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Study on Coordinated Control Strategy for
Seamless Gear Shifting of Two—speed AMT
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Abstract: For an Automated Manual Transmission (AMT) with clutch inversed for the pure electric vehicle,
this paper presented a program that the synchronizer of the AMT was located on the second axis. The seamless gear
shifting can be obtained by switching the clutch to the synchronizer. In order to make the output torque of gearbox
change smoothly, addressing the vehicle jerk and friction work as the shift performance indexes, different coordinat—
ed control strategies were adopted for different stages during shifting: the motor torque remained unchanged in the
torque phase, and the clutch torque was controlled coordinately; the speed difference of the clutch was controlled fol—
lowing the target trajectory by motor speed controlled by PID and adaptive fuzzy PID method in the inertial phase.
The dynamic model of MATLAB / Simulink was established and simulated, which showed the feasibility and effec—
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tiveness of the coordinated control strategy for gear shifting. Compared with the traditional PID controller applied in

the inertial phase, the adaptive fuzzy PID controller can effectively improve the shift quality, the max jerk during gear

shift and the friction work decreased, the output torque of the transmission changed seamlessly without power inter—

ruption, and the comfort of the vehicle was significantly improved.

Key words: electric vehicles; Automated Manual Transmission (AMT); seamless gear shifting; adaptive fuzzy

PID control ; coordinate control

H A4l o, 303 4= 22 2R ] R AL N Dkt 4% 1 79K
B, AR RN 3 )t 3 R G AAR  (H 2 AR L
IR < FUHILAR B AR DI ST A {1 T g
I Bl I PERE s DL IZ AT RICRAN &, R L
R I A B I R S AE S R B K P Y
Z P AR N H] T Al SR 4 REA AR = A S
BT ARG N 2l 7R 4= St SRR DA I, 40
FL Bl VR 4 8 S A B BIF S O B | [ P ob 2 2
HYEE A

188 AMT TEdS i FE v iR ZA7AE 30 ) rh ]
R S R A R A PR Walker 9T TR
4 AMT ToE & s PPEdI B oT, AR B & e m ety
ETE M, EOR BB SN ) b W IR AN SEE i T
KA (Hn) B B i ) FIEE R U B A Y 45 S 31
PP AR 8% T 3l ) b b e . [ N AMR 223 L
DCT Sy 558 ik 89 & a5 V)4 4T IC 30 g v 4 14
FERIBETE , Horheg & e B DD 4 ) OCHEAE TRG Wik
T B G A PH R VRIH HE 00 I 25 1) 8 17, 22 2R A
DLW T B 1A o8 ey X 4, R I 2t — i i
Do il Aem SL 0 7 e o i v B A e I U s
FH BH S5 T P AT B A 88 20 H sh 78 s, ddad i
AN B Ul AT LS Tesh g vh ke £, 3153 p
1 A T ) R A T SR M X 4G ot B )
HEAEEENOVMT T 4R R [ B Bedge b bt 7 AR 1Y)
WL, AT 96 56 1E . Kuroiwa''Fl Galvagno 511
PR TR & 85 BRI B RS0, JEN H T1%
G4 = A B T L Sl A RS A R A R
RGO, 92 TS W, dE T R R
W5, BIPERIB BRI T PID 2 8 & Al 22 , (5
XA P AR rp A s FE AR AR BT

AT E A E EXX A SR RS, HE T
P DIl T SR 5 L REL AT B P a0 2 ] L AL
B E e L 5 BUEAHI , 2350 5% F PID | H 3 0 AROR)
PID A7 FR AT 4t (o 5 e P 1 24 IR B L
TSR s 5 J X BN S R AT B ) 2 O
ELEIE.

1 At FEEHE

ASCAESCRR3 | T3 HH I S A 4 Bl AMT
L [ o Rl A A AR e . B 1
WHBA MG ERX AMT i34 3 RE8 45
Fa JE BRI, Bl 0 R G0 2 il B L YA e DL
—NJEE B A AR, SCHER[13]H AMT 4[] 228457
FE s B —h B (Or € —) AR SCH R [R5 4%
IVARRALRT || O = 0 Wy s = 111 it S = 1N
[) 25 7 P 2 ok 22 |, 8 T 44 e 46 4 sk ] 9/ () 25
AL, AT R R

[ro

3 4

1
Al

1-HI L s 2-— P 4 s 3——Tils 4- A 50 5-B B s
6— IR B H 5 7- 0 ; 8- 2D s 9Pl s 1022 A
B 1 %K AMT 893 h A4 H# B
Fig.1 The structure of power system with AMT

T E— R AR T — i, FHRE R e [ 25
A P A S 22 3 A

|Aw,, | = |01 =iy/i)) | (1)

| Awgonn | = [o(1 = i1/is) | (2)
K (Ao | | Ao | 73518 THYFIRERS B[R] 25
RS T 22 5 oo A NI I8 5 0, I 4y 5301 A 20 Tk
P PHE S —PHEE .

J7 % T FPRIRE RS B[] 25 4 WO 5 e 2= A ]
K



22 R R A4 (A AR BER)

2019 4F

|Aw, | = |wo(1/i, = 1/i,)] (3)

BB TS 2 — P LB KT 1,
12 (4)~(5 ) AT 51 AR SOKE )25 30 A7 B e 55—, 7T
VA 2o R e )G R PN P 3 2 , DT A 1K )
A D L R T EE R

A(l)]up _ 1- iz/i] .
Aw, “ Vi— 1/, | =" (4)

Aw]dmm ‘ :‘ 1- i]/i2

Aw, Vi— 1/, | =5 (5)

AR AR AP TAE IR M TR IRy, AR R
R (TCU LB AP ar A0, B G 8B WG
TR AL BB A A T, R R8s Y
)AL AR SE 402y B, e HLBR S A 22— R A B
ez Z Pk e, B AL B A A%, 3 DR id &
T, TP ARAS . REP AR . AL
B AW A A 28 B B AR
B [R5 2 G 25 A, 70 A 2D i TR A6 i, — il i 23m
i PR AR L. SRR A, Bh ik
ZIR A, IEATES A A8 e kb T I EERES , 5
il FEL AL 2 A5 A AR R A 8 G 3 o B L TR
56T B I REP I PR A

2 HNFEER

N T GRS A R Bl g S RE R
PR S, N7 A 2 IR ry gl s R, fROE
AR e v R DR R R AT A P A, 3% P L AL

A Jon

K, T,
([}
C
i T i
Jn
i K

H2 BshRAshhFER

Fig.2 Driveline system dynamic model

FAE S et R A SRR IE . R S b 2R
ARSI B, LIRS s
IR Eh R 2 £ SIih SRR 5 2 pK S A | F2 0k
Pehih e e sh B 1 M S B . 5
AR N I SRR S B K LC 2 0l g FL B
ol ) M E RTBELJE 5 K Co 301 S 72 8 5 i S il 4 45

RN EE RS BEJE . 6,026,166y 53 3K BB . — il |
Tl AR R AN T, AL T
TS Es G . R AL AR ; T Sl 78 S 25 i
HHAHBH 7.

Jbo=T,—K\(6,-6) - C(6,-6) (6)
KT, =f (o, 0,) 0, HHELEEH, o, AN FHR
FEEE, LR T L@ E 3 s AL MAP LA
AR IR

5%/ (o min™)
B3 wiLMAP A
Fig.3 The MAP of the motor

u+%ﬁm%wFM+ma-m4}% (7)

PR A R ] L e
B BT SRS, A e B A,
PR M A S 3 S i A B o [ A o, 22
W )25 o o R A B A, SR T st (8)
I AR ) A ey

T.= &I)RcFa (8)

sin B
Fy Engaging

A E = 0 Neutral

F, oAy [) A0 g B 6 e v ) v g (A 5 S
[0 7)) sy 29 AP T ] F) PR 2R 005 R, O B A T
YA B N EEEHE I HE S 5 By 9 R SR AS A
iy IESE AN

B A TR, W20, 6, I (3
B8 E NI EH IR0, 1,6,)  FeA AT AR R

T.=u.NRP (9)
R ONEEG A B S AR A RS N
B EE R B, A S BN POy
(e LIRS AAVID



58 A R AMT J3) 77 e s B 5 23
(ot i+ 306 = 0+ T Kol = 00+ ) ﬂ;g%%@@i
C,(i16, - 6v)] (10) T
Sy = K(ii6, - 0,) + Co(ishr - ) = T, (11) <;%q\ NO
A B AL RR P
To=K:(is6 - 0) + s — ) (12) S

T, = [Mg sin & + ch(,Aﬁ +Mgf cos iy (13)

A Mjﬁﬁi g M ST o A B TT 3

BEsp WA RERE; C, zs S B TR TR B
EIE 2Ky jﬁ"ﬂ“#ﬁh

AR SC B L) s BE R EE D) A 8 Ak PR
e Ty

LR

jerk = d‘(’ligt) = rby (14)

A, (o) AN I L
B R A R B S A T EE T -

W= jT 0, — k6, | di (15)
K 10, 0 S B AHPS T LR FNZE A 2.

3 s IR R

N T PRAIEAS SE AR A A AR A, B e
fin SOt R A 2 S Sl AL ) 2 05 S A i
FHAE, 2 A0 4 B s e il SR

THAEAT MR 1
|

S R B

|
. 'T L Lr m:ﬁ EIE*@I_@@L*@_

_l_K_/MﬂE kL
| _/—\,__

L ‘ =

T. T

| |
\ 1 f /I
s I I N
| J | N Z

t t
(a) T4 2 (b KPS it it
A4 StEfkEEdis sl
Fig.4 The diagram of gear shifting strategies

T.

AT IR AR, PRI S H AL AN
A [ o A RN ) A5 de A S L, B
BHREE G TETH RSB AH I, s [A] 25 38 B 58 4240
B, R A GE S PID fa i K 5l i HLAE B A o
MBI IRRE S 0. REP R S5 T
A, St A A A A HH 0 A AR 5 i) SR s il
FEME RIS R,

FHAARIT 4R « 9K
LR A
BB A

ARG,

9zl AL
HAEIKE

[ 25 st 3
HLRHIZH - ~
WA R & ok ,
V2 IZI‘

9K 2y B HLALAR
TREFAE 5

FHEAAFF4R - THZZjJ
IR 8, s )
H%IMZj]ﬁ'F{fL
ZNESH LT

//%n%g*‘(i\

\{iﬂﬁ*ﬂﬁ‘? -
ﬂ YES

BEARSE AL,
HHAEATIT R

LRSS

(b) BEP R AR
ES #ﬁ%;}x- ,,uﬁ}_E

Fig.5 Flow chat on gear shifting process

3.1 HsEHEES

2 4b T T PAHUE AR A, 9K 3 B LA R AR AR
(BRI T, = &0, &l 4 BroR , [FEF i T4 P a4
&, INHZERIBH R RS, SR ARG ]
B AR, REWE T T8, BVal Rkt 46
HE AV T.

¥ B AR AR 45 8 WL AR BT P f 7, 28
PETFFER] 0,0

T.= T (4 ) (16)
ty— 1ty

U st AT AR 2 5 0 S HUAEAHSS SRS 205 7.,



24 R R A4 (A AR BE R

2019 4F

N 1o W2 TAH. L ESEE I EMSHL

Tcsz—iT—s<Jm+L+;.L;>ém (17)
FEPY AR T B A AL A R HE S R T =
BT
3.2 RS
TER2EA 80 1 AT A a i B R vp & e A AR

PR MR 2R, Pl J5 AR gL g e & AR AR
1k, P ErE AL A 2 R A 2. Ry Tk A de
P 3k A TP AR RS HE L G e A TR B AR B
B 2 Bl A T 2 N AR AR EESRI: D, - 1 AN
I ER LR (o200 20500 THS A T 4R
TNZE A2 ) 5 2)FE 11, P2 AL A AL RN
3) BN T R 2 AN AR T TG, T R R A A
FNBh R 2ESH LT & anE 6 FR.

FHP4 B
BEBEHGE

HAEEEL 22/ (vad -s7™!)

t/s
BH6 AMEELBINNAEEERLBE

Fig.6 Reference trajectory of clutch speed deference

e AL (4 [R] I S & e IS & TR0, BE
A G e A ) 20 S [ 4 e S R] A AORE S
i A Ay F BT R 5 2 S BB 5 A AT BE R4S R
A B, SR FOE S PID 42 AL
B R A BN SR IS BRE S5 s, A%
B E N 7 Fs, Horf dw B G A ENBIE

ez,
e
eq BB HfEHR
[N
AK, AK, AK,
dw B v
PID > Hipl g —
J
dw
A7 B&EIAFEHRZEMN I ®
Fig.7 Speed difference control algorithm for the clutch

R A5 N PID 45 ] 68 25 6 I F 35 S 1) 5t
PEEAE LR EE PID &340, Be 7t /0 &5 PID {1

KR PERE , BoA BORYTTHURE ST, T US4
LIRILESGTEVErS

BOE A 38 BT PID fa i rhdan A RE 5 i
IUPEF

() = (K, + AK e (1) + (K, + AK) | e(0)di+

(18)

KK, KK 53508 LU 2R 2 R RBCR G &
B AK, - AK; AK SRR 09 = F G A E(E.

PR 4 TS A e 1 ec SR FH AR [R)RRORI AY 52 PR
B, K 8 FrR ki AK, . AK AK, S K a0 &l
9 S/ O RS, AH N P TR N AN 5k 1.3 2 ik
3 N BOMIE F AR o (R b U IR
AN CTEH IR, X A RO 4R O (NB UNM.NS.
70 .PS .PM .PB}, ¥ i % F Mamdani fEFE:.

NB NM NS 70 PS PM PB

(Kd + AK(])M
de

-3 -2 -1 0 1 2 3
B8 e Arec B REL

Fig.8 The membership functions of e and ec

NB NM NS 70 PS PM PB

-3 -2 -1 0 1 2 3
B9 AK,.AK, AK, #9F )3 F 4
Fig.9 The membership functions of AK,. AK;.AK,



TEWISE PP AMT Josl 71 sh Wi Bl ik o2 25

F 1 AK, W FE
Tab.1 Control rules table AK,

e

R FESHANZR 4 P,
F4 EMEHREEESY

Tab.4 The main parameters of the vehicle driveline system

AK,
NB NM NS 70 PS PM PB

NB PB PB PM PM PS PS 70

NM PB PB PM PM PS 70 70

NS PM PM PM PS 70 NS NM

ec 70 PM PS PS 70 NS NM NM

PS PS PS 70 NS NS NM NM

PM 70 70 NS NM NM NM NB

PB 70 NS NS NM NM NB NB
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Tab.2 Control rules table AK;
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NB NB NB NB NM NM 70 70

NM NB NB NM NM NS 70 70

NS NM NM NS NS 70 PS PS
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PS NS NS 70 PS PS PM PM

PM 70 70 PS PM PM PB PB

PB 70 70 PS PM PB PB PB
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PB PS 70 70 70 70 PB PB
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Fig.10 Simulation results of upshift process
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