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Optimal Design of 50 ton Hydraulic Breaker Housing
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An optimal design was developed for housing of a 50-ton hydraulic breaker. A four-factor, two-level design was created
using the full factorial design, and it was confirmed that the safety factor, the response value, exhibited a curvature. As the
curvature was confirmed, a higher-order experiment, a response surface analysis was performed. Based on the Minitab's
optimized prediction of the safety factor and weight, the actual analysis was performed using ANSYS Workbench, the finite
element analysis program. As a result, the safety factor was 2.03 and the weight was 3222.2 kg, which was almost
consistent with the Minitab’s prediction. The safety factor decreased from 2.33 to 2.03 compared to that in the initial model,
but the optimization model can also be judged as being safe because the safety factor was set to 2.00. The weight was
reduced by 119.1 kg, from 3341.3 to 3222.2 kg.
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Fig. 1 Hydraulic breaker frame

Table 1 List of materials used in structural analysis

Components Materials
Frame SM490A

Chisel AE4140M2

Piston SNCM616
Cylinder SCM415
Cap, Head SCM415
Head, Front SCM415
Cover, Front (Sliding) SCM415

Ring, Thrust SNCM439
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Table 2 Set of factors

Factors Maximum [mm] Median [mm] Minimum [mm]
T1 60 52 44
T2 15 13 11
T3 30 26 22
T4 28 25 22

W Foed suppon Table 3 Results of experiments

Fig. 2 Boundary conditions Run T1 T2 T3 T4 (Safetzlfactor) [l:{g 2ﬂ
1 44 11 30 22 1.70 3,150.5

2 60 1 30 22 1.69 3,184.3
3 60 1 22 28 2.17 3,313.2
4 52 13 26 25 1.95 3,234.9
5 44 11 30 28 221 3,302.7
e e I_' 6 44 15 30 28 222 3,307.4

Fig. 3 Mesh 7 60 15 22 28 231 3,318
8 44 15 2 22 1.70 3,131.7
9 60 15 22 22 1.68 3,165.6
10 44 1 22 28 2.31 3,279.4
11 60 11 30 28 2.30 3,336.7

12 60 15 30 28 2.33 3,341.3
13 60 11 22 22 1.67 3,161.0

14 44 15 22 28 225 3,284.1

15 44 15 30 22 1.70 3,155.1

16 44 1 22 22 1.71 3,127.1

17 60 15 30 22 1.69 3,189.1

Fig. 4 Analysis for initial modeling
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Table 4 Analysis of variance for safety factor

Table 5 Analysis of variance for weight

Source DF AdjSS AdjMS  F-Value  P-Value Source DF AdjSS AdjMS F-Value P-Value
Tl 1 0.00010 0.00010 0.05 0.834 Tl 1 45968 45968 1,444,721.14 0
T2 1 0.00090 0.00090 0.42 0.532 T2 1 87.4 87.4 27,475.64 0
T3 1 0.00010 0.00010 0.05 0.834 T3 12,1856 21856 686,891.07 0
T4 1 1.29960  1.29960 600.66 0 T4 1 92,7812 92,781.2 29,159,793.14 0
Curvature 1 0.00071  0.00071 0.33 0.578 Curvature 1 0.5 0.5 144.94 0
Error 11 0.02380 0.00216 Error 11 0 0
Main effect plot for safety factor Main Effects Plot for Weight
Fitted Means Fitted Means
."/. ”
g ————— - -— = / = — e /
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Table 6 Design of central composite

Run Tl T2 T3 T Gt ; lfactor)
1 60 11 30 28 2.30
2 52 13 26 25 1.95
3 52 13 26 25 1.95
4 52 13 26 25 1.95
5 60 15 22 22 1.68
6 60 11 30 22 1.69
7 52 13 26 28 2.21
8 60 15 30 28 2.33
9 44 13 26 25 1.85
10 52 13 26 25 1.95
11 52 13 30 25 1.84
12 52 13 26 25 1.95
13 44 15 30 28 222
14 44 15 30 22 1.70
15 44 11 30 28 2.21
16 44 11 22 22 1.71
17 60 11 22 28 2.17
18 44 15 22 22 1.70
19 52 11 26 25 1.82
20 52 13 26 25 1.95
21 52 13 22 25 1.81
22 60 15 30 22 1.69
23 52 13 26 25 1.95
24 44 15 22 28 2.25
25 52 13 26 22 1.65
26 44 11 30 22 1.70
27 44 11 22 28 231
28 52 15 26 25 1.88
29 60 15 22 28 231
30 60 11 22 22 1.67
31 60 13 26 25 1.92
Table 7 Analysis of variance for safety factor
Source DF AdjSS AdjMS F-Value P-Value
T4 1 145636 1.45636 604.31 0
T4*T4 1 0.03372 0.03372 13.99 0.001
Error 28  0.06748 0.00241
AHE 4 9l7] Wolch. A a AVH= Table 63 2tk
Y12 7k RunollA] 284S AAJRE vhEglolch. Minitab o]
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Fig. 11 Response optimization plot

Fig. 12 Safety factors at optimal case

Table 8 Results of optimization

Y1 Y2

T 12 3 T4 (Safety factor) [kg]

Minitab 44 11 22 2599 2.00 3227.7
ANSYS 44 11 22 26 2.03 3,222.2
workbench
Error [%] 0.03 1.5 0.17
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