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Gear Macro Geometry Optimization of Rotorcraft Engine Gearbox
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ABSTRACT

The rotorcraft engine gearbox transmits the power generated by the turboshaft engine to the rotor by reducing the
rotational speed and increasing the torque. The core of the rotorcraft engine gearbox is lightweight performance,
which requires maximum weight reduction within the range that meets various requirements and constraints.
Therefore, lightweight design through gear macro geometry optimization is necessary. In this study, gear macro
geometry optimization was performed to reduce the weight of a rotorcraft engine gearbox. NSGA-III was used for
the optimization, resulting in a combination of the gear ratio and macro geometry that minimizes the weight of the
total gear. In addition, the safety factor of the gears satisfied the given conditions.
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Gearbox Turboshaft Pair 1 Pinion
A Engine
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Pair 1 Gear Train

Pair 1 Idle

Pair 1 Wheel ||| 88

Pair 2 Wheel

Pair 2 Gear Train

Fig. 1 Rotorcraft engine gearbox
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Table 1 Requirements for rotorcraft engine gearbox

Parameters Value
Power [kW] 600
Input speed [rpm] 18,000
Total gear ratio 8
Service life [hours] 5,000
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Fig. 2 Gear shape for mass calculation

4 olele] R FZe] FuE Alelste] AtE I,
A @3t 2ol Aw UE(nE Fd AFOHL A
g

o}l

_ 7T(di’11+di’12) _ W(di21+di22)

- - o))
1% 1 b I (b—b,)
M=pV ©)
Where b, = - =025 ®)
. S
Sp=-—=5 @)
m,
Jr
d. = (da df) (5)
m 2
d.=d;— 28 (6
p="7830x<10"? kg/mm? @)

222 7|01 4=

710l Axe FA 710l 4<% ISO 6336:2006°]
AHol®l M(contact)F FI(bending) H=ol I
=3 Frskdnh A ®)dAH ay7HRE v
of g AL, A (1294 (157HAE 58 %
w A2ttt Table 200 A= H7}
FAES AP

®), 9 &3 3H W -$Y(nominal

contact stress) op, @t TSt 8- (contact stress) o=
Asksta, 2 (100 T3 A W -8-(pitting
stress limit) oS AASITE HAFH o= A (11)FH
Zol Wt ¥ A WY Y9 nEs 53
He} QFd E(safery factor for contact) Sy=

=)

FL
owy = Zulel Ly ﬂ (

oy = opelpp V KKy KKy, )

qul)

u

— 23—



HAAE, ol23, £39, B4, AAS, 4 S| AVMESE A A214, A9s
ouG = OmimZntZ1 Ly Lrlylyx (10 3. 71 oA 2 X" zHst
g, = 26 1) A 2 ol @
T oy 31 AA ¥ al2jo| g

4 (12, 13 T3l 3 = -SH(nominal
tooth root stress) op, B -SH(tooth root stress)
ops AEL, 4 (1HE T WA w3 &9
(tooth root stress limit) op;= AlFgTh HFHOR
A (15)9 o] B8 SAF IA B S ug

S B3 93 ¢x E(safety factor for bending) Sp=

7o) wjag 2y HHIE H AA HTE
Table 3o A3k AA ¥HE&E=E YA Sl
(z1), BE(m,), $HFNa,), HISHA), AFbL

2 FAEReH, 72+ Mg 545 aHste HY

% FEFS 2RRA

m[o

HAsl AAA AT gow AHgE A 3
2t ElE Table 49 AEstath AAG ()= 3

= 5} urz* F 002 Ay, ol ol A,
K=
Zﬂ E]i ]‘T‘ ﬂ]T(hapy hfP7 pr)‘: %l‘%‘l;ﬂlfli A]’
SHE EFHA 1.0, 1.25, 0322 HASHh
t
Tr0 = . YFYsYsVeYpr (12) ) )
n Table 3 Range of design variables
op = opo K Ky Ky 5Ky, 13) Variables Min. | Max. | Inc.
Number of teeth(pinion), z; 10 50 1
OFG = OFlim YT YNT Ysreir YrreiT Yx (14)
Normal module, m, [mm] 1 5 0.1
9¥G
Sp=—— (15)
F op Normal pressure angle, o 20 25 ]
[deg]
Table 2 Factors for gear strength calculation Helix angle, 3 [deg] 10 25 1
Parameters Value Face width, b [mm] 5 60 1
Application factor, K, 1.00
Table 4 Design parameters for optimization
Face load factor(contact), Kj, 1.30 Parameters Value
Allowable stress number(contact), oy, 1,500 Profile shift coefficient, & 0
[Mpa]
Allowable stress number(bending), opy, 430 Addendum cocfficient, fp Lo
[Mpa]
Minimum safety factor(contact), S, 1.0 Dedendum coefficient, hgp 1.25
Minimum safety factor(bending), S, 1.4 Root radius coefficient, p*fp 0.3
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Optimization (NSGA-III)
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* Check constraints
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Fig. 3 Procedure of NSGA-III optimization
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Input data
* Requirements
* Design variables and parameters
+ Objective

+ Constraints

!

Setting for optimization

+ No. of max generation, population

* % Crossover, Mutation

|
v

Pair 1 optimization

!

Pair 2 optimization

+ NSGA-III * NSGA-III

+ Minimize: gear mass * Minimize: gear mass

+ Maximize: gear ratio + Maximize: gear ratio

!

Total optimization results

¢ Minimum total gear mass

* Optimal combination of gear ratio

Fig. 4 Process for macro geometry optimization

Total : Pair 1 + Pair 2

v

14.43
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|

Pair 1
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2 25 3
Pair 1 Gear Ratio
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Fig. 5 Gear mass according to gear ratio
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Table 5 Macro geometry of optimized gear trains

Pair 1 Pair 2
.. Pinion to
Pinion to Idle/Idle to Wheel Wheel
M 1.8 1.8 2.8
[mm]
z 39 47 47 94 27 90
u 1.205 2
3.33
Uiy 2.41
a[l
25 25
[deg]
B
2 1
(deg] 0 ’
b 32 47
[mm]
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Table 6 Mass and strength of optimized gear trains

Pair 1 Pair 2
Pinion to Idle to Pinion to
Idle Wheel Wheel
Mass
[ke] 4.26 10.17
Total mass
[ke] 14.43
Sh 1.07 1.33 1.05
Sp 1.46 1.46 1.45
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