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Development of non-destructive tester for steel cord conveyor belts
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Abstract: A Non-destructive Test(NDT) for steel cord conveyor belts was developed by using an X
ray detector array. The principle of X-ray NDT was introduced and a collimator was used to eliminate
the X-ray scattering. An acquisition circuit for multi-channel parallel data was designed to achieve real-
time data acquisition. The reason for pixel non-uniformity of the linear array detector was discussed
and an algorithm to correct the pixel non-uniformity was established. Then a three-segmented correc-
tion algorithm with less computation and better correction effect was proposed based on the response
model. Experiments show that the spatial resolution of the image is 1. 0 mm X 1.5 mm and the non-u-
niformity of the image is below 2. 57% for a steel cord conveyor belt with a width of 2 m and a speed
of 3 m. Obtained image shows a good gray contrast,and its gray level difference for a 0. 5 mm thick
steel is about 13. The new NDT has achieved the real-time online monitoring function, and has advan-
tages of intuitive, clear and so on compared with the tester designed by electromagnetic monitoring

principles.
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Fig. 1 Schematic diagram of steel cord conveyor belt

testing



5510 ) o

B A0 T R A X AR ARG I SR A o 2395

3 HaiAe A%t

PRl 2 S A SCAIF Al ) 5k 1 i 326 At I 458 A6 0 A3 )
SMEER  JL B PR UR . FMEE S N EE
T LR PEREI R 4 A E S

s e B N EE S Z BT, SRR
AT 5 2R IR B 2 22 ] LA Bl 1/1. 5,
A DA AR 00 A R T o R AR 1.5 £

R LA AR AR S B X T e R
JE 5w B TR X o6 R X B R
AR ) X650 o AR A R P R R R
A I X A I WA AR I 3R R
W o WX AR TGS . A o T AR T AR F) X
SERMIBT R .

08 W T 0 A0 4 P 5 S 0 R T R K
SN s A% ST RS ASCR: P £ B R N . R
PR E8  BETan s 3 Fios B EEAS 3 4.6
L 7% 0B (X-CARD) B K B # CA/D board) |
AR S5 1L B b (CU) . X-CARD % ] T ¥
XOGfES# A h R 55, 4 X-CARD # 64
pixel, £ X-CARD 1] DA g , #4) AT 254 B 1Y

G

l LR

THES
LRI

M2 Ao st

Fig. 2 Appearance of structure detector

PR HIC . A/D board ¥4 oy H A5 5 55 48 B 715
S 4 B A/D, [FEXE 4 B% B X-CARD
HEAT AT RAE L 3 ol RS A1 45 48 i R T 5040 1 o
SR i) 50, AT D4R R 2R G0 IR 1 25 ) 4 48 O 5
PRI A SE it e LR W . CU 3 BT 15
AL B 5 AL L AL B ) ARM A FPGA, FP-
GA S 4 # A/D Ry EHI LA RS 5 g . 2
— AR IE 45 . ARM g 4b 38 5¢ 0405 58 5 DLOK M A%
2 AL TR BN

THEL XHESEIR
--------------- 0] | | [ {7 T () l-lﬁﬁﬁl-]tﬁﬁ T ITII-I-‘-ﬁﬁ |f||J|‘"|r|ﬁlf|ﬁ"§
nE | G AR dfg eh dlhas dlboas o
A/D board | E .E | X-CARD :

P 3 SRR AR 19 45 4 7 1

Fig. 3 Schematic diagram of linear array detector

4 U T A B Bk

41 ZERNBGTEI-—MENHFERESE
ESb i

TR 2 TR 8 17 FH v o 309 B e A i J5E A )

(1 B0 T 5 25 A5 o0 B0 I R B A R — B

{ELJE 52 P b 78 [l A 568 BE (9 00 1 B A R B0 AR

g b 7 0 5 [ R R R[] — Bl P A B 155 B0 T L 4R

005 14 2% BT R MRS AF T 28 5 o XA TS 1Y

B A AR 2y — 1k

2 W R e 1) A8 s e 1 R A el 3K (D SRR
Y, FoRH i NBOTH i, @ FRoR AT RIS 0 A
BoTr G 1 5 B R 3278 1% AR J0 X O 1Y 5% 3L
R X BRI B ICHI A RIS

Y, =R, X0+ X,. 4

G R R A B R OT ) X B A —
(s F2 B PIAS s — B AR I I L A
[) IR B A AR I TR A 32 R B AT AR 2R SR

HWHMETTH R 2 A —M/ . T T



2396 e KE IR

%19 %

TAMROCH T L2 A7AE 22 57 iR o0 RSF R/
A—B AR ITCNERS B A 22 57 55 F 9 BB
JCH) R AR WA W RHE @ BR/D A
i

e AR XOEEIE A [RAE 5 B2 1 5 19 15 0
T BA A AR TR L B 5 LA — A R A OG TR
A BOTH I B e A — B . SCERC4 T4
[ AT T BRI TE . 2538 R X i i 5
IR X ey A AT 00 A BRI S A R
ZIN O 4 B BR o AT 0k 81 2k G A N 4 o ] £ 5%
UG58 JBE R T B0k P A0 0 9 R L X 2 5
R A — R — R

TR g 19 AR 24— ok 4G 00 75 31 4 P 4R A7 A2 K
JEAR—W AL T ER W T ER R . AR —
PERIE 9 H 2 LRI A8 15 [F) 6 5 5 4 T 4%
AR ICHI MR — L
4.2 ZEFRNHFETEI-—EHNRERR

FLRT » [ A AR 22 SCHR O 2 B 24 00 25 1) 152
JCAR R — PR MRS L BT TR ST . EE AT A
L NPIRPARETE o SCHRES 1 41 19 S0k D R ARG IE
5 177 FR T W fe )32 ) — Bl R GE T
ko WK A AL SRR A I R G I T4
BRI 25, O 38 11— Fb— Ay B H R IE B . 4y
B EA L & W R AL 5 IR B HOR
B RS IR RCR . AR SCAE 0 A 1 R b B3k 1 2 i
bR R T ARSCB R G R R SR T — b
BT R 5 e 7t ) = R0 BORGE . 1ZOT R
{73 B Al (EL A B 3 2 — P A AL IR 400 T s B hE

4.2.1 M ERIER X
PR M8 I 325 B B AN % 2 () i A G iR
A mEE . MO LS ARG, Ko
JEAR U SRR A 2 £, F () S AR Je A 3
) ZRHL
Y, =F(0) XR, X d+X,,. (5)
PR T 5 Y I 3R 2 R ROt R 5
FOR—A %% WEAM o iy & — & E
2R A AR IT I N 2R AR S R AN — A
8 o AE T 1 7 0 2 B IO T S Rl 4 A 4R T T o A
JEE I (R BE AR S 0, BR J5 AN AR JC T b A [A) A%
TE R B R o B YRR — B & MR IC iR
ERBGFRE ARG A E G H 7).,

Yh _ Yl
Yh i Yl i ’

Y.=K,(Y,—Y,) , (D
O Y, R & B B IF XTI F
KA B 0 BT A GO IR Y AR § AMEBOT
i E . Y S 5% P DG IR B A5 T A - 2
.Y\ e i MEoTrkitfE. K e MMEoc
MR IE R B (DN« DMEOTHIE S i i i .
HARKIE R AT iy ] 4 £ B 4@ P RoR 3 4
S TR WD IO o A A8 DAy HESR BR0 1) Dl 5 0 (5
I g b7 B YRR d R L ] ok
0 AR I i . T 4 (b) FoR K
A RIS Z 5 B R, B 4 (o) 2R 3 A4S s Y T 17
e b4 FRCIE A 80U KL IE 5E
AR L PR TE U A TR g R R A £ P B RIS

K,= (6)

Ca) JEUU o 7

(a) Original response

(b) LA e

(b) Removing background noise

(o) FefGIE R

(¢) By correction factor

K4 PRRIEE R R R

Fig. 4 Schematic diagram of two-segmented correction methods

N GieRt i T ROt A B 22 5 5k 1 B R A
— BOL R T Y 58 B 2 A 5 1R I B RS — B
AR AT 2 58 e R IE o {EL PRI 45 A I B — iR S

LM R DO FH R 5 FOBARE—DF
b O o o KR Y DA | S R R T RV N
T — Ry BER AR IR .



%5 10 #1 ES

B A0 T R A X AR ARG I SR A o 2397

4.2.2 S BAEIARER X
3 B I 1 TE B2 AR R MR OE T 4k o 43 B
L — RS IE g, RO MR IEAR P X,
(D), X (D) s X, (D) FRE @ B A ICLE N
R RIE N .0 O LT I LY (@01
Y (@) Jy i B B e A G R BESR E N @ 1L Dy
5 G0 T i T A o R R X R I O T AR OE
LY, (@ R E L A BRI A ST IE S .
TR LA (8) IR 13 R AE KRBT Y B 5
N D5 O BIFE BT EE § AS R IU R TT 1
B 5 8 0E S5 1 i s (0 A 7 48 1 47 1R SR IO 4 IR
SREEAE @ 5 @, Z A ¢ AN BRI BT A i
B DA IR 158 43 B 47 1A% IF 325 L S5 gk 2 o B
WA IR .
Y(®,)—Y (D, )
X (D) — X, (D))

Y@, ). (8)

TSR 5 e N SR A T B SR R B

A it A5 A OE B 4R i T Ao R A R SR
TLLR B P A5 P S A T i (.

T IE 1) ELAAR S B 40 SRy W 25, — S A B SR B
KIEA R Q) £ R IE R 2K IE, Blis
FH 220 (8O X B~ G oo A 2T OE

SE BRI AR AN AR A R 5 0 B 43 B
M BRAVE R R d(1),d(2),d(3) HE d(n—
DY n—1 HLBRI 530 4 AR, 76 AN ) JE B S 4
RS (58 4 0 2 37 16 A s B iR S — L R R
Hyd Ce— 1) BRI RAE N R BRI 45 Hi
HoFE AR TT I SRR S BRI R T LA 3
X (@) B N UL P I 45 i 1 04 BT A5 1200 19
{ELSR 05 B R 8t AT AAS 21 Y (D)) & [l AR 7 32
AU X (00),.Y (D),

KAER B ANT « B o A E R R X (D,
X (@) X (D) S N n BL TE BRI 25 15 5
AR AR ¢ A IS T 0 S (R A 5 S A 7E T
— BB BOREIE R B A (8) X 1ZAZ T ki i {E
HEATALIE

3 BOAE (RS IE 15 25 58T DU #4510 o 7 Al £k
M A IERG R . (PR FEE N R . — 2 h %
LB, B E RIERE M, B H K B b,
R RCR AT . 2 0 3 4% 43 B A R AR R
JESE B 4y i SR A Ay B s . T LA R E R,
AR SCHR TS T il R A = Ay BEAR IR

Y,(@): (X,(@)_X,(@Lf1)>+

4.2.3 AT m¥&ey = 5 B EHE

I 5 22 B 4 0 4 110 g o — fige 52 S i &5,
5 Fr 7 o BUERIN 5 04 e 107l 46 /T LA 23 R 3 B ot
SR B LU 55 O R R LU A R R 0 e 2 B
TRL 40 g e o7 Y 4 ) AR SRR A /0N 5 i Ry e (R
BF FM i e O FE A S Rk . BT RA S AR S
PR — T JE o S7 Y e o AR TR B = e A BOREIE
T 5 BIOE PR 25 me iz fh £ 43S = Bk AT s A O
AR IEAR RS, 4 Bryfi &N S ik
BIPAS 5 (E 5 v @, @, BN D BRI
Tk RN 25 o 1 g 1 A R S 5 K A E

KE R R R AL 4 2L bR S ROE. 54
B A BOEEA R Z AL B A 7 e A 2 i b |
SEE A e 2 B P . HAR G AR AR ok
PR 25 1D T 245 40 10 JEE B A 3G 0 ol RN g 2 K
IR G B L0 55, 12 & 5 iy @ A, [\ B XF
PRI 28 0 A AR o0 0 (B AT A TR R
EAEA B S i Y {E 3 4F gl T LAAS 3 2R 00 5 1)
Weg o £ . MR MR E Y LY, BOAEL, R SR IR
EY, Y, WAES T &Rt BE X (D, X,
(29l X5 (1), X, (2) 2k W & B8 o 1 7 B
Mo HARMEIESLELE 7 BOaGiEA R E

T AR T B3 3 e R0 4% Y o o, 44 el 7 £k
O30 =B, — & AR R A R I TR I Y 0
LGB R R R W BN, &G S
PEEER T3 1 Tl 37 0 H .

5 T 200 A i B ol 2R 0 = R BORS IR B R R
I

Fig. 5 Diagram of interpolation correction method

4.3 ETMEHMEN =SR2 BEKEEEN FP-
GA £
LR PETR I AR T Bt R AR AL FE AT B 454
1 ARM+FPGA.,ARM % = B /A # ARMI %



2398 e KE IR

%19 %

) S3C2440A, FPGA % A Xilinx 4\ ] spar-
tan3e &%) FPGA, ARM 5 FPGA 2 [a]i# 1 &
LT  FPGA St B R4 5K 0E K IE
56 0 1) B A7 4 B FPGA & — B0 0 RAM
B, ARM I FPGA A FRECHE - i i ) 2% 1% i 25
TR R ALE O Bl s D ER . A
PRFL BN 6 fros . R EE A/D IFA7R
FEETR LB 6 R T PR AE S R AR G AL B
O, HoAth =P kS By X 5 e 2 E . &

Je R —MRB LI A/D Y4 5 5008 1 %
L ROMD) AR Al & A8 IT 1 70 BOE il i 70
SCH RS ORI A U CR B 1 BN L 2% T R — B
RS IE 28 SCHEAT AR AE S 800 2 S B X (8) i &
X (@, ) IZE . ROM(2),ROM(3),ROM (4)
WHEBFEAif 3 A4 B i ek R4 BRI (8) iy L
A B s AR 2 L E R O MY (@ ) iz
LG EE S AW RAM, g1 ARM 3 3 8
e

Hiht ROM B bl
. T L[
il g o i ARM#Z 25
% = 1% > ———
AD] | E PP S| p
|| F-ROM=Y % L) 3 L 5 Lo
D i o i B 5 w E = & PRav RAM| ARMEE 2
=S ﬁ L[ RO ARMﬂﬂ%ﬁ)‘é&
(I — 17 & & L % Lo| m :

B6 — BB AL RS 1 9 FPGA 923

Fig. 6 FPGA implementation for single way correction algorithm
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Fig. 8 Conveyor belt image collected in industrial site
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