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Abstract

The thesis presents a lathe cutting monitoring system based on MEMS sensors and
a single-board computer. It is used to measure the cutting temperature and the acoustic
vibration signal of the turning tool. The cutting temperature is measured by a Ni-Cu
thin film thermocouple. The designed thin film thermocouple can be clamped directly
under the turning tool. This eliminates the processing cost of temperature sensor
installation during traditional cutting temperature measurement. The acoustic vibration
signal is measured by a MEMS microphone module directly attached to the turning tool.
Receive the signal transmitted by the tool holder, reduce the signal attenuation and
isolate the interference of environmental noise. The signal collected by the sensor is
received by a self-developed circuit. The sampling rate of the temperature signal is 20
Hz and the acoustic vibration signal is 48 kHz. The designed thin film thermocouple
showed good linearity. Over the temperature range tested, the Seebeck coefficient is
approximately 3.0 uV/°C. MEMS microphone module is made of commercial MEMS
microphone. It is used to collect acoustic vibration signals, and the signals are time-
frequency analyzed by short-time Fourier transform. The results show that for cutting
depth and turning abnormality tests, representative signals will appear in different
frequency bands. Therefore, the signal intensity map is drawn for the analysis of the
signal in characteristic frequency band. In addition, the spectrum of the signal of the
worn tool is also drawn to analyze its frequency distribution. The results show that
signals in the frequency range of 5 kHz to 10 kHz are suitable for judging drastic
changes in turning, such as start, end, and various abnormal turning conditions. High-
frequency signals between 20 kHz and 24 kHz are weaker but can be used to analyze

changes in cutting depth. Finally, compare the vibration signal spectrum of turning tools



with different wear levels. The vibration signal at 10 kHz will obviously increase with
the wear of the turning tool, and can effectively correspond to the surface roughness of
the finished product. Therefore, two thresholds of -60 dB and -50 dB are set, which
correspond to the tool wear and the tool chipping, respectively. The lathe cutting
monitoring system can effectively describe the turning status, and the developed system
has the advantages of low cost and easy installation. The integrated wireless data access

system has the potential to collect data in the field of Industry 4.0.

Keyword : acoustic vibration, cutting temperature, MEMS microphone, thin-film

thermocouple, turning, cutting depth
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BRARMRIET P oS G ST M R EE XD

mrr"Fﬁ‘ * LY

7 ZE b RN RRIE 7 AR 2 S )4 gl > 4 1993 # Ravindra & A iEi8E 47

N

)4 R B 7 BT A R R[24] 0 KA 7 B BAE 7 B el e
FE BV SEE R oA g FAR G AT ROM G TR &R - T
ARG - M AT H e RRT o

1.2.2.3 ¥ (Sound)

Bd BRI} AL R AR R D Rk R R - S SR ERTE
B AR HIT 2 R AT PR TR E P D VAR Y STE 4 ok
L bof] 1-4 97 0 0 1986 £ Lee ¢F 3 PIET k3 AL RS 7 L
FARRZFEF ARG AR B L[25] > Binthamkf e §XH B FZRE
drl B0 x 1 Eenhl s D piE A BRI R S SR R 3 AT i

ViREENTRE Y R H o



Bl 1- 4w B R 5 SL2E 2K B][25] ©

1.2.2.4 8% 4 (Acoustic Emission)

B s gL - A 4 o S MRS R RS E R SR
AT gAY o FIHOR N IO R {2 d PR R B A 2 [26,27] 0 @ B b
5ot BRI ke dk P P ettt m %0 € 20kHz 3] IMHz 7 % > @ % BT H
ALRES SRR P MR & G BT R o M RRPI BB AL P 0 BT 0 a0 oo

Brif S0 BB R ey B L he 1 Sl E B B RP27-31] B

MR R E Gt T URAS G A Bt g R A s A

=N

UL IR TIVE SR ST MR g
1.2.2.5 & R (Temperature)

B N anBAEY CREF S L GREF IR 1 iE MR and f [EI - e R E
FEFiBEA2 ~Emf o nehdRIAMEE T ERAD I A Em g D
LB 2 EHB2] Ft 7 ERRDERFEFHED 7 2 T L AL L o

L LY BRINE R 2 LBV A AR 2R N A 4633,34]
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HeYe BB RR R BT ET A7 Vo g2 s B ERFEIITRE
Z_RE #«z—ﬁ% \mm_fi},@/?qggquﬁg\'i\rﬁ FRERUAL K BB o
1.2.2.6 AR5 (Visual)

B AT L ARFRY RFLRIE R I R
PerE T AL S SRR D 7 B A[35] 0 A R R Y L0
RPN T8 - Ry R R R B EE G RF PR B3
B R TR G TR R L fAed P o

1.2.2.7 & # (Pressure)

B R AR RMR ERE FRY P RRT RS D N EARE
EARM o 2T o0 R ERBRSED KIS IRET M PR Y R iE R

Bk AL i T E 1 K [21]
1.2.2.8 3= # ~ 4c i & (Vibration, Acceleration)

KRRV R RS U ) e VRIS S L 8
B ipfReiRB Bl S Rhi e ARG ERM R oa pE2 Y B
SR R R G AR B B A 45 % P B TRL[6,36-38]0 F P B B A fhz JRds

BRI kfgRl A bR T A 4 4L EH39] o 2R A Aok RASLNE RIS K

/

u

B
FRAEAMM0] 0 P R RliRR v LG RN R BFEFIEIERER

HLAE K P B N o
1.2.2.9 = # (Displacement)

Bid TG EREY CHRRIENE 2 MY 0 Ryabov % 4 3%
2019 # N AR RIFT 0D gk AqED 7 g1 PR L[21]0 B AR
A A SRS L L S SRS R
Booow N e R R TE AR o
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138 RFPERRRBEAZRHE I (THE
SR L e R R st QUNTINIS SR AR e X U sk & VP

MRERG AP b AR L E A - P e SRRk S e B R K

TS

L0 F bR TR R S TR R E KT R @3 S U

Hc > 3 4% % (Analog-to-digital Converter, ADC) > fo # ™ &% 5 22 #ic 3 3Ll T Mg o

34

RGN ERR Y B RV ERIFOET BT R LL KT

-l EEr A RN BV Ao Ad Naigser o o4 S VR R S B RE Y
£ )

W

B ST TP REEBNRRAD 2 R EG R IROPME LR E
PIAA 54 VR MA BFEFZ S AT R T RBR R RKE AT @R
NI B G S o T RRGUE P R FA o GERE A

ERFELHE 7 FAIPALE A3 AL T RPFIP A E ST

oo BN NIERUE BFRG NSO PIEEZ BRI REEE R .

131 B ERpQpAt g RE
BN g 5B el B R G n NS B R PEA S B R
2EFMNEL ez ANELAEI T Y L RFRBE AR E[4]] A2 0T 4

1-3 BT g0 2 K AR F LR BRER A ST B ik

BPAG et B3 2 R HE s oL BFREFRERAEL LR R

P& 3 s
FRiFt-4e | Y oS —de ) FHPpIURS 2
A
B AR E T AR el % i 1§ 2x
#E 0 Hz 3] 200 Hz 20 Hz ¥] 20 kHz 20 kHz 3] 5 MHz
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R R BE AL B R BRI RIZAoB 1-5 977 > F Seid B AR
e RPF BN IR RN G FIi A B RARBARINE A L AP EH > 218
HEHBRETE BRI T FS BRESNEINED S A R RIET b
BREREIRIEREPN I FEIZ T2 HJRd 2w o7i][42]

(a) Embedded piezoresistive or
piezoelectric sensing element

Support Mass

Cantilever - I u(t)
element

Substrate

-

Stationary
capacitance layer

(b)

-5 it B2 S LR @BRS RS ()T 5 #[43] ¢

ik RARRRIIRE P FIF R MG ERZ BRI S S TR0 FltiR

£ ¢ NI AT R FE > 2009 & Baharin - Rahman @ »> 4 3 ¢ i
@ AT R ARG S B E o E AW 555 4o [40]
M
fn=F1o e LT PP P PP PP (1-5)

ot RS Ao RORE iR B
fo 1 B AR iR 0 5
M:RBHTE
my it RARFE

§ T AT T i BLIE A R TR R HRRE e A 0 @
2010 # Ozsahin % A [ & 5157 4] & s deif BAT R IR R OB L 22
- B N[44]c e R RRIHHER R LG AR 22 H

wiRETE RN R FHETENAR T AHY AR e BRI R
12



Bd R RS- RARF TS AEBENET I BRI R
FEAR N B F R IR B R b PRI 6 Y

Bl g b H RN T
S B A AT A A R BT n[45] - a,ié:«\ %5

PR AB A L BRI ] !
bR EEREREFT EREEY - F T2 BT R R TE AR R R
FRESR ARSI ABBAABEGFIIE G A HFTET R

[46] > d ** T %
TR R A .

“ 2

N FY SRR AL )RR R
1986 # Lee #-#3 R i T B G HRERG RS L
EArs - &8 1-5 #77[25] # PRI 4~0kHz FHOE SR 7 LA H
EAREFT Y Aon g R R ORI By B S B4

v o

WR AL G B Ap B BE AR
3 gk ¥

A R PRI RS B FIR IR AN R E ) feen
GO ELE RS N T

2017 # Wang % % 3% > BT & 5o b PRI S &
R E B RAE 0 e PR A T UBL B PE e E R ot B ek B 3R [47)

Bm b L BB F 6 H 2 o BT M EFE R EH BRI FR
ok Ao REBFEZFEEAGEHES TR E A 2 icR 1-
6 #Tom o B ST HALBR L : H
B st gid Ml p g en p g ¥ &:

Boeh AUEE 0 (0 AN B4 L

>‘1\

B R ACR[27-31, 48]0 wH A B S

BEFBL -
S l% AR LELET R B

i

TAe 1R iE

‘HZE’%—/

Case

Couplant layer

Target

B 1- 6 85 S B Bl B A -
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132 R BRI~ RE

BRRRG 2N TR FEHa ST A SR 2 2R N S 5E[49,
50 @ ¥ EHNASFETR P RFEL AN ER B W RS oA
% I (Thermistors) ~ # 7 % (Thermocouples) ~ & FE 8 & 3+ (Resistance Temperature
Detector, RTD) 12 2 2L 3 ff 3% ez #F 58 & 3+ (Infrared Thermometer) o H ¥ = ¢k 4
BRVEBRFELA2 0 TICE NS R 0 RESTP IR £ I A
TH(P Hh? BAT BN VTR T E R L TR g [51]
BERGFNBEARIQ G SR LERFIZF Y AP E RS
FRFERERY > P AP R ATRBS PR R LR o

BB HEPOR L A REFREREER R R E S ET H M a
B D EE AP R A RS R BOT R 0 ¢ A AL B A gk B enif
B ZAR BT AL o B 17977 o FIM AT B LS - B SERER ~E

AP ZHEERT R A H AL T L BE R L2 B e [52]

""""" Metal A s ™

7 ~ Hot point K \
'\ T+AT 'l \‘
. | AV | Cold point}
Teeall 0D \ T |
\\ Il

\ 4

Metal B N d

_____

Bl 1-7H#TBERLRIREZRE -

BRI LR R BRI RIEA 0 LA SRR LD g F

Rd
3
&
(7
—\i
gl
3
)
3
|

BRITIEBEZIR ST R L AR AR

"<

[53] - BATTIE S T IR B 2h 2 £ 8] A3t B h7 b o BATT A ¥ AR
PR X ER R R & RS RIS E M e 2 B R BATR T Y
Bl FRINE G RBERER AR BT, REERHAR ¢ FIR@pFL



Mg im 2 tg T o IR RIPIER Y MBS EHITLHA 304 Bl
HA > 23 B B - M 2 @R DR RFRF - & MERES BT ¥
AP EAR RTIEEAVAE ARG T A 14K = AR GEARR R
S S e O U

2 1-ABMNERBRIA G

ER LN ?&iﬁ'?ﬂfﬁ %LL;F:?%

B R E R -200°C 2z 2000°C | -200°C z 650°C -100°C z 500°C

R 50 BN i B 8
. ) . M‘]_—j‘é“]—'x ‘F},@;‘]‘i‘—\
B BHAE s | Kk g |
o A
¥4 34 A PR g ¥R

'é;?*%ﬁa}\/ﬁ_&}i/ﬂ RS R NE R PF r#’-&;ﬁ'%mm),i,/?];‘*i
JRH G5 R G Rk R B B A - VIR R A AL 6
N

EHRAWRERS A A LEY BT FLRPAE o 2

E”JA
‘ﬂ‘r

S AEE DR RERRR A RERND o R RPN R E B
MR BRE LR P BRI Rk =2 AT BRGNP ER D NT UG ol
CERITROERE BRI QA UTRT NEFLFEREG AR EAL -

BRRRIENS RERBR Y > F A D NERY AR R Y A

?,h‘(

VETD Ry B T (T AF ST T R TR 33,34, 54-57] T
TRVCRZANER SRR G 2015 £ Kus £ANEEy Y BT AT R
PUE G hSUR RS B SN v RO R SN 2R 5N A By VLR R R ORISR HE
BRI R AR 1-8 #TR[55] 0 B ¢ Bl 1-8(A)EE T 1 BT ek N s ek g w
AT REEND 7 E L oa B 1-8B)7 RIE T 0 A tHAUR R
RPN HFEMER R ¢ FMATHRTBNE HIE 7 B e SRR

Fre AR LY VAR BT BRSBTS XD RRRTE 7 7 L2

Eo@n 2R 7 xR R A R RE AR ERERE 7 B2



o ZBRFSL O ATBRANERIZEREELF €)W ARERE TR PRI D

BRI REA BRRS AR Y § 2 Ak 2 AR

Fitting element

8 Tool holder

-

Thermocouple

. o
Bl 1-8R BRI ~E32 7 FRIFERF - (A) BT B2 7 F x4 (B)
AT E I EUR R PH AR R &Rk sk E[55] -
133 MR BB

M R % y(Microelectromechanical Systems, MEMS) erv B & % ¥ 12 35 8
1954 & Smith % 21 & bk VR 12 L[ SB]B 45 0 i 2 15 @ F 4 17 @Ak e
FEOFREN S EI P S HPEPRIESRS B RIEE BRERERLRIE[S]
fREE MRS T SR BTk St 3 Fpeeni B
B FHFIRPIERGRE @ HERFEL R @ g R T gt
BN 13F 57 bR BIREE MR E[60] 0 & H g o* 037 5 R A B
Ze* 0@ B i d s Rk SPTr RliE OiE RIE . ¢ SR A FE
P o & St 5 S 4T [61] ¢

AN MPBTET R ES F AP T S PE R ST R
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1983 # > Royer % A #-Jiu* fiche 1 HAFRAEF  8(ZnO)R 7 K 0@ ot » (%
LB UL R I A62] 0 H R BT B AR Ao W) 199 Hhom o ik D
BFEBRE2? > FEET - BMOS %+ B11z § EPRTE 218 A1
LRBEENRE TR R F R T RENET RS S AT
B BR B[63]0m s » 0 M T WS HATc T S b o £ BHA

At s A A2 T xR YUREAFEF PR

MOS
AMPLIFIER

ZnQ
PIEZOELECTRIC
FILM

Bl 1-9 5 A T BT BE B> - Hp &P ST F R [24d MOS
A BIUE RE N CERT K[62] o
MR B b BT F R e I D2 SRR R R B B R

PHEBBEN AT F NS LR L R A RS A T 2R
FoRENLERR Y R ESUER RIS S E THAEE . R 14 ¢ Lee i
2B N AR AR D RS RR SEROBE R AR R g b £
I RIS RS BE @ TR R R R R e I S E D
EH - 1 R F EEE A RS [25]c AT E ROTS B ST F R 0 o

He+ g 0 % A e HPE (vt 3 [ ¥ F i 402017 # Wang &
ARHH T B SR REMYI R ERCE £ G 0 BRNP R 2P RIAEL > A ek B g

BRI B LY BRI S F AR D RE[4T] -
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14 BB AL J A

BB BRI BET RPN FE AT T BME MEL AE T e
T A AT RRPL o ER U ST AR R R R LM R FI A2 T
PR S R A B R SR Y BB R A 7 o
1.4.1 FH AT

BRI 5L K T (Overall Level) # 5§ 8 ¥ B i{ 7 endrd M ELA 472 2 > &fd
¥t N iR B R 4 B 3542 i (Root Mean Square, RMS) » 3+ & 3% 597
+ 3 P RN e S N i;J‘%@“i;%%}i’f%%? Rk N -V e A I A= T

BAERET g o B E 2N o

RMS = \[ﬁ FTTFOIZAE e (1-7)
RMS : R4s 5L ¥ = prF (AT)P chia £
J{ORR-E RS

*+ 1981 # Kannatey fv Dornfeld 1 & B 2 *» 2§ % ¥ > H #7ip| {9 2. B o4
WE2 G IIE e F @ Rt 2 A b4 prbgE Ry 25 & (Rake Angle)
HH et § B B RSN T ¢ LR SRR T Y KT
7 B e dF[64] » @ *° 1987 # Diei 4= Domnfeld { £ 84 St gL 7 - B
o7 R B 7 BT A 2 B enB RECAI[65] 0 AR A s R R B 1

ER L

\’W
“‘q

R 2P wadrh kenB bl FRF 5 UNEF 4o 1 iF 2 3 LA
MF A O WA AT B E 2 1 [66, 67] -
1.4.2 R

ARE A R AR R e R0 R B SELE B BT kR4 R0 &
7o b T B el BE L %R (Sound Pressure)it B v T8 Pl ehdr T E Lo Bk B IR

SRR R TN E S AR A st (Pa) R A



Pyt GRS

PR
PR

R ik bagrt R B ERWELFE W FH R e L R A (TR
BT 0 F A IR R § @ * BB % (Sound Pressure Level, SPL) i & /R
MELZ 5% R S HEAET HE 5 xR - AFE 2 E - B AL
(dB)E %k & 7n H ot BB % o 35 2 3 deT
SPL = 20 logy, (Pp—m) .................................................................... (1-9)
SPL © %R &

Pyt %% BRQGL ¥ & * 20 pPa iF 5 153
Pops * BB 3210

1986 # Lee »*E RS % A 47pF > i @ % BB 304523 | pFr ek 2 5

[25] > **3%F B ¥ > W F AR RE 7 B BRI A e e
GERERI LA B SRR R N FREXRLY TR R

W F Y o AR 14 4T o SRR VR R T RaiTy Bd g B

PR R R PR B e A LA BT Rk B RS KT 95 90dB 0 F
PUER YT D BB Se IR B Y @ * [68] -
1.4.3 ¥ %

#-3 % & (Sound Intensity)2. € & 5 > H = p i B H o ff 0 B DR ES
RREO AN BLBE G LT AR el LB RARL- e B AT
#*E =L W/m?o @ F 238 O N T [69]
1=§= PV = 2102282V oo, (1-10)
I %5 %Rk
piBEE o (AT B DR
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0k F H g R
p:AESDRR

BB RARIFE Y T ERMERE BRMNERIERABET A A R
LB R N EAFFRY A SR EFER 0 B 1-10 217 0 BRI E RS

GRS BFNAD 1112 11125 R e B a @

P ThE e (1-11)
Vo= —p [ B8 e e (1-12)

Py~ Pp i % 5k #7iRl {8 2 BB

Al: A 3F & 5L b 2 B §E
ié%ﬁﬁLga;gwﬁ§%ﬁiﬁgf?%1¢ﬁ@4+%@,aé;WTL&meﬁﬂz

F B R B BIE KAL <A/3.7mr1 2 Al/L < 04 > d »537 973 & g £ %

5% B AL BE2 PREERAE LY ERES § b 2 T EFEYR[T0] o

. Third-octave N
TPA [D-»— Preamplifier tm{  ADC  |» g;giffl filter _—:—L\é\/
n

Ar

l Third-octave t_f
Y. Py [O-»— Preamplifier f»{ ADC [+ giag::Lal filter -— Z [

Bl 1- 10 #3 % & A 45 AT in 42[71]

Py +P
p=_A_"8B

Averaging
circuit r

% 1990 # Tandon fr Nakra i 4 17 7 /& k #h-K (Rolling-element Bearing)#* fi5

BEIRERERIPTIRARATOMG AEFT Y BT R R LAY
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T A Rnnig R 4 3R H B R T ks R ie e RS S o
W FER e endh IR > PR A ME IR B R A RBIT € FINELE] 0 &
i Bk g B[72] 0 B A G APTEEE o R S T o
B2 BRZBEAEE G OB P R I R BRI B R R AR E
b 2 BPEER S Pl A2 RIF R 5 s kUL .
1.4.4 & > EF

FEBEAAT B AT AR R EEH R - BISLAAE
I FIARDES LT HFLABLEI R DES IS B R MTRIE D N L

> W o % = ¥ 4 (Fourier Transform) 5 2N ELA 45 ¢ #4530 85 f PR 8 4 3% &

gNg

R PE o B 5 i MR 3 HARE P R i gL -k S
BRI AT o4 T ONILfEA R Y — kPR AR eniE L KR & R A pF S L

PUOH B T AR B 22 e e S AR5 S [73]

f(s): &= FhHis o nE  p ¥ s RAMEIT UL EL T

fO): Ex FHEDPRLFEE ) p ¥kt AEABEFYLLIELTEK
R R R T R AU d R PR R e L TR g AL

AT FP A FHCMELAIIFE ) B2 B R Y R oAiE 2 A 2500 7]

pUAR A T BT BLANEEAT & 2§ 3 (Discrete Fourier Transform, DFT) » #

M- B PSSl e L - B s 0 B S A7 5 [73]

F(sm) = SN f(t,)e2mmm/N e, (1-14)

F(sp) * A0 Sl

f(ty) @ HricpFid Sodic

N ¥ ~ELik
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e e At R

B
BIFSAE Y A3 B PF € ESR P & 2 3 (Fast Fourier Transform, FFT) >

2001 # Kopa¢ fr Sali @ §1* Pi# & > F gk > & 47 BB AL AME e B 7
0] % B4F (Flank Wear, VB)2_ [ crlf 14[74] » 4] 1-11 #7171 » 25/ 5 ¢ “1ipl 17 2
ELAME R T U F N B e B g R BRI RS S A (X Y
F_16kHz i) B3 5 > j5d L dE % e 498 7 B 7 BiF o o Py @R AR

B ATRE o @ % 2 F R TR A T2 ki o

e VC=200 m/min, f=0.250 mm/rev, VB=0 mm

— Vc=200 m/min, f=0.250 mm/rev, VB=0.4 mm

0,0100

& 0,0080 ﬂ I

@

30,0060 | )

7]

¢ " l

5 00040 J o

50,0020 - Al !

T \%
0,0000

2000 7000 12000 17000 22000
Frequency (Hz)

B 1- 11 2 7 il o Brdf 1 BRI 5AF 3 cn i 55 74] -

R A E 2 FREE R F N AR S T F R A R e
pEFHE® > ¥ g 3% (Short-time Fourier Transform, STFT ) & {7 4 47 » 5% 1-15 F 4
WA R A AL (n) S epF e = #8258 [75]

Fy(ef9k) = 32 __ o fm)w(n —m)e TOk™ i (1-15)
Fo(ef@k) @ hpnr 2 47 5 0, 4 R 4o S f (n) cndisc e P = %3
wn) @ § Sk

ERFEEE  FEER T T adkow(n) 0 R EIp s BT RS 2 3F 5 TR
Bonioh ¢ MFFRRBOT R AL T2 7 35 - 1240 w7
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e (VL E GRS LA -

%> 2007 & Orhan & % i & * ‘2pFied > L - 247484 7 LR AR
BAE VR S [76] 0 F SR Ao B 1212 97n 0 7 B chBRdp g 1§ B 4o 20
AR S e B ehdR de LB Tt F AR R T R T ¥ R 7 L Bk e
TR EERTR g R PR FRET LA RTRERTATE

BB o A [ 4 i A 45 o

JJ: TR ITL L1 T e

T 11 YL LTV
R I.| AT TR /

L, o LARMIN .m.l‘u. niosdallenannifibang, /
‘ 80
(TN A L YT TR T TR /

7
§ 1Y —— PPN PTTIN ,.,nlmmnmmu. //60
' *‘ I " e tad aen " 5
Q I 70 &
£ il |1 PO et had 40 r‘&‘
‘E' JI|| m Ll A il.]al il sy LTI /,; ;’
z ’ | / 30 <)
§ (U, e . potbodibonn o cas / 20 f-?
§ .w'n A " --li-*.“ 10

Frequency (Hz)

Bl 1-12 & d]z Je o2 BLAE SR NEPF I 2 B (2 BI[76] -
145 # &# P

BE PR T Y KA TRELY A RS AN e Y
B ER G A B Ak f ArEL B dRd & 2 E R T 2 R DT DR
Shbb K chd G B o ETRB R A G £ - Bop a0 Fof H N SRR
2 ARG € A2 - BrREEAL SN W B 2
FPREOEFEFFRE & TR PR ima i arib Y ol £ 1t BREH
i G AR ] AR I PR S A 4T3 R L ET[TT]

A5 0 RRIERIR IR (Eak f 5B B IR IR SRR eak BRI
A4 hl PR AR 4 B E IR E IR dRH LB 11 R 52 % (Amplitude

Modulation, AM):& 7 fZ2 58 > 51 » 3 20 K 4e? AEREARDRID > 7 UEF D
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& %4 pl(Envelope Detection)4 17 « B % 5 - A% 3T F L A2 AED ¥
0 HAm A b R KA i g 5 (Target Signal) > dfp4e 3t e S K en g Af EAR)S
(Carrier Signal) } i& {7 @ 3% » & Fjosg Aje P ELis » 7 L% & Lk B

ez MELA R H ¢ %5 (Envelop)d- B 1-13 #7571 o

ANt L

‘“ Illll i

—

—~

Amplitude

=—=Envelope
-1

" M
2 2.5 3 35 4 4.5 5
Time

o 05 1
Bl1-13 ¢ 24PRY REAFRZT LE -
MR RS RRBIEFAITR EAR Y F U RAE T T REP RS
CATHIRME AT ML A R & R A BHEF RS2 AR THE
B E Rl g BB RS R 2 E A @ B R

= LICE et e e A

s 4§l 1-14 #77 [78, 79] °

(a) Unfiltered Time domain Signal (b) Band passed Signal

1
[‘ BPFO = ?
I
_____ | Frequency
(c) Envelope of d) Spectrum of Envelo
Band passed Signal se pe

Bl 1- 14 ¢ 24 PRUTLRIZEART LB o ()L T f Flerdrf 5L (b)ie * &
ik Bk AT R B ARUEL (O * ¢ BRI FW I @ BIEL (D)
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FRz e gt E 2 FEEE D e LA H[T9] -

Ba e BARiPl AT B R R A R R 3R A
ETH PP 2 RFIE S o o SR IT R R 2 W AGUELEE » § & i TR T
LA T AR T R Y TR ) Sehd

BHP G B0 T AP E R RIRF LT 11 £ 57 2 [80-82]

v(t) =Xy ( md, f_too A (D) g (D aym (e =1 cos(2rf, (€ = T) + Oy) dr) +

v(t) @ RFEL
md : i el P
A (t) 0 T 835 Fd ] 3 & ch— k5] 9% (e Bk
Qm(t) * o i3k Karn ® <F R % e B
Ay (£) + 4 Fip % 60 i e 1 4 e e
w(t) @ MO R B
B AR M ELE RAT AL T A
e1(t) = ¥ w (O (O @m (D) + Wi(E) oo (1-17)
e (t) : b MELPE AR
U () * U (8) = e H ¢ t' = mod(t, 1/ fam)
mod(t,1/fam) * PERF t PFest £
fam © PR B, ()2 & 2 47 5
wi(t) ©# 25 LI enip IR 1
e B A 4?0 F R BT NRG 1416 550 cw(e) o RO R
el EART o el 1-14) T B 1-14(b) > % Ep T AR 0 BT
PRI 2 i A AT AR AT A 2 & B de W] 1-14(c)#T T o
#2117 35 ¢ 285 IR wn (D qm (D apm (8) > B ¥ g ap, ()24 "% i

B E AR 4 T OBILIR L R R S 2 R R
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42

#2008 # Sheen i g

11 =

L

7 A 4 [83]

s

iE

IR TR 4

DL A 0 @A L W) R FE I gy 0 4] 1-14(d)H T -

R @ BP0 FEIRIRBRE K- PR IRE R
B 453k 4o B 1-15 #75F > B 1-15(a)2 B 1-15(b)A %] 5 B 45

GG IR B IELE BA L RA BT R E(a)? B

Littid A i ) AR BREE 0 2 & A 47 {5 ehEI(b) ¢ B ¢ BE
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B 14489 oA BaepFrpEd 2 R T S Bc-RAsidpie i A
P R4 R TR SR ST R0 T B R € T4 7 g
B R Bola 3 kB ARERLRR )T SEDOTR R Rk
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S R B2 B a7 T 0§ 4 B ) 4 A 45 (Wavelet Analysis) ¢
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u: pFRF

tr PR R Sk

28



A

Frequency |

»
>

Time

B 1- 17 /] gk A 45 % S5 (s 9% o] g bl B8 347 R 7 L ) (A)AR + Sl

B)E 4 R E ) -

2

B4R HURGRT £ X 1019 ¢ cp = 1/2 0 p g e RS A2 T 5
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Y(t) = exp[—B?t2/2] COS(TL) . onvii e, (1-21)
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231 37 b Hetllm

i erpeis 7 & b e h B IR 2-5 077 0 50 @ b ¥ At
FRME 2 AR IENE R TR AR 25(A) om0 2 20 - B
o PRt 3 Al R R F R o M E - BRA;HI O NE R RSN

FlEF b e d 7 o h AR REFIEE R FERFILNE AR

-

B FRIRE R FRe o L ERIL I TR B AR ML ESR R o B 2-
S5B)* E R TEAE F o g ARG R T g MLz iEEMRIE 022 pF
T 2 f8 i * & Al4E A ET A (SPB-U668, Super Power Precision Company,
Taiwan)if &7 & 2 BT $ 5 h 2 FRITEF > NELGREMRE T FES
ST R B LR M B RITRAE 2 B4R o B 2-5(C)7 6 * RF M R ERE
T R Eg Rk o Bl 2-5(D)R* 7 3 PR I B R R Sk

Bamzstd 7 51 .

(A) PCB layout with a through hole to (B) Soldering and wire bonding the
mount the microphone and a blind hole components
to fix the magnet

(C) Cover epoxy resins to protect the (D) Fix the magnet on the blind hole
bond wires

Bl2-S it e S Wefla - (A)RFL G * 3% X F b il 34 o
GRS i ar Ao ¥ (B)EEEE i AR L R~ T F L E i

P
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AEFEY J Y SN B HF -7 e = fig (Polyethylene
Terephthalate, PET) & %> T3 BT B2 A% > HER 5 0.15mm > £ #4422
P BEES NENHE S S FLATROAR AERERS T AP F =
(Polydimethylsiloxane, PDMS ) i& {741 & % en% 5 2 2 53 K o 2B 2-5(A)° &
TAFEE R ZF YT S B AT B2 AR Y MR e R
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CO, laser

(A) Define pattern of Thermocouple and (B) Sputter the metal layers of Ni and Cu on
sputtering mask by CO, laser the defined PET substrate with the mask
(C) Use silver paste to connect the (D) Dip coating PDMS to insulate and
thermocouple and wires protect the contacts

B 2-6 f  crd-sp % 5 BA2E o (AR * - §F LALT MY AT B e B
Bors 3 REEPESTY B (B)R S A W % A a0t PET A4 1 R4ks 1 2
G LTS R B (O)F AR R BN TWHT B (D)

¥ Ef e Rf b — & PDMS MR Y 2t EE I E G5 o

24 B pl ST BRR

& PR Bl D ARUEL S F 3 RO B hAp AT ¥R or ek
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ZREEIEF A DT R AR FRPR AR SRR TR @
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LEERE AR L Y o R TIE 0 57 B ROTH B OELL B Bogk
#2 & (Sampling Rate) 3 > B P B A XA Fnd B > @ gt feiigdg fh P o
BB S oA o B RO S g R DI AT aneh IREEARAE S AT FI T AR R
ik 2k % g ¢ PCMIS6S @ * 24.576 MHz 1% 3 a4k 17 5 H #h 204 phas i »
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# n # (Inter-Integrated Circuit, IPC)3L 34 7¢ 4§ ch4f +* #c = @ 3 & 7 (ADSI11S,
Texas Instruments, United States) > * >M 3B~ E 54 7 % cnd § BREL o F3f 9
[} b’“rﬁi;f] UL R R W F R g S Fpt R Ml g VG o
KRUELENF AT ARG o o O RT W gy D L UL AT Y TR gk TR
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foe t  HOIAE ik 2 B0k A
JPEES S8 U ER S

43



RS S T BRI/ S R R A A L

L
-k
\_
Jor
v
)
—i
Pl
S
=
&=

MR B P AT gk T RIOLR T & T S

1
fe-pm = B et e, (2-3)
zn(Ra+Rb)(Cdiff+%)
fopm PR ERHE A2 MR TR LS
(A) (B) Low pass filter
MEMS Microphone SRS
T AR i Thermocouple i S
i 5 T R Y | T ocom |
i !0utput ]I} Vour | AAA— | :
1 1 1 1
i i R, | i = Car i Vout
i Coupling ' AN " : |
i capacitor | S / I i
[ Rpp ] I CMb i
= = 1
Gnd @D | G i
\ 1
\\ _________ f,

Bl 2-7 R BIEAT * 2 ik TR o (AMIB R F U b AT 2Rk BB
% 022UF 2 2 AT 5 XML BB E i = X BF e g2 R (B)#
TR Y A TR B TRTREAELLTRIOV A RATHRS §
LR R A H0S fEN k T R

HEpA TR Tk R s B AE R R A S P 0 B
e R Bl sl Bl sl @;ﬂiﬂ B &R Yo R B A 0 @ % T 12C (Inter-
Integrated Circuit)™? 2 I’S (Inter-IC Sound) s f&& 7 [ chfc 3@ 30 7% 4 - PC ®in
PenMELZE f§ H > R % F 4L (Serial Data Line, SDA) % P #% 4% (Serial Clock Line,
SCL)® i > » > HFpm b Do S35 % 7 > Do R FHkiTe 51 FE
3 2C Bt @@,J 2 ME D X AR FAE FRAPTFEHERIEL
R* AT PTIERAEPC LT FUR S BIER R R PCRF Y 25

F[92] % R rmidz F TR Y SN R kT
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Rp(max) = m .............................................................................. (2—4)
14 -V max
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2.6.2 ¥ Sk
MEL G F PR TE LR FPFER R * ¥ TR ELF I
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Acoustic vibration sensor module
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UAC-8 Designed circuit
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