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ABSTRACT: The work aims to explore the effect of three-dimensional surface roughness S, on the bending fatigue life of
18CrNiMo7-6 steel under the fixed load. 18CrNiMo7-6 steel rotating bending fatigue specimens with different surface
roughness and texture path were prepared by sandpaper grinding. The surface roughness parameters S, and three-dimensional
surface topography parameters §,, S,, S, and §, of all specimens were measured. Rotational bending fatigue test was carried
out on the specimen to analyze the fatigue life of the specimen. The fatigue life of axial textured specimens with the same or
similar roughness was greater than that of circumferential textured specimens. Under the same texture direction, the lower the
three- dimensional surface roughness was, the higher the fatigue life was. The fatigue life times of specimens were significantly

correlated with §, and §;, S, Sy, and §,. For 18CrNiMo7-6 steel rotating bending fatigue specimens, machining grooves
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perpendicular to fatigue stress are more harmful than machining grooves parallel to fatigue stress. Reducing the surface

roughness of the 18CrNiMo7-6 steel specimen can effectively improve the rotational bending fatigue life of the specimen. The

surface skewness Sy of the specimen with texture direction parallel to the fatigue stress direction has no obvious influence on

the fatigue life of the part.

KEY WORDS: 3-D roughness, fatigue life; rotating bending fatigue; three-dimensional surface topography; 18CrNiMo7-6

steel; texture direction
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Fig.1 Specimen size
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Tab.1 Mechanical properties of 18CrNiMo7-6 steel

Tensile Yield Ductility/ Reduction Hardness
strength/  strength/ o of area/% (HRC)
(N- mm’z) (N-mm™>) ¢ ¢
944 670 13.7 52.6 31.8

1.2 FE

RBFRBERE H 20710 C, N TP IEE R AN T
WEE [ PR S, IR GB/T 4337—20151%, R H
2000 r/min AR BEAT I 5505, i1 0 =k Ao
J1, ERKERN 200 mm, REEEAH 7.5 mm, THR
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Tab.2 S, value of fatigue specimen

Sample Texture Roughness Roughness Sample Texture Roughness Roughness
Number direction level/um of S/um Number direction level/um of S/um

1 0.090 17 0.099

2 Axial texture  0.090 0.082 18 Circumferential = 49, 0.091

3 0.083 19 texture 0.091

4 0.091 20 0.080

5 0.200 21 0.236

6 Axial texture  0.200 0.202 22 Circumferential -, 0.242

7 0.158 23 texture 0.256

8 0.235 24 0.227

9 0.490 25 0.517

10 Axial texture  0.600 0586 26 Circumferential = 5o, 0.332

11 0.564 27 texture 0.515

12 0.725 28 0.621

13 1.15 29 1.060

14 Axial texture  1.100 129 30 Circumferential 1, 1.160

15 1.10 31 texture 0.877

16 1.08 32 0.945

x3 EFRAHEZ4EREERESHE
Tab.3 Three-dimensional topography value of fatigue specimen
Number _diection  S/Mm SAm S s, [ GRS N Sm o Shm S S
1 0.139 2.640 -0.364 11.589 17 0.141 2.691  —0.748 8.578
2 0.130 2.650 -0.169 13.483 18 0.133 3.791 -1.060 13.627
3 0.130 2.561 —0.208 12.996 19 0.136 3.492 -1.582 13.560
4 0.142  2.671 -0.178  11.178 20 0.117 3.044 -1.402 12.819
5 0.266 3.696 -0.314 4.802 21 0.321 5397 -1.048 6.559
6 0.275 3.704  -0.425 5.358 22 0.323 5332 -0.895 6.958
7 0.224 3233  -0.191 6.046 23 ) 0.334 4393  -0.637 4.481
8 . 0310 4172 -0.298  4.614 24 Cireumfer o360 4041 0748 5.308
Axial texture ential

9 0.642 6.746  —0.629 4.282 25 texture 0.679 9.905 -0.480 4.426
10 0.786 10.717 -1.198 6.884 26 0.698 9.050 -0.822 4.238
11 0.752 20.868 —0.353 10.772 27 0.677 9.079 -0.389 4.508
12 0.981 22477 -0.875 7.913 28 0.824 11.361  -0.384 4.372
13 1.495 17.053  -0.263 3.848 29 1.380  25.509 -0.482 9.049
14 1.673 20.108  -0.322 4.364 30 1.527  22.092 -0.319 4.563
15 1.388 17.059  -0.319 3.909 31 1.126 15.779  -0.249 4.253
16 1.432  20.535 -0.229 5.564 32 1.229  22.554  —0.048 5.136




-+ 286 -

EN TR NN

2019 4E 11 H

2 S KgIBFHEIT 18CrNiMo7-6 $X
RESHESETHEN

Xt 32 AN 57 AR R AT SR FH U S
A THERE S Hh % 97 105, Iz N 1k 487 MPa, il
L #2000 r/min, i 7] H R=—1, 3 3] 18CrNiMo7-6
WA i 55 A, WL 4.

TR S, L7 xf 18CrNiMo7-6
B i 5 R AR, 45 AR 2. K 4 TS
iR S, 5 18CrNiMo7-6 4NTERE S il 57 H i L R,
=

M3 5 AT ML S, 5 18CrNiMo7-6 A’ 25
i 55 F oA B, % B A B R R UL,
TR, wE 2 proR, Ed RIEMREM R

MK 2 AT, Bl 18CrNiMo7-6 #9 el 25 i

% 4 18CrNiMo7-6 $WiE¥: L HiE > HF &
Tab.4 Rotating bending fatigue life of 18CrNiMo7-6 steel
rslzﬁgleer d1;re:ctilit)er1 Fa(tzi%;ll:sl)lfe Logarithm fatigue life rslsglr))z Texture direction Fa(ttl{grgzsl)l fe Logarithm fatigue life

1 89012 4.949 17 13 831 4.141
2 129 880 5.114 18 39503 4.597
3 94 582 4.976 19 34783 4.541
4 57747 4.762 20 23 635 4.374
5 * * 21 19 371 4.287
6 67027 4.826 22 16 264 4.211
7 42 361 4.627 23 20 165 4.305
8 Axial 32821 4.516 24 Circumferential * *

9 texture 21295 4.328 25 texture 16 073 4.206
10 * * 26 14 691 4.167
11 50017 4.699 27 13 677 4.136
12 39 354 4.595 28 * *

13 17 969 4.255 29 13 600 4.134
14 * * 30 12 367 4.092
15 27083 4.433 31 * *

16 22 695 4.356 32 14 609 4.165

Note: * means invalid sample, the life of invalid sample and the surface roughness are both not included in calculation

*5 MHREE S5 18CrNiMo7-6 MRS MES FMX R
Tab.5 Relationship between roughness S, and 18CrNiMo7-6 steel rotating bending fatigue life

Texture direction Roughness Test Data Fatigue life
level/um Mean  Standard deviation
0.09 Roughness S,/um 0.09 0.082 0.083 0.091 0.087 0.004
Fatigue life (times) 89012 129880 94582 57747 92805 25598
0.20 Roughness S,/um 0.2 0.202 0.158 0.235 0.198 0.031
. Fatigue life (times) * 67027 42361 32821 47403 14 412
Axial texture
0.59 Roughness S/um 0.49 * 0.564 0.725 0.593 0.098
Fatigue life (times) 21 295 * 50017 39354 36889 11 855
L11 Roughness S,/um 1.15 1.29 1.1 1.08 1.110 0.029
Fatigue life (times) 17 969 * 27083 22695 22582 3721
0.09 Roughness S,/pm 0.099 0.091 0.091 0.08 0.090 0.007
Fatigue life (times) 13 831 39503 34783 23635 27938 9976
0.4 Roughness S,/um 0.236 0.242 0.256 0.227 0.244 0.008
Circumferential Fatigue life (times) 19 371 16 264 20 165 * 18 600 1 683
texture 0.52 Roughness S,/um 0.517 0.532 0.515 * 0.521 0.008
Fatigue life (times) 16 073 14 691 13 677 * 14 814 982
1.06 Roughness S,/um 1.06 1.16 0.877 0.945 1.055 0.088
Fatigue life (times) 13 600 12 367 * 14609 13525 916
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Tab.6 Relationship between roughness S, and 18CrNiMo7-6 steel rotating bending fatigue life under 95% confidence

Axial texture

Circumferential texture

Texture direction

1 2 3 4 5 6 7 8
Roughness S,/um 0.09 0.20 0.59 1.11 0.09 0.24 0.52 1.06
Fatigue life (times) 92 805 47403 36 889 22 582 27938 18 600 14 814 13 525
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