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A Study on Improvement of Oil Leakage by Applying Double Seals
in the Hydraulic Fan Motor for K200 Series Tracked Vehicles

Ji-Hyeon Cha’, Myung-Jun Shin
C4ISR Systems Team 4, Defense Agency for Technology and Quality, Korea
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Abstract Most of the tracked vehicles in the military use a four-axis hydraulic fan motor that is
advantageous for high-speed rotation. However, more than 100 oil leakages of the hydraulic fan motors
have occurred over the past eight years. This can cause engine fires, but there has been no clear
solution because the cause has been unknown for many years. Therefore, it was necessary to come up
with an improvement plan. In this paper, material characteristics were compared between imported and
domestic fans, and the cause of oil leakage was confirmed by conducting a combined environmental test.
The combined environmental test is proposed to apply vibration in a low-temperature chamber, unlike
an environmental test performed in different conditions. Various improvement plans for the hydraulic
fan motor were then reviewed, such as changing the specifications of oil seals and adding a bearing.
Finally, optimal double seals (FKM+NBR) were applied to the motor, and we verified them by deploying

improved equipment in the field and operating it in the cold season.

Keywords : Combined Environmental Test, Double Seals, Fluoro Rubber, Hydraulic Fan Motor, Nitrile
Butadiene Rubber

*Corresponding Author : Ji-Hyeon Cha(Defense Agency for Technology and Quality)
email: jhcha@dtaq.re.kr

Received March 2, 2022 Revised March 29, 2022

Accepted May 6, 2022 Published May 31, 2022

32



K200A41E 7154138 A &

IRES] 034 488

1. M2

K20041% Aol &85l
YA siaaie A Aasle] A Y
SAswsl 2, Yo4e L5 PS5t RYEn
258 §92 Wob Y2 284S A 6,200 RPM
o ;ow SHAA M YA4 LEE YA

e e PP

ol

FATHE Y2E =
74w mret

L
OE.'

o]

Table 1. Oil leakage status of hydraulic fan motor

Year K200 Series Similar vehicles
2016 102 22
2017 71 15
2018 89 14
2019 63 22
Total 325 73
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Table 2. Hydraulic motor localization development

test items
List Test item Spec.
Characteristic,
General Performance, QAR
Vehicle mounting

Environmental | High/Low Temp.(Fig. 2), ~ -

Test Humidity, Shock, Vibration MIL-STD-810(2]
400 CYCLE

Endurance Test (more than 400 hr) Defense Standard
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Fig. 1. Hydraulic fan motor and oil leakage
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Fig. 2. Low temperature test cycle of hydraulic fan
motor

Table 3. Check list for leakage cause analysis

No. Check list Result
1 | Hydraulic system review Confirmed
2 Qil l.eakage check. at air No leakage
inflow operating
Oil leakage check at
3 | ambient temp. after 4hr No leakage
storage at -25°C
Confirmed

Oil seal: FKM(-25~160°C)
Oil: 5W40(-35~150°C)

4 | Oil seal & oil spec. review

Material comparison
5 between imported and
domestic

Confirmed
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Fig. 3. Hydraulic motor replacement by mileage and
monthly
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Fig. 4. Oil seal structure ingredient analysis
(a) Imported products (b) Domestic products
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Fig. 5. Modal test comparison of imported and
domestic hydraulic motor
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Fig. 7. Oil leakage process of hydraulic fan motor
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Fig. 8. Hydraulic fan motor detailed structure diagram
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Table 4. Oil leakage improvement plans(1st~3rd)

No.| Method As-is To-be Remark
Oil seal FKM oil seal Teflon oil Increase
Ist| material (-25~160°C) seal operating
change (-100~200°C) | temp. range
FKM oil seal
- FKM oil seal | 5 Prevention of
2nd) Add bearing (-25~160°C) ( 3 SbeIaGr?ngC) shaft vibration
Prevention of
rgllt:fiall FKM oil seal | NBR oil seal Shigt EE;SU;H
3ed|  TEEMAL | (95~160°C) | (-40~100°C) | D¢ merea
change + + bearing + bearing of oil seal
Add bearing elasticity at
low temp.
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Table 5. Oil leakage test result(2nd~3rd) oHA HH ‘A 2AE AAsk= a9E B 5+ ot

Condition FKM+bearing NBR+bearing
Remark
Temp.|Vib. #1 #2 #1 #2
-32°C| 2g o ) o ) Similar
-15°C| 2g [ ] [ ] ® [ NBR is
-10°C| 2g ) [} @) O |superior to
sec|2| @ ° O O FRM.
Ambi-| 28 O O - - -
Similar
ent | 5g @ @ @) O

Leakage class: @Large @Medium PSmall ONone

Table 6. Characteristic of FKM and NBR seal

Material Operating Temp. RPM
FKM -25 °C ~ 160 °C 12,000
NBR -40 °C ~ 100 °C 3,500
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Table 7. Oil leakage improvement plans(4th~5th)

No. | Method As-is To-be Remark
lea FKM oil | 2ea FKM oil Double seals
seal seal )
Double with same
4th
seals temperature
characteristic
lea FKM oil | lea FKM oil
seal seal & lea NBR| Double seals
Sth Double oil seal with different
seals - temperature
characteristic

Table 8. QOil leakage test result(4th~5th)

Condition FKM+FKM FKM+NBR

Temp.|Vib.| #1 #2 #3 #4 #1 #2 #3 #4
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