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ABSTRACT

This research is based on a single-point Laser Doppler Vibrometry (LDV) combined
with two different full-field scanning instruments, a gantry platform system and a
Galvano scanning system, integrated into a Scanning Laser Doppler Vibrometry (SLDV)
system. The system incorporates a signal generator as an excitation instrument and an
oscilloscope or NI-DAQ data acquisition system as a measurement data receiver.
MATLAB or LabVIEW was used to develop corresponding graphical user interfaces
(GUISs) to control and operate the entire system efficiently. Following that, we need to
post-process the measurement data. We can determine the phase of vibration at each
measurement point by utilizing the input signal from the signal generator and the
measured signal from the LDV. The measurement data is then optimized using frequency
and phase-based analysis methods. 2D and 3D mode shapes can successfully plot based
on the optimized data. Subsequently, a comparison is made between the results obtained
from the SLDV and Electronic Speckle Pattern Interferometry (ESPI). The aim is to
validate SLDV's feasibility and evaluate the strengths and weaknesses of the two different
measurement methods. The SLDV method developed in this research not only has a wider
range of velocity measurement but also enables the numerical display of vibration
amplitudes and accurate determination of the phase of full-field vibrations.

After successfully measuring the global out-of-plane vibration of the acoustic
component, acoustic theory analyzes and extrapolates the vibration field to the acoustic
field. The relationship between the vibration velocity and the sound pressure is
determined. Rayleigh Integral calculates the contribution of multiple discrete
measurement points to a specific location. This method is known as the Distributed
Parameter Method (DPM). Compared with the measurement results of free sound field

using a microphone in an anechoic room, the DPM method allows for optical
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measurements of the sound pressure of the test sample in any environment, significantly
reducing the cost of constructing an anechoic room. Compared to KLIPPEL's sound
pressure measurement method using a laser displacement sensor, the DPM method
exhibits superior measurement capabilities, particularly in the high-frequency range
(above 3000 Hz). Compared to Polytec's full-field velocity measurement system using
LDV combined with a Galvano scanning system, this research achieves the same
functionality at approximately one-fourth of the construction cost. Additionally, it
successfully applies acoustic theory to directly estimate vibration signals in the field of
acoustics.

Finally, improvements were made to the developed Scanning Laser Doppler
Vibrometry (SLDV) system. Firstly, the SLDV system was integrated with the Chirp
signal measurement method. This method utilizes a rapidly changing frequency excitation
signal within a short time frame to measure all frequencies simultaneously. By measuring
all frequencies at one time, the measurement efficiency is significantly improved,
allowing for the rapid determination of the global resonance frequencies of the test sample.
Next, a Continuous Scanning Laser Doppler Vibrometry (CSLDV) system was developed,
replacing the previous point-by-point vibration measurement approach with a line-by-line
measurement technique. It enables the simultaneous measurement of vibration data along
the entire line segment, resulting in a significant improvement in measurement efficiency

while maintaining a good level of accuracy.

Keywords: Scanning Laser Doppler Vibrometry (SLDV), Measuring System
Development, Acoustic-Vibration Interaction Analysis, Continuous Scanning Laser

Doppler Vibrometry (CSLDV)
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NI-DAQ F A B~ s 2L )ode P T 538 LDV £ B 4 3L+ # * MATLAB 2 LabVIEW
AARNFE TR MAFRELEHS T LI T - BEPIBEDS NREEPR A IR
& % SLR e * LabVIEW Z AR5V 3 #kdr > 2w 2 hspr > W AF 2 orp & 2h{S
LFT- I OER S RS THFRHAT g% ' ¥+ 3= # % Scanning Laser
Doppler Vibrometry, SLDV |

FrEALWPHF=FRFHSIDV ERFHREFSAIL P & T 0

Ap e T o 3 3 JVE S B Erodp L B Erena fA 2 Vo p B L BN 2R F gk
@FBL e AR B RRITAE R DR R PNERT > X8 AF-ESPI = 2 e

By HP AP Y B 1 SLDV kSR R TR sl 3 WA SLDV £ § #ciE
LB AR E ) 0 drEs 2RI RIRA hiRE -

FIFARIR BRI R FVREIEREES g LR EFRYE
SRRt d R R GG E > X Rk P J BF OB SLDV £ R[0T AT
2Ly g 148~ (Rayleigh Integral ) 67 3¢ > 2+ B3 8 238 4 5 45 TR dp gl R 58
Bl TR AN HRIERTEEET S LR BRI R AL T A

# % %2 Distributed Parameter Method, DPM |- 3 ¥ 4 E‘J’J:T‘»)":»r'g FE L MR pue B8

h—

i

tigFRipl o £l DPM & % 2 5% B Rl BB SR TR R R

B2 % SLDV = 585 0 00 A fhihe o Rt 50 500 8 5 Chirp 3

R

“=& SIDVERE > H - L TaHRAYD ﬁvT‘,!:K ‘¥ =¥ ik, Continuous Scanning
Laser Doppler Vibrometry, CSLDV - & f& 7 j* ¢ it 3 »c3& 2 SLDV ehg plse s » &
2 SLDV = 2 ehE Pl % 3 F it o

RS- RERHEARBY  REAGRE DA R 2N BB
CEGRE R B R F P SN A KT BB ERB AR R 3 e

FEAROERIHEEFERT AR o
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-%F PEHRVEEX

R AE AL Bk REA KRS S o F A BRE R (Laser
Doppler Vibrometry, LDV ) » 41 * A TR R R e L R
Mh  HEHB PR E R S HERAP BT 5% Meddr s AE D] S BN b
& bR E Rk su; § F sagk+ #F( Electronic Speckle Pattern Interferometry, ESPI )
Gl R F D REE R DB REIREA AR N R E R AT AL R TR
BIE R 5 2 e adRE A FEdus 37k (Impedance Analyzer) H_7 & plAg 5 &2
TRk %2 By £ F R4 enT e d (Electrical Impedance ) ; & 25% € )

(AnechoicRoom ) » ¥4 &'V 2 FFend 3 (pd F 8 ) & & £+ R anif
TR F R RIE FRIZERY R A5 LDV RS A2 E R R

BoRP ST S R REE ) T wmI AR R Z 2 F 50

21 G4 BIRS &

@ #4318 " ¥+ 3R 0 ik (Laser Doppler Vibrometry, LDV) {1 # #& * # 2% fis (Doppler
effect) > § F Sk chd B P AT E SR B T e M & G P F BH{S MRS ¢ 8
S AR G AR o AP RS R R ESE S gt 1 t> Flpt LDV BRI H
pEE A E R H Bz SR R 0 B - AR R EE R k.

AT & % Polytec o @ #7422 LDV > A15L5 OFV-505 4@ 2-1 #77% > £
Blac 4 B R AR 2-2 7 o EplEEdEd 0.1m 3 300 m o A B g r Ak B E

( Acousto-Optic Modulator - AOM ) & St & f 5 # 42 £ (BraggCell) &7 2>
BRIEL A ARMEPREN B R PREZITHF LI ER B E AP EE S R

oo R B R R R BT el 23 4 o el B

B

M- PEXTOREE I EBHTA L B AHMHREN B RSB
FAREBSCEL > F R ETE Y LMY IV AFRA IS B
7
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Hebt 4 R LAl B AGLT  fdet AREE
Bk i e A 4 2 Bl el S 5 f 0 A Bl AR Y R S RV RS
UAE R R S Rt S LI
T== (2-1)
Bk » Bk ek £ 5 4 0 S REHREATE S A N o Bl Bk AR R AL G uEpE 2
R

PR (2-2)
n

- G MR R L A RPRECL 0 T BKSING =0, 0 £ R ¥ BraggiEst 2 3¢ R

3 o S
% :%:,125 (23)

KB FIACR) 24 957 0 G STRIRD A LHA L0k B - » S0 Bragg
Cell ABENE ¥ 245 > BisBHTHPIE (Detector) > ¥ — i £ B3 Fiplzp s

(Sample) » % 4+ Rl fedmde pF » B F Sf kAT € 20 » S RAF S A b > 8 F Sk

]

EAKEBET R E T EESF RS L Bes BRNE R - LDV

FlyeT™ 4 2-1

B 2-1 LDV-OFV505
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Range diagram )

1,25 m/s

250 mm/s

100 mmy/s
S0 mm/s

10 mm/s

Lower Frequency Limit: 0.5 Hz.

1 kMz =
kHz
100 kHz —
250 kHz —
Hz :. 2. '
He | L
10 MHz
i
=
o
— |
2

Min. Detectable Velocity: 0.1 pm/s.
I I 1 |
2. R 2 £
- L o o =z
s o o 2 - =2
Bl 2-2 LDV-OFV505 & |1 B
absorber crystal material

) diffracted beam

input beam

sound wave

transducer

DIPEREEEEE S EN 1
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BEAMSPLITTER |

BEAMSPLITTER I

4
MIRROR \

DETECTOR

BEAMSPLITTER IlI
\ SAMPLE

B 2-4 LDV p 3%k E R

# 2-1 LDV OFV-505 % %

Laser type HeNe Laser
Laser class Class 2, <ImW,
eye-safe
Laser wavelength 633 nm
Resolution 0.02 pm/s
Min. stand-off distance 0.1 m(With OFV-SR)
Max. stand-off distance 300 m(With OFV-SLR)
Weight 34kg

10

doi:10.6342/NTU202301717



22 R I DB
7 + s gL+ ks (Electronic Speckle Pattern Interferometry, ESPI) d 2 4p jiv
(Holography) ;w % m Kk » ;%3 ] * F2 § g B~ i# (Charge-Coupled Device ,
CCD) & 7 F rJRfiricsr 7 B4 5 (Low Spatial Frequency ) 2 3= 3 >
TERERIPFEAGFEEBLEET  RELANT SR A SRR FR 2

LTG0 FERF AR FURF S FRF AR P REE A B AR R

He g4 g2 kghy ke Liem g4 F gy *ﬁ“ i k2 KAR A gt
I ER DR F R E T TR OSSN o L FRER 2R PR 2

?ﬁﬁ%?%@04%@%%ﬁ§ﬁﬂﬂﬁ%ﬁ%ﬂ%m%%&%%ﬁéiﬁw
Bile G hp o d RGOS Lk E L RRAE LAV E PR E
F5GL Mk o d 2 ESPI & Rkhenp Al mABHHEY P ABREDNS &
8o ESPI 3 ¥F2Eff5 ~ 28832 PRI R TF HE DEXRE KL T
FRERERTR o

ESPI & pl4rd & * 0 2 % 39pF 2 (Time-Averaging Method ) » 4 8L 8 %
CCD (i L pF N B4kt ? R A R R @b W HcE M N & 7 9718 3
e iE R E B0 R PR B % OB (zero-order Bessel Function ) #7522 » 4 @3¢ F
WG BRI S8R T (nodalline) 27 28 5 F o f R NiER L Eix

BRL T > TV d 2HFF B EREERS 2H L F A - ESPI 22 &

=N
I
|rml.
E

R RpEFRRA BT LRRITIS B2 e g TR 2 ERI L

B h R R FRIG R RSP LG T F A G N K M 2

=N
=
T
_{’
B

TP HRERFTREE T L FRP ROz A% o

AP ARFREREES S G 8 BEEALY G harR A £ & F
MG hRE BRI S 0 T AN MRFER ACREFE PSR R A
KEZPRFZ o0 MIRET L LRI NER L E VR Ao B 2-5-F 2-6 Hror o
LML FHTAL RIS FHREL R LS E T Bk B (Spatial Filter) £ 5

11
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dF R agE ok d > R 9]* 7 A~ %<2 (Beam Splitter) A 1 iF % & -
kg bt FRPF A6 BERXRLIPMAS Lk ¥ - R RARIBIE AT
T4 (Referenceplane ) @ %4 T o F e 8¢:¢ & - f@ Rl eang S
% (Speckled Reference Beam ) > st ;g d42¥F ¢ ~ #+ 28 CCD 4pi8 e
P At o B I TR PRI AR NV LG kA S kd
WG M g+ BRGNS o B Sk § BRP L FRIF W OP L ph o ST
FE CCD tppenpg kT g b o &2 FHRRER o JUELE » T Pois SE R ifdp
FAMEREE (T RIE T P DR T R K B I IR RGOS o A&
B HE R g RS R R Ao 27 4T 0 4 & BE AR g RS R R 4ol
2-8 #15F 0 2 RT P g HIREE P o

F#HFEP ESPI £ Blenfh 2125 B3k Rl rd = T % (Image Plane )

FenE Rz kR R G
=g+ 15 +2,/l1,1, COS @, (2-4)
e Rk KR | LY R KR 0 g 5 LS 2 ki

A o P B AR 15 BT R BT - A L APH R SR

PR S A0 D O s FHMEABRS e (FENPFHAG 20 e )2 d o fRED
AR S0 R Ap AT £ 5

2z .5

& :7(1+00590)Acosa)t:FAcosa)t (2-3)

€F:27(1+c0549) RRACR e BB H A R BRDERO g

R R R T
d >>CCD % B’»@\F%F'&P\ ’ g * ’uﬁ‘ 7fp FK*’” i l__] FE'F%’%'JET’”%@?;?ZTZ\’ PR

PR A T AL G ERER R i R T Tt § 5 WA R R

P CCDR Bz kg B L) 3 - th b P33 p e T 307

12
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IZ:IO+IR+g«/IOIRJ'OTcos(¢O+FAcoswt)dt (2-6)
T
HE-6) 27 [t v @3]
J: cos(¢, +TAcos wt)dt = Re[J'OT exp(ig, +i'Acos wt)dt]

= Re[e" Iorexp(iFAcos ot)dt]

: T in(Z—-w 2'7
_ Re[e" jonn(rA)e "t &7
p —inor _1
—Re[e* >3 (rA)e 2 ™ &
ele 313, (re" s =]

He 75 CODHBP BT £ r=2XE A, 2';” a0 F RIS
0 v #f it X3 ey
IOT cos(¢, + FAcos wt)dt = 7J,(I"A) cos ¢, (2-8)
Fut oo ke k5
I, = 1o+ 1+ 2,151, (COS ¢,)3o(TA) (2-9)

HP J (TA) 5 EFEE % S#ic (Bessel Function) > d (2-8)¥ #f % Sfic® ¢ 7 7 4%
A RFm R B G E R Rk | AT R L PR,  RASHL R
S JTe ORI AT RIS RS RAPE L RLENELPE T BTN

¥k sk (742 > T R (2-8)3% ¢ eC0Sd, B &

\\\?{r

PR ORI B Bcds LR 0 kL

COS(¢O+7r) C R AU B SRR RS RIRE BRI~ LB FARR > TP ;ﬁ'%_—@:
IR TR G IE J (TA) s I B e Jf ke d| 220 M8 > )k
AR K L AE T o Fet 1996 £ i’ﬂ’ B3 iFe mRBlHR IR EH T

+ pa 8+ 7 v (Amplitude-Fluctuation Electronic Speckle Pattern Interferometry, AF-

ESPD) > 1% A 555§ @ § R 2 RS RAn i > TF FIRE 2 2H=HF HH
URELRE S EENE P

AF-ESPI ¢ #h £ 8 % 2% » N g2 ESPI ehi w0 -2 4 i % 81 2 B i

13
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&R HAP AR« R R PRSP Y - e RBRIGR kA 4
1,- 2r
|1=;j0 lo+15+2\[lo 1 C08| o + = (1+cosg) Acosat [idt — (2-10)

£ %%EE%(HCOS«%) D BRI AR R 0 PIQ-10) N ek R

I, = 1o+ 1 +2,[I 1, (COS ¢,) I, (TA) (2-11)
GE R RS Y B R B L B B SRR A 2 AR e
By o RPNk AR LT L

1, :%{jo lo + Iz +24/15 1, cos[¢, +F(A+AA)cosa)t]dt} (2-12)

N
Ao

LT cos[ ¢, +'(A+ AA) cos wt]dt
= Re{ei“’o jo exp[iT'(A+ AA) cos a)t]dt} (2-13)
=Re {e% J’OT exp(iCAcos et) exp(iCAACos a)t)dt}
#expliTAACOS k] ie 17 4 #+ B B> fog = =it b 2§ Fof Sl 50 (2 g 47 18
jof cos[¢, + T (A+AA)cos wt]dt = r[l—%l"z(AA)z]Jo(l"A) (2-14)
A (2-12)7 ¢ ch¥ Z ER KRR T ey L
=g+ |R+2\/E«:os¢o)[1—%FZ(AA)Z]JO(FA) (2-15)
SRR R K — SR AR R 2 BN T(2-15) R4 (2-10)5 » ¥ SRS A

5k
FEFFL ARG Rk A S

| =211, %FZ(AA)ZJO(FA)COS% =—"';'R\FZ(AA)ZJO(FA)cos¢O\ (2-16)

d (2-16) 18 4r 3k B+ 35 48 5

J,(CA)

frped] o A A1 BRFR R Sl § IRAR

A=0F>

Jo(TA) F b 8- F 5+ 7 SR R MRS PE 28 5 F s R 5§

b B R o
14
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Beam Splitter
Reference Plane

x

Specimen

He-Ne Laser

PC & Monitor

Mirror

Spatial Filter

=1

15
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Reference Plane

e

Beam Splitter

He-Ne Laser

41

Specimen

) Spatial Filter
Mirror
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Ref. Plane

Membrane

Spatial Filter

Loudspeaker

Mirror

Beam Splitter

Component

Beam Splitter

17
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2.3 PEFLA TR

Fe s 45 %k (Impedance Analyzer) & U ERHEF BT R FHE 2 HFLH £
B R4 7 (e d (Electrical Impedance ) » 4o B] 2-9 #757 o T M IEFLT AR L F R
ARd PR ATRE T RERRNT A AL 2 B ekl F A G 4
T HAAF BT G A2 R INE R INOR e SR T MR Y > R
BRI ERLT BEOEFL F BRI PR DTEEREE L 2 ERTF
Mg 912 o W F R § AR A S — IR gy WM GRERY o AT
FHRFT AL LIRBENF LRE o

BB e g pBR AR BT R R (da 3] 2 de2 3]) 0 5
BEih ~ERZIEETRLZD 4B 2-10977 » ¥ LR 5 825 4 20 o F|P* 0 3%

REFI AT G

%=pl’j+ f,

X (2-17)
or, .
_8y = pV+ f,

He v i (VRABAR w2 et R pRAZHRAR - {2 FY A8 2

hd o d QNP I AN EFRE > TPFEFIERES Sk
T,(S,E)=L %E—%+%@@ (2-18)
Sll Sll Sll 62
S s, d, oy
T,(S,E)=-2 ¢ E =2, %% 2-19
R =
BBEHM G A
au o'w
5, =X, 220
LT ox X (2-20)
2
5, =, 0w (2-21)
oy oy
(2-18) 58 ~(2-21)58 5 » (2-17)5% » 7 11 @ )
18
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22U, S ==Y i+, (2-22)
S;; OX

~ = pV+ 1, (2-23)

dsy A8 dy B EBAAR 0L 0 B dy A FRBA T B Finyy(2) Lz 2

2
Sl %% T ](.%_ﬁ{al/ﬁ( )*i‘XZ%"J(A\ , aV’a(Z):OO
oXxoz

RBRLAEDI TR R RITE - pd 9544k E (Resonator ) > B3K & 7

FFLAE ~ m SRR g@t S P THEREREEY VLR ERT

f,=0
P
Ws(2),_n = 2—:]/3 z (2-24)
;
REgR e
vy (2) =Yy (2-25)
APV, ZRE-
R
Tt =0 (2-26)
.
Z—i N d,E, = aa’/f d,, = —%dgl (2-27)
2
FIEQ2-17) 5 £ (2-18) 8 7 1 drif i S 42N S
Z;‘j = psEu (2-28)
Bz MR 2 RO PR 2 Sl
19
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u(x,t)=0(x)e*
B R wi s (w=27f > f 24FE): j=--1-

#H(2-29) & x (2-28)7 » T 12 E 3

dx?

7 X
S

\
By
o3
=l
Lo
E
Xk
{w
(=
~=y

u(x)=C, cos(co psflx) +C,sin (a) psflx)

(2-29)

(2-30)

(2-31)

LT(X)z—Cla)(\/pTlEl)Sin(a) plelx)+Cza)( psflx)cos(a) psflx) (2-32)

B(2-27)58 &~ (2-32) 5 T B F

C,=0

C2 — d3l E3

E e |
O\ P31y COS(CO P 2)

LA

a(x)= : Ay, & — sin(@+/ ps;; X)
W4\ PS;; Cos(cm/psll 2]

e R H2 iR

20

U’(—%:Cla)( psfl)sin(a) psﬁ%)+€2a)( plelx)cos(a) S5, 1]

u“(%] = —Cla)(w/psfl )sin (a) o %] + Cza)( psflx)cos(a)«/psf1 %j

)

(2-33)

(2-34)

(2-35)
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2V.
(3
u(xt)= h I sin(a) ,oSlElx)ej“t (2-36)

o\ ps; cos(a) ol 2)

thae T H2 R AR

o/ cos(a) psflx) _
D, (X,t)=dyT, +6LE, =— =2 g1 | 1-K2| 1— et (2-37)
h ( E |j
cos| wy ps;; —
2
d2
Hoe kjy=—22L 8 %% 84 i (Coupling Coefficient ) o
S1€33
T AR
i, (1) =b[ o Dy (x,t)dx (2-38)
BQRIBDAHER S » T EIT B F L
D, (x,t) = joD,(x,t)
. COS( @wAX : (2-39)
®
COS( A)
[ P
\/plel
#(2-39)58 1 (2-38)58 7 0L 9 5
: k? tana
i (t)=-2jaV,C, |1+—3 —— 2-40
bles, Y 3o v o . . . s T 2\ . oo 0L
2 C, == H 5 # T F (Static Capacitance ) ; 333:533(1—k31) ; a—ﬂ ,
B BRT MR -
BF A dy A2 3 Y (Admittance )
Y =Y, +Y, (2-41)

21
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: k2 tana
Yo = J&‘3o{1 % --—-} (2-42)
-k; a
e o 1 ,
‘:\:/{ 'LP.E'_:ILFU:—;\ Z = sy ¥ 1Y ig"i“l]
Yp
1
Ze = 2 (2-43)
JoC, 1+i2taﬂ
1_k31 a

FEQAD)N S A F A R 2] 5 S AR 8 B S b R

Ze

Yol 2-11 957 > R - SRS 6 F AR R 2 B R )

B IE) 0P R A S et PR SR (s T ) PR
F2 0 B RaOEBIIIETinEb | ~FEED AHME S B T L ks

S A = w = TR if‘w«‘?\ﬁ LIRS (Fooonamee ” T 1) B4 2B @

Impedance Analyzer
HP-4194A

[ Monitor

0000 00 00 ]
f g 000 OO0 OO =3 = NI s
oo X O
s o 3
f, 0 000 ooog O 5 ==
0 000 0000 O
0 D00 0ODDg O °

-
PC
Specimen  (Included Data Grabber)

Sponge
Fl 29 fpes it RE R LW

22
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V+:V3

zZz=h/2—
z=0 —
z=—h/2—

V3 =-V;

x=-=1/2 x=0 x=1/2

_LP / x, 1 h
T

B 2-10 7R T4+ (da 3l de23]) 7 LW

f

anti—resonace

f

resonace

Frequency

23
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N
AN
E X

Lz ER

& %% 29 (AnechoicRoom ) % B B & B RS HE > LREPN ¥

=

HF BN R EPRETRT R 2EF M d 33 T4 Fuh Rl
BR o hoBl 2-12 #7710 & 8% » #5 Anechoic Chamber> *# 3 {5 4 ¢ 4 Chamber
TR EEZERSFDEH - RFH* F £ 4245 ¢ (Audio Engineering Society,
Inc.) % 7 AES2-1984 (r2003)#& 2 = ;2 » i * xR+ €_1650%1350 [mm] > 4= @] 2-
13 #7577 5 & 5o b 42 5 4191 1/2-inch (12.7-mm) free-field microphone (200 V
polarization with Type 2669-C preamplifier)3-40k (Hz)# i 47 5 4= > W3 # = Bruel
& Kjaer Sound & Vibration Measurement A/S., Naerum, Denmark o & 58 % g i< 4 )b
#7 % §_80Hz (1945 ISO 3745 = ANSI 12.35 I3 8) » pl:2%k B 84 15 1 35
C o 4p¥iER & 30%3 70%2 /F o

AT RS N ECEREE A2 E AR L B e T B 2-13 #hA o &
RHLEF S b KT ERFEARS 10cm> B2 1/12 ~F F 720 1 20000Hz 47 3 52

ogd P 2 EEERT ORI BRI EEY R FEE KR 2-14

Data
Collection
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1350

1650

Unit:mm

Bl 2-13 Hudr 4t L BI(AES2-1984 12003 3 2 #)

doi:10.6342/NTU202301717



25 2BERREBAL

Bled B RV uﬁpéi\. ,FEE"}‘{ Fpld £ m nded 535 0 F @R G D)

o=

HHERAG IR RAEF 2 N WA TR RFE X SRPEER SRS

B[ FRAE A o gt b 2B N RE BRI B WfEYT 0 2 A B Hhd B
Bl dom R EFA e N E BERL ) BIRFERIBE I BELEE FY 2B

SR B PIHT G B s & .
;'L,-zluh’-r/“”mﬁ%‘\%'j' CPIRBPRIFEI 2N AT A HE

HAFBAR SN kEapos H- FRP ST L 2o f kiR e o
251 #PpTa

AT S AR 2-15 47m 0 & - BATI 3D FE i Rl B 0 K- LDV
FEHFRTHI AT L X d il w2 HRF LI LA HE Y 2
wd B ST HEEEI B BE Y 2w ERA 0 FEHRTFL LDV AL EF
BE3420T YA L ER-BEET UEALEELS A0 BT Lhig
EZ R PR HERIFERE K AT & 22977 o AR PIPE § R
PRITINT LNH PP T A FIDVEAFX Y 2wt E S 2 E
BIEDR e

B R4 T £ 22 977 0 & 7 XY (A BN - S N s il
W -BEERE - EF - DI d WIDVRE > 37 EREHEORETEE &
LR AT SRS R R P FIR T R BRI R
EoHAP X 2B ALY 2ot B F SRR ERIBFE I Sk fF

BORAREL 0 7 L BAeW 2-16 0 & R 545 FEE T 40 Bk mIEgE > %

9

Pz g AT E T S TEIT- BEPIFE P Y 2 niERaEL 5 X

et 3 X AIEER T - B RRID B I B SN B IR

I

BlETF B e PR S gt b s 3T T Ll (Arduino Mega 2560) ¢ ey R 21 - A

&2 3D F|E484pF > 5 Marlin_Taiwan » #4]2 230 311 &7 ¢ FHwm i 5 o
26
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4020 PRI gk

X-axis lmit 450 mm
X-Motor One step motor (belt drive)
(42BYGHW609)
X-Speed 10 mm/sec
Y-axis limit 300 mm
Y-Motor Two step motors (screw drive)
(57BYGHS6)
Y-Speed 1 mm/sec
Accuracy 0.1 mm
Load 10 kg
Control panel 1. Arduino Mega 2560
2. Ramps 1.4
3. Motor drive A4988
(Same as 3D Print)
Firmware Marlin Taiwan
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Scatter X, Y Points Optimal Route

Bl 2-16 7 % K AL

252 R

Mt Y b Ao B 2-17 #751 » d Raylase = @ 1 & > A5 % : Miniscan Il » % &
BOF SPG BT A RS BE ks pER R SRR F 5 E
Sk A1 1 B A G o AR Y BB IR T L LDV §HE L B 0
LabVIEW 4] 5 Z# &t B > — o F 4Rk (T g i) X 2w fBH 0 ¥

~HBIPY o Ao T U BT S T R E - Bk

Bl 2-17 BcdsJ=b i su
28
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i 9 5 LDV g SBR K St SRR F i ke sk s Fhk
T S NS E G e T S UL

7 B8 LDV eh® pli 4 o
FIP Afg * L € F T ALE M LDV § SR AR
kﬁ]’é’ ¥

ECRRERRE G- o s b
FF A AT MEFEF MANETAR > H 4 LDV D hE Mgln g o i
BRI AR T A 238 F MR GRORE
R

kg £ 5 1064 nm BF o
RGBT T AR T A E AR B RE LDV A L g L £ 633 nm

—=
I

,;':”)\ yfg_tt'?

s LDV & & 1 ¥
POF G A G AEEL R

A EAFE A AR B AR T VT OUE

B3 633 nm fiE S5 o
Gk DipH L

Bl

Bl
Boif Bl BiE 85 rad/sec Apg - E YL e
[ gL RBT R L AT LA E iR B R Ak B 0 B ek Seeh B R

F 2-3 HeddRAL K BLARE £
Max rotate angle +22.53°
Resolution 0.000687°
Rotate Speed 85 rad/sec
Mirror Wavelength 1064 nm
MarkingMate 2.7A
Firmware
ActiveX Control (.ocx)
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F$ZF FHE'BLESRFERAR

AEEEF245° LA BB ERRE > LELDV-E AL B U5
MPREWR -4 0 FR2p R R ER ARG ANEFEE L L
Koo Uk %351 MATLAB & LabVIEW & #4282 - » 4 F R B & f
Bo it Bplenp cho BE A S AEOIRA F S 2 kR % LabVIEW 5 AB5N:E 2 B2
FHRENR - GARY o AF B (S E I RIEA B oA F A H Rab g

AT AL FARBEAN N EI T A P T NRS232 2 7 fF
> 3V GPIB -

RS-232 (Recommended Standard232): & - f8 Fi G el v &7 B 7
HGHRCOTF Rt vt 1962 #d T3 1 42§ (EIA) F =3l »» &
FEARL AR o B AenR L R 0 RS232 i * N3 s o
TEA 2 Bl o bldeBcdptd ~ 7 R L Ric? FHRFRE - vHRED
- RGP HHEIESE L 0P (72 S B B a0 2 0 RS-232 R R AT
PR G DR BRRT B e ® o A5 7 E * RS-232 2% _9pin
SVEARET N R S B I B A :;i;ﬁi% R(TXD ) - iF & fc s (RXD)
fr— B & 2 S (GND) @88 7T H - 2 ERR T LB dI 5 bl4e
*ia#ﬁhﬁﬁiﬁ(RB)’ulﬁf”vﬂ#nm&%f%f‘ (DTR) ¥y
3:)]} (DSR) &% - RS-232 i 33 ¥ M Ap i eniicdpd 387> LB H
B i R38O LR Ak e RS gl R R A B
B de st blhoBicp il BRSO R L o R RERBESFEEL - A
#-RS-232 i 3> 8 e L S de s on L BARTELE LDV §F S04 LDV

TR E TR -
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RS232 Pinout

Pin 1: Data Carrier Detect (DCD)
Pin 2: Received Data (RXD)
Pin 3: Transmit Data (TXD)
Pin 4: Data Terminal Ready (DTR)
Pin 5: Ground (GND)

Pin 6: Data Set Ready (DSR)
Pin 7: Request To Send (RTS)
Pin 8: Clear To Send (CTS)
Pin 9: Ring Indicator (RI)

B 3-1 RS-232 %rix

GPIB ( General Purpose Interface Bus ) » » 4% i 5 IEEE-488 > & —~ % * ficdy
RARE > R RPIER A RE v E- REFLR A6 - T B S
FAle wGPIB kst? » @@ * g BM-KRTE L A GEH > WREI AN BT =
A ERET D TfaL AR %i@ﬁ%l'% PV R E LR R o LR
M o GPIB #.4~>t 1965 &£ B % » ¥ d IEEE (Institute of Electrical and Electronics
Engineers) %3 i+ o GPIB #& #7 — 67 3.¥ § & chilfchy B> 3 > @Rl E o d
RB2Z BV AR d AL v ¥ P& RIRf el £ pdoit T ¢ o
GPIB ¢4t v 77 L Bl4r™ B 3-2> AAhled e 45— Ba (¥ Lpdl i) fr

SBHEHRE (Bldem A B B5 A4 B Fci= 5% &%) v P GPIB 7 &/
B TR EEORETEFSF TG AT P B GPIBE G S A

BLA 2 Fend it o A sl A 2 B i SUELaEA) o

e
>
)=

{

o Mo KA SR BRI (5 e T & 3] A5 o
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Shield SRQ NDAC DAV DIO4 DIO2
ATN | IFC |NRFD| EOI | DIO3| DIOA

121110 9 8 7 6 5 4 3 2 1
24 23 22 21 20 19 18 17 16 15 14 13

GND | GND | GND | REN | DIO7 | DIOS
1 9 7

LOGIC GND GND GND DIO8 DIOE
GND 10 8 6

B 3-2 GPIB %ri-

# 03-1 @i

RS-232 GPIB Interface
[ @?J EHE X3 ar £ 20 =%
] ﬁa?l =30 B {7 i 21 (Serial) 7 i 3 (Parallel)
i ﬁa?l #R 700 samples/sec 1M samples/sec
REHKL 1 per cable 31 per cable
[ " %

31 #PFPT 2 i
RIS AREETe 7 LDV P ST 5~ 7 4 B InfiniiVision
DSOX2004A(®] 3-3) ~ 5.2 4 B Agilent 33210A(B] 3-4) ~ #ER#FHF 1% WebCam

S R L

B 3-3 InfiniiVision DSOX2004A - & %
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Ot

CREREEE & & ‘
) : -6 |
° () fomm) (o] [z o] o] o) F

B 3-4 Agilent-33210A 5L 4 4

311 ;I &

WMTF LB AR ERBafrd| N AT S p 24 5 Marlin Taiwan > &2 5
& 3D F|ErBdple > AFT Y B RS232 s % 0 d PC B4R 1o # % G-
Code 4 4 241 S #6228 A3 A 2 BiE 4 GPIB & 15 20 * PC ™ £
GPIB #r° 2 S5t b > BiAL: A 5 Fi2dp £ RAABLA 2 TR IF RS2 TR
B iR (RIS S T A BAE RS22E AR I AR TG gL IRk
R LDV ERFIE RN BFERTREZIE I EY PCY -
312 &Rl

R d 420 P s e B FHRRBEL R - PCy o 1T R3
- BRSO kB Pl AR B 4o T B 3-5 ¢

H o ¢ L% RS-232 1 1% %d MATLAB (or LabVIEW):# % i# G-Code 4
L TGIX BEY At » BT S#& T £ aie; £ 4 GPIB @ﬁ%]" P EdR L
LA 4 B F RS 2 RBOLIRUEL AR Y SRR R T g A
AEd T BRFEE FARIREF AT REE T A B TR A E ] RET
BT B RN { BB B N TR R BAE
B EE TRME R E AT BRI E S BRI ] L il & BB
I {54 % % MATLAB (or LabVIEW)s » v4 gt iz & - BNl fid €41 i

B R R ¥ At B AR R R .
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( Move LDV to Next Point >47

Y

47/ Function Gen: Single Signal /

Y

b4

Change Oscilloscope scale & Measure

Match Signal Scale?

Yes

Save Vrms.

Yes
Measure All Freq.?
(Measure All Points )

Bl 3-5 AT 0 kAR R AZE]

313 2RI GUI /&

202 ERISEITHIZ PEL > A% MATLAB %2 LabVIEW 4 %[5
- 2R '*F'f /i & (Graphical User Interface, GUI) > 4= B 3-6 = MATLAB
GUI ~ T § 3-7 5 LabVIEWGUI - & #4135 3 5 % ch£ %] 5 LabVIEW {4
AR R B B kS g o T B T AR KANIDAQ R & Bt 0 A
MATLAB R 44 8 3+ 5 folicdp & 45+ 2 B4 -

NG e 20 ReREDS(Webcam) TR AT LB E R iR AT
ﬂﬁ;;~#g&gﬁr%t~i§j§ﬁﬁﬁiﬁ’%éﬁgﬁﬂﬁﬁﬁ;W3ilﬁﬁiﬁﬁﬁiﬂ

(3.32 &)ixmh k2 o
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Control Panel

Rectangle Round

& X:
I . Y :
X
| N
i 68 64
i ~
I
I
I - -
I « =
I X:
i Condense S
l s
I
| ] |50 |10 | = 86.5 w| 10| (50| | [ . -
I
[—*
| GO
- &
Set
Decennect n
e T8 4 A -
B 3-6 MATLAB /- 2 &3 GUI 4o
Distrubution points 55
istop] Gantry Platform Control Panel Y Points Distrubution Control Panel
Gantry Platform resource name Parallel | Circle |
¥ | 300 X_start  VY_start

Connect IO "O uStart

Disconnect o 200 %‘EE'(L Taeﬁ 5 -
100 v?got ”\Eot
/0 o | Plot

5 175 20 225 23 275 30 325 35 375 40 425 45 475 0
Xiabels

2875}
1

Number of points.

N e :
0 450 Home| | o | 47 —

200

LDV Generator Setting Panel

Signal Level

0 10 20 30 40 50 60 700775

Function Generator Setting Panel
Single | Step | Octave | Chirp |

NI-DAQ Measurement Panel
Volaged Power Spectrom) [ 1

VISA resource name LDV Frequency (1000 Hz)
e 41000

Velocity Decoder MJ

off @

Low pass Filter Focal length(mm)

off g o

VISA resource name Function Generator Output

Phase

Frequency

i | g L 0

Waveform Function ~ Amplitude (1 Vpp)
91

e ;Scan

High pass Filter
off =

LDV Set
Tracking Filter

off = 9o

B 3-7 LabVIEW 3™ 5 % 3L GUI 4 o

314 #PT o kinipRY

o A R T E R R Y I T L AR Y AoR] 3-8 g IR

TP SRR T AR R E MR FF SRR R T

BRI R ERE FEY NRERT B 390 ¢ 7 LDV FFT L BT B
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Bl 3-8 4P SRRk A YLDV AF P T

Component
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32 Mk#IR& L%

Brbsdrd kL kBB E 1 & 7 LDV~ e et ~ TABEE LA s B A 4
EATI — k SLoATiE b e RLFEES & 2L 5 i NI-9234 (B 3-10) 2 NI-9775(® 3-11)>
4 d 31 &Y T BEN A 2 NLDAQ Rfeant i d 4o ™ £ 32> 217k B
e g PRt 4.5 & ¢ o NI-9234 5 f247 R g hig% > @ NI-9775 Bl & LDVﬁ;T]
NMELA B L DT RERFR(EI0 V) > TP G R F P R F (Sampling
Frequency) » ¥ W 3z dkfi B #F chfk & W 5L > — =X it 38 4 B~ 4% B #ic(Number of
Sampling)# % -

AR g gL A 4 B Agilent 33210A(R] 3-4)2 Agilent 33512B(®] 3-12) > &
FhAEhL R L5 A 2 F Agilent33210A ¥ 5 - B #ij 1112 f (Output Channel)
FERULEAS RIS 7 Agilent33512B § A4 B o - BUE L F @?l h R R

FIRET V- B ;fq-ﬁ%] MELREB K ALy 2 B dopt P A g€ X3

._\/‘

CEEE

e BRI ek ma B TR OR E ]

Bl 3-11 NI-9775 F Bk 5L
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B 3-12 Agilent-33512B ;5.2 4 B

%032 FORS 4 A(NI-DAQ)HRI: I f i

NI-9234 NI-9775
7 & (Voltage) +5V +10V
B R
PR 51200 Hz 20 M Hz
(Max Sampling Frequency)
TS | |
. 65536 points 4194304 points
(Max Sampling Frequency)
f#47 & (Resolution) 24 bits 14 bits
#7 i # & (Channels) 4 4

321 )5 R

A N E 30 & ¢ 4 e o e dRd e ih iF ActiveX Control 07 3% 4524
S d A, 0 7 & Bl4cB 3-13 fr o d PC A EARN 4 o ’éz}sialﬂ A
ActiveX Container: 4t 2374 8 » 4]5L 5% UMC4 - P Fip 8 5 236 0 2 % B b
MarkingMate OCX 7 +#] 7 it » # g4 ek o dLihd B> #3228 plgk;
P$A 4 BAEGPIBE T PCHE T i\‘ GPIB s 42;V 2 H S8 & > d PC 23
HEALSY G g £ EUELA 2 B I OR S 2 TR 2R R R
NI-9234(& NI-9775) § 7 ¥z LDV 1 & P| 3| ¢ & 350 3% 16 LabVIEW ¢ DAQmx

% ARk TH BRI G PR S R PR B O 8 (s v B E PlEcdp I LabVIEW.
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[ LabVIEW ] User Interface for OCX AP

4 Automatic Measure S_\‘stclm

Polytec
RS-232 Commands

AT
Laser Marking Solution

MarkingMate

Laser Control Card OFV-5000 Controller

> UMC4

Raylase , g .
Miniscan ITI-10
Galvano Scanner ge L OFV-505 Sensor Head
o}

B 3-13 ActiveX #4]7 % B

J

322 #PlinAE
FPp 321 &endfd > N VS H B R REELE TR - PCE a5
BHa g RARFENT NS T RB o T A AL TR P IRE ) S
g R AR R 4eT B 3-14 -
B4 € 41* ActiveX Control #17 ;% d LabVIEW 4 i¥ 45 &3 § 3 5%
"JumpTo(dx, dy) > EaeLeF 61T &3 FRIEdx, dy) 5 £ 1% RS-232 i 4% 23
# T Start Autofucus | 3p 4 2 OFV-5000 #7414 @ LDV i& 7 K & 5 4§15 % ¥ GPIB
s RATAL BAZ F RS2 TRDOUITATL L JAR FRSF - 2L < F @
FRTES R ERRIP G R LD TREREE & 5L NI9234 (or NI-9775)iE {7 3
RS w 3D LabVIEW = > d LabVIEW o4 o 12t 2 5V % =0 — B Bhenn g Jp) »

ol EA S RS G b Bhend R -
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CRotate Galvano Mirror to Next Point)‘i

v

Adjust LDV Focus

length at that point

A

4

Function Gen.: S

mgle Sine Signal

A

4

LDV Measure Vibration Signal

A

4

NI-9234 Record Chl magnitude

A

4

NI-9234 Calculate

Chl & Ch2 phase

A

4

C Measure All Points >

B 3-14 e 3Rdt s 58 plin A2 )

Bk 31240 T S BBk S ARt R e end_ s d SR B R BHS ek
BEPRIB FEHETRIIEL €T FPE BROEEAIEE IR T L AE R
WA - BREFREEY DL LDV #2445 OFV-5000 p 22 67 RS-232 45 £ @ [ Start
Autofocus ;> EBRETH E L BIE WS AR RID AR € E /R F L LR
FRE Aot T R R PR NS R AR 2R TG AL Baa T

& Bl4c™ B 3-15 #57 o
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@ '
o4 .
/' . .
Y LN Get different o o
focus length and |~ ¢ « . ,
G 8 ‘ o . o
RS 232 Command : record g
. . 0 . <
i "
Start Autofocus . .
of each point .,

OFV-5000 Controller

Bl 3-15 jgd R4 E PR

J ,:‘i ,?ft»%x'\ ,/a: 7T i @]

323 2R GUL 4 &

g JF,"#;% gt k%> 2877 1% LabVIEW 8 7 - Z B0 * Jﬁ" fi

O

» 4o Bl 3-16 5 LabVIEW GUI - A3~ 5 # @& * LabVIEW R F] 5@

]
MarkingMate OCX #- % % 4% 942 3% 3 7 7 LabVIEW -~ Visual Studio 2005-

2015(Basic/C++/C#) ~ C++ builder > H# » LabVIEW ¢ F L8~ k 4y(NI-DAQ):1.5%

L4 gt o FPiE 8 LabVIEW 3 741425835 3
GUI /i 6 ® & 3 1 b Rt e a2 b s i~ F BLE /7 40~ 2 £ 88 Bl

SR EF G F2 LDV s sdr e o 18, ‘ﬁgi‘#!’é" 79(3.3.1 &)% £ R4 (3.3.2

F)EFEmA L o

Mirror Control Panel Points Distrubution Control Panel
Parallel | Circle |
Connect | 50 X_start Y _start
T —;—7 -17.17.  |-203%, Start
. Xend Y_end
i 18.8442 - -
Disconnect| 0 19697 |1884- | End |
119,607 -50 AooCu Yoot
X 3 J1¢ q1< | Plot
50 0 50 T R
stoe] - Getfocus| R e e e el e e e e

LDV Generator Setting Panel Function Generator Setting Panel NI-DAQ Measurement Panel

LR T b il

o o 2o 3 40 %0 s 7077 Bandwidth Sample Frequency
VISA resource name LDV 5000 G =

From(tz) Toftz) =~ Memrerme

Velocity Decoder M] Qi ;an Fracuuoncy Ranclution

S N ) FFT Lines. [asooess

Low pass Filter Focal length(mm) 20 s

off - - VISA resource name Function Generator  Output Vpeak Frequency Phase
High pass Filter LDV Set § GPIBO:10:INSTR g J o o o
off L D Waveform Function ~ Amplitude (1 Vpp)

Tracking Filter . ., focustength Sisod g .0 | Scan'

off

B 3-16 #rd~J=48 8 8 % 52 LabVIEW GUI
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324 pEE R :ERERY
do R REL A B R SEE Bk B o » SRR SR 6 5 90% e %
A BB N AR RS e R — e FR T A LT S BRI N e

Bl 3-17 ~ & > £ R 7 4o B 3-18 -

Function Gen.

NI-9234

B 3-17 Mgddrdi k die T 2 ZRIR T

Bl 3-18 jicdodmén ik St i) 2 pIPR 5
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33 ® R $BE T

AE M mh BAele @ 3% M AT SR AERFMT L%
R

BAFBACS A B RA SRS 2 0 FRER

BARNF Z|E G HR(COM)E 7 45 2 8 £ 1% Home #4#-T S 7§ ﬁf
REARERLGEER
AP ¥R 0 ActiveX Container & (78 48 > 1R P AR EH EF B R L2 #
BN o PR A S ERTER AR EH XL VT Scan &4

BEFRR

3.3.1 # BLiCsN
ZATe s Bk A E R R

FI250 2% B 2 AR F B o & BT 4

B T ERT RS A LT Z
AR EF B 3-3 #75% "‘,fthi
R R T 1 I L LU AR TR SRR g s SR

4 3-3 SLDV # gL

Symmetry Distributed Local Condense Distributed Random Distributed
L : T
- - - . * A\ M
Ao R e .
Rectangle . - :
............. I A I I I . .
S “ev o .
............. ..:-4‘:,........... . : 3
............. B P H ’
1
Circle B .
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332 ERIHES
REBEFE R FEC TP RTANT R BRI MRS ZUT
wAE o LB EHAFER CFHEER - BE A5 F ERZ Chip ELER -

Hap v WESRBE T > ¥ ¢ #%* Single Sine 35 TiE# & if

»'+

FAE BRIV U EHE TR AN S~ B AE F
X ARAELts € p B0 A 2 APIR ) AR A B pdRE Y 0 B RIS B M

W 5 P ) -

BERF S NSRRI R0 BEEE NS RN R Ay B S
BRI ORISR Ep B EFET S hE R S H 51287 3%
w5 o

B /% Chirp JUSLE R > 56 LARPFA P AU g o) 5 4o B 50 B e

Food X pEPER N FAE R RID 0 BF 61§ g 5 o
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Fri ERTHUSAEAKRGEELS

%4 - % SLDV £#lts 0 € 95— SR RFH 40T 4 41 557 5 £ 4 L B

- A-WEMEAA BORETFTH 22T 5 LDV i# B AF(Ch)HE PIF

3

FooA IS ANEA L FCh2)@m TR MDA ERBDX Y A
BRI o SE A P ERIE XY B2 T g B

Vems (€ » e % LW AR 4 0 7 00 $ 3 NS T R B O ] o

% 4-1 SLDV s plF#

Channel 1 Channel 2 X Y Labels Chl, Ch2
Setting Qutput Qutput 0 o Phase

Volt(V) | Freq(Hz)|| Freq(Hz) | Vmean(V) | Vims(V) || Vmean(V) | Vims(V) | Xpoint. | Ypoint. Phase

FunGen | FunGen | Scope Scope Scope Scope Scope (mm) (mm) (degree)
0.5 2070 2069.17 | -0.00771 | 0.0461 -0.04 0.337 52 40 -69.54
0.5 2070 2069.99 | -0.00554 | 0.0418 -0.0384 0.335 554 458 -69.03
0.5 2070 2067.97 | -0.00603 | 0.0411 -0.0399 0.337 48.6 458 -70.27
0.5 2070 2071.33 | -0.00612 | 0.0407 -0.0397 0.336 45.2 40 -70.59
0.5 2070 2072.25 | -0.0073 0.0412 -0.0388 0.336 48.6 34.1 -70.5
0.5 2070 2074.75 | -0.00654 | 0.0417 -0.0407 0.337 554 34.1 -72.08
0.5 2070 2071.35 | -0.00545 | 0.0422 -0.0406 0.337 58.8 40 -72.24
0.5 2070 2068.53 | -0.00659 | 0.0303 -0.0388 0.335 63.8 46.8 -71.56
0.5 2070 2071.24 | -0.00484 | 0.0295 -0.0403 0.337 58.8 51.8 -72.47
0.5 2070 2071.51 | -0.00462 | 0.0289 -0.0405 0.336 52 53.6 -72.57
0.5 2070 2070.15 | -0.00514 | 0.0284 -0.0394 0.336 45.2 51.8 -73.25
0.5 2070 2070.51 | -0.00571 | 0.0282 -0.0404 0.337 40.2 46.8 -74.2
0.5 2070 2070.02 | -0.00571 | 0.0276 -0.0413 0.336 384 40 -71.71
0.5 2070 2068.11 | -0.00501 | 0.0274 -0.0394 0.335 40.2 332 -69.45
0.5 2070 2073.52 | -0.0051 0.0277 -0.0417 0.337 45.2 28.2 -72.86
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41 BRIFTHS AR
LDV #ij #1 e 5L 5 2 it 5U(AC Signal) > 08 =5 TR > F & £ URITA
% #ic(Sensitivity) 15 4 i 5 2 @ B 0 # 5 2 N 40(4-1) o Polytec OFV-5000 #7444 #&
4

HehfEdT R S 8GE4E 3 0 5~20~ 100 ~ 200 ~ 500 ~ 1000 mm/sec/V > AFF 7 d 3t 4§

et SRR RE BRI AP RE R ERC] 0 FIPt 5§ EE Smm/sec/V & fETR -

Velocity =Voltage x Sensitivity 4-1)

EERIPF §F Y LDV § 55 22 ~ 53 ERIBE 0 Aot € 5 B PR SEL
RO TEINESE R GHE S AP REFEASLDV AT L ki kR
EER AR @ h SLDV ped iR i BRI § BEITTIG el LR
VIR T BRI R 0 T MEEEEF B T3 g kD AR TR
.

Blhe™™ B 4-10 dopt BORITIEOE RIUEL > § 2R RIUELY B AR O OB R B e

BEZERBEDNEFBE > NP hdgdy e EPNE A 175 mm 5 p
EREEF AR RIER > 2 R e FRY L R £ 175 mm 0 B

A& bR ddy o E IR ARPART DR R

B 4-1 e ®plz &R

Vactual = Vmeasure x COS(&)
/ 2 2 (4-2)
cos(d) =tan™ (de;dy)
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4.2 Fp iR

LDV ﬁ%lﬂz G EL S L BL(AC Signal) c XM R T M E AL T &0 % 2
fodsn FEHRMTREFTRE £ N ERIEOT §IRE R Tt A G
%%ﬁaﬂ%ﬁﬁﬁ’fﬂa%éiﬁﬁ»ﬁ&%a%wwuﬁviw3%@M)

3 J ke R 2EL(Ch2)endp i £ (Phase) » # 12 2| ¥738 3 ent f 4R 6 157

FR S PP A 2 LDV BRRIT S TR E R T ARG AL
B AR SRS TR ELA 2 Bl RS AR o dedt o T B AT

AR s SLNI-DAQ) € 7 = 431 %{ﬁlﬂ/\ )P A B E R AT n e AE S oehpk A o

SLIS MRS FUBLDAR L RN S B LSRG R LR R B
BB PR AA FAP LT 0 R P ERE G e ARG L 0 AT R
42 4T7R o F 2 G R B 0N 0 RIR LS AP L 33T 180 & PR DR
e T EKLE e AT B 43 97T o

bt i BT RRIHRT 0 B~ SURL(ChI) A B HUE(Ch2) ¥ S R A e
SINE it » & 3 B cifp i L ic Jqif §34 20%7 > g 277 e > & ¥ RRIELF 5
MELA d o § RGBT OFT AT &0 GlAeR] 4-4 47on 0 # 17 4p i £ (Phase) 2

?“@E'L‘(V’mé)7§ TR s ﬁg—g%&f‘l—/? ?\ '&'L = "1E‘_f*r 5o

DS0-K 20044, M‘(513502E4 Fri fpr 01 11:12:21 2022

100.0%/

1.00: :1.
1.00:1

+0.04

1.00:1 | DC
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DS0-K 20044, WYE1350264: Fri Apr 01 11:11:19 2022

100.08/ 1 -00.0%

KEYSIGHT
TEC

1.00:1
1.00:1

+0.0% +0.0
1.00:1 | DC 1.00:1

Bl 4-3 FrodEf e jpie i

DS0-K 20044, WYE1350264: Tue Jul D4 17:27:11 2023

-80.0%

1.00:1
1.00:1

B 4-4 7 @B REE %

43 ERFHBZ W
B

B SRR F B B SRR AR RS N A B AT Y

pa

BRI TR PIALS 2 p Bsteh BB RIFTHL ~ MATLAB % IR > ¢ §

AR HET 5 - fAd AL N BB EY A BRI - B2 R EREA

AR RS AR OB RIBT IO R TR E o 2B SRR 2
B
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431 9 % ¥t

WELA L BRSO RIELE RRITIRE S A a5 B E Rk
T EApiTeh L E A LDV RRIUET & o dot B 44 907 0 T ik € B LR
ZHEFAAFEI BB RENT RS E AL oA P A B - AT A
FOBRB R BRDES WAL 0 F A S%RI A A LB RRIES AL B
EREHB P EFAFFZMTIRPP IR FPTOLBER - FE 5040 B

4-5 g 2w hE Rlg % ~ TR 4-6 2 B LSRR

.

i

432 #pinE ¥

B ERIADN A AELPT > € T E o SUELE B SUBLI AR I L HET SR 2 e
AP B - F T g A ﬁ%m@fé’u fo360°2 F o AgH 2 g R0 R
BB RIAA G MR N § BT B R AR IR
FIHOggF o FRAVACR 45805 2§ 4-6 B2 @gorr o #9 5Hf(x
PYE TR B R T B R Y - BRI ST 443 &0 g3 m A B

RN R RIS o d T LB E 2 ﬂ”ﬁﬁﬂﬂf ) I g

\ 7
W7y

Bl 4-5 Bl B B 2 06 B

A\

WY

Bl 4-6 & RlEIRE S 2 5 R
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44 3R RIH GIA ¥

e

2% SLDV BRI AL G RAALE » A& %g BT 5 B BB

g TS B W (AF-ESPD T 0 St 2k bl > Tt TR R R R

441 PRARTEL MM BIEERE S SV FFATZHE LR

PP AR £ ®Piezo SystemInc. o & 4 & engr g pi 4 (PZT) » 3 &3
55 PSI-BALE > iz g ® chi = R cnifh + T A EVBRIHREL AR &
Gredp ko fE2 5 P AR ML Y (Series-type) 5 ¢ B S & B
T E R E627Tmm e B A E31.8mm P TRT MBI HERE L 20.18mm PR
Kk ERIZ0L2Mm ERTHAESH PRER 5048mm > eigd HifFH
TAFBERETTEIS MM BT APM Glcdcd 42977 > £ ¥ Bcird
4-3475% o

BRIBIEHLTE P TERAORIBIHE L TLa 285 TR &
BRLF&ATT LR~ > AP LY BRGNP S TRCIPTIRIE L R . SR Y
BRSSP B R RS N(SBS)EFER R S e TR R
R LW AR 47 4T BRI R Acd 44 4w 0 AR RERID A BHECG
A BTESPI ik % o i e

d & 4-4 ﬁiﬁ'l.éé%?,l‘z?f-, 2 m#kH_d AF-ESPI & #_SLDV & B #7118 3| e
AR R HOAL F I ehE s b > SLDV B RIE Bl ehRCAL BT 4 E en
d o FRd RCAR G DRB N f R B Rl T e R R R R

#REEL ] 2BI_ESPI 2 2977 D 2 Z AT B SLDV i S =
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% 42 BT L (PSI-5A4E)

#

Values

Material Property

Mechanical
Density (kg/ m?) p
Elastic Modulus (N/ m?) Sh
S5
Poisson’s ratio v
Dielectric
Relative Dielectric Constants(@1kHz) £33 1 &
el g,
Dielectric Constant in Vacuum(F/ m) £
Piezoelectric
Piezoelectric strain coefficient (m/ volt) da,
d31
d15
Coupling Coefficients Kas
k31
k15

7800
1.515x10™
1.923x10°™"

0.31

1800
1800

8.854x107%

3.9x10%
-1.9x107™
~55%x10%
0.72
0.32

~0.55

% 43 RIBEAERDY a2 HHPT K

Material Property

Brass

(Bronze C86100)

Density (Kg/m?®) o 8830
Young’s modulus ( N/m?) Y 1.03x10"
Poisson’s ratio V 034
51
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Y PSI-5AS4(0.18mm)

Brass(0.12mm)

acQ) <  PSLSASH(O.18mm)
&
»>

4 :Polarization Direction

Bl 4-7 B A S 22 BT e 427 58 (SBS)

52
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% 44 SBS R HHERILR

2 3

o
A
- 2250Hz 3300Hz
HE (2.6Vp) (BVp)
g
<
. 590Hz 2250Hz 3300Hz
¢ (1.4Vp) (1.4Vp) (1.4Vp)
%A -3.28% 0% 0%
4 5 6
o
A
S 5155Hz 9650Hz 12245Hz
(3.4Vp) (6Vp) (5.6Vp)
g
<
. 5275Hz 9638Hz 12245Hz
(1.4Vp) (1.4Vp) 2Vp)
%A 2.27% 0% 0%
53
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442 BERXARTREEFE*p 4 FR2 86 E R
M RTAHALER® P2 P SPIC-181 0 frdd 2 fR[11]Y 3 - R0 B R
§Z B AR B 4R R R e T A S| BRI T B A
LR TS ESPL S5t - R BRIZf7 BRPEaES > 2585 (DEE
=70mm ~ & &E=1.5mm (2)E F=84mm -~ 5 A=Imm (3)E Z=45mm ~ & &=1.5
mm > BRlEEded 452 46 £ 4T 4 o

d Tz AT G N A

ek

BN E G RAF e R gk d 2 SLDV eh
#RE R RER > Fl R RIPETE & IR Y 0T R ESPLE RIZ > et
TSR TRE S R F R BRI E R o

B PIC-181 F B R? »d N@E P AL JHERTRAFME NS H 222

JEAE ] R PR g AR o P IR R TR i ) ehdR B R R AR MO SRR B s

Flot e SR S R E hp A GRICE Y o € EL I ESPL 2 2 1 it

SR PIEE o dod 46T HEE A 47 PS5 % AR 0 &k ESPI

ST BRI F A e PR TR AR Y R LA
BT o dp 2. T 0 SLDV = ks B Rl A BERFERRE 2 BREES

O RS S R R I R R EE R e TS Y

Ay BgaSLDV £k seenifpiz - o
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% 4-5 PIC-181 [fl% 3 /==70mm -

B & =1.5mm # 7 {5 £ RIS %

3

4

1dSd

1067Hz
(11Vp)

4382Hz
(50Vp)

AdIS

NS
¥+,

| 4387Hz
& (10Vp)
%ﬁ 0, 0, 0,
£ 0 0.49% 0.28% 0.11%

IdSH

i 2093Hz 3152Hz 3600Hz 3919Hz
% (160Vp) (151Vp) (175Vp) (56Vp)
: (D)

< @

3

$

7”; -0.52% 0% -0.67% -0.73%
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4 4-6  PIC-181 1% % j£=84mm ~ & & =1.0mm & ¥ #- it £ p)

it
%m

2

3

F

tm

w

-~

4 522Hz 950Hz 1159Hz 2039Hz
=3 (72Vp) (18.3Vp) (76Vp) (158Vp)
w

B2

g

<

A 493Hz 945Hz 1159Hz 2039Hz
#F (10Vp) (40Vp) (40Vp) (40Vp)
;"% -5.5% -0.52% 0% 0%

1dS3

3152Hz
(151Vp)

3600Hz

AdTIS

(175Vp)

/@@

% 3152Hz 3576Hz 3890Hz

* (40Vp) (40Vp) (10Vp) (20Vp)

? -0.52% 0% -0.67% -0.73%
56
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%4 4-7 PIC-181 4 & /&=45mm ~ 5 B =1.0mm * % -/ £ Rl %

1

5

4

-
=
95 3575Hz 6985Hz
* (170Vp) (90Vp) i
. I\
) > |
: v, @
Qs

55 3575Hz 6945Hz 8560Hz 14371Hz
® (10Vp) (30Vp) (10Vp) (40Vp)
? 0 0.49% -

5 6 7 8
m
9
;ﬁ -
_:?
wn
g IU
43 15121H=z 21808Hz 25136Hz 27664Hz
& (10Vp) (70Vp) (10Vp) (60Vp)
%
F3

57
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443 EFF T2 PLARKF BT S ayirs 55 £ R

1B ¥ 220 3D F| & 4L Poly Lactic Acid(PLA) » % ¥ i 7] 2 enfg &P
oo B R B 7 o 5 180x100x2 mm® > 3R P eh- RIEE L 4 8 P2 A5 (ds1 i)
SR T > 5% SMART MATERIAL 2 2 574 & > A% % M2807-P2 5 &4 § R #
FAP W g, HRE K44 4-8 11 0 FBiEMEEE g@?lx F e HE & e
MBI E T RE f RS e TE EF N EBREAK R R R 48
it SLDV ehB P> 28 7 HAARDER » LETRTAL IOV TR £
BT EEG R 25 i 10 B A 250 B L AR ER Bhen U RS o

Th 49 A LB AEREGEPERE% T 005 0 SLDV & ESPL

BlLEFT G AFORBE D VREYCARDEZRFET S G105 0 F 2R
PR R F OB AR (322 8)F BB HN@3 F)H AR EL 2

B R R TR AR A e SR e 0 e R

N
N
N\
| | wdil N
NS
28 mm §
TN 30.5mm§
= el — X
= N
£ N
I'”“’ N
2 R

B 4-8 RTGRAERET B

# 4-8 BT gaRE

Specifications(M2807-P2)

Operating voltage -60V to 360V Overall width (mm) 10
Active length (mm) 28 Capacitance in nF £20% 21.5
Active width (mm) 7 free strain in ppm £10% -600
Overall length (mm) 37 blocking force in N £10% -35

58
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+

~

4-9 PLA BRI i 5 RT S aFIEIL LR LS

Mode SLDV ESPI
) =

#E 15.2 Hz
2

4 & 62.1 Hz
3 el

4 & 100.9 Hz
) -/

R

4 & 209 Hz

# K 283.5Hz
7

# K 410.3 Hz
8

#E 5 511 Hz 511.8 Hz

#p & 586 Hz 586.4 Hz
: ﬂUUb

#E % 706 Hz 707 Hz

59
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45 SLDV £l st 2%

Ao BT W B R fﬁ SLDV + 7| ,ﬁ IR A S SR ] LAs T 7. ,:“‘ SLE

fhv%ﬁ?%)‘% /’ j“’g/

Pl i S5 AR B ch2E 2% o RIS A 4 B (Agilent-33210A) ~ 7 ik

= (Keysight DSO-X-2004A) -

ERFER S

PE-68 3% » b %4 % Jr[12] > 30 5.2.1 & g iim i g otgd st o £

BIZ% TS AR I iR AT 2 586 Hz (Mode 2) ~ £ /&: 1V ~ # 24§95 5 127 B 1754

EFE WwBFERFT S B 5T AT e

d 5

B0 Tt BEOTELIE A B R K SPERT
PR RIRUEL G R B iE o

RAPFHRERXRTR S

i Uj‘%ﬁpm&g’ﬂ"w’l;é?

B dRAL kS h T RSB S F SHE D] 2 BB Rl

v 0 LDV 3 558 (OFV-505)#
BORIPET bHha i LB r SRS F

- 2 ’%QF“i;ﬂxé/{@;;«'@]gﬁgﬁ#,; AR

\as.

o FINBEERE TR R e BB M AR R €L B ER

FR 2 BB

FiRGL AL AT Pk s B LA R S 22537 i d

iR A RS P LDV S eI ehk Sk R 6 EREPIEE T E O T

I«LL ,:“‘ :‘:fbl:”f'l'—g“ /EIJ% I?]—»)‘i t:,_i_lglﬁ;lj

B K i BT

Scanning System)£?

(240 F)) P

> 'E_f?‘] AL i t‘]ma /?J

T 4 4-10 0 Adp e eniE £ T peds IR 4Lk 4i(Galvano

FE M T 5k ¥(Gantry Platform System)p it ¥ 12 & 4 8 £ 86%

S A -
% 4-10 SLDV & p] s st fin 4

Gantry Platform System Galvano Scanning System

Measuring Time 278.4 sec 37.83 sec (-86%)
Scan Region Wide Small
LDV Signal Level Higher Lower
Space Required Big Small

Result

60
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BEFENT bk B o A B 4 7 ik B(Keysight DSO-X-2004A) % 5 4L
BB~ % SU(NI-9234) o 4o 3.1.2 &9 drif > TR B AF X e NPT & 45 Rl
BLens ) o TR PR g F L B A R LS ] FEE B ERF
EATAELER B - AR EREFTRITALEERT V- 26 > 7 BY

% 7 B # P-4 I (Sampling Frequency) > Flo B 4F & Plac # i o

TORERP 5 Su(NI-923) R ¢ 194530 5uenpd 2 R p 8523 IR TR E < ]
it poBE BBl § SREPAE 5 2 Pk ghdic(Number of Sampling) » F]p¢ 5% B3 @
I~ AR T B AR R P gL oh s TRk 5(NI-9234) 2 414258 LabVIEW

BEBAEE S S A i S BeRAR Y KBS P S o

B

&} ¥ 2 #aU 8L A 4 B (Oscilloscope(DSO-X-2004A)) 3 7L #1854 5 (NI-
0234) ik B TR 4o T & 4-115 ¢ * NI-9234 5 » ¥ 1145 2 5 25% (9.7 ))&

B ppag o 5 { % cek ot (Signal-to-Noise ratio) o f %38 (70t g B 2 BB 4

o

k=N

St Ap b o

Fo 4-11 77 b B 22 NI-9234 v i £

Oscilloscope(DSO-X-2004A) NI-9234
Measuring Time 37.83 sec 28.136 sec (-25%)
Frequency Range Wider (Max 35MHz) Narrower (25.6kHz)
Signal-to-noise ratio Lower (Need LDV Filter) Higher
Result
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$IF BREAC2ERBFPBITERHRLR

Wi BEga 2o ﬁ»@ﬁvmut KpowtIREER > FIM AR “a""ﬂ%-frﬁéﬁmif%
EREIN2SFREF FREEER N RGN EE AN RS T O
RERE > SR AFTREDERS AL BB FALR BRI 2 F
* LB UHRERD EKLIPPEL » i3 > = f&2 A r R R EF OB RERRE S A
By TR

ARSEALALe AN L EFRFER G2 A BEFEFEG ST K
R AR RS R R P AT AR T A AN 5B
P A B #(PE-68) ~ 2 M ehien g < it & BN 4 F B (FG60-

H6) » A )i 7 P2 BB PR F d0t o

51 BFAENEIARFET I FH2R/EFPELL I
HRREFEFOEF AR HIE L d HIRRAEF TR FERLT
Fotenz fF o BT B E F Pk ine 23 1R RB3]aw g 2 iF T N4 g
v iefa T EY $8p| €% Lumped Parameter Method, LPM |~ & % $-#cip| £
2 Distributed Parameter Method, DPM |~ > k3% & + s 8+ % Electronic Speckle
Pattern Interferometry, ESPI) |~ & 8% #4 p|§ Anechoic Measure, AM | » 4c ] 5-
1A% o Ft A& ¢ AL A BFF RGN F > LR 3 R 8 BR O R e
T PR D EIR RS E R ¥ (54 F SkcR Rk (DPM)Y 0 F i)
AERPRE* BT et RPN IR R g F 1 FFRE

LEflr F A BT HERETI AR SRS A -
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's N 's )
Measurement . . Acoustic
[ Method ] L Vibration Mode ) L Response
( Predicted | [ Predicted |
redicte redicte
1.LFM @ | Mode shape | L SPL )
(Single point)
[ Visualized | [ Predicted |
2 DPM isualize redicte
I | Mode shape | { SPL )
(Multipoint)
'4 3\
3 ESPI , Measured
L Mode shape )
(Surface)
Measured
—
4 AM [ asu ]
(Surface)

B 5-1 pdF3dRe - BFER 20 LR3)
511 BEBYNPIFHETRERPLN
AEEATER L o F § BR - BRWE AT Y R E L S R
kG A - BAFo VAt R A ER @R oD R Aol 52 41T
AR E IR R i b MR B R ALE 7 F 9 R Tk e BR T e F D
P RE AR IE S AP ehdR s o doB] 593 A1 0 T U E-E it L BRESRehe &k RE

ERCPE It S

Infinite baffle

Bl 52 REALTE UL HET LW
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BV ETEEN

A J

d BFFAAEDDF Y LR RET L E D kB A2t
1d( ,dp 2
= k 0 5-1
r dr( derr b= -1
RfRG-D)7 @I +1 > ifE
jkl’
p(r)=KZ (5-2)
He KEFThice RHRY S 3PHEE T R D e iF 55 gl AR %50
jop=—yRV-U (5-3)
Vp = - japl (5-4)
Vip+kip=0 (5-5)
U+k’a=0 (5-6)
¥ gdARTER o B(52)R xR AN (5-4)F 12 F T
1 (1 . g I
u(r) =- =+ jk |K (5-7)
Jop, \ 1 r
J BB R R0 p(1) ' ik A U() T LA
p(r) _ Jaop,
Z, = = (5-8)
u(r) y+1k 1+/27rfr
64
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TE B IR D T § AR R S AR R U (5T X (59)

TR IR R Al =R R S

U=Mfwm=%KP+ﬁ%}mﬁ (59)
Jop, C

fR1E Ay B K 18 (5-9) I R w (5-2)7 R B R M RS

jopU e Ko
1+ jor,/c A4rnr

p(r) = (5-10)

BERRSEROL S 24 (o /ckl) s ﬁ&{#&ﬂﬁ\g‘n;ﬁﬁﬁj I H A& gk B

JR RS RE > F]L T U i (5-10) %
~ jkr
47y
4R R U R R D IR SRR R d ] S R gk

p(r) = jopU (5-11)

FRdr o7k S BT LER G - RROBER AR KDY - R ERERL R kD

BT AT S

W

— jkr

pm=M%Ue (5-12)

27zr

B 54 zREREET LR
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BEYBRES L} 54 B 117 F {14 A (Rayleigh Integral) e 5% #-5 3 Bk 4t

BRAOT R A AR R ERIFIRT > § 4 W B F B AL IR R TR

(heiide ko T OH(5-12)5c B P BB R B M 2
— jkr
p(r) =Y jopJ (5-13)
KB 52 HHEET Y
— jkR
~N iwoU 5-14
p=> jop, R (5-14)

EIER:MBEAM ANE > (N SEEE AR RsE R G G B A

T o
WO BB Pl AR * 5 2 B (effective sound pressure) 0 3B 3N 4o T
_|p(n)|
= (5-15)
g B R B ERAY S A HF Ao YRR TARL kAT Eimd

B i ¥#c%] & (logscale) » ¥t " #& =% Sound Pressure Level, SPL) | ¥ % 7+ 3

SPL = 20log(-P=) (5-16)

ref

29 p, =2x10°Pai % § %% ¥ (Reference Sound Pressure)e §] # + it 2 3% »
T FERS A G RBFERGEIHEOEREE T EEAFAFRLET
T BRAT S F W
512 N3 # Octave Band

AN H e TR G BAEAR(Octave) 0 iT- R AL &Y e ko 5 ARG-
fovehedEd A BIFY LR kp RSB ES s Gk Fend 5 C 3T
- BEEFAR)NC BAFF L I A B T - BAF A o FR R
AN RE-GHLINANFH - BP AT H o477 & RAEF o YOS f

FeT S 12 SR B MR EGI) AP ANE 136212240
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f,=2Nf, (5-17)
HEF Y SR SR s TR S e TR o B RS T 5(5-18) o
f =1, (5-18)
AOINAFHRED TIUES P AR 2 U e A s 1R

POsHE S 5 31.5 63 ~ 125~ 250 ~ 500 ~ 1000 ~ 2000 ~ 4000 ~ 8000 ~ 16000 Hz -

A BT T B RS R S 20 2 20000 Hz o A% HOE B 4 B el peg
ﬂ"ﬁﬂ"tt K, :E‘_/P'Jh DLV ’/T}‘zo_]_ 2OOOOHZm%%{""1E\'f’T/PJF$rﬁT —'\—E-_;;f‘lﬂi:

BB g3l A& AR 2 A3 F A LSRRI B A A FRT e A o

B AR A A A FARNA T A ARG > @ NARL PR AT
A ERIGESH AT O HEOERTIFRRARL ST R Y /12
ARFEEREE T EREBTERY U VI2 A A TR R R TRRE

Egpﬂ_o
52 RREERIREALI

A& % DPM @3B RIE % o miE A R o8 e FERGA
FrE e & DPM en@ p] k sed > i % iR KRB L AEA 4 B TH 55 5
MEA A Bgdr i P T RBl o v) 5 NEA L BERTR ve s BFFEFET

BorZAELAA BPTIL MELAL BF AP RIEL S50Q

>0 0

+ r

"(t)C) Vao (L) RL

B 5-5 EAZ ETE
67
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BIEFAEE AR PR TR Y RIEE S QR RIEART fe 258 (5-19)
FOUEmEg A 4 B2 1;‘;@ 5 L g d 3R P42 2 FiEF 4R 2 < B(Audio
Power Amplifier):& (7 # F 4 t§ 5 & ML B8 ~ i 4ods B ;¢ 35 %8 (Moving-Coil
Loudspeaker) » # FEd) £ 10Q 2T » JFEFeFT fie 2 55(5-19) > < R e n”nﬁs‘]

(4

%1

BEd LA BPT AL FAER T BRI L KRR
Wty FENTRE 2 F R ETFRR A T A R DR B A
PE-68[12] % i fe frcihe ] 3\ 37 #-%: FG-60H6 » ™ A&~ 5 B4 s % %32 (DPM)
BEER O FEERBTOEREPIEEPT HR

V,, = V() x (5-19)

r+R,
521 B EFEF it PE-68
A& ikyp DPM (S8 Bl S NEF 2FRBOUFEREF L E BRE
Bk e bRPFRERLY S EERFET UGRAEPTH IR TR D AP
FLelRT o U A S BR - PTRE R 2 b B S F e R B3
iwﬁ7»w$ﬁ$wk’u1gzﬁﬁsmﬁaﬁﬁiwﬁ%@sséﬁﬁ%o
RIE e s 2 120 0 SR TS EE A2 (PE-68) £ F R R o ]

5-6 7o 0 ApME % T E2 RBcAeT & 5-1 4T oo

PE-68 Annular

. o N\ membrane

b, (PE-68)
Two-layered

piezoelectric
disk

AW S

T

W 5-6 PE-68 BT ;HF~¢
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# 5-1 PE-68

Annular membranes
b, 34 mm
b3 27.5mm
Thickness 0.011 mm
Density 1230(kg/m?)
Two-layered piezoelectric disk
b 31.75 mm
hy 0.41 mm
Density 7800(kg/m?3)

Rl %Hci: TR 3.0 Vpp s 4% 4 F 20 3 20000 Hz ~ 2 1/12 ~ 3 # 37l »

*EEEA A RIAHAL A F 127 BEE o doT B 5-7 A7 e

" w L] " [ ] . [ - ® W

L L L] L] L] - L L L L L] L]

* ® & » = T ®F 5 53 5 8

Bl 5-7 DPM & :p|# 8L25(PE-68 3# &)
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PE-68 B 7 B3t d 2 5B RE PSS S4B 5-8 »r7 » X fha#fF > Hix

Hz> 8> X R 3> Y #h 5 B R % (Sound Pressure Level, SPL)» & = 5 4 [ (dB)e

ERE AT EFODPM BRI A ROE RSSO LRI AL T ER LS £ ER
Frh EREERL 10 24 o FRLF O RF LR kA KLIPPEL shE Bl % » A

PR REEEGRT PO REEELE HERFHELESERSE ST A 52 A9y 0 d
#¢ ¥ 043 DPM 2 KLIPPEL % so B BlrBofi 2 % % § i b fs » 29
%2 (0,57 » d ¥odgd) KLIPPEL § St 3547 5 B pl 0 7L jm ik 40 B3] -
d TR 5-8 Foug A A SN RRIEIOEE Y R 20 A
3000 Hz r4 t e 47 % ¢ KLIPPEL £ R % (E8) § J #s 2 @M PE Rl %
*H R AW RS ] &P e 42 R F] 3 KLIPPEL # * ch8 Bl iR B 25 i
By I 2HEHLERGERFER A (5125 TR BRfohE R
PR AARR P ERT > BE R L G e BARR M FAXF A BIAR] o AX
F AT G S A R R T PUE o @ % KLIPPEL A3 4745 8 o e B iP5 & G
3R B B E AT B h SR PR S R 5 SUDPM)T 1A S PR D
o H AR TR
0,0

—— KLIPPEL
—— Chamber

120

(0,1) (0,2) (0,3) (0,4) (0,5)

SPL (dB)

100 1000 10000
Frequency (Hz)

B 5-8 PE-6BBRTAEAD FHFHREPRES
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4 5-2 PE-68 H-it 3= B

Mode 1
(0, 0)

Mode 2
0, 1)

Mode 3
0, 2)

)
=
<
Freq. 71 Hz 560 Hz 2240 Hz
=
=g
tr
!
Freq.
Mode 6
(0,5)
@)
o)
<
Freq. 14000 Hz
5
o)
™
E"
Freq. 5250 Hz 9333 Hz -
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522 WpEEfggE L HENPER

AE R IE L B LR R RIS R BT o R TR e A

10 B4 12T 0 B SR T RE A § % R4S B B IR R e 2 58 (5

A L S

e
.m‘iv

19) » K pEgia 2 g TR ]rﬁﬁﬁ)"ﬁ’f“ﬁév\i'- ]
Wk B RS s FnEn g ee ko

dr AT P s AR BeniR B TP 0T A E RRAT o5 K
BRIT e b BB F S AP ERLEERE IR

J\zé1 ﬁ‘ﬁ)ﬁ\-"/@“:ié_ -E{”_

E
%
SE
B
38

¥ 4(FG-60H6) » H 2 % & ¥ 4 ]
510 #77% > P LT 5 20mme P EERIT 0§ AR Y 23 & 4 Ly i
RED| BB ER R FIEFLeT B 59

50

—— Impedence]
450

40
35 -
30 -
25 -

20

Impedence (ohm)

15
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Frequency (Hz)

F 59 & B4 EErebus 45 R %

BA O T A N(5-19) ) FIE T

RL
R +r

V V., =V x

Act — Vab

(5-20)

Ao AHEALER DI K LAR TS 50Q0d HFAXT 2 FEFELR
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¥ WIF EI AL F Ao (5-2])

2
W :VATM (5-21)

F2 95 B = % (Sound Pressure Level, SPL)4r 5% (5-16) » ¥ ri -t 457 5 338 > H

P A=47D" L AR A R W, =102 £ F ek ® 4 & . pc=400 N-s/m £_%

Foepr i

SPL = 20l0g(-~) =10log(* A) +1010g( PV (5-22)
ref Wrefp I:)resz

vy b e d o~ (5-22) 1 f§ BFIR sV 18(5-23) 0 B ¢ 5 [ % %% (Sound Intensity) e

12
I x A)+1O|Og(400><1>_<51(2)
(2x107)°A

SPL =10log( ) :10|og(Wﬂ) —10log(zD?) (5-23)

ref ref

BFd RROBRERIFEOERE LT EG24)1 0 B DG RRRE
BW s REFEPEF > De 5 REEHL > We 5 Rl 7 5 o

SPL, = SPL, +20Iog%—lOlog\% (5-24)

C C

FREY L EUGEGE2DF I B A F W fom PR ERIY RIESF W
FG2E T T EANELAE A B M S A B T e nf A o

AP RROMEREE AL BN ER FER Y 0T B 5-10 #F
Hpe g Rl 4ot B 5-9 977 > BREPIES 0B 5-11 %77 o

Bopl 4 TR 2.4 Vpp 47 5§ F 20-20000 Hz ~ r2 1/12 ~ 3 i) # 2

fi75f- PE-68 £ RIFF4p e » & FIZS8HALS A #F 127 B EL > 4ot B] 5-7 ¢

Bl 5-10 & B\ B =
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Bl 5-11 ‘=302 204 )% 3 DPM SB %R H 2 # 55 05W & » 2 &5

ik
=]
=
Ry
bl
k-

CERIT OB AR A E ok EREERS 10 24 0
d 3043 % 3 g 17 KLIPPEL s p) > 51 2™ 2 83k DPM 2 & 55 B ip| 5 %
CREHES (R

dR -1 T gl A RERZE AEREEL 3 LSk @ DPM
i3t 2000 Hz 2 2240 Hz eh8 Rl % (B7 =BA)Y & B3 4p % 5 &5 00
fe A2 o P FIZRFIRL G2 FRBEEFTF AR 2R 5 200t DPM Az
BB R R F R de R G @ NT BRI A AR TR 258 (5-14)
P D BRI R HY R TR 0 2500 @ U B PR d § Bl
T AR o REFTTRL T b £REYR2>500 0~ ffu{?é_ P RE <
WSO BREAA LA GEE > LR RGN E R 2 R E R PR
510 22 pF > AjpedRAE S 5 2000Hz 3T 2200 <501 > & f RE 403 F

T AR > FY DPM 2 2 Dlade R g A m B v R R o 5T HRED

Wi E B 11T & wig e KLIPPEL Gk 2 5 5 =45 3+ (Keyence LK-H055)*¢
BEY RSB EREEE LDV BEEHEEREM G W=U/ jodk B s
% EH 0 4o T B 5-12 A1 oo

d B EREEE 5-127F Lo 2MIDV 2 FART S 20303 8 ¢ 0 Bheni
HBEPEEG REFAHREEJ BT L AR drd 0 B b 2§ S
PRI EFPREARE DAL P RFIE AR £ F L BE AR
fRds R T RS E R 7 DPM 2R7 RI7 ¢ F & BRAL- 2
o d EBY T =8

2 2240Hz e A fA 2 % 5 BRI B LB 8 IR B

‘T_“'il“\

'fr’%‘@ ?’K}@.m —L-‘% e e o F) ¥ U, 0 DPM £ Rl SR AR B z:rg

FFMFRD ARG AL > P BRR R AP L RF A ADIRE AR -
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— LDV
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R
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523 BEFIRBELAITZ VR

%% KLIPPEL % # i #45 T 5 énda B 24 » 22 257 5 B % ¢h DPM #cd J5 &

Ep ks wEII LT A 5-3 0 DPM #cds R4 % $i(Galvano System) o

BR A AP TRT R REEGE - RRFER 2

o0 F T UE

£ ORPE & eiR Lt

Rk BB A% H AR 4p#>t KLIPPEL

<4

Hz)12 ™ s Bl BF E W BER 2 B0 £ R - DPM fleds J bt & L7

B PR

g 2 B Rk dhchd X g o

LL },7]\4;3

R

T I PR D] R A R e

Ll il

Polytec =
RS VR

FEFUMEE FRG I EE R

AERPEET Y

B2 DPMB/?J,J oo ¥

4% LDV %5 2§

a3l

|0 g

}ﬁ_jz

HoAE (3000 Hz) F enBEF < id > Hl4eB TN EEHEH > &gy A7 7

BB 7 AR

Bl XSV

Wi BRI P RPCEA G gk

RBAFSELE P AR ERR o

74 #gt LDVOFV-505 % & fg i cijigde R et &> e AT 7

i@

[N
e

EN g

4 AR T

7 — o
z

% 5-3 KLIPPEL 2 DPM jc# #= 45 8 P & Sovt 4

S Ao T E S AP i B B TR R S H
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KLIPPEL DPM (Galvano System)
Min Typical Max Min Typical Max

Specimen

. - - 76 cm - - +167 m
Diameter
Measure

i - - 33cm 10 cm - 300 m
Distance
Scanning 0.3 1 4.2

Speed points/s points/s points/s
Frequency

o 0 Hz 10000 Hz | 25000 Hz 0.5Hz - 1 MHz

limit

Resolution | 0.05 pm 5 um - - 0.02 um/s -
76




$Af AT MY BERS K

Fh 4 SLDV i > EBEY TR BY - B £0 E 0 Bpl¥ -
F R A B S RS RS QR S ERIER - 5
TRFERE R A ERNES NI T P B R RE RS - L
Ao Chirp ABLEFHMER - 8- L TR gHs 27 Ej"m ¥ = 6> % Continuous
Scanning Laser Doppler Vibrometry, CSLDV ;> 1T ¢ & & ﬁ*“«fﬁ AR RO

fs8 R AR SLDV > 287 v > A 47 iRak gL o

6.1 ##3¢ £ iB|(Chirp Signal)

FAEMEL T 0 5 A 355 H - & TP FAFAE Linear Sweep Sine
Signal ;> » F % f¥k(Chirp)3u 5> H & 4 3 425% 2(6-1) > F FA 24T B 6-1> 3
BLOME SRR R T B - £ T ¥ #dF 4 3 5L Logarithmic Sweep Sine
Signal ;» # & # = f23% 5(6-2)» F Fh 440 ™ Bl 620 X NG R A $HEcA] e o
MR REE R Y MM FIE A EL(Chirp)iE T 0 d TR S AR

2R oS ) S

Y (t) =sin{2a{(f, - fﬂ(%) " (6-1)

Y (t) =sin{2x] f, < 51} (6-2)

1
. , S f, =
ﬁﬂﬁ~ﬁaﬁ%£ﬁ¢ﬁ$\Taﬁw%@\ﬂ=q%To
0
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l i I.'-I-\"'| I'II |-| II 1l 1 '
/ |HHNH“1H

it Il '“'H‘H W\ llr]
1, :HWH”MHleJ

0 1 2 3 -'1 ]

=
i

-

Bl 6-1 Linear Sweep Sine P 3 21 5L [)

i

/ ‘ “ 1‘ | ‘H\H |
\ L

|
?J'Mm

0 1 2 3 4 5

B 6-2 Logarithmic Sweep Sine P& 3 31 55 8]

6.1.1 #HF4FE RIS

A Fhoe @ ¥ Chirp 5LiE T SLDV i Sveng B o 73 * i ficds ik
Bk s REEHS 540 320 & 4p iz B RIS 322 H 49000 8w it B 4 7
o BIEERY A 2 BA 4 Chinp )5 cjdR Ui - ST R ) 15
P T RO R A Y > BFL @ TR L ANIDAQ)E # & i chB- ik
# 5 (Sampling Frequency) 2 P~ Bh#c(Sample Data) » 354538 5 3t - X = B iR
PR PR EL > (20 d FFT 2 @ 32875 5 2 @ R PR ko F %

Bl S lichod 6-10 1S NB - - BERAG O hE R 2 15 R H e

S DT - BB F R G R HERG T Chirp BRI R AR 63
S o
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% 6-1  FOEE R SdcA
Bandwidth(Hz) Sampling Measure FFT Frequency
Frequency(Hz) | Time(s) Lines | Resolution(Hz)
1000 2560 12.8 12800 0.078
2000 5120 6.4 12800 0.156
5000 12800 2.56 12800 0.39
10000 25600 1.28 12800 0.78
20000 51200 0.64 12800 1.56
50000 128000 0.256 12800 3.9
100000 256000 0.128 12800 7.8
200000 512000 0.064 12800 15.6

(Rotate Galvano Mirror to Next Point><7

Y

Function Gen: Linear Sweep Signal

/

Y

NI-9234 record Chl, Ch2 time signal

Y

Data Transfer

to LabVIEW

Y

FFT Chl sign

al and Record

Y

FFET Chl, Ch2 signal and Record phase shift

Y

< Measure All Points >

® 6-3

79

FAR 2 R A2 ]
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He¢ > Chl 2 Ch2 A%t 4 LDV g BT 2 g2 4 %ﬁg?l)»%%%f.. v d A
6-1 ¥ J‘l—ﬁ B0 - X 2R 1Hz 2 20000 Hz P F LT > - B RIES FRALH

0.64 #)> g Plrag vt 4= SIDV HEAF £ P+ F g ¥ g 2o 0 —‘ﬂk sk €30 614

6.12 femBeg®Res

== X BRfe > € 1738 Chl ~ Ch2 shpFs 3 5L > Bojdt # B %%EJ

(S RdBip PRI 7 N EFRES LS T M SRR S 2 HRA i AR
4.1 &9 4pfiz o F L > 4+ Chl chpipdede b % (v & = @i 7 @B awg &

WL hoT B 6-4 0 SEIE 1A BEN X N Y B 0 £ #5Fe Chl ~ Ch2 dhfp = 4 2]
#7% R D o] 6-50 W T L 1 f3% Chirp #EEC P 45 4 S ehBOR Bk S

P BREFHE - B BRI 00 B 2N B e

»~ 3
T T
E———
|

Velocity(m/s)

N
T
|

)

o
o
=]
S
=)
S
S
o
=}
S

2000 2500 3000 3500 4000 4500 5000

Frequency(Hz)

B 6-4 Chirp € B|#-3¢ Chl #f 5 2k 8]
Phase shift of Ch1, Ch2

A ) *
9 4
(@)}
m -
A=)
% i
» -
o " WOP———
@ - // d
<
o |

0 500 10‘00 15‘()0 20‘00 25‘00 30‘00 35‘00 40‘00 45‘00 500C

Frequency(Hz)
B 6-5 Chirp £ B/fi;% Chl ~ Ch2 4p i+ £ B]
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6.1.3 Chirp A& E Bl &%

hHARE TR @ Chip ABLE RIS E SRR FFRT S
PE-68 » 3# F 4pfd Sficdc 5.2.1 &9 4plk » R 2 BE* & 6-1 P 5T 34 % &
20000 Hz ~ 2~ #f & 51200 Hz ~ & PP+ R 0.64 #; ~ FFT Lines = 12800 > » ﬁ%‘u{’ér_

VR B A g ) 12800 3R 3 rxdR A ROME 5 fE47 & 5 20000 +12800 =1.56 Hz-

FENER S S40d 62 9770 > AP R F w2 Bp AREREE > Tkt
SLDV H 47 £ ifl5 % 75 %4 1t o

%% - = Chirp Biplts > 7 @R 5 EHAE > 57 > THRAARERLESE 4
7% 41 MATLAB GUI % 3+ 7 {8 23 15 4 o 4 ) 66o,gq+ @ i

Slider Bar % $*iE 47 & ¥ 4§ 1 4p $H /72D % 3D AL 20 AT BB A Ig
. ta

2 IS R k0 U A T R DR R RS )
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4 62 PE-68 *:H 452 Chirp 152 i B 4

Mode 1 (0, 0) Mode 2 (0, 1) Mode 3 (0, 2)
w2
<
a
g=t
5]
2
(¢]
05]
5 =
Freq. 71 Hz 2240 Hz
Q
=}
3
w2
=
=}
=
Freq. 582 Hz 2321 Hz
Mode 4 (0, 3) Mode 5 (0, 4) Mode 6 (0, 5)
w
£
[¢]
g=t
w2
=
(@)
w2
=z
=)
=2
Freq. 5300 Hz 9000 Hz 14000 Hz
@)
2.
%
=z
=)
=
Freq. 5215 Hz 9249 Hz 14392 Hz
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Freqency=585.9375 10? Freqency=585.9375

d

—

Frequency Response
T T
E" ¢
£,
2
[
A
585938 o o it s - oy
Frequency(Hz)

Bl 6-6 Chirp U575 g2 GUI

6.1.4 Chirp £ R #&2 B4

d & 627 uq & 1% Chirp ;LA SLDV £ RIF {7 1]+ {04 ek 3k
AR RES B ARk LEHEAE5 SLDV * 2 £ > @ Al B PRAER
BGENEB L EINFEIHE RG> XN ook B2 RRRTF o

BB ALR SL ehE JRAE S+ > SLDV # e Chirp 3UEE € ¥ 2 # 58 I HCAL 4R
Ao blded P nF -  HFT 2 ES B REEFEL O RFILTIREFIRLEE S I F
- A PR SR FHECAL C FLFERE ] PRAER B L R
Foard do A BERE A Y TRk S(NI-DAQ) R B dhii + chbf % o # 7 1K
TR AR Bl R o3 F % Chirp LY 47§ B RIBEGP-id 2 F 3 (FFT)
eSS e S 1S 0 Bt BEen T 30T Blc ] 6-7 #1 5 @ B 6-8 BB
dtH ¢ — g Chirp MELE RS

d B 6-7~ @ 6-8 ¥ 14 —ﬁ »d % 8L Chirp 5L FFT B~-T 358 » 8 I enfic ik

na

45

e REL DT RPIREE LRI LR L G0 Rede iR g F oD P Ao @
P E(0,0) 48 0 > Chirp A BL A RLIFRI P E > Fla &2 2 R FEZ(0,4)

BORE o S0 4R 0 SRAT R (0, DRCRE -] 1 % 0 B T ePRCR 4R SRR £ RA o
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St ek H BERRIT 8 ¢ £ T & R (nodal line) B2 55 # 8 £ JRAE S A LT A AT
boB] 6-8 ¢ (0, 5) 04 (14570H2) % - 47 & B2 T i L - 7 & 5 w2 40p B

PO FRAE S o Tt S Bk Chirp :ELT 11 2 H G X Tl SR DP > { Bar BT

SLDV nH 47 8 P4t 1 RpIH A B enip g 3 ¥ @ Brpaned Bodpie
IEREREY ;A SLDV e Chirp #4130 5L8 2% fid B AT R I ILRR PLS
%7 LR PR AN R R % & BT Sine JUSLE IR AR 1 R DE L
Moo 58 EFET Poid b MR S nE JRAE S o B HAE RSN 4t > Chirp 4 5
F U AT B h R R E o BBt F gL 2 B OpIE Bk R

e iRy FERETET L 630

% 6-3  SLDV ** Swept Sine % Chirp 3 5.2_ " i %

Swept Sine Signal Chirp Signal
Measure Speed Slower Faster
Accuracy Higher Lower
Application Predicted Acoustic Field Judge Resonance Frequency
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Velocity (um/s)

Velocity (um/s)

20

16

14 |

1

[ [2321H2(0,2)

-.5215Hz (0, 3) . 9248Hz (0, 4) . -

k '\ 14398Hz(l], 5)

20

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Frequency (Hz)

B 6-7 Chirp# ¥ BR%E%-5gTi5

th

15 1

10 1

71Hz (0, 1)

2328Hz (0, 2)

5250Hz (0, 3)

14570Hz (0, 5)

0

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Frequency (Hz)

Bl 6-8 Chirp #7 5 Sl e % -H 2

B
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6.2 & ¥ #4145 BIES R(CSLDV)

R S A ER T - R ERAL A R R A ERER

—

=t

NS EME R AR E TR ERRORFEFER T BEERITH A T

B> 245 T@ ¥4 340 24k E & Continuous Scanning Laser Doppler

Vibrometry, CSLDV ;> 77 & Bl4c™ B 6-9 #7571

oLl ey

B 6-9 CSLDV 2> 77 3 B

A it S N eh SLDV 2 3P o R R F e Y - B e SR B DR R
FAOF ARR A VELE FRAEAFFIFF oA AH 4 L5 CSLDV 2 RlZ
Fd i T SRR BB B R RRGEY Ao SRS 0 e R

FLFRP k A(NI-DAQ)e & B RIFAEL » dopt F 01 B F 3 e = £ R o

bo

CSLDV & BliZ ¥ * ** 7 & & RIFFR &Ry > vV Aol ff B b 8

A JRAR S RIS oo™ B 6-10[14]5 %@ * CSLDV » 2 £ Rk & £

™
S+

=

5
ch»

hP R e
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: Laser scans

\\ over test

- object while
measuring

motion

L Laser
Vibrometer

Bl 6-10 CSLDV Application[14]

% CSLDV £ B¢ > A E£ & cnf i s se &g R R S& @ R 7

DE SRR e e T R RRMR F L R bk LR eh

@AY T E P LDV BRlFlad R EH - F Lens 2300 THEHF S Scan

Frequency(wa) | (P24 » T & x 5 A TSR Ty 5 Bip|- ERDPFER > & D)

FhlE S 0adr™ 063 F M FASF RN A BLes X FRTF R ARE -

X(t) =x(t+T,)

o7 (6-3)
a)A = T_
A
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6.2.1 CSLDV £ Rlinf2

CSLDV #* i figds o4k See @ B 7E 4 > &2 322 & ¢ i R o
g R G & AP LR  CSLDV £ Rl AZB4o™ B 6-11 #75F o F 4 - § 4
Pt e H @& I F A B AT R (X &Y 2 w) dkE 2
FROFS 5 g A 2 B U S 2 DR AU R R Y R R L
i F SR B T e B2 NI-9234(or NI-9775)3e4% LDV iRl et 5 BFis § B UEL

Pt R S - R DE R A RIARE PR 2 AT MR R -

4{ Rotate Galvanometer to Next Point )

Decide Scan Frequency, Scan Direction & Lines

/ Function Gen: Single Signal /

I
v ¥

Mirrors: Move Start NI-9234: Record Start

A 4 A 4
Mirrors: Move End NI-9234: Record End

| |
!

( Measure All Lines )

B 6-11 CSLDV & B/ 425

1B OERFETF S TP EAEITAE LR TR FF 2 NI-DAQ £
Bl AR 0 A BB H B e PR AN ER RE B B e B
i# b % 4R PIUEL . 257 7 & * LabVIEW Synchronize # it if = ¢ # i 74 &t > 425¢
> B Bl4c® 6-12 #7m o F A > @ * [ Create Rendezvous.vi | > £]= @ 3 % (F
RHEFNS BB BFAEEHHT 2 NI-DAQ B 4o#B~ £ B T % > 4o » [ Waitat
Rendezvous.vi | S#kc > & LabVIEW e P4 (7 3357 B > BB > 4 €31 77 - %
AR o Aot @R AR R TR AR EF S SR PERIFR -
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Create Rendezvous.vi Wait at Rendezvous.vi Destroy Rendezvous.vi

:3 p-
ot l o »*

0 -5 - x

Sync@\ronize Data Flow.vim

Wait at Rehdezvous.vi

»'e

Z...

B 6-12 LabVIEW Block Diagram(fr # i)

6.2.2 CSLDV {& Eg2

CSLDV 2Rl % s e P FREDERFE AT > F LT e 74§ T &
ERITH Chl 23052 4 Fgyg » T8 Ch2 o 27 3 B3 7 CSLDV {3 e e 42
Bl4cB) 6-13 #757 » 7 * Flenh @Ay [ R % Amplitude modulation, AM | »

I R AR R AR RN R AR -

/ 1. Load Chl, Ch2 Measuring data /

v

2. Hilbert Transfer Chl and smooth data.

h 4

3. Find Peaks of Chl, Ch2 in Time Domain

Positive

5. Continuous three Positve or
Negative?

( 6. Interpolate data & Plot )

B 6-13 CSLDV {& a2 i 42 ]

89
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BB PR 441 &9 > 5 PSI-SA4E g 2 cn SBS 8 > B Pl Sk s
X3 15FER FHpFH s 20Hz 53T FEHHER S 120.6 mm/sec »
BARIE SR G 12246 Hz » 3R Y 0% = B A REIRIFF o

F & g #73 Chl, Ch2 P Uit » MATLAB # > | 4.1 &7 574 %
Chl 3 LDV ipl4rsid & ~ Ch2 330504 2 Fenfiy » 3150 o § 4 Chl 147 12 @ 3
ol 6-14 413 0 K F 15 LB B T U4 M B S d e A L

BE LI T ERATE > CEEREY S B BT S )

Original Data

[—r—.

B 6-14 CSLDV &4 # T
#F 4 Chl @ B £ R F A B¢ &M (Hilbert Transform) » i&— # i EHEE 7
BFOERIE . H2ERFGHELE LTRSS 0R 6154 B7 g LR
SEAREZIRE S KRB, EPMIRTE ALT B FERE RS

Ch1 Envelope

3.5

L . h )
0 0.5 1 1.5 2 2.5 3 3.5
Number of Data <104

Bl 6-15 CSLDV B~¢ %5is %
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FF OV REPIE Chl 2 jdr 5L Ch2 chjp 4 > 4o B 6-16 #5571 > & B 5
In-phase % Out-of-phase ° %ﬁ“ﬁ Bk -l —“ﬂ‘ i BB T g § T B

BE w R o

Velocity 2 -
Reference | N ~ [ Velocity
r | [ /A /\ /) Reference
15 \ b —
| 15 \ / 4
| | /
1r \ | /
\ \ I" 1F |
'\ '\ s |
os | S\ [ 050 |
\ | \ |/ |
\ \ \ I \ \| |
TN [ N/ N\ / of | S ()
| | '\ /| \ |
L |
o0 | | 05
|
AF | Al
A5F ) ; s )
4 4.001 4.002 4.003 4.004 4.005 4.006 4.007 4.008 4.009 4.01

2 s L . . L . . L L
4 4.001 4.002 4.003 4.004 4.005 4.006 4.007 4.008 4.009 4.01

4
x10 x10%

Bl 6-16 I o 3edodp = 4 (4 449 )% F o debodp - L (4 5 5)

B HBAME G MY LTGRO e S 5 e R R

AELF BT BRI FF ERFGFDFFL RRALEF R

RN DAL 0 i B FeeRIp L BRITAH T B

=k

P S B T AL FB IS B

RPN AT R ETRT LED TR 6-17 hiE ko Tk B 6-

v

18 % SLDV * 120 B # Bt#cE FFene Rl S T H R o d & —%z.%—;-%? I

AR

A& A4 e CSLDV £ B 18 @i 4% 0 (800 =20 7 JI) % JRbgsd % en ;U pRis gL
FR i F N LA R A F RIC EOMCEIRI L T R £

PR R €30 6.2.4 § 7 - ant o
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T — —T——
-

- - @

===

— N

Bl 6-17 CSLDV £ i#]% % (SBS Mode 6)

B 6-18 SLDV £ & % (SBS Mode 6)

6.2.3 CSLDV € 7% %

A& i CSLDV ehfi 2 » F i (7904 WA hB R FRlP P 431 &
04 % 4 PSISSAAE B H T SBS R - BB 4Ekc: X2 % 0 15ER s
BEF P PR E 5 20Hz ¥ E T g4 e 3 A S 1206 mm/sec © BRI T s B
B2 E JRAE > 4082 SLDV 0 120 BRRIZNE SR FHB LR 40T & 6-4 477 o

¢ % 6-47 115 1> CSLDV 2 SLDV = j# & £ 45 5 T £ipleniiCfi 4R 3] 2 41 5
M & CSLDV d a2 RE B Rl 35 Fpt i A6 2 9 b
X*) §FFXDFHEDBHF BB SORANTE AFELLARIBEE
FAAFMEAESL o
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# 6-4 CSLDV £ RISBS#H %% = H it %%

1 2 3
< \ . 4 ‘
-
)
<
48 5%
0
2
-
)
<
-
)
<
S 5275Hz 9638Hz 12245Hz
93

doi:10.6342/NTU202301717



B FF AT S 88 R 45 4 F (Scan frequency) v i T { I8 e Rl E & &

iﬂai’HT%%kfﬁﬂﬂﬂ%ﬁﬁiﬁ%%%ﬂm%ﬂzﬁﬁ#%ﬁ@é

C R A GD SHZEHE AL T 200Hz » ERIE %407 & 6597

6-5F U N EFRRAFFH e BRHR LT E O RD ERIEAR

e g R E R o d P AT Aot P A G iR S N 20 1 30

B - T ERER TR G EREDERICF a3 L] B R

EFARBRGERMS > FRATRFRIFEE TR HA L o

# 6-5 CSLDV 7 #F & 4f 5 H#HE BRI F R

H

Scan Freq. =5 Hz Scan Freq. =10 Hz

Scan Freq. = 100 Hz Scan Freq. = 200 Hz
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6.24 CSLDV ¥ SLDV g7 ' &

CSLDV 2 SLDV & f& = 2 ¥ rilg It renfic R 3] W) > 217 FR A o a0
BA AT £ 6-6> BRI SHE ET T 623 & ¢ MR TR 0 W R R
A/B 5 SBS 3 F ek & X 4RAF o

CSLDV *t #4548 % 50 Hz p¥ » #2 SLDV Ap it 7 12 & 4 5 86% (24.36 ))&

BIFFRY 5 Hz PRI & 4 X 22% (6.28 ) B RIpER » d 207 125 41 CSLDV * §

e

BPpeF b gr SLDV 4pit 5 (2 g > AR 8 ¢ F o RFF A 22 AR
fi 4= 4] g i F o CSLDV = 2 7 1% @8 RIF R @i gt = 2 8] e 4p $Hime

e 4E 5 % € 18 17 ek (Signal-to-noise ratio) # i< » F]@ Jf e B ~ i ik (High
or Low pass Filter)&¢ LDV p i i 4t B (Tracking Filter)# it 18 g 3230 > % 2 vk
o @ P R RIS % o & k2t CSLDV ehig * b T AR 2 R

FARPE R RTEFPRER SN EFHEI LR SER

% 6-6 CSLDV % SLDV % 1t &

CSLDV CSLDV SLDV
(Speed = 302 mm/s, 15 Lines) | (Speed = 30.2 mm/s, 15 Lines) (Galvano System)
Scan Rate =50 Hz Scan Rate =5 Hz (120 Scattered Points)
Time Cost 4.14 sec(-86%) 22.22 sec (-22%) 28.5 sec
Accuracy Low Medium High
Signal-to-noise
ratio Low (Need LDV Filter) Medium(Need LDV Filter) High

Result
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RL-111-10

e

2-AXIS DEFLECTION UNITS

FOR COST SAVING INDUSTRIAL DESIGNS

= Robust, compact and lightweight

= Low noise and drift based on latest Servo-Electronic
= Very high writing speed

= Excellent price-performance ratio

= Input aperture: 10 mm

BEST PRICE-PERFORMANCE RATIO

YOUR BENEFITS

The new RL-Il offers you a very high writing and positioning speed
at an outstanding price-performance ratio. Nevertheless, due toits
low noise and drift values and its robustness, the system is ideally
suited for use in an industrial production environment

CONFIGURABLE THROUGH AND THROUGH

Lenses and protective glass are available for many standard laser
types, the wavelengths 1,064 nm and 10,600 nm, power densities,
focal lengths and processing areas. This allows to handle a wide
range of tasks with high quality and optimized throughput. We
would also be happy to help you put together the perfect configu-
ration for your application

101

TYPICAL APPLICATIONS

Dynamic marking tasks, especially on the fly, are predestined appli-
cations. Speed and dynamic responses are guaranteed, thanks to
the new developed control with powerful PWM output stages

INNOVATION AND QUALITY
Innovation and maintaining high product quality standards are our
priorities at RAYLASE. All our products are developed, built and tes-
ted in our own laboratories and production facilities. Through our
world-wide support network we can offer best maintenance and
rapid service far our customers

2 www.raylase.com
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RL-111-10

S

2-AXIS DEFLECTION UNITS

FOR COST SAVING INDUSTRIAL DESIGNS

GENERAL SPECIFICATIONS

Voltage «-15Vio+/-18V Typical deflection (optical) £0.393 rad
2A RMS, Resolution XY2-100 16-Bit 12 prad
Power supply Cuirrant max 10A Repeatability (RMS) <20prad
spple/ Max. Gaindrift’ 15 ppm/K
m mmmﬁh Tepmsature dei }m Offsetdrife’ |omm
Ambient temperature +15°Cto +35°C Long-term drift 8 h' « 150 prad
Storage temperature -10°C to «60°C
Humidity %80 % non-condensing
1P-Code P54
Interface signals [Diqiul XY2-100 protocol
! Angles optical Drift per axis, after 30 min up, at b and process stress.
APERTURE DEPENDENT SPECIFICATIONS ~ MECHANICAL DATA
Deflection unit RL-#-10
Input aperture [mm] 10
Beam displacement [mm] 124
Weight (without objective) [kg] acprox 09
Dimension (L x W x M) [mm] 1000x770x83
MIRROR VARIATIONS TYPE DEPENDENT SPECIFICATIONS ~ TUNING
Wavelengths Substrate Tuning Description
1,064 [nm] si Marking Tuning (MA) Op d tuning for marking apph
10,600 [nm] Si
Sl = silicon
TYPE DEPENDENT SPECIFICATIONS ~ DYNAMIC DATA
Deflection unit RL-N-10
Tuning MA
m:"‘"k’;,"'f’.*"" Wgh/gaod wiking 650/850
Processing speed [rad/s] 30
Positioning speed [rad/s] * 85
Tracking error [ms] * 014
Step response time at 1% of full scale fms] * 040

' With F-Theta lens { = 163 mm / Seld size 120 mmn x 120 mm * Single-stroke font with | mm height * See “Calculation of speed”
4 Calculation acceleration time approx. 1.9 x tracking error. * Settling to 171,000 of full scale.

Calkulation of speed

Speed in working field = Focal length F-Theta lens x Positioning speed

Example:  RL-II-10 with F-Theta lens { = 163 mm, Positioning speed 85 rad/s

ve=163/1000x85= 13 8m/s

Al Uaderrarks ww g slered ademati of et Oarer

Hesdquarters: Subsidiary China: Subsidiary USA-
RAYLASE GmbH RAYLASE Laser Technology (Shenzhen) Co. RAYLASE Laser Technology inc.
Wesshog, Geemany Shenzhen, China Newburyport, MA, USA /E\

L 4981539999699
B nfo@ayiate de

L +86 73528248513
B no@raplaecn

L 19782551672
B eoQraylace com
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