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Thermal-structural coupling characteristics of axial piston

pump slipper pair

TANG He-sheng, YIN\Yao-bao, LI Jing

(School of Mechanical-Engineerings
Tongji Universitys. Shanghai 201804, China)

Abstract: To improve\the wear resistance of axial piston pump slipper pair, the transi-
ent thermal-structure coupling model*was-established based on the slipper/swash plate fric-
tion pair. Under the pressure\shock condition, the slipper surface temperature, stress and
deformation were analyzed. The results show that slipper temperature in a piston pump peri-
odically changes-with the piston chamber pressure and the range of slipper temperature from
45.5%C to 49.8°C. The highest slipper temperature appears in the pump suction-discharge
pressure transition zone. When the slipper runs in discharge pressure zone of pump, the
maximum axial stress is 250 MPa, which is concentrated on the edge region between slipper
pocket and sealing belt. The layed axial stress of slipper is significant, causing the slipper
deformation differentiation. The range of slipper deformation is {from 12.5 pym to 15 pm,
which appears at the edge of slipper. Shear force of abrasive particle is enhanced by input
heat flux of slipper intensifying micro cutting and extrusion deformation. Furthermore, strip
exfoliation and pits are presented by wear surface of slipper, which shows adhesive and abra-

sive wear characteristics.
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Fig. 1 Heat conduction model of slipper pair
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Table-1~ Thermal performance parameters of
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pairing materials in slipper pair

frie 2 zmiiﬁaﬁg;oo#
W/ (g/cm®) 8.5 7.3
et/ (1/ (kg + T 390 460
PER/(W/(m+ T 92 54. 4
MR IR R %/ (100 /°C) 18.8 11
WAL/ GPa 90 154
THFALE 0. 32 0.3
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Table 2 Geometric parameters of slipper
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Fig.4 Temperature curves of slipper edge

i HEz10]
AR A um

24 mm

.
=
™
-
||
||
s
||
L]
||

15
i [y

s 10
!

5 WU = AR A
Fig.5 Deformation distribution along the z direction

of slipper



5 8 ]

oAl kA B i A 2 R T R B P A R R A R 1917

A YT T 2 AR T o 8 T A S A AR A A s
MR = W28 1 pm, T ¥R 40 < 16 728
k15 pm T ASTE B35, o8 T aE— 25 4 BT Y
S AR I W = Bl 5 il R 5 A [ A Bl o ) 1D
F T T P S 6 T B R B2 T A S 24 50 B 1 i
FIWTR 53 )2 5 | S PP T R A AN ) R B Y
L i AR TE L3 it 5 R Rl AR T A S
Sl JEE 2 X 3ok 11 v L DB A L £ b SRR TR L Y
RS 488 4 ik T 7 A 1 i A R % B 5 8 )8 A B AR
FH s Jor ) e e 2 T80 64 D0 B AN BE AR B AR 5 3
T Bl 300 % 1) o S 0 5

Bl 6l il 2 1 = ] A2 08 i 6. W i =
T 25 T W AR A4 2 £ S5 ) S0 R A K i B = )
I 53— BB BOR A A B B 7E 07~ 180° 3 [
DA T Ak 2 A i X L Y BT A7 0 A
KM = m A2 b T A AR B Be, BB EE D
12.5~15 e, HO U 2 8 b = 1] 19 7 BE A
BT AL 25 5 Tl R ) 43 2 0 3 R O B AR
TE 34k, 5| A i i v e i AR TR L 0 f P 4
DB i RS = 1] AR T R L AR T O A B
TE 1807~ 360°3t Fil N , ¥ b Ak T 22 19 I

BT 32 1 P 7 e/ B 2 A <§f\ #
W B . P L T B 3 M R (AR 10]

SRR R AR S L T Y 2

m&%ﬁmm%wwwi

25+
— 8 {iiz (o] B TR 5 4 1
—o— iirz (] AT HE R I A1 3 mm
= 20 —A— ifizin) Hi AL E A HE N S mm
£ — e
= \///
w 15F
=
2 10f
=
=
st
0 1 1 L L -I
0 9 180 270 360 450 540

STAREE /()
6 WGl «maTE sk
Fig. 6 Deformation curves along the z direction of

slipper edge

7 Ay R B A ) A A 1 N o AL iR T T
AR IR ) 5 ™ A R ) I R T AR
Ti] JEE 455 B Rk oA A2 126 (1) R A% S 2 L ik 009 2R
i 52 v PR I A AR AN D5 A B AR
25 TS W HE R D A B A S ST 2 W T R
% T AT B 4R I 20 St B0 A% 1) 15 T R R T L B

KA N J1 R 36 MPa, 4 v 78 3 it 09 8 ol 1 X
S, T A 1 g Sk TR L D) dRe Kl R T Sk 250
MPa, i BAE O i 5 52 I 9% B4 2 18] 09 34
S5 DX 35, T T Sk v B e R R B R T AR 1) R
JE o T B0 0% il ) L T B AR ) T i R
il ) 1N ) BT A R AR T Rl

Feln) R 13/
MPa

i #EE R mm

N i/

\ L MPa
h -4

N -50

i 0 150

=

‘ 200

-250

|_10| 1 1 1 0 1 1 1 1 10 1
2/ mm
(b)
B 7 S A2 1) A ) A 43 A

Fig. 7 Radial stress and axial stress distribution

of slipper

P 8 iy i St ) il 1 A g O A ot L T A
Sl ey RN ARS 1) L 0 5 R FE M TR g LA R 9 it 3 T O R
FEAERRA QAR H T T B 2 T L 38 B A 2 R )
S RSP A S BN A4 B 1) FAR 1) 1 g
PR A 3. T it sz B e A PR R AR 2y
AT AN 357 53 (14 52 ) o S S0 2 i B 45 3 i O i 1
e B SR AN 4 By 1 N i 3R T B 7 e o A5
3. BEAE A A I AE K, 1 e BT 32 09 1 ) R 4
iy A2 A2 AR A L R B IS T 0 B0 O RO 22 L = B0 it



1918 o= @ o oE R LA

—a— Tz fa] T LR AT S N T mm
60T —e— 37bzji) B 25 P BIRE T 728 1 M3 mm

£ 501 —a— Jfizin) P R TS S mm SH Wl 605
g T Hium
=20 45
Z 20 .
‘Q\{“:‘
10 . . : . . . g 3.5
0 90 180 270 360 450 540 &
(AR ) 3 25
=
(a) o 1.5
200 g Yjo) i B WL RS J9 1 mm 0.5
£ 100} —e— iz Bl i HER A 3 mm
= oh ™ Wz 1) T R T 0 S mm
‘?_\‘. L L 1 L L L 1 L L '
L; -100 10 0 -10
£ -200 AR /mm
P00 0 180 270 360 450 540 B o LAY SR A < AT A A
GLAREMAC) Fig. 9 Deformation along z direction of
(b) .
B8 i B 1% 425 1) 0 A ) g 7 2R
Fig. 8 Radial stress and axial stress curves of slipper
) = 3 A Ectdn
) 9 A TR 450005 L 2 3 O = A il ) A5 R

SR LR S5 R BTN A B FE BRI R ehil L T
PRI 3 ok ¥ 50 A I AE ik L, S 30 5

-10 0 10

] i HEE R /mm
T R 9 G R S V0 S O A 5 i @ AR

FEAT S T L 38 3 300 0008 B 2 T 7 2 W A

S L R o BT O B S L e

4 B SR L 3 VA R S T A Mpa
0 o BATHEB SR N = RIS 200

WML = AT AT D R LB R, 2 150

UL B ST B 3 pm B S T R o

L5 BRI 4 TTA k E 70

AST MR B e 70 %%, 5 8 T EL A7 i ) 7R 1 3 B 0

7 0 T W AT A JE 1 1 1 T 0 ik 0 ok T

B A TS L 4 R R B AR ) L

0 4% 13 JE S B LI T o0 o

Vel 10 g [ 38 L 19 26 R0 B 1 506 . ol bﬁgﬁg;m
R B WL B A 650 B 9 414 B0 o B 5 A (bR
391 4 I Sk T EL A4 A B < 7 16 38 B 5 5 10 LA 4520 ) 5y

S B A V0 A B S AR B v i, Fig. 10 Equivalent stress distribution of slipper



o8 i

1 fof P A5 T o A 2 2R R ) B AR 5 e 1919

RN T30 200 MPa, 55 JC A Bly 32K ) 1 $EAH B L Dz
JI W R B 50 MPa, A7 250 i S 3 it i B ) 4
H I L /N T ) 2 T S T L 4R e T i ) R AR
SE VL By L1 it 20 % B0 R A

3 BHMEAHEXNSRKESH

il 1 A S AT i % 2K 08 Sl A LR L
T ¥ 8t 26 W & A= 98 M R AR, 7 A il AR O
@ ¥ ik 2 1 & A et s O 1 i 2% 1 K A B L.

TEREE R A B RT3 v 1k 3
1 vt 35405 BT AR T A B R A A e e T B R AR
Wy B, th T s TR0 AR e, TG 3k AT R 0 D T 3 5
2 5 1Y) R g oot a6 00 2 e T S R
JEE R Wi TR T o 3 58 A R IR BRI O =
T HEIM R EE S 40~60°C L i3 10 K Sk 0. 06~
0. 2 MPa, B3 £ 71 AR KT 0. 18 MPa, % # 413500
r/min i 00 R, BUE FE 718 21 MPa, W {5 i 77 K
25 MPa, th i 5 % 10 YK /min, W 06 2R E0CH
10 iR,

P11 T ™ £ Ak iy 9 v S 0 DX
Je FFH JSM-5000LV 8 5 47 4 i 13l 55 o B v it
VS 361 BT S B4 2 T O AR AR . L U, AR i B R R
SEEH A O™ B0 R AT O

i DX

1T W™ & A Y B 0 DU o X 35
Fig. 11 Surface abrasion measurement zone of

slipper lug boss

12 Sy ity ™ & 40 0 3R . 7R R ) bty
ST, T R PR B 7 A B R R R B AR ol AARE
50 T AR AR R 38 SR R 4 5T U 7 L AR A
BHEHILAR R B, 5 SO 2 T R B AR RV A T
U o o ] e e S T A SCDD R e R T
TR A 7R A RO L 4 R AIE

3 U HO™N B Y R I A A AL X bl e
GIICRCR (AN RN =N I LR NON: (i
—0.004~0. 014 mm. H-rr, N #t 1 Fiig #t 9 9

R A0 i ) R 3 I 0 5 EE R Ol 6. 308
o 117 1296 I T A B A B 20 0. 008 mm 3 Hit
3 AL 7 o A7 A A TR A U0 B4R E 3 Y
JEBRE S 0. 001 mm , 5L A 2 8 it DA i ) 4
VEE A58 77 AR B A T TG A AR ABURE i 08 T it i 2 19
JR v DX S AR R A 4 TR ik, 1S T SR T R
A i P R A LR 4B R R S B A R O
052 A JRE A D) 9 i S A R U, 7
SEBRTBCT S o1 T 9 AT A0 B0 A AN A [
FIT LA 9 A~ Bl 85 B9 0™ 13 e L R 5 B A A 2
Stk 5 oh T 4 R EE S R R R A SO0 D
Y P 2 T 2R R AR L L AT 2 A I TR
Ty el 22 R P AR A L 51 T AR T B U
FIEE AL 30 G2, 52 Wi R 26 52 A fif ] 75 i F1AT 5
P DRI, 75 B B W S R 2 ] B AR JE]
B, ok /L JEE 458 A ORI JiS - sl e T LA T L B
o 450 R T AL T A

(b) I8

P12 T B TR I A e R IR

Fig. 12 Abrasion height and wear trace of slipper surface

x3 BHROEHSENEER
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