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Reliability-based design optimization of flying car
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Abstract; The flying car is one of the new vehicles orienting the future aerospace transportation, and its
performance is partially determined by gear transmission reliability. In this paper, the test speed changer
with offset compound gear (OCG) transmission on a tilting wing flying car was studied for the fatigue
reliability estimation and structure optimization. Firstly, the input load spectrum of the OCG speed changer
was simulated based on the mission profile. Then the fatigue reliabilities of gear stages and the gear
transmission system were estimated based on the stress strength interference theory. During the
optimization process, the system fatigue reliability was the objective function, while the number of gear
teeth, normal module, face width, pressure angle and shift coefficient were design variables. With the
constraints of basic structure, strength and weight, the genetic algorithm was utilized to obtain an
optimized solution. The comparison between the optimized structure and the initial one shows that the

fatigue reliability of speed changer improves by 3.83% and the mass decreases by 2.4 %. This work provides
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a design method for the development of such systems.
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Fig. 1 Calculation flow chart
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Fig. 2 Structure and transmission scheme of the
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Table 1 Test OCG speed changer gear transmission structure parameters
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Fig. 4 Simulated input load spectrum during a typical mission
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Table 2 Values of contact and bending stress calculation parameters
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Table 4 Parameters of optimized and initial structures

; Wig/ " W/ HJifa/ N
e VI ¥ i s g 5 A5 i BB
mm mm )
E® 1 3.000 29 10 22.5 0.16
w1 3.000 39 8 22.5 0.18
b 4544 )
&% 2 3.500 26 11 22.5 0.17
w2 3.500 39 8 22.5 0.19
I &5 1 2.910 25 10 20.0 0.00
W 1 2.910 37 10 20.0 0.00
SR 45
I B4 2 3.175 31 10 20.0 0.00
w2 3.175 42 10 20.0 0.00

DEAL T B0 145 58 e sh & i 57 AT SE BE NI 9 Fr s . 72 B 3 2 0/ 19 26 L LA 1 9 58 4 sl g 5 W]

SEERE 3.83%.,

1.00 e man, ., -
0.99 -
i
098
=
?&f 0.97 -
£
& O mmRETRER,G)
€ os| — - — BOBEHTERER,E)
OCCAETRARIE ST 7] 5 BER(r)
0.94 . . . . i i
0 500 1000 1500 2000 2500 3000
t/h

9 MUBHERENRFTARE

Fig. 9 Fatigue reliabilities of optimized structure

DU S K T G BRI 1 AT e 1 2l 147 T 14 AR 7 o 2 s 25 il A5 4 Ml i 25 2 4 2R 550, Rk 50 DR 3
fi% 5 B2 1R AL AN DU TEE o DA TG 2 i 7T 5 B A 45 0 B e It U (AR RIS i 2540 28 4 R A& 5 R

x5 REMSRALEMNZEREIL
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