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Abstract: Hydrostatic transmission (HST) comprises rotary parts, shafts, valve plate, swashplate, and servo pistons.
Ensuring structural stability of each part of an HST has a significant impact on product safety. In this study, the
structural stability of HST in agricultural machinery and industrial vehicles was analyzed using ANSYS software.
For conservative evaluation, high-pressure conditions (35.5 MPa and 2 MPa pilot pressure) were applied as load
conditions. The number of grids used in the calculations ranged from 0.4 to 0.8 million depending on modeling
requirements. Structural analysis was performed for essential parts and safety factor was analyzed. All major parts
of HST had a safety factor of > 1.5. Thus, they were judged to be structurally safe. This study provides
important information for designing an HST system.
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Fig. 3 Components of HST for structural analysis
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Table 1 Product Specifications

Power 55hp/2600rpm
Engine
Torque 19.6kgf-m/1600rpm
Maximum relief pressure 35.5MPa
HST |Maximum pilot pressure 0.2MPa
Swash plate angle -17°~17°
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Table 2 Material properties

Yield Tensile
Parts | strength | strength | Material -
[MPa] [MPa]
Shaft 773 932 SCM420
Piston 686 834 SCM415
Piston | 368 554 | HB7L
shoe
Valve Ductil
235 415 SS41 uctile
plate
Servo
piston,
Feedback 490 686 S45C
lever
Cylinder| 7 600 | FCD600 | Brittle
block
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Table 3 Part-part boundary condition

No Part 1 Part 2 Joint

1 Piston Piston shoe Spherical

2 Piston Cylinder block | Cylinderical

3 Piston shoe Swash plate Planar

4 | Cylinder block| Valve plate Planar

5 | Cylinder block Ground Cylinderical

6 Valve plate Ground Fixed

7 | Swash plate Ground Fixed
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Fig. 5 Rigid dynamics for calculation of reaction
force in shaft
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Fig. 6 Assembly conditions of piston and piston

shoe
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Fig. 7 Boundary conditions of shaft when working
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Fig. 11 Boundary conditions of cylinder block and
valve plate when working
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Table 4 Total force according to spring displace

- ment
Spool state | Spring force Pilot Total force
pressure force
12.9mm -60.9N 123.6N 62.7N
9mm -120.05N 123.6N 3.5N
— pedal link

Fig. 12 Assembly conditions of feedback lever

and servo piston
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Fig. 15 Stress concentration region of shaft
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Table 5 Structural analysis result of shaft

Shaft
Material SCM420
Yield strength[MPa] 773
Tensile strength[MPa] -
von-Mises stress[MPa] 313.8
Safety factor 2.46
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Fig. 17 Stress concentration at piston shoe when
the friction coefficient is O

cajole - HEE 2022.3 39



Aol A Fwe) ekl Ana Afd T

E: Copy of modify piston shoe ()
Egavilent Stress 3

Typer Equavalint von- M) Siress
Ut MP3

Time: 1

19513 M
B 17348
' B

= 13007
10852
BEBE3
8521
23558
21902
24054 Min

Fig. 18 Stress concentration at piston shoe when
the friction coefficient is 0.12

Table 6 Structural analysis results of Piston and

piston shoe
Piston Piston shoe
Material SCMA415 HB71
Yield strength[MPa] 686 368
Tensile strength[MPa] - -
von-Mises stress[MPa] 363.8 237.21
Safety factor 1.89 1.55
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Fig. 20 Stress concentration region of valve plate

Table 7 Structural analysis results of cylinder

block and valve plate

Cylinder block| Valve plate
Material FCD600 SS41
Yield strength[MPa] - 235
Tensile strength[MPa] 600 -
Stress[MPa] 234.6 76.9
Safety factor 2.55 3.05

= skl Qs A Y-S W= ZloE H]Y,
9 AE Table 791 e oM P&
A5 9 B AU eSS 255 WH
E9] 7§ 3052 7RO Qhxsitia A

44 MEIAE 3 23
Semes 8 qussEe] Hujed BAAYe
Fig. 219} o] T FFol HE3h= H9IoA Leh



B

Fig. 21°] Hul-ggo] WA AHe FHEXE
AvREE §¥o 2x7t 12A Yehte Zo] ohd
AEEHY FHAJA FYol et ok o=
Fig.229} o] 2~Fo] 28304 A o ¥
Foz Q3 MEI2E FHFHo| o] YFH

B: Foodback vabe

Equivalent Stress 2

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

Tirme. 1

157.42 Max
13993
12244

1 10493
87458
69967
52475
4983
17.49]

%5329¢-5 Min

B: Feedback valve

Equivalent Stress

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

Time: 1

98955 Max
8796
76.965
6597
54875
4358
32985
2199
10.995

Fig. 21 Stress concentration region of feed -
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Table 8 Structural analysis results of Feedback
lever and servo piston

Feedback lever| Servo piston
Material S45C S45C
von-Mises stress[MPa] 490 490
Tensile strength[MPa] - -
von-Mises stress[MPa] 157.4 98.9
Safety factor 3.11 4.95
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