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Abstract: Variable displacement swash plate piston pump analysis requires electric, hydraulics and dynamics
which are similar to the one’s incorporated in the complex fluid power and mechanical systems. The main
variable capacity for the swash plate piston pumps, hydraulics or simple kinematic (swash plate degree, piston
displacement) models are analyzed using AMESim, a multi-physics analysis program. AMESim is a
multi-physics hydraulic analysis program that is considered good for the environment but not appropriate for
environmental analysis for multibody dynamics. In this study, the analytical model of the swash plate type
hydraulic piston pump variable capacity is modeled by combining the hydraulic part and the dynamic part
through co-simulation of multibody dynamics program (Virtual.lab Motion) and multi-physics analysis
(AMESim). This paper describes the whole modeling analysis method on the mechanical analysis of the
multi-body dynamics program and how the hydraulic analysis in multi-physics analysis program works. This

paper also presents a methodology for analyzing complex fluid power systems.

7|15 MH e : vertical length between pump piston ball and tilting
center
A, : control part area 1 of servo cylinder Jy, : mass inertia of swash plate
A, : piston area of pump K : bulk modulus
A, : supply part area 2 of servo cylinder K : spring constant
G, : total leakage coefficient of pump K, : proportional gain of EPPR valve
D, : specific volumetric displacement K : tilting friction coefficient
L : vertical length between servo cylinder ball and
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P, : discharge pressure of pump stal 7o E43 A48l 7 B(EPPR valve)E
P, : supply pressure of servo cylinder ol gt 3, ¥ 171 TS ASH L= Al
@, : supply flow for hydraulic actuator g 7 ols Wis Aes ALt 298
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Fig. 1 Physical model of the hydraulic variable
displacement pump”

swash plate-—__ )
C servo piston

(b) positive position

(c) negative position

Fig. 2 Physical model of the positive / negative
variable servo regulator”
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Fig. 3 Modeling of servo piston and result
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Fig. 4 Modeling of single piston
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Fig. 6 Modeling of piston pump and result
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Table 1 Possible constraints for the shaft

Revolute

.. DOF = 1 revolute
joint

- DOF = Radial, Axial
Conical, Torsional (4DOF)

e Radial r= vz’ +>

Radial ] pa
bushing o Axial z= z5dy
force |® Conical § = /6% + 05
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Fig. 7 Modeling structure of HSU Pump
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Fig. 8 Modeling of shaft and bearing reaction force

Table 2 Possible constraints for the piston

Tran.sl'atlonal DOF = 1 translation
joint
- DOF = Radial, Axial,
Conical, Torsional (4DOF)
Radi e Radial r= V2% +1°
adial ] 7
buShing o Axlal z = 22 d12
force e Conical #= /0> + 05
T
. 1,21y
e Torsional 6, = tan o L7 )
L1Zy
- Three types of normal force in Contact
: FN = FLin + ENlein + FHertzian
e Linear Spring-Damper Type
Contact : FLiTL = k5+ C(S
force e Hertzian Type
: FHcrtzian = |6| l.sKs‘thn(é)
® Nonlinear Spring-Damper Type
: FNonlin = F;pring (5) + Fdamper (5)

40 Journal of Drive and Control 2019. 3



42 MR ES/EAE 29

FoTAaAE AUHEE, 9] WA,

i B 3}
o= ARG, F3} VPRI 22Yo] o)
By  WEE7] wiol Hc?%l%%o] ol
Translational ZQJEE &5 WE Ay | HE9l
Planer ZS1E0] 93] F&HAT) 1 gjq. AYyBe
o A$ AAGRSH AN2E Aole] 13 Hold]
et 3 29 Zo] /A F& 20E VAL BY

alszL z,: o]q,
Fig. 95 #Fa1stH AA ProA s g2Ex 4
HES9 15 Apold| g dxEo] rjeojAe @

o] BmAste T e HEHo] AT 4 Q. T
2E =& TAoE HREFo] 753 Translational
ZRIEE o]g3ly F&E 49 7P oe=dk AoF

Spherlcal Jomt m

f: _My

Spherical joint,

————\GF1
g — ._‘T‘i e = f’f__
—% -:' \! GF 2 Bushing c:-r_(;c_:-_|| ct Force
I NNNN\\\vg

Fig. 9 Possible constraints for the pistong)

1900  m1eral torce on the psw
1B00HBUSHnG and Trars constraint?

(N8
L=

0 8 84
%

- i

- =<

I~ =1

0 —
— 39

0 o4 08 12 15
1200 isteral torce on tre oston
lm -—_f(c?g\‘frangefl E’C:"I\Eﬁfralntl
E]ZOO_
2 800
A00—
ol [ L
04 98 12 15

Fig. 10 3 Constraints of piston and lateral force
acting on the piston

o)A N A 2gol At whEo] 54 Hofvk
AgHEE yYxEo] dduEs d$ dol 34Y
wj 7F= zpololl o3 HER o] WAHE A
Hhed s} 2ol 7h wA¥e 4= 9ltth. Bushing EE
o F& é 35 1tk & 285t -4-’:1_«] ——%‘«]
T2 HAstE 4 E, JE T8 9
ZRIES} mz7lA &2 3 2~E
Hrgdo] B4 Hovk A-8-¥th Contact 3=
- ZFFAbolo o3 WA= M AEY &
21937 HEHo] AAHAA T st W F4
4“37,]- 71-01 Eq X—]Q—é‘]— H]—E:‘QJ,].E O—]g 2= 011;].
Fig. 102 9lollA Amgt 371A] F&z7d0) tigh o
A&t FEEH WE A agd ALk vk I
oty HES I8 H ™  Translational ZRIE
Bushing '@% Hreo] £ Hel A-8-3t7] Wil Fig.

0

A 9)4— Translational =

g3

A8 4

¥

_,

100] = 9o =} o] U whEo] ALt
F31 Contact S ZEIS w= ofgel gze}
o] HEFshs o1toll Higo]l gdssie 12 r}

L]
A 2e 3

43 AEHE MA zdE

Hx dAe td=A 598 2dE 2 Revolute,
Planner, Spherical, Cylinderical, Bracket, Translational
T ZUES xPste] F 43709 ZUES AHESt
3L Bushing, TSDA, 3PTFE %33lo] & 22749] 3§
2 olgdtel RARS stk THEA B T2
ol M= FZE 12 tig sf|A®et ohye} 33}
Aol tiek sjo] 7hestar o= A HzolA
WS Ze, A4, rH 215 Aolel ols) @A)

2%, wkeo) ma& B9 2E T8 7Y 02
ks

12 r
1—'

2
o

X

o
m?L
)

w3l AA| HZ CAD % }% mportfiﬁ/ﬂ EIES R
3h7] wjiZoll Ty et ofyet AA E4g 3
ol tigt sfj4jo] 7hs3ttt.

FYPLE FAT B2, FYHDA AAS )%
AA Azelolele] RakE WA Wi Pt
of ofs) WA el gE 20 YY) Aok

nd
i

gk FAD)~Q)lA fr=E 58S

E4gol| o3l BASHE AR EEIE FRHUTE
A Zgsith a9 gEA 598t s Tz o
AE @ed] 9aEe] AR wet gage 3
< Fo] B ddshs a9 & 4 Aok &
A5t ESQPE fgol wheh Wsky] wiel ARt
= F7bel W EERT FUh 23 il

41

catole - HEE 2019. 3



YA w983 geEe dE AEdelad @

gate e WA e FE Bl Yok =
& A, 4o A T AA fA7E R
A wpshe olE gz 8l weaA Eake @
Aol itk HWxe] FaTHas F A, AUHE
5, J2E 5 AT UmA FHass A

5. CIEE2|-CHEA S8t Co-simulation

ZEdd 2278 AMESImY thEA 5Y9
rtual.lab MotionS ©]-83l] -
Yo mEHE E%‘-%—% A &3tATh. AMESIimE ©]&
ARG ZEd oI, J2E ¥H

shof fAl7E ek
ol ofs) RSy R, 4 Sl o8 wAs

= NS B3l d=A 593 4 ==&
Jgo g o} 3dstA HAskE wHY, d4lE,
2 BuAA 22 74 829 3739
Me skt
Fig. 1174- 2L Interface Blockoll 23] AMESimol]
4] EPPR "WBo| Aojqteel] o3 W3k Alwd
%i‘ﬂ"]‘ﬂ«] A48 3, EE e ofs dAste I
2E9 28 3 55 A4lst] Virtuallab motion]
input &= AH8-F] 31 Virtual.lab motion®l| A= 2H-8-3}=
glofl oJal AlLtEE AREEHIEHY WY, I2E
o] 37, W4, A4t AMESim®] input
o7 ARgHO FA sfiAo] MPHATt ZF TR
HolA A5 Fi e W JHZE Fig 129
2

1,
offl
2
=2
e
i

PN =
SE=

[nulIJ -

. ‘mk

>< T\me [] s >< T\me [s]
[null] — "
R dispPiston [m] al] | velPiston [m/s]
1.5 -
-0.5
-2.5
0.0 0.5 an 15 2.0 0
X Time [s] B T\me [s]
I
[ L::E
.50 —_ —_
25
-200 10
-350 U S I B L L I |
0.0 0.5 15 2.0 0.0 0.5 in 15 2.0

X: Time [s] % Time [s]

Fig. 11 Co-simulation model and interface block

42 Journal of Drive and Control 2019. 3

AN A/ AN Y AR wsE HEe) wey 7y

Neme [Virtual13b motion - AMESim interface block

(1) etk e Parameters
) Print Interval ﬁ?\ AMESim Integration Tolerance [por —
e - - e AMESim Model (e fametestipump co sim model 0:ame @
.__z 7 Model Type 0
e

o o o
!.;f ot L [ 1 Control Nodes ‘Watch Parameters ‘ Watch Variables |
e L Input Nodes to Amesim
_I 1 ) Name ‘ Units ‘ Control//Hydrau »
v dispPiston_1 null Two-Body Confr
i e~ I velPiston_1 null Two-Body Contr
-;}r A degPiston 1 null Two-Body Confr
F dicnPistan 7 null Twn-Rodu Confr ™
| [ o « 1 b
. ‘4%" R Output Nodes from Amesim
7 Name ‘ Units ‘ b
_X presPiston_1 nul E
F8s ‘ presPiston 2 - Virtuallab Mation
=l AMESim presPiston_3 null ; ;
7:?___" ' Comsimulat ot 1 Co-simulation
e o-simulation presPiston nu Interface black I
Interface block nresPistan 5 null

AMLS\’T‘ degPiston_1 View Other E\ementsl
presPiston_| VL_motion velPiston_1
Co_simulation dispPiston_1 20l I 3z I i I

Fig. 12 Variable graph exchanged between each

programs
ml | Servo Piston displacement [mm] 28Gat o _ALOT
205 T
i
E r [
103 g
3 B
00 T T T 1 -0l I | I
00 05 in 15 20 0
X Time [s]
][:1 — Piston dicharge force [N] BO0RS UG'T XY
x
40 =
25 i
- o
0
05 T ! 1 ! —500125 13 15 _ 14 145 5
125 130 138 o 145 150 i . )
X: Time [s]
[ml __— Piston displacement [m] OOCRA et [ 50 tLDT
x10 O»OUlES
20 ) o
o . 000125
10 -
—OJIEa
-25 T T T 1 1.’3 14 145 15
125 130 1= 1 10 14 150
X Time [s]
Fig. 13 Co-simulation model result of displacement
and force

Fig. 133} zFo| Zpzte] ZR2 oA AtEE 2
I grol FAlN AGEHA ALEE Ae AT
Q) E3 AMESImYFO. 2 AlbS wie} Az} H
wate] AL YA|sh= 20 E Kol RHo S
JF3Ath AsAES Tl A4 2]
E BgtoEa P A mde] FASA, 5498
g|Ao] FAlOl 7Hed  AEE ST DL Al
EelolAd ALtAzre] FUE s ol At A&
ol oA ARE-E AU Table. 33 2T},

5.8 B
2 =l A7, e, 7IAE 28k 33k
3 S8 FAQ A/ 7hE A gaE 3
zo] thale] gEEsi4 ZTEI1WAMESim)F T



f
=

Table 3 Parameters of the piston pump used in

simulation

Ao 2.3e-3 m? L, 0.010 m

A, 2.545¢-4 m* my, 0.028 kg
rpm 1500 rpm m, 0.084 kg
Cp 4.4e-12 m?/s « Pa m, 1.286 kg
D, | 0.739¢-4 (m*/rad)/rad | P, 60e5 Pa

e 0m R 0.036 m

Jop 2e-3 kg » m’ V, | 6.28e-4 m?
K 2.45¢9 Pa a,, 0.2967 rad
K, 1.66e2 Nom s y 0.1 rad

K, 82437.6 N/m 0, 0.3 rad

K, 0.146 0y 0.15 rad

L 0.03066 m v 90 rad/s
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