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Nondestructive evaluation of spot weld quality

using by ultrasonic measurement
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Abstract

Spot welding has wide use with a high work efficiency in the automotive and aerospace industries. Up
to the present, the technique mainly used to test spot welds on production lines has been entirely depended
upon destructive chisel or peel testing.

Therefore, it's being very important assignment to secure the NDE technique which can be evaluate spot
weld quality with more efficiency and high reliability.

This paper discusses the feasibility of UNDE techniques to evaluate spot weld quality. For the sake of
the approach to the quantitative measurement of nugget diameter and the discrimination of the corona bond
from nugget, ultrasonic c-scan image and distribution of reflective echo amplitude was measured by immersion
method with the mechanical and the electronic scanning of point-focussed ultrasonic beam(25 MHz).

As the results of this study, corona bond which is the most dangerous types of interface defects can be
successfully detected, as well as expulsion and voids. Ultrasonic testing results were confirmed and compared
by optical microscope and SAM(Scanning Acoustic Microscope) observation of the spot-weld cross section.

The results show that the nugget diameter can be sucessfully measured with the accuracy of 0.8 mm.
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1. MA(FE)

A AzeRloA FH5EA 1HE AYst7]
8 AFEEZHe AHEHIT UE 2F(spot) &
A BAHUETA)SE 30009 @3t gk
ol AFELHRY HEEE v FGANHA AS
71l o8 A %A H 7 (quantitative evaluation) S
e A £HAFY Y el FAREH
ZdolA 433 Fadlth 53], HIole A4
F4-& A3 LHzPY F&5F ZH(robot) 3 Al
2€13lo}l 3] ol g AFo FALAIE 97 In-pro-
cess AFAHEZERE) 7L 7Ht vstaga 3
F7}A) 28] (expert system) 7 2ol o 3k #4o] of %
wolX lch g3, AYEFo|Y AAFF9
BA4e AL mAste) g4 uRg ge e
Aol gz &, 1 FPRE AI7IdEHn £HA
A3 Wy - &y £ 759 d3E WA
A8 @z B AFH AA (nugget + &2
24 oL FHolAs Ao Uk

2FELAN HHEHZAY A5 AR Y
Aol sle &3, &, Aol e LRAES &
Hiled S84 $3AFY o kst vl
HA o HEE BB HAZo) 9 real timeS 2
ZAo] 7hsslor grholZe] 7EetA HAE HA
AarEilol A A g BHEAY gRege
ZdoN SHeHTR)FE AAVIEY 23% B
o] 3tm ¢li, EHARE 20 2 AL AL Y&
AE HET 5 ol Waolde oJRelHd S ¢
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vAe WA AFA v AA S HA
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)9 AdFe] # ARE de AL A B
7}& sttt
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ZHANM Y 2&e] WA FAGRS 285
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HHoy F7he A WA A2, AR
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Fig.1 Various factors concerned in spot weld quality
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HEA =0l A 7N E A E3}= corona bondH
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ole g wAIP Aol P2yl A B Aol o o st
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2E Bt HTh
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ZYAeA BFHEL R AA Bo] FLHT YUe
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S11/855) % Aol vla) w443 &34 (weldabi-
lity)ol 5% 54 10 mmy &Fotd=a2H
(galvanized steel ; A1 HH 3 G11/G540) & 7 &3
Z7A vt} 57 AMRE G o AZE e HMaAE Fig.2 Schematic illustration of spot weld cross section
W) 6.0mmel DE S olw AIFHA Al A}
|3 &3 =12 Table 13 7] Aiteielo N F2 Table 1 Welding condition

Mol BT Sl SRAAFY W FusE Y Speimen ffiiif;> “(zgidge Wl
AHZ ] W3}9l corona bonde) Aol o3 & SIS 0 6 15
HEUE A%t A gHEE A3 st Table 19 S21/25 360 16 86
M olAEE AT FHZRTL TYF AFA A $31/35 360 16 80
2o Bk $PAF, 2371 BT 2550 % FE S41/45 360 16 70
23, EANNE A3H) RWMA B-classHE 9] fﬁﬁg ;gg g }jg
FAANE A ol f= oA G e dg &~ o125 005 13 11:0
EelHA] HFH ol Fa3t APoz QU A G31/35 205 13 80
SH}otArgARe HEUH S AL A¢ G41/45 295 13 60
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2.2 ZSUEEAIY

2ELW AFH) e 2 FEd gA WA
2739l A e 719} corona bondS] 2de A
ANEgzdL o Hsl7] 93 724 (newton
ring) & vlAZEEo) e WAl RS- ahe] A dHA o
#3494 AES AR R HEAdAN 25
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Aol L3 FEEHLS Fig 39 72 3,
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(A7) B =3 Z(plano-convex ; T &% R,.=460
mm) EF 4G (FR)ZFH2=(LE p=24 10° kg/m®,
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Fig.3 Configuration of newton ring
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B Axe 2539473 453 HE R (freque-
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X" scanning
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Fig4 Configuration of mechanical scanning AT system

ncy:fr=25 MHzDDia.: D=6.35 mm, focal length in
water:F=20 mm), %28 FASHE FAPEA (sca-
nner) 508 FAH UchE Aol AMREF 2F
sggEze] FasdRd AHMe FFOkP) A
9 A&zeHe) WA (beam diameter at focal
point) & th& Aoz 7 4 Qi
A F
d5—0.71X(T/2)

71X, A=C/Y BAE f20 tigstd £33
Aol wAALS Fukgd vk s & ¢ A F,
AF g Rol e WA nFad oA
WA A W Atk weld B AN uFs
2:9] 74 (attenuation) A} AFuye) WA A
g 8kg 18] &tod 25 MHze A BF34E A

Agugogs eAdzAmTA HHERALFL
g E o BEEe dEualaE BYAIF]7] 938 X,
Y,Z scanner controllerel 23] Hei@oIab2o] A
Hol| 23S MA3I B, echool peak detectore] A
oEE Aol AloJE W 4% peakdts HEHIL
o] AL A/DHE2bit) B FYEHAAR Y HE
2ol 71941712 o] g E3E D/AREV|Z BYH
TVArel dJalsiao 2 bl o] HEs A
AW scanner?] ZWEF AXE dAAGL X, Y
ulgko @ FAlald HAARE S 239184 (c-scan
image) 2 4% 4 Y3 FAAEHZA(FEEA dot
256X 240X 8bit) ol 2% HEXE o] R mAa=
HEoA wiatgtel EXARTE & 5 Aok 2,
g7 4= $49 A7|A5E GPIBE AA H
270 41 719 ZEo AsfHS A @t
383, p|AFEA BAME B8H 02 WA
717] 1% ooz &z} AUME 2 HElele] 4
AL AR 1 o) fe BEFA A7ME 2ol
&) Arle 2e3E AUAE 1A o] 2507}
AWl 7} A vA0F) =gEhd e YA
HA g A Ha 2l Axe €23 A
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278t Ao HHBAE 27] oot
mebA, 2 Ao Me $AELEU%E

350, 200, 50
VE WA 74 cscan BHFOIA HEFE F4
o2 Jehte H9EYe A4 A7E #Faly

o},

FE Yo o] HPAHERHo] AAHH A Y
At 2F LA FHOZ vzl FYF AHE
s eAMBARI Y BHuAlOe} FelEo] B#E

£ OEukAaE BA4A171 L, X, Y, Z scanner cont-
rollerell 93 Fig59t #o] 3-8 AR
AlFH A HEkALS D B, echo, 3HEAIEH A HukALE-
B, echo)oll 2H& A3 B, echo B B: echo®l
ACIEE 4o wHEHH TN AlPgHPez o
scan M4 wiAlEle] FAREE A5l AFEEH F
FAHEY v GAgGrt M E A=

feff =tw - (cs/cw x t - t)

fett = 15.2 mm
fw =20 mm

cs = 6,000 m/s
cw = 1,500 m/s

Fig.5 Schematic illustration of focus setting for B1 and
B2 echo detection

Figbe= %839 F2Y7E 9438 In-process A
FHAE 7Ved 25| 1 H 7 AR A A F (ex-
pert system)7hdell Pad FAEZ dlo|E|gr o)
VAR eIy Y8 Ay ARNFAETF
77 electronic Scanning) % F-&3gAAx o] ek
Tojt},

2 H¥AMe Fig7, Fig8llAet 20| 02 mm pi-
tch2 192 &8-S ZHe Arrayg & AHfrequency :
25 MHz, focal length:15 mm)& AM-3l3 o] 3ol
A& 244 E FA A2l aabE R =31 Ao

25899 £ 2 B FAHscanning area 25X 25mm)
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Electronic Senstivity | Main Gated- |A/D
beam scanning equalizer amplifier | peak- converter
system detector

Array
transducer Water tank
Ultrasonic Signal
. beam controller
Object - Scanner
Y — scanner controller _*} Oisplay

Fig.6 Block diagram of electronic scanning imaging system

192 el
Acray elements

transducer 24 elements

/7

Converging
beam

Acoustic
lens

Object

Electronic scanning
X

Y — scanner

Fig.7 C-scan mode with electroic Fig8 Appearance of
the scanning array transducer

Fig.8 Configuration of scanning acoustic microscopic system
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2 ArraygEFA] Qg ARFALY WFS A @A
ol gt VAFALE St ke A olFH
3 real time 2.2 c-scan 3H3& #&H J1 2HE
AE3] HA3I cscan HIHOIHE AMFHF A
AFA R H e AR o WAEs s Hel
Me g3EH7 i oA FAREEL 714
FFAH100 Sec) Bttt HAFAH08 Sec)’t YF3l
weE FH-e 71 Ut

Figot ZSTA1E 3 Algd7e #& 93l Al
AUg Ay I Ao dHAAE Y3 B
Aol AHE-3 2838 0] 7 (Scanning Acouatic Mic-
roscope - SAM) 8] M= o]t} SAM2 44 MHzol A
GHz 9919 133 S9E A8 ZARA &
A9 ulelaZ (micro) Y GolM Y AE3 Az d
3 oz FAS Fot ALY x| B
7V&3F B A 5K (Subsurface) & Aot 23 &2 o]
7hs k.

Peak A/D
Detector Converter|

Floppy
Disk
Computer| |image

/0 device
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Televisi

— Scanner
£ Controller

Color
Di
E]

Fig.9 Configuration of scanning acoustic microscopic system
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s ch

3. Afdn o D@

Figl0e 7F$E39 pliaztTRN Zaue W
AHAE 2 NS ) 25 et
Wt o kR osigolste] FAAAS
cscan3Hd o2 YERRL k. FeEF e BYHR
2eh29 BESA=AR 250 09 B (HEHF
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B iilabs EA8 A% 5 E45e &
LEEAHES 00] Ho] c-scan3HdAl A= echo level©
714 & green color® WEldT) ©] HEo] AF
£H5 Adle vAoE Y4 ¢ Y3 o] £
AT AA WAl Aol A AAE M+
U AP HzA 2 e dFo] Fasid du.
283, HEHoHE HoASE njAtgege] F
7hetn AR FGE YA cdlFmEole] wWsle| %t
A HAHdE A AL E 2Ele FE
EA3A "ol o) REL AELFS AS corona
bondZ B & Q1 o] R WAT=FEHE
gAlmr) EAE ] Wi 2euel 93 FRE &
&8+ Qloh

&z} drtdadgto]l ¥ A9(350V) 7t c-scan
3ol A green colory] WAo] AA JER} =&
A7MEAAHGGe] FEFE 2R o3 A
dAtel W7t AAM mANFLE HAHA % FF
ey Lo vHAREIA] 25 44 RS
o # 3tk

wabd gE2F QA7FEAAYE A EA50V)
8t c-scand 9] 7]Fecho level®| saturation™ A
BE WY ol A 259 ARlS g A
233 AL FF AgzPoe 9.

Fig.10 Mechanical c-scan image of newton ring (a)50V
(b) 350V

2F L4 FAHIE wEH S o83 1FEY
AEE B3 AAHE AFANEzAT P

3 o] 2FLHE A¥H| mechanical c-scan 3
(09} whrlgte] FAZTRE(H) =3 93t F
EgE2A28e $49 20 ZAHo|Y HEA
WA 2Ho] A¥3] dAHo] MA&E HJuHd o

Habghe 7HE 2 Whrtecho levele ZAALE &
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BHALELY] echo level(BWA] 255914 072D E red
blue®] color contrast® ZtAISAL o] & UAREL
whAtEke] A&7t Ao ExXEtA] o] W&ol echo le-
velol 71 22 blue color® EA|H 1 B]-&339)
void&2 echo level®] ¥ red color® FAIHCLE,
7t XY echo level ¥ (green or yellow color) &
corona bond¥2 F3% 4 lch

Fig11(c0)9 c-scanst o 2HE WA d4ad,
WA A, voide] 2A-F-F, corona bond¥-2] A E0]
TFede o & S, UARAHY 2L wiaule
FAGEEE(h) 9} c-scan 33(c) 8] A-BAHE S 23
o oJ3tn, 2ELAR ] HPFGole w7} &3
£83te Awr)t Ry WARY WAR FH
FRYE ARG A 7oA REhe 7
A2 H <1 corona bond**(cold bond, stick bond, kis-
sing bond, solid state bondZtRE )7} &4 5t
ARG 22X 849 Hee HIREE YAR =3
YHE ) corona bond®E FAHATW &HYLo|
A2 ASde A o] Z0]E3L corona bond 59
B0l wWolzrh c-scan 33l A corona bondE F
Are AREATE UAREAARE d3zols}
F7MAFe 2 Heldls HES 7IX 2 oA A
ZEiZE WEka S-S A ¢ FUF Aok

293, Figlle] B%@9 AHRe cscan 347
ZEREEEY F 44/ EH S Adsln o dede
FEHEu (S 2o 2 BES AR OE 2
=AY AT} B vlud Yoy,

Fig129} Fig.13& mechanical scanning® electronic
scanning®l 9§ c-scan 34E vERIH, (a) S12
AlgHY AeE BHAR, AT A7 E o
HANHE A2 JEd o) 2A7l SR &83
YAdle] F4E ZE & 4 91, (b) S42 A1FHeY
B WAL A FAHA g i Giol
HA(HHE) 3= corona bondF-7F 423 WA &A)
e 4 F Atk o)EF A$e £HxYe B
DAUE W, &, AFE A tn A s
FHEEL ol d A7 H ) BAALS A
A st 7 AHFVE W 2E o F2 2Yse
Helo]r},

Fig.12e 4] electronic scanning®l &) ~E & QR &g
%7438} c-scan 42 mechanical scanning®] 7 -$-9}
Aol frArE 24-& Yel L it o] electronic scan-
ning®l A G FPAITLE o 08 secE real
timeS 2 ZHo] 7h33te roz AJqtEielol M &
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(a)G22

{corona bond Dia.)

echo amplitude

relative

0 50 10.0
scanning position X (mm)

Fig.11 UNDE techniques of spot weld quality
(@) optical microscope of the weld cross sec-
tion
(b) distribution of reflective echo amplitude
(¢) c-scan image

HERY HEFAE gAsly 2¥ 81 ZTAYsE
AT 257 ¥ AY7L JEI 2P o 2ol Aol
FE s ¢+ Utk

Fig13< oA =F 722 mechanical c-scan 332
2 IFAF7E 58 @642, b)G32 NFHY 7
S oldeFo dgo g s WAz v
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Electronic ¢-scanimage

Fig.12 Mechanical and electronic c-scan image of spot
welds

(@)G42 -

Fig.13 Mechanical c-scan image of spot welds (galvani-
zed steel)

WAFHe corona bond¥ 7 AF3] HA EAFES
& 5 3, (52418 He A £HAFY H
THLZ expulsion®] AT & Jepi ok

Figl4® 23054 S & & £3A9H8 9AT
Wwako g Husty AuwS Fadn) A (u)&1004)
3 SAM(ui& s3ul)el ofs) gt 22AMZ Ax
oltt, ZAALAOA EH AR EAsls
void2719] A&gAE wlolazmelrt 2 #3
Aol o3 #21 A3 10pm Aok

Figlse= 2 Agd#) o8] dAA7I9 corona
bond%- A& 98 2STAIP AR e} Ak B
SEn A3 SAMel 93 Az Hulele] viwE
YER I Aok YAlAYs 2E30E5H o 9§ H-e0t
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{a)S35(Optical)

Fig.14 Optical microscope and SAM observation of the
spot-weld cross section

10.0
@ : Galvanized steel
O : Uncoated steel
80¢
° [ ]
a— o] O
[ ]
E °
= 6or ® Y0
g .
2 °
B o}
=}
(a] L 1o
o
20}
0 1 L [ 'l
0 20 40 6.0 8.0 10.0

D Microscope ( MM )

Fig.15 Comparison of nugget diameter between ultra-
sonic testing and microscopic measurement of
the spot-weld cross section

ZAA BEe A4S Bt i 08 mmAE A
2GR g gzl= v E F X3 ot 18
OFAZFFES] ZSAANHAATL WAAG B
735l Hla WAL HAol diAe 2A YL ¢
F AT I ol WA UHI] HAE ol
=79 9302 corona bond F-Ho] WA EA5to
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