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Three-dimensional profilometry and non-destructive measurement of out-
of-plane deflection under bending by digital projection moiré
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In this paper, we developed a method to analyze of mechanical structures. The method is based on determination
of phase difference of digital projection moiré fringes due to out-of-plane displacements or three dimensional
profile of the sample. Buckling of glass/polyester composite column and bending deflection of aluminum beam
has been studied by the technique. The image process session including generation and phase analysis of moiré
fringes has all been done digitally and the results can lead to three dimensional information of the specimen
surface. Simple equipment, fast data process, enormous amount of measured information from specimen, non-
destructivity, capability to be used at high temperatures, and the ability of automated measurement for system
health monitoring are the main advantages of the method.

Keywords: Digital moiré, Projection moiré, Non-destructed test, 3D profilometry, Out-of-plan deflection

YOMN


http://opsi.ir/article-1-73-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

ookl L az o (5,95 « Jlumms o)le g, 4o .l
by s g ai 0sd o oolaiwl g ool aisl ailyl)
695 3 Sl oad Ao diged (6595 Sl & (pwginS
bz ol b aS Cnl 45505 (5555 ol ol diged
& V| USRS X v | EFRCSU SRV PEOUE E I FON
onSe g g 418 )S Se Sy ol alr o L disaes
Loy l38l o 5l =S o el &bl )0 el a8 S la
b ngmal g ol (@ pRy &2 0 S8 b ogate
il az g Wb ol wales lis Ty g0 (pl s oyl b
S sl kg o5 s osll yo Goli Wb gz e sy S
3 Oy crl Jelo 5o ol adls diges (5,95 b bglas
L ol 6555 % o2 9 S5l oS pllin &
L5585 59, 60550, Jlo ) i@z o (5555 b diged
&L Sledlbl 10,61 s 4 g Judos gl g puind

S @liSie, o 15l s

O Ghey 8 syl lodu -

5 S e (309l Cews w4 sl 55 paas Sl
Soge (w4 NSl Cot g STy sk e
slo by 0 G108 b Cov 1S g e 3l a5
Ol S35 00 oxill (6,95 5 995 (o0 48T gl plate
S5 sl b )l plS o sal Bl 0sd e > al
Slp g lyS (cwginS bslad iged 555 9 &>

bl peples az e (5595

27
y=a0+bcos[?yJ )

r

e Gl Dab 8 g Cel @ 10 5,95 S Pr ] yo &S
ab acdl el JTogs jo Slatke low 5l alolby o
0 s agly 6 o)lul & az o (5,85 ez AT Ll Az
A 40 ol 00 oails > celw sla 4 ,be S 40

S oo S g Ojge A DAl Heue &b

y = xsina+ ycosg ™)

T, =ag +bcos(xsina + ycos )
=ag +b(ey) D)

I b S Ojge 4 dged 5,8 A (08
s 2y Slp Dyge (pl 0 0gh cwyp (weenS

YOAY

et g oSl AVAY oo Ve LA

doddio —)

b oeIsl Sl VMY L 5o )b s o)le (5 oy
s ol 4l 605 ol sl (B9, Oy 4] 0
2 ois @AV s ams bl o5 8 me o8
095 335 oo Oyl Lo 0)le SiSS 5l ans
5 el oo ool b 9031 5 ()b 0 2
(55 A alols g ansly (6505 oslal 4 (g oo alex
cle 4l zohw (952 55,5 33l cale)S Si5>
005 I (Sl labad ool ol (65 o3l g9,5
o)Ll s glo by il S5 sl o5l Slug slaase
e Ghgy 2 o)le iy Srya 5 ot [Y] 0,8
O b ) LMl (61 pled Caals (Sl

IY] el gy cnl VL 285 5 (5 8y SBllasil (3,5
S35 2 §)9 PRSI SSS a5 0 (oS s IS
5 osliinl U g9 [F] 55 gl 315055 sl |, iges
0oLzl b g 00,91 coway |, palas 56 0] ay 98 SoSS
Som A Joo diged g 0 pgai 1B S
)98 S5 S ookl ol JSCas ) diges SIS 005
4 diged 52 (Sl S8 059> ild Sl pai p3line
2 50 S a4 5Ll g egdle aS cnl o> ok
@l o logare a2y JB glalhs «Jlos jl al> o
sl an adlie (ol )0 05000 oy Sz gl ol
x5 (Jlimms ojle () 5l 4,58 STl ool
o ool diged g &z o polal Jlow sl 56 2l
sl ol 4 s 6,5 o5lasl Sl ogdle a5 el
39 rgatie (lS 3 il iy il 4 S S S
00 S Sslegil LSl i § 8,5 5,15 s ass

551 (0 2979 41y Ogesl pims
S8 Il o oylo g 0l-Y

I8 5y (2ol 4t b (o9l sl g0 (5
do by 9 Sl slayly Julds (gasaz 25k iy
azrg L 0gd (oo 0uli o)l glagy b a5 Wl (0 952
ol el alz g 0g 5 oolinal 5550 sl jlislo g5 4,
G 00 oLzl (50l sl 3 S (o 4 G
s i ole gy s ook (g5 g saly ogliie
bols Jold a5 w2 (59, 2 5,55 95 ol 18 pla o
bolaz 0 o aold 5,5 csnlive wiid 5lge (5l 0,90
S5 99 bolaz Colis (5 0)9 5l 15 Sy sl o)l


http://opsi.ir/article-1-73-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

Olnl SS398 (559U g (cwkigs il JiST i ol pods 4y (4l ] SeSgied 9 Sl il j2ST et

Sl Hleduz (6 dwdid A diws (paal i
Gl WL e jlahis o ol als S04 dales

s(x,Y) *)
tang

w(x, y) =

5loads 48,5 pgal g0 5B M 8yl caws @ b
sl al Wy, b boy L Sl b aiges
real @lr alr jlaie Gl oo iged o azio )5

13,51 s & 1y 5l gl d e 9

Ps (X, V)Ay (X, y) )

s(x,y) = o

SOl pgad (658 Sledbl o5l Cws 4 (glp
9 42,98 by, abez 5l S eslanul 5SUsS (g, Wiz
O] Cewd 4 (sl g by, B plrale b,
B9y 9 3,3 9929 pgal )3 &S (gl aan sla lis
Sype & polal 3 &S Slew lp B al als
Ohgy 50 Mo el 5 clie T (o0 0525 4 atusy
o3lul g onaline sl 1) 4358 () cellie () ooleiiny
Bl alr (o) 5 pleal 5y slo (SoaSS 55
2 ) 4 ol ol lo (Saes 6l |,
aw Jlaz o1y pgas 5Bl b ol ale (b, ¢ln
b llis Gl o 05 L b olgs Jo j08 4 al> e
& el ez 5o % S oslul & gz o 5)95 pga
& S & p) Gkl peas B g 05 (oo b Al
e
dm(x,y)= arctan[M] )
I3-11
Al 56 lrale Al e o elas ud LG Iy oS
MATLAB |80 6, 5l oolaal b oylg5 oo (s, opl 5o
Lt )5 4 905 b ailr |y sl
amivo g)5 i g b glraslr 950 Cuss 4
5hoolawl b oy ,d Lo 5l ool Cows 4 polas o
Sedbse b dtwgn B 4 Gile dtugy o )eS)
ol 03lo (LAY JSS yo oy b (o) 2 g Jelow Jol e
R
wolaiul oy50 g, (i oo glp dlas pl o
0dls (6,5 ojlail goV¥ed (o wilginl S gLzl glads

YOAY

Sal @l Bl ez e 8 s b bk o
a5 aigad 5y Db @l 0sd ©pe RSy s il
Sgs o0 00l e o &S Sl (5,55 pgal (les
5B 9 el Lol ol Gudate Y 5 X Lol slo jamme 1 sl
ey dgdiee B glite abii e 0 ol g adyl
T2 > $9) 2 S0 ONLE ;o i ol e Al

B, 0925 Sudgde digS

COSPr COSPs = %[COS((/’r +¢r) +cos(py — or)]

T, Ts = agag(x, y)+agh'(x, y)cosgs + (\c)
ag (x, y)bcosey +M

[cos(ps + ¢r )+ coslps —¢r )]

A YL glo G5B w98 o 5l eslial L S
e a5 L 45 e 3l o33 (5 e ey

, bb'(x,

T, Ts =agap(x, y)+ (2x y)COS(¢)r ~ps)=

LA (%) ©
ag (x, y)+ = cosldin (x. y)
Alxy)
Alxy) //
stxy) 0'(xy)
6x) Ofxy)
Wixy)
J B'(xy)
projector K)

S8l o4le ledu dwais -Y IS

oals Hlas v USS 5o (6,08 o3l pien U5 Hledu
lal gl co camlice Ko j0 aS job len el 00l

Gl 53 0gh o0 0S8l Aiges (59 2 (Sloe sk (55K
Bl Wged phaw 4 gy hle b JJo 4y bglas
bl S5 SO o als cel Z ez 0 pux 2

bl gl olrals ol jloke 098 oo oz (59, poad


http://opsi.ir/article-1-73-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

Out-of-plane Displacement Of Colurmn Number149 At Ary Point - same scale
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