Journal of the Korean Society of Propulsion Engineers
Vol. 21, No. 6, pp. 8-14, 2017

Research Paper DOL: http:/ /dx.doi.org/10.6108/KSPE.2017.21.6.008
Aojubz A2el Yy AHAAE 52
EHIN=ZE FHAIAR A %3}

A5As . olaEe

=

JED - EZHAL - AW - wee

Study on Weight Reduction of Rotorcraft Power
Transmission System through Trade-off Design on
Gearbox System Configuration

Suchul Kim® - Geun-ho Lee®* - Young-jun Park” - Seung-e Cho®
Gyebyung Yang® - Kyungsu Park®
*Department of System Reliability, Korea Institute of Machinery & Materials, Korea
®Department of Biosystems & Biomaterials Science and Engineering, Seoul National University, Korea
“Agency for Defense Development, Korea
*Corresponding author. E-mail: ghlee762@kimm.re.kr

ABSTRACT

Gearboxes for power transmission of a rotorcraft transfer power generated by an engine to the fan
and the pusher for up, down and forward flight. The gearboxes are divided into the main gearbox
and the sub-gearbox. The main goal of the gearbox design is to design the weight as light as possible
within a range that satisfies all given requirements (transmission power, mounting space, etc.). In
particular, the initial conceptual design is very important to reduce the weight of the gearbox, since
the weight can vary greatly depending on the system configuration, even if it has the same function.
In this study, various conceptual designs of the gearbox according to the installation position of the
engine were presented. Also, the element parts such as gears and bearings in each concept design
were designed by sizing for their life, and the estimated weights of the conceptual system
configuration were compared.
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Fig. 1 Gearbox of fan-in-body type for unmanned
aircraft.
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Table 1. Specification of engine and gearbox.

Engine | Input Speed (rpm) 20,000
Req. Life (hr) 10,000
Req. Gear ratio 154 : 1
Req. Gear Contact 11
Safety Factor )
Req. Bendi
Gearbox eq. Gear Bending 13
Safety Factor
Gear Material
X 18CrNiMo?7
Shaft Material
Gear & Shaft
. 5 7850
Density (kg/m’)

Table 2. Duty cycle for gearbox design.

Load Input Req. life
Power
case (hp) (hr)
1 444 6,000
2 156 4,000
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Fig. 5 Example of gear sizing.
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Table 5. Results of predicted gearbox weight for
vertical shaft type.

Weight (kg

Component #2-1 #3-2

Shaft 7.11 6.8 7.03

Bearing 17.08 13.1 16.73
Bevel gear 7.81 11.76 9.12
Planet gear 9.88 7.12 12.05
Parallel gear 0 0 0

Total 41.88 38.78 44.93

Table 6. Results of predicted gearbox weight for
parallel shaft type.

Weight (kg
Component ™7 #5-1 #6-1
Shaft 7.83 6.41 6.39
Bearing 10.06 10.22 9.8
Bevel gear 7.66 7.66 7.66
Planet gear 8.92 10.35 11.54
Parallel gear 7.45 6.87 6.5
Total 41.92 41.51 41.89

Table 7. Results of predicted gearbox weight for
cross shaft type.

Weight (kg

Component ™7 #8-1 #9-2

Shaft 7.84 8.19 7.57

Bearing 15.12 18.43 17.73
Bevel gear 14.21 11.87 16.38
Planet gear 0 0 12.05
Parallel gear 11.21 14.35 0

Total 48.38 52.84 53.73
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Fig. 6 Mass ratio of gearboxes for components.

Table 8. Results of predicted main and sub gearbox

weights.
L Gearbox Weight (kg)
Combination

Main Sub Total
#1-1 28.48 13.40 41.88
#2-1 22.49 16.29 38.78
#3-2 15.28 29.65 44.93
#4-1 28.09 13.83 41.92
#5-1 29.47 12.04 41.51
#6-1 29.74 12.15 41.89
#7-1 37.74 10.64 48.38
#8-1 39.10 13.74 52.84
#9-2 2418 29.55 53.73
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