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Abstract This study aims to increase the reliability of a Multi-purpose Engineering Vehicle (Vehicle) and
ensure driver's safety and comfort by improving the durability of the Hydropneumatic Suspension Unit
(HSU) Bolt. HSU Bolt requires high reliability as it secures the vehicle's body and HSU when vibration
shocks occur. However, during the durability driving test, fatigue damage repeatedly occurred on the 4th
bolt of HSU and needed improvement. The cause analysis tested the breaking section, the center of
gravity, load condition, stress, and endurance limit and found signs of fatigue breakdown, load and stress
concentration, and a lack of endurance limit. It means that the safety rate of the vehicle is relatively
low compared to other similar tanks. So, the stress was distributed by adding an HSU Bolt instead of a
guide pin as an improvement. As a result, a decrease in the endurance limit and an increase in safety
rate as much as the other similar weapon systems were confirmed. A test to prove the improvement
confirmed that the additional durability driving test was completed without damages and the durability
of the HSU Bolt was improved. This study is expected to be used as a reference to the driving
characteristics of heavy-weight vehicles through improved durability of the HSU Bolt. In particular, this

study is useful in developing suspension systems similar to the ones discussed here.
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[Housing] — [Axial pressure cylinder]

[Manifold]

[Werking cylinder]

Fig. 1. Structure of HSU
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Fig. 2. HSU Status by Location
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Fig. 5. Stress type of HSU

.
[Axial pressure cylinder] Cﬂ’ \
- '__;'

[Connecting Red]
[Working eylinder]

[Crank]

[Wheel]

Fig. 6. A Simplified Model of HSU
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Where, P denotes pressure by each state, V
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section, X denotes displacement of connecting

rod
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Fig. 8. HSU Structural Analysis Before the Improvement

Table 1. Stress of HSU Before the Improvement(MPa)

Category 1 2 3 4
HSU#1 662.5 583.6 617.7 851.0
HSU#2 643.9 599.0 632.1 872.0
2obH0 HSU AAUA ek e Bl
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Table 2. Safety factor of HSU Before the Improvement
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Table 4. HSU#1, 2 Endurance Limit

Category 1 2 3 4 Category E(r;duﬁ;;:)e
HSU#1 1.35 1.54 1.45 1.05 HsUL 2779
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Fig. 9. HSU Structural Analysis After the Improvement



W Ettel=RA] A23d A2E, 2022

fill‘

Table 5. Stress of HSU Before & After the
Improvement (MPa)

Category 1 2 3 4 5
Before | 662.5 | 583.6 | 617.7 | 851.0 B
HSU#1
After 657.4 | 588.5 | 616.3 | 693.7 | 790.3
Before | 643.9 | 599.0 | 632.1 | 872.0 -
HSU#2
After 669.7 | 616.5 | 660.8 | 681.5 | 809.8

HSU AZAYALY] b8 st s FAAE
Julet 55 ol tHE&S FET "ol Uit
MIL STANDARD #% FEAE 7|&0=& | A5
HSU AZUA] oHAE8-2 Table 6ollA &91gt 4= 9l
o} 7id & HSU Ho-88 FF5 58 AL 82
1.13% 1.112 fAHAG A9 A4 kS ] 55
oM} £ES FESIGonZ AHAUALY Hg/go]
e Aow wohgr

i

Table 6. Safety factor of HSU Before & After the

Improvement
Category 1 2 3 4 5
Before | 1.35 1.54 1.45 1.05 -
HSU#1
After 1.36 1.52 1.45 1.29 1.13
Before | 1.39 1.50 1.42 1.03 -
HSU#2
After 1.34 1.45 1.36 1.31 1.11
4.2 ¢ 2 Ut HE

MBS TR i S5 g8 A HF
$21F7]% Table 73 o] galgich. Hagee 1}
A AEEOR AN A5k FLsk kA A A
kg e YRl 43 AGbaiet AH 3 HehgH 2
39l S AFUAS ITBRE 1 1, 24 HSU
2thg2o] 60~80 MPa FATH 2L TIT 4 e
ol AZPAL SR F715ke] HejSeo] Halsol
Hrhgelo] F4dt Ao wel.

Table 7. Stress type of HSU for Fatigue Analysis
Before & After the Improvement (MPa)

Category omax omin oa om
Before 851.0 620.8 115.1 735.9
HSU#1
After 790.3 620.8 84.7 705.6
Before 872.1 620.8 125.6 746.5
HSU#2
After 790.3 620.8 84.7 705.6

oN
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Table 8. HSU Endurance Limit Before & After the

Improvement
Categor Endurance
gory (Se, MPa)
Before 277.9
HSU#1
After 193.4
Before 309.7
HSU#2
After 219.7
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