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Design of hand-held multi-channel ultrasonic system and
applications to ultrasonic guided wave imaging

Lyu Can  Chen Shili Liu Yang Zhang Mingwei Chu Guoan Tong Junkai

(School of Precision Instrument and Opto-Electronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Ulira-small hand-held multi-channel ultrasonic system is a highly integrated system. This system has some advantages in
nondestructive testing. Such as the size of the system is small, the detection with the system is convenient and so on. As for the design
of this system, the 64-channel ultrasonic detection system in this paper is established. The consequence of ultrasonic detection system
design is delay precision as 5 ns, sampling frequency as 100 MHz, bandwidth as 0. 02~25 MHz, volume as 40X70X90 mm®. According
to the results of the delay precision experiment, Synchronous sampling experiment, defect detection experiment and guided wave imaging
experiment, the design dose work. The system can expand to more channels for application to medical ultrasonic detection and the
volume will not increase too much. Meanwhile, its size is relatively small among the same type instruments.
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Fig. 1 Block diagram of 64-channel

ultrasonic phased array system
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Table 1 Comparison of several ultrasonic
phased array instruments
e LS ‘
CTS-PA22X  OmniScanX3 ~CTS-PA322T  AZR%
RAB/mm®  238x188x403 330x215x142 410x120x280  40x70x90

IkE/W 25~50 > 50 50 >1.404
A 32 JHif 32 id 64 i iH 64 i iH
HF 5%/ MHz 0.5~15 0.5~18 0.5 ~15 0.02~25
BkohEEE /s 20~1 000 30~500 10~600 5~16 666
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Fig.2 Procedure of transmission program
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Fig.3 Transmission testing consequence
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Fig. 6 FX3 communication state machine
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Fig.7 Communication between host and slave computers
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Fig. 8 Physical product of 64-channel mainboard
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Fig. 9  Structure of 64-channel ultrasonic phased array system
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Fig. 10  Pulse transmission comparison of two channels

R3 33-48 BEBBEEEERH
Table 3 33~48 channel even channel delay
AHXS T 33 380 38 148 K50 38 A SE I 8] /ns

==
ity 1 2 3 4 5
34 100. 1 100. 7 100. 1 100. 7 100
36 299.9 300. 1 300. 7 300. 3 300. 4
38 499.9 500. 2 500. 7 500. 3 500. 4
40 699.9 700. 1 700. 4 700. 3 700. 2
42 899.9 900. 2 900. 4 900. 3 900. 4
44 1100 1 100 1101 1 100 1 100
46 1300 1 300 1 301 1300 1 300
48 1 500 1 500 1 501 1 500 1 500
x4 33~48 BEFHIBEELR
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i AHXT T 34 38 18 14T HICH 18 19 4 Hsf Ff 1] /s
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37 300 300. 2 300 299.7 300
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43 900. 1 900. 5 900 899.7 900
45 1100 1099 1 100 1 100 1100
47 1 300 1299 1 300 1 300 1300
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[ A5 5 A 13 iz A A B sl i e S i, ELIA
Fr EATHR TE B P e RE A, i DL RO B Y (19 5 S Y
(A

RS BEBRERSH

Table 5 Ultrasonic transducer parameters

0 20 40 60 80 100 120 140 160 180 200 220
H/mm

B3 s
Fig. 13 Echo signal

R RS R RI(E 5 7F AFESS32LP ki ARSI R AY 15
5 FX3 3 {5 A3 15 B, LA B i 745 i) 9 1 £ 8 R
MW 6 R,
x6 REXEBH
Table 6 System key parameter

SHAR i

ELCAN ZHUE
rfLC g%/ MHz 5
MK H A8 64
M5 4.2/ mm 38.3
MK B/ mm 10
M6 58 B/ mm 0.5
AT/ mm 0.6

K12 A

Fig. 12 Detection position

2.6 64BERHZXESEH
64 il RGOS HUETETE TXT7332 K5 e sE ik

BF_CLK TX7332 spFEil i L3O s A5 5 200 MHz
TX7332 K4t [ bk, 56k 15 4~
TR_BF_SYNC

BF_CLK J9 150 ns, 5% 1 kHz
SCLK TX7332 H* SPI i@ {54 ,20 MHz

ADCCLK AFES832LP 34 RAENR A4, 100 MHz
X TRIG AFES832LP 4538 38 SRAF 14 [ filh & bk ot
- FERE A 150 ns, HiE A 1 kHz
SCLK16 AFES5832LP 1 SPI @ {F 4,20 MHz
clk_100m FX3 il {F 4, 452% 8 100 MHz

HVP/HVM  JiERE Gt 2% o] W 1E 6 i FE S £ 12. 16~ £84. 48 V

3 BEENTARGELE

R T WAIE R ARG I 2R G B R SR A SO — B RS
71000 mmx1 000 mmx10 mm HJ 6061-T6 £34&4x b I IF
J& T U BN USSR SR E S E A E 14 R,
SE T A5 5 R — > JE U A8 5 e ik ol A5, e 3t
A 60 kHz, AR AT 26 v N 15 iR 7R 1%
BR N REMS A Rl AO BLAS Y 22 1k, LR T &
W AR S h 2 B R AL IR BE 51, o 64 AN
A AR 3 PR IR A A 3 AAR o0 A B0, 350 mm
AR AR R PR S b B AR R AR L, O TR LS T
TR T, SR aTE S CNC B HUR I T/ 5 X7
BRAR BT T 3 AT AR AN /IN BAS A [7) (4 A8 K00 e B
FESEI R A R AE T 45 e v AL AR A R T R T 4R
L 0 R £ 5 RRR AR U B T — SR AN A% B D8
THEEATE S, 250 1 fJa SR AR AL BA B 2 0F & 18 7
TR BT R B FUE 5 A 56 R 8L (signal correlation



55114 SRRV I E ]

RGBS SRR BB T -39 -

coefficient, SCC) , 15 5 B il £ % ( attenuation ) , 5 K I
(maximum peak ) LA f2 % # 25 {k (wave speed variation,
WSV) 4 B X g e e #6471 AR, %07 B w T
HAERFIN TAF bR s b A ik, 76 52 PR
FH i TSR RS S AP TR R ME L R A 5L A] L)
T 3R B AR IR R THEAR AT (551 hy Bk
T, AN BRAR B U8 J5 R AR B 5 5V S BB 15 5 2k A T
&R PRI

\;\QQ{'\ﬁ erd 2,

zno{z‘&-uo: 7075 10 %8RI «‘Zﬁ", 4
e S
g ——

|

K 14 SEEe E sk

Fig. 14 Real picture of experiment settings
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Fig. 16 Guided wave imaging results
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