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Dynamic coordinated control method of gear shifting without
clutch operation for hybrid electric vehicle
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(State Key Laboratory of Automotive Simulation and Control, Jilin University, Changchun 130025, Jilin, China)

Abstract: In order to decrease gear shifting impact, shorten gear shifting time and improve vehicle
accelerating performance, a dynamic coordinated control method of gear shifting without clutch
operation for hybrid electric vehicle was proposed based on dual-motor hybrid electric powertrain.
The driven motor of automatic transmission input shaft was controlled to fast realize rotate speed
synchronization in gear shifting process without clutch operation so as to shorten gear shifting
time. The driven motor of automatic transmission output shaft was controlled to prevent clutch
from over wearing because of frequent separation and combination, and the continuous torque
output of driving system was achieved by using motor torque on the output shaft of transmission
to reduce the impact degree in gear shifting. Test result shows that vehicle driving force keeps
stable in gear shifting because of the dynamic coordinated control method. Compared with the
traditional gear shifting method, clutch impact degree reduces by about 60% . and vehicle
accelerating performances improve by 5.53% and 5. 94% under 0-50 and 0-60 km « h™!
accelerating conditions, respectively. 1 tab, 19 figs, 18 refs.
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Fig. 1 Powertrain structure
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Fig. 2 Dynamics model of driving system

2 EEGHRBREERTE

AR SCIE 2 R FHRG 1 b 92 ) ] £ 722 T 2 i A\
0 ML AL o fol TGt i) 200 /A o 8 i A ol 1) 5
TGt 73 B B A i S BRI A Y L 5 b ] e 4 o A
g i A [ E Y M2 B LR AT 3l ) A B S



%54 x

B F REHANEMAE S BREBM SRR T & 03

S EPUR KR UL PIFiEE 4 TN

To B A we R P R L 7 AR AMT et
DX 22 s 11 i A 5 e A s AT RO Y
Bty N P R S B A7 ) L L 4 T i o 2 s e
A FRVF A B AT D O B 3 2 RO A 6 TGk 4 b
SR S s e

U SR G 00 2 A 25 R D) 4 A 7 4% 5 IR A
M PR . FEXARET B a7 20 2 LT 4%
F s AMT 72 38 25 B 5 A B B0 5% 3 ) 1 H PR RS 2 F
THE R 0 AR ¢ 20 bR @, 1 2 X 25
INTF UG S o FF HL AR I I R OR T 8RR T 40
AT A 04 B A L RIS/ FE R I R by o AR SR
tn A AMT H1 28 BRI 25 U0 8 2 e RS A b 220 5
to PR AL NGS5 RSV 0 25 1 Y f

7] Fsf 25 1 3 47k 4 2 A 2R 2 T i A7) 9K 1 i
BRI AR AR - 02> O 15 40 14 150 AP A X L o B 45 5
(] 14 B 45 0 0 B 7 0 JCIE A i . D e
RS FE T 251 0 AR RSO G, 5 AT L PR L G
AN R I A2 A il Al A% IR T 20 BN T
BOE MG SR T i 2 BIR & ARk AMT 4
FEVF R 2 A RS U1 2 A RPIR AT B ) o
WLIE 3.

Lz gu Al
|o-0,|< o, |o-o,|> o, |o-0|< o,
Rlt-t| =1, 5 G=0 HG#0
e |TI<T HG#G, o
=Rz > et

Bl 3 AMT &Y 5 1
Fig. 3 Switching conditions of AMT states
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Fig.4 Coordinated flow of power in gear shifting process
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Fig. 5 Gear shifting process
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Fig. 6 Dynamics model before gear shifting
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Fig. 7 Dynamics model in unloading
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Fig. 8 Dynamics model in speed synchronization
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Fig. 9 Dynamics model in loading
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