, 20 11 (1999 11 )
Applied M athematics and Mechanics

1 1000.0887(1999) 11_1107_08

S R

ZHRAR, =BT, xl#E,  HKEZX

( ( ), 100083)
(A I AR F 0 FIT IR E R —RF — 7 , )
Fraunh of er SR
033 A
, Fraunhofer .
* 80
[1,2.3.4,5] ’ [6],
SR
R u(x,y), S R [7],
i 1 i ..
‘= - - 1- 0 =1,2 1
S/ Z(ul|]+ ulle)+ @( Cos ) (L7.] 2 )7 ( )
®= arcsin%(u2|1+ u?lit)e (2)
* : 1999 07 .09
: “211 ?
(1958~ ), ., , : , 50
9 1 9

1107



1108

Al

i y= @a/equ 0 (3)

M
b &
&1 %
1 [1] =
1
u (1+ M)cosa- 1 (1+ X)sinB x
N ey 1) g
v (1+ N)sina (1+ X)cosB- ULy
1 0
(4] = [O ‘] (5)
(1+ N)? (1+ N)(1+ MJsin(a+ B)}
7= . 6
Leil Ln N)(1+ XJsin(a+ B) (1+ %) ©
() (2 (3,
®= arcsinl:(sina— sinB)/Z-l , (7)
‘ 1+ Nt ocosa- cos ©, %(sina+ sinB)
/5] = N (8)
E(Sin(l+ sinB), I+ ot cosB— cos ©
2
, 2 Fraunhofer
Ux. y) : H(x,y), , F
vex, vy = Higx), (9)
UX,Y) = IIt(x,y)exp[%(xX+ yY)] dxdy* (10)
: f k= 2T/ A ;A . ¥ :
I(X,Y)= UX,Y)U (X,Y) (11)
[1- 51,
21
3 &1

x cosy — sin0
u ) [sinjf/ cose] [j (12)



S R

1109

22

Y Q Y
Yy A F - I
N >/ X /4
- o &7 0 X
- Y 1% ey
:0F:¥i BKESE BRI
2 3 4
| 1< A2, | Nl< ATV2),
v y) = ((E ) = {C( A <A (13)
0 ()
F
o) = [ ne e[ =Hoas ] -
¢ (sinﬁl/ Bl] (sinBQ/ Bz] AE AT (14)
¢ = 2ccos( Y- 0),
B, — kA&cos( Y= 0) Lcos¥X + sinYY
b= e cos( Y— 0) ° (15)
B, _ kA&cos( Y= 0) = sinX + cosOY,
*° va cos( Y- 0)
4 (X0Y) (¥W0Q),
_ 1 cos Y sing] [X} . 6
[j cos( Y= 0) [— sinQ cos Y. (16)
k(l] kaz
By = —b, B = —=Q° 17
1 %r 2 g{ ( )
a1, a2 . U(0,0) = ¢ AGAT,
UCX.Y) = U0, 0| S | sinf 18
( s )_ ( g ) Bl BZ s ( )
sinBl 2 SinBz 2
I(X,Y) = 1{0,0)| 5 B, (19)
sinBy 2 sin B, 2
| TR B, X, Y v, Q
b, @
(&1,
gi(x,y) = g(& M),
(N-1)/2 (M-1)/2 (20)
g(& 1= Z t(&+ ndi/cos( Y= 0), &+ mdy/cos( Y- 0)),
- (N-1/2 - (M-1)/2
(& M)

UX,Y) = Ijgl(x, y)exp[_f_ik(xX+ yY)] dedy =



1110

{sinﬁl} {
U(0,0) B,

sinB| | sinVai| | sinMay
B, sinQ sindy |’

(21)
o = cos YX + sinYYdﬂ: 1ydl_ﬂ
w- 0 5 U »,
we = sinX + cosQY d2T d2_ﬂ.
B cos( Y- 0) ) X
sinB1 sinNai : sinB2 sinM a2 :
I(x,Y)=1(0, O){ Bi sinal} { B> sinaz} ) (3)

by

o]

(a) .(h} (e)
5
iy 4Y
: 3
L - % . - &
d af
F T 1 - T s n Idz
d] -—LL._
A
(a) &
(b) (c)
6
sinNVay/sinq;, sinMay/sina; v Q » sinBy By sinBy B,
by Q . :
s 4) dl, (]
do, voQ ; fNMdy, fNd> ,
5(a) (b),  5(c) .
23
(1 -, v= 0= 0, ,
s X,Y fNd1 fNdy 6 ,  6(c) .
3
31



S R

1111

( Imm 0.5mm)* (
)7 * ?
. 7 )
32
7 , )
A= f Va, Alzf}\/a,cos(a+ B), n
B=f NMb, B/=f)\/a/cos(a+ B)e (%)
Yy
1
b
[}
—{a % R *3) \\x'
RIRRETEGIRY E 38 RIEBPEF G 512 % 1
BREE LAY RS A%
7
, . , a = 1/300 mm, f=
588 mm, A= 6328 x 107" mm, A=fNa= 111.62 mm,

111. 62x 300= 33486°
6 x 33486 -

O, = arc sir{l/Z(sina— sinﬁ)},
’ /»‘
A cos(A(l+ B)+ (1= cos®)

) cos a
IS, =
1/2(sina+ sinB)

+3

(5)
1/2(sina+ sinB)

B cos(a+ B)
BCOSBCl+ B £ (1= cos0,)

(2)

COos ﬁ—



1112

33

2

1 ( 8
+1 - |
Ati= Bi= 2475mm A+1= Bx= 2875mm, a= B= 0 (25) (26)
®.= 0
P
bhddd
P-— H s La .B'Il::—llg
17 |
Frros Ay
8
. 016 0
i1l = .
0 -0.1
2 9
, *2 , A= Bt = 3550mm, A+ =

39. 75mm,B/4_-2= 35.50 mm, a = - 30.96", B= 11.31°,

. - 0132 - 0.159
IS/ 1l = .
- 0159 0.011
9 , B, B g1 &2
g
}"F’,!
~
- b T l {“\
L, el
@l
[“:041-: / [\ ’61{“\ L
. -/'q \11 ] _\:r
/% P
,\\( p—
4
, R CCD
: o '
. oD
mm, 1D 30.00 mm, 8 mm*

50. 00



S R 1113

( 1l(a)), A= 6/0D, §
. 50 R 11 * Durelli  Parks Moire
[8], Moire .
w3
r—
Py P !
é gt || | w2 || [ | wE| |E8| |wRan
L "'_’CD wrd| |RAR[ | pw [] aE [ e [ |ERED
C
IR ‘
BRI HREER idf -3 M &85
10
AN
P |
a7 Y
] = I
Hh H
P /(/ /
RNy
%
(a) EFRBIKET
S, x10-2 S, x 10-2
1725, & 126,
,‘74-’—‘,4.,\ 4,4444;
oD .@Q@_ ool Y74 x
10 —+—7 A=0.168 10 iB
MR AR [ N
8 1725, A=0.120 8} 128
6 6} ’ A=0.168
; y/0D ;' 2=0.120
A c [ p , B
_a| 0057 0.10 0.15 0.20 _,| 0-05,/70.10 0.15 0.20
-4 0D = 50.00 mm ~4 OD = 50.00 mm
-6 A=4,/0D -6} A =8,/0D
-3 OD/ID =1.67 -8 OD/ID =1.67
-10 10

(b) MESH

11



111

4

(3]

(4]
(5]

(6]

. : 1)
;2) , :3) ;4) :5)
[ ]
[D]. , : , 1986.
) [A]. [C],
1987 5,

Jiang Yaodong, Chen Zhida. Spectral analysis of finite strain and finite rotation[ A]. 20th US Mid-
western Mechanics Conference, Development in Mechanics (C), US A 1987, 1301~ 1306.
, . (IO ,1991,20(1): 16~ 27.
Jiang Yaodong, Chen Zhida. Laser spedral analysis of stran measurement( Il ) [J]. Journal of Chi-
na University of Mining Technology, 1994, (1):100~ 111.
) [A].
[C]. : , 1996, 200~ 205.
) [J. , 1979, (2): 107~ 117.
Durelli AJ, Parks V J. Moire Analysis of Strain [M]. New York Prentics Hall. Inc, 1970.

Deformation Analysis of Laser Spectra Based
on S R Decomposition Theorem

Jiang Yaodong, An Ligian, Liu Yanhua, Chen Zhida
(China University of Mining &Technology, Beijing Campus, Beijing 100083, P R China)

Abstract: In the Fourier spectral analyzer, the Fourier spectra or the Fraunhofer diffraction pattern of

an inmage is formed on the back focal plane when a laser beam is directed on the image lying on the
front focal plane. If the image is deformed, its Forier spedra are also subjected to change. Therefore
the change of the Fourier spectra provides a particular beautiful in sight into the deformation of that
image. Through proposing the corresponding relationship between the image and its spectra, and ana-

lyzing the change of Fourier spectra, the deformation of the image can be obtained. Based on Fourier

optical theory and S_ R decompaosition theorem of finite deformation, this paper presents a state of the
art deformation measurement technique using laser spectral analysis. It discusses theoretical founda-

tion of this new technique related to mathematics and optics, experimental prindple and the technique

of automatic recognizing and processing of the deformed spectral image. The paper is as a specia

commemoration and memorial to the death anniversary of professor Chen Zhida(1927~ 1998), who ini-

tially proposed the above academic idea in early 80s.
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