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Abstract - Pipes, commonly used in energy and petrochemical facilities, have various types of defects in-
duced by diverse factors and this is often issued in NDE society. Ultrasonic guided wave inspection method are
normally adopted to insure the healthiness of industry pipes. Recently, ultrasonic guided wave inspection is
shifted to adopt arrayed probes and system. And here we developed an array guided wave ultrasonic testing
system can adapt arrayed probes and focusing methods. In this paper, an array guided wave ultrasonic testing
system is presented including a transmitting focusing technique and flaw signal level enhancement.
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J Table 2. Design specifications of ultrasonic P/R
Foe | Agww | oaemn | TS gn sp /
Wl (e e]Ey T} ° ;
g ((AdEAAETDH| B7HA case) HE) Pulser spec. Receiver spec.
2UEH E7} 7V 27} Pulse type: Bandwidth: 50kHz~5MHz
FILT AHa7ls square/tone burst ) )
A& TorL TorL ( ?:/] /\/]—Z}z;?-] /’]‘—"i\i wave Phase: inverting
2= AE7) A7) 24 =
Pulse voltage: 400V | Gain selection: ~70dB(10/1/0.1dB step)
] \étﬂ 7=
E&ZIE =7t =7} A i7]}%o ) Pulse width: 25nS ~ High pass filter:
b - ° 10uS(step:25nS) none/50KHz/100KHz/300KHz/IMHz
Agd 7Vs
7= By . »
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- o . .
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1= AN -
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- - - 25 ~ 100,000 R
AAA Als k-2 oju| R+ A& s Output impedance: 50 {2
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Table 3. Design specifications of digitizer/controller

Contents Specification

Max sampling rate : 10MSPS/Ch

Resolution : 12 bit

Output type : LVDS/CMOS

Input bandwidth(-3dB) : 400MHz

Main FPGA : Spartan(Xilinx)
FPGA

Main Clock : * 200MHz

Program memory : Flash/SRAM

Memory Data buffer memory : DDR2-SDRAM

Data buffer memory Size : ® 32MB/Ch

Control interface : compact PCI

Communication
Ethernet link: 1000Base-T

Pulser

.
" . 'k, |
'_ Bad =

et i

Fig. 2. A block diagram of pulser/receiver module.
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Fig. 3. A block diagram of ADC/control module.
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Fig. 4. Schematics of pulser/receiver module for
array guided wave UT system.
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Fig. 5. Schematics of digitizer/controller module
for array guided wave UT system.

Fig. 6. An artwork of pulser/receiver/ADC/controller
module for array guided wave UT system.
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Fig. 7. A developed array guided wave ultrasonic
testing board.

Fig. 8. An integrated array guided wave ultrasonic
testing system hardware.
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Fig. 10. A block diagram of array guided wave
ultrasonic testing system software.

ST ——
WD YA BW EEEM
e Bt rhd
Ty L
py —
A hstomiud Lo et o d
sy

I o LAY e et

Rurwch LN Irharaaet et € sl . ARAC

Fig. 11. A screen capture of array GWUT board
device driver registration to a Windows OS.
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Fig. 12. A screen capture of array GWUT system
software(multi channel signal acquisition).
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Fig. 13. A conceptual drawing of guided wave
UT signal focusing algorithm based on
beam propagation distance.
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Fig. 14. An experimental setup to detect artificial
flaws in pipe with array GWUT system.
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Fig. 15. An experimental result acquired from a
pipe engraved artificial flaws with array
GWUT system and software.
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Table 4. A comparison of signal levels between
non-focused signal and focused signal
" A& ¢aF | IAE Ludgs
TE | haga) | ase |OWI0%
Energy 2454 3278 1336
1]
Peak to Peak
0.174 0.217 124.7
V]
V.2 &

olluAl, 43}st wi vjol EAsh= Cul 2%
S A 5t WML Y FERST A 2H
= AABAL Al=H StESo] 329} A AE AZE

A& eI

oftt
Jo
b
I\
o o
<l
ol

A 2" Al s FEH] ol
AZEYOE o8

53 MEdE FEZST AAA2H
o F 2GS MG RS eSS B
o =X 2stigerliel AtdEses FHAZ
A& ol™ STFT(short fourier transform), 2D/3D #
Abo]H]A] w3, radial profile ©j8 T2 Al&/o]H|
2 ZAHE 75 WL Ag ol

ZAte 2
B ATE 201839 % ol A7|Eg 7 oy
A7l el A7H Ahdog FPEon,
A del ZAHE =T
ARB7|1s
C : wave velocity [m/s]

J : energy [joule]
V : electric voltage [volt]
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w : angular velocity(rad/sec)
{2 : electric resistance [ohm]
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