2017 6 48 6

doi: 10. 6041 /j. issn. 10004298. 2017. 06. 049

(1. 030024;
2. 361005)
o 45 mL
N 45 mL
30% 0.92, o
: TH3 A 1 1000-4298(2017) 06-0373-08

Theoretical Analysis and Experiment on Flow Allocation Characteristics
of Dual Discharging Axial Piston Pump
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(1. Key Laboratory of Advance Transducers and Intelligent Control System Ministry of Education and Shanxi Province
Taiyuan University of Technology Taiyuan 030024 China
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Abstract: When providing two-way independent high—-pressure high-flow oil sources hydraulic system
generally adopts two separate piston pumps or coaxial ones in series causing complex structure and high
cost. Therefore single piston pump was proposed to achieve two-way high-pressure oil supply. Axial
piston pump was designed with dual discharging inter-outer ring parallel allocation structure by changing
cylinder structure piston number cap circuit and valve plate shape. Flow allocation structure was
redesigned due to decreased single ring piston number increased pressure shock and fluctuation in the
chamber. Relief notch was cancelled in transition region from oil-discharging to oil-absorbing waist slots.
After that mismatch angle was increased to enlarge closed volume in chamber and reduce the pressure of
unexhausted high—-pressure oil in the interval between oil extraction and absorption. In transition region
from oil-absorbing to oil-discharging waist slots stepped flow area was used to replace original continuous
flow area to weaken geometry requirements of relief notch. The optimized dual discharging flow allocation
structure was conducted with theoretical analysis to establish dual discharging axial piston pump
simulation model based on 45 mL axial piston pump structure. There was small pressure shock in outer
race by analyzing pressure shock and output flow in single piston chamber. Compared with traditional flow
allocation structure dual discharging oil output had smaller pressure fluctuation rate. Based on this the
designed dual discharging axial piston pump was piloted. The pilot dual discharging oil pump was
compared with the original 45 mL pump through pressure fluctuation volumetric efficiency and noise
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tests. Result showed that the former had lower pressure fluctuation ( decreased by 30%) and noise level
while its volumetric efficiency was not smaller than 92% . In general the dual discharging axial piston
pump can replace duplex pump to simplify system structure and reduce energy consumption. This new
pump can also be used in closed circuit and differential cylinder hydraulic systems to make the system
simpler and cost-effective.

Key words: axial piston pump; dual discharging; flow distribution characteristics; pressure pulsation
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1

Tab.1 Relationship between flow nonuniformity

coefficient and number of plunger in axial piston pump

z 5 6 7 8 9 10

11

8,/% 4.98 14.03 2.53 7.80 1.53 4.98 1.02

0,=CA(g)  |——"sign(p. -p,)
P

q;
qin

45 mL

45 mL

10
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Tab.2 Main parameters of dual discharge

axial piston pump

/mm 17
/mm 14
10
A/mL 22
B/mL 22
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/mm 24
/mm 31
/mm 4
/mm 3
/em? 8.5
/(°) 18
/mm 27.5
/mm 22
/g 170
/kg 1.8
/(Nemm™") 15
3

Fig.3  Port plate diagram before optimizing
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5

Fig.5 Simulation model of double-outlet pump
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Fig.6  Curves of single piston pressure and flow before optimizing
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7

Fig.7 Curves of single piston pressure and flow after optimizing
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A.B2

" 3.2

Fig. 11 Principle diagram of dual discharge axial piston pump

12

Fig. 12 Pressure fluctuation curves of dual discharge axial piston pump
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Tab.4 Pressure fluctuation rate % .
/MPa
5 10 15
32 21 14
A 21 13 9
B 24 18 10 o
A 26 15 12 I m .
B 27 18 13
o 6 o 7 45 mLL
6
° N Tab.6 Daul discharge axial piston pump noise
N ° test result dB
1 500 r/min A.B / - /MPa
0( ) .5.10.15.20 MPa n/(remin™") 0 10 2 28
5, 1500 76.5 80.0 81.8 82.7
A.B 900 72. 1 76. 1 79. 4 80. 1
0.92 600 68.2 75.0 78.6 79.2
5 7 45mL
Tab.5 Volumetric efficiency and flow under Tab.7 Pump noise test result dB
iff
different pressures . VP
/MPa n/(remin™") 0 10 20 28
0 5 10 15 20 1500 76.9 80. 8 82.0 82.7
/( Lomin-") A 31.2 30.9 30.6 30.4 30.1 900 72.8 78.9 80. 4 81. 1
*min
B 314 31.0 307 304 302 600 68.9 77.8 79.2 79. 8

A 0.952 0.948 0.940 0.934 0.930
B 0.950 0.942 0.936 0.932 0.928 N
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o 9
Tab.9 Motor noise dB
o 0 ~28 MPa . /MPa
n/(remin") | 20 28
0.7 0 0
g 1500 67 76 77 80
° 900 65 73 74 76
600 64 69 72 74
9, 6+
7 Y
? 4
A10VSO (1)
8 o
Tab.8 Motor output power kW (2)
— /MPa °
n/(remin =) 10 20 28 (3)
1500 14.3 28.6 40.0 45 mL 30%
900 1.5 23.0 32.0 20 MPa 0. 92; 1 500 r/min
600 5.7 11.4 16.0 28 MPa 8.7 dB
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