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Abstract

A recent research and development has the requirement for the optimization to shorten design time
of modified or new product model and to obtain more precise engineering solution. General
optimization problem must consider many conflicted objective functions simultaneously. Multi-objective
optimization treats the multiple objective functions and constraints with design change. But, real
engineering problem doesn't describe accurate constraint and objective function owing to the limit of
representation. Therefore this study applies variance analysis on the basis of structure analysis and DOE
to the vertical roller mill for portland cement and proposed statistical design model to evaluate the
effect of structural modification with design change by performing practical multi-objective optimization

considering mass, stress and deflection.
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Fig. 1 Procedure of multi-objective optimization
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[2] Objective function : F, (x) —> minimum
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Fig. 2 Measurement of normal operating conditions

for vertical roller mill

Fig. 3 FEM model and design factors of
vertical roller mill

golve] 38 AFS¥9 7MEF 2Rz s}
o B0 Axrt FAH 2 & A=E A
AAES 7AE YERI 3, Fig. 45 ol &
T EAXNEZ Add An2AM "HolE ol
<83 2}F zdn AAFES AAE 5+ AN
th AAES e F£F2L Table 13} Zol BRI
I Lig2'x 319 A aud Eoll Hulste] AY
ABYE g3t

ke

B

,,d
o lo Ob rob >

Table 2= A g HEd = Hd3s
2 HIIEAH |

AAWse] UFEE ENEANS ojfd 3
Ak EF Aol WE AAWNSss 23

A=

=]

e

ol

iyl
g

8.

\:5’-’;

]

-4

ot

s

ol

s}

H1

)

o

r

e \ﬂ
s Y



2154

A. Table-liner inside radius

B. Grinding bow! inner

C. Grinding bow! center

°}&

FuNE -

G. Grinding bowl outer
H. Table-liner shape

D. Table-finer outside radius of left
F. Table-liner outside radius of right

Table 1 Levels of factor

Factor Level 1 Level 2 Level 3
H initial baseline
A baseline 15 mm 25 mm
B -10 mm -20 mm baseline
C -40 mm -20 mm baseline
D baseline 20 mm 40 mm
F -40 mm <20 mm baseline
G baseline 20 mm 40 mm

Table 2 Result of structure analysis

Analysis Mass Table liner | Deflection
number (ke/mi) stress{MPa) (mm)
i 1.1463 214.083 5817
2 1.1961 193.521 5211
3 1.2771 180.24 4684
4 1.2160 191.223 5.33
5 12116 187.398 5.069
[ 1.2363 205.432 4928
7 1.2122 207.64 5.165
8 1.2621 189.614 4.653
9 1.2191 188.833 5.295
10 1.2325 180974 4.756
i1 1.1579 202.583 5.588
i2 1.1832 197.703 5.267
13 1.2419 179.587 4.867
14 1.1835 209.993 5.05
15 1.1926 195.624 5.395
16 1,2207 198.468 4.821
{7 1.1997 183.535 5.219
18 1.2268 201.105 5.031

Tatal weight
of grinding bowl

olZqg - BAF - T4
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—0.1406 X 5—0.09717 X,
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Fig. 4 Stress distribution of the primitive model
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Table 3 Variance analysis of multiple regression
polynomial for deflection

Unstandardized | Std.coeff. . .
Factor T-ratio | Sig.
B Std.Error | Beta
Const. | 6.467 0.044 147513 ©
H -1.8E-2 0.013 -0.029 | -1.358 [ 0.204
A -9.5E-2 | 0.008 -0256 |-11989| 0
B -13E-2 | 0.008 -0.035 | -1.642 {0.132
C -0.313 0.008 -0.845 1-39493| 0
D -0.141 0.008 -0.380 |-17.778 | 0
F -2.4E-3 0.008 -0.007 | -0.305 {0.766
G -9.7E-2 0.008 -0.263 [ -12273( 0
Model | Sum of Ipqpl Mean | p o | sig,
squares square
Regression 1.636 7 0234 310674 O

Residual | 7.552E-2| 10 | 7.522E-4
Total 1.643 17

Table 4 Variance analysis of Chebyshev polynomial
for deflection

Sum of
Squares

H [Linear 0.00139
A Linear 0.10811
Quadratic | 0.00146

Linear 0.00203
B Quadratic | 0.00139

Linear 1.17313
¢ Quadratic | 0.00277
D Linear 0.23773

g

Factor Variance | F-ratio | P-value

0.001380| 4.3 0.174
0.10811 | 33534 | 0,003
0.00146 452 | 0.167
0.002030)| 629 | 0.129
0.00139 432 | 0.173
1.17313 [ 36389 07

0.00277 860 | 0.099
0.23773 | 737.39 | 0.001"

Quadratic | 0.00037 0.00037 1.14 | 0398
. Linear 0.00007 0.000070| 022 | 0.687
Quadratic | 0.00045 0.00045 139 | 0.360
G Linear 0.1133 0.1133 351.43 | 0.0037
Quadratic | 0.00043 0.00043 132 | 0369
Linear 0 0 Ol 0.01 | 0932
¢ Quadratic | 0.0000] 0.00001 0.02 | 0.89

Nfj= == |mlmw ]|~ =~ === =] ==

Error 0.00064 0.00032

Tota) 1.64327

—
~

O : Pooling, * : 1% Level of significance”®

Table 5 MAPE of polynomial regression expression

Objective Mass Stress | Deflection

Degree
st polynomial 0.044 % | 7501 % | 6.603 %
2nd polynomial | 9.629 9% | 6.536 % | 6.057 %
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(1] First step

Table 6 Optimal solution

Objective Mass Stress Deflection
Step (kg/un) (MPa) (mm)
Initial 1.2038 227.343 6.254

First step 1.212 179.58 5.2299
Second step 1.2101 182.73 5.2281
Third step 1.2012 184,73 5.2904

Table 7 Optimal design parameter

DV

Result

Optimum
level

Xy X2 | X3 X4 Xs | Xe | X1

I |1.0038] 1 | 13633 | 3 1 11745

OPS‘E;“'“ initial | 0.06 | -10 | -32.7 | 40 | -39 | 149

Object function : Y g4 —> minimum
Constraints : Y yopeson < 545, Y pu < 1.2038

1< X,<2, 1£X;<3 (1=2,+,7)

A 12ANA 2017 HAHF y'E Table 60
ENSYD. G0z dojn FAse] A 4
(4= Y'— Y<|/2)& daiA thaA HZ A
& e
(2] Second step

Object function : Y yupeeson, — minimum

Constraints : Y, < 1.2038

Y e < 179.58+3.11
1€ X,<2, 1< X;<3 (i=2,,7)

{3] Third step

Object function : Y, —> minimum

Vs < 179.5843.11
Y gesiection < 5.2281+0.11095
1< X,<2 1< X;<3 (i=2,-,7)

99 3 GAA dojF HAol tFEH HH 3
7t Hl3 2 & Table 67 70 EAISHTH =7
Fig 8& 2} @79 ostdd HA3r APH= &
e Jeuied, d7N F5E AFFELE
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12 —&— Total mass
—0O— Ven-Mises stress
~—x— Deflection

o
©

Normalized objective function
{(Y =Y )Yy +1
°
®

07 — L L. L

Number of optimization step

Fig. 8 Multi-objective optimization process using
SQp

Table 8 Reanalysis solution

Objective |  Weight Stress Deflection
Kind (kgf) (MPa) (mm)
Initial 129,764 227.343 6.254
Optimum 128,486 184.73 5.291
Reanalysis 128,978 185.537 5.214

ol AAWs AUl %8 %A (parameter
importance factor)S A2 EtA] FUE Wk of
2} 284 Al(adaptive design)®®= F3EHA o}
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