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Simulation analysis of thermal imaging
detection effect of cracks on track plate surface
WANG Dengtao, LU Hongyao, MENG Xiangzhen, MIAO Zhuang, ZHAO Chenhui
(School of Urban Rail Transportation, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] The effect of night crack detection on track plate surface is studied by infrared thermal imaging. Based on the infrared
thermal imaging detection principle, the main factors that affect the detection effect are obtained by deducing the calculation formula
of temperature difference on the track plate surface under the condition of night. On this basis, the infrared thermal imaging detection
model of track plate with surface cracks is established, and the simulation calculation is carried out for different combination
conditions of ambient temperature, crack width and crack length. The results show that when the ambient temperature is greater than
10 C, thermal imaging technology can be used to effectively detect cracks on the surface of the rail plate at night, and the higher the
ambient temperature and the larger the crack size, the better the detection effect. Under the condition of 20 C, the effective
detection of small cracks larger than 0.1mm in width and 16cm in length can be realized.

[ Key words] infrared thermal imaging; track slab; surface crack; non—destructive testing

0 351 5 JIN ANy TR L A N T R O A 1 s, I

JOHE BT 2 [ e ke 1) LB S5 P
2, PRI IR MR LI e A3 8] 4 iy 280 46 DY 3R 0 23
AR, BB AR E T R R
SHPE AR BRI, — T TR B E
HRESF I BEARNE R Z5 R 1 32 1 0041, RORIEAR N
RIS RS 5 73— T, AR YA AR e R EUK
oy RS AR BHE ABUE AR N AR, 51 BE L mr AL |
IV B AN A 85 1 S5 R AT, 3 L Al ) —
AR 7 UM AR R e IR B R A A
TR A DR B X L 3 A % T 4 S %
I ORI I B T U AR A AR AR P 5 AT O TE
ARTRDEE R, XoF T T8 A 3 1 SR A B ) = 2K
FENTIRAG 4 77 2, 22 BT I) K I 1] R A
R AT L% AR F 22 LD R A I SR RS A

BEE£WH.: L TEBEARRFE AN H (18KY1017)

ANTE R TSR T 45300100 TAETR 22, LA b 45
FEHT B T 155 B3 RS 5 2

ZLAMA R B A & — o B T s B AR | B
A RN R RBCRIRE R, TIZ N T A
S 22 A SR E RS I T A ' Titman %5
NS R FHET AN RORAG B AR X 38 [ | 5 A1 % 4 K
RITREE T 25T T KA 5T, & LT AR5
AR REAEAT RO X R B 1 2 A A A A TR DA . AR
B A N g A AR B AR 1 T B TR A
Ak %) 2 T 44 ARG T AR, (R B IFST 2 02
AN TR R} 2 T S 4% TR AT 2 PR E 5T, JF A 52 )
T ARG I SR ) = B R R A7 o i 5 2 | Ak B
=,

FEF e, AR SR XS M ZL AN AR 7 T X e

TEFRE AN : THWH(199%4-) , B BEHFAE  FEWFTT7 ) 308 TREES GRS PRSI0 5 B8 IE (1990-) 55, SEalill, T 2EF58 07 1) . BLiE

KA
BiEE . MKEE
WA 2019-11-12

Email ; luhongyaol @ 163.com

oS FURT AL K H E ) @ RAT R E A



5 2 1]

FEW, A U AR T RAE R PR A D RCR 05 LB 133

i % THT SR 40 7 [P0 ARG 0 255 SR 1) AL, 7 65 R i R 26y
JRUSF P2 R DR 2% 0 6t b e e Sy 7 e i
BE WP TE AR LT AN ARSI AR | 43 S0 A
S5 T I R BRI T R X AG I A5 S A B i R A A T T
TS0, B T AN B AR 2544 , A
R 155 FBTVEE X PEAE BRI — 8 I BOR 4%
1 PR GKENRIE
1.1 ZDAMARRR 646 T E 12

1A B SAGARS T A 2 — i A0 T i e )
AR ELAMMMGAGE o SR X i & S L1 A R
SHIEFTHRIN G | 203 o — B 6 0 2R Gl 18 4R 1 R
SEAL RS I FRE S RS BR RS
PR S-4 HoA] WAL AR I 4 ik 1w
BB 3R, B 40330 5 K 3 B S TR) T AR B A% R
(LT NG SRR, IR 7 A TR R 25 57 VRSl 1ot
X R S 22 52, IR LB 6 R — i % B X
e HH o, DTG SEBOGHAS I A4 5 AY X T L AR
S5, MR A F T, B TR N R
S HIEM [ SR EE A SRR R 22 S 1
2 GIREE T Z M VL 2 TIREE + SIREE+
Z AL 5 T BN B X SUE BURR B K
FMR RS WAL E R R« 521X
1.2 FXEHRETE

X B 25 A 1 TC sk B BB A, TR L 1
TCBR IV BELE R, W 12— dE 0L 3 7 B AN A 45
LU

—CA —= = — 1
axg x g pe o’ (1)
t=0,T=T,

Mx=0,0T/0x=0; x=d,A - dT/dx =h(T-T,),

L 0=T-T,, WG 7 B Z& A n] 3
INH
a6 2’0
a ax
1=0,0=0,=T, - T,,
M x=0,00/0x=0; x =d,A - 96/9x = ho,
Hr o HWFRBRE, a = AMpe, KHTCEREN
2,8 F =0/ 0, HICHMWEREE, X =x/d IR
B, USG50 T R R 25 1 AT i — D3RR R
2
oF - d Fz’ (3)
d(at/ d”) 90X
t=0,F=F,=1,
WX =0,0F/0X=0; X=1,0F/0X =hd - F/\,
RN F, = a/ &, RIFFTERIERE S

(2)

Pt R TC I ] ;2 52 IR BN B, = hd/A, RAEHL
TE i PN S-S AR BE RN S AR BH 2 TRl A e, D)
AT DR R TCE MR F e TR F, | R
B, FIJCH AR X A pRER, B .
F=g(F,,B.,X), (4)
EIUE AR R T I R A T B g
BRI T IO /NTR EE 2 | K 88 e
R NTR SRR, A X E R R TR E R T,
A 4 X B B MR GRS T, WIS IX B 5 Ak
S X R TR 22 v KR
AT=T,-T,, (5)
R (S) , B 2EA FKE LT w HR
(ISR, 7 BLAE BT MR R T IR 22 AT W] 3Ry DA
T eREUE
AT =g(6,,t,a,d, A h,lw), (6)
PP RN . 0, HC,t Hs,a Hm® s,
dHm, AN -m” - C" s R ] m?-CT s
1 m, wh m WEEARFENH s,C m,J,
G = B, TR AT ¢ A A1 d PO FEAR Y 3
i, R4y 5 WICHEN w A R .
0, a
B AT 0 A7 4™ " AT 2 A2 4"
h l
B AT 13 A3 4" e = AT 4 A% d"
_ w
CATS S AS A
MR AR B, SRS 4w AR a0 T .

T

(7)

!

s

00 at hd
WI:E-N 772:E, 7T3=7’
l w
7T4 _39 77-5 _;, <8)
A5 2 o 20 )7 7
0 .
G, M LR g, (9
AT d2 A d dg
Hp
at hd | s
AT ?dz’/\’d,dé.eo’ <10>
it —L 5 1L
AT=60-C- R (11)

Horb, @ Syl B2 2 8, 5B R DR R O PR
J& 5 €O RJE R B, AR LB E —E R, 2R
R NREE R R N2 75

£ AT LAFE Y TR SR B A A 0 L i
i 3 T 44 1) A T AR, 32 52 31 4 RS R BRI 3



134 /ORI B NS5 NMOA 10 &
BERE R, R SOR R et A T B HZ IR Solid70 SEARITHA TR A2 , 452 2 [H] 2R
2 BRTHE FIAG A0 R UE 1 421 ) A 2R o 8 %o 2 1 24
2.1 HERERET WEPEA T, PR S R AN A D) 284 4 7 1 A A 46 T A

ARSCULBE L Be CRTS [T BUARGUTCHERE A AL RO RO R4 | IS 288% DXIUIEAT WA i Ak 2,
il S A AR ALE R CRTS I BB ARZLAM  WI& 1 PR, EEGTRSHILE 1,
BRI, Horp BB GRS L CA BV E L

(a) HRINLE 5 BIRLELSH (b) Z44E DR PIA% i 25 () HoriAse Ty & fA /R RE &
(a) Rail platform and pre—crack structure (b) Crack area mesh encryption (c¢) Overall schematic diagram of detection model
BEl1 CRTS IBVEBERLTIMAM GG =448
Fig. 1 Three—dimensional model of infrared thermal imaging detection of CRTS 1I track slab
F1 PEBRTEHESH

Tab. 1 Main calculated parameters of slab track

KB /mm SEEE/mm N A/ HE/ FRAEL
(J-kgt - (kg-m?) (W-m'-C™)
7RISR 6 450 2 550 200 925 2 500 3.230
RELG 300 150 70 925 2 500 3.230
CA Bb3 )2 6 450 2550 30 1350 1 800 0.261
SORZ 6 450 2950 300 925 2 300 3.230
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Fig. 2 The comparison of measured and calculated values in the skylight time
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Fig. 3 Fracture location and development diagram
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Tab. 2 Calculation results of track plate surface temperature under

different working conditions
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Fig. 4 The relationship between calculated values and the fitting curve of different lengths
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Fig. 5 Local simulation of cracks of different lengths with a width

of 0.2 mm
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Fig. 6 Relation diagram of crack width and surface temperature

difference
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Tab. 3 Results of track plate surface temperature under different

environmental temperature

W5 ELE ZLEETETE/mm
WREE/C K/ mm 0.1 0.2 0.3

=5 160 0.021 0.026 0.030
640 0.043 0.047 0.051

2 550 0.065 0.070 0.080

0 160 0.029 0.038 0.046
640 0.049 0.050 0.054

2 550 0.070 0.072 0.090

5 160 0.042 0.055 0.059
640 0.052 0.061 0.067

2 550 0.080 0.090 0.107

10 160 0.046 0.056 0.064
640 0.058 0.065 0.077

2 550 0.095 0.099 0.115

15 160 0.085 0.101 0.143
640 0.103 0.119 0.145

2 550 0.130 0.165 0.195

20 160 0.109 0.130 0.181
640 0.116 0.158 0.212

2 550 0.150 0.235 0.270

25 160 0.133 0.184 0.231
640 0.164 0.230 0.279

2 550 0.195 0.290 0.390

30 160 0.174 0.264 0.308
640 0.202 0.286 0.367

2 550 0.225 0.345 0.450
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