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Utilization of Doppler effect and laser heterodyne to measure linear

expansion coefficient of metal
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Abstract: The thermal expansion of the object reflects the property of the material itself, when solid is
being heated, linear expansion is usually described as a one-dimensional changing in the length.
Measurement of linear expansion coefficient of materials was not only important in their developments, but
also one of the most important standards in choosing them. Combining Doppler effect with laser heterodyne
technology, a novel measurement method of multi-beam laser heterodyne for metal linear expansion
coefficient was proposed, which was converted into the measurement of the length variation of linear
expansion coefficient. Based on Doppler effect of oscillating mirror, the information of length variation was
loaded into the frequency difference of the multi-beam laser heterodyne signal by the frequency modulation,
and many value of length variation could be acquired simultaneously after the multi-beam laser heterodyne
signal was demodulated. Processing these values by weighted-average, length variation of the sample versus

temperature could be obtained accurately, and eventually the measuring of linear expansion coefficient of
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metal was improved. Simulations for linear expansion coefficient of metal rod under different temperatures

had shown that the relative measurement error of this method is just 0.1%. The measuring accuracy was

improved by one order of magnitude compared with traditional measurement methods.
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Fig.1 Schematic diagram of multi-beam laser heterodyne
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Fig.2 Optical path design of multi-beam laser heterodyne

measurement for metal linear expansion coefficient

0706005-3



bk TR

% 7 1

www.irla.cn

KB AID B 3 5 A BRI AT AR EORS AF L oy B B OR iR
JE Tk B RN LR s R BT R R DN 4 R R T T A
HESEWERE, JFH gk g8 0] Ll E o B F
T B

TV D0 O B H O AR T RS LR R
WBE PBS M4 2% MR B B AR S R B
BE VTR BE 2 REI 4 JE OB H PR DN R AT B R
i R AT CA/D K DSP F R, 223 A B AT I IR
B, AR A 2 X6 A [) Bt 220 A5 0 0 A I 5% 0 3R A

FTIFHOG a8 20 IR OGO 28 2o 1 1T S A 451
Sy WEE PBS M A4 W% R e A S BRSO
I bof 221 i 22 2% 0 41 5 1E 5% R o R SO g M4 B R
1 PBS Ja &t A BB AR b, 2 W I ARE S Y
BT TE R B 2 AR S 2 i B AR T 2 T R
S 6 — R BT I s R BRI SO BOE b, S
I H I 4 3 K A A/D B e 2% RO S A B R
DSP J5 15 FIF5 I 1 2 8015 B .

FHIZ % B EAT DN RO, B ORIE A - T R I 2
P FEL A 6T A 0 4 R R A S A T B R B B A
TV B BE 2 FI I 15~20 mm Zb A 20 9 5 2 B
T BN - T S S B SAT A . 2R A I A
ASCHE ) o A P S AR R, BRI SR ORE T
AUES A B 5 13 200 AL(E . Hob, AL R/ I 55
TV B B ORI OF TR S BE 2 2 R) BRI ki AL,
0T LA 3 i S B A RN O T R G A 2 2 R BE
A5k B Ad SRR AL EE .

22 BRMHE

BT 2 S 0 2 00 A BO6 S 25 00 5O
& 7K 150 mm, B A2 $18.00 mm 1 i 4 E HE
R K 2R 8, 1 550 22 0% AR O6 Ah 22 I 5
AAT M o W v T A 3 A AR O XMIT B4
00 U EE R AN [E R BOG AR K A A 2050 nm;
TR B E RN S T BB 2 Z A AT SR o0 o 1
ZEON 28 0 G B AL A2 D Sy 1 mm, 450 28 R EE
1 A/W ; 238 8 3R B3 67 18 9% 3l 4R 1 x%=0.001 m,

K3 M4 m A TR 15 Tl 245 31 £ 6l
WA 22455 19 FET B i | 52 26 S OB R A ST R,
45 J@ BRI S AL AL I FFT $3% ;4 y % i
15 CH #O% E A S, I 4 Ji #4328 fh i AL B
FFT 5 % .

% 47 %

8x10™
g 6x10°
‘g
5
<
B 4x10
B
&
=
o 2x10™

1} Y
500 1000 1500 2000 2500
Frequency/Hz

B 3 ZuaHO A 22 05 5 BT

Fig.3 Spectrum of multi-beam laser heterodyne signal
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Tab.1 Simulation results of metal rod length variation A/, under different temperature 7 conditions
Time;
Parameter
1 2 3 4 5 6 7 8
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