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TOM TAT

Bai bdo trinh bay co sé Iy thuyét va irng dung mot phtmng phap mai do bién dang ciia hop kim
nhém theo sw thay doi ciia nhiét ¢ sir dung giao thoa ké diéu bién tan sé. Hop kim nhém la thanh
phan quan trong, thuong sir dung trong ché tao, gd ldp cdc thau kinh trong cdc khi tai quang hoc.
Khi nhiét do thay doi dan dén do day, kich thucc doc truc ciing thay doi theo hé so gian no nhiét
ciia vt liéu, gdy ra lwong defocus va giam chdt lwong tao anh cia khi tai quang hoc. Chiing ta sé
gap kho khan khi tinh toan luong thay déi ciia vat liéu theo hé sé gian no nhiét néu khong biét vt
liéu sir dung. Vi vdy, can c¢é phirong phdp do kiém thue té gid tri thay doi theo nhiét do cia vit
liéu dé c6 giai phdp bit nhiét ngay tir khdu thiét ké. Giao thoa ké diéu bién tan so dé xudt duéi ddy
c6 két cau don gian, ky thudt xir Iy tin hiéu méi c6 thé do bién dang nhé ciia hop kim nhém theo
nhiét do voi do chinh xac cao.

Tir khoa: Giao thoa ké diéu bién tin s6; Bién dang vat liéu; Hop kim nhém.
1. MO PAU

Khi tai quang hoc thuge linh vyc quang dién tir c6 d6 chinh xac cao rit nhay véi sy thay doi
ciia moi trudng, vi vy, yéu cau do kiém, danh gia anh huong két cau vat lidu theo nhiét do dé c6
gidi phap thiét ké san pham 1a can thiét. Cac vat liéu thuong ding dé ché tao khi tai quang hoc c6
hé sb gian nd nhiét kha 16n, rat nhay véi nhiét do [1]. Néu cho réng, trong long ting chi tiét noi
riéng va toan bo khi tai quang hoc néi chung khong xuit hién gradien nhiét (nhiét do cua tit ca cac
diém trong khi tai quang hoc tai mot thoi diém 1a nhu nhau) thi khi nhiét do tang 1én kich thudc
ctia vat liéu, chidu dai hé quang ciing thay ddi,... dan dén thay doi tiéu cu hé quang va gay ra luong
defocus 1am giam chét lugng tao anh [2]. Anh hudng ctia nhiét do véi cac thau kinh quang hoc da
¢6 nghién ctru [3], véi vat liéu co khi co thé tinh toan thong qua hé sé gidn nd nhiét khi biét chinh
xéc vat lidu sir dung. Tuy nhién, khong phai lac nao ciing biét dugc chinh xac thanh phan hop kim
va tinh toan duoc lugng thay ddi theo nhiét d6. Mat khac, gia tri thay ddi nay thuong rat nho mat
thuong khong thé nhan biét, can c6 phuong phap phi hop dé dinh lugng ching.

Céc phuong phap phd bién do dich chuyén nhé véi d6 chinh xac cao dén pm thuong sir dung
1a céc loai giao thoa ké. Trong khi giao thoa ké 1 tan s [4] yéu cau d¢ on dinh cudong do cao doi
v6i ngudn laser va méi truong, giao thoa ké 2 tan sé [5] yéu cau dic biét vé& ngudn laser va két ciu
phure tap thi giao thoa ké diéu bién tan s6 dé xuat trong bai bao [6] voi két cau va ki thuat xur 1y
tin hi€u don gian cho két qua do c6 40 chinh xac cao, pham vi do rdng. Tin hi¢u giao thoa thu dugc
sau khi diéu bién 1a ham lién tuc theo thoi gian, 13 nhitng chudi ham diéu hoa cua tan sb diéu bién,
dich pha gay ra boi sy thay ddi chiéu dai cua hop kim nhém khi nhiét d6 thay ddi s& dugc trich
Xuit tir tin hiéu giao thoa mét cach chinh xéac bang viéc sir dung bo khuéch dai lock-in amplifiers
(LIA) [7], tir d6 tinh toan luong thay ddi AL.

Khi nhiét d¢ thay doi, c6 rat nhiéu cac thay d6i khac nhau anh huong dén két cau khi tai quang
hoc. Tuy nhién, kich thuéc doc truc thay ddi anh huc"mg nhiéu nhit dén chét lugng tao anh cia hé
quang hoc, vi vay bai béo chi tap trung do kiém thay dbi nay sir dung mé hinh giao thoa ké diéu
bién tan sd.
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2.COSOLY THUYET CUA GIAO THOA KE PIEU BIEN TAN SO

So dd nguyén 1y cua giao thoa ké diéu bién tin sb kha don gian, duoc xdy dung trén so do giao
thoa ké Michelson:
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Hinh 1. So do nguyén Iy giao thoa ké diéu bién tan so.

Bao gom thanh phan chinh: 1 nguén laser, 1 ling kinh chia chiim, 2 nhanh guong: 1 guong tinh
(nhanh tham chiéu) va 1 guong dong (nhanh do dac trung cho 601 tugng do), cam bién quang
(Photodetector) thu lay tin hiéu giao thoa. Tia laser phat ra tir ngudn di qua ling kinh chia chum
(Beam Splitter) s& duoc tach ra thanh 2 chum sang (2 song két hop) mot chum hudng t6i guong
tinh sau d6 phan xa lai va giao thoa voi chim sang quay vé tir gwong dong tai ling kinh chia chum.

Trong dé: LIAL, LIA2 la cac bd khuéch dai Lock-in amplifier; ADC may tinh xtr Iy (chuyen
tin hidu tuong tu sang sd dé xu ly trén may tinh bang cong cu lap trinh); f1, 2, fm 13 cac ham chuan
thém vao (c6 thé cai dugc tan s6). Tan sd diéu bién c6 dang [8]:

f=f+ Af X sin 2mfy,t Q)

‘Trong do, fla tan so tirc thoi, fo 14 tAn sd song mang, A71a bién d6 didu ché va fr 1a tan sd diéu
ché. Do véy, cudng do tin hidu giao thoa thu dugc tai cam bién quang duoc biéu dién:

I =(|E,(r,t) + Ep(r, )])?
= (E(1,t) + Ep (1, £)) X (E, " (7, t) + Ep," (1, 1))

=1 [1 + cos (4? X (fo + Af X sin2mf,t) X AL)] )

4nnf, _
=1y [1 + cos( AL +m X sin Zﬂfmt)]

Trong d6, Iy = 2|Eqy|? = 2|Egm|? do ning lugng ciia chum sang duoc chia déu cho 2 nhanh
khi di qua lang kinh m, AL 13 d6 dich chuyén cua guong do, m = 2222 AL 1a hé s6 didu bién. Khi
céc gia tri m, Af, n xac dinh, s& tinh dugc lugng dich chuyén AL.

T phuong trinh (2) stir dung phuong phép xay dung biéu dd Lissajous [9] v6i cac cap phan tir
diéu hoa c6 pha vudng goc, khai trién theo ham cosin tong ta thu duoc:

4nnf .
=1, [1 + cos( AL) X cos(m X sin 2 fp,t)
(©)

. (4Amnfy . .
— sin (TAL> X sin(m X sin 21 f;,t)

Str dung ham Bessel loai 1 [10] dé khai trién phuong trinh (3), ta thu dugc:
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I =151+ {cos (4nzzf0 AL) X []O(m) +2 ZJZk(m) X cos(2k X 27rfmt)]
k=1
4)

__(4mnf, S .
— sin AL| X2 ) Jop_1(m) xsin[(2k — 1) X 27rfmt]}
()2 1

Trong d9, Jn 1a nghiém ctia ham Bessel loai 1 (hinh 2). Tin hi¢u tiép do s& dugce xur ly lzéng ky
thuat trich xuat dong b Lock-in amplifier (LIA) dé thu dugc cac cap phan tir di€u hoa chan va 1é
la cac tin hi€u c6 pha vudng goc.

Gia sir cap tin hidu diéu hoa chira phan tir thir Ja1(m) va Jax(m) véi cac tin hiéu tham chiéu 1a
(2k-1)om va 2kom. Cap tin hiéu didu hoa chtra phan tir chin-1¢ mong mudn:

Ik—1 = —loJ2x-1(m) sin ( p "o AL) (5)
P = oy cos (T2 ©

Phuong trinh (5), (6) 6 thé thy 2 phan tir chdn va I¢ ctia chudi ham diéu hoa 1a 2 tin higu c6
pha vuong goc. Do d9, co thé xay dung lugce so do Lissajous xac dinh do dich pha, chiéu chuyén
dong cha doi twong do. Do dich chuyén AL khi d6 sé duoce tinh nhu sau:

_  tan-1 D X Jox(m) )
4mnfy Ly X Jok—1(m)

Phuong trinh (7) cho thdy d6 dich chuyén AL phu thudc vao cudng do ciia phan tir didu hoa
(2k-1), 2k, 2 nghiém /5, (m), J2,—1 (m) caa ham Bessel loai 1. Su bién dong cudong do ciia nguon
laser s& lam giam do chinh xac ciia phép do, do vay Vviéc sir dung ti s6 cudong do s& loai bo duoc
han ché nay. Dé triét tiéu anh hudng cua hé sb diéu bién ta chon céc gia tri chi s diéu bién m (hinh
2) ctia ham Bessel tai gia tri dic biét dé triét tiéu anh hudng tir ham Bessel & phuong trinh (7), d6
dich chuyén AL tro thanh:

) (8)

Phuong trinh (8) chi ra rang do dich chuyén AL chi phu thudc vao dich pha, loai bo dugc anh
hudng tir hé sé diéu bién m ctia ham Bessel, nang cao do chinh xac phép do.
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Hinh 2. Ham Bessel va cdc giad tri dac biét (miii tén vuong).
Dé do thay doi doc truc cua hop kim nhdm khi nhiét do thay ddi bang so d6 nguyén ly cua giao

thoa ké diéu bién tan s thi vi tri clia gwong dong (hinh 1) duoc thay thé bang hé ga thanh hgp kim
nhom hinh 3. Thanh nhém dwoc diéu chinh nhiét d6 tang va giam dan déu nho cam bién nhiét va
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tim gia nhiét. Luong dich chuyén AL (bién dang) doc truc ctia thanh nhom do duge theo nhiét do
duoc tinh toan thong qua tin hi€u giao thoa va hé thong xur 1y dit liéu. M6 hinh so d6 bo tri thi
nghiém nhu hinh 3.
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diéu bién tin s&

- Thanh nhém,
Oue do nhigf g gia nhigt

|
|
|
|
|
|
|
|
|
|
[ |
i e e e B it s ] |
|

Hinh 3. So do thi nghiém do bién dang thanh nhém bang giao thoa ké diéu bién tan so.
3. THUC NGHIEM VA KET QUA

Thyc nghiém lap dat (hinh 4), nguon laser diode (LD) (HL6344G, hang Thorlabs Inc) tan s6
LD duogc diéu bién tryc tiép bang diéu bién _dong bom. Guong phan xa, thanh nhom, tAm gia nhiét
(HT10K, Thorlabs Inc) lién két v&i nhau bang dd ga va keo dac biét hinh 5, thay doi nhiét d6 cua
thanh nhom duoc thyuc hién bang cach thay doi nhiét do cua tim HT10K theo tro khang. Mot cam
bién nhiét do chinh xac cao do sy thay d6i nhiét d¢ ctia thanh nhom theo thoi gian thyuc va hién thi
gid tri trén dong hd. Tin hidu giao thoa thu dugc bai photodetector (PDA36A-EC, Thorlabs Inc)
dugc chuyén dén hé théng thu thap dir liéu (Moku:Lab and Moku:Go, Liquid Instruments Inc.),
hé thdng nay 1a sy két hop hon 12 thiét bi trong mét nén tang gdm bo tao ham, LIA, hop loc k§
thuat s6 va may phan tich phd. Tin hi¢u dau ra ctia bd LIA chira bién do cdc harmonic (tin hiéu
diéu hoa) duoc s6 hoa bang ADC (PCI 6259, NI Inc.).
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Hinh 4. Thi nghiém do qlich chuyén doc truc thanh hop kim nhém theo nhiét do
bang giao thoa ké diéu bien tan so.
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Hinh 5. Gd ldp thanh nhém va tam gia nhiét bcing cdc thiét bi ciia hing Thorlabs:
1. Guong phan xa ME-GO01; 2. Thanh nhom, 3. Tam nhiét HT10K; 4. Co cau ga MH?25.

Bdng 1. Diéu kién thi nghiém ciua giao thoa ké diéu bién tan so.

Tan sb diéu bién cua laser di-op 50 kHz

Budc song laser 633 nm

Tan s cit cua bo loc thong thap 50 Hz

Gidi han nhiét do 27 —57°C

Dién ap dau vao Vpp=16V,f=17Hz
Budc thay ddi nhiét do theo thoi gian 15s/0,15 36

Thoi gian ldy mau 200 s

Luong thay d6i AL cua thanh hop kim nhdm khi nhiét d6 thay di theo thoi gian thu dugc boi
giao thoa ké (théng qua cac cong cu thu thap va xir Iy dir liéu) duoc thé hién trén phan mém
LabView (hinh 7, 8). Két qua dit liéu thu duogc tir b LIA 1a cap chudi diéu hoa bac 1 va 2 ¢6 pha
vuodng goc theo phuong trinh (5) va (6), qua biéu db Lissajous (hinh 6) dé theo dai chiéu bién dang
ctia thanh nhom khi tang, giam nhiét do ciing nhu tinh toan sy thay doi vé pha qua su thay dbi goc
ctia so d6 va tinh duge do dich chuyén AL nhu phwong trinh (8). Néu géc dich nguoc chiéu kim
d6ng hd nghia 1a kich thuéc thanh nhdm (AL) dang ting va nguoc lai.

0.035-4
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Tin hiéu diéu hoda il (2w)
& : s °
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-0.035.8 - - " -
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a) Qua trinh tang nhiét cho thanh nhom. b) Qua trinh gidm nhiét do cho thanh nhom.
Hinh 6. Biéu do Lissajous tin hiéu diéu hoa bdc 1 va 2.

Két qua do duoc trong thoi gian 1dy mau 200 s, nhiét do tang tir (27+57) °C, thanh hop kim
nhom thay doi tang kich thuéc AL doc tryc so vdi ban dau 23 pm theo hinh 8. Khi nhiét d¢ giam
tir (57+27) °C, kich thuéc thanh nhdm giam AL gan 20 um hinh 8. B§ chinh xac cua két qua do so
b6 dugc danh gia thong qua cac gia tri thay doi nho tuyén tinh caa thanh nhém theo thoi gian khi
nhiét do thay doi. Tur gia tri AL do dugc, hoan toan cé thé xac dinh dugc hé s6 gian nd nhiét theo
(9) [11], tir @6, xac dinh dugc vat liéu sir dung:

L=Lo(1+a.AT) 9)

Vé6i a, AT, L, Lo 1an luot 13 hé sé gidn nd nhiét, sy thay ddi nhiét do, chiéu dai tirc thoi, chidu
dai ban dau cta thanh hop kim nhom.
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Hinh 7. Do th; labview gia tri AL thay doi khi nhiét @6 ting theo thoi gian.
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Hinh 8. Po th; labview gia tri AL thay doi khi nhiét @ giam theo thoi gian.
4. KET LUAN

Bai bao da thanh cong trong viéc xdy dung mo hinh thi nghiém thuc té giao thoa ké diéu bién
tan s6 do bién dang rat nho c& pm ctia hop kim nhom. Pic biét, giao thoa ké diéu bién tan s6 duge
dé xuit c6 két cu don gian, k¥ thuat xur 1y tin hiéu maéi voi bo LIA dugce st dung dé trich xudt tin
hiéu diéu hoa thir 1 va tht 2 v6i pha vudng goc mot cach hoan hao, hiéu qua va on dinh véi su
thay dbi ctia moi truong. P9 chinh xac ctia két qua thu duge c6 thé duoc danh gia thong qua viée
so sanh két qua véi bd cam bién dién dung s& duogc tac gia dé xuit trong cac nghién ciru sau nay.

Loi cdm on: Nghién cﬁu nay dwoc thuc hién nho sy hé tro kinh phi cua Pé tai cdp Bo Giao duc va Pao
tao nam 2023-2024, ma so B2023-BKA-03.
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ABSTRACT

Research for the application of frequency modulation Interferometer to measure
the deformation of aluminum alloy when temperature changes in optical devices

This article presents the theoretical foundation and application of a new method to
measure the deformation of aluminum alloys due to temperature changes using a frequency-
modulated interferometer (FMI). Aluminum alloys are important components, often used in
manufacturing and mounting lenses for optical devices. When the temperature changes, the
thickness and axial dimensions change according to the thermal expansion coefficient of the
material, causing defocus that reduces the image quality of the optical device. Because the
exact material used is often unknown in practice, it becomes difficult to precisely calculate
the change caused by the thermal expansion coefficient. Therefore, a method to directly
measure the material's actual deformation caused by temperature change is necessary to
implement a temperature compensation solution from the design stage. The proposed FMI
offers a simple structure and a new signal processing technique that can measure the small
deformations of aluminum alloy with high accuracy under varying temperatures.

Keywords: Frequency-modulated Interferometer; Deformation of materials; Aluminum alloy.
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