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Study on measuring technology of roughness based on
electronic modulation laser coherence

WANG Huilin, DONG Yuanlt
(School of Mechanical Engineering, Shandong University of Technology, Zibo 255049, China)

Abstract: The reliability and the usability of mechanical products largely depend on their surface roughness. In order to
achieve long-distance measurement of surface roughness of mechanical parts, a method of electronic direct modulation laser
coherence based on laser Doppler effects was put forward to measure the surface roughness. The application of laser Doppler
effects can reduce influence of working distance. The speed of measurement was improved and the cost was reduced by using
electronic direct modulation method. By using coherent method, alternative phase lock amplification was realized and the system
noise was effectively controlled too. The experimental results show that the uncertainty degree of the measurement system can be

reached 1%o after controlling the statistical error and calibrating the experiment data during measurement process. The study has

a certain guiding significance on the measurement of surface roughness.
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Fig. 1  Optical path of contour measurement Fg.3 Frequency response of a semiconductor laser
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Fig.2 Working principle of light intensity modulation
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Fig.4 Overall block diagram of surface roughness measurement
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Fig.5 Circuit diagram of a laser diode
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Fig. 6  Measurements results of CS-3200
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Fig.7 Measurement results of the experimental system
Table 1  Surface roughness evaluation parameter R, measured by CS-3200

and the experimental system

CS-3200 the experimental system
1.5965 1.6033 1.6005 1.5975 1.6035 1.6004
R,/pm 1.6035 1.5963 1.6049 1.6029 1.5998 1.6041
1.6002 1.6037 1.6008 1.6006 1.6038 1.6005
SEEE R .
R, = 1.6014pum (9)
REREN .
_1.6014 - 1.6

16 x 100% =0.091% (10)

4.2 AHEELSH

4.2.1 WHBHFNIRORHLZE U(w) R
B rl AT SR 3 B 2 X 2 S A BRI AR S ) X K
Bl ER 4y R BT R B R S, AR IR 22 A ST
0.03% , IEZ S Al T R 2 B 0.015% .,
4.2.2 FELAZFANTRRMEEUQ) HESH
L BEAMEE S R AR B R 22 KORBRAR, BT e 27 4
BHETENIREARNE T 0.02% . M2 A il
W24 0.008%

4.2.3 ITHBEBTAFAGTRHEE UL) TAE
PR ARt 2 AR R 25, SEER RN, Y T AERE B 7E
10mm ~400mm 38 B P B, g T A 25 28 b 5 | /2 7 AH
XA R 0.0510%

4.2.4 FERBENLBRFEGRHLE UG KR
TR AR FLAR 52 , (i A5 A B2 B3 2k = [l 77
E—Mw A, I A S EE 5 S G Je fTE (0 -
AG,6 + A0) BTE BBl AR AL, T LA i o' H 800 245 7 25 1
W25 N 0. 080% , FH i I 43 A Al 11 H AN o 0 B R
0.0462% .

4.2.5 BEFSANIHZE UT)M X
PRI A B, 24T EEAE 0°C ~ 50°C B il A Ha, % 7 2B Y
W2 0. 005% , H = 1 4 Aii Al oF HORS o 0 B2 N
0.002% .

4.2.6 HREREZSEGRHLE U(n) BRU LR
ZRER AR SR BB R EORSET I, ik



450 woook # R 2016 4F- 5 /1
FIMFIRZE ST 0. 040% , FH B IE 5% 7041 0 Hk Optics, 2013, 34(6) ; 1062-1066 (in Chinese).
— NI o — vp [5] HUO L, ZENG X D, AN Y M, et al. Vibration measurement and a-
TR E BEAS 114 0. 028% . oG B B3 HHEAS B 2 2
T[IS]E%XEXTH +jﬂ ° = bjz 1:T E @;Ex nalysis by means of laser Doppler heterodyne principle [ J] Laser
j\j : Technology, 2011, 35(5) : 600-602(in Chinese).
U = [6] LIHC, HEY Ch, ZHOU H. Coherence of a direct modulating diode
3 5 5 3 3 5 laser[ J]. Applied Laser, 1994, 14(4) :161-163 (in Chinese).
Ulw) + U(Q)"+ U(d)"+ U(0)"+ U(T)"+ U(n)" = [7] JIA FX, DING Zh L, YUAN F. Design on high frequency amplitude
0.076% ( 11 ) modulation of laser diode[ J]. Infrared and Laser Engineering, 2007 ,
R TS O e S
. L . On the semiconductor laser and modulation techniques
= EEIIE=S N ¥
e A I R [1]. Cable Television Technology, 2004, 11(20) :71-74 (in Chi-
se ) .
R nese
5 & gﬁln [9] HUNSPERGER R G. Integrated optics: theory and technology[ M ].
N . . 6th ed. Beijing: Publishing House of Electronics Industry, 2012
X T iR E AR Ak g T AL R BRAOL R 207 6214(.80(1;1%. u))ls D
- in Chinese) .
?ﬂﬂ%x’%*ﬁ”ﬁ’iﬁ E/‘J j:jiji o E}Ei/g%*ﬁ E@%Eﬁﬂ I , _&)VI» [10] LI'Y. Research on modulation technology of high power semiconduc-
T%ﬂ:]}gjj\lﬁg%ﬁ%&ﬁ@ , %%ET&%%‘J/}%%E@ Vis| q:j\][/j tor laser [ D ]. Changchun; Changchun University of Science and
- N - . Technology , 2013 :20-33 (in Chinese) .
Pl 4 T HLRE B B3R5 5 7 LEE S0 T LA H1 6 T S
. Drive circuit design of modulation semiconductor laser
; ’ [11] ZHANG Ch. D d f modul ductor 1
ARBEA IR PEO L s S TIVELE RS BE v 0 [J]. Electro-Optic Technology Application, 201328 (6); 7173
P gy App.
J R AR T OUL S B £ HA AR G 1 P (L (in Chinese).
[12] LINT, LINN, MA X ], et al. Effects of parasitic parameters on the
% % X Ek modulation characteristics of semiconductor laser diodes[ J]. Journal
[1] RAO C B, KALYANASUNDARAM P, RAJ B. Laserscaltering for- of Xi” an University of Technology, 2011, 27(3) : 295-300(in Chi-
surface roughness measurement[ J ]. Surface Roughness Monitoring, nese ).
2001,43(4) :165-269. [13] ZHOU J, FENG Q Q, MA Sh G, et al. Error analysis of reference-
[2] WANG H L, LIU Ch H. Study on measuring technology on surface beam laser Doppler velocimeter[ J]. High Power Laser and Particle
roughness based on laser acousto-optic modulation[ J]. Piezoelectrics Beams, 2010, 22(11) : 2581-2587 (in Chinese).
and Acoustooptics, 2013, 35(6) : 797-800( in Chinese). [14] 70U S Ch, WANG G. Effect of temperature and other factors on
[3] LUOY, XU JM, HUANG J, et al. High speed semiconductor light performance of CCD data acquisition circuit[ J]. Astronomical Re-
sources based on direct modulationand external modulation[ J]. Infra- search & Technology, 2006, 3(3) :275-282(in Chinese).
red and Laser Engineering 2008, 37(2) :200-204 (in Chinese). [15] FEIY T. Error theory and data processing[ M]. Beijing: Machinery
[4] GAO Ch M, WANG H L. Research on detection technology of optical Industry Press, 2010 82-88 (in Chinese).

fiber acousto-optic modulation based contour[ J]. Journal of Applied



