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Optimal Design of Boom Joint for 2.5 Ton Class Aerial Lift Truck
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Due to urbanization, parameters such as large size and height constrain the workspace of aerial lift truck. An aerial lift truck
with reduced height was developed to decrease the telescopic boom. Based on FEM Analysis, the failure was localized to
the shaft of the boom joint. Shape optimization was performed using the Design of Experiment based on three design
factors. As a result, the maximum equivalent stress of boom joint was reduced by about 32.33%.

NOMENCLATURE

D = Diameter of shaft (mm)

H = Height of shaft (mm)

C = Displacement of cylinder shaft (mm)

B = Displacement of 1st boom hole (mm)
W = Width of boom joint (mm)

Y = Response value (Equivalent stress, MPa)
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Fig. 1 Photo of aerial lift truck
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Equivalent Stress 2
Type: Equivalent (von-Mises) Stress
unit: MPa

Time: 1
2017-10-02 2% 622

463.7 Max
74757
12052

3411505 Min

[ 34003 604003 (mim)
154003 45€+003

(a) Maximum Von-Mises stress

Total Deformation
Type: Total Deformation
unit: mm
Time: 1
2017-11-03 2% 415
30326 Max
26956
23587

20217
16848
13478
10109
67391
33696

0 Min

[ 25€4003 564003 (mim)
1.250:003 3.75¢2003

(b) Deformation

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
2017-10-02 2% 610

463.7 Max
2264
11054
53971
26351
12.866
62818
3.0671
14975
0.73116 Min

(c) Stress in Shaft

Fig. 4 Stress and deformation results (initial)

Table 1 List of materials used in structure analysis

Material “elgil\jg:)ngth AllOW:(illi)/}; Z;[rength
ATOS80 700 473

SS41 400 270
SM45C 490 331

3. Design of Experiments
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Fig. 5 Modified 1st boom
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Fig. 6 Modified boom joint
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Fig. 7 Stress of modified model
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Table 2 L,4(2'%) Orthogonal array of 5 factors

Table 4 Design of 2-level 3-factor with center point

No. D H (o B w Y No. D H C Y
1 42.7 869 164 200 70 435.71 1 42.7 869 164 463.70
2 52.7 869 164 200 0 373.86 2 52.7 869 164 373.58
3 42.7 989 164 200 0 418.68 3 42.7 989 164 418.68
4 52.7 989 164 200 70 343.59 4 52.7 989 164 343.52
5 42.7 869 334 200 0 392.30 5 42.7 869 334 424.89
6 52.7 869 334 200 70 358.28 6 52.7 869 334 342.52
7 42.7 989 334 200 70 368.87 7 42.7 989 334 383.55
8 52.7 989 334 200 0 312.99 8 52.7 989 334 314.10
9 42.7 869 164 300 0 494 .44 9 47.7 929 249 355.48
10 52.7 869 164 300 70 369.08
1 407 989 164 300 70 365.11 Table 5 Analysis of variance (2-level 3-factor) - after pooling
12 527 989 164 300 0 361.46 Source DF AdjSS AdjMS F-Value P-Value
13 0.7 869 334 300 70 41438 D 1 12569.1  12569.1 1412.02 0
14 527 89 334 300 0 34011 H 1 26223 26223 29459 0
15 0.7 989 334 300 0 359.79 C 1 2258.6 2258.6 253.73 0.001
16 527 989 334 300 70 31473 D*H 1 %72 972 10.92 0.046
Curvature 1 676.5 676.5 76 0.003
Table 3 Analysis of variance (orthogonal array) Error 3 26.7 8.9
Source DF Adj SS Adj MS F-Value P-Value Total 8 18250.3
D 1 14112.3 14112.3 27.75 0
H 1 6928.1 6928.1 13.62 0.004 Errorato] Adj SS= A0l gkl it Mg = SA9] olxt
C 1 5643 5643 11.09 0.008 2 A ohl wEo] S/]2 9/]\?’]?:7_]‘11]-.9
B 1 13.7 13.7 0.03 0.873 . .
Adj MS= Mean Square =, Adj SS& DFZ U= Zrolt}. F-
w 1 439.7 439.7 0.86 0374 Value®] 718 7} 9119] Adj MSE Errore] Adj MSE Ll 710,
bror 10, 0863 5086 2 245 T A7 Bt 1ol GRS AR 2 o)
Total 15~ 322231 &It}. P-Value F-Valuer} #2242 Zolx|u 0.05 oJat j 3
o QA7) Fole Zrrh ekl
WiA|E et ATolet? P-Value 3E& T D, H, C QIA159] 0.05 olsjolE o] 37}
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Main Effects Plot for Y
Fitted Means
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All displayed terms are in the model.

Fig. 8 Main effects plot
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Fig. 9 Interaction plot
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Table 6 Design of central composite

No. D H C Y
1 42.7 869 164 463.70
2 52.7 869 164 373.58
3 42.7 989 164 418.68
4 52.7 989 164 343.52
5 42.7 869 334 424.89
6 52.7 869 334 342.52
7 42.7 989 334 383.55
8 52.7 989 334 314.10
9 42.7 929 249 425.22
10 52.7 929 249 346.55
11 47.7 869 249 398.52
12 47.7 989 249 339.94
13 47.7 929 164 370.75
14 47.7 929 334 341.89
15 47.7 929 249 355.48

Table 7 Analysis of variance (central composite) - after pooling

Source DF AdjSS AdjMS F-Value P-Value
D 1 15663.4 15663.4 366.95 0
H 1 4138 4138 96.94 0
C 1 2666 2666 62.46 0

D*D 1 3183.5 3183.5 74.58 0
Error 15 640.3 42.7
Total 19  26291.2
Main Effects Plot for Y
Fitted Means
d h 3
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All displayed terms are in the model.

Fig. 10 Main effects plot (central composite)
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Table 8 Optimal design

D H C Y
51.5889 989 334 306.2
Sl () s270 9850 3320
D:1000 o) [51.5889] [989.0] [3340)
Predict Low 4270 2650 1640
Y
Minimum \
y = 3062103 i §
d = 1.0000 N\ S~ ~~

Fig. 11 Optimization plot

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
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Fig. 12 Stress of optimized model

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
20171103 2% 419
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Fig. 13 Deformation of optimized model
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