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Abstract Military Vehicles of the Korean army had been developed before 2004 and used manual
transmissions. Manual transmissions contain a clutch system regulating the force from engine to
transmission. In this study, a 2.5-ton military vehicle's clutch system was investigated. The existing clutch
system had the characteristics that need to adjust the clearance between the clutch cover and release
bearing. Improper clearance led to early wear of the clutch disk and failure of the clutch cover. To solve
these problems, an improved clutch system was suggested and tested. The improved clutch system
contains auto adjustment of the clearance and an enhanced clutch disk. To verify the improved clutch
systems, 2 stage tests were conducted: an accelerated life test of the clutch system, and a driving test
by trainee of driving more than 3,000km. As a result, the problems caused by the improper clearance

adjustment were solved and this design was verified.
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Fig. 1. An array of engine, clutch, and transmission
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Fig. 2. Clutch system operation diagram
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Fig. 3. Diagram of clutch system
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Fig. 4. Clutch system array
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Table 1. Comparison of Clutch system and disk

Ttem Existing model Improved Improvement Point
model
Clearance Clearance Remove problem
Clutch . . caused by
adjustment adjustment N
System unsuitable
needed not needed
clearance
Clutch | Relatively low |Relatively long Reduce
disk lifetime lifetime maintenance cost
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Fig. 5. Existing clutch system(Pull type)

Fig. 7. Improved clutch cover including center ring
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Table 2. Clutch disk facing materials

test item Existing disk Improved
product
Specific gravity 1.78 1.69 (5.1% )
Hardness (HRs) 81.56 (31%7%51)
Flexural rigidity (N/mr) 115.6 (1?82%71)
100C 0.41 0.40
o 150C 042 042
omeion 200C 0.45 0.45
250T 0.46 0.50
300C 0.48 0.52
Average 0.44 0.46 3.2%1t)
100C 0.13 0.11
150C 0.15 0.12
Wear rate 200T 0.16 0.15
(ar'/Nm) 250C 0.17 0.16
300C 0.20 0.17
Average 0.16 0.14 (12.3% )
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Fig. 8. Diagram of test stages
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Table 3. Test Mode C

Start RPM : 1740
Gradient : 20%

Test Mode C(Gradability)

Gear shift © Ist
Total Cycle : 20Cycle

Table 4. Clutch disk wear thickness

Fig. 11. Figure of Clutch dist and rivets

222 A" AP EE ERIsH ] flsto] ZH&EU
TAFEZ AASIITE AlES & 3719 REE A5k
o™, Fig. 9-10, Table 3°] BAIg W& 2t

Test mode A+ G¥HEQl 7F&E2AE BARGICH,
1160 RPM(FH 1L &3] RPM9] 40 %)ollAl 7]ofd-E &
= A W= S At Algoelth 1319 Al
o] ¢ 2 kmE F3sIH, 50H9 ¥HE-Z AA|sh= AO|
gt A|Eo]tt

Test mode B 113]A WAHEZ AL HABIHO
o, 1740 RPM(F 1L &3 RPMQ] 60%)°llA] 7]oje4&
<8= 453 1160 RPMOJA] 710Jg4E EE A4S
= s AldeloH4-71. 13]9] Aldo] ¢F 2 kmE 53
StH, 40¥19] ¥HE-Z AAJsH= Zo] 3k AlEo|th

Test mode Ci= ZARE 5 HAlSI90H, 7]01E
1dog 17get A= 20 %2 BAEE 5 m ol 7
Sl 4GS AAT AlFeltHB 9l diF A8 & 203
HHESH= Zlo] §F A|Eolth

Test mode A, B, C & A~B—C—B—C—B—C &2
Z AAJ5te], & Test mode Ax 503](1AE), BE 120
3IBAHIE), CE 60FBAIE)E otol 340 km9] F3Z
staict.

M A/F AES] S AR 23 7 AlE 2

face No.l | No.2 | No.3 | No4 | No5 | No.6 | No.7 | No.8 Average
Existing inner 009 | 013 | 010 | 019 | 0.3 | 019 | 0.16 | 0.18 0.15
product outter 021 | 012 | 023 | 025 | 0.16 | 012 | 021 | 0.18 0.19
Improved inner 0.13 | 010 | 0.14 | 010 | 006 | 015 | 0.08 | 0.10 0.11(26.5% })
product outter 017 | 013 | 023 | 0.14 | 008 | 0.10 | 0.09 | 0.16 0.14(25.7% V)
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Table 5. Clutch disk wear thickness

Item Improvement detail Improvement effect

Doesn't Occur problem

Clutch Automatically adjust R
caused by unsuitable
System Clearance
clearance for 5 years
Reduce maintenance cost
Clutch |material change for long (26.5%)

disk

%Calcualte cost from 1st
stage test data

life time
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