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Multidisciplinary modeling and integrated optimization of

axial piston pump

WU Xiaofeng, HE Yafeng, HUANG Zhirong,
JIANG Wei, FENG Chun

(School of Mechanical and Vehicle Engineering,
Changzhou Institute of Technology, Changzhou Jiangsu 213002, China)

Abstract: In order to realize the precise modeling and optimization design of axial piston
pump under the condition of mechanical hydraulic coupling, a method for multidisciplinary
coupling modeling and integrated optimization for axial piston pump was put forward. Tak-
ing domestic 13V2-10S type axial piston pump as the study object, the mechanical model and
the hydraulic model were respectively built in ADAMS and AMESIM. The interface commu-
nication between ADAMS and AMESIM was successfully implemented and the simulation of
the mechanical and hydraulic coupling models was completed. Besides, in order to achieve
the minimum outlet ripple ratio of this pump, the coupling model was integrated by iSIGHT
software. The structures in valve plate pair such as oil suction and discharge orifice maxi-
mum equivalent diameters, oil suction and discharge dead angles, piston wrap angle, oil suc-
tion and discharge pre-opening degree, were optimized in iISIGHT. The results showed that
the outlet flow ripple ratio of this pump was reduced by 14.59%, 18.57%, 21.50%,
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23.44% , 24.03% and 25.49%, respectively, after optimization when the load was 10, 14,
18, 22, 26, 30 MPa, respectively. Finally, the correctness of simulation and integration

optimization data was verified by experiments.

Key words:

axial piston pump; mechanical hydraulic coupling; flow ripple ratio;

multidisciplinary modeling; integrated optimization
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Table 1 Components used in hydraulic system of

piston pump
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Table 2 Parameters list of valve plate pair distribution
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Table 3 Constrains relationship between the components

in I3V2-10S type axial piston pump
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Table 4 Parameters set of 13V2-10S axial

piston pump
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Table 5 Outlet flow ripple ratio comparison under

different pressures
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2.2 fRLB#R
XA ZE SR BEAT AL Y AR T80/ S vh

|7 T == ) e I s B Ve £ O e |
FL L, B E A B AR S O K B R
N1 (D PR

mind = min[ (Qu.x — Quin)/Quve | 4

FEASCH, DU A o 12,57, F4h%
1200t/ min, 4 0¥ S H 31. 51 L/ min B9 T4
HWFTEX R . AR EUE TR 30 MPa, % & 5
8 5 BEAE AN 6] 1 7 2 s ) R TTAE L O 1AL
A 235 53 AN (] B 3 D) T 00 1 75 oK R A JE R
(9 F IR J1 8 Bl 10~ 30 MPa 4, L 4 MPa Jy [i]
B . [R]ISFH 10.14,18, 22.,26,30 MPa 1 8% JE 1 T
OUF HEZEA Y E i R Pk 3R 0 (fE AMESIM #2
JF e & rippleflowl | rippleflow?2 . rippleflow3.
rippleflow4 . rippleflow5 . rippleflow6) JJy it 1k H
b s Lk rippleflowl S fl, 4n = (5) , F| A iSIGHT
4 i AMESIM F1 ADAMS () B &1 B AR ¥ 4T
Z Hr . X B2 His A, 5 R
530 7% g LA B AR AE AL AR 45 R b AL E L 8
AL I3 48 3 M — A5 1Y H AR o8 B X 3X A B
B H A R BCHEA T 38 A S AT e A5 A B Bk ek B0GA
2 AW /ME. A ISIGHT ££ i AMESIM
BEAY H 55 T 4t S 28 A0 i A DAk H A n (&
13 Frm
rippleflowl =
{globMax{[ restrict(flow,0. 02,0. 08) ] —
globMin[ restrict(flow,0. 02,0. 08) ]}/

mean[ restrict(flow,0. 02,0. 08) ] (5)
A globMax O) o 4 3% 71 HUf: K fH 5 globMin O
PR R 7n B /ME s mean O bR B2 7R B 9 (8
AMESIM B F i & Q H flow FE /R, restrict
(flow,0. 02,0. 08) & 7~ HBUEE A Uit & Hh £k Bt b B (1]
Bt Ry (0.02,0.08) Be N 14 BT A i 12t 18 1Y 25 ASCAHL

ot Cafmand Cutpest |
AFEL RERE ~CAE S

| ctoan i = Cutput Parameters
O FOATAEX » s - n
[ sewpiston i = 3 1
(23 rippletion ] LEMSETER 1234SHTED 123456TE0 LIMSETEY 12
L rippletons

LI rippleton:
[ ripplefows
L2 Appletons
0 ripplefiow

(] TAZem00d
1. OISEORGADLBe-001

EEEEEEEE

IEEEEEEEEEEERS
e

fRAA AR AR A ARAAE

12 e < 2l 1. CEBITEOBABEAIT e 001
X0 it - 3 4 L IBKINSHIEE 0] L}
L0 Aot <= 3 1. SISO W01 =
0 itd 1 0TI —
D S <- 3 " al

13 R 7€ A i &Lk B br
Fig. 13 Optimization object of loading piston

pump valve plate

2.3 ZEBRHSM
TE AR SCH 35 FH A DAL B3 8 R 3 RO R



1252 it o= B ¥ %33 %
(NLPQL) . %7 4 1 o 47 5 5 5 54 20 o 0180
1) [m) A HL AT AR G W S5 B B TR B
W S i e A HE A S R NLPQL Xt ossl
6 R IR T B & ks R et ki £ |
Frifl i B v, it AR i S B bR R0 %_t
AR AR A B 14~ & 19 R . WA v L 2 0130}
FifLEEANSRED BRI RN T E S
Wetedh . 2 480 W2 R R B 105
A ZE SR I MK S R AR S R, A B &k
bt 72 . s
AT » #5128 S BB R /N2 8 iR . 0.080 e T
. e bt . . 0 100 200 300 400 500
BRI N DR KSR 9 . Gl AR B
ER B OWRENKSNE o WER T —ER/N, H Fig. 16 Flow ripple ratio ( pj.q =18 MPa)
oL R B s R B R 30MPafi 2 T AL T L Ui it ik 8l
0.180p
028 ¢
0.155
023+
4
=] ij:
AT "=
= % 0.130}
= 018} =
0.105
0.13F
ey
0.080
0.08 . . . - 0 100 200 300 400 500
0 100 200 300 . 400 500 SRR
HEARUH
17 G Bk 3 pros = 22 MPa)
I 14 S % pro— 10 MPa) TR S
Fig. 17 Flow ripple ratio ( piq =22 MPa)
Fig. 14 Flow ripple ratio ( pj.q =10 MPa)
0.190
028
01651
0231
?ﬁ‘: A}g‘- 0.140
= 0.18] =
0.115F
0.13F
0.08 0'0909 100 200 300 400 00
0 100 200 300 400 500 T
g LR 3
AR PEACUCEL
K18 i fE k3 # (proa = 26 MPa)

B 15 i it Bk 3 % (proa = 14 MPa)
Fig. 15 Flow ripple ratio ( pipq =14 MPa)

Fig. 18 Flow ripple ratio ( pipa =26 MPa)



/NS Tl R 2R IR 22 2R B RS A S AR R 1253

5054
0.190¢
0.165}
4
&= 0.140F
0.115}
s ]
0.090 — — 4
0 100 200 300 400 500
AR
19 & Bk sl Z (proa = 30 MPa)
Fig. 19 Flow ripple ratio ( pia =30 MPa)

Table 8 Value of design variables before and

*8 MUBBEITTEE

after optimization

N HfE

TR P A i s
douen /mm 6. 20 6.07
douierz /MM 5. 88 6. 44
it / mMm 8. 37 8.15
dinierz /MM 7.96 6. 95
6/ 14.7 15. 2
0./ () 14. 3 14. 4
B/ 20.0 18.8
6./ 20.0 19.2
é 31.9 31.8

Fint 0.058 0. 045

Fing 0. 036 0. 044
Toutl 0. 040 0.011
Toutz 0. 039 0.012

Table 9 Flow ripple ratio before and after optimization
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14/ MPa 0%

Ak Hi AL SR
10 9.59 8. 19
14 10. 26 8. 35
18 10. 88 8.53
22 11. 84 9.07
26 12. 19 9.26
30 13. 65 10. 17

FRFET 25.49% 5 T /N 10 MPa 2k T,
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Fig. 20 Experimental platform of 13V2-10S type

axial piston pump flow rate test
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Fig. 24 Comparison of outlet flow of piston pump
between simulation and experimental data
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Table 10 Comparison of outlet flow of piston pump

between simulation and experimental data

fH/ BE Qu/ Qun/ Qu/ A/ 8/
MPa 247! (L/min)(L/min) (L/min) (L/min) %
B 31.91 29.22 30.99 2.69 8.68
“ SC 31,69 29.09  30.48  2.60  8.53
fi# 32.81 29.75 31.15 3.06 9.82
30 SEy 31083 28.95 30.49  2.88  9.45
4 % i

1 FlH ADAMS Fi1 AMESIM #t37 T 13V2-
10S ALAh 1] A% ZE 2 (%) BIL AR ASE 7Y R I R R A G ik
BRI BT S TR ZE AL A AR

2) VIR ZE Z 0 5 Bk 3l R )L 4 b T Bk S
TIL 2 45 K0 S B0 R FE 28 1 Bk sl R A sE
JEHISIGHT 4R 1 A JE R WL A 1B AL .

3) TE iISIGHT V-6 b, DA 22 78 T 4K
23512 10,14,18.22.26 .30 MPa f 45 T i & ik
SRR/ Ry B bR 6 A 2E 9 I A S kAT T
BT A5 0 Ak IS A2 N R) e g B 30T A ZE 2R
Fiit i ik 8h 3 4 i BE AR T 14.59%, 18. 57,
21.50% .23. 44 % .24. 03 % .25. 49 % , I ¥k 47 T 5
55 50 0E .
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