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Establishment of mathematical model of new component for oil-hydraulic system to
reduce pressure pulsation

Sakurai, Yasuo
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In order to achieve a breakthrough in the mature oil-hydraulic industry, the
pressure pulsation suppression element for oil-hydraulic systems has been developed in our
laboratory. It has been shown experimentally that the element can reduce pressure pulsation in
oil-hydraulic systems by about 43%. In addition to it, it is simple in structure and can be
installed in-line in oil-hydraulic piping. However, it has not been clarified what characteristics
of this element contribute to the suppression of pressure pulsation. Therefore, this study
established a mathematical model that can predict the performance of this element at the design
stage by comparing the experimental and simulated results of this element. In addition, frequency
response tests revealed that this element significantly suppresses the amplitude of the frequency
twice the integral multiplication and reduces pressure pulsation.



0.084MPa

1D

|-//I 7 ﬂ(’///// ,,,,,,,

2001

+ 0.159MPa

1D

//

7
Pae=349MPa Pyax=3.65MPa Pyn=3.33MPa 4P;=+0.159MPa

20

@)

40

60

t (mg)

80

100

S M 25

1EEiM

53%

W, -|
[

| out

(b)

///////

Pae=344MPa Pyax=3.52MPa Pyy=3.35M Pa 4P,=+0.084MPa

20 40 60 80 100
t(mg)

I+



1D

Amesim
1D Pressure Proposed . Metering
ge valve
Tank
@
200
170
Pipe spacer
M8
A i
Z(_ ________________________________________________________ _}E
120
7, Gap_, .0 9 /.
_ | [ il L
Qs =
Pipe [+ | |E / N
fiting A || Atmosphere Rubber packing 71—
""""""""""""""""""""""""""""""""" ]
[ [
FIang&é Metal pipe Urethane rubber tube
(3@
Urethane rubber tube
(c)
@



@

Vol 0 B (g + 2Lz
Z

Q= 2z z
sin—
z
Vh
[0
p AR 2
RZ
AR=—
tE P
E

|

B
= |
|

Modellng
T
Pressure \
transduceg | Metering valve
[

oz 4

in

P22

Vibration}
Urethane rubber

Component to reduce
pressure pulsation

Flow
source

Pressure

transducer
| (upstream) A (downstream
! Pipel Pipe2
s=——=

(@)

Amesim
P>
3.5MPa
AP,
33%
+ IMass of
= 1 urethane
Property of oil
Elasticity of
urethanée
Pressure acts
area of urethane Metering
valve
l -
i @ Pipel = Pipe2 7~ [
Inlput signal ~ Pump Tank L
(flow rate)
Amesim

i
A !
Flow' @ - @' -
source - - .: =@
i '
i

@

z Zg

@

2

Mass of urcthane < @ Elasticity of urethane

Volume! Restriction of
of pipe | metering valve

- D: - I e ? o
mely bk RS2 ]
Volume; Fluid power |
! -l Ry — chant ca 1
! Ofplp(. ;\)ﬂof:lel;lmc al l

R '
i Mass Pipe |

Volume of | Pitpe_

(b)

Mass
] of oil fl'lCtl?ll Componcmifncnon of 911

— =@ —@ +>@ >Tank

Py

2.50x10”m3s 15L/min

APy

44%

Displacement volume of pump

4.0X10°m’/rev

Number of pistons 9
Pump rotational speed 157rad/s
Density of oil 850kg/m?
Bulk modulus 1700MPa
Mass of urethane tube 1.75g
Pressure acting area of piston 37.7mm?
Wall thickness of urethane tube 7.0mm
Modulus of elasticity of 2.53MPa
Spring constant 18.5N/mm
Hardness of urethane rubber 50°
Flow coefficient of metering valve 0.7
Orifice diameter of metering valve 2.33mm
Diameter of pipe 1,2 10.0mm
Length of pipe 1,2 470mm
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