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A Study on the Shape Optimization and Structural Analysis of Turret
Center for Powder Metallurgy Material Machining before Sintering
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Due to the ever-advancing technology in various production industries, the materials of machined products have been
diversified from simple steel materials to composite materials, powder metallurgy materials and silicon. Powder metallurgy
materials have excellent mechanical/chemical properties, but have disadvantages such as; difficulty in processing using
conventional processing methods, increased processing cost and generation of a large amount of dust. In addition, the
need for the development of specialized machine tools increases due to the disadvantages such as the frequent
occurrence of burrs in tapping and drilling. In order to solve the problem of machining of high hardness sintered products, a
method of maximizing productivity and efficiency by processing the powder metallurgy material before it is completely
sintered is being studied. In this study, structural analysis of a turret center for the verification of structural stability of a
turret center for processing powder metallurgy materials was carried out. In addition, the shape was optimized to improve
the structural stability and weight and presented an optimal model. The study aimed at developing more reliable turret
center through the optimized model.
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Fig. 1 The 3D model of the turret center

Fig. 2 Finite element model of the turret center
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Fig. 3 Boundary conditions of the turret center
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Table 1 Mechanical properties of material

Table 2 Modal frequency of the turret center

Material GC200 SM45C Mode number Frequency [Hz]
Density (kg/m®) 7,500 7,850 1 86.91
Young’s Modulus (GPa) 180 206 2 89.38
Poisson’s Ratio 0.29 0.29 3 144.9
Tensile Yield Strength (MPa) 130 530 4 189.8
5 197.8
C: Turret center 6 2349
Total Deformation
Type: Total Deformation
Unit: pm
Time: 1

25.9 Max
24
222
203
185
166
148
129
111
9.24
7.39
5.54
37
1.85
0 Min

Fig. 4 Deformation of the turret center

C: Turret center
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

6.23 Max
5.96
55
5.0
459
413
3.67
3.21
275
2.29
183
1.38
0917
0459
1.13e-6 Min
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Fig. 5 Stress distribution of the turret center
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D: Turret center

Total Deformation 2
Type: Total Deformation
Frequency: 8693 Hz
Unit pym

D: Turret center
Total Deformation
Type: Total Deformation
Frequency: 83196 Hz
Unit: ym

0.1 Max

D: Turret center

1st mode
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D: Turret center

Total Deformation 5
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Unit: ym

Frequency” 1863 Hz
unit: pm

0.14 Max 0.12 Max
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0031 0026
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001 00087
0 Min 0 Min

Fig. 6 Mode shape of the turret center
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D: Turret center
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Type: Total Deformation

Frequency: 22897 Hz
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0.16 Max
015
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Table 3 Analysis results according to thickness of column

Thickness Mass Deformation Stress
[mm] [ke] [um] [MPa]

30 1,676.7 259 6.22

26 1,673.1 25.7 6.15

22 1,669.6 25.5 6.07

18 1,666.0 253 6.00

14 1,662.4 25.1 5.93

10 1,658.9 249 5.86

6 1,655.3 24.6 5.79

2 1,651.8 49.6 5.72
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C: Column thickness
Total Deformation
Type: Total Deformation
Unit: pm
Time: 1

49.7 Max
461

(a) Deformation

C: Column thickness
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

5.72 Max
5.31
a9

449
4.09
3.68
o 327
o 286
245
2.04
1.63
4 1.23
05817
0409
3.11e-6 Min

(b) Stress distribution

Fig. 8 Analysis results after the decrease thickness of the column
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Table 4 Analysis results according to parameter of column

V1 H1 V2 H2 Mass Def. Stress
[mm] [mm] [mm] [mm] [ke] [um]  [MPa]

122 55 260 140  1,6755 259 6.22

162 69 292 145 1,671.6  26.7 6.29

202 83 324 150  1,667.2 28.1 6.47

242 97 356 155 1,662.2  30.7 6.79

282 111 388 160  1,656.7 373 8.19

C: Parameter of the column
Total Deformation
Type: Total Deformation
Unit: pm
Time: 1

37.3 Max
346

32

29.3

266

(a) Deformation

C: Parameter of the column
Equivalent Stress

Type: Equivalent (won-Mises) Stress
Unit: MPa
Time: 1

819 Max
76

7.02

543

5.85

5.26
4.68

4.09

351

292

2.34

1.75

117
0.585
5.62e-6 Min

(b) Stress distribution

Fig. 9 Analysis results after the decrease parameter of the column
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D: Optimization model
Total Deformation 2
Type: Total Deformation
Frequency: 74.187 Hz
Unit: mm

D: Optimization model
Total Deformation

Type: Total Deformation
Frequency: 69.184 Hz

Unit: mm
4.54 Max 3.78 Max
55 351
oo 324
= 207
325 22
5% 243
o8 216
S 189
el 162
T 135
5 108
0974 an
0649 aae
0325 o2
0 Min oMin

D: Optimization model
Total Deformation 4
Type: Total Deformation
Frequency: 147.75 Hz

D: Optimization model
Total Deformation 5

Type: Total Deformation
Frequency: 167.07 Hz

Unit: mm Unit: mm
65.2 Max 7.15 Max
60.5 6.64
559 613
512 5.62
466 511
419 46
373 408
326 357
279 3.06
233 255
186 204
14 153
931 1.02
466 0511
0 Min 0 Min

Fig. 13 Mode shape of turret center optimization model

C: Optimization model
Total Deformation
Type: Total Deformation
Unit: pm

Time: 1

33.9 Max
315
29
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14.5
121
9.68
7.26
4.84
242
0 Min

(a) Deformation

C: Optimization model

Equivalent Stress

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

(b) Stress distribution

Fig. 12 Analysis results of turret center optimization model
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Table 5 Modal frequency of the turret center

Mode number Frequency [Hz]

1 69.18
2 74.19
3 108.96
4 147.75
5 167.09
6 194.32

Mode Shape& LFER|, Table 5= =0 ke el Ale] 2%
5} wulo] FAFISE Lehit.
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