ZHUDSHS|X| X 37 H XM 65 pp. 457-464

June 2020 / 457

< | ror

AT

Korean Soc. Precis. Eng., Vol. 37, No. 6, pp. 457-464

XAIXIe] = =X

http://doi.org/10.7736/JKSPE.020.004
ISSN 1225-9071 (Print) / 2287-8769 (Online)

24

Optimal Design of Boom for Telescopic Boom Type Forklift Truck

nx
el

OIRHEF, 2L
Jai Hak Lee'* and Kang Su Kim'
35t} (Department of Mechanical Design Engineering, Korea Polytechnic University)

# Corresponding Author / E-mail: jhlee@kpu.ac.kr, TEL: +82-31-8041-0425
ORCID: 0000-0001-5604-0851

KEYWORDS: Optimal design (Z|& A7), Telescopic boom (RI2|A Tl £, Forkiift truck (X|H|X}),

Finite element analysis (-8t A8H41), Design of experiment (A&AH|ElH)

In this paper, the boom structure of a telescopic boom-type forklift truck was analyzed using ANSYS, a finite element
analysis program. As a result, 494.22 MPa exceeded 456.08 MPa, allowable stress of the material, in the second boom.
Thus, structural analysis was performed by reinforcing the thickness of the boom and stress was reduced. The experiment
was conducted by selecting four factors of the thickness of the boom T1, T2, T3, and T4. Through response surface
analysis, the curvature of the factors for stress was confirmed, and T1 was the most influential factor. Through regression
equations from the variance analysis of each response, response maximization was performed to optimize mass and stress.
As a result, 467.65 MPa was predicted. This exceeded allowable stress of 456.08 MPa. To obtain the result that does not
exceed allowable stress, the mass was fixed at 118 kg, the initial value, and multiple response optimization was performed
to limit target value and minimize stress. As a result, 432.96 MPa was expected to occur, and structural analysis resulted in
428.87 MPa stress demonstrating 13.22% reduction of stress compared to the existing model, and it is safe because
allowable stress was less than 456.08 MPa.

NOMENCLATURE

T1 = Thickness of 2nd boom’s bottom plate (mm)
T2 = Thickness of 2nd boom’s left plate (mm)
T3 = Thickness of 2nd boom’s top plate (mm)

T4 = Thickness of 2nd boom’s right plate (mm)

Y1 = Response value of mass (kg)

Y2 = Response value of maximum von mises stress (MPa)
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Rotational Motion

Linear Motion
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Fig. 2 Parts and shape information of telescopic boom
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Fig. 3 Boundary & Load conditions
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Equivalent Stress
Type: Equialent (von-Mises) Sress
Unit: MPa
Time: 1
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Fig. 4 Maximum von-mises stress for initial model
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Table 1 Modified Factors

T1[mm] T2[mm] T3[mm] T4[mm]
Initial 8 6 8 6
Modified 10 8 10 8

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

Time: 1

38576 Max

Omax = 385.76 MPa

Fig. 6 Maximum von-mises stress for modified model

Table 2 Levels of factors

Factor Minimum [mm] Initial [mm)] Maximum [mm)]
T1 6 8 10
T2 4 6 8
T3 6 8 10
T4 4 6 8
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Table 3 Results of experiments

Run TI T2 T3 T4 Yilkg  Y2[MPa]
1 10 8 6 4 117.9 428.87
2 6 4 6 8 102.77 657.14
3 10 8 6 8 133.32 414.75
4 6 4 6 4 87.078 673.06
5 10 4 6 8 117.9 482.16
6 6 8 10 8 135.46 504.88
7 10 4 6 4 102.47 501.06
8 10 8 10 8 150.21 385.76
9 10 4 10 4 119.94 45726
10 8 6 8 6 118.94 494.22
11 6 4 10 8 120.06 599.67
12 8 6 4 102.77 591.57
13 10 4 10 8 135.07 438.58
14 6 8 6 8 118.45 557.08
15 10 8 10 4 135.07 392.72
16 6 4 10 4 104.66 614.9
17 8 10 4 120.06 515.13

Table 4 Analysis of variance for stress
Source DF AdjSS AdjMS F-Value P-Value
TI 1 82183  82182.6  290.35 0
T2 1 20129 201285 71.11 0
T3 1 6857 6856.7 24.22 0
T4 1 2503 2503 8.84 0.013

Curvature 1 214 214.4 0.76 0.403

Error 5 1373 274.5
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Table 5 Central composite design

Run Tl T2 T3 T4  Ylkgl  Y2[MPa]
1 6 4 10 4 104.66 614.9
2 10 8 4 117.9 428.87
3 8 6 6 118.97 494.22
4 8 6 6 118.97 49422
5 8 6 10 6 127.6 474.38
6 8 6 8 8 126.68 488
7 8 6 8 6 118.97 494.22
8 8 6 8 6 118.97 494.22
9 10 8 10 4 135.07 392.72
10 6 8 6 8 118.45 557.08
11 6 4 6 4 87.078 673.06
12 8 8 8 6 126.68 467.16
13 8 6 8 4 111.27 502.15
14 8 6 8 6 118.97 494.22
15 8 4 8 6 111.27 537.71
16 10 8 6 8 133.32 414.75
17 6 8 10 8 135.46 504.88
18 8 6 8 6 118.97 49422
19 8 6 6 6 110.31 516.33
20 6 4 10 8 120.06 599.67
21 6 8 6 4 102.77 591.57
22 10 4 10 8 135.07 438.58
23 6 4 6 8 102.77 657.14
24 6 8 10 4 120.06 515.13
25 10 4 10 4 119.94 457.26
26 8 6 6 118.97 494.22
27 6 6 6 111.42 576.85
28 10 8 10 8 150.21 385.76
29 10 4 8 117.9 482.16
30 10 4 4 102.47 501.06
31 10 6 6 126.49 431.76
Table 6 Analysis of variance for mass
Source DF AdjSS AdjMS F-Value P-Value
Tl 1 1022.15 112215  11694936.7 0
T2 1 1068.79 1068.79  12228549.7 0
T3 1 133751 133751 15303129.17 0
T4 1 1068.79  1068.79  12228549.7 0
T1*T1 1 0 0 4.93 0.039
T3*T3 1 0 0 4.93 0.039
TI*T2 1 0.07 0.07 791.4 0
TI*T3 1 0.01 0.01 159.31 0
TI*T4 1 0.07 0.07 791.4 0
T2*T3 1 0.08 0.08 949 0
T3*T4 1 0.08 0.08 949 0
Error 19 0 0

Main Effect Plot for Y1(kg)
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Fig. 8 Main effect plot for mass

Interaction Plot for Y1(kg)
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Table 7 Analysis of variance for stess

Source DF AdjSS AdjMS F-Value P-Value
T1 1 102357 102357 5590.12 0
T2 1 27505 27505 1502.13 0
T3 1 10694 10694 584.04 0
T4 1 1228 1228 67.09 0

T1*T1 1 373 373 20.36 0

T2*T2 1 250 250 13.68 0.001

T1*T2 1 887 887 48.46 0

T1*T3 1 526 526 28.73 0

Error 22 403 18

Main Effect Plot for Y2(MPa)
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Fig. 10 Main effect plot for stress

Interaction Plot for Y2(MPa)

Fig. 11 Interaction plot for stress
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Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

42887 Max

Onar = 42887 MPa

Fig. 14 Maximum von-mises stress at optimum case

Table 8 Results of optimization

Tl T2 T3 T4 Yl[kg) Y2[MPa]
Minitab 10 8 6.0243 4 118.0 432.963
Workbench 10 8 6 4 117.9 428.87
Accuracy [%] 99.92 99.05
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