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Bt AR R T AR E T LA T RFEIFEK 08 50K C AR EBSIE, B AT T L0 AR, 5t
53 v in @ R 34T T A SO B K AT T A — 3 ik e, MR T 3k ey A bhat, R KA. 2
R AKE R BN AR LN E SRR AL AR SRR AR AR AL AR AR AR, SRR IR h A (4
kA) ,BEZSJE 714 0.15 MPa B 4k HIL KR B F 5808, 5 LA B C 1236 B 7 46 4% A Wik e ok
LA R 1A 0.45 MPa Bf , B R SRR AR K, B R B IIFEHE (22 3 KBS RN FEBIERBER
N R TR RE, YA EHNATIL(0.4 MPa) JFEE A 9 kA B E C AR AR ER AR B H &
W, NFF S A GG ST AR ER TS | H A B Sk 09 K BT A AR B ROKMA Z B T A

KEER B RBKC AN BN —T R B AR TR
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Analyses on Joint Quality of Spot Welds on SUS304 Stainless

Steel Based on Ultrasonic C-Scan

ZHANG Long ZENG Kai HE Xiaocong XING Baoying SUN Xinyu
(Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology , Kunming 650500)

Abstract The quality of spot welds in 1mm SUS304 austenitic stainless steel sheet metal was evaluated by using
ultrasonic water immersion focusing method. The specifics of nugget diameters and the ultrasonic C-scan image were
analyzed under different welding process parameters. Furthermore, the tensile-shear tests were carried out to examine
the mechanical behavior of sport welds. Results show that the C-scan image can get nugget diameter and effective in-
formation from the inner pattern of the spot weld based on ultrasonic water immersion focusing method. When the
welding current is 4 kA and the supply pressure is 0. 15 MPa, it can get the information which included splash, solder
to wear and other weld defects from the ultrasonic C-scan image. When the supply pressure is 0.45 MPa, the nugget
diameter is increasing. But the excessive supply pressure leads to the joint thickness decreasing and the joint quality is
failing. When the supply pressure is 0.4 MPa and the welding current is 9 kA, the failure strength and energy absorp-
tion value decrease rapidly, it can get the information which includes splash, solder to wear and other weld defects
from the ultrasonic C-scan image.

Key words Spot weld, Ultrasonic C-scan, Tensile-shear tests, Nugget diameters, Weld defects
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A ) SRR SR AR AR T T R
A KA B AR T LAVl 33k o i, ARERSP° 3l
1 A A SBT3k 1) 4 A B A S URRAE S5k
I3HT BRI S WY T ARk T 2R g
AR AR A, whar ZE 5507 DU i o B U O R F 5
XFG R FARAR KR S B S B T 8 e e B [ e
Z IR B AT T R SR A 1 A R Sk i A 5
ARV A5 T A R 3 A X 65 A R ot o A DB 1 A 41 4 v
BeorAT, HENAME X ARG 4 BEER IR S AR A
JERE P A I A TR RS T SUS304
TCAARAN G A I T 0 7 41l e X 0 42 3K o i A 7
5 ) SCHR v A DA

AR SCAE B T 7S A A, A TR AN [ R
T ASECT JAR M SURE L R I C HH AR
fiE ; 37185 B r B A Bl A bR B0 AL, X iR A 7
S, WSk AR i RS R R K g i
W45 7 T A3 AT SRR Sk I T 2P
1
1.1 RXEHE

PEREA R SUS304 B ERAR AR 54N M, Bl AR
0Cr18Ni9, R HLAE SR RS H 110 mmx
20 mmx1.0 mm, FH TR BRI BE 1A [F] 23 5 T
T 25 B0 B, X HL ok BURE R T 7 98 B R 820
MPa,HV B4 255, K FHl DN -63 BIAZ i 23 SR AL
SUS304 B[RS N MR IEHz

HRYEAS [F] ) K42 S50, W B M R o S 4
A BTN 4 kA SR LSS T T7 ;B AL A4
JEF10 0.4 MPa, B SEEd i, HABKEESH0(3
PR 4 R BIAR] S EOLZR 1,

x1 RERGIZSH

Tab.1 Spot welding specimens processing parameters
Bl HE4AE51/10°Pa ENiREs SRR KA

Al 1.5 B1 4

A2 2.5 B2 6

A3 3.5 B3 8

A4 4.5 B4 9

1.2 BERRKE

SR FH P K 35 2R R S I R R A AN 5
MR R S AT R 7R C 8 IG5
ok CS—400A 8 75 F 4 00U , 728 75 Il A I % %
(1) 2R G RE RS U b SN ST F  E 7S A H S
CHE G5 HRELHE K ¢ HFEGHN ER, H
o RSk AU SRR N 30 MHz, TAEH3R K 15 MHz,

BRL 3R 0,95 wm, FEHE 19,05 mm , 325
85

1.3 #BAOFRAW

I FH FL A R A A 3 0 AL X6T 41 4 - i iR A 7
P —sY YD . O 1IN A AR P e A
BRI R, A6 P 3 P2 5 25 mmx20 mmx 1.0 mm
oy RUE R A i JRE B — LA AR 5
mm/min , X} B EL AT 6 RE B Hifp—By U1k
2 HRRSW
2.1 FAREFBESYTHEZERHNE

N T R AT SRS N RS R L IR
KR G R U KR T 2 S8 SRR R T
BN AR LTI . B 1 AR EAREE T
ZBHCT 25t C AR s L AR IR

(b) A3 4

E3Ee

s =

(¢) B4l (d) Badl
Bl 1 ASRERR C R EE

Fig. 1  Spot welding nugget diameters in C-scan image
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ATAESE i M i A I (O S 30 e A T IR PR ) |
RGN S AR A B AR R, W43k B i A T VP4 4n
B2 Fron, Kt i C R Y s AR
1 SRR A i SIS A5 TR 2,

K2 s e
Fig.2  Spot welding nugget diameters in metallographic image
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*2 REEZERZ C HEEGNEESIUEN LR
Tab.2 Comparison spot welding nugget diameters in

C-scan image with inspection diameters

R ‘ Y T
B : mi
CHfE S CHflE Sy
Al 4.54 4.31 Bl 4.76 4.52
A2 4.39 4.27 B2 4.91 4.69
A3 4.62 4.44 B3 5.11 4.87
A4 4.84 4.64 B4 5.25 5.08

KK 3 A S AR R a5 I i, B A C
A B D S L 1 O 1 a0 ) SE DB R 2. 6% ~
5.3% , S59rE ML, 5 BB A S5 B

PR3L A4y BN 95 wm, PR ILAFHE /NE R (9. 5% LA
A ) AN 15 2 R X LA SR B Y
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z
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e
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AL FE/mm
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(e) Bl4i
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JRFE HL T A AN DTS R, KR A% B AR S N T R 4 O
HAE C FiE S, AL 415 B4 4 RS 15 45 1 S ik
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R2014a 1 lillietest 1FZ% 5315 U456 B2 W 3 R 25 597 T
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Fig.3 Load-displacement curves of different joints for tensile-shear text

X T SUS304 B8 GRS B B pl s it 42 3 | A 4
HL NS I, B R 25 77 (0. 15 ~ 0. 45 MPa) B4
Wi, s AZ AR AT O B (R 2) 1T 2k
A58 i AR B A R g B2 S B n Jg ek /s 5 24
HBELE R IAERT A SR EEFL I (4 ~ 9 kA) BB
K, ASRRER AR AW R (£ 2) , MR aE
TRl LR (4 ~8 KA) BUEEHNM 7 116.8 N 4
9 707.1 N, SMEREHF N 9 kA B, 28k 48 Aoy 2
TR 6799.5 N(%3),

A 5 3 A% AL 4 S T — (B T 2k B IE 25 A
SRAHE T LUA  BE5 5 )i R BARIR A
IR T AR KIS TR ) B ER R A
AN IR T SRR B R SR B N T AR
FHERE AL A E 1 (a) ], BURRERATR, A
PRSP BRE I [ 1E] 1 (o) ], B IR B AR
AR RS 1 TR 3 Sk Hh B
Bamk[ B 1 (d) ], B AR A ELAR AR SRR I, 42K A i
A 27 A SRR BRI O

x3 BARLESHHSHMITE

Tab.3 Normal distribution parameter estimation values of different joints

R ¥ /N PR WEEFXE/N brift 2 EAR X [R]/N
Al 7143.9 340.5 [6786.6,7501.3] [212.5,835.1]
A2 7717.7 217.1 [7489.8,7945.5] [135.5,532.4]
A3 7683.3 92.7 [7586.0,7780.6] [57.9,227.4]
A4 6971.3 240.8 [6718.6,7224.0] [150.3,590.6]
Bl 7116.8 127.6 [6982.8,7250.7] [79.7,313.0]
B2 8017.5 76.6 [7937.0,8097.9] [47.8,188.0]
B3 9707.1 123.6 [9577.4,9836.8 ] [77.2,303.2]
B4 6799.5 115.6 [6678.3,6920. 8] [72.1,283.4]

2.3 RIEXSH

XA AR Sk AT R MR — BT VTSR )
P B A 2% 21 42 K 10 R AR s 181 4 Bro . X
SUS304 B [CARAEE MM s #2423, A2 ~ A3 41 )% BI
~ B3 A FERR A AN AR AL [ & 4 () ],
TERL AR —BT U g A v, Bl (358 ) AN BT K, 2
o7 RGN, $ SRR A AR SBT3 ik
FURAEIG  7E— AR/ A2 A 30 R0 B 1
BB TSk Y i G Ab RS, 2 3 Rl £
Fo (RSN 1 BRSO B _E TR B BEE, (8T 46
AN KSR T 2GS, e 2 SR 2R, X T2
HY TS 00 B8 50 vy A Sl AR L S 2 4 M
M, X R AR 2 ) A AR W AR T
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Fig.4 Failure modes of different joints
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PR Wk SN EAT S
2.4 BEEWRWSH

SUEIE S RE A BB 08 S L Sk 1) 28 h g 7=
REJT, Al ~ A4 211 fig it WO 3415 53 500 65. 3
86.7.88.0.57.0 J, A 3 £H A 12 W U - 349 1 3% ¥ 448
KL ER 4 HARRTTA 3 44 Fri/)s ik & A 45 TR
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U GIEIE U

ML LS F B SRR Sk 1 R TR AR ) B
A AR Y HG 0 2 1 ORS Ual/)N 5 4 AR R R
B, ZEAS BRSO T T, sS04 Sk i B
WCRE T Bl A FRAZ LA B R G, R R GRAIERA
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IR A AR R EROCRE 11, NMYRERT & ok
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(1) B 75 P KR R A A G 1% B A% UL I 1 it S AR
AR, 45 K 4.39 ~5.25 mm, Ho4 AHSZ (A
K2.6% ~5.3% , FFREA R LI H KA P98 T 55
FHIE,

(2) YR AR, RS IR 25 15 77 (0. 15 ~
0.45 MPa) FRWHE A, SRR AL B SR BT K
BT R R A B R e W S i A A I P45 R T 1Y
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SUMAEHIR B SAHEHL R 5 (4 kA ) , B
73290 15 MPa B, #23k H LR I 28 S Bk I, OF
HAER I C 47140 PG b BEAS 3 M b S ke i ok, 3%
S ARG SRR A BEAOR 58 A i AT ek
W SRR BRI Sk W R R 380 S IR T J1 R 0. 45 MPa
I, AR AR AR IS R, R SR R (H2
R APE T ) S BEESR IR AR /N R T SR
SR EE 4 Sk A RO 32 BN SR 58 A R i 4223k
SRR,

(3) 25 J5 J) A AL I BEAE SR e i 0 (4 ~ 8
KA ) BIANWTIE K, 42k i SR 28 3 i M i U {EL R
PR L U RS AT Ok, TR B R AE C A ER b
FRRRAZ ELAR AL I M A, 3k R B R A 2
MR 2R G BEL I 1 N 2 (0. 4 MPa) | R4
W9 kA IF 76 C IR I ML AR ZF RIS
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