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Roughness Prediction and Experimental Study on Grinding Repair of
Safety Valve Closure Members
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ABSTRACT: The work aims to optimize process parameters of safety valve closure member and improve grinding quality of
safety valve sealing surface. With Al,O; sandpaper as abrasive, law of influence of abrasive grain fineness, grinding time,
grinding speed and grinding pressure on surface roughness of valve seat and valve flap was studied by performing orthogonal
test. The surface roughness of valve seat and valve flap was measured with roughness tester, and better grinding process para-
meters were obtained preliminarily. Nonlinear mapping approximation was solved with BP neural network in MATLAB. A sur-
face roughness prediction model was established, and 16 sets of real sample data from grinding process experiment of safety
valve were analyzed, and roughness under different process parameters was predicted. The optimal process parameters: abrasive
grain fineness of 1500 mesh, grinding pressure of 100 N, grinding speed of 100 r/min, grinding time of 10 min, were obtained
preliminarily by performing orthogonal test. In order to further design more comprehensive orthogonal test and validate predic-

tion results of the roughness model, the best grinding scheme obtained was: sandpaper fineness of 1500 mesh, grinding pressure
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of 120 N, grinding speed of 80 r/min, and grinding time of 12 min. The roughness prediction model can be used to predict sur-

face roughness favorably and obtain the optimal process parameters which may reduce surface roughness to 0.074 um and effec-

tive improve grinding quality.

KEY WORDS: safety valve closure members; grinding; BP neural network; surface roughness; prediction
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Fig.1 Experimental schematic diagram

2 BP H&EM%ELEH

2.1 BP HZWEEHBIEL

P 2 SR AR | B JE A R A B2 2
BP MR, B2y 220, K i
ANZEH ANMAIT, AEREER ) W |
BRI I) | BRI 5 anih =& 1 Mg, RIER
HHLEEE Ras B&ZA n DAL, RIEIT 2K
AR RS B & oo,

n=~ntm+ta (D
n, =g,n,2n,2n+l (2)

yE ]
HREE Ra

Kl 2 BP L2 SEARZE 1Y

Fig.2 Basic structure of BP neural network
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Tab.1 Sandpaper grinding test results

i FSES RS
73 BN B rmin ) BFASHH ] i A HURSEE um
1 30 40 5 500 0.182
2 30 60 8 800 0.139
3 30 80 12 1200 0.106
4 30 100 15 1500 0.078
5 60 40 15 1500 0.138
6 60 60 5 1200 0.106
7 60 80 8 800 0.154
8 60 100 12 500 0.191
9 90 40 12 800 0.132
10 90 60 15 500 0.264
11 90 80 5 1500 0.098
12 90 100 8 1200 0.122
13 120 40 15 1200 0.094
14 120 60 12 1500 0.083
15 120 80 8 800 0.104
16 120 100 5 500 0.144

F2 MWikEEAR
Tab.2 Test samples
FSES ARiEiE
5
WHE /N IS % 9 (r-min ") W8] /min AR/ H HLBEE/um
1 30 110 16 1500 0.079
2 120 90 8 600 0.098
3 60 50 16 1500 0.137
4 60 110 13 320 0.191
5 30 50 4 320 0.183
6 120 110 6 320 0.145
7 90 90 4 1500 0.106
8 120 50 16 1500 0.086
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Fig.3 Effects of different process parameters on surface roughness
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Fig.4 Comparison of true value and predicted value of
neural network
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Tab.3 Relative error results

NS F ARSI Ra -
DA B O AHXFIRZE/ Y%
1 0.078 0.079 1.27
2 0.1036 0.098 10.2
3 0.138 0.137 2.19
4 0.190 0.191 3.66
5 0.181 0.183 1.09
6 0.139 0.145 7.59
7 0.1008 0.106 14.15
8 0.084 0.086 14.77
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Tab.4 Sandpaper grinding prediction results

F3ES URIIIERES F3ES T 5
G WEEE ppEssbm BRER WA HlpEEE | WY W pRessbm WEESRT RBP4 MR
JEJI/N - (r-min”") [l/min  4HEE/H Ra/pm JEJIN - (emin')  [/min  40E/H  Ra/um
1 30 30 2 320 0.180 33 70 30 10 400 0.317
2 30 40 4 400 0.137 34 70 40 12 320 0.322
3 30 50 6 500 0.125 35 70 50 14 600 0.185
4 30 60 8 600 0.122 36 70 60 16 500 0.232
5 30 70 10 800 0.131 37 70 70 2 1000 0.114
6 30 80 12 1000 0.170 38 70 80 4 800 0.184
7 30 90 14 1200 0.119 39 70 90 6 1500 0.143
8 30 100 16 1500 0.079 40 70 100 8 1200 0.097
9 40 30 4 500 0.157 41 80 30 12 600 0.198
10 40 40 2 600 0.206 42 80 40 10 500 0.141
11 40 50 8 320 0.235 43 80 50 16 400 0.272
12 40 60 6 400 0.127 44 80 60 14 320 0.258
13 40 70 12 1200 0.092 45 80 70 4 1500 0.091
14 40 80 10 1500 0.085 46 80 80 2 1200 0.108
15 40 90 16 800 0.136 47 80 90 8 1000 0.137
16 40 100 14 600 0.155 48 80 100 6 800 0.130
17 50 30 6 1000 0.105 49 90 30 14 800 0.224
18 50 40 800 0.304 50 90 40 16 1000 0.319
19 50 50 1500 0.093 51 90 50 10 1200 0.084
20 50 60 1200 0.185 52 90 60 12 1500 0.179
21 50 70 14 400 0.234 53 90 70 6 320 0.359
22 50 80 16 320 0.242 54 90 80 8 400 0.254
23 50 90 10 600 0.128 55 90 90 2 500 0.136
24 50 100 12 500 0.132 56 90 100 4 600 0.182
25 60 30 8 1500 0.077 57 100 30 16 1200 0.081
26 60 40 6 1200 0.092 58 100 40 14 1500 0.063
27 60 50 4 1000 0.107 59 100 50 12 800 0.151
28 60 60 2 800 0.121 60 100 60 10 1000 0.094
29 60 70 16 600 0.203 61 100 70 8 500 0.182
30 60 80 14 500 0.185 62 100 80 6 600 0.124
31 60 90 12 400 0.164 63 100 90 4 320 0.150
32 60 100 10 320 0.137 64 100 100 2 400 0.141

x5 fAREMNERBESHT

Tab.5 Range analysis of roughness prediction results

pm

K WHEBED]  WHEBFE  UTEEETE RPAR4NEE
K1 0.144 0.167 0.137 0.235
K2 0.149 0.198 0.149 0.166
K3 0.177 0.157 0.156 0.161
K4 0.136 0.165 0.176 0.188
K5 0.199 0.176 0.136 0.173
K6 0.167 0.169 0.176 0.131
K7 0.217 0.139 0.178 0.107
K8 0.123 0.131 0.187 0.101

WZER 0.073 0.067 0.051 0.134

WPARANE 1500 H BFES 77 100 N BFESFE 3 100 r/min
WIS ] 10 min. 15 S5 RHIF I ST A ALRE FE Ky
0.074 pm, FADHLRS EEAHXTRREAK T 0.004 pm,

T8 2 T AT DA B M 08 5% S BIF S T A
TS K 5 EBFERT TR RIS, W LIE 3
FMAAAEH BRR, YR CH, WERA—, Mk
JER 0.252 pm. Kl 6a J&W] P IEAC LA B A9 e fE T
PEREIE A, Fm e/ R, REHAEE N 0.078
wm, AR B AR B 6b SR TR T2 5050
MR REIE, REHSTTHB R, Rk
4 0.074 pum, %I PE— s



B4 B

RS - 224 IR S AT 0 SRR J2 T30 45 S B T - 247 -

K5 B AT T A3 3
Fig.5 Surface morphology of workpiece before grinding
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Fig.6 Surface morphology of workpiece before (a) and after
(b) experimental verification prediction
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2) ¥ MATLAB 1 BP 1 2 % 2% i FH T 2% 11 AL RS
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