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Application of Phased Array Ultrasonic Transducer

to Pipe and Tube Testing Field

B B
Tadashi Okumura
E BEDT BRERR
MENE FEGER

A EE
Hiroaki Kondo
L ST BWHRR
MEWE THEEE)

T % B

WHIEHORKESO -2 TH D, THIUFHIhEECHER
IERAIhLZEE G, Thz, R EIBRECIMLD
ERLH - TE L, HRERBEREEHIRERE, RERIOH
BAETEfL UTEEMT AR TEL, Lidi-T, JElsndg
ERZTOROEMEBNYEBENICEAL T ERBRYR- T
Do Wll, /hr oy FPERELE &b ST ORBICHT 2 Bk —
BEBLCR->TCETVE, ChhokEHEOMBEERCHETS
HEOMMRE v A7 4 OEFELNRRECEEROR L2 BER
MEhoTyk,

MBEBLEF CUH e BRE VAT A EC—BLE LT, #ERIZA
MoBRCLoBESRBRLERL TV BTONERECEH
L, chefEpaeiahB bt oEmbERcli oA, - ok
BETREE O NIME AT OSBRI v~ m ks BB bR AR
Lizbh D THD, T COEHEREHBEILRENCHLEY
W7 =ARF7 vAEFY (KON =77 LA BMFERRE
B RRAVCTVBL LB T, toBER T A X FT vy
RTEHAT R L kb, REOEMBEE R CILRRARTEE
Th o KRR E O B TTEE & s o e F i, KM O
T2 AAXAVT VA ETFEREORFHAVEER TR 22T, 4 X
L7 —RERLA,

FHT, HEE7 21 A FT UM ETERGEREOREIER
BHEREORAE - HALES, 7 A XF7VAEFRIDR
SRR, SFRESEOREIRS OSBRSSy ER TS
Bk LU v 71 v COBRABRLOWTHET 5,

2 PEED BB ERIN

RADE kb, v 54 v CoOFBERERGLANTD L, #

* A 3EI0F 24 B EETH

ER
fiEoNERERERSNOSBEREERL AW 2 LHEDR
o 2 RHAAE ChH ot BELREEEO 724X F7 L
ARFEAWHEEREEELHARL, 4054 v TORERE
HARRIC Lice V=277 LA BT 128 bit DiRBIF A 54 D,
WS %12 0.4dB UTFEBHETHED, + > 7 4 »Ti2Aig
BTHBEL A F—RY LN b Y 27 7L 4 EMTFLr+REFES
T3, a-FER Y. —sCiliEsh, B+Cra-7ick
DERENS, FEBRAFVLAEEYIhr— 4L 2FS-EA
=h, B SN L THERBELEE L TW5,

Synopsis:

Specific flaws or defects on the inner surface of pipe were unable
to be detected by existing non-destructive methods. The authors
have developed a modernized non-destructive tester using ultrasonic
phased array elements, and this non-destructive tester can inspect
the inner surface flaws or defects. Linear array probe consists of
ultrasonic vibration elements sliced into 128 bits and its sensitivity
characteristics are kept constant within 0.4dB. The linear array
probe is mounted in a bathtub at the site and pipes are arranged in
a spiral on the bathtub. At that time, the pipes are scanned
electrically by the linear array probe. Ultrasonic echo signals are
processed by computer and displayed by the B+C scope. This ad-
vanced inspection method is applied seamless pipe including stainless
steels fields and it is inspecting inner surface flaws at a high S/N

ratio.
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Scattering Forcusing

Fig. 1 Propagation of ultrasenic beam

Skin effect Magnetic flux

Fig. 2 Magnetic flux flow on magnetic leakage flux test
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Fig. 3 Presentation of ultrasonic scope
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Fig. 5 An example of B scope projection {Scan mode: 8 bit
groop, 1 bit shift)

Table 1 Specifications of linear array probe

5C2-161 J-128 ch
Lead titanate

Type

Sensor material

Sensor dimensions

Elements

256 mm length x 16 mm width
128 bit

Dumper Dumper | vibrator
Vibration- e ; o bit -
Lens , } * Lens
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beam | | | beam Rotating
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Fig. 4 Testing principle by linear array probe

3.3 EBLOIHOHIERE

HEOMERMBHIE Y =7 7 v 1 R T RFR TR TR
B 5 o, BERER S5MH, IRE T4 2mmx 16 mm ¢
B4ET (BET) VYV =77 v A EMTFELEIE LI, - DREE
BEEACTEICM I Lc4 ATRMEOBA 2 — 7y HEL
T2 TORBRO—ME Fig. 8 tlomt, V=77 v 1 EMTFORTF
EEXRIETE WL LIFTHENTER L 2. FOKE, ~Fik
DATKbE (0=20°, EE&=2mm) OWEHBELREEOBA -
FTENELNI, THREDOEEL, V=7 7L/ ERTAYEVS
F L VETFONERENTE TS EATRELT V3,

CORMTEEET A v ~EETHES, Fg d cimLAaREE
Lien, BT KEC AR THEDOTHARE T, #WTon
ETHr R BET I LAFETH S, Thbh, REYE
BERM~NEATHZ &/, ¥ 1 XE7 ) -0t v 5 vIEEER
OHFEITETH D,

4 Fo5AVEROBE

4.1 YZTF TP L4 ERTOHBOERE
Av 4 vRACHE LY =77 v A R FoEMtE% Table

I gk 8 Vol. 24 No. 1 1992

Lens material Poiyether resin

Focal distance 60 mm in water
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Fig. 6 Distribution of sensitivity and phase between sliced
elements
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Fig. 8 Ultrasonic sound field distribution by phased array method
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Table 2 Conditions of inspection

Material Seamless tube
60.3~193.7 mm
3.0~320 mm

240 mm/rev max.

QOutside diameter
Wall thickness
Distance of scew

Rotating speed 1 500 mm/s max.

Table 3 Specifications of outline tester

Frequency of sensor 5 MHz
Channels of sensor 128 channel
Repeat frequency 18 kHz max.

More than 30dB

8 elements at the same time

Amplifier gain
Driven element

Delay time between each

elements

Duration of scan

Display and presentations

0~300 ns
From I to 4 elements

Recorder and cross section
profile display
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Fig. 9 Schematic structure of on-line apparatus
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Rotating velocity : Viev=1000 mm/s
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Fig. 10 Relationship between repeat frequency and duration
of scan
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Defect: Necking defect (410 m X 2 mm depth)
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Fig. 11 An example of on-line detection result of necking
defect of 13 Cr stainless steel pipe

RiITFROEEDTHD,

(1) BEE7 21X F7VvARTYEROLES 1 v OFFEBE
FUH~EA LEACR L,

(2) @MECOHABERKREYSRLTE S AEENEREEHER X
DEEABMRE L,

(3) FMS (flexible manufacturing system) it 2 Hh 5+ A&
E7V—HMA7 A X7 vAETORFILERTLZ LT
BRCRHTES,

JE AR RO BT T 5 2 ELE#A D, Fr v
4 — LA RN~ BT E 5 - ki, @ o xiEy BB
BLEART MEER A, PV vr—U% bR DAL TRL
Thvdh,

R, COBEE7 21X F7 v/ ETORBCERBI%
ViR BRSNS oS EL SR LE T,

2 £ X ®

1) BE##RaE: THAERSTO@ETHIERE, (1988), 163-163

2) EmREE EH—K EoANT KFiSE, BRGB—: B, 64
(1982) 3, 45-50

3) BFepFdn HIPARIN, 68 (1986) 6, 53-58

4) BHEM, JBEER B BB, IBEEE EAEE S

e B g Vol. 24 No. 1 1992

HET, FHMNEFR IEpkEkE, 38 (1989) 2, 177-178

9 EEHES, 'R & EAX--, NEES, ABEE: Juith, 68
(1886) 10, 31-34

6) BF 5, OEEE BTANE Bl [Va27ruriFo-TK
X B WM NDI O], MK L 7owx, 4 (1991), 357

— 62 —

Cross section
of circumferen-



