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Failure Analysis and Heat-resistant Evaluation
of Electric Fuel Pump for Combat Vehicle

Daehwan Kwak
Land Systems Center, Defence Agency for Technology and Quality
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Abstract Failure analysis and heat-resistant were performed for an electric fuel pump that is installed
in the fuel tank to transfer fuel to the engine of combat vehicles. The fuel pump with a DC motor was
disassembled and inspected to determine the cause of failure. The failure phenomenon was classified
into three categories based on observations of the inside of the housing: burnt winding, quick brush
abrasion, and fuel leak into the pump. Based on the inspection results, it was estimated that overheating
was the main cause of failure. The thermal test was conducted under the no-load condition in 24 hours,
and the thermal sensor was installed on the stator surface and the brush holder to check the possibility
of damage to the winding due to overheating. When the ambient temperature of the fuel pump was set
to 68 T, the stator temperature increased to 135.9 T, and the winding of the motor was almost damaged.
The test results confirmed the lack of heat resistance of fuel pump windings, and suggested that the type
F of insulation class (below 155 T) of the windings and varnish should be replaced with type C or higher
that can be used above 180 T.
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Fig. 1. Schematic of electric fuel pump
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Fig. 2. Equivalent circuit of series motor

IR 2719 YR FEE AZE oy FE
AE7)9] AXAG 2847 1.8~2.1 QO FILY
o} SARE F 12709 AFAE dAdo] Fof glom,
%H(lap winding) Br4lo2 ZAA=0] Qict &, 12719
FYo] gHgoz AP AFF 0|9l Fejolct. Haj4
7F 2700| B2 HE 7)o FFAlolle AL 6719 ZYo]
1719] AES2E 0|21, 1 3= 277t BEE FAlE
o] 9l Fejol Pt FE AE719 HFA #|IH180°
A2 AFEA At ARAYY oA 2 A7

2 1.8~2.1 Qoltt.
3. IHEN

3.1 TRBIA

A7)E TAL AFHILT} YR|5le] AgsZo] A o
L Ao r AMSAREE TAELS 23T AP QU
o] AA|7 S5 9keS &Il (79 ARHIE HA
o= syt Bafelo] R Setslelst A WA
A&, BejA] Ao, dgss) %o] HPS0 o A5t

N

= ¥=3}

= 3t o B3t A3l Table 13 . Table 19
A1 'O'2 I3 Aol slig @Ado] W= 7)o, X'
= g @4do] WA U2 Susitt

LR ==
Table 1. Resistances of field and armature winding

Serial No. | burnt winding quick b.rush 'fuel leak

abrasion into pump
033 0 [0) o)
113 0 [0) X
171 0 [0) )
172 X O X
179 0 X X
180 (©] O O
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Fig. 3. Damaged stator winding of fuel pump
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Table 2. Resistances of field and armature winding

Field R[Q]

SIe\Ir(i)aI ArEaSTre * between segments of commutator
’ 1-7 2-8 3-9 | 4-10 | 5-11 | 6-12
033 - 1.8 1.9 1.7 1.7 1.8 1.7
113 - 2.0 2.0 2.0 2.0 2.0 2.0
171 - 1.9 2.0 1.9 32 2.0 55
172 2.0 1.9 2.0 2.0 2.2 2.0 1.9
179 - 2.2 2.1 2.2 2.0 2.1 2.0
180 - 2.0 2.1 2.0 2.0 2.0 2.0
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Fig. 5. Possible causes of failure for overheating
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Fig. 6. Task flow for Heat-resistant
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Fig. 7. Thermocouple wire of stator to
measure temperature
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Fig. 8. Thermocouple wire of brush to
measure temperature
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Fig. 9. Profiles of stator and brush temperature
with 25 T of ambient temperature

WA 25 € Bt JHl2 24407 AR g 754
7M. =g &% Zi, FHd 2&E Bk
111.1-112.8 €, 2%8# 103.3-101.8 T, 1 HA
9] 90 %O 2ok AlIZRS 9F 3A]7to]Q]t). 24417t

z

[®))
[0e)
~
:
ﬁ
fru
[\)
NS
>
[
re,
KU
o,
=
il
&
>,
N
=)

Lok AR oF 7040l itk 24417 AlES o A%
ole A4 &k olF &Rl flste] A 25 T
FESHY] 27004 Rl AAISALL, oF 408 Tt
o A71E TAHAIZIH A4S ool 2= meud
2 Fig. 103 Zod, AAst 2Eo vgxe} |AXNE
Fig. 11 ¥ Fig. 120] E<Ict.

2&pq

1600

1400 +
| e sasgEm

1200 4 / — | - 25 [q

—=auEe,
1000 1 S
800 —2aR=00

[ 25

600

aFRRNR2
20

E[min]

Fig. 10. Profiles of stator and brush temperature
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Fig. 12. Damaged rotor by overheating
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