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ABSTRACT

In this paper, a structural stability analysis of the swash plate hydraulic piston pump installed on hydraulic
supply systems in marine vessels is presented. In order to verify the integrity of the pump design, a standard
structural analysis technique based on the finite element method has been applied for various operating and
boundary conditions. For the maximum operational torque (223 N-m) at 5°, 10°, and 15° of the swash plate
angle, the maximum deformation, equivalent stress and safety factor are evaluated. The analytical results show
that under current operating conditions, the structural reliability of the design has been confirmed.
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Fig. 2 Analytical model for the swash-plate piston
pump
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Table 1 Material properties for the structural analysis

. Young’s . Yield
. Density Poisson’s
Material 5. | modulus . stress
[kg/m’] ratio
[GPa] [MPa]
FCD400 7,000 140 0.25 450
FCD600 7,850 200 0.3 460
SACM645 | 7,700 200 0.29 450
SCM440 7,850 204 0.29 415
P31CE 8,920 115 0.33 130
SNCM420 | 7,800 210 0.29 450
Stopper &
Swash Plate
Shaft lousing shoe &

Fig. 3 Components of the swash-plate piston pump
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Fig. 4 Finite element modeling of the piston pump

Table 2 Finite element modeling data

Element type Nodes Elements

666,384

Solid 1,042,740
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Table 3 The results of structural analysis

. Equivalent | Yield
Degree | Deformation
. stress stress | Safety
[°] [mm]
[MPa] [MPa]
5° 0.022 167.52 250 1.49
10° 0.048 203.5 250 1.23
15° 0.119 286 450 1.57
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Y

F: 5 Degree E: 10 Degree
Total Deformation 2 P Total Deformation 2

Type: Total Deformaticn Type: Total Deformation
Unit: mm

Tirne: 1 U_nit: mm
Tirne: 1
0.022812 Max 0.048155 Max
e - . 0045153
0.018628 ’ | no42151
0016537 4 0.029149
0014445 0035147
0012353 0.033145
0010262 0.030143
0.0081608 0.02714
00060781 0.024138
0.0029864 Min 0.021136 Min
Fig. 6 Maximum deformation at 5° Fig. 9 Maximum deformation at 10°
F: 5 Degree E: 10 Degree

Equivalent Stress 2
Type: Equivalent {won-Mises) &

Equivalent Stress 4
Type: Equivalent (von-Mises) St

Unit: MPa Unit: MPa
Time: 1 Tirme: 1
167.52 Max 2015 Max
14891 18089
13031 158,20
117 t 135.68
93.086 113.07
74477 504865
37,258 45251
T 22644
T 0037473 Min
Fig. 7 Equivalent stress at 5° Fig. 10 Equivalent stress at 10°
F: 5 Degree E: 10 Degree
Safety Factor s afety Factor
Type: Safety Factor Type: Safety Factor
Hme] Time: 1
15 Max 15 Max
10 10
] 5
1.4923 Min 1.2285 Min
2 o
Fig. 8 Safety factor at 5° Fig. 11 Safety factor at 10°
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D: Copy of 15 Degree
Total Deforrnation 2 j .
Type: Total Deforrmation --
Unit: mm
Tirne: 1

0.11906 Max
01091
0099134
008917
0079207

+ 0069243

{ 0059279
0049315
0039352
0.020288 Min

Fig. 12 Maximum deformation at 15°

D: Copy of 15 Degree
Equivalent Stress 4
Type: Equivalent (von-Mises) S
Unit: MPa T
Tirme: 1

286 Max
254 .56
22312
191.68
1a0.24
—{ 1288
—{ 07.362

3.0414 Min

Fig. 13 Equivalent stress at 15°

D: Copy of 15 Degree
Safety Factor

Type: Safety Factor
Tirne: 1

15 Max

Fig. 14 Safety factor at 15°
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