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NGHIEN CUU BIEU KHIEN GAI SO
CHO HE THONG TRUYEN LUC AMT

GEARSHIFT CONTROL DESIGN FOR AUTOMATED MANUAL TRANSMISSION (AMT)

TOM TAT

Hé thdng truyén lyc AMT (Automated Manual Transmission) I loai hé thong
truy@n lyc 6 cap loai banh rang va duoc tiy dong hoa diéu khién qua trinh chuyén
s6 bang bd phéan chap hanh dién hoic thiy luc. H& thdng truyén luc AMT két hop
duwoc tu diém clia hé thong truyén lc co khi va hé thong truyén lyc tu dong nhu:
chuyén s6 ém diu, tiét kiém nhién liéu va cd tinh nang dong lyc hoc tot. Mot
trong c4c van dé dat ra doi voi hé thdng truyén luc AMT la nghién ctu bd phan
chédp hanh diéu khién gai s6. Trong bai béo nay, cac tac gia xay dung mo hinh bo
phan chap hanh gai s6, md phdng diéu khién gai s va khao sat anh hudng clia
Iwc gai dén thoi gian gai so.

Tir khoa: Hé thdng truyén lyc AMT, bd dong tdc, md hinh héa, md phdng.

ABSTRACT

Automated manual transmission (AMT) is a type of sequential manual
transmission. It uses a traditional manual gearbox with an electronic control unit
that supervise the use of the clutch and gear shifting. The AMT combines the
advantages of a automatic transmission and a manual one, such that: comfort
driving, fuel economic driving and dynamics driving. One of the problems of a
AMT is the automated gear shifting. In this paper, the authors develope a
gearshift mechanism model, simulate the processe of gear shifting and research
influence of the fork force on the gear shifting time.

Keywords: Automated manual transmission, Synchronizer mechanism,
modelling, simulation.
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1. TONG QUAN

Hé thdng truyén lyc tw ddong AMT (Automated Manual
Transmission) la moét loai hé théng truyén luc co khi c6 cap.
NO dugc phat trién trén hdp so co khi truyén théng va tich
hop thém bé phan diéu khién qua trinh gai s6 va déng m&
ly hop trong qua trinh truyén s6. Chinh vi tich hgp thém bo
phan diéu khién dién tir qua trinh chuyén sd, hé théng
truyén luc AMT st dung duoc vu diém cla hé théng truyén
lic ¢ clp truyén théng va hé théng truyén luc ty dong
nhu: chuyén s6 ém diu, tiét kiém nhién liéu va cé tinh nang
dong lwc t6t. Cac chl dé nghién cru dwgc quan tam nhiéu
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trén hé thong truyén lyc AMT la: nghién ctu diéu khién
déng ly hop dé gidm thoi gian chuyén sé déng thai tang do
ém diu khi chuyén s6; nghién ctru chién lvgc chuyén so dé
gidm tiéu hao nhién liéu va tang tinh nang dong luc hoc;
nghién cru diéu khién gai s6. Trong bai bao nay, cac tac gia
xay dung md hinh bd phan chap hanh gai s6, mé phéng
diéu khién gai s6 va khao sat anh hudng cla luc gai dén
thoi gian gai s6.
2. MO HINHBO BONG TOC

K&t cdu clia b dong téc thé hién trén hinh 1, gébm cac
phan chinh: 1) banh rang gal, 2) vanh rang banh rang; 3)
moay o truc hop s6; 4,5) vong bac; 6) vong dong toc; 7)
moay o dong tdc; 8) 6ng gai; 9) bd phan khéa ham.

Hinh 1. B9 dong tdc

1. Banh rang gai; 2. Vanh rdng banh rang; 3. Moay o truc hdp s6; 4,5. Vong
bac; 6. Vong dong tdc: 7. Moay o dong tdc; 8. Ong gai: 9. BY phan khéa ham

Quaé trinh gai s6 c6 thé chia thanh 8 pha:

- Pha 1: Ong gai di chuyén doc truc tir vi tri trung gian vé
phia banh rang gai lam cho mat chot 9 ti€ép xdc v6i mat
vanh dong toc.

-Pha 2: Lyc & chot tang Ién tao ra md men masat lam ra
quay vong dong toc trong gi¢i han ctia héc trén éng gai 8.
Mat vat ti€p xlc cla vanh dong tdc ti€p xdc véi vanh banh
rang tao ra mé men ma sat Ion lam banh ring bat dau
dong t6c véi vanh dong t6c clia 6ng gai.

- Pha 3: Pha dong t6c, pha nay két thic khi banh rang,
vanh dong t6c va éng gai c6 cuing van toc goc.

- Pha 4: Vanh dong t6c xoay: vanh dong t6c bi nong do
ma sat, khi gidm nhiét sé tr& nén bi ket trén phan hinh nén
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& vanh banh rang do giam dwdng kinh. Dich chuyén clia
6ng gai lam quay vanh doéng t6c va vanh rang banh rang.

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

- Pha 6: Lic gai tiép tuc tdng dé dam bao duy tri dich
chuyén doc truc clia 6ng gai. Qua trinh nay dirng lai
khi thanh phan lyc tiép tuyén trén canh vat du lon dé quay
vong dong tdc bi ket trong phan hinh nén cta vanh
banh rang.

- Pha 7: Lvc doc truc cén thiét dé quay banh rang phu
thudc vao vij tri tvong d6i cla rang trén dng gai va rang
trén vanh rang banh rang.

- Pha 8: Vanh rang trén dng gai da gai hét chiéu dai rang
trén vanh rang banh rang dinh vi bd dong toc & vi tri gai s6.
Két thic qua trinh gai so.

2.1. Céc gia thiét xay dung mo hinh

Dé don gian hoa viéc xay ding mé hinh, ta duva ra cac
gid thiét sau:

- Gifra cac bé mdt cdn va rang, vanh rang banh rang va
vanh dong téc c¢6 dau boi tron va tvong tac véi nhau trong
tat ca cac pha clia quéa trinh. Tuy nhién, lic sinh ra phu
thudc vao mdi pha khéac nhau.

- Vong dong toc 2 (bén phai) quay gidi han trong rénh
khoa trén 6ng gai. Do dé co thé xem xét n6 quay theo ranh
khoa gai.

- Cum khda gai (10 xo, bi va 8ng dan huéng) duoc xem
nhu la mét khoi lvgng, nhu vay phuong trinh xay dueng cé
thé sir dung cho céc loai khoa gai khac nhau.

- B& qua céac luvc ma sat do sy tlép xlc gita rdng cla
moay 0 va 6ng ga. Nhung livc ma sat do sw chuyén dong
tvong dol glta mat bd phan khéa ham va vau ctia vong
dong tdc duoc ké dén vi no phu thudc vao luc doc truc tac
dung Ién 6ng gai.

- Nhiét do va do nhét clia dau dwgc xem la khéng doi
trong toan b6 qué trinh.

- Vong dong toc la mot than clng, n6 bién dang do quéa
trinh dan nd nhiét. Ta gia thiét coi nhw khéng thay déi.

- B6 qua anh hudng cla sai s6 gilta géc nghiéng vong
dong t6c va géc nghiéng ctia vanh rang banh rang.

2.2. M6 hinh toan

M hinh ¢6 8 béac tv do bao gdm: van téc goc clia banh
rang w,, clia vanh dong téc w, va clia 6ng gai wy va van téc
gdc cula khda gai wy, dich chuyén doc truc clia 6ng gai Xg,
clla vanh dong toc x, va ctia khoa gai x.; dich chuyén theo
phuong hwéng kinh clia khéa gai y.,. Su twong tac gitra cac
phan tt cia bd dong tdéc dugc mé hinh héa twong ng véi
8 pha nhu sau:

Pha 1: Pha nay két thic khi bé phan khéa hdm dich
chuyén hét khoang cach cén thiét dé ti€p xuc véi vong dong
t6c. Cac bién trang thai clia hé: W, = 0y = Wy, Xy,Xyq

X, = 0 vay,,. Cac phwong trinh chuyén dong nhv sau:
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W, =T,/4, 1)
%y = (F; =Ny (sing +pycose) ) /m, @)
Wy = Ta/(Jsr +Jg+ g + J5) (3)
Xog =Ny (sing +pycosp)/ (npmSd ) 4)
Yo =F. (Hysing —cosg)/my, (5)

Trong d6: F; - luc doc truc tac dung 1én 6ng gai; Ny, - luc
phap tuyén tac dung Ién mat nghiéng ranh khoa; T, - mo
men ma sat trén mat cdng vanh rang banh rang; J, - mé
men quan tinh khéi ctia banh rang; my - khéi lvgng ctia 6ng
gai; @, - goc nghiéng ctia mat nghiéng ranh khéa; , - hé s
ma sat; T; - m& men ma sat trén éng gai; Jg, Jy, Jsa, J5 tioNg
(*ng la m6 men quan tinh khoi clia vanh doéng tdc, clia 6ng
gai, ctia khda va cua truc; n, - s6 lwvgng khoa gai; mg, - khoi
lvgng khoa gai; F, - lvc 10 xo cla khoéa gai. Trong bai bao
nay gia thiét luc 10 xo 1a hang s6.

Trong giai doan dau cua pha nay, khi 10 xo khéa chua bi
nén, khi do x, = X, do do:

%, =F/(mg+nmy) (6)

Pha 2: Trong pha nay, cac bién trang thai cla hé:

Wy, Xgr = Xgg = X, Wgr, Wy = Wy VA Ygq. Cac phuong
trinh chuyén dong nhu sau:
(bg =T.+T,

— ((1+(1— n)a/b, ) 4mux RS, (1— W, /0 ) b/h+ Tl) / 4 Y

%, =F —N, ,, (141, cosa, /sina, )/ (M, +my +nymy) (8)
d)sr = (| Tc | +Nth - Nsdl"lstsd + TZ )/Jsr (9)
Xg= (Ff —N, (sing + Us|C05¢))/ms| (10)

ysd = (Fspring +N, (usl sin¢> - COS(Z))/np )/de

Trong doé: h;- khodng cach ban dau gitta cac bé mat
non; h,,;, - khoang cach téi thiéu gitra cac bé mat con khi cd
tinh dén d6 nham bé mat; K, Ky - cac hé sé hinh dang clia
vong dong toc; R, - ban kinh tiép xudc gitta moay o va vong
dong toc; Ry, - ban kinh tiép xdc gitra vong dong toc va bd
phan khoéa; n - s6 lwvgng bd phan khoa. Khi 10 xo bi nén, cé
siv chuyén dong twong déi gitta bé phan khoa va éng gai.
Do dé phuong trinh chuyén dong vong dong téc va khoa
gai la:

(11)

N, (sinf +pcosf)

sr

/(msr + npmsd ) (12)

Wy = (NgheReg —NyRy + T5)/(Jg + I +35) (13)

Néu gilra vong dong toc va khe khoa gai khéng c6 quay
trong ddi, cac phuong trinh o va &, dugc thay thé bang
phuong trinh sau:

Oy = (T 14+T,)/(Jg + g+ g +35)

—N ax (141, COSOL, /sina, )

(14)
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Pha 3: Trong pha nay, rang vat clia vong dong t6c va
Ong gai tiép xuc va khéng thay doi vi tri cho dén khi dat
dugc sy dong toc. Do dé khong co si dich chuyén doc truc
cla 6ng gai; vanh dong téc va khéa gai. Cac bién trang théi

cia pha nay: g,w,,wy,Xg =Xy =X4=y,=0. Céc
phuong trinh chuyén dong nhu sau:

0, ws s (s (38 <) 19

3.0, :(uchRc (1+ b’ sin’ o, / (3R§ ))) / sina, —NR,

(16)
(R (b, tanB)(F Ny (sing-+p,cos0))) /[(tanB-+4,) +T,
Ry (11, tanB)(F; —N (sin-+i,cos)) T
. (tanB -+, ) AR
w5| (‘]sl +‘]5d +‘]5) (17)
FR. (1+b*sin’a, /(3R
bR c( + -sm o /( c))+T2
sina,
W, = (18)

(3 + 3+ g +5)

Pha 4: Cac chuyén déng ctia pha nay la:
Wy = Wy, Xgp> Xeg = 0,00 = Weq,Yoq.
(3,43, )@y =FRy (1—p, tanB)/(tanB +;)
—N.R, (sin-+pcos )(1—p, tanp)/(tanB+,) (19)
_RSdNSduSd +T1

F —N, (sin-+u,cos)
s = . msl (20)
—N,, (sinB + p,cosp)
N, R, (cosB-p, sinf
sl — I( )]/(Jsl +Jsd + ‘]5) (21)
_deNslesd + T3
Vo= (Fspring —N, (cos—ysin) /n, ) / m, 22)

Pha 5: Céc dich chuyén la: w, = Wy = 0y = Wy, Xy,
X4 = 0,y4 = 0. Phuong trinh md ta chuyén dong:

Xy = (Ff —NyHg _Nsr”s)/msl

Oy =T,/(3 +J +3g+Ig+ )

(23)
(24)

Pha 6: Cac bac tu do dwgc xét dén trong pha nay la:

Wy, W = Wy = Wy, Xy, Xeg =0, =0 .

@y =(NgR, (B —p, SinB) —NRy, +T,] /Jl

NgR (pg sinf — COSB)]/JSr +J+34+35)  (26)

+NCRCHC + T3
/msl

(25)

sl

F—N, (sinB + ugcosB)

(27)
_Nsr (USCOSV - Siny) - NS|US|

sl

Trong d6: N, - luc ti€p xUc phap tuyén gitra cac vat rang
cla vanh rang banh rang va 6ng gai; y - goc vat thi hai cla
rang 6ng gai; Y, - hé s6 ma sat cla goc vat thi 2 cla rang
ong gai.

Pha 7: Cac bac tv do trong pha nay: wg,w, =0y =W,
Xy, Xg = 0,Xq =0,¥4 =0.
J@, =R (1— M, tan B) / (tanB+ug) 2)

_Rsl (Nsr us =+ Nsl USI ) (1_ Ug tan B)/(tan B + Ug ) _NcRc UC =+ Tl

mslxsl :Ff _Nslusl _Nsr“s _Ng (SinB+“gCOSB)
N.R inB—
gl (Ug sinf3 COSB) /‘]sr +3y+ 3y "’Js) (30)

+NcRcuc+T3
Pha 8: Cac béac tuv do: Wy = Wy =

(29)

sl

wsl = wsd’XsI’
Xy = 0,Xg4 = 0,¥,4 = 0. Cac phuong trinh chuyén dong:

Xg = (F, —N, (pgcosy - siny) —Ng Mg —NgHg )/mSI (31)

(‘bsl = Ta/(J1+Jsr +Jsl +Jsd +J5)
3. MO PHONG BIEU KHIEN GAI SO

Thuc hién mo phéng véi luc tac dung I1én cang gai s6 F;
tdng tuyén tinh véi toc dd 450N/s thé hién trén hinh 2. Do
thi van tdc goéc clia banh rang, 6ng gai, vanh déng toc va
khoa gai tvong (ng thé hién trén hinh 3, 4 va 5. Tai thoi
diém ban dau banh riang quay véi van téc 27000°/s, truc va
dong t6c quay véi téc dd 22800°/s. Sau thoi gian 0,27giay
dong t6c gai banh rang véi truc va ching quay voéi téc do
23450°/s. Trén hinh 6 thé hién van tdc trvot gitta banh rang
vanh dong tdc. Hinh 7, 8 va 9 tuong (ng thé hién dich
chuyén doc truc ctia 8ng gai, khéa gai va vanh dong téc. O
giai doan dau, 6ng gai va truc gai dich chuyén khoang
1mm trong khi d6 vanh déng t6c chua dich chuyén, & vi tri
cach khoang 17mm so véi 6ng gai. O giai doan 2, 6ng gai
day khoa gai ti vao vanh va cung dich chuyén khoang 5mm
cho dén khi méat cdng vanh dong t6c ti€p xdc véi mat cong
cla banh rang. Trong giai doan 3 la giai doan dong toc,
dich chuyén cta 6ng gai, khéa gai va vanh déng toc bi
chan lai b&i mat con banh rang. M6 men ma sat gitta vanh
dong toc va mat con clia banh rang lam cho tdc do quay
cla banh rang dong toc véi vanh dong toc.

(32)
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Hinh 2. Lirc tac dung Ién cang gai s

S651.2019 e Tap chi KHOA HOC & CONG NGHE | 69



CONG NGHE

26

255t

25}

[deg/sec]

u,'g

241

235t

23

245t

X,104

0 0.05

0.1 0.15 0.2
Time [s]

Hinh 3. Van tc géc banh rang

%x10%

0.3

2.35

2.33

wy [deg/sec]

2291

227

225

0

0.05

0.1 0.15 0.2
Time [s]
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Hinh 5. Van téc géc vanh dong toc
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Hinh 9. Dich chuyén doc truc cliavanh dong tdc

Cuong do tang luc gai co anh hudng dén thoi gian gai
s0. D& xem xét sir anh hudng nay, gia thiét sy tang luc gai la
tuyén tinh va thuc hién khao sat cwong do tang luc gai k
dén thoi gian gai s6 t,,. Cvong do luc gai tang tir 180N/s
dén 1800N/s, két qua khao sat thé hién trén hinh 10. Khi
tang cuong do gai thi thoi gian gai gidm, sy gidm nay dang
ké khi tdng cwong do gai tir 180N/s I&én 500N/s. Tuy nhién
khi tang ti€p thi s gidm thoi gian gai la khong dang ké. Khi
thiét ké diéu khién gai so, lvc gia dwoc lva chon phu hop
dam bao thoi gian gai nhanh va gidm lyc tac dong lén co
cau gai so.
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Hinh 10. Anh hudng clia cutng d6 luc gai k dén thoi gian gai t,,
4. KET LUAN

Bai bao da xay dwng md hinh co cau gai s6 v6i 8 pha
twong ing véi 8 M6 hinh con. Trén md hinh xay dung thuc
hién m6 phong thé hién cac dai lugng dong lwc hoc co cau
gai s6 qua trinh gai s6 nhu téc do géc cla banh rang, vanh
doéng téc, khoa gai va dng gai. Mé phdng dich chuyén doc
truc clia 6ng gai, khda gai va vanh dong téc. Cac két qua mo
phéng cho ta thay dap tng dong lwc hoc clia co cdu gai s6
va thoi gian gai so véi luc gai thay d6i. Cac tac gia cling da
khao sat anh huédng clia cuong do tang luc gai dén thoi gian
gai s6. K&t qua khao sat cho thdy, néu tang cuong do luc gai
thi thoi gian gai gam. Sy gidm nay theo dudng phi tuyén, &
giai doan dau sv giam nay la dang ké va bao hoa khi curong
do luc gai lon. Két qua khao sat cho phép lva chon cuwong do
tang luc gai khi thiét k€ bd diéu khién gai so.
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Bai bdo trinh bay két qua nghién ctru trong ndi dung dé
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