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The Study on Operability Improvement of the start motor for
Auxiliary Power Unit of Rotorcraft
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Abstract The auxiliary power unit (APU) of a rotorcraft starts the engine during operation/flying. The
APU is composed of a gas turbine engine type. The starting principle of the component is that the
electric start motor generates the power required for starting by rotating the shaft. In this study, quality
improvement was performed by applying an over-running clutch (ORC) between the APU and the starter
motor to secure the operability of the starter motor of the APU mounted on the rotorcraft. The starter
motor has the main role of starting the APU, but during operation, it is rotated without load by the
rotational force of the APU gear shaft, resulting in friction at the brush. This phenomenon causes
abrasion of the brush of the starter motor. Consequently, when the APU operation time increases, the
brush life decreases, and the operability of the APU is affected. In this study, an ORC that separates the
interlocking between the start motor brush abrasion and the APU operation time was applied to improve
the operability/durability of the APU starter motor. The effect was verified through a test, and the

technical feasibility of the design change was analyzed.
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Table 1. Performance/Durability test details and results

Verification test details Verification test requirements Result
No load test Satisfies the no-load rotation speed standard when DC power is applied Pass
Rated load test Satisfies the torque and current standards at a specific rotation speed when load Pass
torque is applied
Restraint test Satisfies the restraint current standard when DC power is applied Pass
Number of starting time Satisfies t.he torque and current standard when applying a load under the rated Pass
load condition
Continuous operation No mechanical damage after 5 minutes rotation at a specific rotation speed Pass
Overspeed test No mechanical damage after 30 seconds rotation at a specific rotation speed Pass
Burst guarantee speed No mechanical damage after 10 seconds rotation at a specific rotation speed Pass
Durability No deterioration of function due to repeated cooling when start motor is Pass
operated
Table 2. Environmental test details and results
Verification test details Verification test requirements Result
Hi After holding at 120C for 4 hours , perform the no-load test for the last 10
igh temperature .
storage/operation minutes Pass
(MIL-STD-801F Method 501.4 procedure 1)
Lo After holding at -55T for 4 hours and at -40T for 2 hours, perform no-load test
W temperature -
storage/operation for the last 10 minutes Pass
(MIL-STD-801F Method 502.4 procedure 1)
After holding at -40T for 2 hours, reaching 120C within 1 minute and holding
at 120C for 2 hours, reaching -40C within 1 minute, repeating 3 times and
Temperature shock Pass
perform the rated load test
(MIL-STD-801F Method 503.4 procedure I)
Fore/Aft/Right/Left/Down/up for each limit load factor and ultimate load factor
Acceleration for 1 minute each, perform rated load test Pass
(MIL-STD-801F Method 513.5)
Vibration in the X-axis direction, in the Y-axis direction, in the A-axis direction
Vibration each for 4 hours, perform the rated load test Pass
(MIL-STD-801F Method 514.5 procedure I)
After 3 shocks in the '+' and '-' directions of the x, y, and z axes, perform the
Shock rated load test Pass

(MIL-STD-801F Method 516.5 procedure I)

I Performance test I-bl Test equipment H Power supply I—bl Load application H Analysis of results I

[ Environment test |-»| Condition setting (MIL-STD-810F)

I-DI Environmental load H Analysis of results I

I System impact I-PI Equipped to prototype Ground test I-.I Flight test H Analysis of results I

I Airworthiness I-bl

FAR-29 H Certification standards H TACC 29.1301 l—.l Analysis of results I
r

Analysis

Reliability(MTBF)

Analysis Criteria)

a Safety Analysis
| —] Maintenance(MTTR) [ E— (Risk Assessment
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