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Fig.1 Diagram of parallel plate capacitor

AT E AKX (1)
c=2A
S

K, C B PRE A, Fy o BN K250 do 3
BOF - m™ 5 ASHBBBAR X R, m® 5 8 R A Y
PR, m, 2R AR A B TR AU, 5 (1) B Bk
) 2K 25 41 B B BB, TR (2) BT R

C=f(3) ‘A,s:?‘;’é}z (2)
E K 25 50 W R AR 2 8], LI W B FL 2 (G, ) R

=f(5,A,&) (1)

A fe A oH 2014 % %224 H 3 (417-421)



418

IR, # b, KB, RICE

£,8,A

c, =25 3

o= (3)
e, —e +Ae, | CHC+AC=C,, |l

tAs) e A As.e A
CS,=C0+AC=%=CO4% (4)
As,e, A

R i, AC=—""" (5)

A, AC M FEAS AL, F, e, g K 25 1A H 8K,
Fem ™5 Ae, AR & K8 K250 A d w5,
Fem ™5 e, HESKMABEER, F-m " Hii A,
0,8 YR H B WA AR L AC LS AS ] A5 K it k2
(A LB As, 506 AT b F 5 o S R A G
(1) 52 70 AR AR kv K of 0 5t i S 9 8 A, A I FL R
W 2 F7R o m T AN IR e 78 AR T 0 4 K 24
i, O B O R O BT T A g
W B AE 0 A I A D 2 R R A S E i
R RGOS I, DL H TR TR 3R 4R | 3 e 0 A o )
P H Ak B2t CT L C2 A H AL R,
5T R PP S TE A H A RS P AR T 1 T AR
KORG8 R L LR A A S R B ek R
BEREIE %, 2 J5 AR — G R P KRR, 53—
JE s oA S [ 5 K £ A ) 2K 24 B0 G K

A4

Uy

2 ST R R B

Fig.2 Circuit of alternating current bridge
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Table 1 Measured data of moisture-bearing gunpowder
No. M, V/g M,"/g U /mvV HY /% F /%
1 855.08 902.27 2.236 0 0
2 854.94 900.74 14.1245 49.73 0.348
3 852.61 901.53 25.9422 55.03 0.366
4 855.70 901.33 28.1780 61.26 0.494
5 853.54 899.57 49.4065 65.71 0.643
6 854.37 901.33 63.7809 67.37 0.937
7 848.52 899.52 80.4301 70.62 1.269
8 850.92 901.22 137.4118 68.12 1.358
9 854.87 902.05 152.5418 72.28 1.925
10 859.66 902.29 204.3155 76.42 2.138
11 850.94 900.77 206.6519 80.32 2.818
12 855.35 903.91 238.7174 82.53 3.154

Note: 1) mass of gunpowder before vibration; 2) mass of gunpowder after vi-
bration; 3) measured voltage; 4) humidity of gunpowder; 5) moisture

content of gunpowder.
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Fig.3 Relationship between mass of gunpowder and moisture

content before vibration
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content after vibration

3.4 NHZKEENEREHXER

18 3 S ) e A S ST T K2 KR S LR R G
LA S B W O B P R R X T 1)
FIUY J5 1) e i 1 Pl P ) P9 (B, MBS AT LU
W 5 R 5 70 1A 38 T, AR S e S W (ELAS W7 AR
K, BEKEART 1.5% Whkir T2t b, IR
B AR X, K E RN ARy, R regress pR%L

VAT — TR BT S5 SRR SR A, =
0.0908.,8, =0.0119; B, 1 B {3 X il Jy [ —0. 1369,

0.3184],,BA1E@ﬁ{%@]‘ﬁﬂig[o.0102,0.0137]; P S
ZHK 0.9575 i F 1, A8 &6 F=225.2030,
58 % P=0.0000<0. 05, % 2% )7 2 1l
iﬂEaAZ =0.0490, # [7 JH 7 y=0.0908+0.0119 x jif,
S, B x BBUETEE Y . 0 ~250 mV, HAZE R y 1
BUETERE R : 0% ~3.5% ., Rk, 474 B0 45 8 &5 7k
B EEEREEEL LR,

CHINESE JOURNAL OF ENERGETIC MATERIALS

35

moisture content / %

0 50 100 150 200 250
voltage / mV

BS5 KAMERESEKRERRER
Fig.5 Relationship between voltage and moisture content of

gunpowder

3.5 RHBEKESUREENXER

1 T HL AR PR 2K A TE LA I 28 498 55 B 1o, FH 1 A= 7
IR IE R T 80% , Rt , Py eh 4 T A X6 552 B 1) ) 4
SRR — B, SEER O T ARG Bl T S bR AR
FEIREE IR A5 R IR 28 65 K 43 T 5540 S0 4k
149 77 2O S R 2% T80 AT N, 15 7K 43 M 3 TE R
FEU, MR A 6 FiR. AN 6 TPl LUF L BEE )
R T E 38, ok K W R R, DR R
TR EE S B8 i x, K25 & KBNS & y, R H] regress
PR T — TP [ H 40 BT, 25 R R W] . SO AG THE

B, =—0.8415 .8, =0.0341 ; B, 9B 3 X ] [ =2. 3274,

0.6444] , B, E £ 1< 19 [0.0115,0.0566 |5 1% %
Bk 0.5314 NFH 501, Hg i &1 F=11.3388,5
et B A % P=0.0072<0. 05, 1% 2% 5 24l

A
o’ =0.5398 i [ B HY y=—0.8415+0. 0341 x J§/,
B A x B BE S R 0% ~90% , A8 & y 1y Bl
ﬁi@j‘]: 00/0 ~3~50/Oo :%lﬂjﬁﬂzttéé/\o

85

3.0
25
2.0

15

moisture content / %

1.0

0.5

0 L f
0 10 20 3 40 5 60 70 8 90

humidity / %
B6 K EKESYWEHRERNRR
Fig.6 Relationship between humidity and moisture content of

gunpowder
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Table 2 Measured data of regression model

No. F/% Eax /% Ein/% _E/%

1 0 0 0 0

2 0.348 0.12 0.072 0.097
3 0.494 0.12 0.064 0.093
4 0.643 0.108 0.038 0.091
5 0.937 0.106 0.027 0.089
6 1.269 0.092 0.031 0.086
7 1.358 0.093 0.028 0.084
8 1.925 0.083 0.024 0.065
9 2.138 0.081 0.025 0.063
10 2.818 0.076 0.020 0.039
11 3.154 0.068 0.017 0.013

Note: F is moisture content of gunpowder; E, is maximum measurement

max

error; E_ .. is minimum measurement error; E is average measurement

error.
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Partial Least-Squares Regressive Analysis and Mode on Detection of Gunpowder Moisture

YANG Shun-min', HAN Min-yuan’, ZHENG Jian-li’, SONG Wen-ai'
(1. School of Information and Communication Engineering, North University of China, Taiyuan 030051, China; 2. Shanxi North Xi'an Chemical Industry
Co. LTD., Taiyuan 030008, China)

Abstract. According to the requirement of moisture content (1% —3% ) and detection precision(0.1% ) for the flat gunpowder,
the capacitive sensor of varied dielectric was adopted, and the system of capacitive sensor for the moisture detection of gunpowder
was developed. On the basis of the analysis for temperature, moisture, mass and voltage amplitude, the multi-linear regression
model of partial least-squares was established. Results show that the maximal measurement error of moisture content (0.3% -1% )
is 0.12% , and the maximal error of moisture content(1% —3% ) is less than 0.087% , which meeting the accuracy requirement
for the moisture detection (0.1% ) of gunpowder.

Key words: signal and information processing; capacitive sensor; self-balanced measuring circuit of alternating current ( AC)
bridge; partial least-squares; multi-linear regression model
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