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Abstract: To further study the nondestructive testing technology of line laser scanning IR thermography, the
effects of adjustable parameters and tested material parameters on the thermal imaging results was explored to
obtain the best defect detection results. COMSOL software was used to establish a finite element analysis
model of line laser scanning carbon fiber composite materials, and the maximum surface temperature
difference between the defect center and non-defect area was selected as the characteristic quantity to measure
the detection effect. The influence of the linear laser length, defect size, and defect depth on the thermal
imaging results of carbon fiber reinforced plastics (CFRP) was analyzed, and the relationship between the
three and the detection effect was fitted. This study provides a reference for the establishment of a laser
scanning thermal imaging detection system and accurate and reliable detection standards.
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Maximum  temperature
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Original Normalized  Original Normalized
value value (x) value value (y)
3 1 4.118 0.1923
2 0.6667 4.591 0.2144
1 0.3333 8.535 0.3986
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difference

3.4 SRV E X MEIR AN

PLE A D=10mm & h=1mm [P FLERE
B, WEMTAZE: BOGTIE N 30W, $9H#77 17 x
HyiEJrm, HEE N Smmis. RARIUE AT,
B BB GO 3s 7T RERELBOLK
JE 1=10mm. 16 mm. 20 mm. 24 mm PR

Hdl o ANF O R R TR B ] 12 s
MEE 12(a)F H, LRBOLEAA, fEdnR
TGRS . o HERRBRIE I, 3 — 2D RAETCHRIE
DX IOt FE A A B, & 12(b) o, iR ih
LR S5 12(a)— 5. HILATLAEH, Lotk
FERRA, O O iR BRI . S35 AR A A
Wil 12(c). B 12(c), LFOLKEDy 16 mm, 20mm,
24mm B, 27 s P WG A 2RO 6K B PR I i o
N, EREOEKE N 10mm i, R EFIEAE N T N
16mm. 20 mm MIZRHOGIR BEIEAE, KTKEH 24mm
LR B IEE . it — PR ALK N S5
MR FER R, k4 [=8 mm. 10 mm. 12
mm. 14 mm 2% SR AR K 13, mEE A,
LWOCKERM T, &% i B ihai 5K
120 . Zia K 12(c). B 13 $ds, Lo EE Y
RN 1=8mm. 10 mm. 12 mm. 14 mm. 16 mm. 20
mm. 24 mm B, XFRH KB 258 Toa=
33.812°C. 39.163°C. 41.974°C. 42.843°C. 41.3C.
39.624°C 37.631°C. mLAMZLE]: 4 1/MT 12mm,
B KR RS I, ORI 1K T 16mm, B
KRR, SRR T R 1=14mm B KRR
F 1=12mm Al 1=16 mm )& KA. Rk, ©%IR47
TE—NERE AT 12~16mm, 15 1<loif, | 14
Ko Toa K 1>108F, 1 HK, T I 275 pi
KETHH AT R R R MO E RN,
INF =N IGTHE Lo, Z75 M FE B HRELT, MEANL
U #MESEME, XM, RECESBL, &
7 ra PE S AR, s RO T O EAR
RBR, KTIRFUE o, AEHRELY HESHEN
#H, ZFANRER LGSR S REEFO—8, Bk
FHROCEAMIGI, 275 fis KR FHERD .

100 80 15
—— T of 1=10mm T of 1=10mm —— T of 1=10mm
—— T of 1=16mm =— T of 1=16mm —— T of 1=16mm
—— T of 1=20mm —— T of 1=20mm w0k / — T (\f 1=20mm
80 T of 1=24mm —— T of 1=24mm | —— T of 1=24mm
60 [~
(@)
= I O
— -~ s
60 [ | A — . =
™\
10 o N )
TN 30
w0t AN
N |
UL te e s tasmanans Minsasadteseseasesns
| 1 1 o 1 25 1
0 20 40 60 0 20 40 60 0 20 10 60
t/s t/s t/s

(a) SRR ORI A
(a) Surface temperature diagram of
the defect center

(b) O Lok B X I L ]
(b) Temperature map of the defect free region  (c) Reference point temperature map
in the laser center

(c) ZE Rl ERE

K12 I1=10mm. 16mm. 20mm. 24 mm 2 [ i 5 K
Fig.12 1=10mm, 16 mm, 20 mm, 24 mm surface temperature diagram

127



¥ 4T % 1 W NPT A/ Vol.47 No.l
202541 H Infrared Technology Jan. 2025
45 4
T of 1=14mm —— AT of 1=40mm
I o[t liIme P : AT of li?Omm
o e ™ S
p‘&
=

t/s
K13 1=8mm. 10mm. 12mm. 14mm &% S £ ik K

Fig.13 Surface temperature diagram of I=8mm, 10mm, 12mm,
14 mm reference points

FIEFILPRIE AL, RO ATRERHIR TH WO K
DR T ARSI SREER, TSR TR R, AR
LWL EZ 8 1=40mm. 50mm. 60mm. 80mm
FRTHIIELFEE J I 2= s an & 14, 15 B B &1 15 AT AN,
BEAE 2RO EERSE N, ShiE 2 ORI Z (B,
R BOR R . A0 KIS B R ZH0s H— e

R WK 4, ALK 16. PIEXRRXWT:
y =0.1969e %% 4. 0.2988¢ 2071 (11)

T of 1=40mm
—— T of 1=50mm

[ —— T of 1=60mm
/ A —— T of 1=80mm

TI'C

1 1
0 20 40 60

t/s
(a) PO TR
(a) Surface temperature diagram of the defect center

32

T of 1=40mm
—— T of 1=50mm
—— T of 1=60mm
30 —— T of 1=80mm
A
© \
~ \
= st \
A\

26l e e e

R
e

t/s
(b) 2% SR EZE
(b) Reference point temperature map
&l 14 1=40mm. 50mm. 60mm. 80 mm i {5 E &l
Fig.14 =40 mm, 50 mm, 60 mm, 80mm surface temperature

diagram

128

60

B 15 1=40mm. 50 mm. 60 mm. 80 mm i % K
Fig.15 1=40 mm, 50 mm, 60 mm, 80 mm surface temperature
difference map
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Table 4 Line Laser length and maximum temperature difference

data conversion table

Maximum  temperature

Laser length I/mm .
difference ATmax/C

Original Normalized  Original Normalized
value value(x) value value(y)

80 1 1.033 0.3125

60 0.75 1.523 0.4607

50 0.625 2.125 0.6428

40 0.5 3.306 1

* Normalized data
—Fitted curve

K16 LUt KESRAREMSE
Fig.16  Fitting diagram of line laser length and maximum
temperature difference
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