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Abstract : Torque Generator is a product which has function to transform hydraulic energy to mechanical energy

of torque and rotating speed, and be used for direction change device of agricultural machines. This study

proposes failure analysis and test analysis on torque generator and introduces a process that reliability of a product

is enhanced by design improvement.

And also it presents improvements of maximum output torque by modifying

design and surface treatment. Lastly it verifies reliability improvement by analyzing test results of before and after

life test.
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Table 1 Failure modes and effects analysis

Component Failure modes Failure Mechanisms
Not k _
@ Swﬁchvg((i)rollt Spool Sticking
Fig. 201 548 E3 247)E 45448 gaw | S
L o3 xE 9 B8 EIE ZJZTEE JjA W ® Wear Wear, Heat Distortion
H 39AF EFZFo|EFE o7 FHEIE g @ | Switched out Sticking
o _ _ . Sleeve
Aot AZEH, 2F4E 2 JHEE - o) ® Wear Wear, Heat Distortion
9l . = ITE B 719 AE=8A9 5228 )
HoET b AZE el Az Ao 552 A . Transformation, .
o3l &g B, A ZEH MES IJHYL T A Drive | @ Failure Wear, Fatigue, Crack
dt 29 % 5o TAH Yok
b= =8 5% T A @ Wear Internal leakage
Gerotor
® | Malfunction | Internal Rotor Sticking
@ | Malfunction | Degradation, Corrosion
| [ 77 Relief | ® |Internal Leakage| Wear, Degradation
INLET SHAFT i | POWER END DRIVE Valve .
== Transformation, .
S\\y © . Fatigue, Crack
LI % Failure

THRUST BEARING

A 32 &4 7l ©H
VALVE HOUSING SPACER pwgi PONER END PLATE TARES} TAYEEFS ZAG & AFo g &
FEASZHE Table 28 2& 194 $47)% 4
Fig. 2 Schematic of torque generator NeE Fdste] 2 IZREE H3 AT JAT-E
TEt o474, O 15 @ 3, A 1S Fogn
B AZS 3 Ay FzE F JjY HFoolHE  Table 20 93t EA WA Fo IHAFHE
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Table 2 Quality Function Deployment (Level 1)

Component | Spool |Sleeve | Drive | Gerotor }s}zllij(f
Failure
modes| @|®|@|B| @ @B |@®|©
Requirements
Steering Control |O | @ |O ® 0O A
Control Response O |@|O o0 o
Output Torque |@| |A O @0 e e
Pressure Set up |@| | @@ o 0|0|0
Noise o A A @ O
Wear Resistance O @ 0 @ [
Repeatability |O|@|O [ @ Oe
Life 0000 6 0 0 000
Score 2701212313 18 |17 (2526|1120

Table 3 Quality Function Deployment (Level 2)

Test Items
Failure Simulta- | Torque | Maxi-
Component modes Score neous | Devia- | mum | Life
Operation | tion |Torque
@ | 27 @ e o o
Spool
®) 12 A | O
. @ | 23 ©) e o o
eeve
® | 13 ® O
Drive @ | 18 | ] © © 10
Gerot @ I o =
erotor
® | 25 [ ® O | o
el @ | 26 A ® O | o
elie ® 1 o o
Valve
© | 20 A A O
405 413 650 | 712
Score and Rank
4 3 2 1
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Fig. 3 Structure and hydraulic circuit of torque

generator
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Fig. 4 Surface treatment of gerotor set
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' Evaluation
82 * . 80
: Test Samples

Life Test 5 3 | 5
Simultaneous | Before[%] | 3.7 | 45|29 |35 | 47

T .
gso/J\\ : =2
78 ; : 40 Operation After[%] | 4.1 |51 49|43 |55

Torque Before[Nm] +2.2 | +1.1 [£2.3 [£1.1 | £1.2
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3
Pressure[bar]
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Fig. 6 Simultaneous operation test results
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