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Research on ultrasonic testing of plate weld flaw based on NLFM
Barker coded excitation method

Song Shoupeng, Qiao Mengli

( Department of Instrument Science and Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract : The coded ultrasonic testing has the problem of long duration of main-lobe and high level of side-lobe after pulse compression.
To solve this issue, a composite coded ultrasonic excitation technique based on the non-linear frequency modulation Barker is proposed,
which is applied in the plate weld flaw detection. The generation method of the proposed composite code is presented and its mathematical
model is deduced. The time-frequency performance, the transducer response, and the pulse compression performance have been
researched and simulated, which are compared with other coded signal excitation method, such as Barker, non-linear frequency
modulation signal, and linear frequency modulation Barker. Compared with the non-linear frequency modulation signal and linear
frequency modulation Barker, experimental results show that the power ratio of main-lobe to side-lobe is increased about 11 and 5 dB,
respectively. Compared with Barker code, non-linear frequency modulation signal, and linear frequency modulation Barker code, the
level of peak side-lobe is reduced about 7.8, 7, and 3.6 dB, respectively. The composite coded ultrasonic signal can effectively detect
the common five types of defects on a steel plate weld sample.

Keywords : ultrasonic; composite coded ultrasonic excitation; non-linear frequency modulation (NLFM) ; weld defect

e FE RGN 77 3k A R P AL S A N 9 3 R ARG
DRGNS G0 2k T AL 22 R AR B | o AR
SErpfEE RO I AL BRI (RO ORIE S 55) AR

0 3

[l

H A, GRS T s A W 4332, (AR A1
Mgy fa s oG RS R AN TE e T
PEN DRI, B R 4 B o B AG: I 2 06 TR 4k B
kg H41:2020-02-12 Received Date:2020-02- 12
* JEATH R A RBHFIEA (51375217) T H ¥R Bh

Ko L 0, LR 0, 5 e, A £ T B
Rl
AT R ST G 28 5 £ e



5 4 1]

K5 75 KT NLEM Barker 44173 B0 b 14 BB 4875 Kol 7 0% 247

BT R AN DA ik 5 | N G B R P R B R 5 ik o
FEARBA R B X — BUR, H L0 2 B XA DA REAL M
J751 Barker i, Golay A" % A0 {7 % . L & £h Chirp
fZ 20k (S S (linear frequency modulation,
LFM) DR E AR 28 vk g = 5 ( non-linear frequency
modulation, NLFM) "' S5 4% i1 75 4 J8 — B0 Af
{7 it 751, Barker 5 2515 DG FC U8 % Je B A A% 4 U
(B 55K I T, 28 4 AE 25 Barker 45 5 155 R
5 H N LTI AN 2L 5% 53 0 AT ARSI , R T A A
RS 1 L (SNR) BT, Hi T Barker 55 HAT RLAFHY
FARSCHRAE , REASHD I M 7, 4 &5 SNR 5 bk v i 45 /= R
BRI, MG, — 2 I I X IR A S S R AT
W5, 0 Li 27 FE AR B 20 A T R T LM 45
R, B TR PRI G B B R AR R X
A GE Y B g AT G0 ISR ] LEM {5 5 5 08 A5 Ay
5H 2% (time of flight diffraction, TOFD) Kl AH 45 4 B9 )7
2o 4 TR PR BRAR T B A A E I 2, LFM
REASHR A T 45 2 1 B B3 43 93, L K o 48 )5 55 7K
PR AT BRI, T I35, GAO
LEM Jic i F 46 5 5 in 20 46 98 8 AL 3 IR 6 6 TR
o R T S5O B 55 7S SR AR T B 257 A B R Y
PeI R BRI SO IR T SNR, 2 5 sk f e a0 41
P e T S 3 38 T 18 A A5 s 55 3Rl A
2,8 LEM U2 7 125 52 VAT B 1 52 i 35/ I ] 43
PERILE T 16.7% (L SNR .y T 485 SNR, A"
PR T BT HEMGERAE 1) NLEM 55, 8 LFM 46 {5
AR T SNR(HE 5 53 BEARSZ R S8 A SRR

NLEM 55 32 2 T 55 IR TR 00 450358, 12 334 il 40 5% 1)
e KA AR TEAN NG (55 B0 T, AT B8 3 5 ok i Hs 4 119
DT AR AR Y 25 M K o B, ) F AT 1k, NLFM
R U AT A K, i, SR T
NLEM 55 i AR 5T, 3 o455 80 60 2 35 A 07 15 B8 Ji
BRI A ), He™ A s B 2, A 25 400 4 ) R I
BB VE N LR B, S T NLFM {5 S5 s 5 =, 2
Wk R =& TR &S R BE WA, L
2 g Be 2 W i O vk W T — R TR
IKAF S WA NLEM, {7 0135 4545 -5 19 25 3 K 715 31
T RS

AR SC LA 7 A [ s R P A Sy AR R B, A It
fitlh_ AR YA O BR J B, R R = ORRE S5 4 (A A Ze PR
BHE KB T NLFM {55, 3F LU 2 30k 15 5 98
Barker fith, 15 %1 3 £k #4: 95 Jii Barker ( non-linear frequency
modulation Barker, NLFM Barker) & & i3 (E 5, 255
ZRd W)AOR IR B 45 5K Bl A% A 7 A T T A 1
B, T BRI ARSI

1 NLFM Barker € & #i0#BHE S0l %

NLFM Barker 5 & 4 % 75 k[ 162 00 22 e 4n 4] 1
IR o

G gk | s
o=) A 3% S A
s(f) ‘ h(5) ‘ (o)

JRgEI R
K11 NLFM Barker 52 {5 4 i il A6: 22 ¢
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on NLFM Barker composite code

25 G w75 {5 5 K I R e 2 B S 5
r(t) ARIR N

r(t)=s(t) «h,(t) *h,(t) (1)
K s(e) AAIHKIGE B NLFM Barker &2 45 4 %34
G55 by (0) Ry B 75 4 RE A% 0 A7 PR 1 5y (1) SR K
RIS ARG bR 7 B,
1.1 NLFM Barker £ § 3B 55 S KM= E 3# 57

NLFM Barker & & 4t ih {55 s (1) AILABEAER L
NLEM {55 Rk i , i 1k 45 Ak i) Barker 51745 2],

P-1

$(1)= Sy (1) 5y (1) = {;Ckg(t_kTP)} #Syp(t) 5
0=s:t<T,) (2)
KA sym(t) A NLEM {555 sy, (¢) & Barker fih;
le,==1,k=0,1,2,---,P -1} J& Barker i3 F#4; T, /&
Barker {55 7k A I (7] 58 32 5 P 2 Barker {55 BB 1< 5
Barker {55 1f) SUFLEIS [A) )2 T = PT,.

BTt NLEM {55 HA Ik ik

snrn(8) = a(t) explje(t) ] (3)
e a(e) R sy () AITRIERREL, S T BF5E 718, O
ERRE a() = 130(0) 1 sye(1) BIAHRLEREL

NLFM {55 iy fd B it A8 4 i) 7R Oy

S (f) = ‘SNLFM(]F) ‘GXP[JG(f)J =

[ TespliCe(n) = 20 Ja )
PR 12 B SRR Al e, 5K (4) eI B A e = o,
ﬂ\y ‘SNLFM(,](;;) ‘: m ,1 A SNLFM(f) FI"JTFE{EI%I

v @"(t,)
HGOU) = (1) = 2nfiy 2] Sw(f) BRI
= N 1 d§0(t/,-) N . L
BRRR A (1) = 5% = 5 S of AR o, R

A B 0 ARSI 5 " (1) AR R AR @ (1) BB 3



248 3 2% X

A 41 %

B0, RV 5 Wi ok A0 AR AR AR AR T AR 82 R AR (1)
HI—Br 8 @' (1) FoRTABUE T BRI
PR RRE | Sy () [RIBRIATR 2 ST 4,

2 1 1 d7,(f)

Sum() 7 = 2 * ) i

| Sy | i | (1) | df) & )
dt

F(5) PR, R 82 13 45 5 A T 0 R e Y i %
HIZAR BRI . R, 55 O RE R 2k
SEAR T PR RER . O T8 5 R e RE AR A T
{5 SR IR R, 1 P ELAT 0 0 R RSO0 2 (1 7 £
A DRIEVE NS T sy (1) HORERLR, BI,

s S-S\
‘SNLFM(f) ‘2 = (4fﬁ\/;‘jxp( - j:fzf ) ) s
B B)

fe (fo_?yfo"'? (6)

K: BRIRIE R B/, AL EEES O s & 5L RS
FAXIHTTE p A7 KK, s = 3.32/p; B HIE S TE, 5
FEHLRE AR —20 dB AbSr 0 SEIUE — 2.

H120(5) F(6) ATAFBEAERT pREL T, (f) o

Bs S/

nn =k (%ﬁcxp( 4f; ) )
B 2 © (_1)2n34n (f_f0)4n+1
o) B G )

Hr 5505 f—En, BEEER T,(f) 5 KA
H——X R, S f=f, + B2, T,(f) BURKIE T,

H TR AE ] pR AR S bR B, R pR B — e A7 A, L
EBIR OSSR ZE Pk

Sy =T, () (8)

A0 (8) ok H 445 2 B W AU Ay 223k XA Ik ef
PR f(0) I, TR [ fo-B/2 . fy + B/2] WHIIR f
BEATY AR 03 AR T, (f) 2Rk 2R B A f, Xt
W T (f) WAE ¢, A = KRR L A A XA [,y
b, =2,300n) PRG3R AN 35 5]/ DX JE] ) = B 2 350X
Sio (1) o ETRT AT F R A A3 1 S0, X % X i) = By 22 30
2 S (1) BEFTR S T4 45 DX ] (AR 67 R AR A 2

g (1) = 2m[f (1) de

tet_,t,],(i=2,3-n) (9)

P VRRE S 37 B0 B B A A0, 45 M 408 X[ 5 3 I 5 a5
SR {5 o AT 4 BE sk O 2o A W R A7 A I A 45 ik
DL PREUEESENY o AR pRB0E I HE , F A B eR AT LA
AT AT S R WM 7 B BT Pl A L PR AT
Pk, SR IMATEIT fBIKe 4% DX TR0 R S Ak 1 7 A2
hy PRSI T (IR, R 3l AR 07 bR 25 it 2R R 1R A9 31 7 4
A3 A5 X)L AR BRSO -
eyl + e,t2 + ezt3

1 +dit+dt’

df =

o(t) = 0<:t<T,) (10)

Hrr, ey e e, d, d, S 515G OB A-20 dB
WA ECHE 8 MRS IR A R R B % o (1) FRA(3)
133 NLEM {55 sy (2) PBS IR R IR R
Legl + elt2 + (32z3
Syien (1) —exp[] 1 +d+ d2t2 ] (11)

NLFM Barker & & g i 80l 15 5 W00 4 75 e e 4% 5
3 EMBIRGR RS 5 e (1) , Rk N

c(t) =s(t) =h(1) (12)

L 7P 480 BB P R e 07 R P v B0 pR SRS AR S R
FikAHN

2afyr\ °
h,(t) = Beos(2mfyt + @)exp[ —( ) ] , (0=t <

(13)

TP)
Horp @RI
1.2 NLFM Barker £ & 4 #3 [EliK {5 S Bk [E 45
fHF NLFM Barker B} 3 Fpat i) [R50 4, 0 T 32 5 1]
WAR 5 W RE B o3 PR 75 B B A5 55 AT ik b s 4, e
JEAE RN 2 FR™

NLFMfE &5 o)
VCAC I 38—
Py

) Barkerfd
—> ILECE SR
P,

w(t)

B2 [l A5 bk b TR 4 A

Fig.2  Flow chart of echo signal pulse compression
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Table 1 Results of testing echo signal pulse compression

using four types of coded excitation methods dB

28 N EE R 1# 2" 3 4* 5"
Barker 31.2 39.5 38.7 29.7 30.7
NLFM 15.8 18. 1 17.7 14.2 15.1
SNR LFM Barker  20.9 26.4 24.9 19.6 20.3
NLFM Barker 25.5 31 30.1 25 26.2

Barker -14 -11.5 -13 -14 -15
IEAH NLFM -12.5 -14 -13.5 =15 -16
SR K LFM Barker -18  -15  -15 -18.5 -22
NLFM Barker -23.5  -20 -18 -20 =25
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