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Uncertainty Estimation for Clutch Engagement Process Control

LI Xiaoxiang, WANG Anlin, LI Xiaotian
(School of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract: To solve the problem of clutch engagement smoothness caused by uncertain factors
such as non-stationary random cyclic load, a method for estimating the uncertainty of the clutch
engagement process control is proposed. Taking the clutch engagement process of heavy load
reverse operation of a 5 t loader under V-type working condition as the research object, the
uncertainty expression of the speed difference between the driving and driven ends of the clutch
engagement is obtained by reducing the order of the torsional vibration equation of the clutch
engagement process and on the basis of constructing the parameter expression of non-stationary
random cyclic load uncertainty and the time-varying model of clutch engagement friction torque.
Transmission parameter calibration, bench test and numerical simulation are conducted, and the
results show that the method can realize the analysis of clutch engagement smoothness and the
uncertainty threshold estimation. The uncertainty estimation method proposed in this paper is of
reference value in the design of robust controllers for the clutch engagement with similar strong
uncertainty.

Keywords: clutch; uncertainty; estimation; control

TITHURA T 00 2 2 A8 L B 2 A s ff A5 Bl SR BT AR H R (9 45 5 1 R AT s S A
S AR HREL, BESMERS IS RE DTz A RETIAA i AL A

WekE H . 2019-12-31,  AEA M. ZEMEFE1984-) . 5 B R B GEFEER B dfM.  2E&WHE. EEE S
Kt % Bh W H (2018 YFC0810203)
[0 £ BRI T] . 2020-03-12 W 4% HY B AE : http: // kns. enki. net/kems/detail/61. 1069, T. 20200311, 1957, 004. html



18 [ . ]

BASEA USRS A B S5 AE S 2
AT A 8 2 B AN AR B R AT
Jih A1 EL B 25 R AR AR A X B A f 4  A RE  TTA
PR TR R A, R r 4 6 ge R A A T
B i T A AR 2R 2

AR K, B N AR ESA A R G AT T K
F . T 22 (1) J2 4 i 7E R A% B UL H W7 1) 5 G 2% AR G AL
J5 T 6 AN B o PR R AR AR 51 R Y R RCAE 58 A XT3
U B ARIENEL S ks R R
YRS o s FLdE A 2 A A2 B 5 e A A 2 B
TESN A FEAE R b R e S HL R IR sh B U0 AH G .
O3 AT AN R R 2R AR Ak HH 5 B sl R 1 S e A B 1
BA AR, AT BRI AS B B2 A Ok 0 4
EraE k) B, Centea Z5 001 T EE#E R 0 45 1k
Xt B A A e A IR B I B2 ) AR R 2 B AN RS
Boswick 453 1o {7 FLAF 21 25 & 45 1 5% Ik o) 5 B 48
JE i 7 B b 3 A G s R 25 TR Bff S TS e (1]
R P 2 A A A e R A R RO bk g it
PR HEAT T 05 BAMT Y . Luo #5405 R sh 52
M) S 4553 R TH 3l A8 A8 1k S 850, K 5 A1 8 b
SEP RN, a4 S5 T A A ST R R il T ASE AR OR gy
Mg G g et T p—mEgm,
T AU A A A R — R A L R LR
ARG AR Z WL G DL SN AR 2R 8
AR Ak o ST DL 50 B R B ) S B AR % L
Pl s Bt M vk Re B o B — o 1 AR N HI

LRSS t 263kl V B T F 385 B TP B A A 4%
SRR RV OE B S R & TIPS TN U 24
AR R R M2 RS T 00T S 804740 1k i 1t A2
AR S ERE BRI SBE T BT S G A
FEAA 3 AR AR R 20 B SO W o i A A
1 B GG ML IR sh i 8 K i b
1.1 BEREAITEHER

I B ARG ARG E K, SCHk[18-
19 1ok yilt s 42 i) 28 6 v s g 45 o) A5 B R 68 4 45 o Oy
BAEAT T AR R A SRl R Bl R 8 R B AN
JE T 7 Al R e 4 2 B A A T S 1 R AR
ITEERIBIT . BG4S B PR 4E A b
JERW L, FEE PR G SEE 5 Wik 0
TEUf 42 fo 28 R R 25 O B B Bl e xe
2 W B AR FH 55 48 2 80 AT SR B8 S Bff o T
B ELAL T A B F A o R i 2t X 4
it 1] 77 i R SR &7 35 Ve A H A B L

http: // zkxb. xjtu. edu. cn

O—3h Ik AWl s @ — 8 & B AT LY 5
O R4 R 5L s @— T IRl
1 BadEkasdmALHA

1.2 BAERESHERIERREN

BLA ARl o 5 9 BH T 4 1852 2% B AR T 3 A7
A SRR AR BE ML BEL 77 R E 1 1L 3h R G Al i =
B dn i m . DI L A s kA d R AR
JE B J1 AR A 2 FoR B AR T A O
T, 735 T Es & N3

X T % B I A B A e G L IR B
W iR

Jib =T — Ty

LﬁdeqJ&oﬂ)kmwmﬁﬁ} (D

Jol, = ¢ —0,) + ki (0, — 0,) — T,
KT T Jo 400 R B0 7 v A5 8805 B A A A Ui
W R AEE v A Bl it B Bl BT e R AR AR i A AR
B 50 .00 .0, 53 TN RS T T T o XN
Xt AN T Ta T, 535 R ah o S5 28 &
o A I 0 S LB i 1 2o Y TR AR O R £ A8 i
CE R0 3 T A v i LS i ) B R 5 e R i 23 01 O B 2 O
SR BH e Z BRI BRI

Shy SEGF 1l 53 A i A O R A S RO B G AR RS
SRR 4 5 ) 3 G A R 2% B JR) DD AR 0T UL R GA .
%01 =0— 00,0, =0, —0,, TEX (D JEAL I 8 H B2
WIEE GO Py R 0 o )

S tre = ()T @
bR +Ci0<]%{)+]io>é\2 JF/%@(%QJFJLO)@Z =
iﬂ+ﬁn (3




8T

ZEERE 55 TR 1) B 5 4 4 ol AR A o B S E A 19

TEWI IR I 220 AR BE e S 1B T L T, X i A TR
Hh A B A ) L A0 0 A5
0:(0) = <9i(0)t9m(0)l

5,(0) = 0, (0)
[ (4)

ML A B RO AR S X (2D (3D 1Y
ol 3 2 T fiE 0 )k
é\l — o W (Cw,,sin(cudl) twdCOS(wdt) ) .

Wn

(Aciowd + BC;O Ecun - Bkio
]io
o ot <wdSin(wdt) — Gw,cos(wqat) ) .

2
Wn

)+

(Akio + Bwici, — Alw.cio
Jio
<£+ T,  Ji+JuTtJe
Jioo JotJo JilJo+Jo
8, =— e “n'Awysin(wit) — Gwae “'Acos(wat) +

e “'Bwgcos(wet) — fwae “'Bsin(wg)  (6)

XP:A=— o To + J.Ta)/ (ko Jiw + T3 B=

ALw,/w,;C=0(0) — wy (Aci,wa + Bey, Cw, — Bki,)/

(i) + ¢ (AR, + Bwgc, — Alwicio)s § = ¢/

2Ckio ] )" T =TT o/ Tt To) swa=Chis /T s
wi=w, (1=,

WAL LA BT AT AL, T To  To oo Al Ry SR
HE A WGBSR ARG Ry A 2 far AR
P Z B0 TR AR A R B AN o PEXT B G B e G il
1R 1 1) 522 ) R A iy S 200 IR A o A 57 2 AR A AR
FIK T BB e & B ) A R B E A T T
HAKGFE A 3 Fros . 8 Iy B AR T
Ta T, FIZEL cio ko JETT FIE

2 K AV 2 RO R AT S AN E

2.1 Mizgikie

hy Ky B A A A S B AR R T
FRECT BN B SR . Fe e i i 5 ) K 5
AR MLIE AT B DK, wE A e A b A HI AR
FAEN G, 047 T VAL L BUR T &Y 3 F LAY T
LS BN A 12 AR, TRy i &%
mE 4 PR, EEITHEA INDAM36 i R 4L AL
Barksdale Ji 5 F1 Fk 77 f& & &% . MPS-S-MA fi # {&
AR CHAL-12 R IR e AR R L S X902 B AH A%
B AR, TEIRZE N F T AR R R G A A AR
PEF 2T Z2 0 AR LR AT T REA B .

)+

Td)t+C (5)

http: // zkxb. xjtu. edu. cn

| smwasngg | (pepssmnn| | suamgs |

| S PEE  DEE[
R | 2t e
flgnm B 2wk s RS
stk | S W | 220 AR st
s~ Besn  |<{amssnnn
B B,
£ Yy

[mesgmeiin] |BedBRERE| RERRIHFA]
K3 S8 b

Barksdale

P4 A5 IE R A 0
2.2 FEHBEREAGEREITHE M

8 A T A R B AR R R Y S A
R AR HE 2R B0 05 R A 5 5 TP O A S (E AR A
[F) 2% 15 T 25 20 K 340 Ak B0 vy i 2 an 181 5 B .
8 3 e X TR TR 0 2 A 3 L B K 5 S
[21-23 JAy 7L — 3L

300
0_
r_E\ =300
Z
< 6001
2
i TR 8
e VEL R
12000 _ pRAR
........................ TR 22 8
_1 500 1 1 1 1 1]
0.0 0.2 0.4 0.6 0.8 1.0
R 8]/ s

BSOS [A) 80T i £ %) Lt

X2 i A B AL 0 R AS R B AR P HEAT R K
BOR 56 - TS S AR AR . O A A 2 B A 8 3 A
YL 2R FH /N 2 738 48 G R0y i T 3 A 5 BE AT Ab B
NP AR AT AT S A0 AN RBUR A £ S HLAR TR B
AE AN 722, SR — Rl R[] 87 1330 S 17 £ T A ) I A
SRy FRA 3 M7 T3 1 A ) 5 RO 5 7 A G AR T
WE S AR 5 S b B . 23 BRI A —
ol EEL 14 /0N AR 6 D5 3 X BE A AT BR A 2 A S
TWOTERFEZ N 27 5 247 70 i i 0 3 9 3 &




20 [ . ]

Ko

R

1 LHEIE o

FREVERA S 5 A, f g G D8 D A% A5 2 v M o)
D,y f R Y R

Ajf - AjflfJF Dj*lf l
A f = ;ZaflgS(ijlx* k) N
Dy f = D di g2 ' x— k)

rez

KHea, ' 5 d 30 IR AL R B R 4
R IRUBE BRI B, 5 A0 DD A XN 5 o R N DK PR R
55 ey 30 8 B A AE X D

3% A T 3R s B3 Ab BR A db10 /N R FE A /N
U R DA i RUBE R 2 2% ey {5 55 H s 17 b
LA R 2 (RS AT A W IES
G A FEARE2E I 8] I AR 20 A AN AT 6 T

H4H/(N-m)
N
(=]

vrrrrrrrrrss,
R

=3
(=2

[=]

~

o

gl o
(=3

o

—

(=]

0.1 02 03 04

¥ 4E/(N-m)
3 8 8

SN
o

oo

Sd>

o
_

>

0.5 06 07
fif 181/ s

(b T 2 B AL 00 A o 2 Wk 1] ) 7
6 AN IR) B0 B AL IR v 22 I 1) s AR 43 A ]

%
X

=3
(=]
=
Sb
o [n
[=1

A L b g3 B R R A S R AR AT T
F e S ITURI A (B S 25 09 1E 25 43 A Al g, V7 2 Bl
PLIUAE A ) T2 00 T B4 Y Bl 5 o 328 G2 B B 48 i
ik SR RIARUE 25 & d e G 1 B 0 B A
2.3 HhOEHMERBE
5 2.2 75 Prdk 0 AR X, % 2 T A s £
PEATREAIAG A, 78 S PR 2o A b, B AL AR
B A i A 2 2 B A SRR B A N B TR
A K S LR AR G A B PTGk AR . B e, s
D AR S 5 A Bl AL B R S ) R RO R 5 L
i 3 2 2 A ST A S AL S B i b A 3R Gk s B
J5 s AR R 4 A5 S RN /AR R A R M il 2 0Ll 3K
A5 78 A 2 ORI B
S S 5 I T AR AL A Il it 2k 7
IR o A EEFEFE R ng ST TSI RS 20 B RREL
ny = ayxy +axi !t + - +a 2 +a, (8

http: // zkxb. xjtu. edu. cn

2500 500

- 2000

in”!
\

400

. g
g 1500 £
-
# 1000 ﬁ
#®
500
L 200
0 20 40 60 80 100 120
B /s

B 7 S B R ] B AR L 78 it 2k

TEPE 7 Bl A (8) Sh ik b L AU5 5 B 25 5 ]

8 Fr/n s AHIC R BN 0. 955, JERLRAENG BE & - 75—
EE IR (B BN 03 I ST ST |V S e /N W

ne=—0.201 842 5x%+127. 592, —1. 800 93X 10*

(9

23001

1900

1500

3% /(r-min”")

1100

7002 :
220 240 260 280 300 320

fir #/mm
B8 e SB35 3 1] B A2 3% 400 & 25 2R

KA R SR PE Ton i AT i P AS 2 30 X
T, F T, 43Rk

T, = kon”™ + k0™ 4 oo+ k,n+ /zml

T, = Ki(n—ny) (10)

Ty = min(T,,T,) [
Ao Ty Ry R S HLAMRE P 2 b — B 00k 7 A e
5 Ty Oy 25— JAD S AROOE 8 X0 7 ) 81 3 B b f1%) % 4
Ko g 3B B B R To o & Sh LS Hh Y 52 B
Fesm . R/ o MG MR R A AL R R

A9k by = — 3.927, kB, = 0.001 303, k, =
—1.248 1,ky;=1 145. 265, [A] it B-A % &= 09— Z ik
AHCFERE

AR P24 0 45 S Al B 7 48 1F D R 45 RE T A5 A8 40
o B KO 25 B 7 A R S N TR R A e e
HH 2 SR R RS B4 (A Ak LS 1 B LT RCHRE £ S
I 0 T W IE A5 03 A+ 38 0 A% 2l & GE i A% 3 O & )
ARAT B G A A PR S RO R T L T A R Ak B
AR FBEA .
2.4 EERHIABETNRESERRERE

S5 P ) SR O 5 B R 5 AR 1 AR o i




8T

FEAE W B S RES

a4 T B9 AN A A T 21

T R 0y o oAy ol A A4 D R 5 2 B A B E (B
— B0 BR 5 I8 R AP A5 5 A0 L il e R ) X
FEEE R A R, OB s 9 B
N BEMEERBONAR AN B e AR
TR 45 5 Sl BE A5 A JORH 22 K T o i T I T
JE 3 GR 35 B Bl TR 548 (i R Z B R Ty oo [
o 32 444 14 10 RE S AR AR T S R i L JBE 45 A BOIR A A
AHENEA L, I TR & Ak Al . B R
6 P 777 TV O W 85 A A DRR 2 AN E TR A

50°C, 0.25MPa
90 C, 0.25MPa
E150°C, 0.40 MPa
0.40 MPa

350 °C, 0.08 MPa
EI110°C, 0.08 MPa
E150°C, 0.17 MPa
@110°C, 0.17 MPa

§ %0.055
55 0-045 5
i g
E
5.26 10.50 ’ 18.9 24.5
EE/(msh) #E/(ms™h)

P9 TR 2 1R T e 458 A% K5l o 2 Y 72 1

-~

TESCHRL 22 ) B & o doe 0 2 1 i s 10 2 ey I
PR BB FE 25 8 T AT R AR ) 5 AR 5
SE I FE A R R A R A 1 R

ﬁﬁ)zﬂmAg&J@—£?+m) (1D

A (O NEBEREGA, AESRTGERR:Z R
FEE R R, B SF R AR pe NI G AR
T s Fo 38 15 pa 9B I K )

3 RARSHRE MR RIE

FRE G I AL RS EOR e RS
BORES & 2 255 MY 25 IS R 5 SE B B A —
P i 22+ 36 Aok X 28 o A A e 22 A 2 T O B b
KW E B & s A S 8. O bR i BT S R f
7o R TSR 5 I O Y sy B B A Ry B AR O
e E BRI S T A LI 10
P o A5 BB A A RS S B E s T i
SFIIRE ML BLE A SR E L RSB A H K
TESE
3.1 ZHERERMKK

BHLJE 2 BOn) 2 G Ra 24 Mk 2S04 52 W L T # 3)
15 RS RO RGBS AR . 7 LGRS
I K T B 28 Bt AT b ik DLHE BR 5% Bl T
IS 2R B0 52 ) SR AR 25 1 90 B0 X BHLJE &%
BObRE o LA shPLAS LA il e o 2 AR A
LAt £ A 2 3 4 0 X B e ) 22 (B A /N A
SESRME B 4 MRS TRELRARSBHAEGT

http: // zkxb. xjtu. edu. cn

Kl 10 fiE-F& 5 A

bR S5 R AP 11 o, B P 85 2RAE B 1 B A
W 1) HE A

200

— B8

~ 100 oo 3 T e ——
|
=100
#

-200

~300 1 ] ] 1 ]

0 8 16 24 32 40
B /s

P11 ARE SR M 36 0 45 2R 14

S

A5 TR i 1 Bk B0 e R S B R A 2 2%
RV Sy 7 AR PN AR B JE 38 i BE SR 2R . ARl T 2 T
DUSK i —Se S0 B A 10 $2 T 5 DA% 3 22 B /N e
B bR, LABHJE e sh W BE (PR 0 6 55 it A2 &
AR A 12X 0 B A o SR M R AT AR E Ak st
R 12 Frs bR e ¢, 8 38. 8 mN » m »+ s/rad,
kil 200 kN « m/rad,

[

—

KgiRE/10™

J
60 80 100

(=1

20 40
B [Rl/s

K12 ffead B st

3.2 RELKIGIIE

75 3. 1 PR MR R S S AL A i 2Ll b A =
TR XoF SR S B0 M B R R AT IR B E . T AR
5 700 A — A A 1 AR R L SR D R AR D ik X AR
AT T ah bR A PR . A8 AR 15 & 42
F S D3R 43 S an il 13 FEL 14 FioR .

A B 14 BT 45 19 4 B 5 50 460 2K 3 58 R X 3
22N 1 PR TR A 05 B 5 00 A s A 22 1R/
E— D UL TR A S ok R R A R Y
Witk .




22 [

H.
R
4

1 554 &

25 25
520 320
15 15
®10 10
K5 5
I\ \ » ® e
8 10 12 14 16 18 20 8 10 12 14 16 18 20
E3%/(10° r-min” ") £58/(10° rmin”")
()75 1Y (b)F1 $%
40 40
530 330
ﬁzo ﬁzo
*10 10
® 0 ] N R R g = 0 §E§ N R
8 10 12 14 16 18 20 8 18 20
F3/(10* r-min 1) $33/(10% r-min")
(0)F2 34 (DR 4
K14 (5 35 300 40 0k Th 0 Lt A
A1 BAEHRXBEH LS Rtz £
e/ R RN IR/ Y%
(remin")  Zep FL#4 F2#f R
800 1. 69 0. 54 1.32 2.53
1 000 0.52 1.83 1.93 0.12
1 200 0.92 0.43 0.61 2.48
1 400 2. 49 1.71 1. 09 1.73
1 600 2. 33 1. 60 1. 47 1. 69
1 800 1. 89 1.39 1. 00 1.28
2 000 1.75 2. 00 0. 65 1.33

4 RS0

FET bR R R R L A O 2 Bbs 8 AR R
MATLAB A7 B & #7 4% & o 2 41 5% Ik 3 05 2 0
B o &5 SEBR TR N A B 5 A R 22 F 2704 3l i

N

(B CAFAD DPA o U 25 43 2l 52 452 28 JORN 247 115 2

Pty A B AN 0 S X S A 4 S L RSP AR R R i T

it H B A
4.1 EBEEZBAHEMED T

SEPR I H B R R RO 2 BOR VB A

http: // zkxb. xjtu. edu. cn

Fe A R MR ) s g /NI AR BB R A
STEU S QDI S PE o R DIV S Q=R e s i
A TR BE 458 2 R S B 4 A% B ) AN i A ]
Bl b 2 o R R k4 5% 8l A R R AT 4 R 500
A 2ok FEE 458 28 RO B0 R 23 W A R il 2 O R R
il w8 it 1B 15a AR 4 3l i e 45 AR e T i 5 1
N B a5 e sl 22 A et 2k, 5 S PR i
VR4 2 MO0 F 5 3 R W 2 W AR AT A BRI o i T Y
BETHA RERE A PR 15 R B R R R M REAR . [ 15D
N VE A R BORBAE T Awy A, B AL A 42 5 TR
e He 7 it il 2 OR 35 AN A8 I, AN B S T B AR
XTS5 I I A 2 W B 45 AR RO Wi S 4 B
AR I B AELAG T X B A e 1 P ) b e s 4R
T BER T F S %,

700 . .
L 3T '

2/ (rads")
[\ w B W
S & & 3
F—F—F=

2

—_
[=3
(=)

1 Mas )
.0 0.2 0.4 0.6 0.8 1.0
i [8]/s

() FE# R J e fl

o0

300

g 2/ (rad

A [8)/s .
(b) A4 28 T2 Ak
15 R[] BE 38 R BURUR 1 8 00T A3 A AR b il 26

4.2 HEIERBEMESHT

P16 S o 3 BEALIU P A Bl E I AT, (AT, Xt
BA A A B 2 . BE A BE DL bR o 22 1
R o T A e 2 e Bl A R I EE A
UL R B (4 A I ] SRR TR, 458 AFA
TE ZOR A7 BORCE RS TS 5 E R B (E VS
3 BT Ml 50 268 A R A R R S 0 o P i A
A1 Bl T8 A AR G T & AR AN R T i

wit.




%7 ZARIRAE 5 THI ) B A 9 4 A ol R4 1 0 S 0 s P A 23
3001 Part ] Journal of Engineering Tribology, 2017, 231
- (8): 1056-1067.
Tf.g 200 [6] BERGER E J., SADEGHI F, KROUSGRILL C M.
1’% Analytical and numerical modeling of engagement of
# 100 rough, permeable, grooved wet clutches [J]. Journal
* . of Tribology, 1997, 119(1). 143-148.
0 B ) [7] YANG L K, MA B, AHMADIAN M, et al. Pressure
60 ol 0203 0’%@25 06 07 08 09 distribution of a multidisc clutch suffering frictionally
K16 #faf A B E AR AL T B934 th £ induced thermal load [J]. Tribology Transactions,
2016, 59(6): 983-992.

5 74t ~ [8] PISATURO M, SENATORE A. Simulation of en-
-H e gagement control in automotive dry-clutch and temper-
(DL VBT AR LA T u o Jeal AR 38 ature field analysis through finite element model [J].

FUBCR AR E SR F R ) 8028y 3 4T 2 B Ak 1 A 32 Applied Thermal Engineering., 2016, 93: 958-966.

L TE— R P AT A 8 VR B A R S S AT [97 JACOBSSON H. Aspects of disc brake judder [J].

P BE B HE T M S B S Proceedings of the Institution of Mechanical Engi-
(242 Bl 2 AT A 5 7 B LS 5 0 i neers: Part D Journal of Automobile Engineering,

%%ﬁﬂﬁyH@ﬁ%ﬁ%lﬁ%%lETjﬁ%ﬁ]%ﬂg [10] i(;?:]:rif(s,) RLlAlEI;i?]AT H, MENDAY M T. The

AT BRIZAR 0. 1206 ~2. 5300 (L Bl P » 7T 24 2 75 4 influence of the interface coefficient of friction upon the

B P i R iR 2 5 R vh S AU AT 1 R 1 propensity to judder in automotive clutches [J]. Pro-

PR S ceedings of the Institution of Mechanical Engineers:
(3) B FE 45 22 BOR 28 An7 33 S 6 2 00X 422 6 T R Part D Journal of Automobile Engineering, 1999,

P FRY R 080 G AT B R LA T T g e 4 5 R A o A 213(3); 245-258.

RS [11] CENTEA D, RAHNEJAT H, MENDAY M T. Non-

linear multi-body dynamic analysis for the study of

5 2Tk clutch torsional vibrations (judder) [J]. Applied

[1] HAJ-FRAJ A, PFEIFFER F. Optimal control of gear Mathematical Modelling, 2001, 25(3). 177-192.
shift operations in automatic transmissions [J]. Jour- [12] BOSTWICK C C, SZADKOWSKI A. Self-excited vi-
nal of the Franklin Institute, 2001, 338(2/3); 371- brations during engagements of dry friction clutches
390. [J]. SAE Transactions, 1998, 107(2): 689-701.

(2] MENG F. ZHANG H. CAO D P, et al. System mod-  [13) BIRAE. JABEZ. Bie s, . & & Mk a it
eling and pressure control of a clutch actuator for heav- o BT SR BT L. LR A CT A O
y-duty automatic transmission systems [J]. IEEE 2009, 43(3): 535-539.

Transactions on Vehicular Technology, 2016, 65(7): HU Hongwei, ZHOU Xiaojun. YANG Xianyong., et
4865-4874. al. Analysis of clutch engagement judder and its influ-

[3] WAN Guogiang, LI Keqiang, PEI Ling, et al. Opti- ence factors [J]. Journal of Zhejiang University(Engi-
mal tracking control for automatic transmission shift neering Science) , 2009, 43(3): 535-539.
process [J]. Journal of Beijing Institute of Technolo- [14] Biveads, FosfE, skEME. KEBEAHMEALIESD
gy, 2015, 24(4); 458-465. ROETEHTIESE (1], HULBRRL: 5 HAR, 2007, 26(5) .

(4] ZOU Qian. RAO C. BARBER G. et al. Investigation 615-618.
of surface characteristics and tribological behavior of YAN Kezhi, FANG Zongde. ZHANG Guosheng. Sta-
clutch plate materials [J]. Wear, 2013, 302(1/2). bility analysis and study of automotive clutch engage-
1378-1383. ment [J]. Mechanical Science and Technology for Aer-

[5] LI M, KHONSARI M M, MCCARTHY D, et al. ospace Engineering, 2007, 26(5).: 615-618.
Parametric analysis of wear factors of a wet clutch fric- [15] LUO J. Friction-induced vibration and dynamic insta-

tion material with different groove patterns [J]. Pro-

ceedings of the Institution of Mechanical Engineers:

http: // zkxb

. xjtu. edu. cn

bility finite element analysis: application of disc brake

squeal [D]. Cincinnati, USA: The University of Cin-




24

5y

N

(3 i

K

,%,l:

R

1 554 &

(16]

[17]

[18]

(19]

[20]

cinnati, 1995.
firsr, e J1, EHER. % SRXPTE S8 E
BEEE b FL DR R LR 5 [T, VU 38 KA
i, 2018, 52(7): 130-138.

HE Hong., XU Zili, WANG Cunjun, et al.

i

Failure
mechanism of discontinuous friction contact interfaces
of disk-type rod fastening rotors [J]. Journal of Xi’an
Jiaotong University, 2018, 52(7);: 130-138.

SHIN K, BRENNAN M J, OH J E, et al. Analysis of
disc brake noise using a two-degree-of-freedom model
[J]. Journal of Sound and Vibration, 2002, 254 (5):
837-848.

AWM, T, S0, L OTE B A RS A R
P4 B A5 R i R B A R R AR AL it (D, DU sl ok
22d 2020, 54(5): 47-53.

LI Xiaoxiang, WANG Anlin. FAN Xucan, et al. Dy-
namic characteristics model and design of proportional
solenoid valve for clutch engagement process [J].
Journal of Xi”an Jiaotong University, 2020, 54 (5):
47-53.

ZEEAE . LA BE. BEJLAN, SF. JETRRBEALIE R T A
A A ot B BR BRI [J/OL]. s /R Tk R
2. [2019-12-05]. http: //kns. cnki. net/kems/
detail/23. 1235. t. 20190929. 1724. 002. html.

LI Xiaoxiang, WANG Anlin, FAN Xucan, et al. Op-
timization and tracking control of the clutch engage-
ment process under non-stationary random cyclic con-
ditions [ J/OL]. Journal of Harbin Institute of Tech-
nology. [2019-12-05]. http: // kns. cnki. net/kems/
detail/23. 1235. t. 20190929. 1724. 002. html.

B, R, BT E. A SIS E S S R
MRTTE L1 ] & Ak Tl K527 40, 1988, 18(2) : 70-80.
GE Anlin, WU Jingiu, GUO Wanfu. Engaging char-
acteristics of clutch under automatic control [J]. Jour-
nal of Jilin University of Technology, 1988, 18(2):
70-80.

(217 ZEmedt. EZMmh. AT, 1A g 280 4 £ T 00 54 1Y

[22]

(23]

[24]

[2

o

]

http: // zkxb. xjtu. edu. cn

SR I BT LA [T, 08 R IR Tl R 24 2 4l
2020, 52(1) . 43-49.

LI Xiaoxiang, WANG Anlin, FU Zhiyi. Parameterized
test load model for typical shifting condition recon-
struction [ J]. Journal of Harbin Institute of Technolo-
gy, 2020, 52(1) . 43-49.

KA, EEE, E4H, & TRENEIREAH
g Tk (1] Al TR 2E 4, 2011, 27(4) . 179-
183.

ZHANG Yingshuang, WANG Guogiang, WANG Jix-
in, et al. Compilation method of power train load spec-
trum of engineering vehicle [J]. Transactions of the
Chinese Society of Agricultural Engineering, 2011, 27
(4): 179-183.

VR, k= e, W3R, BA 4 BoAE Ry i 1 4k
FABEAL 2 £ 09 3 ik R s [J]. ML 2 = 4R
1993, 29(2) . 46-51.

XU Chunxin, ZHANG Yunlong, ZHU Wennong.
Study on load spectrum preparation of non-stationary
random load with sectional operating characteristics
[Jl. of Mechanical
1993, 29(2): 46-51.

FWE, PR, BB —MAIEFRBENIE R TR T
WS EAL AR [T]. RIEKRFEMCARRE RO,
2016, 37(6): 845-850.

JIANG Tao, FU Zhiyi, WANG Anlin. Parameterized

Chinese Journal Engineering,

load model under non-stationary random cyclic condi-
tions [J]. Journal of Northeastern University ( Natural
Science) , 2016, 37(6): 845-850.

MR, ZME . D% W8 G A o B R
ALY [T, $%sh 5 ohdi, 2016, 35(9): 117-122,
YANG Likun, LI Heyan, MA Biao. Friction-induced
vibration of wet clutches [J]. Journal of Vibration and

Shock, 2016, 35(9). 117-122.
(it )




