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Upshifting Integrated Control and Simulation of Dry Dual Clutch Transmission *

LIU Zhenjun * * ZHANG Kuan
(State Key Laboratory of Mechanical Transmission,Chongqing University , Chongging 400030 )

Abstract : The dynamic model of the upshift process of dry dual clutch transmission is constituted , aiming at attribute of nonlinear and difficult
to establish math model of the dry dual clutch transmission( DCT) . A fuzzy controller is designed. Dual — clutch upshift control process is An-
alysed. Then the control scheme of upshift process is built. With the control scheme,the transfer of engine torque is completed through a com-
bination of a manipulation of engine control and clutch pressure. Dynamic simulation model of dry DCT powertrain is implemented using the

Matlab/Simulink software. The control scheme of upshift process is simulated based on this dynamic model. The simulation results show that

the control scheme can meet the needs of upshift process of DCT,and the tracking performance of controller is good.
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Figure 1 Mechanical structure of DCT
G, el S HAE I 20 AT R A . 22 R e Sk A
R sh K LR — A B UL S R % 155 DCT R4
B S BRI AN &] 2 7 o A AT RS 6 A 45 A i e L 5%
HRS R RS E A TR B B AR A v 2l 25 P B B A A o
B RS EA TR B

Ta

9% B, o 2
7)) s
iw:j
Ty o T,

B,
B2 DCT et sl /oA i
Figure 2 Model of DCT shifting process
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Figure 3  Characteristic of engine static state output torque
2.4 BEBH|SEZENIERE

S RS B R S I F B B0 Bl B =[] 1) EE R
1 R AUANEE R o PRI, 256 A A% 3 A1 AR Y BE J e T
FESE I FERI RN o 18 e 1) B R PB4 6 ey R A8 T 1 1 1
By BRI VR IR AR R RRDRL L K BE 4 i) AR T
B,

LG TGRS, B RGE 3N 120w HT %
RS, (A LT A I R AR B RE Il T,

T, =upF.ZR (10)
Forb o, RSN Z N PR RIE, TR B8 Z =2;5R
RO BAEMCEE R =2(R) - R)/3(R, = R)) ,R, FI R, J&
BIE A EE R NS AR F, R B S AR AT AL X TR A
D) BT B A IR IR RN

FS BT A XX G 8 S8 RIS & 4
005 o T AN B i 1 R I D A5 D TR A S . (H
T RTINS TR B S B R, AN B R S AL 1k I )
TR S A5 A A Bl S R T, 5 S PR
PSR MO WURS A B 07 s 9 o sk e e I
SHAL 2520 A 3 BB I IR

B AL T EERAS I B A AR AL R R 2R

Te = sgn(o, - o.) Zp, F,R (11)
Ho o NN RS 0. S 8 F3h i E 0,
B E A Bl R e

B TR AR b 32 DA Bl R] R X Bl R | R R A
Fr B2 A BTG A AR A0 45 45, 2 W 35 R ) 3y
DA R B4, A SRR L T sl RS T
PR ) 22 5] B4 8 S Bl 285 R 45 R 0w, B L PR 48 T A R AH
%%ﬁJﬁ@%%ﬁﬂds:

My, = a —bu —ae™ (12)
Hob,a ~ e SR HTRPR R E B9 8, RO G AR AR B [ A L 3

523571



;3855

ot

5 +RUBMED LA

2013 4F4 H

FEE, SEATIEEN L B A8 Ak A 1 AR Ak B
— 2, i A R R R WA TR AR

B a R R e A I sl i R, Sh AR
JIFE A A B, T S IR T IR R T, Bl e 22 |
Ao | /)N, 728 1 98 21 3 2R T G An i S AL
Bt el B R S e A 9 R TR T S B AR
W AHAIL VR . di, 753 0 B A AR OB A

T, =
0 F, =0
sgn(w, — ) Zu, F R + AT, Aw # 0 (13)
T, Ao = 0&T, = Ty
T Aw = 0&T, < Te

For, T AR 2R 58 8l 1 27 W A5 1 (K B AT, J2 B A
AT CR K SLA S AR IR RZ IR 0

3 DCT A B 6 o4

DCT fetifa il i 2 Je Ho R 2 40, B BES AMT [93E3)
TIEHAGA R A AT (93 Ty Pk A 22 5 . DCT e i
Tt ph BRI S 5 S R VR WA B B2 A, He b, T4
A RP IR i AR A | A 2 o 18 B A5 2 T 52 08, 17
A R R AE 7 38 B S I I HEAT o (R0 A B 1R A
RHEAEAA 1 5 T3 rp Il O R i R R Bl ) S
SR/ R, DCT 4 i e ) 42 T s A T P B i
i s U e LA 1 RS 2 RO 61, B d R o =
ANTB I 4 FR o

o §

4 FREEREE
Figure 4 Sketch of upshift process
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Figure 5  Structure diagram of clutch actuator control system
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Table 1  Fuzzy logic control rule of actuator controller

Aw Ao I

S M B

NB NB NB NB

NS NB NB NB

N Z NB NB NB

PS NB NB NB

PB NB NB NB

NB PM PM PM

NS PS PS PM

Z A A PS PM

PS NS NS NM

PB NM NM NM

NB PB PB PB

NS PB PB PB

P A PB PB PB

PS PB PB PB

PB PB PB PB

www. globesci. com



2013 4F4 A

ERBEMED LA

gt
]
B

Xt DCT 3l 77 1% 3l 2 50 0 5 AT LA B 25 1k i
r, AERUR 42 0 58X 42, £ Matlab/Simulink -5 _F 8 57
D7 BUBERY 368 SCHR BT IS8 A UL e ) 3l A T T A 4 o 3
1 T EIIHT

B6 S T AT IR0 FLAE SR A6 1Al o B
20% WINEOL T , e TR AT, 2 4 IR B — i i, R 4%
il A 5t TR 4 4 (G I B A T HILAG L 22 58 B P E A 3
B ISR e D 2256 ), I B A AT UL e 1351
EC A T BEAT U, S A TR TE R 3

AT TR S LR T IR, e b i R, 3 K
AARRAEA , 25 P 3 R OR A b, EL bl BE A BB S A 1
D/ R a3 R d i LA, AR AR T
10 m/s* o th 1 a HELRBRTERSSY 1T LA, R S L 3T F AR
P ARG IR ERRE ST, HBE I Tl R 29 0.76 5. 55
S AEREA TR AR R D B £ A C1 T BRI LR B %
AR FIE LA CL T EEDIAR /N

B o 4000
e
R S
=< & 2000
=25
=20
dy
XE
I T t/s
(a)
= 150
= :5100
'f% ZN Te Ter
~ N L
= %
d < 0 | | ! |
" 0 05 1 15 2 25 3
NI t/s
(b)
s 100
5
B 5l
-
r o0 I Lr— I !
= 0 05 1 15 2 25 3
I /s
(O]

hili BT/ (m/s?)
S o

0 0.5 1 1.5 2 2.5 3
I Tl t/s
X 104 (d)
—
¥
z
=1t
k&
s 0 | { | 1 1
0 0.5 1 1.5 2 2.5 3
I Els

(e)
B6 TR
Figure 6 Simulation result of upshift process
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Figure 7 Output torque with PID controller
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Figure 8 Output torque with fuzzy controller
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