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Oil Pressure Control for Shifting Process of Off-road Vehicle with
High-power Automatic Transmission

WANG Er-lie, TAO Gang, CHEN Liang, CHEN Hui-yan
(School of Mechanical and Vehicular Engineering, Beijing Institute of Technology, Beijing 100081 ,China)

Abstract: A shifting hydraulic control.system of high-power automatic transmission( AT) was analyzed in
detail, the changing of the oncoming clutch was researched, and on this basis, a mathematical model of
the slipping phase was established. The regulation rule of master oil pressure was addressed without oil
pressure sensor. In order to consist with the vehicle load, the duty cycle of proportional solenoid was
modified according to the throttle opening in practice. PWM also need to regulate dynamically on the
feedback of the speed change of the oncoming clutch for good shifting quality. The suitability of the pro-
posed approach was thoroughly verified on a heavy off-load vehicle.
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Fig.1 The hydraulic control schematic

diagram of testing AT
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F AR T ST 28 - I R G R
po=kD+k,, (12)
ok, kW RBGD HEES T p, MM,
ghA ERBRL B (1) ~ (12) 28, 78 20 HoAil
RIZ R ) 550, A% b — AN B 5 38 7 309% Al
50% 575 F R S5 A i B e an & 4 B,
SEBRE P AR v Tk e T RH T | 4 A

10

25 & MIE /10° Pa

2f —— 30% 75 1

01 02 03 04 05 06 07 08
I [7)/s

K4 Hegaasgstih sy s

Fig.4 Simulation result of one incoming

90.2 -01 0

clutch’ s oil pressure

A, A O far SR B AR 1) 35 Sh LS H B
FHR AR (5 22 HEE IR B 2 1T |, Rl
By AR T 2] o RN n, 00 R KR, BRI 5 4 0k
P B G ARG AL AN — B, 5% 5 28 He AT 9
W, LR R AR A G, DT SR
FAPIRGL S 1Y o 28 L, AR T IR BE Y o 28 L 0
PR E AR, 3 2 R84 B, BT AS R0 T IF
JET b 25 FE AR AL S & 5 s

12
g 10F
o gt
a3
= 4F
-

1 2F

30 40 50 60 70 80 90 100
T/ %

BIS iR o 2 R it 2
Fig.5 The duty cycle offset at different throttle opening

AR ES A A S5 A RF AN A, 52 0 A2
e, 2T 45, e AL 5F — R B0 A T R R
Wi, 42 ) 28 et 2 it A ] 92 7% 12 3 i A2 S o e e
R AR GRS E M, U P el B g B
Jit, Frdtl ASE RS & A 2SI EEIE R0 5 1 22 An
Jhy s il A AR L e Bl SE R A s
o 7 A

()

D=f(a, An). (13)
HAS T B AR R RIR P s A a  HE5 240
AR, L, 75 Z0 R BT IEIE
R 90 15 10 8 424 H0 A T R0, P TS T B A
(25 An S H o P S8 LA An =0, 4 1T
TR B A 2% I 1 22 4 RLR AR AL, DL o 3R H Ar 4
SRR N RS [ Y 6 (MRAC) 10
Kl 6T, T R B & #5453 FH AR, FH 52 s 42 il 45 2
S5 BRIE, e MR 2E, I ad A & WAL
TV 4 i S 5, X e e O S AT R L )
B, 45 A SEPRAR 0 A 57 35 XY A B B 5 SR I
DS BN 4 4 o SR W %) 4 S FB OE 2 v 4 1Y

Al o

J

v =

/ 2
=", +
Qv e N R

B B

Fl6  FEiles & f e BE ol PR R 2 7% o 42 ol SR s
Fig. 6 MRAC of the slipping phase of the oncoming clutch



42 1

PRI AR TI R AT o 254 2 sl il 141

3 AR

R BETT TR D2 AT eyl #0000, 25 i
FRUNPE 7 FT7R o

v ¥
[t | [l ] [ WamE |
[ T T i

[t | % ]

[t | [menizs] b

[ainniz o H woh s mdH AR Ak H st ai]

7 AT HEhEHIHE R

Fig.7 The controlling schematic diagram of the testing AT

DRy U A AR R AT T S A, T Tk R
3 -4 JHY R AT IR A5 R A, 8 K9
535020 90% T BE AT 50% 11T AY s 141 5

5

0 . . . . . . ;
17.6 177 17.8 179 18.0 18.1 182 18.3 184 185
I )/s

8 90% I IIFIE 3 — 4 FhH YL AR 2k
Fig. 8 Shifting process of 3 -4 at 90% throttle opening

d

c
T
1
1
1
1
1
|

L L { L L 1
1
1
1
1
1
1
f
T
T
1
1
1
1

1 I
265 26.6 267 268 269 27.0 27.1 27.2 27.3 274
M /s

B9 509% TTIFEE 3 —4 Fhad Feda il h £k
Fig.9  Shifting process of 3 —4 at 50% throttle opening

a~b BB OB G 25 L g, 2 i s i g
itk AR A AT HUE AR 1, s s A AT IR L
BRI, B B AR ORI EE, An AN2E

b~c Bt N b SR, An FFIGR R, RGLHEA
T8 EE B B AR 2 1 SHCRT 36 5 ) 2 iy e 9811

An EEGRE A WMEMER THELRL, At
R IR An Fhiab R, S S i R P eh i ez
W) 2535 BT EE I R S G, S B85 28 A

¢ SLUG , An =0 (EBRREH , P E LAY
AR UL SR AR R SR A B2 T 0,
RIS E S e i E 45 R — DA R 0 AT
B, W EE O R A5 O, A48 AR T LE AR O B AR A R
L, o5 2S FE IR, A8 s g Rt 7, 50 iy

a~c B, Gl E p, E/NTE 9 S
JE KSR [T BT i 45 5 . R AR fh ok
o E Rk ae S R Ar R

4 %t

OIAT TR A R R AT AR SRR X e
AFEE S AR ST R o B Bt AT T E AL T4
DR E A R JE XS AT O FOT R, AR
P BRI A A0 B R o 2 -2 i R 2 2R iR
T TSRS HE R 2 HE R LA ; [, AR
PETCIN RS A e B BIEESE 2 A 22 5 | AS B
Bt , S B i R4l i R sh A AR A 3 e
B, fRJa T S AR, ik 1 AT

S 3Lk (References)

(11 BRZS. 1RFEME . T [M]. 885 k. dbat. ARZZE R
#1,2006 : 74 -106.
CHEN Jia-rui. Automobile mechanics: vol. 2[ M]. 5th ed. Bei-
jing: China Communications Press, 2006; 74 — 106. (in Chi-
nese)

(2] BRDE. ASEESEARMEHDHEMEEEHR[I]. KET
#2£,2008, 30(10) ; 938 —945.
CHEN Yong. New development and trend of automatic transmis-
sion technologies [ J]. Automotive Engineering,2008, 30 (10):
938 —945. (in Chinese)

[3] Kurihara I, Kurosawa O. Design and performance of low-viscosity
ATF[J]. SAE Paper, 2007, (1) : 2007-01-3974.

(4] EIE, MESE, VPV, SRR HLAR A 372 A 14 25 g Y
TR R IR DR [T SR TS, 2008, 29(4)
385 —389.
WANG Juan, CHEN Hui-yan, XU Nuo. Research on the method
of improving the acceleration performance of tracked vehicle with
hydrodynamic mechanic automatic transmission[ J]. Acta Arma-
mentarii, 2008, 29(4) : 385 -389. (in Chinese)

[5] Z=FW. AR AT R R BORBIZE[ D], dEat: dt
HHET R, 2010.
LI Chun-fu. Study on electro-hydraulic shifting control strategy of
AT on heavy-duty vehicle[ D]. Beijing: Beijing Institute of Tech-
nology, 2010. (in Chinese)



142 2 X % K 5534 %

[6] Tanelli M, Panzani G, Savaresi S M, et al. Transmission control (8] ak¥s. LT HELLAIRAKIIR AT et mEHI (D], Jb

for power-shift agricultural tractors: design and end of line auto- AU JERTEITIOR, 2012,

matic tuning[ J]. Mechatronics, 2011, 21(1) : 285 -297. ZHANG Tao. Shifting quality control of high-power AT with elec-
(7] EBUE, WEW, WiE WESSEELSHIM]. dbat. PR T tro-hydraulic proportional solenoid[ D]. Beijing: Beijing Institute

b B, 2005 .40 -47. of Technology, 2010. (in Chinese)

WANG Ji-wei, ZHANG Hong-jia, HUANG Yi. Hydraulic and [9] Balau A E, Caruntu C F, Lazar C. Simulation and control of an e-

pneumatic transmission [ M ]. Beijing: China Machine Press, lectro-hydraulic actuated clutch[ J]. Mechanical Systems and Sig-

2005: 40 -47. (in Chinese) nal Processing, 2011, 25(6): 1911 —1922.

- -

S5 1T R A SR 2405 10 0 22
e [ TR L A R H T 5 U AEE B £

Hi b R A SN 4 N BRGS0 58+ Tom b [ERHME 26 T 2013 45 5 H 25 ~27 HAESHH A
ST 24T, E SR T 2R R U 23y, U RS sUL IR IE” o B IR RN 32 v [ I
TR R v A e e R 0T e (] el 9 - T 4 Rl o A TR A T 5 8 — U B B 1 2 R
SR B IFa T E TR B g 5 A TRE B AR ST 5 BB IE

CLEEENTEYS



