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Cantilever Vibration Characteristics Based on Laser Self-Mixing
Interference Effect
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Anhui University ., Hefei, Anhui 230039, China)

Abstract For the requirements of cantilever vibration characteristics, a vibration system extra points measurement
method based on self-mixing interference is purposed. This method is relatively simple, effective, and low cost
compared to traditional measurement methods. Starting from the Lang-Kobayashi rate equation, vibration system
extra points model is deduced and Monte Carlo random simulation method is used to simplify and correct the half-cycle
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extreme points formulcs. The order of the cantilever vibration natural frequency is 10 and amplitudes of the

characteristic parameters are A, = B, =5.4601X 107" in the case of free vibration.

Key words laser optics; laser diode; self-mixing effect; vibration

OCIS codes 120.7280; 140.5960; 200.3050; 280.3420

15 5

PR32 AR TR A BRIk R4
FEPEOEFEA B T TR (] AR 23 A7 A B L5 i o i 4R
1o B A R B A A R i B HEBR A . H AT L S
3R B 2 eI 5T A B AR T R 15 3 AR A AR 5
9 Jey B o 7 1 I3 RE Afp DA 5 3IR B0 AR 8 HL AR W &2 2%
FES 5. JT LA S 5ROH Y SO0 480 A D KR 0% i 3k
07 9 IR U 8l 2 B8 R IF 5 iR A i e ) BOR R R
UTAFSK L HOE AR A T3 00 B BR DU L R
RO W E R B WA IR S 2 A
JE 4B R R O R A
B ZHO0NEY FE SRRz BOEARG
T HORN IR RO S RO L 18 B8R
BT e o b — R 2 e Wi S S B T R A 3

YRS B 2011-07-18; WEIMEM A HHEE: 2011-10-25

JEAF TS IR I B SO N ROBIR GG R E T,
i b e R &R T Ak X R A
F18) M5 00 52 3% 2 st ) AR 3 Bl I 0 1Y DU o

A SCAE SR B FR A T W R0 19 2 il F
Pl TR R G A (VSEP) BELE #51Y , 45 4
TR AT 1 I B AR I DA TR o D 11 2 FG 25 4 IR 36
F G0 R ) % IR Bl R R AT 4 BT R AT

2 ETHOCARS TWRNLIR VSEP
Libiog it
LR 5 P O 3 0 116 45 9200 1 B3
S HF— SRR T P SR % 1) Lang Al Kobayashi £ 37
F 7 R HTRR LK 0 P LA = B
B0, Hop LK oy 7 = I B 0

ELUH: &% FR A 22R S WAL 4 (20103401120001) A4 #0048 & T 3 A B 151 (KT2010A019) B3 B it

EEEN: B

21978, B A B R FEMNFEOSEHR T AR EMIFGE . E-mail: lianglu78(@ gmail. com

0208008-1



i &

# ot

TR LR B SR LK R T R AT E 3
A AN 5 B R R R

Csin(2myur + arctan a)

JV Bl 2nr \ (D
II = I, (1 + mcos 2mvr)
P wo o g T S IR AR O HR T 400 A RN O i
SR s, I%Jﬁ%fi’ﬁlﬁEﬁ%ﬁ%%%%ﬁzﬁiﬁﬁ'ﬁﬁﬁtﬂ

I o = 2L R e e WO B AN I SR — A 1y B

[] L%r@iﬁ%&ﬁbﬁlkr,cﬁfcfﬁ Hh ) G T
o HER TEHE 5 2B C Fllm 43 50K IR 2 B0 s 3
il 2R B0 A S BEAS RS A S IR AF ST M A C << 4.6
X 5, G 7 3589 52 it DX ) o O IS 080016 25 45 5% 50 )y
vo N TR RGAE R BYIBS  L = 1, + L4 (o), o
Lo AR WOLER BIHR 3 & G0 Wy o 1 BE S L X A BE 5
J2 [ R AR B H R Ly (0 2R B 3 Go A S o5 B I
P& s L RS . DL,

I :IO[l—I—mcos(ert %)]:

loJrlA(t)M
A ’

mHE 4x 2nneﬂﬂ2w=nﬂﬂ‘e¥

FHEOLA ARG TWHE TS MBMRE. KPR
ANOEUA o FRANER . N Bk o Bl LISKR
H R B A B Rk O

2l [24]s
A

Ly [ lo} 20, (1)
2—— 2= >

A
N() = .

il
2%_[2170}+21AA(1) <0
XAE A LK 37 f k@ r iy VSEP KBRS, |
R ARG T HOE ARG T E R B, EP%?%%
IR CR3Ch 5 N A B R ORBU%) .

BV IR Sl R AT SR R B s oL . X T
IR B RS L) = Asin wt v A FR IR BN R
> o R AL WA AT LAy

I, {1 ercos[lhr (2)

L+ @)
A

204 (t)

Ly ly 2Asin wt
- [oh] ],
[ A |: A . A

ZO l() ZAslnwl‘

— — — = =
22— 222 0
N =1 Y T s LW
oy L) 2t

|: A A + A
Ly Ly 2Asin wt
2 — 2 — - 0
P2 <

1ﬂ@ﬁ¢mtﬁF#Aﬂ%(‘f<t<
AL A J 301 DAY R 1 153 %K

w2

L[y 2A
eyl T ow
GO 2 F ] VSEP 45 8145 3 ) fai i R 3h R 42k
JEVEA Y H B AR A S B, wT DL E kAT iR Ak, B
N 2 ZAL— [z &}: 0 *['ZTA — n(n FEEHO KR

A
GOFEN )

i)

- [eh= 41
EEEHPL o

%ﬁi AR RO, RN T %Uﬁ
T AEAR B ﬂiﬂm v 4T SR 1
w%zf—[“]@r AT IR (6)

XA IEC R AL R AR 2= .

e L e aiE il

A A A

R0 < b < 1L B H 0 AR R AL )
N, AT B 5 T b 2 E 0 81 1 I [ SR 22
(2 AL SR AR BEH bc X IR 25 SRR X NG
PG 01 BT LB AL I 0 N F SR
B N, DA T80 H o B 9 T A S PT84
%I W b e RIBNASBEHLAS AL (b o 3D 25 B HL A
TERARIE A DL K A FISM B K £, 5/ 3 PR 50 75 B AL
S Y ) B T LK R AR 10 88 (8 A
Ny 5 B R NG 3 4 i 22
Cu, (i) S5 X BN A5 75 A B 92 8K e v -2 T ¥ B o
F8) Ny AN, B B 1R 2% M, o 1SR — YO
B ] 14 L 2l 2 P B R N O

N
My, = EP(»CN (i) = chhu'), (7
;:1

c(DH)]—
(1]},
(8)
BN 5 RGZ MR TP A 5 A ORI
SR-RE LSBT RE N R My, . 452581
RYLIEARR NTFMy, B2BEIET 1 LUA R My,
WS 1. A& IE I A 1T Ak JR AR (S A =0

Cy, (1) = Ny (i) = N, (i) = 2[n+
(LoD +[n+cD]]I+16G) —[n+

0208008-2



B sef%. ETHOLARA T WU R BB R IR R

Nit = N =My, = (9)

() FRMF I I IR S R AR R AL %
TET7 3 FRE I T HAt I PR IR 3 R 4

Xt T AR BN A2 ) 9 3 R 3 & 4 GX
RALE IR R BT AR 8D A TN R E S T
PR BN R G 7 % VESP BF 58 858 8 9 17 3 — 4518
1B SE RS R G, BRIk 3h R Sk sh At

L) FER— A L, = DY, () H, (),
n=1

Y (6) Fl H () J& 1) X File 153 85728 53X L i
T H, (1) B FE R 80Y BLAR 0 300 5 4 A 1 o 4%
Ly A B AT 75 3 2204k 2h R & IE )5
VSEP Hiff 7% 5 5l

N() =
{210 [ZZO}LZZY“(x)H,,(t)}
A A A
L [ZﬂjLz;Y,,u)H,,(z) _,
A A A -
. (10)
{21; [zﬂjLz”Z;Y“(:)H,,(n}
b [2 [0]+2”2Y”(1‘)H”(t> .
A A A

3 TGO ARG RS R R AR
EWSEETg
G IRHOG R A R SR LR S 5 s
B 1 BT R Gk RO B B B R 2 R
YA FALI . P RO 58 0 10 4 1 6 2008
B A TR/ 35 20 00 UM R T b WOEHE 23k
T AT + G o O O S 2 5 Y

e
packaging direction of

lens vibration
-

PD LD
amplifier and %
filter circuit

vibrating
oscillometer power source

system
BT 2R SRt B IR SR SRR i RS I0

Fig. 1 Experimental setup for vibration characteristics

measurement system based on laser diode self-

mixing effect
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Fig. 2 Typical waveform of self-mixing signal obtained

from cantilever vibration
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