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Abstract : Bent-axis piston pump have been commonly used in hydraulic systems because of high pressure level, best
efficiency, low shear force on pistons and low operating costs. The other side, they have a few demerits like that they
have the relatively high number of moving parts and more discharge pressure ripples. Especially, the discharge pressure
ripples bring about vibrations and noises in hydraulic system components such as connecting pipes and control valves,
so that these deteriorate the stability and accuracy of the systems. Therefore, the hydraulic systems having the bent-axis
piston pump require the methods to reduce the discharge pressure ripples. So, the purpose of this paper is to reduce the
discharge pressure ripples by the phase interference of pressure wave and to develope the analysis model of the pumps
to predict the discharge pressure ripples.

In this paper, the analysis model of the bent-axis piston pump was developed using the AMESim software, and the
reliability of that was verified by the comparison with the experimental results. The hydraulic pipeline with a parailel
line was used as the method to generate the phase interference of pressure wave. the dynamics characteristics of the
hydraulic pipeline with a parallel line were analyzed by a transfer matrix method. the usefulness of the phase
interference of pressure wave was investigated through the experiment and simulation. The results from the experiment
and simulation said that the phase interference of pressure wave by the hydraulic pipeline with a parallel line could
reduce the discharge pressure wave of the pump well.

The analysis model of the bent-axis piston pump developed in this paper and the method of the phase interference by
the hydraulic pipeline with a parallel line are expected to be helpful to achieve the design of the pump and to reduce the
discharge pressure wave of the pump effectively.

Key words : Bent-axis piston pump(A}3:4] R4 3w AE L), Pressure ripples(} 2 %), Phase interface( 9%
)

Nomenclature K :bulk modulus of oil, N/m’
. . / : length of pipeline,
Ap  :cross sectional area of piston, m’ engin 0 pxp.e e, m N
P :pressure in pipeline, N/m

a : velocity of pressure wave, m/s ) 5
Py pressure of discharge port, N/m

. : : 2
To whom correspondence should be addressed. Pou  : pressure behind orifice valve, N/m
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0. :actual volumetric flow rate of a pump, m’/s

O:  :theoritical volumetric flow rate of a pump, m’/s
R :radius of pipeline, m

s : laplace variable or complex frequency(=72), s™

a : flow coefficient

v : kinematic viscosity of oil, m¥/s
p: density of oil, kg/m’

@ : angular velocity, Rad/s
@ : angular position of piston, Rad
r

: propagation constant, m”

1. A 2

2
>
>
o
flo

AN 2R L 714N 29 v
GERL ER P EEERER
Sz #Aglo) AYH
@ 4 vk 9 24T 0} HER
Aoz RE LelAA AT P
o, 50 9 A48 % wakolz)
Fgolateh. ole et ol fr= )
Aol A5 sk Aok AER 2L
o) 4G} AoiFwon del
Azge) Agole & 5

H AU E FYgAIAE W

&l

(s
b
Ju)

1,
o o

o (= £
I

2

gy
o/
lo
Lo

L
% oy
X,

o off
10 JE OH

o A Ty
X

S
2
N

o4

@,
flo
RN AN

e
o

o g
oift
2
olft
i)

Ar oo Ny H ox
L

I
%

R

O

2
i ¥
~f

|
A

o ot YO > O > i & gt oo o Ok
5

fo
l‘gl_ﬁj.;:io

12 Jorx
1o o
tlo wjo
U% oH }
0!
Rodr 4
30 o
fru
>
Jo
in]
>
>
jaii)
2
X

>
S
"
19
>
;
o,
&
rir
X K

o
o
Y
2
=
£ oo
>
>
op
o

1.;]
N
N

.
RN

o
Y
T
koo
o o
k)

o3

o

ot

i

3,

fm ol
e

2 %

v

o 12

N ol
o

o ok Y pE ro

1 o

__>rl"

Z

T
ol do
~Nodo R Do

B T I G L A P )

i
Kl
O
o
T
2

ok o«
o
iy
=
)

| ﬁt‘-

0 [‘10 i
oft

of F\O

-

>
>
%
2
o
2
i
k1
L
ol
ﬁ
il
i
e
O
o
&
o]
2

ro
&

e
Iz
=
o
10
N
=
S
ol
B
fo
2
o
o
_]ZZ }-).11
e b | ot |d

N
o o
i
9
(o
it
2
ox
o
o 2 oo &
oo
)

ok

110 sI2XISAS a8 =27 ®12H H235, 2004

14

A7)t 1 2ol
Z% AMEsim3 A}
q

SRR CINEEE)

H 1 L=4
olck a4 mRe A

2. ASA| oM WAE Exzo| S
21 Elzo| 1

ApEA o8 ¥ 2E Y r v s
= A)

o A¥r] E53 7E5o] BYshA
o] 83 slol = &2 A= C
BAHA Fom, ez o] AHAFF ]
B ol 71 BEErFo] HWobzlrt
FEo EEFET0 AR wy B
T BEYY e e 2o

EofA

Hh
i

Qi =0, -Ap = CL)APR2 sinﬁsin(p (1)

P, K {aAo,/i (b, P )sen(e, P, )}
dt V P

1-@ -3Q..) @)

Valve Plate  Cylinder Block Driving Flange

<

. Driving Shaft
)

] B
Connecting Journal

Piston Conne‘cting Rod

Fig. 1 Configuration of a bent-axis piston pump
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Photo. 1 Photograph of the experimental apparatus
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