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Study on the Deformation Process and Failure Mechanism of

3J40 Shaft Tine Under Compressing Load

YUAN Jianyu CHU Hongjie WANG Ying PANG Jincheng XIE Guojun
(Aerospace Research Institute of Materials & Processing Technology , Beijing  100076)

Abstract  3J40 alloy is a kind of high—strength, high—hardness, wear and corrosion—resistant alloy with high
Cr and Al content used in precision instruments industry. This paper studies the deformation process and failure
mechanism of 3J40 shaft tine under compressing load based on a failure analysis case in which 3J40 shaft tine and red
corundum compress with each other. The crack and fracture morphology were investigated by stereoscopic
microscope and scanning electron microscope (SEM). The stress distribution and failure mechanism were also
analyzed for shaft tine serving state using finite element analysis. The results indicate that the spherical surface of
3J40 shaft tine was compressed to a plane under compressing load of red corundum surface, forming a @220 pm
plain zone. The shaft tine fracture is ductile, and the shear stress peaks at the contacting rim of shaft tine and plane.
Thereafter cracks form at the shear source and expand in axial direction and then turn around 90° at waist zone of the
shaft tine. Theoretical estimation and finite element analysis were conducted based on Hertz contacting theory. The
results show that large shear stress and strain exist in the 3J40 material which results in a shear failure mechanism.
The results are significant for the performance optimization and structure design of shaft tine materials.

Key words

3J40 alloy, Shaft tine, Shear failure , Ductile deformation, Finite element analysis

0 51§

3J40 A & B T UL ML R E 5 4, Cr ik
40% , FLAT 8 e B RS 5 iR BRI A (g T At , T A
Tiif JE TR | e e Bt ST A, S M R A SRS
HARPAET Z AR, 340 & &M RS
T LR B AR LR+ & Cr 1) o A +y" (N1, AD 3 AL
A, 2207 T T+ i R AR B nT DR A5 A v A A

e H 9 :2022-12-28

JER S Tz R s A A RE RS B, 32 T
R BKZE RS REERNIE b AR s R s TT
3J40 & e w5 B AR AR, B T ERCK IR B
RS Je 2 T T R R , R — R FDRLIE
Vi BIFIES L KA 5 R A TN T o A e S
Hh, 3140 5 & R B SR T S MR TR IS
Oy FRAT R FZHTEN IR G ST R i

A T, 19884F AR, 1t FE PR MR TR SR TIFSE . E-mail:yuanjianyu-2006@163.com

FHIMBEITZ  http://www.yhclgy.com 2025 4F 52



FETAE . RS N3 1% A 4 226 AR Atk A7
T, I3 H AR R AL B R AT TR sk o 4
NSF AT TR R AR T A A ) 2
a—Cr HXT SR AL ROR B 5Tk 5 47 0= 2 25 N X iz R
(L LY R AR AR (T B PO 57 T RB S 0E AT T R G
8, A T A S ALEAR SR AT Rtk
GIRE NI

1 % 3140 Fl A 7EAH FH o F v — A 5 b By
B, L H AT Z A 452 #ORAS T 19 38 M 8 5ot 5%
B FEARAESEPR T 00T (R4 0 R 1 4%
F) %A G W T 2 a0 LB AHF5E . B
WHEY KREHTHE S, BT K535 Sk
FEEXT A A AL S R RE AT A SESE TS
A INIBLA BT A8 B A 52 FE SR A R A T T 5

SR, b AR (] R BR 5 OF 1 A9 Hertz 52 fih (7] 258
BRI o Hertz PPE 32 fih BRI 78 AR UE AT 1R 4347 7
SEVERRTEE T R B2 fh (] 17 1 1, 76 DR UE T A2
(AR B (2) 28 T 8 3 i RV BB DY 5 (3) 22 fil
FITYI I T 5200 2200 5 (4) 35k DX 3 ) RO 3 /N T
YR RS SRR A 25 1F 3T 0 B — e i i 2
Sk T S B ) R LA A A B EE R SR,
TR 32 R BLRET 5  fAeb RAR E ) 4 i
SR AR B 9 L, 2% Ml X s ) RSH B R S /N T
RF, B, AR SCE e 5 T Hertz 45 fil 338 17 BRIS
S3HT, HUCR A BRI T BEEA T 0IE , % H R £
AR R 7 40 A0 R AL EE AT AF 5T, DA T % il
AR RE AL NG R PR A %
1 FREmS5REA®
1.1 F=@m4i

3J40 5 AR T H R A 8 454 , 483k [ + AL
AEE B R SR 780 HV DAL $AbBEZ4E A 1 190~
1200 CARIE 13~15 min, K, PU 75 JE <814 MPa,
MRBERA T, e 5 20 NI e w2 i, iR Rk 32 4%
RIGFER FPER, RS R BRI 1R

N e U s A AN a o T I WL RS S L B
W, RECE I il 2 3 S W2, I 70 B BB A 1) 24

Z AR

T ZIWI B

K1 BRI AR SR B

Fig. 1 Schematic view of the service state of the shaft tine
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Fig. 2 Macroscopic morphology of the shaft tine
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Fig. 3 Fracture morphology of the shaft tine
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Fig. 4 Matching fracture morphology of the shaft tine
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Fig. 5 Finite element analysis results
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