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A Study on Optimal Design for Vertical Roller Mill
using DOE and Neural Network
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Abstract

The vertical roller mill is the important machine grinding and mixing various crude materials in the
manufacturing process of portland cement. Vertical roller mill is subjected to the cyclic bending stress

by rollers load.
grinding path of outside roller.

It demands 4x10” cycle but has 4x10°
The repair expense for it amounts to 30% of total maintenance.

~ 8x10° cycle.

It fractures at the edge of

Therefore, this study shows optimal design for vertical roller mill using DOE and neural network.
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Fig. 1 Sampling direction of tensile and bending
specimen and fracture process of roller mill
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Table 1 Chemical composition of SC450steel(%)

C Cr Si Mn Ni P S
0.22 0.10 0.8 0.7 0.015 | 0.04 0.06

Table 2 Mechanical properties of SC450 steel

Properties Unused Used
Yield strength oys(MPa) 238.2 241.6
Tensile strength o(MPa) 480 474
Poisson's ratio v 0.300 0.306
Elongation &; (%) 24 22.7
Young's modulus E(GPa) 203 206
Density p(kg/mi' 7.85x10°® 7.85x10°®
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Fig. 2 Load and boundary conditions of vertical roller mill
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Table 5 Analysis results using orthogonal arrays
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Fxn Design variables Responses
No-IAIBIC|DIE [enfez] firess | Qisy | Volnme
1 (00]0]00 [0 ]0 ] 400.39 | 0.0105 | 2.224
2 10001 {1 |1 |1 | 466.98 | 0.00752 | 2.944
301 {1{0)0 1|1 | 21454 | 0.00382 | 3.178
4 01 {111 |0 0| 21392 | 0.00298 | 3.790
5 (1|0{1]0|1 |0 |1 | 130.84 | 0.00112 | 5.200
6 (1|0{1(1|0 (1 ]0| 13281 | 0.0015 | 4.596
T (1|1{0]01 |1 ]0 | 15557 | 0.00157 | 5.183
g (1|1{0[1|0 |0 |1 | 15896 | 0.00208 | 4.688

Table 6 Analysis of variance for response

Factor t-?um of DOF| Variance | F-ratio | P-ratio
Squares

A 64378 | 1 64378 | 113.96 | 0.009™
B 18821 1 18821 | 33.32 | 0.029
C 29987 | 1 20087 | 53.08 | 0.018”
D 636 1 636 1.13 0.4
E 459 1 459 0.81 0.462

Error | 1130 2 565

Total | 115410 | 7

(a) Analysis of variance for stress

Factor !-‘aum of DOF| Variance | F-ratio | P-ratio
Squares
A 43.013 43.013 | 74.86 | 00137

1
B 12,98 ] 12.98 2259 | 0.042
C 18.758 ] 18758 | 3265 | 0.029
D 1.073 ] 1.073 1.87 0.305
E 2773 ] 2773 4.83 0.159
Error | 1.149 2 0.575
7

Total | 79.745

(b) Analysis of variance for displacement

Factor ‘L,jum of DOF| Variance | F-ratio | P-ratio
Squares

A 7.0895 ] 7.0805 | 240883 | 0.0
B 0.4395 ] 0.4395 149.32 | 0.007"
C 0.372 1 0.372 126.38 | 0.008™
D 0.0068 ] 0.0068 2.31 0.268
E 0.7387 1 0.7387 251 0.004"

Error | 0.0059 | 2 0.0029

Total | 8.6523 7

: Outer thickness of vertical roller mill
. Inner thickness of vertical roller mill
. Outer radius of vertical roller mill
. Inner radius of vertical roller mill
: Thickness of grinding bowl
Fig. 3 Design variables of vertical roller mill
Table 3 Bounds of design variable
Design Minimum Design Maximum
variable | value (m) | value (m) | value (m)
A 0.210 0.385 0.570
B 0.210 0.380 0.450
C 0.300 0.200 0.650
D 0.300 0.250 0.350
E 0.700 0.175 0.250
Table 4 Levels of factor
Level
Factor 0 I
A 0.210 0.570
B 0.210 0.450
D 0.300 0.650
D 0.300 0.350
E 0.700 0.250

ig 9
FEIHE e o2 o o gdtel AAMT U
# WE NS Fastgon, 4 54X fol@

** : 1% Level of significance®

(c) Analysis of variance for volume
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Fig. 4 Main Effects of response
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Fig. 5 Modified bounds of design variable
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Output layer

Hidden layer

Input layer

Fig. 6 Architecture of neural networks for optimal
design modeling
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Fig. 7 Distribution of design variables generated
by OA and SA

Table 7 Optimal conditions for learning of
neural networks

Number of hidden layer ]

Number of hidden unit 15
Learning rate 0.5
Momentum rate 0.9
Number of data 102
Number of epochs 2,500,000
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Fig. 8 Estimated mean error for learning and
generalization
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Table 8 FEM analysis results of initial and object values

Stress Displacement Volume
(MPa) (m) (m’
Initial 147.1 0.00279 3.988
value
Object 136.4 0.00268 3.7886
value
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Table 9 Results of optimized design variables
by neural networks

v | ) )
Results A B C D I
_ miial 0.385 | 0380 | 0.200 | 0.250 | 0.175
dimension(m)
Optimized 10201 | 0459 | 0,030 | 0,114
dimension(m)

Table 10 Reanalysis results of multi-objective
optimized vertical roller mill

Objective | Stress | Displacement | Volume
Items (MPa) (m) (m’
Object value 136.4 0.00268 3.7886
Reanalysis value 134.5 0.00248 3.7198
Error (%) 0.73 7.46 0.24

Table 11 Comparison between initial and optimized
value for object function

Objective| Stress | Displacement | Volume

Items (MDPa) (m) (m
Initial value 147.1 0.00279 3.988
Optimized value 134.5 0.00248 37198
Reduction (%) | 7.95 (] 11.1 (] 476 (]
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