Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2017.18.6.703
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 18, No. 6 pp. 703-709, 2017

=9 71527] APU AlSRE 23 24 2 A3 A

Research on fault analysis and reliability improvement of APU start
motor for Korea Utility Helicopter
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Abstract Korea Utility Helicopter(KUH) is a project to replace the aging helicopter presently being operated by the
military with a domestic helicopter. The auxiliary power unit is a device that supplies emergency power to the system
by an alternator installed when the main generator fails and the start motor converts the electrical energy of the battery
into mechanical rotational energy to rotate the auxiliary power unit engine. With continuing power and operation,
defects of the starting motor were found and improvements were carried out to solve it. In the failure mode analysis,
the causes of possible defects were classified into 5 categories. Analysis of the 5 factors revealed that the main cause
of defects is mechanical wear, which was found to be related to spring pressure. 250 tests were conducted through
the theoretically determined pressure and regression analysis was performed with 4 sampling.The results showed that
pressure was related to wear rate. In conclusion, early wear and breakage due to wear can be controlled through spring
force and test showed the prediction of wear and the validity of the result were confirmed.
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APU starter motor

Fig. 1. APU starter motor configuration
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Fig. 2. Starter motor components
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Table 1. The type of defection

Defect . Fa.llur? Note
distribution
Over the wear limit/2ea
Early wear of brush 6
Early wear/4ca
Fracture of brush 6 4ea
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Table 2. Distribution of failure mode

Type Assumed Review
of defect a cause (caused factors)
material Possible
Configuration Possible
Early of brush Holder clearance Possible
wear and
fracture Commutator Possible
out of round
Spring force Possible
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Table 3. Hardness verification

Spec. Hardness Result
90 ~ 110 once 97 (HR10/40) Pass
(HR10/40) twice 103(HR10/40) Pass

Fig. 4. Fracture configuration of brush
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Machine Operating Problems  Possible sources of excessive
Brush sparking brush sparking are:
® commutator or slipring is out-
of-round
o strong vibrations
8 brush pressureistoolow_____
e carbon brush clearance m the |
I_ brush holder s o large _____}
® commutator segment insulation
is not undercut enough or is
protruding
® brush arm spacing is incorrect

* commutator segment coverage
is too large or too small

© defective armature winding

* wrong positioning of the brush
bridge

e wrongly set interpole

* machine is overloaded

* commutator or slipring is dirty

® poor connections between com-
mutator bars énd windings

e uneven current  distribution,
some brushes overloaded

® brushes not bedded in properly

® wrong brush grade.

The following faults can lead to
high or uneven wear:

Machine Operating Problems

Too high and uneven
brush wear
# patchy commutaior or Shpring
o adverse influence of oil and dirt
o dusty air
o protruding mica
o vibrations

! o bad commutation

® aggressive gases and vapours in
the air
® humidity too low

® machine overloaded

o uneven or 100 low brush pres
sure

 uneven current distribution

o mixed brush grades

o unsuitable brush grades.

Fig. 5. Factors of defection
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Table 4. The Clearance of brush holder

S Measurement
no. .
© pec i m | B #
1 9.05 ~ 920 up 9.25 9.28 9.28 9.28
’ ’ down | 9.24 9.29 9.26 9.24
2 361 ~ 36.3 up 36.33 | 36.34 | 3633 | 36.32
) ) down | 36.32 | 36.35 | 36.35 | 36.32
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Fig. 6. Total wear related to spring pressure
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Table 5. Brush wear rate related to spring force

prototype
starter motor
(0.4 kgf)

289

operation
starter motor

(0.5 kgf)
201

operation time
(avg. HR)
wear
(avg. mm)

12.75
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(@ : Spring Force (initial)(F;)

) @ : Normal force of brush(F2)

" (3 : shear force of spring

@ : Normal force of armature (F3)
() : Friction(F)

@ : Angle of spring

® : Angle of F, between F;
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Table 8. Test evaluation of improvement
Table 7. Calculation of spring improvement P
Result of test (mm)
prototype . wear
. brush spring 50 100 150 200 250 -
dict
br(u()sl; i}:’fl)ng (0.3 kgf) (cycle) | (cycle) | (cycle) | (cycle) | (cycle) (prediction)
— — o2 T #1] 006 | 009 [ 017 [ 019 | 021 | Max. 32
loss e S 2006 #] o [022] 02 [ 029 [ 032 [ Max. 838
W] o 624 TR Brush | # | 008 | 02 [ 025 [028 [032 | -
initial 0.737 0.442 # ] 0 | 012 ] 014 | 018 | 021
pl’[f],‘(ssgre middle 0.673 0.404 avg | 0.035 | 0.158 | 0.205 | 0.235 | 0.265
£ wear limit 0.556 0334
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Table 9. Wear loss and pressure for spring position

Brush Brush Brush

length wear State of brush
no.

(mm) (mm)

31.81

#1 32.02 021)

31.70

#2 32.02 032)

31.70

#3 32.02 032)

31.81

#4 32.02 021)

Ho}p 83 2}
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B olguin @4 e st B

4 w0 en i —— AVO.

Wear (mm)

Reguirement

Start cycle (Gyele)

Fig. 9. A predicted diagram of wear rate
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