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Fatigue Life Prediction Method for Helicopter Tail Gearbox Casing

CAO Ben', LIU Xing', WANG Kang', WANG Wei', SHI Wen', JIN Guanghu®
(1. Hunan Aviation Powerplant Reserch Institute, Aero Engine Corporation of China, Zhuzhou 412002, China; 2. National
Key Laboratory of Helicopter Aeromechanics, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: To improve the reliability of helicopter transmission system design, the fatigue life assessment
process and methodology of the tail gearbox casing of a certain type of helicopter are conducted. According to
the process of assessing the fatigue life of critical components, a four parameter fatigue life prediction method
is adopted to study the average S-N curve parameters of materials and components, as well as the safety S-N
curve parameters of components based on reduction factors. The calculation method of fatigue life is given
through the cumulative damage rule. Based on the full-scale fatigue test results and measured load spectrum of
the tail gearbox casing, as well as the numerical simulation analysis of the stress in the tail gearbox casing, the
life of the tail gearbox casing is evaluated according to the safety S-N curve and Miner’ s rule. The research
results indicate that the key parts of the tail gearbox casing meet the design requirements for infinite lifespan.
Among them, the fatigue dynamic strain value and safety fatigue limit of the Part 2 of the tail gearbox casing
are relatively large.
Key words: helicopter; tail gearbox casing; fatigue life prediction; four-parameter fatigue life prediction
method
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Fig.1 Flowchart for fatigue life prediction
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Fig.2 Schematic diagram of the structure of the tail gear-

box casing
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Fig.3 Schematic diagrams of key areas for fatigue life of tail gearbox casing
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Fig.5 Physical picture of cracks on the tail gearbox casing

x1 RRESRVNEREHNSRETREBERRE

Table 1 Test load and cycle count of tail gearbox casing
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Table 2 Fatigue limits at each monitoring point of the

tail gearbox casing

9] - 49 55 1 R U497 55 B
- Sy mean/ e S, sare/ 1€
1 236.8 141.8
2 364.8 218.4
3 218.4 130.8
4 294.7 176.5
5 168.2 100.7
6 259.0 155.1
7 301.3 180.4
8 187.6 112.3
9 178.6 106.9

10 101.1 60.5
14 201.3 120.5

3.2 BREAEHE

Y F DA T A AL I B4 1 P AR B AT 00 BE AL S
Oy HOME | R RO 97 1R 50 R 5 1 98 9 B
HARERMEA R B, i ee 8 s Atk 22 71
U4 S-N #h 2k, T 48 F- 4 S-N fh £k i Lk 151 A&
24 (10 208 Uk Ak B, R T R O S ML ) 9 57 3
G285 5 AR = N B TR 3 R G n WE R 45 5
SR S-N 1 2 19 4 Ul o U, R D 4 ML I 95 5
75 10 45 08 R R 5, % 55 5 B 4R 08 R Bk 1.67, 4k
7 4 5 8 o % AL I 22 4 S-N il £k 11 4 4> S dk
ZH.H=1,A=29.2,C=271,B=0.330 9,
3.3 EFHEIL

I 57 AT T 2 T AT AL 2 9 57 4 38 R 57 B A
YHTROETHE . ELFMLEL R AT AT 45 5 O E T
TRATH ] AT 55 Bt L B DA B 3 B 45 1) s v £ R 1
02 B, AR T AL AR BT SR X AR
RO B A HL O AT AT 55 #0445 AT 55 Bt AT 4
B, ff o LT 1 9% 57 2 fr 00, 256 R %<3l
AT R K R B R 1) 92 S 28R A S A A Sk R R
A AL I O R A7 1) 9 97 0L AR 3 o 0 95 I A i
L THLAY IR R SE BRI R R B



328 BRI MR Rz R (A R B 22 D 55 58

HE T 2 D g ML IR A T R i A Ay S
FLOCHETR AL A2 55 W A2 T R Bk = o O A R s
i MLIE 9% 55 77 i, 75 T Ji 2 ool 2 BIL I 119 9% 57 1K
BRI, RS R AR A i, a7 5 A it

92 55 AT 1 T ) I A AT T ) IR DRHIL I G B P A7
F89 16 72 L, 38 AL 20 ) e ok 3 i BIL [P A 9 55 o7 A8 B
JRE 3k A5 BILIFEL P9 2 57 107 728 i 55 B 25 R 8 25 1 A2 %
PRy BARBE 7 3 4 3 MR 4 TR

®3 BRBRESRNEIZNESEEE

Table 3 Static strain spectrum measured in the actual tail gearbox casing pe
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Table 5 Fatigue life of Part 2 of the tail gearbox casing
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