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Abstract: To improve its insufficient electrical property and make it more suitable for the electric heating tube manufactur-
ing industry after modification, the plain electrical grade magnesium oxide powder was modified by adding silica, additive
used in electrical grade magnesium oxide powder and silicone oil. Therefore, 25 groups of ratios were designed to carry out
combined experiments. On the basis of the orthogonal experiment method. Analyze the optimal ratio under a single indicator
(normal withstand voltage, leakage current and heating withstand voltage) with the range method. Also the matrix analysis
method was used to analysis and optimize to obtain the optimal ratio, and the index value prediction method was used to pre-
dict the electrical property of the final ratio of modified electrical grade magnesium oxide powder. Finally, the results showed
that the content of silica is the main influencing factor when the normal and heating withstand voltage is used as the indica-
tor. However, when using leakage current as an indicator, the content of silicone oil is the main influencing factor, followed
by the content of additive used in electrical grade magnesium oxide powder. In addition, the final parameters of the optimally
selected backfill are as follows: 0.25wt% of silica, 2wt% of additive used in electrical grade magnesium oxide powder,
0. 25wt% of silicone oil. lis estimated values of electrical properties of the final ratio of modified electrical grade magnesium
oxide powder are normal withstand voltage of 3365 V, leakage current of 0. 112 mA, heating withstand voltage of 2399 V.
Key words: electrical grade magnesium oxide powder modification; orthogonal test; range method; matrix analysis
method ; index value prediction method; optimal mix proportion
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Fig. 1 The XRD pattern of the fused magnesium oxide
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Table 1 Chemical compositions of the fused magnesium oxide( w /%)

Composition MgO Ca0 Si0, Fe, 04 Al,O4 TiO, K,0 Na, O
Percentage 97.56 1.58 0.58 0.07 0.03 0.03 0.03 0
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Table 2 The factor level table of orthogonal experiment

A B C D
Level Silica Addiﬁ?/e used in Silicone oil
factor content/ ma. nfj:;(;trzcj)l(iiad(;wder content/ Blank
(wi%) : content/ ( wt%?) (w%)
1 0.05 0.5 0.05 0
2 0.1 1 0.1 0
3 0.15 1.5 0.15 0
4 0.2 2 0.2 0
5 0.25 2.5 0.25 0




828 Fh BB

EEEVE

2.3 mMEENK

Rel e 25 AP . 408, Pk 1050 Cad b
20 min JElfFAHRIA RIS, BEAL 3 32, 3L 75 30, WAL
PR EAT AR G LA RE AR 20 A (A R 9 Wem?)
FIF ZHZ8 A YRS FL s PSRRI v 25 R PR 446 5 i s 5t
JBE, FH PA30 % i s A O 00 4SS 0 itk O L U
DA 3 YRR A BEAE R 2500 R 2R rholi 2 {E
+10% /9, BB JG FEBOFBIE A K502

3 HFREIE

3.1 EXRAWER

VO AR YGRS 0tk B | TR L U RN RS 2 G T T 5
Bl TR ARy RO PERE SR b, REAE RAEH Ak 1
AE, 25 M I o By B, Tt s L A BN B, i
AR B ISR AR AT TV A RN PGS A T o R
MR SE, Wk 3,

*3 EXRWHER
Table 3 The results of orthogonal experiment

Normal Leakage  Heating

Group A B C D withstand current withstand

voltage/V /mA voltage/V
A, 1 1 1 1 2390 0.349 2065
A, 1 2 2 2 2793 0.201 2270
A 1 3 3 3 2847 0.137 2260
A, 1 4 4 4 2617 0.124 1960
As 1 5 5 5 2720 0.108 1980
Ag 2 1 2 3 3070 0. 240 2130
A, 2 2 3 4 3213 0. 140 2205
Ag 2 3 4 5 2423 0.113 2255
A 2 4 5 1 2970 0.098 2105
Ay 2 5 1 2 2840 0.200 1995
Ay 3 1 3 5 2805 0.219 2240
Ay 3 2 4 1 2687 0.161 2075
A 3 3 5 2 3243 0.135 2070
Ay 3 4 1 3 2833 0.211 2160
Ajs 3 5 2 4 2933 0.175 2340
A 4 1 4 2 2795 0.205 2380
Ay 4 2 5 3 3340 0.158 2300
Ag 4 3 1 4 3140 0.222 2260
Ay 4 4 2 5 3117 0.162 2340
Ay 4 5 3 1 3003 0. 140 2313
Ay 5 1 5 4 2830 0. 188 2565
Ay 5 2 1 5 3050 0.251 2400
Ay 5 3 2 1 3483 0. 187 2423
Ay 5 4 3 2 3415 0.138 2520
Ays 5 5 4 3 3680 0. 121 2380
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Table 4 The results of range analysis

Factor Level A B C D
k, 2673 2778 2851 2907
k, 2903 3017 3079 3017
Normal ks 2900 3027 3057 3154

withstand

voltage/V k, 3079 2990 2840 2947
ks 3292 3035 3021 2823

R 619 257 239 331
k, 0. 184 0.240 0.247 0. 187
k, 0.158  0.182  0.193  0.176
Leakage ks 0.180  0.159  0.156  0.173
current/mA k, 0.178  0.147  0.145  0.170
ks 0.177  0.149  0.138  0.171
R 0.026  0.093  0.109  0.017
k, 2107 2276 2176 2196
k, 2138 2250 2301 2247
Heating ks 2177 2254 2308 2246

withstand

voltage/V ky 2319 2217 2210 2266
ks 2458 2202 2204 2243

R 351 74 132 70
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Fig. 2 Relationship between factors and performance indicators: (a) normal withstand voltage, (b) leakage current, (c) heating withstand voltage
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Table 5 The results of variance analysis

Index Factor Square DOF F Critical
sum value
Normal A 1063060 4 3.96
withstand B 234 866 4 0. 88
voltage/V'- 965179 4 0.99
A 0.001 98 4 254 g oo4s,
Leak
carage B 0.0303 4 38.88 Fy5=3.26,
current/ mA p s 41
Cc 0. 0409 4 52.53% 0.01 7~
, A 427 945 4 10.24™
Heating
withstand B 17 919 4 0. 43
voltage/V c 72 667 4 1.74

Notes: F™ represents this factor influences index significantly; F*
represents this factor influences index modestly; F represents

this factor influences index small.
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Table 6 The results of matrix analysis

Matrix analysis results

voltage current voltage average
Al 0.0771 0. 0202 0. 1053 0. 0675
A2 0.0837 0. 0235 0. 1069 0.0714
A3 0. 0836 0. 0206 0. 1088 0.0710
A4 0. 0888 0. 0209 0. 1159 0.0752
AS 0.0949 0.0210 0. 1229 0.0796
B1 0.0333 0. 0537 0. 0240 0. 0370
B2 0.0361 0.0708 0. 0237 0. 0435
B3 0.0362 0. 0810 0.0238 0. 0470
B4 0.0358 0. 0876 0. 0234 0. 0489
B5 0.0363 0. 0865 0.0232 0. 0487
C1 0.0317 0. 0605 0. 0409 0. 0444
2 0.0343 0.0774 0. 0433 0.0517
Cc3 0. 0340 0. 0958 0. 0434 0. 0577
c4 0.0316 0. 1030 0.0415 0. 0587
C5 0.0336 0. 1082 0.0414 0.0611
D1 0. 0448 0.0130 0.0219 0. 0266
D2 0. 0465 0.0138 0. 0224 0. 0276
D3 0. 0486 0.0141 0. 0224 0. 0284
D4 0.0454 0.0143 0. 0226 0.0274
D5 0. 0435 0.0142 0. 0224 0. 0267
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Table 7 Process and results of optimal solution estimation by matrix analysis method

Factor A B c v x Estimated value
Normal withstand voltage/V 3292 2990 3021 9303 2969 3365
Leakage current/mA 0.177 0.147 0.138 0.462 0.175 0.112
Heating withstand voltage/V 2458 2217 2204 6879 2240 2399
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Table 8 Estimated values of each optimal solution

Estimated value

Factor . . Normal withstand Leakage current/ Heating withstand
Optimal solution
voltage/V mA voltage/V
Normal withstand voltage A5B5C2 3469 0.169 2481
Leakage current A2B4CS 2976 0.093 2079
Heating withstand voltage ASB1C3 3189 0.223 2562
Matrix method A5B4CS5 3365 0.112 2399
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