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Recent progresses on nondestructive evaluation techniques using infrared thermography.
Takahide Sakagami

Dept. of Mechanical Engineering and Systems,
Graduate School of Engineering, Osaka University

Abstract: Recent improvements of infrared thermography with high precision infrared detectors have brought about
remarkable progresses into thermographic NDT and NDE techniques. Thermographic NDT has been developed as one of
the powerful non-contact NDT techniques, and it made us possible to detect flaws and defects with good resolution.  This
paper describes recent topics in research and development of the thermographic NDT. First, newly developed
thermographic NDT techniques, which utilize transient temperature data after thermal stimulation, are described. Several
experimental results of a pulse heating thermography and a lock-in thermography developed by the present author are shown.
Detection of delamination defects in concrete structures is receiving an increasing attention as one of the most successful
applications of the thermographic NDT. Experimental investigations are made for detection and measurement of
delamination defects in actual concrete structures by the conventional thermographic NDT and the lock-in thermographic
NDT. Finally, recent progresses in infrared stress measurement based on thermoelasticity are shown. Full field stress
separation techniques are reviewed and a hybrid stress separation technique using thermoelasticity and photoelasticity

developed by the present author is shown.
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Table 1 Specifications of newly developed infrared
thermographies being available in Japan.
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InSb
A 256 X 256 3-5 Cooled 0.025 140
InSb
B 320X 256 3-5 Cooled 0.025 345
QWIP
C 320X 256 8-9 Cooled 0.03 60
Micro
D Bolometer 8-14 Uncooled 0.15 30
320X 240
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320 X240
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Fig.1 Standard specimen with flat bottom hole defects.
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Fig. 2 Obtained thermal images after application of pulse heat flux for
flat-bottom hole defects.
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(a) Temperature difference image

(b) Phase image
Fig. 3 Crack detection by lock-in thermography.
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Fig. 4 Specimen with flat bottom hole defects.
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Fig. 5 Lock-in thermographic NDT system for detection of
delamination or material-loss defects.
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Fig. 6 Phase delay images for flat-bottom hole defects obtained by lock-in thermography under periodical heating.

e LT, REpICLAMBBEBOESGEZD Y 7 4 VEHRAILE
BRICESERMEERZIT->-TWS. WAEEENEARLEH
THHED, BRES,IOLOMEENDOSAD, RiGKREICE
MTHHTLERLTNS. 2, EESOK, AHMEARD
BESFOHBESUBICESSEBEREAF—2IC, ¥
RIEBERIT LB ZBET &L b, EL<BEREOERB &
UTEDOEREAZITOIV— NI —7 CT HBE2RETS
LEBlZ, ZOERABEBHE 321V —Yar TRIELTH
5.
33 BRICLZ2EBEREAVEFABY -—TI/ST745%
HBORHABERICE IS TG-S 7 1 EOHF LW - P
BEE LT, BHIC L 2BBREAE BV - SMREEDS, Favio (a) Infrared images

SO W REIN, TTUEAICHIN B RBMERINT T — -
WB. h— TR D BRI L BRARES R, SHEATS g ' ' o
BREYNC AR LRSI, REIC & 2 S HEROERREH L

DBRETD. CORBRRICLZEESERARY—EY S bl

AL DERIT R LICLD, SROBREDPTEEE RS, :H

4. 3200 - MEEDOFRERE 5, o0

BESRLETL Y ) — NEENOHEBHE S oI, vl

HELEIY 7 )= MEEMOBE - REATREERO™E TN

EHEBERINTWS. R —EV 57 1 BiE, QO)RE ===31%

D-HDEBHEDTE, QERRICAGEORENTTLE,

(3)kg@b§*ﬁﬁ:§<] CHETE3, (4)%?% DERIC L b ABIHE (b) Delaminations defects detected by infrared ¢

BN S EATRE, REDREEELTNEI LD, BE - AN
TARBEMOFHERERL LTEBREYD, BBICBI3 R . B

IR OWSLIZ [ TRAVED ST B, IR
41 NYSTHRARY-EIS5T ik  BROBEED P!
ZOEHBRLICLD, MEMICZERICHEDRET 218 ]
ANB L. TOLS LK, BEYTICIE S BREIEET D LR
LEOWHMRICL Y, MEMRE I IZBANREEZ(EHS 0, b
B MRMORIED AL 25, ZOL>BFEE, # ot
EMET VT 4 THET 2 FHIIH LT, /Sy > THRNEY day
—EVITABEMBECENTED. F<MEHT TN 110
BHBIY Y — P EREBREICH L, /8y S THRIMGS —

EVSTAEBLUFR MY EE VI ESREESEA (¢) Delaminations defects detected by sonic inspection

L, &L AMEERELZ BRI LAEERICOVLWTHRRS., Fig. 7 Comparison of NDT results between thermographic

411 BENE FPHEABOERZH LI, IZEIELET S NDT and sonic inspection method.

WREM D H BT V) — DRSS 2 RE ORI T 2 R

BREBIITERBEOHNR L LGEE L. A7, TLVEEDS REEICEUTY, AE2BHI LN

412 FHABRE FAEHAS L LT, Edfl~vrs o0 KIRFTEHZIEXREL=. RESL LT, #BgT—T 7
FORA—FFARE L 2EBH L -REZH . HHEH T ABLLBIISEHRERR 1 50 2 L0+ REMHE %8

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

—

g

(a)10min. after heating

(b) 23min. after cooling
Fig. 8 Delamination defects detected by active thermography method.
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Fig. 10 Results of lock-in thermographic NDT of actual delamination defect.
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Fig. 9 Relationship between phase difference AP and

heating period T obtained for different defect depths.
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Fig.11 Stress separation by thermoelasticity and photoelasticity.
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