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Abstract: In this paper, a method of ultrasonic signal gain compensation based on wavelet transformation is
proposed, considering the influence of different attenuation degrees of all waves of test signals on the
evaluation results of nugget diameter in the valuation algorithm for nugget diameter of resistance spot-welding.
In this method, the original signal is decomposed by three layers to obtain four sub-band signals. The signal
attenuation coefficient of each sub-band is calculated and compensated, and the reconstructed signal is obtained
by wavelet reconstruction. Finally, the reconstructed signal is used to calculate the nugget diameter. The finite
element simulation model of ultrasonic testing for spot welding was constructed to study the effect of signal
attenuation on the calculation results of nugget diameter, providing a theoretical basis for the experiment. This
method is applied to deal with multiple groups of spot welding ultrasonic testing data and provide a contrastive
analysis of the calculated nugget diameter and metallographic measured value. The results show that the error
can be reduced to 0.1 mm by using this method to process ultrasonic signals and calculate the nugget diameter
of spot welding, which improves the evaluation accuracy.

Keywords: resistance spot welding; ultrasonic testing; gain compensation; nugget diameter

15#5 HER: 2018-01-05; Y Z1& % Fs HEA: 2018-03-09
TEZB/N: = N (1978-), B, WHLBUITE A, Bz, A, HF5E 7 ) T



http://dx.doi.org/10.11857/j.issn.1674-5124.2018.08.003

14 r L

2018 4 8 A

0 31 5

FL BHL SRR T2 I TR AR e il v, SR T
T IE 4 B e B A2 e VERE IR G, T A%
RS W R P i R R, 2T
M3l o s AR AR IS, R AT —Fh 2 )2 M G
¥, £ 2R R P BEATAS TR, BRI AR 75 15 S e AL 4
AR S R AE AR Sl . R AR DI AR R
P B RAR 2, OB 5 S i L R S e,
SO 5 g e s (A ) 2 B 0l N, 47 B3R FH i
GR A5 I VR (LR A T A BT T T, i AR
KR,

B R P 0 e, E R R F A TR 4 25
FMEFARL(TGC) WHF F 347 4 Rk, x5 k22
W 1 AR 5 T U S R, A RUR AN AR
T Wang™ 55 A% 7 I [ R ih e b A 7 M AR
1E, B —Fh T/ INE O3 fife J e S AR = ) [l
PR B P B R i . LN, R
T —Hip B ME R, e T 2R
PRI IR, A7 B T 75 S 2 U 5 oy
Bro FPEGMEDSEN, 2 T 22 4M | B AME . A
ZERMEE 3 FhAS [R) (A 1E 7 1, 78 68 P R 4 B A
Hh, PIREA AR i B BRI SR A HER

AR SRR 75 I DR X A AR T
BRZERIFE IR, SR FH/INIE 2 i 5 A B 3k, RS
T A B o AT AME, DN T SRS A AR
B 2E, W TR A BT, SR T I AME
GERFRINESEIC e
1 HBESEEAEENEE

L, BEL s AL P A I SRR AN IR 1 PR, M AR
d/NTHEL R EAZ D, WILG I P, TEREHTA Y
B — B 1E LEAUR T RS, 51— T )E
MR I S, B 16 EAR R T, b AR 1 S 5
(o] 382 M K /D, A T 52 S8 T 3 it {4 e, ¢
WA S5 R0 A7 SV FH B i Bt iR i e L B AR
FH D00 6 T e 386 1 L P A /0N oz ks A T AL A K
AN, TR AT R AR

R 7 U AE R AR 2 AR DU BT
St FEAR AT a, B2 TS b, TR TR
Il c; P, P, Fl1 P, 3 il o L1l a, b A1 ¢ 1l 2 5 01 3
TR, HPIZEARIE AR, P, P, FI P, (ST
FEREFIR] 20510 dt,, ¢o+it, R ¢ +2i8, (i R 7 % SO
UL, ¢, A P AE B R AR (AR R], 2, A7 A

i EHAE D
PRI A

Py
Pa Pb Pc"'Pc
s
w7
R | | / oIl

W ERE d
El1 PR RIE B AN R E

JERR IR B TE] ) I Py, F1 P, A7 AH [ (4 SE 3R B
], XERE Py M P, 2B — 0 5k
LR B P BB BIE A, anlEl 2 s o

1.0 4 P,
/

b
% 0.5
1 P, P,
o Py /Ps

0.0 —l

6 7 8 9 10
P ) /s

2 REBERNEIEE A TRTE

M &l 2 AT, Py oA a T 568 0 s AL, T

P, e S A% T AR 22 () 75 0 PSR AR, P oA s

B VERAEC)Z R I 75 A, 5 P, S Rl A%

REIGRIMIG K . P, B b T RS B R AE P, P,

N2 P, AP, & NP VEBRAE, IS A M A d 1Y
AR

Py =Py (1

Py =Py +P. (2)

1
4=D/ VPz/Pl—r1+l ®

K. D— AL S A E A%, mm;
ri—— 7 U BRI T A5 A B 26— 2 1)
TR, AL 1=0.937,
2 BEEERE
SRR AN 75 I T U R S R DR RN R A
UK . AR AL R R T, R AR SR AR A




55 44 % 55 8 1] ES

W, A6 B TR (5 540t AME A i BEL A A AR PG Bk 15

FUE B, H S AU ) R A AL R 5 | A )
U5 7R P A R A PR S R SR T RACSL S S 25 5
BB R0l o A 75 AR A BT AL RR IR, H A B b BT e
[i) PAY JEE 48 RS S5 | RS A P I P S 0k, ok MR A
T, R4 T AR SRR, SR NI RS AR 2, K
RGBS UL, PRI LG 75 e A A
DAY ) Tl LR PR 0 s D B
21 BEESERAIE

HRYEF- T AE A B P AR B R, B R o
I R AT S iy R R R

P, = Poe” ™" )
A P—— BRI IRIE B8 x ALBYFE R, Pa;
P—— IR IR E, Pa;

r—— 2 EIRAYEE S, mm;
o— T RIS R E, NP/mm.,

22 NTREBEH

i 57 ol 455 o S U, P 18 A
FAAEY R, R A syl R S S 2, (RS D
E AR U, HA R R O TR A 2y

1 P,
e )
A h—— A2 MR, mm;
P,.P——% m. n IEIEIE(HE, Pa,

3 A EEESEFMHAME

P I o, S AR R S A S R A G,
R BRI, AR Ry, M S R . X
TR R B oy e B T 22 SR, ARAS T A
W AME G .
3.1 BEESIMEEHK

R R P Il kM — AN s A i
T, HoAMEeRE> R

P(x)——FMEFITH B HREL
V—— 8 AR A
t—— R WA A RA I ]
32 BEESPNESH
IR EA 253 BRI, RTINS s
SR UAAT 5 o0 i AN R B - (5 7, o a4
FHE T IR AL, I kM R B T M
sym F/NEJEXT db RN Rt L db /N A
T B IR A AR B, R B LA PR B, T LA
PHAF T AT P o i 5 A, 20t 20O R
B, sym8 /N L8 B AU B v A T 1y, PRI
ARSI sym8 1B R /INEE 3
S e SRR B PR R A S an I 3 BT, R
sym8 /MR XS SRS I ISR 5 POx) 64T 3 )2/
AR, VMR IR 56 3 IR 5 5 A 3 i
TR S T EA, BB HEE S SK), W
E 4w, RIS Plx) &/NE ARG5S BN a,
dy, d,, d, 55 4 TR, WK 5 FR .

1.0 1

>

0.8 1

=]

=)
—

o

(=] [=]

NS} s
—

% \

A — AL R B

0.0

100 150 200 250 300
REE R
B3 RERRBERNRES

0 50

33 SBiMESESEN
HRE = (5) TR Il R 50y A B & T 5
BRI R B, W6 1 P, MR AMZ R AR (6) X 4%+

P’ (x) = P(x)e™ 6) R TN T RME, B R AME S ) (R
x=(Vt)/2 (7 FIH/NE AR ES R ERGE S, ERGES Sk) W
o P'(x) M2 e S T R A PR & 6 fiR.
- d, d -
P() % 4 S)
i Ja J o HES

AN

HRE M

/NBCE A

4 NESBEEMTEE



16 r L 2018 4F-8 H
1.0 - 0.4 -
go& 02
IE 0.6 =
S = 001
Ao$ i W
02 ~02
0.0 T T T T T T T T 1 _04 T T T T T T T
0 5 10 15 20 25 30 35 40 45 0 20 40 60 80 100 120 140
RFE R R B
&S5 Ea, EARA R d,
0.8 0.8 -
0.6 0.6
= 04 gom
= =S
N 02 702 -
| o
o= 0.0 0.0 |
-0.2 0.2 |
-0.4 ——————r 0.4 L ——r
0 10 20 30 40 50 60 70 0 5 10 15 20 25 30 35
RS ER SRAE R
A d, sy,
Es NESBTHES
£1 BILESTHREY . FAEH /NG (<2 mm), TR XS BRI T3
— TR MR, S T LR R — A AL, 5
Tﬁ' E 3 dl dZ d} Py =]} 3 D, P D 3, J Y
W; ‘ YA ) R TR AN B AT S, DL/ N A B Sk 3
T AR 0.26 0.53 0.62 0.4 PN JRUUNEN N "™
> ’ l S B EL AR LB SN 0, o0y UM AL %
1.0 - Efé?ﬁ[ﬁ&ﬁﬂ‘j 2.5~7 mm,
| T S
@0'8- s T
E 0.6 \q
k)
| 04 127
= | cermer o
02 1 |
0.0 . . . . : 6 o Wi L
0 50 100 150 200 250 . 3;:1
D %
SRR \ = 6mny
Ee6 EHWES | —
4 DIEBEKENERTHE

A HT COMSOL Multiphysic 224337404
PE-5, R FR 2D BRI R R P AL 3% ot
T2, A GEA ) A% LA o A 7 ARG {5 = e,
JUATRE RS & 7 fif s o BT SE PR BB ER B AR
7.6 mm, ST LUl X FRAS R B FE AR 3.8 mm, FoAl L AA]
R SRR — S BRI R AR
FAS B, A EUE N 1.25,1.5,1.75, ...,3.5mm
HEATO EBFT, A5 3) 10 A5 L5 R YA H

E7 RIRBERNHIREEER

H1 26 2 (0 ELBUE T LA Y, #ME S5 KR S e 4%
HAR D, AHXS TAMATTY D, 1222 5/, Ui Zorh
DX AR BT A — ek . i S A
i PRI A RGOy AR, S0 5 R D A%
FARTT A R0, 5 BCRT S 0 Eean i 8. 14 9 Fie
MNo W T BT U TR T SR S, AN AERTRL
L, A LR KRR AN 0 I



8444 5 8 W LS 1

FE TR R S0t M i B AR PP 17

®2 REMAEESHIE

P BRI EAE Dimm p p, AMARDERIEAE D/mm BRZE(H S/mm pr py AMARIEEAE D/mm RIEE S/mm
01 2.5 0.312 0.327 2.81 0.31 0.372 0.381 2.61 0.11
02 3 0.305 0.332 2.82 0.18 0.365 0.390 2.96 0.04
03 3.5 0.291 0.342 3.37 0.13 0.345 0.401 3.50 0.00
04 4 0.287 0.351 3.78 0.22 0.330 0.420 3.99 0.01
05 4.5 0.271 0.360 4.20 0.30 0.308 0.448 4.61 0.11
06 5 0.267 0.419 4.84 0.16 0.292 0.490 5.05 0.05
07 5.5 0.264 0.462 5.16 0.34 0.316 0.631 5.51 0.01
08 6 0.250 0.520 5.60 0.40 0.273 0.684 5.97 0.03
09 6.5 0.195 0.558 6.19 0.31 0.220 0.790 6.49 0.10
10 7 0.190 0.581 6.28 0.72 0.200 0.820 6.64 0.36
o SRS SLIH T, PR AR B DRt 4e )
. R 3 WA b 4 2 N Y
o e ), SRIF AR TAT I B0 o, S5t 4L
. T = . . . N
. S0 ) AT S AR, A 1L PR /I
1= 29N N Vs
S AR 50 R T, AR 1
1 . Y Sy S M2, S 4 N >
I # Dy, IR AT AR 1A D, 463
P 5 e ML 4 SR L, S FO R, 45
00 NP 12 TR G AP R R AR D, OF

§ 9 10 11 12 13 14
R
B8 {hEESHMERTEXILL

7.5 7
7.0 A
6.5 1
6.0
5.5 1
5.0 1
4.5 1
4.0 1
3.5 1
3.0 1
2549 *
2.0

- BRI
e AMET
—— #MEJR

//-

S HAR/mm

0123456789101
75
El9 (EEASRE RAMERTE SRR

5 i 5§

AU I T R FH ) AR A ek A A B Q235
I MR 1E 100 mm*30 mm B K 7 T Bk 20
4, BRMEEE N 1.6 mm, TS A 0 2T
LUIEIINE 10 Pron . ASCRHES A H1 5 Xk
DR 55 T, B3k AL S 15P6Y-H, Ho b0 g%
15 MHz, $kd i HAE A 7.6 mm,

AU GRG0 E o AR SR T2 S ER BN RE %
BRI . AR

5 R S A% BRI L, SeiESh
UK 3 s o T8 MRS A% AR A3 Bkt
Lo, AT R A ME T A B AR TR 2SR, T
FIFAME G5 S HARSE R 5 g R A
—E, REANE 0.1 mm,

E 10 mIREIEIR

6 ZERIE
AR SRR P S IO AR AR A BTN
JE SN, 48— R TN AR i 5 S M AR A
Jrik, 38 i Oy B AN Bk X L, R RO A A A
RO MEZ EAT R EE . ATTIERII DU R
1) H 58 a A8 P R I A EAR AL DT 1, R
JEZEH R AT SR T SRR B O AR, 3k



18 r L 2018 4FE 8 A

1.0
0.8
0.6
0.4
0.2
0.0

A—fLiEE

0 50 100 150 200 250 300
o T8

0.8 1
0.6 1
0.4 4
0.2 4
0.0 -

A—fLiE(E

0 50 100 150 200 250 300
0. REREM

0.8 1
0.6 1
0.4 1
0.2 1
0.0 A

A—fLiEE

0 50 100 150 200 250 300
o RHE A

0.8
0.6
0.4
0.2

0.0 HEThHIRAY, W
0" 50 100 150 200 250 300

R

A—fLiE(E

1.0 4
0.8 A
0.6
0.4 1
0.2 1

0.0 . o
0 50 100 150 200 250 300

R

=8
H

51k

E 11 RREEE AR E

ol AER IR R, RS S A E R AR T A

" SN
E o) 2) RSO HER [ R R AR LAY, 15 5
5 as) Kmﬁﬁﬁémﬁﬁ#whmﬁhvg T 6
B - %, o RN SR R B AR TS G , SER T
30 THeE G M B SR R, AU 11
2'50 O R TIZAMEIT T AT, IF A HR At JERtT
T 3) ARSCHEAT KA [RME A% ELAR A A5 7 A i)
B 12 RBESHMERTEERERRERL I, S8 T IR 5 A 5 i Ak B R, AL

S5 LA P45 5 S B0 HOSMAT, B
PEARERARE TR . RIS S PRINE, 01T WOk A OO M B T PS50 1
I S A R RUBR FAF G, A TS PR 0.1 mm,



55 44 % 55 8 1] R W, A BT RS S A M A P EL A AR R AR PR BT 19

*3 BRESEERNKEHE

5 P, P, BURKHEAR D/mm  BREMS/mm  pr py AMEEBEZERL D/mm GANEAE Dimm  BRZEAE S,/mm

01 0.37 0.44 3.40 0.49 0.45 0.50 3.00 291 0.09
02 0.27 0.34 3.75 0.26 0.32 0.39 3.51 3.49 0.02
03 0.19 0.28 4.63 0.38 0.23 0.33 4.27 4.25 0.02
04 0.28 0.53 5.31 0.14 0.30 0.59 5.40 5.45 0.05
05 0.23 0.56 5.90 0.23 0.25 0.69 6.14 6.13 0.01
06 0.27 0.40 4.54 0.54 0.34 0.45 4.02 4.00 0.02
07 0.23 0.30 4.00 0.55 0.29 0.34 3.44 345 0.01
08 0.34 0.57 4.99 0.18 0.39 0.64 4.84 4.81 0.03
19 0.30 0.48 4.72 0.11 0.36 0.55 4.66 4.61 0.05
20 0.24 0.54 5.76 0.21 0.29 0.63 5.58 5.55 0.03

S ) Detection Niodel and Method for Bvaluting Spot Welding

[1] LIUJ, XU G C, GU X P, et al. Ultrasonic test of resistance Quality Based on Ultrasonic A-Scan Analysis[J]. Journal of

spot welds based on wavelet package analysis[J]. Ultrasonics, Nondestructiv Evaluation, 2016, 35(4): 39-42.
2014, 56: 557-565. [8] MOZURKEWICH G, GHAFFARI B, POTTER T J. Spatially

resolved ultrasonic attenuation in resistance spot welds:
Implications for nondestructive testing[J]. Ultrasonics, 2008,
48: 343-350.

[9] ROBERTS D R, MASON J, LEWIS C. Ultrasonic spot weld
testing: attenuation study [J]. Insight, 2000, 42: 720-724.

[2] PYE S D, WILD S R, MCDICKEN W N. Adaptive time gain
compensation for ultrasonic imaging[J]. Ultrasound in
Medicine & Biology, 1992, 18(2): 205.

[3] WANG T, WANG C, XU G, et al. Ultrasonic scanning

inspection research on Resistance spot welding joints[J]. [10] Je2 [, S, St i sem 2 5O s &
Insight, 2014, 56(11): 617-621. [J]. %1k, 2011, 60(7): 676-679.

[4] VFElss, AN, AR, . B Sk AR B ME: SR 52 [11] TR, 0GR, ST, RS A I 4 A K 3k o e
BERFIE ], A 2E2ER, 2014, 39(1): 99-103. ¥ L], M ORI Tl K244, 2003, 35(11): 1392-1394.

[51 SREMG, FIEE, 18, 4. IG5 R0 6 P AR T PR [12] 2=, DR, SRR, 45, JE Tl = 4E e A% A e BT,
WL (7). JEA5G, 2015, 37(12): 28-32. R B DI AR BFFE (1], HLHL TR, 2016, 33(7): 822-826.

[6] DELRUE S, ABEELE KVD, BLOMME E, et al. Matar OB. [13] #E3R /INIE 2 B 76 68 75 A 15 5 Ak 3 rh i i AT [D]. 1
Two-dimensional simulation of the single-sided air-coupled b IR KA, 2012.

ultrasonic pitch-catch technique for non-destructive testing [J].
Ultrasonics, 2010, 50: 188-196. (45 ARH0)



