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ABSTRACT

Fluid noise in a piston pump is caused by
pressure and flow ripples when the piston cavity
rotates the pre-compression closed dead area of the
valve plate. This paper studies a certain type of high
pressure piston pump with pre-compression chamber.
CFD simulations of the piston pump were carried out
in PUMPLINX® and the results show that the flow
ripple of piston pump is affected by the load pressure,
pump speed and structure of the pre-compression
chamber. DOE and approximate function technique
are used to obtain the response surface function of
flow ripple, which is expressed by structural
parameters of the damping hole diameter and span
angle of the pre-compression chamber. Damping hole
diameter and span angle of the pre-compression
chamber are optimized under different load pressures,
based on the response surface function. After
optimization, the outlet flow ripple rate is reduced
under the load pressures of 100bar, 200bar and
300bar, respectively. Finally, piston pump flow rate
test experiments are performed to verify the
correctness of simulation.

INTRODUCTION

High pressure piston pump fluid noise caused
by the piston pump outlet flow ripple is one of the
important indicators to measure the performance of a
pump. Because the piston cavity is alternately
connected with the high and low pressure ports by the
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configuration flow mode, pressure mutation in the
piston cavity results. This leads to outlet flow ripple
of the piston pump, a phenomenon that is especially
significant in high load conditions. In order to
improve the performance of a high pressure piston
pump by reducing fluid noise, flow ripple of the
piston pump must be reduced. However, there are
many factors affecting the outlet flow ripple of a
piston pump, such as load pressure, rotation speed of
the pump and structure of the valve plate transition
zone. Analysis of flow ripple of the piston pump and
methods of reducing it have been studied by many
researchers.

Edge and Harrison (Edge, E. A., 1983,
Harrison, K., 2002) studied the theory of fluid
pressure and flow characteristics in piston pumps and
developed a theoretical model for flow ripple of a
piston pump outlet, although the effect of leakage in
the piston pump was not considered. Manring
(Manring, N. D., 2000 and 2003) studied performance
of the piston pump including the effects of a damping
hole in the valve plate, developed an actual flow
model of the piston pump outlet and analyzed the
effect of the damping hole on the volume efficiency.
Mandal (2008) studied the fluid characteristics of a
piston pump with a sinking groove structure on the
valve plate and analyzed the effect of the groove
structure on flow ripple of the piston pump outlet.
Yang and Xu (2010) studied the internal flow
characteristics and the CFD simulation of a piston
pump, proposing a drive design method for a piston
pump valve plate with a hole and groove combined.
This combined hole and groove structure was
optimized under the goal of minimum flow ripple in a
piston pump correctness of the simulation was
experimentally verified. Yin and Nie (2015) studied
effects of the valve plate pre-loading angle on outlet
flow ripple in an axial piston pump. Wang and Wu
(2011 and 2014) studied the CFD simulation of a
piston pump and analyzed the effect of a valve plate
triangular groove on the outlet flow ripple of a piston
pump.Chihkeng Chen and Xiaofeng Wu studied the
structural parametric design of a piston pump and
analyzed the effect of valve plate structure parameters



on flow ripple of piston pump (2017)

All these previous studies analyzed the
influence on fluid characteristics of piston pump
valve plate structure in a piston pump and flow ripple
based on CFD model simulations. Most of the
researches have been on valve plates with a triangular
or U-shaped groove. Pre-compression in a piston
cavity can be realized by the design and optimization
of a triangular or U-shaped groove that can reduce the
flow ripple of the piston chamber pressure
fluctuations and exports. However, there has been
very limited research on piston pumps with a
pre-compression chamber. Accordingly, this article
considers the piston pump with a pre-compression
chamber and uses PUMPLINX® software to explore
CFD simulation, thereby analyzing the influence of
diameter of damping hole of pre-compression, span
of damping hole and volume of pre-compression on
flow ripple of a piston pump.

The YEOSHE PV270 piston pump from
YEOSHE Hydraulic Co.,LTD is used as the study
object, as shown in Fig.1. This includes 9 pistons, and
power is transferred from the main shaft to the
cylinder block, which drives the pistons’ rotation.
The piston head is covered with a slipper that is close
to the face of swash plate. With the circular motion of
piston around the drive shaft, the piston also has a
linear motion along the hole of cylinder block, so the
volume of the piston cavity changes periodically. The
piston cavity discharges oil when it is connected to
the oil discharge chamber through the valve plate, and
it sucks oil when it connected to the oil suction

chamber through
1 2

2-Cylinder
4-Inclination mechanism;5-Slipper; 6-Swash plate;
7-Drive shaft; 8-Return plate; 9-Angle adjust spring.
Fig. 1. The structure diagram of axial piston pump.

1-Valve plate; block;  3-Piston;

The YEOSHE PV270 type piston pump has a
pre-compression chamber located between the oil
suction chamber and oil discharge chamber, as shown
in Fig.2. When the piston cavity rotates from the oil
suction chamber in order to avoid hydraulic shock
and back flow from the piston cavity, the piston
cavity needs to be pre-compressed. Commonly used
methods for this pre-compression are a triangular or
U-shaped groove on the valve plate between the oil
suction chamber and oil discharge chamber. In this

J. CSME Vol.40, No.1 (2019)

paper, the piston cavity is connected to the
pre-compression chamber to achieve the pre-
compressing and pre-loading (Kumar S. J. et. al.,
2009; Manring, N. D., 2001).

1-Discharge oil outlet, 2-Suction oil inlet,3-Discharge
oil chamber,4-Suction oil chamber,5-Valve plate,
6-Cylinder bore,7-Piston cavity,8-Pre-compression
damping hole,9-Pre-compression chamber.

Fig. 2. Flow channel and fluid structure of the pump.

THEORETICAL ANALYSIS AND CFD

EQUATIONS
When the piston is located on the top dead
center position of the valve plate, as shown in Fig.3,
the piston rotation angle is defined as O degrees, and
the displacement of the piston relative to the piston
cavity is shown in Eq. 1.
¥

Fig. 3. Sketch diagram of piston motion

X =-R-cose-tany (1)
In the Eg.1, Xis the displacement of piston

relative to piston cavity; R is the circular radius of

the cylinder bore; @is the piston rotation angle; 7

is the inclination angle of the swash plate. Therefore,

the speed of the piston relative to piston cavity is

expressed as Eq.2.

v=R-o-tany-sing 2)
For this piston pump, the pump rotation speed

n=1500rpm ; R=62.5mm; y=186°; w=2zn/60.

The specific function of the piston speed is shown in

Eq.3.

v =3.3023sin157t 3)
According to the Egl to Eq.3, the

instantaneous flow rate of single piston cavity is
obtained as Eq.4.

rd? 7d?
V= 4
2 (4)
In Eq.4, d is the piston diameter,d =31mm;
g, is the instantaneous flow rate of the first piston

q Rawtan ysin g,

cavity from the top dead center of valve plate; ¢, is
the instantaneous piston rotation angle of the i piston
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cavity. The instantaneous theoretical flow rate of the
whole piston pump is obtained as Eq.5.

Q= 22 Ra)tanyisin[¢1+2(i—1)ﬂ] (5)

In Eq.5, ¢ is the angle of piston cavity which
is nearest to top dead center in the oil discharge area;
2=360°/z, z is the total number of piston
cavities, z=9; M is the number of piston cavities
that are in the oil discharging state. When the
0<p,<pB m=1/[2(z+1)] ; when the
B<p <28, m=1/[2(z-1)]. By analysis, when the
@, =12, the instantaneous flow rate of piston pump
reaches maximum, m=5; when the ¢ =0 or
@, = B ; the instantaneous flow rate of piston pump is

T

minimum, m=4 Therefore, the maximum
instantaneous flow rate Q.. , the minimum
instantaneous flow rate Q. and the average

instantaneous flow rate Q,. are obtained from

Eq.6,Eq.7 and Eq.8.
p

Q. = ”sz R tan yzsjsin[?+ 2(i -1)]

20°
2

(6)

5
=2.49x107° x ) sin[——+40°x (i -1)]
i=1
=430.386L / min

Q. = 7d” Rwtan yisin[0+ 2B(i -1)]

=2.49x107°% x ZA:sin[0+ 40°x (i —1)] )

=423.840L / min
zd?

=—1IX
Qave 4

157x31°

2Rtany.zﬁ
T

. (8)
x9x62.5%xtan18.6

=428.424L / min
The theoretical flow ripple of piston pump
outlet is obtained as shown in Eq.9.

5{ _ Qmax _Qmi“ — 6.546 =1.528% (9)
Qu. 428424

According to the theoretical instantaneous flow
calculation of the piston pump, it can be found that
the average flow rate of piston pump is about
428L/min and the flow ripple rate is about 1.526%
obtained from Eq.9. However, the actual situation is
not so, because the theoretical calculation of flow rate
completely ignores the compressibility of the fluid
which leads to reverse flow and fluid impact in piston
cavity, this is the main reason for the flow ripple of
the piston pump. The actual flow ripple rate is over
ten times higher than the theoretical flow ripple rate,
and it also affected by the pump external load
pressure, pump speed, valve plate structure and other

factors. In this paper, based on the theoretical
calculation results, the actual flow simulation of
piston pump is simulated by PUMPLINX®

The computational fluid dynamics equations in
PUMPLINX® are as follows.

Continuity Equation:

op
+V-(pu,)=0
o (pu;)

(10)

In Eq.10, P is the fluid density; V is the
differential operator for each direction; and U; is the
fluid velocity of direction i .

Momentum Equation:
op ou,
_+ _—

= pF —
Ph o XX, (1

InEq.11, u; and Ujare fluid velocities of the

i and ] directions, respectively; X and X; are
direction vectors for the i and ] directions,
respectively; F is the external force in the
i direction; P is the fluid pressure; # is the
dynamic viscosity.

Standard K —& Equation:

K oK) o 1 )oK
—4U — |=— +— |—|+G, —pe

p[at Jaxj] axﬂ” akja,} pe (12)
O Oe | 0| (A0 | oo o &

In Eq.12 and Eq.13, Kis the turbulent kinetic
energy; ¢is the turbulent dissipation rate; g is the

coefficient of eddy viscosity; G, is the turbulent
kinetic energy generated by the mean velocity
gradient; o, and o, are the Prandtl coefficients for

o,=10,0, =13, respectively; C, and C, are
constant coefficients, with C, =144 and C,, =192,

CFD SIMULATION ANALYSIS

Piston Pump Fluid Model

The three dimensional fluid model of piston
pump is developed by UG and imported into
PUMPLINX®. The swash plate center is defined as
[0, 0.16578, 0] and its unit is m; and the swash plate
normal is set to [0, 3, -1] , which defines the
inclination angle of swash plate to be 18.6°. Rotation
speed of the piston pump is set to 1500 rpm. The
Swash Plate Piston Pump template is used to generate
the 9 pistons’  mesh models of the piston pump, and
the maximum and minimum mesh grid are
respectively set to 0.025m and 0.001m. The General
Mesh template is used to generate the other mesh
models of the piston pump, and the maximum and
minimum mesh grid are also set to 0.025m and
0.001m. The final piton pump mesh grid model is



shown in Fig.4.

Fig. 4. Mesh grid model of a piston pump.

Simulation Results

The piston cavity is first connected with the
pre-compression chamber when it rotates out of the
oil suction zone, with the pressure distribution as
shown in Fig.5(a). At this point, the fluid pressure in
the pre-compression chamber is higher than the
pressure in the piston cavity and the fluid flows into
the cavity. Pressure of the pre-compression chamber
then decreases and pressure in the piston cavity rises
rapidly because of the increased flow and
compression. As shown in Fig.5(b), when the piston
cavity connects to the oil discharge chamber, there
will be a sudden hydraulic shock because of
excessive pre-compression or a back flow from oil
discharge chamber due to inadequate
pre-compression in the piston cavity, as shown in
Fig.6. The pre-compression chamber supplements the
pressure and acts as a buffer, When the piston cavity
is just connected with the pre-compressed chamber,
the pressure of the pre-compressed chamber
decreases, and when the piston cavity and the outlet
cavity are connected, the pressure of the outlet cavity
is higher than that of the piston cavity and the
pre-compressed chamber, and the oil will flow back
from the outlet cavity to the pre-compressed cavity,
thus the pre-compressed cavity will be compensated,
so in the pre-compression chamber the pressure
presents a cyclical change of around 130 bar, as also
shown in Fig.6 (Paolo, C. et. al., 2006; DING, H. et.
al., 2011).

Flow: Fressure [Fa]

1.81636e+07

032,03

(@)
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Fig. 5. Pressure distribution in piston pump
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Fig.6. Pressure change in the piston cavity and
pre-compression chamber

Effect of Load Pressure on Flow Ripple

In order to analyze the influence of different
load pressures on the PV270 piston pump flow ripple,
the pump outlet pressures are set to 100bar, 200bar
and 300bar, in the simulations. The PV270 piston
pump flow rate change curve is shown in Fig.7.
According to the calculation of the maximum flow
rate, minimum flow rate and average flow, the flow
ripple rate is obtained as shown in Tab.1.
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Fig.7. Flow rate under different load pressures.
Tab.1. Flow ripple under different load pressure.

'—boad Qo Quin Qe A 6=A1Q,,
®) | yminy | (UMIN) | (Umin) | (Umin) (%)
100 | 42386 | 37576 | 40275 | 48.10 11.94
200 | 427.29 | 34090 | 396.8L | 86.39 2177
300 | 430.20 | 306.8L | 39160 | 123.39 3151

Combining Fig.7 and Tab.1, the flow ripple rate
of piston pump can be seen to rise from 11.94% to
21.77% and to 31.51% when piston pump outlet
pressure changes from 100bar to 200bar and to
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300bar. The change of maximum flow rate is weak
when the load pressure continues to rise, but the
change of minimum flow rate is severe as shown by
comparison of the data in Tab.1. Larger load pressure
leads to greater difference between the piston cavity
and the oil discharge chamber when piston cavity
connects with the oil pressure chamber. This causes
back flow from the oil discharge chamber to the
piston cavity and the flow ripple ratio becomes
increases.

Effect of Pump Speed on Flow Ripple

The pump speeds are set to 1000rpm, 1500rpm
and 2000rpm, respectively, in the simulation model
and the corresponding piston pump outlet flow curves
are shown in Fig.8.

0
o
[S)

------ Pump speed 1000 rpm
700 + Pump speed 1500 rpm
—— Pump speed 2000 rpm
600

<00 /\r\/\r\/\r\/\r\/\r\/\r\/\r\/\r\
400
300

200

Flow rate of pump Q(L/min)

100 1 1 1
0.000 0.008 0.015 0.023
Time (s)

Fig.8. Flow rate of the piston pump under different
pump speeds.
Tab.2. Flow ripple under different pump speeds

damping hole, volume of the pre-compression
chamber and span of the damping hole. These are
parameterized, and the parameter definitions are
shown in Tab.3. Simulation is used to analyze the
influence of three parameters of pre-compression
chamber on the flow ripple of piston pump outlet.

Spa

- ™~ 0il suction

chamber w(;" \P
wrap angle

Fig.9. Structure of valve plate in the piston pump.
Tab.3. Valve plate structure parameters.

Parameters Description

Diameter of damping hole communicated with

CompDia
P pre-compression chamber

CompVol | Volume of pre-compression chamber

Spa Damping hole span of pre-compression zone

Pump Qmax Qmin Qave A é‘ = A / Qave
f%eni‘; (Uminy | (Lmin) | Wmin) | (Umin) (%)
1000 | 28246 | 22910 | 26341 | 5336 20.26
1500 | 42756 | 33759 | 394.66 | 89.97 2280
2000 | 57271 | 45424 | 53151 | 11847 22.28

As shown in Fig.8 and Tab.2, when the pump
speed increases from 1000rpm to 1500rpm, average
flow rate of the piston pump increases by
263.41L/min to 394.66L/min, and flow ripple ratio
increases from 20.26% to 22.80%. When the pump
speed increases from 1500rpm to 2000rpm, average
flow rate of the piston pump increases by
394.66L/min to 531.5L/min, but the flow ripple ratio
drops from 22.80% to 22.28%. Simulation data shows
that when the pump speed increased from 1000rpm to
1500rpm, there will be a maximum flow ripple ratio
value, and as the pump speed continue to increase, the
flow ripple ratio will fall.

Effect of Valve Plate Structure on Flow Ripple
Many studies have shown that a triangular
groove, a damping hole and a U-shaped groove on the
valve plate can reduce flow ripple of the piston pump
outlet. The research object of this paper, the
YEOSHE PV270 type piston pump, depends on a
pre-compression chamber structure for
pre-compression and on a buffer to reduce flow ripple
of the piston pump outlet. Fig.9 shows the structure of
the piston pump’ s valve plate, diameter of the

With the CompDia set to 2mm, 3.5mm and
5mm, simulation is carried out and its flow rate
curves are shown in Fig.10.
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Time (s)
Fig.10. Flow rate under different diameters of
damping hole
Tab.4. Flow ripple under different diameters of
damping hole
compDia Qmax Qmin Qave A A / Qave
(mm) (LUmin) | (Lmin) | (Umin) | (Umin) | (%)
2 43399 | 28515 | 373.36 | 148.84 | 39.87
35 39751 | 33647 | 37160 | 61.05 | 16.43
5 395.38 | 329.78 | 37127 | 6560 | 17.67

There is a great difference in outlet flow rate of
the piston pump with different damping hole
diameters. After calculation and comparison, the
results are listed in Tab.4. When the damping hole
diameter is too small, this will cause very large flow
ripple. When the damping hole diameter increases
from 2mm to 3.5mm, the flow ripple ratio decreases
from 39.87% to 16.43% because the smaller damping
hole is difficult to buffer and compress. If the piston
cavity is not pre-compressed enough, there is still a
large pressure difference between piston cavity and




oil discharge chamber when the piston cavity
connects to the oil discharge chamber. This causes
back flow from oil discharge chamber to piston cavity,
which leads to substantial reduction in flow rate of
the piston pump outlet. When the damping hole
diameter increases from 3.5mm to 5mm, the flow
ripple ratio increases from 16.43% to 17.67%, the
minimum flow rate of piston pump outlet declines,
and the flow ripple ratio increases. This is because a
larger damping hole diameter leads to greater back
flow from oil discharge chamber to pre-compression
chamber, and the minimum flow rate from piston
cavity to oil discharge chamber is smaller. Therefore,
the damping hole diameter should be designed
properly.

With the CompVol set to 300cm?, 600cm’ and
900cm?’, the simulation is carried out and the flow rate
curves are shown in Fig.11.
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Fig.11. Flow rate under different pre-compression
chamber volumes.
Tab.5. Flow ripple ratio under different
pre-compression chamber volumes.

Flow rate of pump Q(L/min)
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and the flow rate curves are shown in Fig.12.
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Fig.12. Flow rate under different span angles of

damping hole.
Tab.6. Flow ripple ratio under different span angles
of damping hole.

Spa Qmax Qmin Qave A A / Qave
(°) (L/min) | (Wmin) | (L/min) | (L/min) (%)
5 424.25 354.06 399.80 70.20 17.56
7 423.19 370.40 399.59 52.78 13.21
9 426.90 370.45 399.11 56.45 14.15

O)np\/OI Qmax Qmin Qave A A / Qave
(cm3) (LUmin) | (Umin) | (L/min) | (L/min) (%)
300 427.56 337.59 396.91 89.97 22.67
600 426.49 368.82 400.19 57.68 14.41
900 425.87 373.34 402.06 52.53 13.07

The function of pre-compression chamber is to
fill the piston cavity in order to increase the pressure
before the piston cavity connects with the oil
discharge chamber. The flow ripple ratio is calculated
in Tab.5. When the pre-compression volume is
300cm?, the flow ripple ratio is close to 22.67%.
When the pre-compression volume increases from
300cm?® to 600cm?®, the flow ripple ratio declines
from 22.67% to 14.41% because a larger
pre-compression volume leads to more powerful
buffering and compressing. When the
pre-compression volume increases from 600cm?® to
900cm?, the flow ripple ratio declines from 14.41% to
13.07%, indicating that the pre-compression chamber
is sufficient to achieve buffering and pre compressing
with a volume of about 600cm * . As the
pre-compression volume continues to increase, the
flow ripple of piston pump outlet declines only
slightly.

With the Spa set to 5°, 7'and 9, flow rate of
the PV270 piston pump is obtained by simulation,

By calculation, the flow ripple ratios are
obtained as shown in Tab.6. When the damping hole
span angle increases from 5°to 7°, and the flow ripple
ratio of the piston pump outlet is reduced from
17.56% to 13.21%. When the damping hole span
angle continues to increase from 7°to 9°, the flow
ripple ratio of the piston pump outlet increases from
13.21% to 14.15%. According to these results, if the
damping hole span angle is smaller, the piston cavity
pre-compression time is longer, which produces
hydraulic shock; and when there is a higher
instantaneous flow rate of piston pumping out, this
leads to an increase of the flow ripple ratio.
Conversely, if the damping hole span angle is larger,
the piston cavity has a shorter pre-compression time,
which produces back flow from oil discharge
chamber to piston cavity, and this phenomenon also
causes the increased flow ripple ratio of the piston
pump outlet.

OPTIMIZATION

DOE and Approximate Modeling

The simulation results show that the outlet flow
ripple rate is affected by uncontrollable factors such
as load pressure and pump speed, the impact of load
pressure is larger, and the impact of pump speed is
very small so it can be ignored. Furthermore, the flow
ripple rate is also affected by the structure of the
pre-compression chamber, when the damping hole
diameter and damping hole span angle change from
small to large in the setting interval, the flow ripple
rate will present a minimum value in the interval.
When the volume of the pre-compression chamber
changes from small to large, the flow ripple rate will
continue to decrease, since the volume change of
pre-compression chamber has little effect on the flow
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ripple rate when the volume of the pre-compression
chamber is larger than 500cm3. This shows that the
volume of pre-compression chamber is more than 500
cm3 to meet the requirements under the conditions
permitted.

Based on above conclusions, in order to
minimize the outlet flow ripple rate of the piston
pump, the damping hole diameter and damping hole
span angle of the pre-compression chamber should be
optimized under the different load pressures. The
DOE is conducted based on the full factors method,

S e () — YOOT
R>=1-22

Z[Y(J’)—V]2

In Eq.14 and EQ.15, V.. and y(i) are the
response value and simulation value, respectively; y
is the simulation average value; N is the inspection
points; A, isthe weighted coefficient.

Tab.8. Approximate response surface function of

(15)

while the damping hole diameter and damping hole flow ripple.
span angle are used as the design variables and the Load | Approximate response surface function Inspection
flow ripple rate is used as the target, the results of (bar) of flow ripple coefficient
DOE are shown in Tab.7. _ y, =3.009%2 + 0.563x,% :
Tab.7. DOE analysis of outlet flow ripple rate based 100 +0.242%,X, — 26,540, — R?=0.984
on full factors method.
Damping hole | Damping hole | Outlet flow 8.871x, +9252
Load diameter span angle ripple rate y, =2.519x,% + 0.843x,’ ,
P (bary | CompDia(Mm) | Spa() S %) 200 +0.662x,X, — 25.394X, R, =0.965
(%) (X%;) y) ~13.913x, +114.4
2 5 2345 Y, =4.232x,2 +1.132x,2 ,
g ; g;gg 300 +0.052%,X, —33.60%, — Ry’ =092
35 z 12.03 16.961x, +147.11
100 35 7 9.54 Aoy Ry e
35 9 10.01 0%
5 5 13.13 24
5 7 10.42 2 226
5 9 14.76 21.1
2 5 32.65 19.7
2 7 26.44 183
2 9 28.32 163
35 5 18.22 164
200 35 7 16.65 "
35 9 21.46 125
5 5 18.91 11
5 7 17.83 :;
5 9 2252 '
2 5 40.37
2 7 34.88
2 9 36.67
35 5 26.14
300 35 7 19.27
35 9 21.68
5 5 29.77
5 7 22.93
5 9 26.69

Based on the DOE data shown in Tab.7, the
response surface function method and the response
surface function error decision model is conducted in
Eq.14 and Eq.15. The second order response surface
function models are obtained in Tab.8 when the load
pressure is 100bar, 200bar and 300bar. Charts of the
response surface are shown in Fig.13.
y=45 +Zﬁixi +Zﬂixi2 +Zﬂijxixj

I I

i)

(14)

(b) 200bar




(c) 300bar
Fig.13. Flow ripple response surface under different
load pressures.

Optimization Results
In order to minimize the outlet flow ripple rate
under the different load pressures, the objective
functions are developed as Eg.16 (Guan, C. B. et. al.,
2013).
objectivel: min(y,)
objective2 : min(y,)
objective3: min(y,)
constraints:2<x <55<x,<9
After multi-objective optimization, when the
damping hole diameter is 3.994mm and the damping
hole span angle is 7.074°, the minimum flow ripple
rate are obtained under the load pressure of 100bar,
200bar and 300bar which are shown in Tab.9.
Tab.9. Structural parameters and flow ripple ratio
before and after optimization

(16)

Xl X2 yl y2 y3
(mm) @) (%) (%) (%)
Before 3 9 1194 | 2177 | 3151
optimization
After
399 | 707 | 821 | 1563 | 1856
optimization
EXPERIMENT

In order to verify the correctness of the
simulation data and the optimization data, a piston
pump flow rate test platform is developed, where the
outlet flow rate of piston pump is measured under
different load pressures. The test bench is shown in
Fig.14 and the principle of the test experiment is
shown in Fig.15. An LT1600 turbine flow meter is
used for flow measurement, Compact DAQ is used
for data acquisition and LABVIEW is used as the
computer platform.
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Fig.14. Outlet flow test experiment of piston pump
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Fig.15. Diagram of the flow rate test experiment

The workload of different pressure load test is
relatively large, the experiment is carried out with
100bar and 200bar pressure loads as examples. By
comparing the simulation results with the
experimental data, when the load pressure is
respectively 100bar and 200bar the simulation data
are consistent with the experiment data. The
comparison results are shown in Fig.16, Fig.17 and
Tab.10.
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Fig.16. Simulation and experimental data under 100
bar load pressure.
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Fig.17. Simulation and experimental data under 200
bar load pressure.
Tab.10. Comparison of flow ripple rate of simulation
and experiment.

Load Qmax Qmin Qave 5
Type

(bar) (Umin) | (Umin) | (Wmin) | (%)

100 simulation | 423.86 | 375.76 | 402.75 11.9

experiment 406.82 360.26 385.79 12.1

200 simulation | 427.29 | 340.90 | 396.81 218

experiment | 427.63 | 35251 | 363.22 219

The above results demonstrate that the

simulation data and the experimental data are

consistent with each other under 100bar and 200bar
load pressure, so the simulation data is correct.

CONCLUSIONS

In this study, the theoretical flow rate of PVV270
type piston pump is calculated, and the simulation of
piston pump with pre-compression chamber structure
is conducted based on CFD with consideration of
compressibility of oil in this paper, the piston pump
outlet flow ripple are compared under different load
pressures, different pump speeds and different
pre-compression chamber structures. The results
show that the flow ripple of piston pump is not only
affected by the load pressure and pump speed, but
also are affected by the damping hole diameter,
damping hole span angle and volume of the
pre-compression chamber. The load pressure has a
great influence on the flow ripple of piston pump,
while the pump speed has a little effect and can be
ignored. Furthermore, when the damping hole
diameter and damping hole span angle of the
pre-compression chamber change from small to large
in the setting interval, the flow ripple rate will present
a minimum value. When the volume of the
pre-compression chamber changes from small to
large, the flow ripple will continue to decrease,
although the volume change has little effect on the
flow ripple when it reaches 500cm3.

The second order response surface function
models with respect to the damping hole diameter and
damping hole span angle of the pre-compression
chamber are built based on DOE and approximate
model methods. The damping hole diameter and
damping hole span angle are optimized based on the
response surface function model. Finally, flow test
experiments are performed on the piston pump, with
results demonstrating that the simulation and the
experimental data are consistent with each other,
specifically that the flow ripple rate is reduced when
the load pressure is 100bar,200bar and 300bar,
respectively.
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