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Non-destructive testing method for humidity of
flexible interdigital capacitive electrode
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Abstract: High humidity in the welding rod can lead to obvious quality problems such as bubbles and porosity in the weld. In order to
meet the non-destructive detection of welding rod humidity in the field, a flexible interdigital capacitive rod humidity detection method is
proposed. Firstly, a finite element model was established based on the new flexible interdigital capacitive sensor to study the influence of
the structural parameters of the interdigital electrode on the sensor performance. Then, the parameters of the structure of the interdigital
capacitive welding rod humidity sensor were optimized using BP neural network and genetic algorithm, and the optimal design of the
humidity sensor was obtained. Finally, the U-shaped elastic mechanism was designed to completely wrap the welding rod and complete
the humidity testing and calibration experiments for J507 and J607 welding rods. The simulation and experimental results show that the
sensor detection depth is about 1.4 mm (less than the thickness of the electrode flux) when the structural parameters of the interdigital
electrode are optimal, and the goodness of fit of the electrode humidity value to the capacitance value reaches 0.98. This method has
good detection capability for welding rods with humidity values in the range of 0. 117% to 2. 5%, which provides a new idea for realizing
on-site, nondestructive detection technology of welding rod humidity and helps to avoid welding defects during the welding process.

Keywords : interdigital capacitive; welding rod humidity; dielectric constant; finite element simulation; genetic algorithm

ki H . 2022-09-27  Received Date: 2022-09-27
* BATH . ERK ARFLAE A (62173170) 5 H % B



- 158 - LSRR R e o

937

0 35l

il

FEACHL DIV B 2% T 2 TR AR I H T2 N AME
Bz, R ORIEEEEE R 1 mT SR M AN 2 AP W 55 T A
Bt R A E BN F M, R AN i B
Wi AR IR CR , R L B AR AR R A I, AR AR AR
ARG SCEEM B W 5 320, AN S S EUR e R
AR et S ] A 0 A R RS T LR DL
PRUEARBZ T &, JR4E TP A K4 DL H OHY H I A7
FEU IRARE A B KA R R R A E BRI
— BRI SEER NG SAR B A 25 3 RS 3
20 KR 25 2 B AR A A ARG A | BOFE 3~ 24,
IKIGHEXT A LR Ry 78. 55 KR A TR K A 38 in, IR 2R 2 B 1Y
LR LR B S AR

H AT, 38 TR AR A I Oy ik BB A Ak T
JE s SR IIAG I AR A5 TR B 2 SR 3R T AR 2 2 B2 AR Mk
FE, LA 980 °C £ 15 C By Jm# o v, 38 &S JT PR R
30 min , 7K SRR TOK i R B 1 W AU WAL, R I AL
P D Sy O N E 5 K T D b 2 T AR A
AEAERT I JE I G R R 30 2R SR i (Rl B, R I Bunnel
DI T R AR AR, T R JE L, [ 4
2% Marcin L. PetersonCharles F. Col 28k B4R 5518 )5
RIS, 238 B ASGE FH T 2 AR PR BEAG I, HL Bk U AN e
R LRIV, AR R EAR IR 2%, T R
) A e ARG, P O, R P 2 3 R A R T R ik
ST R AN AT R & Bk, R T X
o S A BRI TR AT B RIS A il A, BT
b, 2 ik B AR S VB T IR A Sk A I R 4,
rh R AR AL A1 2R T R — 2 O R 3 G F A A A
4 AERIZ T VR T 4 AR 5 AR SRR B — A Ll
FEIBCHLZE BT DRUARL O Xl G 00 235 SR (40 5 W) 5[]
5t s P FRL AR PRSI S5 4 , A ] & 8 00 e AN [ 2845 A
FB, SR A AR AR IR] 25 AR B AS [R] 1 TR 2 <]
B, S ORI 45 SRS VR

AR SCHE T T oL 2R A% SR R P T — R R
Fi 28 AR AR TR B TEHAG I vk o BRI 2 I B I e
FALIRAR FEAG B L Gl A = A s AR ), A
JEETE 2R Mk M 5, HHp SUHE R B 25 T R R SRR A R
b A BT B R A AR AR
COMSOL 7 FRIC A5 B A A4 Ak A8 H 25 3 AL TR AR 11 245
¥, BRI GE Lk BE A 55, 1 5 T AR S8 1) R AR e 1
SHLBRJE R BP i 8 0 46 14 3 e M 0L A 8 T R st 1L 5
P HARMEIEE AR A SUHE A 28 SR A T B A% kA
FIZER SR, B e SE UL 5

1 RBREREWRNTZE

1.1 RiERAERRENERE

AT AR P A PR AT A R AR A
J, IR AR T 48 PR AR N F T, PR AR
ZIB BRI AE R P 2 MY R SO sl e AR B A7 A
RS A AR T IR 2 B 1 SR H LA v 7 A A D
PRAREE

AR A R — T T A U IR
Lk Ty A TE IR HEAS BTl PR AR R 1R 6
JEA AR, 1B 1 i A AR e

- _ \\
=
//,/ 2k N
it e \\\\\\\
/ /s P - T < NN\
e, M
IEM% it/

B P A

Fig. 1 Planar capacitor transducer
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Fig.2 Interfingered capacitance sensor
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Fig.3  Schematic of interdigital capacitance sensor
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Fig. 4 Electric field distribution diagram of cross finger electrode
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Fig.5 Diagram of humidity detection method for

interdigital capacitive electrode
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Table 1 Signal detection depth under
different metallization rates

SRR 0.2 0.5 0.8
For MR/ mm 1.4 1.4 1.3

iy B A 6 AT FE ] — A U ECT 1%
AR AE R BUE R & 8 AR A R o, i

55 37 &
407
= 01 o
L 02 A
35 s 03 *,x
04 ,
30+ 05 ™ P
N 0.0 o o«
» 07 * e »
w251 08 x P S
S * 09 K o P A
o 20 : e o ’,,r"’ 4,,4*“’ P
& A r'/',b“y <1 '0"/"‘/"
-EJ *,* pe ”y".f“‘ + "’1*
15 A S0 ST P it 0 i
* ,,t’:r":q"'»&"v/"zl" - L
10k ) *,‘:P’,’A(:"'«"Iz‘i:",rni'/
Satiiziiieis
sk vk ii%%}{'*
il
0 2 4 6 8 1012 14 16 18 20 22 24
AR HL R B
(a) RMES HAAKXER
(a) Relationship between
metallization rate and capacitance value
1.8
16
14 ¢ /
a
1.2 o
B
™® 1.0 o
ey
0.8 - -
./
0.6 + o
04 . . . . )
0.2 04 0.6 08 1.0
SRHE
b)) ERLESRBEXR

(b) Relationship between metallization
rate and sensitivity

6 EEARXME R R

Fig. 6 Influence of metallization rate on sensor performance
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Table 2 Signal detection depth without

interdigital logarithm
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Fig. 7 Influence of interdigital logarithm on sensor performance
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Table 5 Optimization of electrode parameters

of interdigital capacitive sensor

I I 111 v \
n 0.476 0 0.4396 0.4492  0.6323 0.598 8
d 0.476 0 0.4396 0.4492 0.6323 0.598 8
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