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Design of Excavator Boom Structure Based on Fatigue Strength of Weldment(II)
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Abstract

The purpose of this study is to develop improved boom structures with reliable fatigue strength of
weldment and lower production cost. For that purpose, multi-body dynamic analysis was performed to
evaluate forces acting on arm & boom cylinders and joints of boom structure during operation of an
excavator for three working postures, then stress analysis was made to investigate stress distribution around
diaphragms at the bottom plate of boom structures which was known to be susceptible to fatigue failures
of welded joints, and finally boom structures with optimum arrangement of diaphragms was proposed. This

work mainly consists of the following two parts:

part 1 focuses on multi-body dynamic analysis of

excavators during operation and part 2 includes evaluations of fatigue strength of welded joints for

modified boom structures.
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Fig. 2 Finite element model of boom structure
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Fig. 1 Configuration of boom structure L3l= Ao Z+ FARIAo] W} B FRE WA
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Table 1 Reaction forces exerted at boom joint with max. digging force posture

1o S9 we ddshs 84

Time Joint 1 forces (N) Joint 2 forces (N) Arm cyl. Boom cyl.
(sec) Fx Fy Fz [F| Fx Fy Fz |F| force (N) force (N)
1.3 -1034193 -183906 -605 | 1070115 -212437 436385 -2764 48534 -830339 531386
3.22 8743 -21505 120 23214 173244 -117140 1163 209133 6458 -243532
4.08 16093 -20130 122 25772 170088 -117717 1160 206354 10857 -243320
534 2461 -52661 242 52719 324974 =227283 2245 396574 -4050 -454189
784 47362 -13051 247 49128 132531 -106555 744 170055 13048 -231425
958 -124747 -95425 -2127 157074 448463 -265668 5276 521274 -151606 -593773
11.98 59333 1407 10 59350 122936 93471 %1 154438 39129 -202289
1362 19805 | 36669 | 6462|2173 | 346003| 206459 | 68| A0BT6S 18719 445289
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(c) Max. digging depth posture(P3)

Fig. 3 Equivalent stress distribution at boom
structure with max. reaction force(MPa)

Fig. 4 Equivalent stress distribution at boom structure
with max. reaction force for max. digging force
posture(MPa)
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Table 2 Max. equivalent stress at inner bottom
plate of boom structure

Max. digging force Max. digging Max. digging depth
posture, P1 radius posture, P2 posture, P3
Time | 2 | Time | 5 | Time | ™
(sec) stress (sec) stress (sec) stress

(MPa) (MPa) (MPa)
13 1131 1.3 929 1.3 65.6
322 179 33 174 3.08 259
408 170 51 305 5.08 56.2
534 331 6.08 36.7 6.46 374
784 12.0 7.34 5.7 792 55
958 60.2 962 61.1 9.56 60.9
11.98 100 1352 42.8 1354 379
1362 399 16.08 19.1 16.76 31.7
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Table 3 Max. equivalent stress at inner bottom plate of boom structure with model types

Model Boom weight (kg) Max. equiv. stress (MPa)
Boom structure configuration
type total weight | weight reduction P1 P2 P3
A 2,325 - 1131 92.8 655
B 2,286 39 142.8 1135 8.8
C 2,292 33 110.0 90.6 69.0
D 2,253 72 1476 1179 87.2
E 2,273 52 1129 91.3 67.7
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Fig. 5 Equivalent stress at boom structure with  max.
reaction force for max. digging force posture(Pl,
MPa)
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Fig. 6 Equivalent stress at the corner of boom structure
with max. reaction force for max. digging force
posture(P1, MPa)
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Fig. 7 Loading block by 1 working cycle (max. digging
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Table 4 Fatigue life evaluation of type Amodel
with 3 working postures

Posture Fatigue Fatigue life | Damage
damage N; (cycle) ratio(%)
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Fig. 8 Fatigue life evaluation of 5 types of boom
structures
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Table 5 Fatigue life evaluation of 5 types of boom

structures
Model Fatigue Fatigue life Damage
type damage Nf (cycle) ratio(%)
A 889E-07 1,124348 148
Max, | B | 164E-06 | 61561 270
digging force| | gogp (7 1,205,716 138
posture
(P D | 1779E-06 561,917 296
E 8B4TE-07 1,130,326 147
Ul e 71EF8Y] 7 FE2EY vlaste] dAA
o Yol sk 4%e e, B B
o= ulf el uwe} Jged Bt vE AdS
Uehdt= 3s & 5 9ok
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