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Analysis on dynamic characteristics of oil suction and discharge

of hydraulic pump with spherical vane
PI Dongya+ ZHANG Rui, YU Yaxin
(Faculty of Mechanical Engineering & Automation, Zhejiang
Sci-Tech University, Hangzhou 310018, China)

Abstract: A dynamic characteristic simulation model of the hydraulic pump with spherical vane was
established in Matlab software based on the analysis of oil suction and discharge of hydraulic pump with
spherical vane. The research on the dynamic characteristics of the hydraulic pump with spherical vane was
carried out by analyzing the pressure shock and return flow during oil suction and discharge. Aiming at the
problem of pressure shock in the cavity during the transition between high and low pressure chambers, the
orthogonal experiment was used to optimize the 4 factors influencing pressure shock: the offset angle of
triangular groove, wrap angle, apex angle and bottom angle of the groove section at the inlet of oil drain
window. According to the extreme difference analysis, the influencing law of various factors on the internal
pressure of the cavity was gained. The main factors and secondary factors affecting the internal pressure of
the cavity were found. After multiple orthogonal experiments, the optimal combination of various factors
was obtained finally. The results show that the suction and discharge process of each cavity presents the
periodical change with the phase difference of n. The internal pressure peak in the cavity during the
transition between high and low pressure chambers is 31. 94 MPa and the reflux flow rate is 2. 05 L./min
under the following conditions: apex angle 53. 75°, bottom angle 87. 50°, offset angle 11 25°and wrap
angle 2. 50°. The pressure shock and the reflow phenomenon in the cavity are significantly improved,

thereby effectively reducing the noise of the pump.

:2019—11—18 :2020—01—02
(2018YFD0700703) ; (51521064)
(1995—, ),

,E-mail: yyxin@zstu.edu.cn



3 : 333

Key words: hydraulic pump with spherical vane; dynamic simulation; orthogonal experiment;

pressure shock

, [1] B
. [2]
’ ° (2] N
Xu s 1. ;2. ;3. 4.
. 5 ;6. 7 8
[5] . [6] 1
, . [7] 2
, 2.1
. Ye ¥ 2
. s : abed b
’ W o ) 4 o
o 1 1 2 2
. . 3 4,
s abed
’ 1\2\3 ’ 2(8) ’
o 4.5.6 , 2(b) o
[9] 1
, 0°<g<90" . 2(e) .1
; , bd 1 , 0 ,
s 9OO<<]S<180o , 2(d) s 1
’ ) ° ¢ - 18009
Matlab/Simulink , 4 s 1 4 1
. 18Oo<¢<2700 ’ 2(6) 1) 1
’ ° ’ 993:2700 . 1
1 270°<$<360° . 2D . 1
[9-10] y ,
1 s s o ¢:3600, 1 . 1

s R 4 ac



334

( ) 2020 43

0.

(O ¢=360°7 R4 A5

360°<C¢<C540°

1
$=1540°

b

2

.3

b

b

(2) $=450°F A (h) ¢=540°F 4015

2

2(g)—(h) , 1 180°  360°,

s 1 4. 5 6 1
0°,180°  360°,

[10]
s

) 1 V)



2+t
0.0 € (0
i(R R 3)|:(9sir1a* {sina *arcsin(sina%in(ﬁf ! ) ) } 0 € ( SRR )
3 ' ' R, +nr ) ) R, +r ’ RI‘F’H’Tr R, +n
1 2 ) S
E(Rls, 7713)[ (nle Jﬁrl) sing —arcsm(smasm((?*Rl t+h> >+
. . . t t 13
V) = arcsm(smasm(@-chrRl +h) ) J 0 € (TF_Rl - ’27T+Rl +7’1>
1 s s P . P t t
E(R1 r )[(311 0 Rl_’_r1>s1na+arc51n(smas1n<0 nJrRl_‘_rl))}vO S <ZW+R1+7’17
2+t
Sn_Rl+r1>
2+t
0,0 € (an—Rl o 37 )
(D
:Rl 5
;o 2
abed ;0 3 1

b
P
Py

R,=35 mm, r,=15 mm, £ =5 mm, ¢t =

7 mm,q=12°, (D 6 e e
3 . ¢
[11]
1.4x10° - vV o
. i i i
1.2x105} i — Qo = . 2
0 Q Q & +Eﬁ i (2)
% 1.0x10 7 E, O
= 8.0x10°}
s q . [2
g 6.0x10° 1 JQin.i =C4Au, | — ‘ pr— pi|sgn(pr—p)
& 4 ox100) P (3)
. 2
2.0x10¢} IQM,; =CaA i 5 /; | pi— pi | sgn(p, —pod
006150 360 540 720~ 900 T080 A i Ao
RO/ .
— FBIREREL, - - BE2NERES, - - BR3MEKG6 t 50 0
s 7
3
L. D , s
2.2
2.1 ! ’
‘ | v, v, dp,
N , — = ° 4
’ 1) 4 ° 4 Ql Q_ Q; dt + Eﬁ dt ( )
: Qin.z l 5 Qout,i l 6
; Vi i s D i Q1 = Z;Qom.i (&))
i€ (1,2,4,6);Q, 3 [2
Q, s A, Q. =C,A, ;(P7_[J'r) (6)
3 Vs 7 HYy 31 50
( 7 ); Cy s P MPa,
(pr=0), . 40, 00 MPa,



336 ( ) 2020 43
2.3
3
, 3.1
. , 1 .
2.3 , Matlab/Simulink
2 .
o 5 s 1
0° ,
, R/mm 29
r/mm 23
’ R;/mm 26
N N d/mm 2. 65
7 V,;/m? 0. 001
H/mm 6
o/ (kg=m™*) 865
E;/MPa 1000
Cq 0. 85
(93, (9,1’
5 i, s,
3 o
2 82
S =Rp;) tan&ltan? D)
T1 /(0) 12
. ' o1 /() 4
Am:f(Ryryzety‘l'lagl?l9T29§029H357(9) (8) o /(%) 10
: @2 /(* 2
Aom:f(Raryzvlv'[g7§037T499049H95;6) (9) T3 /(o) 10
: R{ H 0] @3 /(O) 4
. 0, R T4 /SO) —6
Lo /() 0
P P 0, /(" 30
5 T2 0, /(O> 60
i @ 05 /() 40
01/ 80
3 Q2
5 T3 1 6 7
5 @3 ’ 1
5 Ty )
5 @ 2 Do 1
5 H Qout.l ’ o
1 , 1



3 337
s 4
s o P
0 0, T3 (K] K
b b b
1 1 1 1 1 K,
b P 0
2 1 2 2 2 K,
3 1 3 3 3 K;
35 v P ! *
i | : 4 2 1 2 3 K,
I 1|
30 W: ! ! 5 2 2 3 1 K,
250 : 6 2 3 1 2 K
< | |
E 20—: }% F'j— : {g 7 3 1 3 2 K,
~15H E A = 8 3 2 1 3 K
SP0 m Bl R '
10} 1 9 3 3 2 1 K,
d
5H . l
| | ! ’
0 " ! .
! ! ! ! 5, K, c ]
_5 1 1 1 1 1 ]
2700 2880 3060 3240 3420 3600 3780 K ’ :
o/(° .
A0/ Jo= max{K., ,K..K;} —min{K,.K,,K.} (10
6 1 5
50
03 0, Ts @3
40 1 K K K K
E 30 2 Ky, K, K, K,
i 3 Ky K K K
% 20 J I J2 Js J
T
W 10 K 0; .
0 7N T3 ©3 K,
-10 1 1 1 I I | ’
2700 2880 3060 3240 3420 3600 3780 J
Hmo/(°) ‘
K
7 1
3.2 3
’ ’ s [14] R
| 0; (0,46,
[13]
° M, =b,M,, =2b,M,; =30 (b
’ ). s 0; =
’ Mhl?('l S {19233}9
’ o pV b
b o
s 0.5 T3
9030 ’ o
3 , 1.2.3, 3.3
Ls)(31> 1) K ’ 2 1 ’



338 ( ) 2020 43

p\ ’ 7
P =31 89 MPa . I
6
, st -
lim(p, — p) — 0. pe b - O,
K,K=1|p,—pul. ﬁ —— &,
= 3t —~V—RAE0,
K B
5/%:;><1oo<1.5% 2
h
4 Ir
0 1 4
1 2 3 4 5
0,=(0°,80"),0,=(0°,160°), IEX ARSI
73:(207180)5903:(()0’80)’ 8
: 5 :
0:=1{20",40",60%},0,={40°,80°,120%}, 0, =53. 75°,0, =87. 50°,7; =11, 25°, ¢, =2 50°,
T3:{6 ’10 ’14}’g03:{2 ’4 ,6 }D 63\ 6'1\ TH 903
13 ’ ( 1. 250,2 500,0. 250 0, 125)
6
6 1
0 K 0 0
0 0., T3 @3 fmz.x/A :; X 100 :1. BA < 1. 5% (11)
1 5. 6767 4, 3367 2. 3900 3. 4333 b
2 3. 8833 3. 5533 2. 1900 3. 7967 ’ °
3 3. 8467 5 5167 8 8267 6. 1767
J 1. 8300 1. 9633 6. 6367 2. 7433 o ’ T3
. 64 ’
o , o o o 05 ’ ¢5
0;260 ’0,1:80 9'[3:10 9903:2 °
. ’ T3
.2
0, = {50°,60°,70°} ,0, = {60°,80°,100°} , 5° |
1'3:{80’1009120}’§03:{10920930}0 9 ) 10
, 5
, 9(h) 9Ca) 1 s
° 10(b) 10(a) I .
7 5
. . - o 1—5 1 . 2 . 3 . 4 5
1 0. 5233 0. 5267 0. 1500 0. 4700
2 0. 4800 0. 4733 0. 4667 0. 4033 o 3 )
3 0. 4100 0. 4133 0. 7967 0. 4067 1 by ,
J 0. 1133 0. 1134 0. 6467 0. 0667 R
5 . ])v ’ 5 4
8 . 5 , p. 31 94 MPa,
2 Pn 0. 05 MP&, Py
3 4 l 45 1\/[Pa, H 2 05 L/min,

5 0. 89 L/min,



3 : 339

35 - P =31.89 MPa
___________________ 4
30w
25}
£
S 20} ) )
a15)
R ) °
H 10}
a) 1)
T 6 . :
0
T o
_5 1 1 1 1 £ ]
2700 2880 3060 3240 3420 3600 3780 b) Matlab/Simulink
HAR0/(°)
(a) SERBHHLR ’
T3
Pv ph )
0.4 s 0
s ng o 03253. 750,(94:
87. 5009‘[3 =1L 2509g03 = 2 500 ’
31 94 MPa, 2. 05 L/min;
285 /- . i \ ) , D 1. 45 MPa,
3530 3532 3534 3536 3538 3540 0. 89 L/min.
5510/ . /min
(b) KRR T XIRAIFBORE ’ °
9
50 ’
40
E 30 .
g
2
< 20
g
ES ‘ [1]
0 [D]. , 2016.2-6.
" [2] , R .
2700 2880 3060 3240 3420 3600 3780 [J1. » 2017, 28(2):
HH0/(°) 228-232.
(a) SEBEMILR (3]
[J7. , 2017, 28(11):
1333-1338

[4] Xu B, Song Y C, Yang H Y. Pre-compression volume
on flow ripple reduction of a piston pump[]J]. Chinese
Journal of Mechanical Engineering, 2013, 26(6); 1259~

1266.
[5] . . (1.
, 2017, 37(10): 26-28.
.10 ! ! ! ! ! L | [6] ’ ’ ’
3526 3528 3530 3532 3534 3536 3538 3540 [J. , 2012, 43(1):
#0/C) 219-223
(b) FR IR IT XSO '
[7] ,

10 ’
LJ]. , 2018, 38(3): 36-39.



340 ( 2020 43

[8] Ye SG, Zhang ] H, Xu B. Noise reduction of an axial [1]. , 2017, 48(6):

piston pump by valve plate optimization[J]. Chinese 373-380.

Journal of Mechanical Engineering, 2018, 31(1): 57. [12]
(9] , , . [D]. , 2009 23-41.

. » 2018, 29(8): 930-936. [13] [M]. : ,
[10] 2015. 21-36.

[D]. : , 2018 10-49. [14] s s PID
[11] , . , 1. » 2000, 11(6): 682-683.

( : )



