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Review of nondestructive testing of composites based on THz technology
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Abstract: With the wide application of high performance composites in aerospace, military and
other high—tech fields, more and more attention has been paid to the quality and performance inspection
of composites. How to conduct Nondestructive Testing(NDT) of composites by various methods has
become a hot research direction for researchers in recent years. Terahertz wave has low quantum energy
and is transparent to most non—polar substances, so it has unique application advantages in the field of
nondestructive testing of composites. In this paper, based on the characteristics of THz technology, the
nondestructive testing of Terahertz Time-Domain Spectroscopy(THz-TDS) and terahertz imaging
technology are discussed in detail, and the current development trends of terahertz nondestructive testing
technology for composite materials are summarized. Finally, the development prospect is outlooked.

Keywords: terahertz technology; Nondestructive Testing; Terahertz Time—Domain Spectroscopy;

terahertz imaging; composite materials

LG R R, ZaM B RA AR . B, TEMEZRMLA. BE 2L EMR, WEDL., A
WAL TR AR A S 2 O R R R R R, B A OB R T R T o B AE AR SRl R L o TR
R R, T AR 2R T R A 2 Uy A SE AR S b BRBORG | FLR R 2L S0 AE B 5 e (1 e RN BT
i

h TSR A MR B, CRIEE A e, AR SEBR R s R AT A, DL R AR R
MTP MY s RE, MESMERTERE . WREMER 2t 7 SR, 5GBS I B R 7E A 2
G BERE N R S5 R R R B 5 T IR AE AR — SR IR, JCVE A A DA MERR 0 R A PR, TR N SRS
NRAEEEARE AR, 722G 8B TG )7 18 A K TAE, 1% 2 o8B BOoRBLZ M A . K 2% (THz) 4%
ARAER — Bl 24 0 BRI AR, 4.14 meV BYETFRE A 77 Al SRR 5T, RO OR B AL B AR 00 N DR B 22 4
XPAERPER R G RIS ERE ), HA S 2 A EE IR R 52w, 76 525 ARk Ry Jo i A 0 v BAT B R A9 R H]
Wrfd, Wenl VRSN G2 W OGTE o AR S0 3 BERE X OROBR 4% T A I B R 1 W RS T AT R, A TR AR R
W R, B o R T AR G R b 0 4% JC RS DU B R Y 0 ] 5 R
YR EHE: 2022-11-29; fEEIAHT: 2023-03-07




129 ABEH PSR TFERSRE 521 %

1 K#f & 5 AR R At id

I 2% 1 H5 95 R A7 T 0.1~10 THz 1Y HL % 3 (WA 0.3~30 THz I %3R), K76 0.03~3 mm N, 4+ Tk 540
SMezE, BV TR RDE TR A i a Xk, W TR . IE R T T A R R A AT B VS R, KRR 2R Dkl A T Ok
R RRPE , RN T HURE DR IS R ) R 2Eas B M. KRG M KR Z AR R B A maE R, gl
Bk B A0E A7 BsF [ 43 9 04 I I o, BB TE R N A TR AR AR A HE B v R, SR T AR B I O 2R R R AR .
K25 AR AL B F 2 TG F 24000, ik, W B GRS R N, R TR A S XA, G
Bt AR L AR AR A A A 2% B AR T N A R v

P
T

n microwave THz ’ ~infrared = ViSib] ultraviolet

10¢ 101 1012 10 10% 1016 10 102
fIHz
Fig.1 Diagram of the electromagnetic spectrum
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Fig.3 Diagram of reflective THz-TDS system
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Tablel Comparison of the thickness measurement for different coatings

testing method advantage disadvantage application field
) The operation is simple and The measurement results are average laboratory application, suitable
method of weight . . - .
the wet film thickness can be measured values with low precision for small size plate test
. high measurement accuracy . ) . for laboratory applications, standard
metallomicroscopy o destructive detection, long cycle, high cost
and strong applicability test blocks should be prepared
eddy current the equipment is portable It is sensitive to the conductivity of The most common engineering application,
method and easy to be operated matrix and has edge effect suitable for flat non-magnetic metal matrix
high sensitivity and The measurement accuracy is easily affected by roughness, Has realized engineering application, suitable

ultrasonic method . . . . . . . . .
portable equipment which requires coupling agent and is inconvenient to use for metal and composite material matrix

the measurement accuracy is high,

magnetic . . The fitting process of magnetic field intensity research phase, suitable for
. . and the multi-layer thickness ] . o . .
induction method . corresponding to measuring point is complicated metal and composite substrates
can be measured simultaneously
photothermal non-contact, fast detection speed The equipment is expensive and the detection research phase, suitable for metal
radiation method and large observation area accuracy is easily affected by the environment and composite substrates
non-contact, high detection The detection accuracy is limited by the type and Engineering application has been realized abroad,

terahertz method o ) . o ) . . .
accuracy, strong applicability thickness of coating, and the operation is complicated suitable for metal and composite matrix
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Fig.4 Multiple reflections of THz waves in the topcoat and typical reflected waveform
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Table2 Comparison of continuous THz wave imaging and pulsed THz wave imaging

category continuous terahertz wave imaging pulsed terahertz wave imaging
system complexity low high
mass about 3 kg about 10 kg

speed continuous, faster point by point, slower
data complexity low high
spectral information no yes
depth information no yes
refractive index information no yes
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(a) results of delamination defect detection with different thicknesses
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Fig.5 Terahertz imaging nondestructive testing results of GFRP
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Fig.6 Defect detection in the aerospace field
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Table3 Application of composite materials in different fields

field of application

type of composites

aerospace
automotive industry
architecture
energy sources
energy storage
infrastructure
ocean
pipes and tanks
sports and recreation
transportation

carbon fiber reinforced plastics, quartz glass fiber
carbon fiber reinforced thermoplastic and thermosetting composites
carbon fiber laminate, thermosetting resin matrix composites

resin and fiber laminate
carbon fiber reinforced plastics

glass fiber, aramid or carbon fiber composites
fiber reinforced plastics, glass fiber, carbon fiber reinforced epoxy resin composites
glass fiber, aramid fiber composites
carbon fiber, high strength glass fiber composites
metal matrix, thermoplastic resin composites
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Table4 Common types of defects in composite materials and their effects on structural properties

defect types

effect on structural properties

cavity, incomplete curing, inclusion, delamination, fiber fracture

deformation, crack, lack of glue, debonding

reduce the mechanical and physical properties of

composite structures

surface scratches, cracks, uneven thickness of adhesive layer

reduce the overall integrity, mechanical properties
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Table5 Advantages and disadvantages of conventional NDT methods

testing .
advantages disadvantages
method
. It has comprehensive advantages in the parameters of defect size, location, Accurate qualitative and quantitative characterization of materials and
ultras?nlc direction, burial depth and property. The equipment is light, harmless to parts defects still needs further research. The complexity of
festing human body and environment, and can be tested on site. the part shape has certain limits.
vibration It has comprehensive advantages in the detection of some composite defects It has limitations on the detected object and is difficult to popularize
testing that are difficult to be realized by conventional nondestructive testing methods. in the field.
pressure In the structural design, it is necessary to consider the influence of inlaying on
sensor suitable for testing composite sandwich plate and fatigue wearing parts the mechanical properties of the structure, and it is not applicable to
testing some structures with high strength requirements.

infrared heat . . . . .
The depth of the defect can be determined and the detection speed is fast. The detection depth is not deep enough.

wave testing

. . The shape of defects is intuitive, and the size and nature of defects are
radiographic

judged quickly and accurately. No damage to the test room and Radiation is harmful to human body and must be protected during operation.

testing . . .
partial pollution of the environment
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Fig.7 Terahertz 3D mapping based on maximum phase variation
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Fig.8 Terahertz imaging results of coating samples
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Fig.9 Image of processing results of debonding adhesive with different diameters
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