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Failure analysis on central drive bevel gear of turbo-shaft engine

with complex excitation
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Abstract: A fatigue failure of the central driven bevel gear was found at the front end of
the high pressure rotor of a small turbo-shaft engine. Taking into consideration of both the
gear teeth meshing and rotor-gear coupling vibration, the vibration response of the driven
bevel gear under the combined influences of tooth surface meshing excitation and rotor lateral
vibration excitation was investigated. The analysis results showed that the gear teeth mes-
hing caused the 5th nodal diameter shape vibration, while the coupled vibration of the rotor-
driven gear system led to a 2X excitation and then excited the swing shape vibration of the
driven bevel gear. Meanwhile, the additional constraints arousing from the gear teeth mes-
hing changed the vibration stress distribution of the swing shape vibration, which then
forced the fatigue crack to propagate radially through the gear. The distribution of vibration
stress is consistent with the phenomenon of the driven gear fatigue failure, which proves the

correctness of the failure mechanism analysis.
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Fig. 1 Configuration of the rotor system and
corresponding central bevel gear system of

turbo-shaft engine
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Fig. 5 Influence of rotor shaft on the gear while the

system is under coupled vibration
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2.2 BARD T K E F M
Wb TR T (5 n=420001/min)



%6

R 25 o 45 - 52 % D T T Tl 2 S BIL v sk A gl D A i e AL 2 1225

TR s 5 7 B 1 e i 2 e 1z R R G AL 7R
JH w8 A e B OB R R B AR A
B HJE L AR (LX) R 2 545 (2 X)) R
F o AR AR e Sl G A i 0 B mT R Wk i
(Rl C B0 As 1)y b B 1) A S L 3R WTRE G R B
NG G sz Bk B T RS RVE A

0.08
— WA i)
g 0061 12700 Hz
£ I
o
E
2 0.04 -
i}_[
5
R0t
2x
3IX 4x 5x 6%
; 1 | I8 1 [ X L
0 1000 2000 3000 4000 5000
i Hz
(@) x[r] Ak )y
0.10
— WA
0.05
2
£ N\
B2 \
=
-0.05 -
. I . / .
-0.10 -0.05 0 0.05 0.10
yial i /mm
(b) fhCoBEE

K7 HTRGEHEWS N BRI (2=42000r/min)
Fig. 7 Vibration response at the front end of the rotor

system (7=42000r/min)

e 3% 11 Fe R 5 PR sl ik 2 T B T B
Y2l 2> 25 A 3l HE 1A 48 A OR B T AR A 1 A5 . 2
Rl A P ) Bk 2 185 A Xk DA 5t 147 % 19 B
LA 2 AR A B HE A5 B OIR Bl R R A
& ER R AR .

3 ERE T M3 R IR 4

HRA LSOO BT /D 38 i 2 3 WL e 5
Vit 22 S Z W 0 1 o R e A
A o U« D £ 4 T 2l £ D £ D
T 4 BA 5 4 AT DO R QK

e A 1 I B0 A AR B R A T X A Bl B A
BT A R B TR A 1 RS A L 2 A5 A 3 B 1
[l b 2 1o 4 2l 30 2 %8 A I S0 1A 8 77 A R 2y
FAE R oA ] A B A e

DRI 1 A 9 0 o 52 2% B i T DAl 6 O e i [
A R R LR P AT A AT
3.1 AEnERREREES

T G AT B T J3E 240 SR 1A e A A R A
LR 0 T 1 UK 2 A B T 249 SR (5 R fh
JE ke =5X10" N/m) IR TF 14 48 9 4% 468 25k 1Y
Je FCXE LR . TS B A0 LA RGN Ek
L FiR .

F1 MmMARMASEERETHFENZ N
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