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Analysis of the gear shaft broken teeth of the reducer
Dong Xuejiao"*

(1. Pangang Group Research Institute Co., Ltd, State Key Laboratory of Vanadium and Titanium Resources; 2. Compre-
hensive Utilization, 617000, Sichuan, China; Sichuan Panyan Testing Technology Co., Ltd, Panzhihua, 617000, Sichuan,
China)

Abstract: Aiming at the broken phenomenon of the gear shaft in a reducer, the chemical composition of
the gear shaft was analyzed; the internal microstructure of the gear shaft and the causes of defects were
studied by metallographic analysis technology. The fracture morphology was observed by scanning
electron microscope, and the hardened layer depths of the tooth were calculated by the hardness calcula-
tion method, and the carburized and quenched hardened layers on the tooth top were mathematically
verified. The results show that the high temperature of the gear during quenching and heating leads to
the appearance of coarse martensite and network carbide in the gear. There is a serious internal oxida-
tion phenomenon on the tooth surface, resulting in the embrittlement of the tooth material, and then in-
tergranular cracking and blocks falling. In addition, the phenomenon of broken teeth occurs under the
synergistic effect of the eccentric loads and low hardness.
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Fig.1 Macro-morphology and sampling position of the gear shaft
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Table1 Composition analysis of the gear shaft %
C Si Mn S Cr Ni Cu Mo
GB/T 3077-2015  0.17~023  0.17~037  090~120 <0030 <0030 1.10~140 <030 <030 0.20~0.30
Wik 0.188 0.271 0.895 0.014 0.024 1.13 0.062 0.150 0214
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Table 2 Non-metallic inclusion rating of 1" sample 2
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Fig. 2 Morphology of the polished samples
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Fig. 3 Corrosion morphology of the samples
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Fig. 4 Hardness testing points location
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Table 3 Vickers hardness testing results of the tooth tip
T EE{E(HV1)
592 611 599 601 603 604 607 596 586 582 572 585
BREJILEEE 568 567 565 557 566 558 553 561 560 538 543 532
539 528 549 532 526 542 522 504 517 492 500

X5 H Y R 2 R E /mm

Wil (al=0.15, & [A1#E0.075, 171#E0.2)

8 554 561 559 553 550 543 d=1.65
fi =AY )
LR AR B 529 544 554 546 555 543 d,=1.85
618 630 630 a=0.15
=L
R 588 593 588 a=0.65
x4 HIEZHMEAYLE RREEZRNLER
Table 4 Vickers hardness testing results of the non-stress side of the tooth
K HAY WEEE(EHV) T 2 (OB /mm

627 611 608 603 611 591 583 590 585 587 587 593
BRI KRR 583 577 576 569 572 570 574 560 567 552 543 546 P2 HEMI(a,=0.15, & FHE0.075, 1THE0.2)

512 515 538 469 459
545 562 550 550 566 560

ﬁ =1 YR BE
BRI R R 549 505 529 544 530 529
R 637 639 630
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a=0.15
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Fig. 5 Mathematical verification of the hardened layer
depth CHD by carburizing and quenching of the
tooth tip
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Fig. 6 SEM images of different samples
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Table 5 Inclusions on the intergranular fracture boundaries of the 6" sample by EDS %
Fl6(b) 0 Si S Ti Cr Mn Fe
1 42.01 0.84 1.00 0.49 55.67
2 13.38 0.46 0.79 1.16 84.21
3 23.68 0.27 0.28 1.05 0.76 73.97
4 28.70 0.64 1.13 0.80 1.13 1.09
5 0.43 1.41 1.00 97.16

Fo6 VHATIEANRNAELESTRIER
Table 6 Oxide of tooth tip of the 2! sample by EDS %
Fle(f) 0 Si Cr Mn Fe
1 26.66 1.88 19.59 11.79 40.08
2 31.67 1.37 34.10 18.27 14.59
3 28.78 1.20 32.95 17.97 19.10
4 20.68 1.19 16.08 9.49 52.56
5 0.58 0.44 1.00 1.38 96.61
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