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Abstract: The fracture failure mechanism for new high temperature carburizing stainless avi-

ation steel cylindrical gears was studied. The bending fatigue test for gear was carried out using
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“B test method” based on the stipulated GB/T 14230-1993. The results showed that the car-

bides in surface carburizing layer, the surface machining defects and interior carbides were main

inducement factors in the tooth fracture failure. The carbides in surface carburizing layer were the

most serious reason. When the carbides and surface machining defects did not exist in the surface,

the interior carbides could be generated under alternating stresses, resulting in initiation and prop-

agation for crack. The smaller size carbides generated the rough “fish-eye” zone morphology.

In order to obtain the higher service life of new high temperature carburizing stainless aviation

steel cylindrical gears, the size, amount, shape factor of the carbides and surface machining de-

fects on the tooth surface should be controlled during the whole surface machining. The crack initi-

ation in surface should be avoided.

Key words: aviation gear steel; bending fatigue; failure mechanism; crack initiation;

carbide; surface machining defects
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Table 1 Composition of new high temperature

carburizing stainless aviation gear steel

TR i 5 5/ %
C 0.1~0.2
Cr 11~15
Co 10~14
Mo 4~6
Ni 1.6~3.0
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Table 2 Test gear parameters
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Table 3 Fixture parameters for bending fatigue test
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Fig.1 Pulsation loading diagram (unit:mm)
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Fig.4 Bending fatigue limit of test gear

23t A3 BT, 2R FH X B0IE 25 40 A LA #E 99 % W]
SERETR T RS BN B A O R R O R Y
i % 55 B BR 1Y F7 B 283K 51 687.6 MPa'', 95%
5 BT, % A5 BR 7 i DX 3 A7 T 110 14 6 25 il 982 95 4
W AT (R J7-F5 4 ) S-N i £ 05 B 8L &, A ) o] 4
FERF W N A it 26 (R-S-N i 4k) W&l 5
J7s o

x4 HBREBRRUESD
Table 4 Failure life of test gear
Jii J1/MPa P 57 Fdim /UK
778.0 1603 101 1 357 836 1243683 734 086 714 413
812.9 763 076 630 692 351061 332928 324 670
830.4 264 261 148 879 135136 98 990 83916
2.94 T T T T T
2.92 x5 THESRUARERS
":: 290 Table 5 Number table of bending fatigue failure tooth
£ 288 % BKP/MPa Tt/
R 286
& 1 830. 4 264 261
2.84 + ¢ E
2 830. 4 148 879
2.82 L L L L 1
40 45 50 55 60 65 7.0 3 830. 4 135136
FArElg N
- . 4 830.4 83 916
B 5 Uikt R-S-NIlliZk
Fig.5 Gear R-S-N curves 5 812.9 630 692
. 6 812.9 763 076
1= 7 dh s 2 A S
2 BRETHESRAETOSH
7 812.9 351061
P 56 S5 0 W ok X a5 A AT 25 5F o 8129 104 054
R AT IR 1B 6 BT R, B Y 25 i 55 R
\4 — 9 778.0 1603 101
Rt — 3L 214, 4% 855 i 1Y 03 30l 9 5 i 44
1~21, 940 BT SCHPE ISP . 4 5 0 75 il 92 5 2k ik 10 778.0 1243 683
LN T RS 11 778.0 714 413
12 778.0 215170
13 743.2 1560 371
14 743.2 1401 202
15 743.2 1 386 882
16 743.2 618 934
6 2k oik 4 17 743.2 276 482
Fig.6 Bending failure gear 18 7958 2 364 687
2.1 ERTHESKBH 19 7258 2853 050
o XA Y SR i e e AT DRI T Gl O 4 20 725.8 1193067

*j-L IE o




%5 34 AR BRI B RS B A 2 1A A L Y 5l o 2k AL B 593

2.1.1 Ry 2 ss

7 3.4.8.11.16.20 %t iy 24 OB 5 1 &
T~ 12 i, H 24 D A A8 A8 1 0 AE T H
o 1A 2R TET 1Y B Ak A A AR R REBCTR T R A O
[

FE AN Tk B v 3 3 1 A Bk 1k 4 B
— 43 1N 2 R AE L BR AL 5 R IR A S R

11 REBRAY SR (G5 16 5814 )
Fig.11 Crack initiation of surface carbide (No.16 tooth)

K7 AL M (G 35 15)
Fig.7 Crack initiation of surface carbide (No.3 tooth) 12 R ALY R EOR (i 55 2056145 )
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Fig.14  Crack initiation of interior carbide (No.1 tooth)
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Table 6 Carbide related parameters of teeth
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