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Abstract

Fillet weld is a common welding structure in power plants. The diversity and complexity of the
structure and the limitation of the probe moving space are important factors affecting the smooth
implementation of ultrasonic testing. In recent years, with the development of acoustic technology
and computer technology, the conventional ultrasonic testing technology and phased array ultra-
sonic testing technology has been widely used in the industrial test; the total focusing method ul-
trasound technology application in the industrial test is also increasing; but because of the own
characteristics of the technology, there are some limitations for complex and restricted structure
testing, for example, the inspection area cannot be fully covered by ultrasonic with limited scan-
ning area, and the possibility of detection can’t meet the requirements. Based on the type of
placement fillet weld as the breakthrough point, from multiple dimensions such as the probe de-
sign, the comparison of different ultrasonic testing methods, custom total focusing method ultra-
sonic algorithm research and array setting to investigate the main technical points of total focus-
ing method ultrasonic technologies for complex and restricted structure application, we summed
up a solution of complex and restricted structure with custom total focusing method ultrasonic
technology.
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BACR[9].

FRUERT FMC PR 9 R FH BN B TTAR ORI 07 20, BRIRIGBUR R A R 3T B R 850 25 52 B g Oy
BITHR10], T BOL R T BRI R IAE 1R KRIAERE[11], Joid 78 40 F) A 450 R IR Sk 2 (8] SEAR iR 1)
PE, TBREE AL HUR 7 1K 0 AT AT BREE SR A . JIA% . NSk (R R AR JE A 0%, Jdad FMC 117 20 R Rl
FIERFEA RIS 7 BURE S [12], 4 TR BUESUR B i SR8 BE S PE e FE bR (array performance indicator, API)
PEE[13], [Fl—8kEA, APLAEMVN, BURRCRERIT[14], 4T AEHE S BUR RO 32 B ACA s 2 BRI [15]
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Figure 1. The picture of different blow holes in branch pipe with total focusing method technology. (a) 2 mm Blow hole; (b)
1 mm Blow hole

E 1. XEMNTRIESIAILBREBERNBERE. (2)2mm SFL; (b) | mm KFL

NG ST FURS S IR DL [ 22 TR A R B SR B A T SOR, Btk R n e 1 s (o e ik,
A PSRRI T SO R 52 BRI 2 TR S 12 4 e B AR P A BE 0 38 IE e R & 2k
PR H ILBR I, LR AR GO PR A5 R HE A AR R R o kB B ELAE B b A PN L
SR R4 P33 A B DA S AR 2 2 i X i B RS 9 @1 mm AT 02 mm “TfL, SCEREETIL A K
JE 5 mm AR BRI .

Table 1. The dimension of fillet weld block
%= 1. AIREN R

REEAME G M SR S A SR K AL
184 mm 12 mm 28 mm 3 mm 90° 40 mm 30 mm
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Table 2. The parameters of probe 1
=2 K 18%

LTIt H AR KE M uscE  KERMECRE SR RMoiE % MRl R
YRR 10 MHz 16 0.5 mm 2 5 mm

Table 3. The parameters of probe 2
=3 Rk 28H

R 3125 1Y RNk KB T7 M R e AR KB 7 1 B i [A] BE B B 7 IR e K
—YESEFE 5 MHz 16 0.5 mm 10 mm

Table 4. The parameters of probe 3
T4 RK3BH

LTIt H iR KERMEnscE  KERMECRE SR RMoiE % MR R
YRR 5 MHz 16 0.5 mm 4 5 mm
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Table 5. The test of standard total focusing method
=5 EEREBEGIAE

ks KT A Mg R B £ TR %% £ TR 4
k1 PWI JEE 4t ¥ 30° 0 0 TG
k1 PWI E[SER) ¥ 20° 0 0 TG
k1 PWI EIS=RhY i 10° 0 0 TE LR
7k 1 FMC IR} P / / / ToERE
k1 PWI Ui 9 10° 0 0 TR
k1 FMC Ui P / / / ToERE
k1 PWI CI=R:N) i 10° 0" 45° SE 4%
k1 PWI SI=R:N) i 10° 45° 45° SE fr i
k2 PWI CI=R:N) i 10° / / SE 4%
k2 FMC SI=R:N) i / / / T A
k3 PWI EIA=R:N) P 10° 0" 45° JAGAE
sk 3 PWI EIS=R:N) P 10° 45° 45° AGAE

M 4 5 FR R AR G 4 SR T L, PR SR T FE T 1A K e 22 HOPR Sk 3 BB AR 47 T4k 2 URARSk 1o
FMC A3 T A8 ) 32 BRE5 K o AR PWI BRI Sk v i A B T8 Rl IR 1 5 30, A%
FERE A b TR ) 22 OB 3 B LA R B o F AN R] et A ik i A w7 2R 8 2 B0 A 2 s @1 mm <
FLABAT B R BB AE

(b

Figure 2. The problem of blow hole imaging. (a) Error location; (b) Poor imaging

B2 STRGIEE. () BEHER; ) REFE

I~ G BATRE IV REFRAR VT RE , AR BRI B8 0 A G s M B2, 5K 4 —6dB 2 4R K%
(R A KA T % 6 dB BB TEIAR, A FElE A, MU B A F 4k 3 54T PWI RIS, API %L
fENIEHARR 3 5.

apr =4 _/162 dB (5)

4. ERZREMBEX EREBERERAR

[ LA B AR AR —Fil FMC T PWI BRI £ 9 — 1, SIS e A B T 0 MR DR AT
B KA R RARIRIRAOT S . AR BT T URIREE TSR 7, B 6 Fis. sk
ME T A R R B L 3.
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Table 6. The list of custom total focusing method
* 6. BEXEREMKTIF
Jik W ITiE
—HERETCHOR, S HERE TR
—HERETCHOR A ERETTR

PIHERETC O IO, A AR IR eI
TEBRACRE DT [FIERE 7T 2 T SR RS WER I 23 MIOR 4 ik ok
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1

Figure 3. The schematic diagram of array probe layout

B 3. R THA T EE
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Table 7. The test of custom total focusing method
= 7. BEX 2 REBFRGRE

ks Trik Bz (N IR IE 1R A %% A [GUELE S
7k 1 JEEH hipt 10° 0 0° HAG A
k1 2 JEEL i 10° 0 0° A
7k 3 JEEH hipt 10° 0 0° HAG A
k1 3 Ui i 10° 0 0° A
k1 4 E[=R:0) Ihipk 10° 0 0° G AE
wk 3 JEEL i 10° 0 45° BB
k1 3 E[=R:0) hipk 10° 45° 45° G AE
k3 5 JEELH i 10° 0 45° B aIJo R
%k 3 5 E[=R:0) hipk 10° 0 0° RIFENL
k3 5 4 i 10° 45° 45° BB
%k 3 5 CI=R:0) hipk 10° 30° 30° G AE
%k 3 6 E[SSE) i 10° 0 45° P RENDEER
#k3 7 JEEH hipt 10° 0 45° pRENDGE
%k 3 4 A /% 10° 0 45° PRENDEE
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N, MRS AREERERE S, e A R AR U R B S A R 2 52 B R (s

AR AE B AE 2 B8 75 RGN A R AR AR R, (S L R R AR R R 3, (AR 3 4%
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Figure 4. The relationship between SNR and POD
B 4. FIRELEFIAE H AKX R

I 1 mm SRR R, WA 5 Fron, BUY SN ARRUAR . SRR S PUIE S T A7 A 22
S5 J5 PR T RE S BUME AR XN 7R R CE I BN« HIUN . TS S BURSRIE B 3 KRR E AR . 2t
WA BL, AL € BURH A AR A BUE LG, AT BB BE e M, DU A RS E D P, I3
HE 107 B0 [ e MR, DA% R EBUE b, B EEAE 1071 B AT R, AR AR AE£10°7 22 1)
AN, B BN A AR T RN SR O A RN, TSR T E AR

(b)

Figure 5. The location accuracy of blow hole. (a) The influence of location accuracy by scattered field; (b) Normal location
5. SALEMBEE. (a) BHHFMEN; (b) EEEM
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PR, R TR S, e AR A R AR RESR ) T R ORI R S E H TSR AR R
THESOE I, PR 5 ORI AR S I I S, 2 e A R AR A TR N T SE ORAEE

5. &hig

1) FE AR P UG T EIE & R 52 IR AR R RE XIS/ BR B (4 BB -
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