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Pressure/Flow Pulsation Characteristics of the Hydraulic
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Abstract: In this work, a circuit with a hydraulic power unit is formulated as a means of predicting the behavior of
the prefill valve in the future. The behavior of the prefill valve can be examined by the measurements of the
configured power unit, and the performance is determined by using hydraulic pumps, relief valves, and hydraulic
hoses that make up the power unit. In particular, pressure/flow pulsation generated by hydraulic pumps can cause
instability in the prefill valve and cause noise-induced degradation of the overall performance and reliability of the
hydraulic system containing the prefill valve. Therefore, to study the behavior and performance of the prefill valve
in a relatively accurate manner, the prediction of the characteristics of the hydraulic power unit driving the prefill
valve is very important. In this study, the pulsation characteristics of the hydraulic pump were analyzed to
theoretically demonstrate its relationship with different settings of the power unit, such as relief valve pressure

settings and the presence/absence of the hose.
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Fig. 1 Hydraulic circuit of a hydraulic motor brake
system with prefill valve
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Fig. 2 Hydraulic circuit for behaviour prediction of
prefill valve

Fig. 3 An example model of a bent axis type
axial piston pump system
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Fig. 4 3D Model of the cylinder block and valve
plate

Fig. 5 Top view of valve plate showing the angular
location of different geometric features
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Fig. 6 Top view geometric details of valve plate

Fig. 7 3D view of the notch in the vaIve plate

Fig. 8 Orifice flow area on suction and pressure

passage
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Table 1 Difference between real and theoretical
measurement of the valve plate flow area

Theoretical Area Measured Area
[mm?] [mm?]
A, 2.99 3.00
A, 81.45 81.46
A, 156.32 156.33
A, 189.69 189.69
As 78.46 78.46
Ag 189.69 189.69
A,(0)= 2(7%%— r sm%cos%) @)
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(b) Pressure side

(a) Suction side
Fig. 9 CAD Model of the valve plate
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Table 2 Cross sectional flow area on the suction

side
) ) Area of Suction Side

Angle of Suction Side [°] 9

[mm~]
0.00 0.00
10.36 3.00
36.66 81.54
56.67 156.41
66.37 189.77
129.95 189.77
139.65 156.41
159.66 81.54
186.62 3.00
196.98 0.00
360.00 0.00

Table 3 Cross sectional flow area on the pressure

side
Angle of Pressure Side Area of Pressure Side
[°] [mm?*]
0.00 0.00
1.07 0.00
28.03 78.46
57.74 189.77
138.69 189.77
168.40 78.46
195.36 0.00
360.00 0.00

Table 4 Specifications of the pump

Variable Value

number of pistons [-] 5
piston mass [g] 82.29
rotational speed [rpm] 1780
piston diameter [mm] 219
Maximum piston stroke [mm] 28.9
radius piston shaft [mm] 21.45

swash plate angle [°] 33
notch type V-type

hose line [m] 1

hose inner diameter [mm] 18

orifice cross section area [mm?] 16

relief valve set pressure [bar] 10, 20, 30, 40, 50
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Fig. 10 Modeled layout of axial piston pump system
for simulation
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Fig. 11 Pressure fluctuations and its amplitude
versus set pressure at the hose inlet
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(b) The dependence of pulsation amplitude on set pressure
Fig. 12 Flow pulsation and its pulsation amplitude

on set pressure across the hose
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Fig. 13 Pressure fluctuations and its amplitude
versus set pressure at the hose outlet

Fig. 12¢] (b= ¢EdE §%F W5 zole] A&
B W &= JEHJLE 10[bar]7}c} 2.02[Ipm], 10.61[lpm],
19.99[lpm], 29.31[lpm], 37.62[lpm]¢] =to]7} Y= A
Atk o|2H QtEo] AAFE FF AHF

% UERN AL 10[bar] 2
= 89[lpm] *% o] 7}

o PN
S ¢ F

lJ_, T

oo
|
5o £

>~
=

rr

I
:Lli_li

k=3
=Zgg Wy \’41 ol &2 %
22 Yo} OBMMM Ay EE f 1S
23k Astolth. Fig. 139 (b= FM*OH A YE}
£ 4E9E 2ol yepd IIZE, 10[bar]v}
0.67[bar], 4.23[bar], 8.91[bar], 13.95[bar], 18.87[bar]S
Zpol7h e & = Utk o] ARE T3] FYE

e
e @A =Y T dee dAF

o)
orT:

&
r[o r
I

i)
i)
i

i)
_\TL

o e

glu

&

2 2 of

J8

U
Y

o 0 C

mfog e ¢ty wy
< = Atk
Fig. 14+ 2g]a|2oA D= Ff9E9] 2o
2 Y a9z e 4EE
:LEH&E AHelstdty. delx WHo] AE Eol
10[bar]=}} 1.03[lpm], 4.78[Ipm], 8.35[lpm], 11.35[lpm],
13.74[lpm]®] & o7} = 2& &+ Aok ©

(6]
o
)
OH'I 0
1o

l

i}



g EUE 4ol AYFE AYUF =T Ad:
A% % % I, Fig. 129 vk} W5 S0l
SHTE A & 5 ol

5227F glo] e 2Rke VMR = 3R EAS
ZAFE BAHOo R Fig 10014 2|3 Qo] AX
IH 528 AAS 39 |4 AH4E Fig. 150 &
tath Fig 159 (a)F 325 AAs7) #/39
ME AH}E Kol Zoli, Fig. 159 (b= &
xﬂﬂ‘c‘?} | A/#9] s A3E Hole A
25 AAs] A dEH AAT T
E'—;‘.i}% 10[bar]u}c} 3.91[bar], 9.65[bar], 14.65[bar]
[bar], 24.52[bar]®] 4= Zol7F Y= AS
4 Utk Z2E AAIN] AP T FEFS v
3 zol7b  10[bar]mtTh  6.32[lpm],  12.78[lpm],
[lpm], 22.06[lpm], 26.52[lpm]] Z}o|7} Y=
& T At Fig 159 @)% ()E FoHIA=

04
o
=
Asre G/ AE] AL 24U & F
o

zo(l
rr‘

A

o |y 2 >
;L il Az ol
miv

]o

Volume Flow {Orifice) - set pressure 10 bar
Wolume Flow {Orifice) - set pressure 20 bar

{Orifice) - set pressure 30 bar
{Crifice) - set pressure 40 bar

Volume Flow

Wolume Flow (Orifice) - set pressure 50 bar

Flow [I/min]

0.0 0.1 Time [ 5] 0.2

(a) Flow pulsation across the orifice

13.74_"
12 /

Difference in flow with hose [I/min]
[} =
N
3

Set pressure [bar]
(b) The dependence of pulsation amplitude on set
pressure
Fig. 14 Flow pulsation and its pulsation amplitude
on set pressure across the orifice

- Aeok AR - 2 ol

oy

o
T

—m— Pressure difference with hose [bar]
—e— pressure difference without hose [bar]

43.39 o

35 33.27
L

30 /
] 23.57
25 o7

Pressure difference with hose [bar]
N
o

453

5 /

ol O 6/
. r : : ;
10 20 30 40 50

Set pressure [bar]

(a) Pressure fluctuations at the hose outlet and hose is

absent

—u— Difference in flow with hose [I/min]

—e— difference in flow without hose [I/min]
= 0] 40.264
g 35 33.41
% [
30
o 26,39/
£ 25 o
=
= 20 17.57
o o
=
] 13.74

e 1135
© ——
© 104 736 83—
o L 4.79
£ 5 1.04 "
=
a './

T T T T T

10 20 30 40 50

Set pressure [bar]
(b) Flow pulsations at the hose outlet and hose is
absent
Fig. 15 Comparison of pressure/flow pulsation
results with hose attached and when
hose is absent

4.4 B

o] AFolAE L)W WHel ASE S5 I
3 FAE G AxEo] Qojx ouE/8 wWEo
g 2 A B ik sfAo] o]FojF e 1

AE soksha vhewt Lk

L A7 oo s fgh BE ¥ AUl B
% 9 98 FolE Ro B W 4L fuag
om), 4E ogsel WAL ZHT Wk 03%]
ste] @35 shael Selslo) Ak F4e ey
°l %ﬂg:aam.

AY B AL W olfoiAE GeEE
91 2 st =EEon 44 f8
o] 4 BAHDSE A4S Fotol ST

3.0l GFNA ANE PR ATHY F

cajo|e - HEE 20216 7



o

el YR A5E 24T £ slon
=
bl

Horr o
)
(&3
=
o
<l
nTm

oS 2 (W & o
-{317 s
2
~l:!
;“; o
)
Ho
incs
foi
[~
_,>L
oo
o,
=)
fo
]
Sl
o
b

> L H
£

il >

o]
o=z il
T-olth (P0013851, 20201d 83} 4t g4l A4 2
vy AGAENA TFEA)

OIsHZAI(CONFLICT OF INTEREST)

ARpe o] =g B ol uA FE
7 glee HAFI,

Sk

References

1) S. N. Yun and 1. Y. Lee, “A Study on Dynamic
Characteristics of Hydraulic Motor Brake System
with Counter Balance Valve,” KSFOT, 1225-827X,
pp.214-219, 1993.

2) V. S. Kanal, “FEA Study of Pre-fill Valve,”
International Journal for Research in Applied Science
& Engineering Technology, 2321-9653, Vol.5,
pp.1769-1775, 2017.

3) S. R. Lee, “Optimal Design of the Hoist Hydraulic
System Including the Counter Balance Valve and
Differential Cylinder Circuit,” Journal of Drive and
Control, Vol.5, No.l, pp.13-19, 2008.

4) 1. Y. Lee, J. H. Park and M.G. Kang, “Flow Ripple
Simulation Model of Axial Piston Pump,” Journal of

Drive and Control, Vol.2, No.3, pp.12-17, 2005.

8 Journal of Drive and Control 2021. 6

S|
A

>
I
T
L
O
o
~
o
1=)

05

M

5) E. Kojima et al, “A Simulation Model of the
Delivery Flow Ripple Produced by a Hydraulic
Axial Piston Pump,” Transactions of The Japan
Hydraulics & Pneumatics Society, Vol.29, pp.100-106,
1998.

6) D. H. Jang et al,
Fluctuation and Noise in the Cylinder of Swash

“A Study on Pressure, Flow,

Plate Type Axial Piston Pump,” Journal of Drive
and Control, Vol.6, No.3, pp.1-9, 2009.

7) W. J. Chung et al., “SimulationX-based Modeling
for Valve-Plate of  Variable
Swash-Plate Axial Piston Pump,” Journal of the

Notch  Design

Korean Society of Manufacturing Process Engineers,
Vol.17, No.4, pp.104-112, 2018.

8) J. E. Funk, “Poppet Valve Stability,” Journal of
Basic Engineering ASME, pp.207-212, 1964.

9) A. Amini and I Owen, “A Practical Solution to the
Problem of Noise and Vibration in a
Pressure-Reducing Valve,” Experimental Thermal
and Fluid Science, 0894-1777, pp.136-141, 1995.

10) C. Li et al,
Poppet Valve Noise and Vibration,” SAE paper
2015-01-0666, 2015.

11) Casappa, “Hydraulic Pump,
DOC 04 R A, pp. 17, 2016.

12) I Y. Lee,
Seoul, 2019.

13) Y. G. Jang et al,
Bi-directional Outlet Variable Swash Plate Type
Axial Piston Pump with Two EPPR Valves,”
Journal of Drive and Control, Vol.17, No.l,
pp.51-60, 2020.

14) H A. Khan and S. N. Yun, “Modeling and
Simulation of an EPPR Valve Coupled with a
Spool Valve,” Journal of Drive and Control,
Vol.16, No.2, pp.30-35, 2019.

15) B. S. Kim, “A Study on Open-area Planning of
Main Control Valve for Excavators,” A Master’s
Thesis, Ulsan National University, Republic of
Korea, 2007.

“Multiphase Flow Simulations of

Motors & Filters,”
Hydraulic Engineering,

Munundang,

“System Modeling of a



