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Design of ultrasonic guided wave broadband excitation source
based on FPGA

Wang Zhen Lan Shun
(College of Mechanical Engineering, Guangxi University, Nanning 530004, China)

Yang Jiarui Lou Daisong Mao Hanling

Abstract: Ultrasonic guided wave detection has gradually become one of the effective methods for weld defect detection
due to its characteristics of high detection efficiency and long detection distance. At present, the signal excitation source
of ultrasonic guided wave detection in domestic usually combines signal generator and power amplifier, which is not
convenient to operate and the latter is expensive and has limited performance. In order to surmount its shortcomings,
an ultrasonic guided wave detection broadband excitation source based on FPGA is designed. The excitation frequency
and pulse cycle number of the excitation source can be flexibly adjustable according to different detection objects, The
power amplifier of the excitation source can achieve an output amplitude of 100 Vpp in the excitation frequency range of
250 kHz~4.5 MHz on a 50 Q load, and the piezoelectric transducer can be directly driven. Verilog language is used to
design the driver of each hardware and the serial communication protocol with the host computer. The test has verified
that the excitation source can achieve defect detection with the receiving and acquisition module on a 500 mm long
wield. The module is small in size, reliable in performance, and has certain practical value,
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L= f ~ aaxz0x10°
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NXO-1000, ¥ 45 # 3 K 1 000 Hem ', i F1 7% 8 2% 5
Bs=300 mT, ¥ M N~FTH 22 mmX11 mmX5 mm,

S 2 e 38 ) A [R) Al 2% 4R O e b LR 6 0
[ 2 e 4 A2 S5 L W A W PR AR B, A S gk e L
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3 Rt
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PRBUEAT 4 TS, H TR AR . EAALE & 1 i
P B R AR BIRMZ S D BWS ,, g g o8
W PO B AT B30 5% e RO AT B3 K LR A Sl S
(first input first output, FIFO) 45 He, ) 1% #% 7 £5 B )
FIFO H B2 BCECHE Wit X 2040 Wl 47 /8 A 3 Hob A &0
RS B R E AT A S WA, B A S 98 i
Pl H - R 05 5 6 BUG A B DA B R AR
3.1 HOEBUESRRAIRT

AR S H T VAORE HR ST R 5 A O T B
% 25 DM USUA AT AR e, AR By AT B R L B 50 M
e B PR AR E O 115 200, PR HMUE A E R OK,
W5ERT RGNS Sh AT 26 4340, SRS TER R A 15 16 0T 4
JEABEAT — VORAE AR LIS R R A BE VL E . A3 R
RS VLE 3 i, — ME& 4 DRE, S RRE ik
EGR AL RSB AL RS . A B FIFO s
W55 full_fifo 25 0 HkW {55 rev_pulse i T BEVE B, IR
B A B PGS CORTS SR 5 R T E ent W1E . &
W& 16 A~ JR B HEAT — UROR AR o B8 ot 5 35 IR 45 16 i
B rev_tem, 24— MiEHE (8 byte) MUH 45 3 )5 (cnt=143)
B E RS UEAB T IR OCRES K B R AE R
AR5 rev_out, T EUER ST 9 W HEA SRR S AF
TR
3.2 EEERESIABERKEGEIT

FPGA & BUAE 3% W5 5 5% F i 2 DDS Jgi gt , 4 5 3
WE 4 TR AXBHWE fo DA ARSI 125 MHz,
N 32, K A#RE RIS, 1 e E 8 I 52 B p 8K
O A4 ) 7 2 1R R DG 3R 5 SR i AAS () 1 42 1) 77 B AT &

1(Mfull_fifo &&
rev_pulse)

tfull fifo &&
rcv_pulse

rev_databit

M3 A0 EBCREN

RS [FIAR 2R TE 520 . it MATLAB A Al IE 9% 3% 19 500
B R, K I AE i 7E B WL FE LUFF 4% 2% (random access
memory, RAM) A7, #2 8 DDS 5 2 52B RAM H g 8048 .
WA R I R R A R PR R R B . TR
A5 R R AR R A 2], R E R R ERFEES W
M A FPGA TRARWIEZ M TH KT HF SN
TofF5 W8, T WIS 5 A TR B IE 3% 05 5 o B 7 5 40, 78
PEAT R BB AT B IE 3 A5 S O B 77 5 B ARk ik
TRk AR R R AT S Y 8 A S A B DA K3
Bk,
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E 4 DDS JqFHE &
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Te i 2% iy (45 5 25 2] DA BKBh By 36, $5 4I% E
BB S B BE & 26 45 DA S R B 2T RE
WY R R B RS, RNFREIE 5 s, FEAHE
WHRRE KB BFIERE . KRS ARESRE . Y58 R
WA BT L fil & send_en {75 RN idle REBEE
send_wave ARA, Bl &3 IRARAS  f 4 RS B 33408
(B S T 3T B0 ik ol 58 B X B (BB, A R R R 5
R BME IR E 5 K% ST EE (55 T & 5% a) R B K X
MRS R, B B idle MRA, 2 IR LA 35 58 BBk b 5 =
3.4 DR RS EIE

L ER T S B R B AE N Gl I B AL O R R A
KRR T B WO T b AW A 2R i B T B
HEANSFIUHIMER 2 iR,

WA AT ) R )7 4R IR S AL L, Bl 6 BTN
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non_end

‘ wave_cnt ==
wave_value
B 5 TR RRHOR SR A
F2 EENSNEEFERBEMNEA
K il
ik 1 0XEB
ik 2 0X90
I R B 25 h0001-h0320, %4 & 0.1 dB
VS h01-h12
W A I E h01-h0A
Jok e ] h01-h14
TRBE AL hxx
CRC K 5 CRC8 K %

B 6 iR AR E

B S 2 F0 3 43R TSk 2 A5 EB A 90,

WU W A A7 3 B B — AR 10 MREESR S B
REMBEXRFEREMFNT

idle: zs PRARZS  RLARAB S 58 AR 5 deco_done, £ 1 51|
FHKE data_length A/NTF 9 byte(55F DN BkEE 2T —
ARAS B K I idle PR

check_EB: # #r 4% 1 Mk, B4 wisg 1 7 2
OxEB(&A: 2) , M Bk & T —AR A, 75 M Bk #5 [ idle;

check_90: # #F 28 2 Wik, B A Wi 58 2 D F k2
0x90CEAF 3D, S M BkAE 2T —ARZS, & W BkFE [ idle;

cache_cre: #2 BUE it v 1 CRC A% 58 55 . 6 A2 B 2
FHEGTL AT RS
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check_cre: X% b 25 Fn il 20 £ P8 o7 v A 4% 36 45 (4%
4) T E M E R AT —A4RA A R 0 B e i A S5 O A

data_cre: ¥ T E AL I6 1408 K % 25 CRCS KIS,
AT — R

extract_data: JEHUECHE Wt 8 7 91 2% Ik B A A BRI
ik o ) B2 55 2. 3T A L B A48 5

extract_gain: $&IBCEUHE W A 750 K 3 25 A5 480 72 A T AT
% gain_out;

finish : ff BT 25 B EE 101 25 ROIR S
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4.1 R R R M

W R B IR AR AR v GB/T 27664, 1-2011, FifE
FOR MR ZE AT 10% ., K af B 250 kHz,1 MHz,
2.5 MHz Ml 4.5 MHz 945 3 k47 03K, W0 328 A9 &5 38 a0
B 7~ (D Frn. B 7 Fa] LUE & T 50 2 0 38 mh i &
¥ LA ) 100 Vpp, BEHE B 3K S0 I i He ik ol Hs S IR 22 4E
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AR RN AR 5 A S E 5 R e X b3k 3
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R3 10 AT E RS EZE KM 5RE
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0.25 0.248 9 0. 44
1.0 1.020 0 2.00
2.5 2.488 0 0.48
4.5 4.531 0 0.68

4.2 BRWHERNR

o+ BELBE 4 10 O S KR AR o GB/T 27664, 1-2011,
GIEENGRR R ¢7iE VINEEE V& il R/ VA

Z, = 50X 75 V) g 0

(755 — 50V3,)

K Vi F1 Vo 535010 HH 50 Q Il 75 Q Tk, 78 I 4%
E R T R E .

ML RN R 4 Pras, B AR 8K Z R, 18 HLUE 08
£20% LI, IF A KF 50 Q. &3t — 5 N
Zy =47.2 Qs REN 5. 60 4T G 2K,

R4 BESERNMAHBRIKER

A BRRRE O ARRE/ME R
(R)/Q (Vo) /V Vo) /V (Vpp) /V
50 20. 1 —20.8 40.9
75 23.6 —25.2 48.8
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| 8 SEESE
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