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Research on rail defect detection method of NLFM-Barker
encoding excited ultrasonic guided wave

Wei Xiaoyuan'  Dai Jing'  Jing Jing'  Yang Xiaohui'  Zhang Yawen'
(1. School of Electrical Engineering and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. Gansu Key Laboratory of Advanced Industrial Process Control, Lanzhou 730050, China)

Abstract: Aiming at the problems such as low echo signal-to-noise ratio, high sidelobes, and wide main lobes, an ultrasonic guided
wave detection method based on Nonlinear Frequency Modulation ( NLFM ) -Barker coding excitation is proposed. Firstly, Barker code is
chosen as the base encoding, which is then combined with sinusoidal signals, line frequency modulation (LFM) signals, and NLFM
signals, respectively. Secondly, the time-domain, frequency-domain, and pulse compression characteristics of the three composite coded
signals are analyzed through simulations. The simulation results show that after weighted matching filtering, the NLFM-Barker pulse
compression signal has the narrowest main lobe width, which is 9.23 us at =6 dB. Finally, to further verify the effectiveness of the
proposed composite coding excitation, defects are simulated by attaching mass blocks of different sizes to a 2 000 mm long CHN60 rail.
The experimental results show that when the rail is intact, the main lobe width of the NLFM-Barker signal is reduced by 5. 9%, and the
peak-sidelobe level (PSL) is decreased by 2. 161 4 dB compared to the traditional Sin-Barker signal. When defects are present in the
rail web and NLFM-Barker coded excitation is applied, the energy variation of the received ultrasonic guided wave signal becomes more
distinct across different defect sizes. To sum up, this study provides a reliable and effective solution for rail web defect detection and
quantitative analysis.
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signals under the action of different defects

FP 13l 80, B3 e B 9 17 A, BMACAR 5 1 IR (L I
FAAL, U HGRTEA IR/ BRIE AT, ] 35 A i ) A2
PEHII . XA B GRS i RE
AR, AT LA W SR A7 AR S CHBE R L, AR A TE
HEATHRG B IR %E oL, (HLRE A% o SR B A I B2 A T i = %
(S

T SRV JRE 7S WA T IR R 2 Y 2 e, AR
SCRABUREH R RS 5 A RE R, P HaE AT 1A
— AL A — RS A5 RE R REAEAT RS A% S Bi
XHE S BRSO RIE S s A I P A RCR
HARMRE TR AR T

E(i) = [r.(0)ds (25)

Hor, i W1 ~4, g3 R Te BB /N B FE | i S
KBRFE 4 FIFLL, r(¢) FRIES | i 00T 20503 1Y 42
Wefs . a3 (25) T A B S i e Tt
1T,

T IEM L L 3 R E S AR 3 RN R BRBE AT S
TCHRBEAARZS T 1Y 13 BB 12 25 S, A S A 35 4 o e
WUE S RE T S OB BIR A UE S e B Y 2218, ok
FAE 3 MFESTE AR BRIEI A RE T, i1 14 AT,
Sin-Barker F1 LFM-Barker {55 7£ 43 BE/Ni 5 v 581 e g 7
T RE AT , (EAE R R i A 45 v LFM-Barker {55 1Y
AETE 22 {5 A1 X &/ , A Sin-Barker E5 B, M
NLFM-Barker {5 5 fEJTA7 3 Ffi B 2% 1 T 1) B 1k 22 (R
KT8 T HABPI R 5, 2 W AR B 01 A [) ke i 0 T
R SR RE

7 HARTEA R BRBE T 12 B, AR SCHe i 2R FH /N i A8
7 AR BB A T A3 BT S iE /NI A8 48 J 1) B A3
WEWE 15 i,

Af LA Y ZERHU R NLFM-Barker 15 5 1932 0045
S I VC T I8 I8 45 A AFAE BB 5 TC I e 1 155 190 22 1]
FETER SN, S H0UE 5 7 RE = b ) X — B, 7/ Al
R DX 1) I3 A8 T 7 A R e o 19 AR ) b e A T
I, FE/N B 5 B 5 v B G B 22 1) s VA N IR IR A
220

R TE OB G 5 RSB A IS L T 15 5
Ay e AE T IA] b B AR 280~720 ws ZIA], £E 340 F
580 s MR A7 FE WA, A% | = 853 A 7E 35 kHz Bff
i /N 5 e RS ER A A S5 {5 S B RE B U AR X A
T 280 ~ 520 ps Z[H], AUAETE 340 ps Ab B — AN IR,
PR ] AR IRt FEAE AR /N v TR I B T e o 2 X 56
2 A UEAH I A — e B LSS, H e n] DUFE SR 2 B/
rh IR IR 5 TG IR = ] 8 S BRI A A

SRS 7E TG Bk 5 R BRI /N A d5ke g 5 R AR sl
B Z (RIS AN B 5 Sk T B B ) i A5 22 501, 43
AT 3 FhEREE 2510 N 5 L ERBE R 05 5 825, 15 81 45
RN 16 i,

L 16 R, /NI 5 ok e =2 [] 1) DX 03] 32 A7
TET 313~680 ws Z [0, 7EBLAF[E] X [H] P, I 15 5 22 19
B 7T 40. 396 kHz 408. 747 9 s Ab, W& {H Jy 0. 470 4;
R 55 G i =2 ) A9 X 51 £ B AE T 309 ~ 638 s
Z ], FE b B[] DX R Y, B S S 2% W (E ] T
40. 396 kHz 421. 446 3 s 40 IE{H K 0. 426 25 ; K BEG
5 ICHRRA Z H] Y DX 3] 3 EEAFAE T 340~ 625 ps Z ], FE I
IFR] DX TH) P, P 15 5 22 19 0§ (2 T 40.396 kHz,
437.044 3 ps b, IE{H R 0.082 136, I fH 22 5 4n 3% 3
FiR



58 4 NLFM-Barker 2535 Ji8 75 S 0% A0 AR B0 B R 0 5 e ik 5 - 109 -

0.2 0.4 0.6

600
Uy 0 200 40
et

(a) TLBRIE
(a) Without defect

0.2 0.4 0.6 0.8
EEE———— ]

600
7 400
ZRN 200 s

(b) MGG
(b) Minor defect

02 0.4 0.6

Fod 0.5
Eoo

100

s, 50 600

%/@e ) 500 400
WA

(c) T ALBRIE
(c) Medium defect

0.2 0.4 0.6 0.
EEE———— ]

o

400 800

%, 0 200 s

(d) KA
(d) Large defect
Bl 15 ANTRIBREE 26 1F T Bk 4 Jm 14 i At P
Fig. 15 Time-frequency diagram of pulse compression

under different defect conditions
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weighted matched filtering for simulated
defects located at the rail foot

x4 BIEVERREFESELRERES
SIS T 2= RSB X LE
Table 4 Peak difference of signal difference in time-
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