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Abstract : Conventional gear pump fluid-structure interaction analysis typically performed both fluid and
structural analyses within a single platform such as ANSYS. This study proposes an analysis methodology
that effectively evaluates the performance and durability of gear pumps by leveraging the advantages of
specialized, separate commercial software for pump flow and structural analysis. To achieve this, a
fluid-structure interaction analysis was performed on an external gear pump with a displacement volume of
2.6 cc/rev under operating conditions of 200 bar and 1500 rpm. To address mesh quality and analysis
stability issues in the pump flow analysis, precise flow analysis was performed using Simerics MP+'s
structured mesh and non-conforming mesh boundary treatment. Subsequently, the derived pressure
distribution was utilized as boundary conditions in ANSYS for structural and fatigue analysis. The
fluid-structure interaction analysis results confirmed an average discharge flow rate of approximately 3.41
L/min, a maximum equivalent stress of approximately 38 MPa, and a maximum strain of 0.62129 4 m. The
fatigue life was found to exceed approximately 1,000,000 cycles.

Key Words : External Gear Pump, Computational Fluid dynamics, Finite Element Analysis, Fluid-Structure
Interaction, Fatigue Life
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Fig. 2 3D model of the gear pump after cleanup
Fig. 4 3D model of the gear pump with points

marked for each volume

Table 2 Mesh Sensitivity Analysis of Flow Rate

Flow
Cell Number Faces Nodes Rate
size of cells )
[L/min]
0.05 94261 198162 | 121841 3.40744
0.03 104251 379154 | 161765 341885
0.01 164181 590060 | 249397 3.414%4

0.005 250821 888907 | 368155 3.41490

Fig. 3 3D model of the gear pump with mesh 00025 | 2935557 | 8679753 | 2076411 | 341492
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(a) Gear shaft side
(a) External view

(b) Opposite side of the shaft
Fig. 7 Fixed support conditions

(b) Internal view

Fig. 6 3D model of the gear pump with mesh

Table 4 Material properties of Structural Steel

generated using ANSYS Parameter Value Unit
Density 7,850 kg/m’
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(a) External view
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(b) Internal view

Fig. 10 FSI analysis results - equivalent stress
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(b) Internal view
Fig. 11 FSI analysis results - total deformation

80 THAIA™ZERX| H29¢# H5%, 2025 10

2 Ad3 A2 gady, s4s S =&d
Hdl 7Y w@ AR FERY=E

]
o
QA AL o 6552 A4kE et

Rl

i

il

3999 N

= 2827

[-%

Z 18%

= B

2 1069

=

Z

=

a

o 441

8

s

Y7}

2 2

<
138
114 —
86.2 =

10 100 1000 10000 100000 1000000

Cycles(log,,)
Fig. 12 Structural Steel S-N curve

B: Static Structural
Life

Type: Life
2025-03-26 00 3:24

I 1e6 Max
1e6 Min

(a) External view

B: Static Structural
Life

Type: Life
2025-03-26 00 3:26

I Te6 Max
1e6 Min

(b) Internal view

Fig. 13 Fatigue analysis results of gear pump
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