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Photo Acoustic Method to Evaluate Degradation of Coated
Steels during Cyclic Corrosion Tests
Tooru TSURU and Akira Usami
Synopsis :

Photo acoustic images of coated steels degraded under cyclic corrosion tests were obtained by scanning
a chopped and focused Laser beam and detecting the heat wave, which was produced by the beam, at the
opposite side of the incidence. Amplitude of the signals was decreased and phase shift (time lag) of the
wave measured with the incident beam was increased at the points where the delamination or under film
corrosion occurred. The width of the delamination or the under film corrosion from the scribes of the
coating was quantitatively evaluated, and it increased with the duration of the tests. The size and the area
ratio of blisters formed around the scribes were also determined by this method. The spatial resolution of
the images was achieved to 20 um and discussed related to the measurement conditions, such as chopping

frequency.
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Fig. 2. Schematic diagram of the photo acoustic
experiments.

— 289 —



1148 A

8 77 4 (1991) & 7 5

M, Fa o= XBHRES 7 v TOBRES
&L, PVDF 5 0fE50H#kE (LT PA E5HE)
BLUSRES» S 0MME (PAfiMHzE) 2L a—
F—BIUa -7 — il AP X-Y 2
F—YLIZEBEISNhTE, arva—y—Ffcky
10~200pum A7 v 7 THEISARBE L EET 5. W
F—FkENETN PARGHREBXUONRAEOEE
e LTHmE i n—Fa¥—xiihLs &, L
SR DESENDL D, KR 100mW LT &
LTHREOBER EREI LRV E ) ITHER L.
Beb— eI L oW S, SO RN B
20Hz, A7 v 7B 20um, X BLU Y FHO PR
HiZ% 41 Th 5.

3. £ B & R

3-1 Y14 UNVBERARICL ZZBERFDHL

WErd > BB OH 1 2 VMBERERIC >V Tk S
NETIRLBEL DEEZ IR TWBEY %, BB
BABICIIEEOBERICPE Y BE LY, 7 Bk
W7y ML BIETIEAESETLRLOHTWADAT
WL TOLMRTEAH L) ICH D, 28 HRBHOHXET
&, Ty MBOBEOLE Y LR, ZORLLICEE
DEBWHELNEFEL TVLOPHR SN, BEL K
Wy MRS mm BN AIEE, oy PEEELD
Bl L T T/, EBRERTHE +47
oy F OIS EEIIY ) WL 2B/ 4 S o BT R
D EETFEMEE (SEM) BRE T, Kil»H 0 RIRE
BTRECRELLVWERDRAES T, BRARY
OHEFE, BIRFIBEATHELT L T B DR ST,

3-2 BEESRAMOZBEBEOXETES

Fig. 3 (X RHERAT OB EHMN O+ A 77 v P D
AT PA E50E (a) BI U PAAHHZE (b) O
VBB THAH, KBV T, (HZEG EREITHER
FRRLTHE WEDZ7 Ty FA720um THADHI &
RERDHE, TONEGRERAEE, 5ol
LOMETHIE VD,

BEABRAT OB OWT, F 4770 5 POTINIIE
B YIMT L - WFET 0 SEM #8350 6 Z oA % Fig. 4
(a) 12, Fig. 3 YA\ 1 @oEficsi% PAE
TEE B X OMHEE FNRFR O & RAMETHEAG
{fbL724 D% Fig. 4(b) (2R3, SEM#gLy, +4
TH v ML o> TTHISEMAEUAT L, &8, &R
EBICA y MEBUETHED LA o TWBDNbA L. —
45, Fig.4(b) ® PAES0HFMERA L, Aok
EADIHIE L T EOBRAKE L 20, F5HE

Amplitude (a.u)

SRR ISR,
‘\’\x " ‘!22';% £ SRR
&

IR

SPTAEILSE
RN
TSI SL N SGANIEL
LA GNP

7K

0~ AVAAYY 5 R

""\(‘ &
2%

e

800 ) ';
RIS

800

Fig. 3. Photo acoustic images around the crossing
point of scribes, (a) amplitude image and (b) phase

image (with Z-axis phase lag increases). Before
cyclic corrosion test, chopping frequency; 20 Hz,
scan step 20 pm.
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Fig. 4. (a) Schematic drawing of the cross

sectional SEM image at the scribe, and (b) PA
signals along with a line scan across the scribe.
Data picked up from Fig. 3.
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- Fig. 5. Photo acoustic images of the coated steel

around the scribe. (a) amplitude image, and (b)
phase image. After 7 days cyclic corrosion test,
chopping frequency; 20Hz, scan step 20pm.
Arrows indicate knife cut line.
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Phase image of the coated steel after 7
Blisters are seen
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observed adjacent to the cut line. Chopping
frequency ; 20 Hz, scan step; 124 um.
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Fig. 7. Phase image of the coated steel after 28
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scan step; 500 pm.
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Fig. 8. Change in the phase image around the scribe of the coated steel during the test.
(a) before the test, and after (b) 1 day, (c) 3 days, (d) 7 days and (e) 28 days test.
Around the scribe, chopping frequency ; 20 Hz, scan step (a) 20, (b) 20, (c) 40, (d) 124
and (e) 200 pm. Arrows indicate knife cut line.
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Coated steel sample; 28 days corrosion test, scan
step; 500 um.
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