ik Sk

GRS I G N

ELECTRONIC MEASUREMENT TECHNOLOGY 2025 4 11 H

DOI:10. 19651/j. cnki. emt. 2518295

ETRBANNREEEERS NS S

e HEHK F £ EEL HAL
(R e ARFRAERERFSHRAE 28 730070)

?T%i B R GEEE TR RN B B A O I U R ARV VR L 4B A BROT D FLER Xk 2 B L K S f 3 T 9 SR v ik

F7 705 B AT S UE T G Iy vk B AT AT o AR BT 5T . kA S T ) B ) R U R D 4 L B i R i L
ﬁi%ﬂ’ﬂﬂ AT, Kﬁﬁﬁtufrﬂ#%kT%ﬂT%ﬂ(ﬁézfi%ﬁii'%ﬁ%f“%#}zlmffﬁfﬂﬁ(ﬂ'g%ﬁ% BB B . %

B2 R U] 1 A A AR B B VR 2R I e P AR 25N T 100 FE BRI FR T VR B2 R e P A R 25 N T 600, fE 4
5T AR MR R BE I 5 IR 22 RN TF 6 %0 . ASFSE BT T K B U B 2 A DU S B 42 [R) 25 =g 5 RS B b ) o B B2 RN IR 2
R,

B WL RS R E A R B
FESES: TNIS X EkFRIRAD: A

ERRAEFERSERED: 510.50

Synchronous measurement method of coating thickness based on
electromagnetic induction

Xie Jinpeng Teng Yulin Li Hui Zhao Chaoyou

(Gansu Electric Power Research Institute Technology Center Co. , Ltd. ,Lanzhou 730070, China)

Wang Chenshan

Abstract: This paper, based on the principle of eddy electromagnetic induction, specifically the eddy current method
and the magnetic method, combined with finite element simulation technology, simulates and analyzes the coil
impedance and magnetic induction strength of the substrate surface, and verifies the feasibility of the inspection
method. According to the study, the galvanized layer and coating thickness of the substrate surface have a significant
effect on the coil impedance and magnetic induction strength. Based on this, this paper designs and develops the
measurement circuit, algorithm and detection equipment for the thickness of galvanized layer and coating on the surface
of ferromagnetic substrate. The experimental results show that the error of this equipment is less than 1% in the
measurement of coating thickness on aluminum base surface, less than 6% in the measurement of coating thickness on
iron base surface, and less than 6% in the measurement of insulator cap thickness. The coating layer detector
developed in this paper can measure the thickness of the galvanized layer and the coating layer simultaneously.,
efficiently and accurately.
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Fig. 1 Principle of eddy current testing
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Fig. 2 Equivalent circuit of eddy current principle
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Fig. 3 Principle of magnetic detection
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Fig. 4 Simulation model structure
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Fig.5 Plot of simulation result analysis

BRmE AR HE A I ELAE B 99 T RE . 5 B0k Pl BT B A B )2
JEEJEE % 5 v S BT R e s o5 — 5 TG L Pl TR 2 AR Bk
PERY B AE— € LB LB T ] % A4 T8 B8, T8 745 e
07 558 JEE it 5 R 22 JE 14 A 55

P 5 Cod AN WU 5] J 7R 1 U3 T2 T JRE %ok 2% el BHL 4 A1
SRS . T IREA RS SRR, X%
BT 2k Pl B DL -5 1 JR O 55 5 8% B U V2 TR RE F) 38 T L

[ s R DA i B 0 6 5 B VR TR E AR LA 5 TR

o 143 -



948 & 2 F o

SRR ICC AR . P £ BE)Z U 2 V8 R I 1Y i
e rp, AT LICR T 22 00 4005 19 07 35 L R B )R UK R R
JE o dE e bR ELAE IR RT LUA 368 AL vk e T ks X U B
JE IR A I B A AT

2 EEERHFEIT

R R B R

FE 1.1 A 481 D00 B A 00 £ ) ) 45 A BEL T L e 19 31
TRIZIE R HSEBR B ) TS BT R 23 IR 9 P9 ot
ABEFEBT T A HOT A6 2k 1l BEL 70 A2 1k Y 9 0 e
B 5 4 5 PO R L L 2% P B 8 R A RT3 e O 3 R R

BAnE 6 fr s,

Cl12

| 5 J1
timer2
en | 6

Cl6

\

P 6 b it N0 JSE R B

Fig. 6 Eddy current thickness measurement circuit
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Fig. 8 Hall effect diagram
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Fig. 9 Magnetic thickness measurement circuit
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Fig. 10  Relationship between thickness of non-magnetic layer

and magnetic induction intensity
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Fig. 14 Experimental equipment

+ 146 -

BE S FH A6 IE [R) 25 0 65 Ve 0 U2 0 o P [) B e 2 B R R
A7 P — (BT ) 2 P B 2 A7 0 | A5 At SRR % %o B i A
P& e SN =N
3.1 $EXREREEEE®RN

TR e o A 6 2 T s v Y U RE AT AR O A ) 4%
Rk 3 P, WEARHE R EENTFRENA 0.27%,
FIZ T BRI R R B D S .

R3I HKERAARAREERN

Table 3 Thickness detection of non-conductive coating
on iron-based surface
b v R JEE R/ Mg/, RE/ TR 2/
pm pm % %
50 49.5 —0. 80
99 98.9 —0.10
149 148. 2 —0.54
247 245.7 —0.05
297 298. 3 0. 44
346 348. 2 0. 66 0.27
501 498. 1 —0.06
551 549.7 —0.24
600 600. 1 0.02
747 746.5 —0.01
988 982. 7 —0.05
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Table 4 Thickness detection of non-magnetic coating on

iron-based surfaces

PR R /pm  WEEE/pem 22/ FIIRE/ N
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160 163 1.8
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Table 5 Thickness detection of non-conductive and

non-magnetic coating layers on iron-based surfaces
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Table 6 Thickness detection of non-conductive coating

on aluminum substrate surface

PRER BB /pm MEE/ pm RFE/ N PEIRE/ N
50 50.5 1
99 99.3 0.3
149 150. 7 1.2
247 248.4 0.57
297 298.5 0.51
346 347.8 0.52 0.488
501 502.5 0.3
551 550. 1 —0.16
600 598. 7 —0.22
747 746 0.13
988 992. 5 0. 46
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247 80 247.1 82.8
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346 80 353.5 82.1 1. 56 1.9
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551 80 553.7 80. 8

600 80 602. 3 81.5

747 80 752. 8 80. 8

988 80 992.8 81.6

50 100 47. 4 99.5

99 100 97.1 100. 3
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247 100 254.7 101.1
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551 100 552. 4 100. 8

600 100 603. 8 102.1

747 100 751.6 103.5

988 100 1 009 101.6
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297 160 304. 6 167. 4
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551 160 557.9 170. 9

600 160 603. 6 170.7

747 160 752. 4 172.3
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Table 7 Contrast detection based on ferromagnetic substrates
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Table 8 Contrast detection based on

non-ferromagnetic substrates

. Jcekls] ScakEs ] EN RN BN
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pm % pm %
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1 000 1 007.0 1004.3
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Fig. 15 Insulator
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Table 9 Iron cap inspection of insulators

Bl IR/ pm RE/ N CRERE/ N
1 124.6 3.8
2 126. 8 5.4
4.975
3 129.5 7.9
4 123.3 2.75

FRAE R 9 B BCHE 73 0 45 2R 4 A4 DU o o 1) o 49 5% 2%
4. 97500 SRR I R T Ak 2 2 T B 2 R B A R 15
22 ABATHRAFTE 6 06 15 22 (B LA N, 2 W L e 68 il 2 26 4%
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PRAGIR K S5 A Bt 32 v 5 ol T e T A I S R LT
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b bR R E A B — AR TR TR B T R TR A
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Fig. 16 Iron rods with different radii of curvature
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10 AEMEFZEHRERVER
Table 10 Test results of iron rods with different

curvature radii

F11 TEAFREERENSEERNLER
Table 11 Test results of iron-based materials with

different surface roughness

Rl JREJE/ pm JEJE/ pm JEJE/ pm Ko Tl B JREJE/ pm JREJE/ pm
WEL (R=60 mm) (R=50mm) (R=35mm) ‘ (Ra=1.6 pm) (Ra=3.2 pm)
1 49.8 68.9 115.2 1 56. 5 67.9
2 50. 3 68. 3 115.5 2 56. 2 67.3
3 50. 3 68.3 115.3 3 56. 3 67.3
4 49. 8 68. 6 115.5 4 56. 8 68. 2
5 49.2 68.9 115.5 5 55.5 67.6
6 49.5 68.3 115. 8 6 56. 5 67.5
7 49.8 68. 6 115.7 7 55.8 68.8
8 50.0 68.3 115.2 8 55. 2 68. 6
9 50. 2 68.5 115.3 9 56. 0 67.0
10 49.6 68.7 115.3 10 56. 3 67.5
4 ) 9 TR 2 28 2 A 55 A 22 28 R Hl S5 I 1 - .

X A A7 M1 22 4% 60 mm, #MEZE %K 05 i 2E 4R 50 mm,
AMERE—13. 55 1R E42 35 mm, AMERE—19.8, A
AMETLIE R A0 5T $2 3 1912 & FE B 24 R 5 T 1A
Rt R ST
3.6 AEMERENKEREREERT

T ST AR DU A 2% ThRDRES B X g R I ) B g, AR
WFSE XA RUMLBE BE (Ra =1. 6 pum, 3. 2 pem) B R EE 43 53447
R, SR FH R AR AR R 50 pm, QI 17 fTs .

Ra=1.6 pm Ra=3.2 pm
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Fig. 17 TIron-based materials with different surface roughness
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Fig. 18 Aluminum bases with different surface roughness
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Table 12 Test results of iron-based materials with

different surface roughness

H % B B I
(Ra=1.6 pm) (Ra=3.2 pm)
1 54.8 64. 6
2 53.2 64. 9
3 54. 4 64.0
4 54.5 63.8
5 53.6 64. 2
6 53.0 64. 1
7 53.1 64. 6
8 54. 2 63.5
9 53.8 64. 1
10 53.6 63.2

i 2 18 0 B R T A J) 78 11 0™ R MR B T3 U R
A SE 0T LR AT BRI SR A Sk Eh

4 &5

AT B S Bk B T A L 1 O B 23 USR] 2 ) k(i)
R AR T — T U A T B TR AR DT i
A FRIT O FLSGUE T 98 )2 J5 L 5 0 o B L UR )2 R S &
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