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Analysis and verification for average axial pressure

attenuation of multi-disc clutch
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(1. School of Mechanical Engineering., Beijing Institute of Technology. Beijing 100081, China; 2. Collaborative
Innovation Center of Eleciric Vehicles in Beijing, Beijing 100081, China)

Abstract: For multi-disc clutches, an analytical model of average interfacial pressure and torque is
established with the effect of spline friction. The pressure attenuation coefficient of friction pairs is
derived and the sensitivity is analyzed to investigate the parameters, which may affect the clutch
pressure. The results show that the friction coefficient greatly influences the pressure attenuation.
The axial pressure significantly attenuates with the increase in interfacial friction coefficient and spline
friction coefficient. The effect of the spline friction coefficient is more obvious than the interfacial
friction coefficient. The spline pressure angle has little influence on the axial pressure attenuation. It
is found by experiment that with the increase in friction pairs, the average torque of single friction pair
dramatically declines, and the increase amplitude of total torque decreases. The proposed model is
verified effectively by the comparison of the simulated results and experiment data, and the model can
better reflect the actual pressure and torque characteristics of the multi-disc clutch.
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Fig. 1 Wear of spline teeth before and after experiment
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Fig.2 Schematic diagram of friction pairs arrangement
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Fig.3 Stress of spline

i) AR RIS AR TAER L S
T B b P 85 T EE S TR 26 ST Y [ TR S % EE T
PRAESEIRE 48 ) 22 2% thy T B 2 B 4k % B o) JBE 452 )
F 5 FE 5 Rz 3 J5 1o A, B4 R 52 ) 1 4 S B A
FHC /N TR AL L, B A L R IE R, i
Aoy A T e O Hs M ¥ 20 32 15 HLAS A7 7 il
o) B 2y, LA 45 T L L TR 3 5 00 A1 s @ i A g
56 ) P THT ) 2 4 DX RIORH (] 5 () JBE 482 1 % e Ak i T
BT A JEE 45, JEE B ) 2% 1A L B Ak JEE 4 TRV RO [R] s @
R ARSI il 17) £2 B0 1 . mT 220 ek B 1) 450 75 ©
FESE U RN 52 T334 2] AR 32 JTH 4%
1.2 EZERREZNSHKETHE

PR R VG 32 T3 AN &L 3 FT 7 o B % 422 Ak 3k )
Fie 35 7 A il ) BE A D L DA BE 4B R O 19 A i A
AL BB 1) 3

__T
NfRf

o N AL 6 550 ROy AE 8871 [l 42 R AR o
FONEEBER . PR s Rl

F T8 R X R i T L U A A
ZAEJESI N

Fu (D

S (2)
COS
PRI I PRE $4% ) S Ak ) S BE A ) R
_ _o_w T
Ff - quNanf — R[COS(X[ (3)

T ¢ e Ry T AL 1) EE AR DR B
P =X (3) YT B A R 45 7 el A5 JEE 482 5T A4 7 )
AT, WA W R S, S I ERA
e
mﬂzn—% 4)
AP A BRI MR, A=x(RE— R, Hop
R, AT R 4351 Ay FE 482 U4 () AR FTN A2

S 1 AN EEBE TR B EE SRR O Ho Wi R S,
Si BESRIEHE R 4% BRIEL 2 BT 7 1 E 4 T A A
B ZE VR T A [RD e e L PR T S, A
Su AN 7 BE AR L WU Ak A PE 50 1 I 32 14 P 4
FEREA -
_ 27[]./.(1{2 — R

T, 3 X

me,i:o
(pi+ pr)si= 1,2, M—2 (5
1131-,1', = M—1
R g O THIEE A5 R B
B & M R TT A 1 L e 2 ek R 85, LR
R HE H e s D AR O
2pu (R — RY)

&= 3R(R: — R cosa )
5 i N IT R AL B R .
Pirri=0
F = AEXJ(PI"F]L 1)si=1,2,,M—2
pisi= M—1
7

TG BT S EE T F PR T S0 Sy Y B R SR
B

1 .
J1+§“lo
P = e (8)
meial: 1929"'5M_2

=8 T LA o b H s ol R B e At
AT LR 6k /)N JEE 482 1) (] 1) L e e i i 5 T B8 452 1A
B Ak R A TR RRCRN B b T R A SO R
2 7 I e A ik T ) ST LU PR T 2 LR
HIRERN
pi = 8ipo D)
Kb 6 WEZEEER RSP 8 SR LT
pi  (A—8&)U—8)"

S T At ater 0
AP as boeod HBUE W 1,
x1 BH ab.c.d WRE
Table 1 Values of parameter a, b, ¢, d

i a b c d

0 0 0 0 0
k] i/2 (i—2)/2 i/2 i/2
A¥mE G-D/2 G—D/2 G—D/2 GHD/2

M (i—3)/2 (i—1)/2 (i—3)/2 (i—1)/2




% 4 I T R.F: S5 H B BHEFHILEY TR ® * 993

1.3 ZEMELERBNS EZEIRETE
TEAS 5 [ R A TBE 45 ) ), 4% AN 42 B i (RD A L
i A 1) HL4 23 o3 )

HW=%WFD@ﬂE*E)(H)
FZC PR EEYE I R — B R AN A A2 A

T b AN R 5 B 42 A 3 A R R AR A T
Fi A BE 8 R A% s O 5 FE 22 FN L BRI

M 2 M 1

Tspline - E T - Zig(R *R) 2 p
i=1,3 i=1,2,3
a2
KR ORAKX AT

M1 2
Toie = D, ”“p° (RE—RH (13

i=1.2.3

TE S M‘@Tﬁ%i’%ﬁﬂ@#aﬁéﬁ&lﬁﬁ :
tei = 10, (14)

V) 2 e R B2 B ) e RN AT LA R IR
Topine *%U%—R)E}m (15)

i=1.2.3

T o<1, SF BB HE IR o B TR EE 2 DRLE e
ANCRECT B R R R R B T /DT
H BB R Toone o 16 %5 FEBEE JEE 82 TR 8K
B o SV AR Tpine AT LAE £ PR AR 7 2SR A — 2 I
JEL R 11 T PR 458 DRLRIC, T Bl w) FR y PO R 4
Bl o 0T 38 A5 3] 5 s 2 BUHE E Rl ) TR
T3 V5 25 RORE 45 R R, SRS B R R 45 5 T
(EEPSR T

2 BERLRAES b
F2 NIRRT B A B S R

AR M AR E N 0.3 MPa, X B A 83 A
i i L s S el R B 5 B A 35 BE T AT D L
Pr.
*2 BHEFHEMBY

Table 2 Structure parameters of clutch
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Fig. 4 Change of total torque under different
conditions
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Table 3 Reducing proportion of total torque
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Fig.7 Attenuation rate of pressure on friction pairs
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Fig. 8 Influence of angle of friction pairs on pressure
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Fig. 9 Test system of a multi-disc clutch
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Table 5 Torque of different friction pairs
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Fig. 11 Change of average torque of single friction pair
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Table 6 Decline of average pressure based on experiment
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