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Fatigue Analysis of HL Rod Based on Damage Mechanics
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Abstract: In order to analyze the influence of a damaged HL-class sucker rod on its safety performance during the
process of use, the fatigue damage evolution model of the sucker rod was established according to the principle of
damage mechanics combined with the effective stress method with ANSYS finite element software to conduct
numerical simulations for the residual fatigue life of HL-class sucker rod under three kinds of damages, namely crack,
corrosion pit and eccentric wear. The effects of three damage influencing factors (shape, size, position, etc.) on the
residual fatigue life of HL-class sucker rods were analyzed by an orthogonal test, and the relationship between the
fatigue life of HL-class sucker rod and the influencing factors was determined by multiple regression method under
three kinds of damages. The simulation results showed that for crack damage, the impacts on fatigue life could be listed
from top to bottom as the crack position, angle, depth and width. For corrosion pit damage, the impacts listed were the
pit position, depth and radius; for the eccentric wear damage, the impacts were the eccentric wear position, depth and
length. The adjust decision coefficient of the regression relationship between the fatigue life of HL-class sucker rod and
the influencing factors under the three kinds of damages were calculated to be 82.0%, 94.0% and 90.9%, respectively.
The research results indicated that the damage position had an extremely significant effect on the fatigue life of HL-
class sucker rod. The depth and angle of crack, the depth and radius of the corrosion pit, and the eccentric depth had
significant effects on the fatigue life, and the crack width exhibited a certain influence. The regression relationship
between the fatigue life of HL-class sucker rod and the influencing factors under three kinds of damages could provide
a basis for judging the residual life of HL-class sucker rod.
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Table 1 Comparison of simulation results and test results

R RBHMNA HAHERRN, HARHEGN, 572, %

1 2.746 8.3

2 2.836 -11.1
2267343 2519270

3 2.698 —6.6

4 2.758 8.7
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Table 3 Orthogonal test factors and horizontal design under cor-
rosion pit damage
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Table 2 Orthogonal test factors and horizontal design under
crack damage

KP- BB (X)) /mm 42 (X)) /mm 37 (X3 ) /mm
1 1.4 2.6 125
2 1.7 3.0 145
3 2.0 3.4 165
4 2.3 3.8 185
5 2.6 42 205
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Table 4 Orthogonal test factors and horizontal design under ec-
centric wear damage

A BE(X))/mm 42 (X,) /mm 3 B (X3)/mm
1 35 18.0 125
2 3.8 22.0 145
3 4.1 26.0 165
4 4.4 30.0 185
5 4.7 34.0 205

KT W (X))/ i (X)/ FRE(X3)/ 8 (Xy)/
mm mm (°) mm
1 0.2 0.1 0 205
2 0.5 0.2 22.5 180
3 0.8 0.3 45.0 155
4 1.1 0.4 67.5 130
5 1.4 0.5 90.0 105
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Table 5 Orthogonal test design and test results under crack dam- Table 6 Orthogonal test design and test results under corrosion
age pit damage
o= X, X, X X, S HFANL, mW e e X, X, X; P55 FE ALy
1 1.4 26 125 2500 000
1 02 0.1 0 205 994 892 2 1.4 3.0 145 1291 032
3 1.4 3.4 165 820 099
2 0.2 0.2 225 180 1102 051 4 1.4 3.4 185 908 253
5 1.4 42 205 980 925
3 0.2 0.3 45.0 155 1317174 6 1.7 26 145 1065 634
7 1.7 3.0 165 533398
4 0.2 0.4 67.5 130 2500 000 8 1.7 34 185 660 086
9 1.7 3.4 205 674 045
5 0.2 0.5 90.0 105 2 500 000 10 1.7 42 125 2 500 000
11 2.0 2.6 165 431162
13 2.0 3.4 205 544193
7 0.5 0.2 45.0 130 2500 000 14 20 14 125 2 500 000
8 0.5 0.3 67.5 105 2500 000 15 20 42 145 1315 208
16 2.3 2.6 185 381715
9 0.5 0.4 90.0 205 989 846 17 2.3 30 205 378 185
18 23 3.4 125 2500 000
10 0.5 0.5 0 180 431339 19 2.3 34 145 1028 724
20 2.3 42 165 533 346
11 0.8 0.1 45.0 105 2500 000 21 2.6 2.6 205 272769
22 2.6 3.0 125 2500 000
12 0.8 0.2 67.5 205 628 589 23 26 3.4 145 751429
24 2.6 3.4 165 398 909
13 0.8 0.3 90.0 180 1700 021 25 2.6 42 185 425 488
W% 430342 220737 1956617
14 0.8 0.4 0 155 531815
15 08 05 25 130 274 619 R7T RERGEZAREZTRIABEER
Table 7 Orthogonal test design and test results under eccentric
16 1.1 0.1 67.5 180 369 078 wear damage
17 1.1 0.2 90.0 155 1692 268 B e X, X, X, P55 FE ALy
1 3.5 18 125 2500 000
18 1.1 0.3 0 130 1 067 690 2 3.5 22 145 805 186
3 3.5 26 165 423 364
19 1.1 0.4 225 105 2500 000 4 35 30 185 419 706
5 3.5 34 205 520 804
20 1.1 0.5 45.0 205 158 617 p 38 18 145 700 960
21 1.4 0.1 90.0 130 2500000 7 3.8 22 165 296 416
8 3.8 26 185 339017
22 1.4 0.2 0 105 1285243 9 3.8 30 205 387780
10 3.8 34 125 2500 000
23 1.4 0.3 22.5 205 66 213 11 4.1 18 165 208 970
12 4.1 22 185 246 554
24 1.4 0.4 45.0 180 130 036 13 4.1 26 205 281 643
14 4.1 30 125 2500 000
25 1.4 0.5 67.5 155 431 063 15 41 34 145 754 748
. 16 44 18 185 175 036
800321 595833 1014232 1689417 17 a4 ” 205 203 339
18 4.4 26 125 2500 000
SLLCITREE | AR, TRIT R TR BE R AR, i S Y TR 19 44 30 145 619 838
R 35 75 i Y B 35 (0=0.05 ) 5 4L ) 5 JE ) 9 o o o e
57 F A —E M E M (6=0.10) . 2 47 2 125 2 500 000
23 4.7 26 145 463 436
23 ZchFEsIaEr 24 4.7 30 165 208 597
25 47 34 185 221550
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Table 8 Variance analysis results for each type of damage by or-
thogonal test
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Table 9 Variance analysis results for each incident of damage
with multiple regression model
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