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Rotate Bending Fatigue Life and Microstructure of
Quenched and Tempered 40Cr steel
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tine Bureau, Shanghai 200135; 2. College of Materials Science and Engineering, Shanghai University, Shang-
hai 200072)

Abstract: The rotating bending fatigue testing was carried out on the quenched and tempered 40Cr, and mi-
crostructure and the inner dislocation density during different rotating bending fatigue states were analyzed by
transmission electron microscopy (TEM). The results shows that dislocations in the quenched and tempered
40Cr initiate form the grain boundaries extending into the grain, and the subgrains form. With the increaseing
number of cycles for rotary bending fatigue, the carbide begins to deform measurably and is destroyed into
micro—cracks. A mathematical model is set up to describe the relationship between dislocation density and ro-
tary bending fatigue times. The density of the increasing dislocations caused by rotating bending fatigue has a
linear relationship with the fatigue cycle number. The function formula is p=2. 0108 X 10* N-1. 914 X10%, R
=0.98193. The above findings may be used as criteria references for non—destructive testing on the remaining

life of remanufacturing blanks.
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Table 1 Chemical composition of quenched and tempered

40Cr steel

C Mn Si S P Cr Ni

Elment

w/% 0.43 0.69 0.27 0.008 0.017 0.99 0.055
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Table 2 Mechanical properties of quenched and tempered

40Cr steel

Rp,.,/MPa RM/MPa Elongation 8/ % Contraction A/ %

787 925 16.7 55.5
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Fig. 1 Sample of rotate bending fatigue’®’ (Unit; mm)
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Fig. 2 TEM morphology of quenched and tempered 40Cr

steel
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Fig. 3 Original microstructure of quenched and tempered 40Cr steel

-

| 4
Dislocation
10K

y ‘ 100inm
Py h A e

(a) Dislocation extend in to grain

B 4 253 10 7 YO5E 55 e V8 i

f;l‘()() nm

(b) Carbide
A 40Cr H1 f 2 21

Fig. 4 Microstructure of quenched and tempered 40Cr steel after 100,000 fatigue cycles
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(a) Sub grain boundaries transferred from dislocations (b) Deformation zone between the carbide and ferrite
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Fig. 5 Microstructure of quenched and tempered 40Cr steel after 1,000,000 fatigue cycles
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(a) Slip bands with a large amount of dislocation (b) Carbide deformation
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Fig. 6 Microstructure of quenched and tempered 40Cr steel after 5,000,000 fatigue cycles

50 nm

broken

(a) Microcrack (b) Carbide broken
7 23 1000 T3 UR9E 57 E P BT A 40Cr 4 B fOM 2H 41
Fig. 7 Microstructure of quenched and tempered 40Cr steel after 10,000,000 fatigue cycles
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Table 3 Dislocation density data of samples

Dislocation density o/ (10" « m %)

Section 1 Section 2 Section 3 Section 4 Section 5 Average
Original 2. 885 2.117 1. 270 1.975 3.670 2.383
10° cycles 11. 595 7.355 6.109 4. 987 5.361 7.081
10° cycles 16. 207 19. 226 12. 343 15. 085 10. 847 14.742
5X10° cycles 52. 487 75. 355 94. 839 77.548 111. 871 82.420
107 cycles 169. 056 192. 370 203. 870 226.530 245.935 207.552
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