#5029 B 3 M
Volume 29 Number 3

rERERERFR

The Chinese Journal of Nonferrous Metals

2019 4 3 H
March 2019

DOI: 10.19476/j.ysxb.1004.0609.2019.03.08

TR EE IR IR G BRBE T 7S X

8 A AR A M B =2 M

AL, FAF, X A, A

AR, AT

(1. MEMEZRY BELIN IS SHREE SRS, HE 330063;
2. VLFEEERY R A B ICAE IR 7 e, ® & 330063)

B T BEPFEEEIRORE ARG A DU R A%, R RORIN i A BB SR N B AR R, R
FHEERE TR S — 3Rk L SR AR AR . DA AR RIEE(LOP) MBS IE FLIE BT Fos B, SR AT P A 4
P, BIEFE T 5 R AN i SRR A R . S5 SRR AR R A AT ANES B RS AR B AN E AL AT K
BRI 1 BRI S A DU 52 5 1 B ) S NSRS AR (KSR IR, (55 5 5 P SRR 5 T 125 1 EL PR P 52 S L
2 i R T A DN 52 S SRR, (5 SRR S AR R b, SR 2 A EAS I A5 B P A (£ T LUK

RABE R R

KUEIA): BOPEEERIR, RFAERERIT RIRIE; BEIEIL AmES

XEHE: 1004-0609(2019)-03-0491-07

FEDES: TG441.7

MEAFRERS: A

HeEeRASEE. RIFIIM TR, T2
R TS dE AR AT I, SR R E A N —
P B AE & S B MR ERAR, HA B MER. 15
B PN TR SRR MR BRI s P, (R
B rh Gy e A NG . ARORIER R A2 A BT, R A O
AR A 6F 1 2 Bt o I P B A, {H 24 AR G ke
FE VR 9T 32 B A R NS TR RS B A, X
ARG e 5 R B AR O SR, o R —A
B O, AR R ARER ) B AL
P TR 75 O A T SR A SRR AR LT T
Zygapll, S EE AR H IR A, E AN E L
SECRI A R LR, XA PRI T X SE Bl
NI A AR, 3 AT 7R NS T ) RBEER X4
&4 FSW JREEH AR, (HERgRx. #
VESEB, KRR, LAFONTAINE Z505h A%
W 5 4% R 75 AT R L, ek LRI Sy 34T T I

FRAR B R A T s 1) P R R T ) 22, g S
PRI, MmO, A R R BT R
SLTEN AR O R T 2 Ml Tk,
Vr 2 W I KR S MBS 7V B T FSWRBA )
RO, R I 4% B ot H ) 52 4% PRSI B A AR (A
RRETIC E OB AU, SRR WG4 A b A ith

TH 45 K80 SR AR BRS04 22 A S 2022, (R R
AR R B 3 R A o7 ot ol 7 ARAE AR N 8 iR
SHE S ek, SO EIE B RERTCTR TR ) 4 W sk
B

ASCE ARG & FSW REERF ARSI ARIFIE
L BEITEAL, KA AERE R E T, AT
IR B bk ediaa mall i -2 T S > N E
7] B AR 42 P A R B R A 19 31 1 R IR A BE TE L
{55 RB K B KT

RIEMEERH 2414 82654, RSN 200
mm X 100 mm X 8 mm. %5 FH 4 HE L BhE BAE d
26 mm, BEPHEHKEE 5.5 mm, 38 SO R} A
AR AR I SR S A% B (f5 T P FIAS [R) S, RIS
FRRRSH FE AN R R RS TCIR A HE5k), % 2A14 45
BRI AT SR, Hl & BEIE AL LA RTE S AR SR
TR PRAE SRR BT il 2R 5 % 1 TH A8 A BE AR JECTHD 2.5
mm, 1 1 B, b5 S g A FE AN [ R
FCEEI o

EEWR: EEXERRHERES I H (51465044); 2R354 R B H (20111156004); YL IEE B R R85 B

Wi HHE: 2018-02-08; f&iTHHEA: 2018-07-10

BIEEE: ¥ETF, BIEEZ: if: 13576030335; E-mail: hcp98106@163.com



492 hEA O RYR

2019 4E3 A

- Center line of|

FSW tool
2.5mm \

1 PEFERm AL E R 2
Fig.1 Schematic diagram of insert position of FSW tool

Joint line

K FH33E 1) OmniScan MX2 i A5 A2 FEARAG A
ATRII, 1EH 5 MHz B A RERR Sk, A& 7R AL,
B E RN A BER+S BMER, AEME
45°~70°, J= T e BE AR AR % U7 1) %5 DX Ik B AR E 1)
R, X R P R HRORE A T AT S AR E

2 FERE5DH

2.1 IR ERIEERPEEHE

B 2 Bl PR AS R 4 Sk i 4 (0 R s 2 K
W, AEOREENEAREELE, BOSZLR R G
FHHARBOBAS, AR 0] 13 v 5T A 2 5 I
HEANRIEETE S EZN, AOFARE 3 FAFEK
FORANGTTIE . B 2() I RIREHEHE LG 2], RIFE
Sl E, EEITARST 2.0 mm, BTREMAREETT

1.6 mm
2 PRSI Sk 26 R BRI T30
Fig. 2 Morphologies of defects made by two different FSW
tool: (a) FSW tool without thread; (b) FSW tool with Left hand
thread

5 BERE ST AR [ — () H BB & 3.5 mm (1)
BEIESL, JRRZAEIR, B 2(b) i IRR S k15 21,
ARNEIE G A e RS i, 3BT RS 1.6 mm, 4R
A B S o BOEAE L

AR R FS PE  ARA (W1 B 3 BT R), AS
AR AT, RS AR M, 1 22 e s S 1k
PP JA B < YRR JEE T3 i 7 A S 2 MR e
gy, FERRGU M S R AT I [ A BB S, TR OATE
FRIRIX, RIONHEBIES . K BRI,
B IBVETANTE BB, MR A ARAR B BRI, AR
PESKHTREI AR A, ARG IS F i 0 2 T 2 A2 b 1 1 JEE 4
T3 BARPESRHI B 0AE (R — B e 32 21 g
IR, Sk < AR R F T el gt e 4
MR . FERTHEIE R, DU N7 KIE, AS
A RS MBI I o I ANIER SR )5 52 23w i
AR, AR BRI E T SR M e e e R
FIRTHEMERS: T 1. 2. 3 X352 3 (1 E FE R R i
BEAG, 1 IXBOERREE R, TR I I (R 2 RoR)
FE5E RS I, pEdekigazhid rh, Al asEt s /) EESE
NMEREAERRT I S EE IR, IR AR E T
AR LR JE RS (R RTR) . TR
BRI, RAE R R AR DR N E, A
FERURAESL, Ho T IR 80 i 28 1 s i sh s »
Xof RN [R5 A Y RT 22m,  AEO <ex J  ah I o3 A
FERTEEM, R Mg il — FAE BT EEN, )R
0 28 T8 <6 Jos 7 s 2 FZ AN 2 LA SR T 3k 000 F) W e 2
I, 2 AT AR B TE AL BRI

Pin

i Material
plastic
\ flow
AS 1 _/I AN RS
\\
\\
2 B\ \ 3

Back plate
B3 -5 B

Fig.3 Suction-extrusion theory model

2.2 REEE AN
B 4 Btz A P AR AN [ ) )1 B 9 T 4 A P A v
Kl 2(a)1) 1 7 Al g, M 4@ Rib) ] LA H,



2529 B 3 W

BASC, S8 PR EERRIR SR BT S0 R A AR B U ) S 493

%

El4 A, B St B LA R R

Fig. 4 Metallographs of flat interfaces of A((a), (c)) and B((b), (d)) and phase array testing images
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Fig. 7 Metallographs and phased array testing image of C((a), (c)) and D((b), (d)) interfaces
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Effect of friction stir welding defects morphology on
phased array ultrasonic testing

HU Bo-wen', HUANG Chun-ping', XIA Chun', LIU Yue?, KE Li-ming'

(1. National Defense Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China;

2. Jiangxi Province Boiler Pressure Vessel Inspection and Testing Institute, Nanchang 330063, China)

Abstract: The defects of friction stir welding(FSW) are close and usually have complicated orientations, the commonly
used methods have some difficulties in the selection of the angle and the identifying of defects, phased array ultrasonic
testing can realize multi-angle focusing scanning by a single probe. Different morphologies of lack of penetration(LOP)
and tunnel holes are taken as the research object, ultrasonic phased array S-scan was used to study the effects of interface
orientation and curvature on the detection. The results show that the ultrasonic phased array S-scan can accurately
identify LOP and tunnel holes without moving the probe. The detection of the flat LOP interface is affected by the
interface orientation and the incident angle, the signal intensity is inversely proportional to the degree of deviation of the
vertical reflection of the ultrasonic beam. The signal intensity is inversely proportional to the curvature of the interface
when the LOP interface is curving. The angle-amplitude curve obtained by multi-angle detection can determine whether
the interface can be used to determine whether the interface is curved or not.

Keywords: friction stir welding; ultrasonic phased array S-scan; lack of penetration; tunnel hole; interface morphology
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