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Nondestructive Evaluation in the Defects of FRP Composites By Using Terahertz Waves
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Abstract

A study of terahertz waves was made for the nondestructive evaluation of FRP (Fiber reinforced plastics) composite
materials. The terahertz systems were consisted of time domain spectroscopy (TDS) and continuous wave (CW). The
composite materials investigated include both non-conducting polymeric composites and conducting carbon fiber composites.
Terahertz signals in the TDS mode resembles that of ultrasound; however, unlike ultrasound, a terahertz pulse was not
able to detect a material with conductivity. The CFRP (Carbon fiber reinforced plastics) laminates were utilized for
confirming the experimentation in the terahertz NDE. In carbon composites the penetration of terahertz waves is quite limited
and the detection of flaws is strongly affected by the angle between the electric field direction of the terahertz waves and
the intervening fiber directions. A refractive index (n) was defined as one of mechanical properties; so a method was obtained

“ bk

in order solve the in the material with non-conductivity. The usefulness and limitations of terahertz radiation are

investigated for the NDE of FRP composites.
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Fig. 1 Diagram showing the geometry of the through-transmission
mode
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Table 1 Average THz refractive indices of the material studied

Refractive index(n)
Materials  |Refractive index(n)*
Through-transmission mode
PMMA 1.60+ 0.08 1.61+ 0.07
Fused quartz 1.95 + 0.05 1.95 + 0.05
GFRP - 2.17 £ 0.05
*Data in References®”
2 HIE D gon P ARA(0)Y e 1 Wl 2
A glo] digF 2S/mof A 600S/mof| o] 2ttal HiEil Qi
T

YA 2| L LA E(Prepreg sheet)E 0|82 2 5-H]

3 4 e AL g 4309l 200 et A
gehina wekE ou CFRPEGANA A4 23 6
745 o|2RA B2 AR et W AEAL LT} 2ol
o7

(1)

H970] ko] A=Al ula) ul$ 27] o] (0, > o)
QA CFRPETAS Fatsl Hetel2zati 174
Bo} Brai g Fo| ol Al Zwo et 27 el
Hlea|22ate] 7)Ao gt A6 & Wk B s A



i)
oK
100

5| - 21K
=

| =
=

- David K. Hsu

*0.1 THz I

0p02

00016

00012
[

00008

Power (square amplitude)

00004

0 20 40 60

Funclion of angle (deg)

Fig. 6 Angular dependence of transmitted power of THz terahertz
waves through a 12-ply unidirectional carbon composite

laminate
Lol 7MY A3 B 7H A "ot iR A7) )
E7h A% 23 A2 olRd AEAL 4 B Eree
M =4 E 0,~108/m2 %I% AHg-SEe] Hlgke| 22 1l
gt AueFA CFRPEJA ¥ Zlol= A713e] wafFo] A
S0l 4 uf o=t ITHZOM 0.2mm ¥ 0.1THzo|| A 0.5
mm7} o APH o R CW Hg} 3|22 AR o]§3te 12-
ply L% CERPETA &5 o] A Eufejo] zzof )3
FFE BT Fo5 A9EYQ] e & RA(~0.1
THz) o)Al E74ES 28 2 ) 30dB 04 0]¢lt}. 0.1THz

Fig. 6] WERHT.

4.3 MEMo| Lixist CFRP ZZEto| Zisto| THZz 0|O|X|

CFRP 257|204 Hletsl22o] drAe] E4& B7}s)
7] $JaAl CFRP 32 2e] o] 224 ok2n)k o]
=2 Byaloln. oln) Ags ARl gojxe £ 0.05
mmo|o] 712 @ 4|2 20mmx20mmolc. 2ol
a‘-}coﬂ Z] 7]?(1— Hl—ﬁk_O_ /\Xlo]a]— {5}31 S| 0H]—7:l ﬁok.% Lg ]a]—
3 uj o Zhw Aol B2t G} 7|4 TDS Hjets|2 2o
B REE o]gsle] ATHe HAET Tray o[u]X|E 919

th. Tray 23 o] x|9] S/Nv|e} /o] S 4

=73

‘5_—8]9
H
[e]

HH g, > 0,0|E& 2] (11)= 0 = ocos’0 2 & 4= 3tk 1 ply
EAadG T ZY IAEY AT T-ray A0\ & 4
a7] $lsto] T-ray xwu ubakal CFRP 2317 22k
Az W 1 94 1 plyE T-ray7h BESE Fu
Yo A8 Wt 4750l 1% nof w2t iAol Hef
A2t AHHe) LRl A del £ % WAL o
o). o]7]4] Bt A R WAl = L2 nejsh s

R R,

256

L a=16.9°

€ {“ﬂ 2 ||I Al tape

Directionéof E- field
(0 deg)

:ply direction

Fig. 7 Schematics for T-ray reflection mode and one ply CFRP
laminate with boned with Al tape(20x20mm) at the back
side

a) 9= E-JCFI scan to E-field
for the 1% ply

Isoo.o

Fig. 8 TDS reflection mode terahertz scan images of embedded
flaws in a CFRP composite laminate

{}80“

O] A HA|7} Hrh.
™ T-ray B4 ofu]z] o] A

o) Sl AFHOR AEH 0%
e LESEEE

2
)
o o3t o >

y°ﬂ/‘1 0% 7t O]E uf HE“ frol Fa7t
23 olu]419] SN sl ke 4]
A Hr oleF o] A A=
=0%(oc =1.00,) 9| A= S/N H|7} 7}4F vy
ol AP A=Al 7|25 & SN
A3k AS e otk
A R Aol whet
Sl Fig. 74 A7t A5 W Aol)
043 7}X] Zteof whg WhAL BE o] X5 YEpfal Qlok. 5
3] Fig. 82 Fig. 44 B vj} ol Hletal2 uameg
e o]gsto] At oA AZHA 0] E(Time gate)E C—scan
oJm|AE ¥om Fig. 8(a) A= 7H & SIN HIE 2=
T-ray oW x| & 2o = §HH Fig. 8(b)ollA= F- SN H|E
2= Tray olAZ Hel 71 9tk 23 He} A2 202
OLET BLAE B BAE 1ply BN
2] 490 488 4 9L & % UUck Fig & CFRP
S8 3] o] 2 A3H9| TDS WhAF BE A7) o]ulx|S

o Ztr&of

AL 7=

20

1



Sh= A =

A|AEIEESX] Vol.21 No.2 2012. 4.

Table 2 Modeled conductivity of one ply
. Anglel 25 | 450° | 675 | 90°
Resistance
0 0 22.5 45 67.5 90
o] 1.0 0.85 0.5 0.15 0
o 1.0 0.85 0.5 0.15 0
cos’0 cos’0 cos’0 cos’0 cos’0
Req 1 0.73 0.25 0.022 0
1@
g 08 |
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% 04
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o
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Fig. 9 Relation between angle of fiber to E-field and normalized
resistance in unidirectional carbon composite laminate
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