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Strength Analysis and Structure Optimization of Large Plastic Check Well
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Abstract ; For large plastic check well, the strength analysis and structure optimization design are the key technical
problems, ANSYS software was adopted to establish the plastic check well’s finite element analysis model. Also,
orthogonal test method was used to study the effect of wall thickness of check well, diameter of main pipeline, the height
of main pipeline, diameter of particles, location level of particles on stress-strain. Experimental results showed that the
influence of size parameters on the stress were as follows: diameter of particles had bigger influence than location level of
particles on stress-strain which had bigger effect than wall thickness of check well, and wall thickness had bigger effect
than diameter of main pipeline and which had bigger influence than the height of main pipeline. Furthermore, the
influences of size parameters on the strain were; the height of main pipeline was bigger than diameter of particles,
diameter of particles was bigger than diameter of main pipeline, and diameter of main pipeline was bigger than location
level of particles which was bigger than wall thickness of check well. The size of structure optimization was also
obtained: wall was 8 millimeters, diameter of main pipeline 800 millimeters, the height of main pipeline 800
millimeters, diameter of particles 800 millimeters and location level of particles 100 millimeters.
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Table 1

Figure 1

Size data for chamber body =~ mm
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Table 2 Material characteristics for chamber body
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Figure 2 3D model of chamber body
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Figure 3 Finite element model of chamber body
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Figure 5  Strain contours of chamber body
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Figure 6 Minitab DOE test design flow chart
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Table 3  Factor and level configuration tables mm

KT R EEEHRE FESE TEHR TEMESE

1 5 800 800 500 100

2 6 900 1 000 600 200

3 7 1 000 1 200 700 300

4 8 1 200 1 500 800 400
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Table 4  Orthogonal matrix and simulation results

K I %/ mm 7N
SroRE B FH OTE TEM W 1/

o . . AR
TR HE mE HR O HEaE GPa

1 5 800 800 500 100 4.640 0.154 920

2 5 900 1000 600 200 0.268 0.000 916

3 5 1000 1200 700 300 0.260 0.000 877

4 5 1200 1500 800 400 4.170  0.013 918

5 6 80 1000 700 400 - -

6 6 900 800 800 300 - -

7 6 1000 1500 500 200 4.110 0.013 760

8 6 1200 1200 600 100 4.880 0.016 315

9 7 800 1200 800 200 6.940 0.024 248
10 7 900 1500 700 100 4.930 0.016 729
11 7 1000 800 600 400 - -

12 7 1200 1000 500 200 2.970  0.009 919
13 8 800 1500 600 300 3.120  0.010 539
14 8 900 1200 500 400 2.560  0.085 303
15 8 1000 1000 800 100 5.780 0.019 837
16 8 1200 800 700 200 - -
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Figure 7 Main effect diagram for mean stress
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Figure 8 Main effect diagram for mean strain
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Table 5 Response table of mean stress

[ 1/ GPa
K- BEJR/ FEH  FEE FEE FENE
mm 12/ mm B/ mm &/ mm 15 i/ mm
1 2.3345  4.9000 4.6400 3.5700 5.057 5
2 4.4950 2.5860 3.0060 2.7560 3.7727
3 4.9470 3.3830 3.6600 2.5950 2.116 7
4 3.8200 4.0670 4.0825 5.6300 3.3650
5% 2.6120  2.3140 1.6340 3.0350 2.9410
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Table 6 Response table of mean strain

Jof AE
IKF- BEJE/ FAEH FAE FEH TFEME
mm #£/mm J&/mm #&/mm =/ mm

1 0.042 658 0.063 232 0.154 920 0.065 974 0.051 950
2 0.015036 0.034 316 0.010224 0.009 257 0.012 970
3 0.016 962 0.011 490 0.031 683 0.008 803 0.007 112
4 0.038 560 0.013384 0.013735 0.019 331 0.049 611
¥z 0.027 622 0.051742  0.144 696 0.057 171 0.044 839
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