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CHE TAO GIAO THOA KE MOIRE
PE PHAN TiCH PO RUNG CUA BAN PHANG

DBINH SON THACH " BANG VAN TRUNG “, NGUYEN CANH TOAN ™

TOM TAT
Rung déng 1a yéu té quan trong trong su vdn hanh cua mét thiét bi va sw phan tich
rung dong la cong viéc hét sitc can thiét d@é danh gid hoat dong cua thiét bi d6. Giao thoa
ké moiré dwoc danh gia la mét cdng cu hiéu qua dé phan tich dao déng ¢ bién do nhé cé
micromet. Trong bai viét nay, phwong phdp projection moiré dwoc sir dung dé phan tich do
rung cua ban phang véi bién do rung c¢o 1,0 um — 30 um véi dé nhay cao phu thugc vao
vi¢c phéan tich h¢é van moiré.
ABSTRACT
Manufacturing moiré interferometer to analyze vibration of plates

Vibration is an important factor in the operation of mechanical instruments, and the
vibration analysis is especially essential to evaluate their operations. The moiré
interferometer is an effective method to analyse vibration with tiny amplitude of
micrometer. In this paper, projection moiré method is used to analyse vibration of plates.
It can idenyify the amplitude of vibration from 1.0 um to 30 um with high sensitivity

depending on analysis of moiré fringes.
1. Gigi thig¢u

Moiré 1a mot hién tuong pho bién
trong ty nhién, xay ra trong nhiéu
truong hop. Tu nhitmg nam 1950, moiré
da cd nhitng tng dung ky thuat trong
nhiéu linh vuc nhu nghé thuat, khoa hoc
do luong,...Trong nhitng nam gan day,
giao thoa ké moiré 1a mot thiét bi manh,

¢6 nhiéu tng dung trong khoa hoc vat Ii.

Thiét bi nay c6 wu diém rat lon vé do
chinh xac va do nhay. Tuy nhién, dé
ché tao va str dung duoc thiét bi nay,

" TS, Khoa Khoa hoc Vat liéu, Trwdng Pai hoc
Khoa hoc Ty nhién TP HCM, PHQG TP HCM

" CN, Khoa Khoa hoc 'ng dung, Truérng Pai hoc
Bach khoa TP HCM

™ KS, Khoa Co khi, Trwdng Pai hoc Bach khoa
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d0i hoi nguai thuc hién phai ¢ nhidu ki
nang co hoc va quang hoc ti mi va
chinh x&c. Ki ning diéu chinh guong
chinh xac la mot kho khan 16n trong
qua trinh Iap rdp va van hanh thiét bi.
Trong giao thoa ké moiré, guong dugc
dich chuyén theo mat phang (dich
chuyén tinh tién) hoic quay va duoc
diéu chinh bang cach st dung phuong
phap van dinh dc.

Bo phan chinh cua giao thoa ké
moiré 1a mot cach tir vach thang. Theo
phuong thirc giéng nhu giao thoa ké
holographic, giao thoa ké moiré sir
dung phuwong phap chiéu van co thé
phan tich dao dong cua bé mat phang
(theo Hazell va Nivel 1968; Vest va
Sweeney 1972; Harding va Harris
1983). Khi bé mit cia vat dao dong voi
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tan sd va bién d6 6n dinh, hé van s& co
hinh dang 6n dinh, sy phan b cuong do
cua hé van duoc xac dinh theo ham
Bessel bac 0.

2. Phan tich dao dong sir dung
phwong phap projection moiré

So d6 thiét bi cua giao thoa ké
moiré do dao dong dugc mo ta ¢ hinh 1.
Céac bo phan chinh bao gém: 1 nguon
laser khi He—Ne (He—Ne laser), 1 6ng
mo rong chum tia (beam expander), 2
thiét bi tach cham tia dang khéi lap
phuong (cube beam splitter BS1 va
BS2), 2 guwong phang (M1 va M2), 1
céch tir, 1 mau vat, va 1 CCD camera.

Chum anh sang tir nguon laser cho
di qua 6ng mo rong chum tia dé ting
kich thudc cta chum, sau d6 cho chum
tia di qua thiét bi tach chim tia (BS1)
dé tach thanh hai cham tia vudng goc
nhau nhu trén so d6. Hai chum tia sau
khi cho phan xa trén hai guong M1 va
M2, hai chum tia nay duoc diéu chinh
dén BS2. Su giao thoa cia hai chom tia
ra khoi BS2 tao thanh hé van duoc xem
nhu mot cach ao véi khoang van dugc
xéac dinh boi biéu thirc:

A
d,=——-2— 1
V' 2sin(a, /2) @
trong do, dy la khoang van (mm), A, la
budc song cua anh sang (mm), o, la
goc giao caa hai chum tia.

Trudéc tién, néu nhitng vach cua cach tir
ao (anh giao thoa cua hai chum tia ra
khoi BS2) va nhitng vach cua cach tir
mau (cach tir vach thang trong bai viét

nay la cach tir vach thang 600 I/mm)
tring nhau s& khdng xuat hién hé van
moiré. Khi mau vat dao dong, bé mait
song cua cach tir ao quay va cac vach
ciia nd lam mot goc a véi cach tr mau.

Trong truong hop khoang cach
gitta cac duong cua cach tt mau va
cach tir 40 1a bang nhau, dy = A, hé van
moiré xuat hién véi khoang van d, dugc
xac dinh boi :

A

a= 2sin(e/2) @)

trong do, o 1a goc hop boi cach tir mau
va cach tur ao.

Specimen and grating

Positive lens

Filter
Beam expander

Laser He-Ne
CCD Camera
Hinh 1. Se’ dé thi nghiém ciia hé do
d¢ rung bang giao thoa moiré.

Su dao dong diéu hoa ngoai mat phang
cua mot mau vat c6 thé duoc mod ta boi
phuong trinh:

z=12,+acos(wt), (3)

trong do, zo 1a vi tri can bang, a la bién
d6 dao dong, va o la tan so cua dao
dong.

Su phan bé cuong d6 cua hé van dugc
xac dinh:
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I (X,t)=2|:1+C052d—ﬂ(XCOSQ+(ZO +acoswt)sin9}

(4)

trong do, 0 1a goc hop bai céc tia tai va
cach ta.

Phuong trinh trén c6 thé duoc viét dudi
dang:

L(X,t)=2[1+c0S(g, +¢,)|=2+e"* ) g7 (h4)

(5)

&, =2d—7[(xcose+ z,sin 0)
trong do, 5 (6)
& = Tﬁ (sin6.acos wt)

Bing cach chup anh hé van vai thoi
gian chiéu sang I6n hon nhiéu lan chu
ki dao dong T cua vat, day la anh thoi
gian trung binh va dugc cho boi ham
truyen qua:

L =2+ & [t et
t_?J'O (xt)dt= +?J'Oe +Tjoe
(7)
Tir phuong trinh (7) ta ¢d thé viét:

ir e"hdt = le; exp|[+i(27/d)sin G.acos(et)]dt

T Jo
:Jo(z—ﬂasinej,
d
(8)

trong do, Jo 1a ham Bessel bac 0.

Bay gio, ham truyén qua c6 thé duoc
viét:

t=2{1+ Jo(zd—”asineJCOS(pc} €)]
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Sy phan b bién do trong mat phang

anh duoc xac dinh:
2r .
u=\]0(7asm6?jcos¢C (10)

va do d6, sy phan bd cuong do duoc
xac dinh:

=32 (zd—”asin 0}

(11)
Nhirng van sang xuat hién khi:
= d_ x N
2rsin@ (12)

voi N =0; 3,83; 7,02; 10, 17; ... tuong
ung véi cuc dai cua ham Bessel.

Déi voi cyc tiéu cua ham Bessel,
bién do cua dao dong duoc xac dinh:

d_ xN'
27 sing

(13)
Vi N'=2,40;5,52;8,65;11,79;..

Van téi dau tién caa hé van moiré tuong
ung voi bién d§ as dac trung cho dd
nhay cua phuong phap va dugcC Xac
dinh:

d

a, = 0.38——

sin@ (14)

3. Giéi han caa ly thuyét

Tir phuong trinh (2), chiing ta thay
rang gisi han trén cua ly thuyét khi ung
dung phuong phép nay dé phéan tich do
rung ciia ban phang dat dugc khi goc
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a = 180° (% = 9o°j. Gi6i han ly thuyét

la d =% (hoic f =§ la tan s6 cua hé
van moiré). Tuong ung, gidi han trén
cia do nhay la % do dich chuyén trén
moi bac van.

Chang han, néu a = 60° va A = 1667 nm,
hé van moiré s€ c6 khoang véan la 1667
nm (hoic tan s6 van 1a 600 van/mm).
Déi voi gia tri nay caa A, gigi han cua
ly thuyét 1a 833,5 nm/van (hoac 1 200
van/mm), nghia 1a trong thuc nghiém
véi goc a trén chi dat dugc 50% gidi
han vé do nhay.

4. MO ta thuc nghiém

Mau vat sa dung trong thuc
nghiém nay 1a mot ban phang hinh
vuong. Ban phang duoc gan trén mot hé
rung bang dién tir, c6 thé diéu chinh
bién do va tan sd rung. Hé van moiré
dugc thu boi film hoic thu truc tiép
bang CCD camera véi thoi gian chiéu
sang 16n hon nhiéu lan chu ki dao dong
cua ban phang.

Str dung phuong phap phan tich
cuong do, bién d6 dao dong cua ban
phang dugc xac dinh béi phuong trinh
(12) va (13), vai gia tri dau tién cia cuc
dai ham Bessel (khi N = 0) m6 ta mot
diém sang nhat cua hé van.

Trong thyc nghiém duoc b tri
nhu hinh 1, A ¢0 gia tri 1667 nm (600
vach/mm); gidi han cua ly thuyet la

0,8335 um/van. Tu phuong trinh (14),
if 0 = 30° gisi han cua phwong phép 1a
0,633 um.

Hinh 2 1a mot minh chung vé hé
van moiré dugc thu khi ban phang dao
dong & tan so 4 kHz voi bién do ting
dan. Bién d6 dao dong thap nhat 12 2 um,
trong khi (g véi nhitng van sang nhat
bién d dao dong co thé dat 12,5 pm.

1I,—i‘lnh 2. Hé van giao thoa cua ban rung ¢ tan
50 4kHz khi bién d¢ ting (tir hinh trdi sang
phai)

5.  Kétluan

Phuong phap giao thoa moiré
duoc sir dung dé do do rung ngoai mat
phang dugc ching minh 1a ¢ thé do
duoc nhimg dao dong co bién do rat
nho. Su phan tich bién d6 dao dong dua
vao ham Bessel Jo. Theo su phén tich ¢
trén, hinh dang ciia hé van bao gom mot
vung nit, trong tng véi nhitng van co
d6 tuong phan Ion nhat, nhiing van co
bac cao hon c6 d6 twong phan thap hon.
Néu st dung kinh loc sic c6 thé cai
thién do twong phan cua hé van, dac
biét ddi véi nhitng van cé bac cao.

! Referring to A. Asundi and M.T. Cheung (1986),
Moiré Interferometry for Vibration Analysis of
Plates, Exeperimental Mechanics, pp. 338-341
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