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ABSTRACT

In this study, a variable displacement swash plate pump supplying high-pressure hydraulic oil to control the
hydraulic system of a marine engine was developed. A structural analysis was performed on the main parts
of the pump to ensure the structural safety in the design. Using a pump testing equipment, performance
characteristics such as no-load flow rate, load flow rate, flow rate according to the swivel angle change, flow
rate with lubrication orifice, and response time according to the swivel motion were tested. Consequently, the
pump was confirmed to satisfy the required specifications.

Keywords : Piston Pump(¥E|AE EHIZ), Hydraulic(F+2}), Structural Analysis(TZ=5i4Ad), Swash Plate(AHEH)
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(a) External housing case (b) cross section view

Fig. 1 Finite element modeling of the piston pump

(a) Front view

Fig. 2 Boundary conditions of the FEM model

(b) Bottom view

Standard
Earth Gravity

Pressure

Fig. 3 Applied load on the FEM model

Table 1 Finite element modeling data of the piston

pump
Element type Solid
No. of nodes 255,936
No. of elements 113,759

The maximum pressure applied
to the four piston : 30 MPa

All D.O.F of nodes at the
Piston bottom are fixed

Applied load

Boundary
conditions

Table 2 Material properties of the piston pump

Material| SACM645 | P31CE F(SV?SS%O
Property (piston) (shoe) plate)
Density (kg/m®) | 7850 8920 7850
Young’s modulus
(GPa) 200 115 200
Yield strength
(MPa) 460 130 370
Poisson’s ratio 0.3 0.33 0.3
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Fig. 4 Deformation distribution of the piston pump

I: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
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Fig. 5 Stress distribution of the piston pump

(a) Max. deformation (b) Max. stress
(0.00794 mm) (48.873 MPa)

Fig. 6 Deformation and stress distribution of the shoe

(a) Max. deformation (b) Max. stress
(0.0199mm) (156.71MPa)

Fig. 7 Deformation and stress distribution of the
piston

v €

(a) Max. deformation (b) Max. stress
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Fig. 8 Deformation and stress distribution of the
swash plate
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Fig. 9 Hydraulic circuit of the piston pump

Fig. 10 Hydraulic circuit of the test bench

dHIH £=E Aojsk= AHE  EE(inverter

3= FFA(flow meter), EE ¢+
Al M (pressure sensor), Y& 3| H<

44 95
ZA%l= EIAV|E(torque meter), FFF 2
=45 XAl A (temperature  sensor) SOE
AR FAefe gAdR Az 2dolA 8

3= SAE 30 viscosity grade, BN level 5~102 A}
L3t
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Table 3 Test result of the no-load flow rate

AN71AA HEZRIE TRl A FARs7EA] A
e YAAEER ST /\lf?jf& Afoln, H
Zo] FHEEIF 1200pm¥ W 10MPacl A=
88.811/min, 20MPa°l 4= 88.931/min, 30MPacll A=
90.03Vmin®]  F#o] FHAHHJL, IHAEET}

- 2200rpm¥ ® 10MPacll A= 164.391/min, 20MPal|
Rotation speed | Reference flow |Actual flow rate — . _ . N
(rpm) rate (I/min) (I/min) A1 165.08/min, 30MPaol| A= 165.811/min®] &4
Ald Ax 3} otglo] =UladrE HEF
800 53.96 59.22 A % veh el SAUTE A
of &% Z7HES AT F AUtk
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Table 4 Test result of the rated load flow rate
1200 80.94 89.63 Rotation Pressure Reference | Actual flow
speed flow rate rate
1400 94.43 104.81 (rpm) (MPa) (Umin) (Vmin)
1600 107.92 119.99 10 80.94 88.81
1200 20 80.94 88.93
1800 124.41 134.89 35 80.94 90.03
2000 134.90 149.47 10 148.39 164.39
2200 20 148.39 165.08
2200 148.39 163.22 35 14839 165.81
180 90.2
160 } n 90 | [ ]
. [}
.E 140 | - E 898
E 120 } ] -\..E__ 896 |
& —
ol - T 84
;é ] ] 892 F
= ¥ ] g 8| -
6 r = = 888 | [ |
40 88.6 —

600 800 10001200 1400 1600 1800 2000 2200 2400

Rotation speed (rpm)

Fig. 12 Flow rate result of the no-load test

0 5 0 15 20 25 30 35 40
Pressure (MPa)
Fig. 13 Flow rate result of the rated load test (1200rpm)
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Fig. 14 Flow rate result of the no-load test (2200rpm)
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Table 5 Test result of the flow rate according to
the swivel changing

Rotation Pressure Swash | Reference | Actual
speed (MPa) plate angle| flow rate |flow rate
(rpm) (%) (I/min) (I/min)

90 72.85 80.10
60 48.56 51.98
70 56.66 60.44
1200 26
50 40.47 43.04
45 36.42 37.45
50 40.47 41.38
90 72.85 81.21
60 48.56 51.82
1200 35
70 56.66 60.58
50 40.47 42.57

45 36.42 37.34
50 40.47 40.82
90 13335 | 148.61
60 89.03 96.61
70 103.87 | 112.76
2200 26
50 74.20 78.26
45 66.78 68.90
50 74.20 76.65
90 13335 | 147.81
60 89.03 96.16
70 103.87 | 111.60
2200 35
50 74.20 78.93
45 66.78 69.30
50 74.20 77.16
90
30 |
)
En
<60 m
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E 50 u
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Swash plate angle (%)

Fig. 15 Flow rate result of the swivel changing test

(1200rpm, 26MPa)
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Fig. 16 Flow rate result of the swivel changing test
(1200rpm, 35MPa)

— 110 -



D BEIAFEEE A A2, ATE

155
145 |
135 |
2125 |
=1s }
£ 105 |
95 |
85 |
75}

65J

40 45

—_

te (/min

Flow r

55 60 65 70 75 80 85 90
Swash plate angle (%0)

50 95

Fig. 17 Flow rate result of the swivel changing test
(2200rpm, 26MPa)
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Fig. 18 Flow rate result of the swivel changing test
(2200 rpm, 35 MPa)
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Fig. 19 Lubricant for the swash plate support

bearing

Table 6 Test result of the swivel angle variation
flow rate with a lubricating orifice

Rioc;alt Press | Vol | Actual flow rate (I/min)
o | OMP) | 08| 0T DS %oy
90 82.83 82.46 82.67

70 61.47 61.63 60.56

1200 26 60 52.34 53.06 52.17
50 42.76 43.08 42.45

45 37.79 38.51 37.56

90 82.25 82.57 79.58

70 61.17 60.58 59.60

1200 35 60 52.38 52.79 51.26
50 42.01 42.93 41.86

45 37.96 37.99 36.53

Average 55.30 55.56 54.42
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Table 7 Test results of response time according to
the swivel angle flow rate

apm) | M Jangle (%) time (5) | TP
0 0 10—90 0.00 0.09

2200 0 10—90 0.10 0.09

2200 35 10—90 0.11 0.10

S
23l BEA AP HZE AZA 3] 742(2200rpm)
2 1200rpm JEjOlA B RItE FR3|A
100%7+A], 50%01 4 100%7FA &8 02 M3l
7 BEE §3F9 HIANLE =

=3

Table 8- #3} 554 A& AAsto SA 3
AxtolH, o] AldS
B}AIZFS 1200rpm, 40MPa uj7
0.3s o2 F2lstAch

Table 8 Test result of Dynamic load characteristics

Rotation Pressure Flow rate
speed MP response time
(1pm) (MPa) ©)

17.5 0.21
1200
40 0.27
17.5 0.16
2200
40 0.19
4.4 B
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