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Lubrication characteristics of slipper pair of piston pump under the
disturbance of valve distribution pressure pulsation
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Abstract: The stress state and oil film dynamic boundary value of slipper of valve distribution axial
piston pump are different from those of end face distribution pump. In order to study its lubrication
characteristics, a coupling model for slipper pair working condition simulation and numerical analysis
applied to valve distribution axial piston pump was established to analyze the effects of plunger motion
frequency, system load and different graded constant flows on the lubrication characteristics of slipper
pair. The results showed that the sliding shoe pair of valve distribution overturned mainly in the direction
of friction torque, and eccentric wear was more likely to occur in the transition period from high pressure
zone to low pressure zone and in the low pressure zone; the increase of the plunger movement frequency
could reduce the risk of overturning and eccentric wear of the slipper, but it may also reduce the stability of
the slipper pair; with the increase of the system load, the oil film thickness decreased, and the overturning

angle of the slipper in the high pressure area decreased, while the overturning angle of the slipper in the
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low pressure area increased; under different grading and constant flow rates, when the number of plungers

was greater than 3, the slippers were not easy to overturn when the odd number of plungers were

combined, while the slippers were easy to overturn and wear when the even number of plungers were

combined, and the pressure change range in the high and low pressure zones increased.

Keywords: valve distribution; pressure pulsation; axial piston pump; slipper pair;
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Fig. 1 Structure diagram of valve distribution axial piston pump

and distribution valve
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Table 1 Key parameters of distribution valve
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Fig.2 Working condition simulation model of axial piston pump with valve distribution
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Fig. 3 Piston cavity pressure under different piston frequencies and system loads
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Fig. 7 Solution flow of lubricating oil film coupling of slipper pair of axial piston pump with valve distribution

T fA 6, H W #SE bR M 0, 5 6, fEBUE
AR T, B R OCT YRl R AR, K
(0076 7 1) Ay JEE 4 ) A R Xl e {7
10, 3 B R 7 53 A AN 35 K Bl s RO 3
THEE 5 AT 6 1R e U 4 e A R A, 5 e
BT — 30, e e DX S 7 A R I X e
A f, H e R XA A B AT R, HA2 b 2R
P HE 3 Ik 3l 52 i A I Sl A s X0 £ S
PR SE 1 K5 Wl B A 3R PR D e s DX g
FEE R, W #e sz AP s ma #5 /0, L i o
BE/IN B SR 7 A AR 8 11 B R 80N R R BT B 4
JI5E, AR He DX RS T (B /DS, e 75 22 7 A T
KT A B A BE Y 180T 5 2 0 - 5 ) 4, TR
BF7E W B PR AR R, 0 R B RS
LN =R

Pl 8(b) Sy im0 IR VR Sl S R, 7EATE 26 15
FEHEIMATRE, T B v JE R AN T U/ )N, 76 A ZEAIR
JE TR e A AR, TR R O JE B S T 3 K, i &
e ZEAE = i DXORMIC R X B 1) 32 0 A8 A6 S 800, 7E
et DX B B N DT /N DA SR R ZE s e
R,

Pl 8(c) & 8(d) 43 531l Sy e F X RIAEG s IX 3l
HE 1 sh 28 e, A s e DRI R DX X il ) L
AR 18] K ) (p,) W22 AL IR B R F Y 3l 1) L
A% 1) R 3 (p,) W 28 PR B, 3k J2 DXLl o Xl
T |- 22 JEE 48 03 R 5 0 = A (1 30 R AN, B 8 L Y il
J5 1) b o AR AR DT B R A /N, X 5 e L
TR AR 7] R F7 (p,) 6 8 1 B 3 671 e (R X R 1)
A B BT T

Zi LA By #r, 255 I 8 AT IR G HE 2815 5)
PRI K, o B A (6, 0,0 6o) AR O T AR
JERE R o 31X S PR Ay 9 ik ) i A2 B 4 ) L i 2 3 R
VAR AT 2 b 2o sl Bk 0 39 R S B0 it A e
2 ool S, TS BB A R AR SR IS B
SRIG A M T 1 B T i Y R R, 5
By s BN, AT 2 D555 i T 4 52 B T i,
ok R B VSR B O, DT 9 AN B i A AR i
VB o A, Hh TR I T D Mk sl 4 2 1 TR £
JBEAE P S 1O, AR b A RS E P . A 2K 3 B
AR, AR s DX 5 s g 78 1 i 8 K, 6 T A
MR, B H RO R o e s DXl R ) B ez i
IR ELN

—~—0,f=15Hz —v—0,, /=15 Hz

——0,, /=15 Hz Oy, f=15Hz
——0,,/=25Hz  —=—0,,/=25Hz
——0,,f=35Hz O f=35Hz

—e—0,f=7.5Hz
—— 6, f=15Hz

——0,,f=25Hz
—o—0,f=35Hz

1.4 0.3
1.2 F
0.2
1.0
g >
s g
=08 015
< =
A <
< 0.6 F
0
04F
0.2 1 1 1 1 1 70.1
0 90 180 270 360
@/(°)

(@) BBIAO,. 6,. Oy



1440

i

VAN S 1

38 %

—v— f=7.5Hz
—— f=25Hz

—— f=15Hz
—o— f=35Hz

0 90 180 270

9/(°)
(b) III/DH;%}E}IC

——p,, f=7.5Hz
—=—p . f=15Hz
—<+—p.,f=25Hz
——p. f=35Hz

——pyf=1.5Hz
——py.f/=15Hz
—>—p,. f=25Hz
—— Py, f=35Hz

360

P 9Ca) A BT F s A 51, 7E v IR X, RGE T
A, LI A7 (6, 6, 6,) B/IN, PRI Ay i 30
s 3 (8 g ™ A ) 8l s A58 i, 9 St A A
AN BE R REAR DU EE B 4 . EAERIRIX, MRS
TR, I 5 s g {ELAE o T HE T DX R0 s I
DX ok 391 s 3 {1 A A R A8 W JEE B, T T R e
T 5 B0 T R R A, R O B BT A UK, BE
T T (B TR RS, HL itz sh A PF 5
T B 1y 35 R AU At E g R SRR 2 AL A A
W R R E . B 9(b) J il 1 o0 58 B A AR,
BEF 22 40 2 O, i R 52 2 B R R T i
Hh L JBEJEE R ARG, AR DX 0 32 15 g 5w v JiE
JE A F AR E SN . B 9(e) | B 8(d) Ry e
ke, SO, R T DX R T Ah i B
JE 3B AH 22 8O, [ T 728 Ak i B K i X g
Y §ihJ7 ) R 22O . FEARIR X, D9 TR %
14 3l s RO SAARDTEE 8 T 0, 25 o R B0l
AT A 8, TSR B XA Y Bl g ) T g AR
PR EE SR, Xl R (B K

——0,,p=5MPa  —o— 0, p=5 MPa

—— 6,, p;=10 MPa
—— 0,, p=20 MPa
—— 0},, ps=40 MPa
—e— 0., p=5 MPa

—>— 0, p,~10 MPa

—v— Oy, ps~10 MPa
—o— 0y, p=20 MPa
—4— Oy, p=40 MPa
—<— 0, p=20 MPa
—o—0,, p~40 MPa

(c) = R XTI 135 (9=90°)

—o—p.,f=1.5Hz
—=—p,, f=15Hz
—— p.f=25Hz
——py, f=35Hz

——py,f=7.5Hz
—o—p, f=15Hz
——p,, /=25 Hz
——py.f=35Hz

8 9 10 11 12 13 14 15 16
r/mm

(d) 1R FE X B E S35 (9=270°)

8 ANIRIAEZEIE SR A B R AR
Fig. 8 Oil film characteristics of slipper pair under different

piston motion frequencies

3.3 RGeS Hx i R B R A R0
P9 S AN T) 2 8 G 280 14 20 St ) e e 2 o

1.4 0.16

0102 (°)

1 1 1 1 1 0
0 90 180 270 360

(@) S, 0, O

8.5
8.0
g
= 75t
2
——p=5 MPa
70l —e—p =10 MPa
' —o—p=20 MPa
—v—p~40 MPa
0 90 180 270 360

9/(°)
(b) LRI B



A4 IRITC VA I 0 Dk S0 3l T Bl 248 Tt S I i 3 e 1441

55 6 4
—+p,p=SMPa  ——p, p=5MPa
——p,p=l0MPa —~—p,, p=10 MPa
—a—p ., p~20 MPa —— Py =20 MPa
——p.,p~40MPa —o— Py =40 MPa
40
30
£ 20
§ L
(Y
10 -
0 L

r/mm
() XA J15 (9=90°)

—+p,p=5SMPa  ——p, p=5MPa

——p.,p~10MPa ——p,, p=10 MPa
—=—p,,ps=20 MPa —o—p,, p=20 MPa
——p,, ps=40 MPa  —o—p,, p=40 MPa

7 8 9 10 11 12 13 14 15 16

r/mm

(d) IR XM E S13% (9=270°)

9 ARIRGEGET 09T MR R
Fig. 9 Oil film characteristics of slipper pair under

different system loads

34 HREREXTHEEBEHENZIE

&1 10 S A [ A 2E 21 A AL 3 T 04 i ik 1 o 7
A FRE . WA A 0, M6, AR TLArbE 2 AR,
Hor gl A T -1 007 A 4 M il 2 A A ZE HE T AT 2
FIMG AT AR B U B AR A V-1, A
V2, HE-3, HEVI-6, HAEVI-9, 4HWI-3
DL K 216 V-8 7 g T X007 AR AS 15 AR 38/
H, WM R A 22 o AN TR o0 B0 i 1 X i 7
6, WS /0N, 2% AT 2 i F R B0 A8 Ak %o
RS TR 7 53 A7 24750 BE SE i A8/ 0N o

11 R AN [R) A ZE 40 A 3 T A0 dei B v o B
J&ECh) BhASFRYE o ASTRIZH A (37 X v e o0 i T
ik, H Al A& M-1, AE V-5, HEVI-2 LU
Je el A -6 F0 2 A VI-8 78 AL ZE HE b X 31 W 3 X
A It I, rhC RREIEE /N, A AR RO, R T T
R A S B A ] e

XFE 10 A 11 s 2E AT B — 20 2 A,
12 Jr7R R AS [ FE ZE 20 A L3 N I X007 A
IRt KA (Opna) B0 B JE e 7 IMEL (i ) 124K
oo X T2 EHG M, KA S T 0
FA Bt RABL (Opa) BRI 00 BT B/ IMEL (i) ) B
ZINFR 3 i R 28 D[] — T R O HE SO FE R
W #t & (slippers in danger), BUAH L F IR 4 & F /Y
HC A i R 5 S S A B o X T A v R, 2
HIEEUNTAE T 3 B, 4G T RIS TTF 6 A e iy
IR, AN, A TTF M Ay B BI85/,
MR fak e, UAEZEBORCT 3 I, S B E A
Ormase BERT A i BN, FFELT O BN g i K
MR, BY A7 B0k SR A i i R AR E, R Y
RGBT, ARESORE FE2H G s e ik 2 A AU s 5

0, fA -1 6, HET-1

0, HE -1 ——0,, AF -1

—— 0, HAM-1 —— 6, AT -1

O, HET-1 o0, HAETM-1
a0, HET-1

0.9 - 0.12
08} 10.10
o7t 10-08
: 0.06 =
~ VY. (=)
506} =
< <
< 10.04
0.5t
10.02
04}
1 " 1 " 1 " 1 " 1 0
0 90 180 270 360
9/(°)
@4& L A5 441
—— 6, HHAEN-1 —o— 6, HEWV-1
—o—0, HEN-5  —=— 0, HEWV-5
—— Qy, HEV-2 O HEV-2
——0, G V-8 — 6, 415 V-8
——0, AEVI-2 ——6,, A V-2
O, HAEN-1 —~ 0, 4HEV-8
o0, HHEV-2 <0, dH5V-2
—a— 0, HAEN-5
1.0 0.14
09+ 40.12
08} 0.10
L osl 0.08 &
< 0.06 =
2 0.6 <
>
0.04
05}
0.02
04}

O HEN AE V. HEV



1442 o= s ¥ M %38 %
0, A5 V-3 —— O, HEVI-3 —=— A VI-3 —— A V-3
—o—0,, HEVI-6 —— 0Oy, HEVI-6 —— A V-6 —— 45 -6
——6,, A5 WI-9 —— 0, AEVI-9 —e— 4 VI-9 V-8
——0,, HEWI-3 —— Oy, A3 %6
— 0, A V-6 —— 0, HEVI-6 '
——0,, A5 V-8 —— 0O, A V-8 g4l
—a— 0, Y1EVI-3 —v— 0, A& I-3 ’
—<— 0, HEVI-6 —o— 0, HEVI-6 8ol
—a— 0, HEVI-9 —— 0, AEVI-8 s ’
1.1 0.16 L 20
s L
10f 10.14 2
09F Jo.12 181
:C 08k 0.10 ~ 7.6
= g
= 07¢ 0.08 & N
> ~, B
2 0.6} 0.06 0 90 180 270 360
= , /)
03 00 © A&V 41
04} 0.02
N R R =<~ 11 RIARE S A BT e o Lo
0 90 180 270 360 Fig. 11 Central film thickness of oil film under different piston
o/C) combination supply
(c) A VI dHA I
10 ARIAEZEH G T e MEE A o, . 0,. 0, 0.90 8.0
Fig. 10 Overturning angle of slipper pair under different piston o fERRHE]
combination supply 6, , 6,, 0, 085 179
° hc(min) 0, )
—a— AL 11 —HET-1 —e— -1 . o L 178
8.6 CO080F o 4 E
P o
g I e O [} o—R 177 :A
84+ cbé 075 | \./ i §§
821 i L 176
£ 070 ' o / ]
é 8.0 L4 17.5
=
e O o T b T
76 \/%'$'$/$'4/4'$®'$®{®/®"®/
‘ HE-HERS
7.4 1 1 1 1 1 1 1 1 1
0 90 180 270 360 B 12 ARIEIX G A i)
9/C) Fig. 12 6, and A, in low pressure area
@AA T 450 A4
—D—éﬂAN-l —V’—éﬂAV-S N =1 J- P2 I\ 32 . 25 3 e
o HIANS e gIAVI2 P13 S A () A ZE 2H 5 R 3 9 g T DX e
I A FES1H0 . BB O PR A R S PR % 9
JE TR 3 Tk 2l 52w, X B 05 ) s AR AR R BE X HE Y
8.4+ . o
Byl 1) 7 A R B A, U AR X IO e s X T )
82 EAIRIER
S 8ot P 14 g AN TR A ZE 20 B BE VR T A9 A0 DX i
< A1, Sty T AaLe IR A — 20, R
[Fi) A 20 & HE O T ) T St AT A G RO I A
7.6 + _ N N
J DX g 78 A i B 38 O, AR IX SR B R, 2
L T LT S W A S R, T
9/() P 32 B AR A 2 o i, 25 AL B4 S R

bHEN. HEV. HEV

LI



% 6 3

AL A TRITC LTS 7 bk S4JE 3 T A A 22 2 i 4 ) 9 A

ey 2% gﬂ% I -1

——p, HE -1

—E—px, Zﬂ%l\/-l
——p, HEIV-5

——Dy, HENV-1
+py, éﬂé}*IV-S
——p, A V-2
D, HEV-8
——Pys HAEVI-2

—-—px—éﬂ%Vﬂ—S —O—py-zﬂévﬂ-?’

—p-HEW-6  ——p, HEV-6
—p A9 —p AFVI-9
—p A3 +py-éﬂ%VI]1-3
—pAEM-6 —pAlE -6

+px-éﬂévﬂl-8 ﬂ»py-?ﬂévm-f&

—pn HEV-2
—p, WET-1 —p, AET-1 —p, AEV-8
o p, WAl ——p, HET-1 —p, AEVI2
25 20
20t sl
p 15} F.
2 10}] =
L N
st 3t
ol ol
7 8 9 10 11 12 13 14 15 16

r/mm

7 8 9 10 11 12 13 14 15 16

7 8 9

r/mm

@HAEG 1 A5 AE

OYHEN. HEV. AsV

13 A ZE AT e DGR 7137 (9=90°)

10 11 12 13 14 15 16
r/mm

) AEW. 4aW

Fig. 13 Oil film pressure field in high pressure zone under different piston combination supply (¢=90°)

——p, HENV-1
—p, HEN-5

Dy HENV-1

—p, HAEW-3  —p, HEV-3

) 2% éﬂ/a‘VlI-6 —v—py, 2E€VI]-6
—~—py, HEN-5 —po HEV-9  ——p, HEVI-9
—p AT _._py_gﬁ/a I-1 —p, HEV2 ——Dys HEV-2 ——p,, AEW-3 ——Py HAEW-3
+px-éﬂé H -1 W—py-gﬂé H -1 —<—px, ZE% V -8 +py, gﬂ% V '8 +px’ éﬂ%Vﬂlé *—*py, 2E'%V[|I-6
e p A1 ——p LA -1 ——pp HEVI2 ——p,, HEVI2 —pp, B9 —p, HE W9
0.4 0.6 0.6
02l 0.4}t 0.4}t
s s 025 3 s 02t
[ 0r & [
= = ol = o
Y 02 Y Y
“I -0.2 -0.2
04} -04 -0.4}
7 8 9 10 11 12 13 14 15 16 7 8 9 10 11 12 13 14 15 16
r/mm

@AH 1. A6 1. A6

b HEN HEV. HEV

14 RIRAEZEL S U T AR XA 7137 (9=270°)

Fig. 14  Oil film pressure field in low pressure zone under different piston combination supply(p=270°)

4 WIESHL

WA 15 FIE 16 BT 7R, B AR SCHE ZE12 sh 4 R
A 25 Hz 1 7.5 Hz B iR AL bR &R R 564 W)
PRARFR 2R, 45 51 78 TR FHE I DXORIE R W 3 DX 1) v i

7 8 9 10 11 12 13 14 15 16
r/mm

() HAEVL. A5

r/mm

FE I3 =4 or A B, OF R 0L 5 36 g R
Ivantysynova [ A 1 A SEBIF 5 45 3R 242 SR 1T 3R
38T, 15 T p M BEAT B — AR T, X, p, 530
FoR XA Y &b AR FR{E . Ivantysynova 1 BA 56 T
ety R ZE AT BRI (ISR A R L 215 B LI IR IE,

o o e e e 3.0
25 =) =
Se====S0 25 =
20 SSSS===22) 2.0 =S\ :
INSSSSmme=mss) < 2. / ,-\\\ =2
o NSSSEE===27 & 22NN\ =)
g 15 IISSSS====27) 15 ,-§\\\:-_-e;,,
= Nee—=———), = ﬂ'=§§§§§=a
B NSSS=====Cc7| L0 NS
SSSS====2" .‘\\§=Eﬁ":
5 NSSS=S====c=c7/ 0.5 ~\. =)
"‘§§S$=— —EE%%'"I 15 ..~.=E§%" 15
0 ISSSSE====17 5 0 . -——g/ 5
15 g e 15 9 T ©
S0 3 =5 S0 3 =5
%
o/ 10555 Yy 1015715

K 15

Ivantysynova HIBAIMAR T J1 3553 A

Fig. 15 Distribution of oil film pressure field of Ivantysynova team



1444 ==

7))

VAN S 1

38 %

p/MPa

p/MPa

(a) /<25 Hz

p/MPa

251
2.0+
1.5}
1.0 +
0.5

(b) /7.5 Hz

16 ASGHR MBI %04
Fig. 16 Distribution of oil film pressure field calculated in this paper

PAFTZ AT

AT LA, AFDT T s TR P 9 A 1) A €, T
Tt U I AN A2 B T R T i A7 A R R
W, E 5 R DX, S T G 0 18D FC 378 9el R ) 3
Aoy A 34757, T IR 3 T B T A HE XSl Y
ARG — 2R MR, TR,
ORGSR A 1 O, S B
R 7 5345 AN 34, i 1D TG 9 Vil R 0 3 4 A 1] i R
Jry ¥y AR, TR TR ke B 0 3 43 A B AE X £
J7 B A, TE ) b B R CRE X R )
G, 12 DR Ay R T kT S R T A2 EE 4 T R
TE X Bl 77 1), 30 B 7 40 A A ¥ 8t AR BLAE Xl
Jrim o mE 1S A 16 T, A SCHE S Y
AR & 71375 Ivantysynova F1 A3 R & ) 3% 78 1k
R 7 N

5 & g

A% SR P R0 K RO A T R £ SR A 0 7
SR ST T I RCTE R 1 Bk 340 30 fo v L)
B2 VA, 0 e A 2 R 5 A T 5 A A AR
KLEWHEAT BT, 1550 LA F 43

1) i T 90 V8 i 22 P 48 ) LB R, £
Y il 2 A AT U A 7 R I X R S A A /N

{EL, AR TR 3 XSG 348 K i/ ZBADE, il
I V52 J3E A ey e XA W i/ N I 7 8 s DXAS B K
o5 St A o s DX AR DXt 90 380 R AR X e
iy R M i RS VS A o 3k IS g A AN 4 4 v A
75 X7 ) o P A2 S ) T TR AL a1 A 2 2R T
fil) T L DU RS AT R 45 SR A B Y, B Xt 22
B 22 PR BN (14 1] T O R i
A7 2 T B EE 7 AT

2) A E B B AR o 5 O e AU AR Y
R, [R]85 I 3L g i i, OROAE 6 i 1 g ik
By AR Bl R0 Bl 2 1 5, S 200 R
IR T 8 R e AR e X I g 72 A W 32 1) A 3 ORC
AR VS T A i 114 S 6 Pk 5 ) 9 b2 A D
SR, W RIS E PERR AR

3) KA 2R G0 0B K, 2 4 W IR T 3 A
BELAT:, [R) Ak ek B 8 B 10 5 e T B s ) ik s
Ko RGO, w5 i DX it 605 A B ), i
AR H DX St AU A A, T I o T i 22 9 ) 5
N T IR % 1 B e RN R AR DT 1, 1A
SR 3BOX R Y A7 1) 7 A2 AR JEE

4) ANTR) o 2 5 TR A 2 i A I R P i
Je, AL i T DX PN s g AS PR E T 237 HE AN L
WZAZ . X T2 41A T BFER T LR, TR <



% 6 3

AL 45 FRITEC It P 0 Ik 3l 412 8 T A 28 25 i L B 30 9 e 1

1445

3, A A& iR s, 20 4 i
A G RIS R . AL 2R3 I, 5 Bk 58
A5 I T AN B e A AR, TP R 28 45 I T
it Ty e A UL DA (LA o T S AU A R0 i
1o A0 T DX 0 738 P R 8 K, o i ol s AL B R
UNGE E TS

CESd S

(1]

[31]

[4]

[51]

(7]

[8]

(10]

(11]

ZHAO Kaiping, HE Tao, WANG Chuanli, et al. Lubrication char-
acteristics analysis of slipper pair of digital valve distribution axial
piston pump[J]. Advances in Mechanical Engineering, 2022, 14(3):
2049-2063.

GUO Tong, ZHAO Shengdun, YU Yanghuiwen, et al. Design and
theoretical analysis of a sliding valve distribution radial piston pump
[J]. Journal of Mechanical Science and Technology, 2016, 30(1):
327-335.

Fe/NEE, T, B OR, AF ) b SRR £ 2 RS R
58 AR[9]. A2 3 J1 2741, 2018, 33(5): 1245-1255.

WU Xiaofeng, HE Yafeng, HUANG Zhirong, et al. Multidisci-
plinary modeling and integrated optimization of axial piston pump
[J]. Journal of Aerospace Power, 2018, 33(5): 1245-1255. (in Chi-
nese)

A, B, AR B RO AZ B M. b R e Tl
th At 2016.

VLMEZE, SR ZE 8, JR/NGE, A5 00 28 RS 28 Ik 30 T ) i A
FIK 5 G I 1. Wi =3 3l ) 244, 2023, 38(1): 197-205.
JIANG Huijun, ZHANG Junyu, ZHOU Xiaokai, et al. Analytic ex-
pression and series expansion of pulsation pressures of aviation hy-
draulic pumps[J]. Journal of Aerospace Power, 2023, 38(1): 197-
205. (in Chinese)

QIAN Pengcheng, JI Zengqi, ZHU Bihai. Research on the dynam-
ics and variable characteristics of a double-swash-plate hydraulic
axial piston pump with port valves[J]. Journal of Dynamic Systems,
Measurement, and Control, 2019, 141(1): 1-18.

AR I B A R 0 S A A ) B AT 5 (D). B -
#ITL K22, 2018.

WANG Qiannan. Research on oil film characteristicsof slipper pair
in axial piston pump[D]. Hangzhou: Zhejiang University, 2018. (in
Chinese)

vl PR, Pt A R A S SR T I R U A ik R
THEEOE L] A28 30 1 241, 2010, 25(6): 1437-1442.

HE Bihai, SUN Jianguo, YE Zhifeng. Calculation and analysis of
film thickness for slipper pair and valve plate pair in fuel piston
pumplJ]. Journal of Aerospace Power, 2010, 25(6): 1437-1442. (in
Chinese)

CHEN Juan, MA Jiming, LI Jia, et al. Performance optimization of
grooved slippers for aero hydraulic pumps[J]. Chinese Journal of
Aeronautics, 2016, 29(3): 814-823.

RN, MG, M A PR A 28 R T e R 9 2 H AR
DA BETF 9] 2 30 1 241, 2014, 29(8): 1981-1986.

XU Peipei, YE Zhifeng, WANG Bin. Multi-objective optimization
design of slipper film in aero-engine fuel piston pump[J]. Journal of
Acrospace Power, 2014, 29(8): 1981-1986. (in Chinese)

SCHENK A, IVANTYSYNOVA M. A transient thermoelastohy-
drodynamic lubrication model for the slipper/swashplate in axial
piston machines[J]. Journal of Tribology, 2015, 137(3): 031701.1-

[12]

[13]

[14]

[15]

[17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

[25]

031701.10.

SCHENK A. Predicting lubrication performance between the slip-
per and swashplate in axial piston hydraulic machines[D]. West
Lafayette: Purdue University, 2014.

SPENCER N A. Design and development of a novel test method to
measure the slipper/swashplate interface fluid film in a positive dis-
placement machine[D]. West Lafayette: Purdue University, 2014.
TOSHIHARU K. Thermohydrodynamic lubrication model applica-
ble to a slipper of swashplate type axial piston pumps and motors
(effects of operating conditions)[J]. Tribology Online, 2010, 5(5):
250-254.

BERGADA J M, KUMAR S, DAVIES D L, et al. A complete anal-
ysis of xial piston pump leakage and output flow ripples[J]. Ap-
plied Mathematical Modelling, 2012, 36(4): 1731-1751.
BERGADA J M, HAYNES J M, WATTON J. Leakage and groove
pressure of an axial piston pump slipper with multiple lands[J]. Tri-
bology Transactions, 2008, 51(4): 469-482.

RICHARDSON D, SADEGHI F, RICHARD G R, et al. Surface
modification effects on lubricant temperature andfloating valve
plate motion in an axial piston pump[J]. Proceedings of the Institu-
tion of Mechanical Engineers: Part J Journal of Engineering Tribol-
ogy, 2020, 234(1): 3-17.

HARRIS R M, EDGE K A, TILLEY D G. Predicting the behavior
of slipperpads in swashplate-type axial piston pumps[J]. Journal of
Dynamic Systems Measurement and Control, 1996, 118(1): 41-47.
XU Bing, WANG Qiannan, ZHANG Junhui. Effect of case drain
pressure on slipper/swashplate pair within axial piston pump[J].
Journal of Zhejiang University-Science A:Applied Physics & Engi-
neering, 2015, 16(12): 1001-1014.

fRdm, ARl o, sk, A5 b 1) AT 2 2 0 N R 60RT I S BU(E
3BT (3], HLBE T2 2241, 2010, 46(20): 161-168.

XU Bing, LI Yingbing, ZHANG Bin, et al. Numerical simulation of
overturning phenomenon of axial piston pump slipper pair[J]. Jour-
nal of Mechanical Engineering, 2010, 46(20): 161-168. (in Chi-
nese)

B, X LA, IR S i Tl 16 A 2E 2 ) 3l R 4R 1
WS [I]. Jb 5t 3 TR 2% 24 4, 2018, 38(3): 229-234.

HU Jibin, ZHAO Hongmei, JING Chongbo. Hydrodynamic lubri-
cation characteristics of slipper/swash plate pair in axial piston
pumps-theory and experiment[J]. Transactions of Beijing Institute
of Technology, 2018, 38(3): 229-234. (in Chinese)

VA, RDREAR, 2 il i) A S 2 o R Y A A R S
PE[I]. i35 30 01 24, 2016, 31(8): 1913-1920.

TANG Hesheng, YIN Yaobao, LI Jing. Thermal-structural cou-
pling characteristics of axial piston pump slipper pair[J]. Journal of
Aerospace Power, 2016, 31(8): 1913-1920. (in Chinese)

TANG Hesheng, REN Yan, XIANG Jiawei. Fully-coupled thermo-
mechanical analysis for sliding contact between textured slipper
and swashplate in axial piston pump[J]. International Journal of
Heat and Mass Transfer, 2020, 163(12): 120521.1-120521.15.
WIECZOREK U, IVANTYSYNOVA M. Computer aided opti-
mization of bearing and sealing gaps in hydrostatic machines-the
simulation tool CASPAR[J]. International Journal of Fluid Power,
2014, 3(1): 7-20.

ZECCHI M. A novel fluid structure interaction and thermal model
to predict the cylinder block/valve plate interface performance in
swash plate type axial piston machines[D]. West Lafayette: Purdue
University, 2013.

(¥R T


https://doi.org/10.1007/s12206-015-1236-1
https://doi.org/10.13224/j.cnki.jasp.2018.05.027
https://doi.org/10.13224/j.cnki.jasp.2018.05.027
https://doi.org/10.13224/j.cnki.jasp.20220288
https://doi.org/10.13224/j.cnki.jasp.20220288
https://doi.org/10.13224/j.cnki.jasp.2010.06.035
https://doi.org/10.13224/j.cnki.jasp.2010.06.035
https://doi.org/10.1016/j.cja.2015.12.021
https://doi.org/10.1016/j.cja.2015.12.021
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.2474/trol.5.250
https://doi.org/10.1016/j.apm.2011.09.016
https://doi.org/10.1016/j.apm.2011.09.016
https://doi.org/10.1080/10402000802044332
https://doi.org/10.1080/10402000802044332
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1115/1.2801149
https://doi.org/10.1115/1.2801149
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.1007/s12206-015-1236-1
https://doi.org/10.13224/j.cnki.jasp.2018.05.027
https://doi.org/10.13224/j.cnki.jasp.2018.05.027
https://doi.org/10.13224/j.cnki.jasp.20220288
https://doi.org/10.13224/j.cnki.jasp.20220288
https://doi.org/10.13224/j.cnki.jasp.2010.06.035
https://doi.org/10.13224/j.cnki.jasp.2010.06.035
https://doi.org/10.1016/j.cja.2015.12.021
https://doi.org/10.1016/j.cja.2015.12.021
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.2474/trol.5.250
https://doi.org/10.1016/j.apm.2011.09.016
https://doi.org/10.1016/j.apm.2011.09.016
https://doi.org/10.1080/10402000802044332
https://doi.org/10.1080/10402000802044332
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1115/1.2801149
https://doi.org/10.1115/1.2801149
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.1007/s12206-015-1236-1
https://doi.org/10.13224/j.cnki.jasp.2018.05.027
https://doi.org/10.13224/j.cnki.jasp.2018.05.027
https://doi.org/10.13224/j.cnki.jasp.20220288
https://doi.org/10.13224/j.cnki.jasp.20220288
https://doi.org/10.13224/j.cnki.jasp.2010.06.035
https://doi.org/10.13224/j.cnki.jasp.2010.06.035
https://doi.org/10.1016/j.cja.2015.12.021
https://doi.org/10.1016/j.cja.2015.12.021
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.1007/s12206-015-1236-1
https://doi.org/10.13224/j.cnki.jasp.2018.05.027
https://doi.org/10.13224/j.cnki.jasp.2018.05.027
https://doi.org/10.13224/j.cnki.jasp.20220288
https://doi.org/10.13224/j.cnki.jasp.20220288
https://doi.org/10.13224/j.cnki.jasp.2010.06.035
https://doi.org/10.13224/j.cnki.jasp.2010.06.035
https://doi.org/10.1016/j.cja.2015.12.021
https://doi.org/10.1016/j.cja.2015.12.021
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.13224/j.cnki.jasp.2014.08.028
https://doi.org/10.2474/trol.5.250
https://doi.org/10.1016/j.apm.2011.09.016
https://doi.org/10.1016/j.apm.2011.09.016
https://doi.org/10.1080/10402000802044332
https://doi.org/10.1080/10402000802044332
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1115/1.2801149
https://doi.org/10.1115/1.2801149
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.2474/trol.5.250
https://doi.org/10.1016/j.apm.2011.09.016
https://doi.org/10.1016/j.apm.2011.09.016
https://doi.org/10.1080/10402000802044332
https://doi.org/10.1080/10402000802044332
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1177/1350650119841184
https://doi.org/10.1115/1.2801149
https://doi.org/10.1115/1.2801149
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.3901/JME.2010.20.161
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.15918/j.tbit1001-0645.2018.03.002
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.13224/j.cnki.jasp.2016.08.016
https://doi.org/10.13224/j.cnki.jasp.2016.08.016

	1 柱塞腔压力脉动工况模拟及分析
	1.1 阀配流轴向柱塞泵建模
	1.2 柱塞频率及系统负载对柱塞腔压力脉动的影响
	1.3 分级定流量对柱塞腔压力脉动的影响

	2 阀配流轴向柱塞泵滑靴副润滑模型
	2.1 运动学模型
	2.2 滑靴倾覆模型
	2.3 油膜压力场模型及滑靴力矩推导

	3 耦合求解及结果分析
	3.1 模型耦合数值求解
	3.2 柱塞运动频率对油膜润滑特性的影响
	3.3 系统负载对油膜润滑特性的影响
	3.4 分级定流量对油膜润滑特性的影响

	4 验证与讨论
	5 结　论
	参考文献

