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Strain Measurement of Surface Coatings on a Three-Dimensional Body
by the Scattered-Light Method

Yoshihiko Havasur ™, Teizo Hirano * and Yasufumi Ivar™*

A method for measuring large surface strains of three-dimensional bodies under tension is proposed, which uti-
lizes the scattered light technique with polymer coating. A major advantage of this method is that interference fringes
at the boundary between a real specimen and coatings can be observed directly. The difference in normal strains and
shear strain on the surface of real specimen in axisymmetric tension problems can be calculated from three kinds of
scattered-light fringe patterns obtained by three different incidences of polarized light. For the demonstration of
effectiveness of this method, surface strains of solid and circumferentially notched cylindrical specimens made of alu-
minum alloy were measured under uniaxial tension. For the unnotched specimen, measured longitudinal strains
were well consistent with ones calculated from the elongation of the gauge length. For the notched specimen, distri-
butions of the measured normal and shear strains on the notch surface were well consistent with FEM analyses.

Key words : Photoviscoplasticity, Surface strain, Coating method, Scattered-light, Polyester coating, Three-

dimensional problem, Tension

1 #
PER & D FYERmMOOT AN M EIFRET S H
e UORHMRIEEYN S 5. ZOH L, KREEDEHM
B ARV, FOREICEE LR EREICEE S5 1E
oM EAS L, REREICHASSEFEES0E
MEREOFOTAEAPETHHETHY, i - FHE
WD 2 RITEEOO-§F RBIEIZIALFH X h T3 D9
LaL, ZOFEIIE, RERESHNOOTADRAEIC
YT 3EEEE LB TE WY, BohiEic
REMRBOOTAEBRIEEIR TGS 52 E
ATULED . &7z, HEBEOATIIOT RS D5 B
NTERY, GBEOBEERHS. X512, ZOHEE
3XTHBENERT 2 Z 23, MOBEHERLOTAK
FOGHER L EORENRBRTH 5720, FLAE
BEF I Tz, Lo T, KRRk RE M
ERRRTE, -3 RITMIEANSHEHE TE A28 LWV
EEREORRBNLE TN TS, '
ZZTHEELIL, HERORBTIEIEEIZR D> THi -
ICBELER AR O EER e LT, FEMICRY 22500
AL, EEOOT AWM 3 IotieRmatkE 79
G U7 R EEELE R AR LT E 2219 D Z o Bk
12, BEDEEERB AV, MOBROL —F Rt
BERRICAST L TR 5 N ABELE O T- ¥ & © iR O
OTAREFAET 2 HETH 5. FEEELDCEOE#IT,
REN D RSB P B TR T & o 7o g b

i)

DT EAEETE | £ 7R O S 4 6
LELTE, OFTBRDDOBEENTELHIZH S,
INETICEESIL, BEBELDEEEZANWT, ALY
DEXIFRRIRE I 51 2 FZWREOR AR O AR % 2
5 2hm» 0 FHEREEEASH L TB LN 2 DK
AR ORERER» HHET S HEEREL, 20OH%
EHWT, AUDEMERTBZTLI =Y 248D FH
Jud X OHIRYIR 2 AR O T O 5257 % i)
L, ZOEMMEHLMIL-0F7, 2 XCRET
i, FEE BN 5 B IBADEEOFARS L&
AMTOT RS % B s 5 3 1AL O SFHERYE &2 A% LT
Bons 3EEOMEDEEOMEGEER > 6 HE T 5 Fik
AREL, ZOHEEHCT, BIEVEMAZI BT
I =Y 2 ASOMIGIR EHRERER T OB/ NI Lo
TARSERTL, TORMEEHSHIZLRED
AEFFETIE, FRIERELDEE A ARG 5 C5 IR0 &
%525 3 RITMEOREOT AOREICHEA L, £
MIETH HYEMEIRIZ & 2IBADUT AR & Ris 5 3 A
25 OFFEREASIC & 5 3 TEHOBEL ROt E 5
DANPSHEET B HEFRE L2, BELUFEEZAN
T, 7A=Y A8EOFHAE & FHEIYIR 2 Aubitsk
FrO5ERABRETV, Tl TIEIRD O A%k
%, PR EAUERABRH TIZUIR R _LOEEO-F A
B ERAMOT RIS DB EBN Lz, 512, 20
FRAR RS SR 4 VB AU RRBR A T, BRI MUk D M

T BEREZE PR 1541 A8H Received Jan. 8, 2003

¥ IE 2 B AHALERZETLFEMEMS 27 2T1%F T830-0052 - AR K _L#EH], Dept. of Mech. Sys. Eng., Kurume Inst. of Tech., Kamitsu-

machi, Kurume, 830-0052

k% E 2 B BEXFETFIHEKS 27 2T%R 78528521 RIETHSCHM], Dept. of Mech. Sys. Eng., Nagasaki Univ., Bunkyo-machi, Nagasaki,

852-8521



FEISHELIAIC & B 3 KT OER OTADHIE | 1

L72BBRD O A&, IR EAERBRA Cid, BIRER
BN SR DN E B L . RRITREOA D
WTRRET U 7=,

2 X B FH &%

FERIZEH LR ORMIE, filko7r =
444 (A1050BD-0) DAuBEMf & 0 FATEFEE 15mm O
P A EERER T & /N OME S 15mm, 1K 244
10mm OMFREIKR & A FEaABR R (SR L U 7214, 1REE
350°C T 1B = o & LA AT - 72,

EERICHR L7z, Bl DRk, ER)
27N (VTF 527 1557) EEBER)ZATL (JTTy
2 70F) #EBRI3:70HATRAL, EDME
(28— 92 N) LHLIGER] (F7 7 vBa L) %
2EEID 0.5% DEIETHRMLUIZRBERVZAT LTS
5., ZOBRBABR)ZATNE YT B L -ilB &
IZHR LA, iR T 24 BRERE(L & ¢728%, ¥ 5I1270C
T 12 B OBMM AT 572, FDH%, Fig. 1IIRTE
RPN L U TR e skt A 1B L 72, s,
AREFT ORERE 213, AR T3 3mm, )
RESERER TR, UIREFOOTRERLEEL T
#25mm & L7,

BIERERIZ, B4 — b2 7 7 DCS MB IR %
v, REAEE U2 Rl SOUIR 2B & &
BIBRHEE 0.3mm/min TITVY, £ TOHEEIIEE 34CT
fTo7.

BRELYE BRI W72k R OB X & Fig. 21R L
7z. Y6¥RIZiZ He-Ne v —¥%— (& A = 632.8nm) #
ERL, PR R CAS T 28RO R A &R
T AMT 5 0IEE Wz, ZORBERICIE, K
JErHE & R — DB EEZ L ORY T AT LE ) v — B
A7 BRI IS AEELDEEOWE TR, £
FNA BB ZIBHE A 45 OMEL» SBET 579,
BEOBE TRIRBEDO LT TH AT FTORBENEL
50T, ETHORAEHWERGOEAIMI OIS, T
DOBAEWIET 2720, KERTIE 2 8125 45 [z

410 0
S— 3 e
\?*\ ” Py 2
NP N2 "
50
130
(a) Solid cylindrical specimen
) S, i
210 gy 4;7 ,,l
=
D H ST N s
80
180

(b) Notched cylindrical specimen

Fig. 1. Shapes and dimension of specimens.
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Fig. 2. Schematic illustration of experimental apparatus.
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Tlig. 6. Scattered-light fringe patterns in the coatings

for the aluminum solid cylindrical specimen under
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Table I . Comparison of measured longitudinal strains for
the aluminum solid cylindrical specimen.

P (av) €2p €zm €zp/€zm
8.60 0.0517 0.0541 0.956
9.09 0.0695 0.0706 0.984
9.41 0.0889 0.0879 1.011
9.61 0.110 0.108 1.046
9.79 0.125 0.122 1.025
9.97 0.149 0.146 1.021

P: applied load,

€5 present method,
€ from elongation of gauge length
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Fig. 9. Distribution of fringe gradients on the notch surface for the aluminum notched cylindrical specimen

under uniaxial tension.
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Fig. 10. Distribution of normal and shear strains on the notch surface for the aluminum notched cylindrical

specimen under uniaxial tension.
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