la 2 pha ¢6 sy va
cham gilia rang 6ng gai va vanh déng toc va gilia rang 6ng
gai va va rang vanh rang banh rang. Thai gian tang 1én giup
gidm xung lyc va cham.

curent
7

"“-\\\
5| o
4t
=
T 3|
2|
1+
oL — n L n
0 0.05 0.1 0.15 0.2 025
Time [s]
Hinh 2. Dong dién phan ting diéu khién
3500
3000 f——""""2 _ 1
Khong dieu khien
2500 Vs
&
& 2000 |
Rl o
.I 1500 | [hews khien PO
e
1000 ¢
500 | 1
U L s — Rh—— . J
0 0.05 0.1 0.15 0.2 0.25 0.3
Time [s]

Hinh 3. Van tdc trugt gitia vanh rang banh rang va vanh dong toc khi ¢ diéu
khién (nét lién) va khong diéu khién (nét dut)

250

200

0.15 0.2
Time [s]

025

Hinh 4. Luc diéu khién tac dung 1én bg ddng tdc theo phuong doc truc

Luc diéu khién tac dung 1én bd dbng téc thé hién trén
hinh 4. G pha 3, luc tding gan nhu tuyén tinh véi cudng do
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tang luc I6n nhat trong cac pha, khoadng 1242N/s, cudng do
tang luc trung binh khodng 877N/s.

Dich chuyén doc truc cGa vanh déng téc (x,), 6ng gai
(xg) va cum khoa ham (x.,) thé hién tuong ting trén hinh 5,6
va 7. Dich chuyén 16n nhat clia vanh déng t6c khoang 5mm
(t& vi tri 17,25mm dén 22,25mm), cum khoéa ham dich
chuyén khoang 6mm. Ong gai dich chuyén khodng 25mm
dé dam bao an khép hét rang clia vanh rang banh rang.

23

22

21

X [mm]

20

0 0.05 0.1

0.15 0.2 0.25 0.3
Time [s]
Hinh 5. Dich chuyén doc truc ctia vanh dong t6c
25
20
— 15
E
“?:
10
5 s
//"
o
0 L |
1] 0.05 0.1 0.15 0.2 0.25 0.3
Time [s]
Hinh 6. Dich chuyén doc truc ciia 6ng gai
F g
B}
5
'E 4
xs‘ 3
2
1}
o |
4] 0.05 0.1 015 0.2 0.25 0.3
Time [s]

Hinh 7. Dich chuyén doc truc ciia cum khéa ham

GOc quay cla truc dong co thé hién trén hinh 8, goc
quay l6n nhat chinh 13 gia tri dat cta bo diéu khién,
8¢ =75,36 rad.
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Hinh 8. Gdc quay cda truc dong co diéu khién gai so
4, KET LUAN

Trong nghién clu nay, nhém tac gia da xay dung méd
hinh co cdu gai s6 vai 8 pha tuong ting vSi 8 mé hinh con.
Trén m6 hinh xay dung thuc hién mé phéng thé hién cac
dai lugng déng luc hoc co cdu gai sé qua trinh gai s6 nhu
téc d6 gbc clia banh rang, vanh dong toc, khéa gai va 6ng
khéa gai. M6 phang dich chuyén doc truc ctia 6ng gai, khda
gai va vanh déng téc. Cac két qua mé phong cho ta thay
dap tng déng luc hoc clia ca cau gai s6 va thoi gian gai s6
véi luc gai thay déi. Nhém tac gid cling da khao sat anh
hudng clia cudng d6 tang luc gai dén thoi gian gai s6. Két
qua khao séat cho thay, néu tang cuong do luc gai thi thoi
gian gai giam. Su giam nay theo dudng phi tuyén, & giai
doan dau su gidm nay la dang ké va bao hoa khi cudng do
luc gai lon. K&t qua khao sat cho phép lua chon cudng do
tang luc gai khi thiét ké bo diéu khién gai s6.

B6 diéu khién PD dugc thiét ké dé diéu khién gai s6 vai
cac thong s6 bo diéu khién dugc lua chon dé dam bao thai
gian gai s6. K&t qud mé phéng vdi trudng hap cu thé cho ta
thdy dugc su dap Ung cla hé théng va su thay ddi trang
thai clia co cau diéu khién gai s6. Két quad moé phéng thé
hién sy thay d6i cudng d6 dong dién diéu khién déng co
gai s6 va luc gai trong qua trinh gai.

Trong nghién cdu nay chi ding lai nghién cdu diéu
khién gai s6, viéc diéu khién chon s hoan toan déc lap va
c6 thé ung dung phuong phép diéu khién vi tri theo bd
diéu PD hodc cac bd diéu khién khac. Diéu khién gai s6 va
diéu khién chon s6 1a hai bo diéu khién theo tuan tu, khéng
déng thai. Do d6 nghién clu bd diéu khién gai s6 1a doc lap
50 vai bd diéu khién chon s6.
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