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Abstract

The thesis presents an acoustic detective system to continuous monitoring of
micro-stamping failure utilizing low-cost commercial MEMS microphone modules. A
MEMS microphone module is fixed on the bottom die plate with a permanent magnet
to receive acoustic signals via metal conduction such that the tiny punch signals can
be discriminated out of a noisy machining environment. A commercial audio recorder
was used for recording the acoustic signals and converting the analog signals into
digital signals at a sampling rate of 96 kHz. The collected signals are converted into
frequency spectrum (20 Hz~40 kHz), so the signals of stamping processes can be
recognized visually and picked out. The signals are then analyzed with a proposed
power spectra density algorithm for the frequency between 5 kHz to 10 kHz.
Therefore, background noise and low-frequency vibrations can be excluded to
interfere the tiny micro-punch signal. Results show that the punch signal is
constructed with a strike signal and a fracture signal during the normal load failure
experiment. The strength of the fracture signal grows as the area of the fracture zone
expand which also represent the defect level of the punch. Another experiment which
provides over load condition to the machine shows that the total power among 25 kHz
to 30 kHz is a lot associate with the defect condition as well. The developed method
has the potential to predict the abnormal punches created by a defective punch pin.
The new method reported in the present study has shown its potentials in Industry 4.0

applications.

Keyword : acoustic detective system ~ micro-stamping failure ~ MEMS microphone ~

power spectra density algorithm ~ defective punch pin
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High energy impacts appear in the bearing excitation range.

‘ M Ulr’!"’

(R u.r w’ W

- = a : e ——
( A Mw mﬂ-ﬂ (onlem in' the low l‘rtqnency BCF range (C) lllgh energy romcnl in the low lrv.'qumry range.
indicates the bearing is running healthy.

High energy impacts appear in the bearing excilation range.

High energy lmmﬂs appear in the
high ge.

‘WWM%WW

el

W,-r-h - -," R M‘&‘(‘%‘\M’Q‘*"ﬁ e san

R T e (T —— T
High encergy content in the low frequency BUF range
( B) indicates the bearing is defective. ( D)

Bl 1-5 ] A A7 BURESREIE @ (A) 2 & ¥ RIREIE > H B T 38 2 MOE IR 3R

ﬁ%ﬁﬁ$%%$*i*%ﬁwmmw PN 38 SR 3-8 S Rk

éﬂﬁlﬁ%%ﬁﬂa%”%ﬁ$m ' (D) = #F BAS 0 ZAELB M AR
7B AR RA MO SR DR £%@B%
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1.3.3 &R

#-% (Sound Pressure) 7 ¥k @R T B BP0 B AT RR A 2 R

R o HE =4 agid (Pa)» &S 4T

Piorar © BB 4 (Total Pressure)

Pgiar * # /& # (Static Pressure)

P : #-%(Sound Pressure)

- A Bk 2RI S § 0 R 5 (Sound Pressure Level)# 7 0 HE G F s AR
(Effective Sound Pressure) £z £k 3 R civt 8 Bodp fcdtds (6 e % > H 23 A B

dB) » & &\ 40T o

L, : #¥/& = (Sound Pressure Level)
P : 4 »<#-% (Effective Sound Pressure) » 3 BB P35 {115
P,: %4 &> ¥ 5 20 pPa

R GRY O FFPREES A AR g R BRER R RFRT
Fox cFhet o RFHREIUVNF LB O - ﬁ*@“f EREIE: 3 AR SEE 3
R AR EL SALML] B (AT ERp N ERARS
BlE P EE D[25] 0 BURE BARE LR SRR Y T ATRE L AR
PO BRMET LR THREASDEFHFRY GERTF R A LR EREY
S RA C A R ESLE ESES 2 IRR S IS W) T &
BERAEER S L BRI e T R R FINER AR AR P AT

@ R A A BRI R EE PR T
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1.3.4 %3

ATy ¢ 3 &I BF % A& (Sound Intensity) & iR & sLP & IR eyt
BEVWET RS EFEID] AEFRANTARZEICEFRPM AL EE

i%%h’ﬁ E’ﬁ;é:j;:;%,g\ ) “_,:I)‘ ﬁf_’_ﬁ»}’é?: ) 15,, F'E'_‘j}'ﬂ 5&& ’ ﬁzéﬂ\ iﬁ;\"&‘?ﬂ: )

[ &% 5 & (Sound Intensity)
P : %3 /& 4 (Sound Pressure)

v i § i & (Sound Velocity)

P : 4 »< & (Effective Sound Pressure)

p - i B % A& (Medium Density)

f + # % (Frequency)

A &=ty (Amplitude)

d PR RS THBIES SR EE X2 IREE D M o R 7 o

SHALPEE B e e B 4 RS BE D bk Tod i AT
Fo—dLBERFRITRA LY AT E R %ﬁﬂﬁ}h&m@"ﬁv)’ﬁ

5 o B

= —p(52) = (Pu=Pp)/2h oo (1-16)

Z_Z D #-F &+ & (Sound Pressure Gradient)

P, ~P, & 5 b BT D h R
h:d 5k chpEdg

BRE PN A R PEERE R X 2h < A/3.7m% 2h/r < 0.4:008 2 455 BiE
E Mo BIAL B AR E i A F b BEE B R DT I05ES  X ]
BEAR B i = F 4 47 B (Dual-channel FFT Analyzer)z & & & 5. b #7 3% B~ {5 4F 5 32

[42] - 1990 & Tandon % Nakra @ 4% pt3+ 5 % L& PURIRIFAE crdf 42575 > &
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el 1T % 2 BRAITERAPT GOt RO B Y R T RN DN R E #
T AT > $T B P S RS T R e 8 0t E R R T
CURE 3 SRR TR S R LS 1SS TR L i RS S g
Bigr vl i A H[43] o d P R E R ET > Bche R 2 5 8
R TAEEELF AR EE R RS T B E AL S P AR
3 ERHERA F b SRR T E R PERFFEE L S URE R
Ao TR P R AR ST A A A O R R g v
7

R S LR

F_k

@

EF T Far S S S R D R

LAK %3 B 5 f245
AR LR R BB TR § 2 RCE SRR R

ERBRRSES R OEETY kA

N+

SRR P BT (T

o VEEPRUELAE G 5 e 3 {8 et R G ’%‘gr} PRI Bk dd B f e

«‘ﬂr

AR B e
Fr AR MR WP RN B Tes s RRFFIFNGE L
BN E G A8 e B 1-6 AT o BRI G < KA e B R B (Burr)
# %] o (Fracture Zone) ~ ¥ *» & (Shear Zone) 2 #-##(Roll-over) > B & 5 ek B 4e 1
-~ HF T ML E A AP BRG P AL At B Ao B 1-7 AT o B R
AP RELTREMIE B HEHRE S PRASHE T oe 2P gE2 T
BRAA T Hd 6o AR £ 1 St BRSSP B R R AR
PRPUAFRE G G FEaT s g1 [44] A AR 2 SR E
PR R R S AL PR ARG R L T A SR
2005 = Azevedo 2 HA 3 MM T 5 & b BRIF 4§ A1F R B
B AL G AL X BB 2 AR 4 epE iR [45] o - AR AL R 2
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§%F 80%: A G o A M B ALY R K 100%:F > 5 [46] - AFFF P iRl

MBI R > w7 R P G 2 L F i SRS R

Punch
~—T ‘/ ~—T ~—T
Sheet Metal Crack

- — g
7 — A—
- r D ———— T
Bottom Die \

> N

Deformation Plastic Deformation Crack

Fracture zone

Shear zone

Roll-over

B 1-7"rde i t W BRFP2e X 90 A2 F B T e 2 iEm 35
Beb BAe 1 - g 2 F NS F 2 MG BBy a P or ) G ant H[48]
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PR E RN LAERF R AT Bt 291 A
FRHEAE e ek R FPRIEE % 7 £ RPN FO R R
A A A RAE A R FHW AR RR G kGRS e E Rl
AEFEUOED F T R LinhE RFHRE -
%ﬁﬁvé?_ﬁ&ﬁ’raﬂﬁ'ﬁ%ii Frengopset s { TR EEEL A A Ao
‘ﬁié%’&ﬁ4§w¢${ﬁéﬁiﬁﬁ%ﬁ1éiﬂ%’ﬂﬁﬁﬁé
Nk R e R AR SRS HERL AR (TR P A G
kehx £ & K #?ﬂéﬁW@ﬁ°wﬁm*%zﬁmh_ RN S 3
Brib & 4E 0 LpE Rk ehy B %§@49§£0®&ja%;@W3%¥ﬂ
BRFZRBI AL Ra BEmgmBaied B2 28 TR Ly 5+ o] 4]
Bfe o e HNFARREEF R T REAF ORI EE - F 20§
ACRAER OEFHE R E NG OCE R R A IR ArF X A EFRZEE -
AIRT R T ABH A B A I R R - B HRk s T
R TER R R AR O R AN RECE P I FRE R E A 0 SR R

AADRE A S ERFA AT o M T SR DI A RRF I E & ?
PEHEE A6 0 R M F R A A T B MR B LR gt

B EFREH RAFBREE DR G AT B MR DE R R R A~ E DY 2
BB de o RS FAIEL A T F RELM ISR o Ah Y F R E MR G TR R

G hA KRG RRAHRAULENL A LS
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BRRIEZF G AR R R S AT LR HEhEE AT E

AR AAER R AR KR FAWH R G E T FRABBE AR

BB o0 hoB] 18 4 o

FE TR RMAAEEME A R

SRS RRAE K RERR S R 2 AR

SRR RS K Y A RILE LR

LR IRRBP i B AET R S RIS

BTSSR [N |
WiREDS LS4 ¢ A #H a2
ik e Rl Tt J Lo i

*# I(‘%—kuz@/__
AT P R Bl PCBIE RELA, 2 4%~ MM ER ~ 3K

Vi'e
1
=5
w
$
=
Jh.
=h
=
w5

R

-—

 RBA AP EE R S

SR I TR Y Y o

ERIE R BRI B R R A R

S EFETEI ALY

b1 AR B el GRWEF A A

3 S EH AR R

B R D SEAT B R A 4




-~} RHRBERE

|

21BT b
Aem e ¢ RO R ARG R AN B Lo i B 0 d W B AT T e
GBS R EREA S BT BB RN BB e B
BECES * B 4 TR S GBI T R PE R g < 15 M[49](R 2-1) -
LORCMEE B O RB AR TR URTRB R & 11 & 2RE
BT AE R A FEPRT] A 12 FHITFNF LR AR TUELRSS >
RTINS RO A E Y BT e s 25 R B R
& (MEMS Microphone) ie 5 & ip] =~ i > Bed T & fo b 2 &3 M0 B S8 R E >
AR AR E P ZPARHRE A TR T F Lk BB PRI
TENE R AP YT F - SRR TR RO S S F
RSP §REE BRALARE 3B R R § 24 TRAL I
Tomod WA T F b IR GHERIRERF ¢ RAcR 2-2(A) 0 & F KRG I REE
 § (]

SR A G R R E (TR 4 PR T SR RS TR it

THBTF AR HERE 2h QU R P B A R AT &
PERR <304 ¥ RS 2 3 I BERE AT -d B 22B)7 giAm> @ @

FoApcs T F o b BT gL ap #%]? #_100 Hz 3] 100 kHz> m #2 & qu F_eIEn
% 100Hz 3] 10kHz » ¥ B f2 P et T & 5L b e FER #@Jv B R

RER A RR I S B B PR S st o
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100%

90°% o

Loss in homogeneous
80% material

70% \\ / —
/ Loss in
nonhomogeneous

60% / \ material
40% 1 Interface loss -

outer ring to \/ \
30% -1 bearing support \I
Interface loss - /'\

10% transducer mounting \

0% T T T T T T T T T
Distance from vibration source

F12-1 Zdeik o2 b 4 et B @bl Bodo sk &/ 1 48 & 08200 0 B HEPF
W R § XI5 S o [49]

Signal strength

20%

(A) Diaphragm & Backplate Acoustic Port Hole
Wirebonds
[
Wall — >
Al
MEMS Back Volume
( ) SPMO0404UDS Typical Frequency Response
40,00 - -
50,00 -
-60.00
£
g
@
=
70,00 -
-80.00 -
90,00 ~
1 10 100 1000 10000 100000
Frequency (Hz)

B 2-2A)ts R % b RHER B)HcH R ¢ b 47 FRI[50]
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2LIABT S ety i

B 2-3 5 AFET AT e T $ b W B (TN ARm o SR AT SR
F LA REE N T 0 AFHREY ER 06 MM R AT B TS S
) i’i@uﬁiﬂ Z B R REE R TR @ (5 & 1 48(FeCly)
Bt Aty K Ao A2 oo Mgl - & Micro-CNC £: 7 (Model SD3025,
SUDA Instrument Company, China)#-+ % ¢ g 45 2 L B4~ Bl 4 2 5 & 15 mm ~ &
10 mm -~ 5 0.6 mm enF B A7 » T30 A Y Fged - £ 376 mm -~ % 2.95 mm

3 Ul B LR o dopt - RS T E Lk ﬁv—gsﬁf c B HRREE YT A

PR HETF AT HT2 v AREREF REED 2§ F 0L Mo
Fooh oSBTV AEERRENOTFRR BN EFERL 5 F S - FE2 T
ME-Sp022pF £ FRLF T RBRELRTRF L P H T RARICT

RREEFRA S BFE? R R RS2 LETE s N A
1 £+ Al4g § 4 F 448 (SPB-U668, Super Power Precision Company, Taiwan):#-
T E b PREEIRTRFEL - 2P TR st Bl 2 A A
1l bR RECTRAR Y G R L CAEF AL NE HIFLG
T RS Bl fAE L 60°CE - Bl PEERTRA Y RIS Z R AR A

BB F RO R L o

(A) PCB Layout (C) Soldering & Wire Bonding

(B) PCB Sculpture (D) Epoxy Resin Covering & Magnet Fixing

B 2-3 T &b el ieT 3 B

(A)=+ 7% T B4 iy ) (B)icts % & s b 2 g w7 2

C)~ i 452 T F s b 753 & (D)Wt K2 A A BBARE
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212 18T b - KRB
PR T B b A EEE R AR - Kot M BT b
B st R o RS e B REITAL DREEL S Bk
BT F b B A BT S g L B e ] 2-4(A)
ST o @ 18 H#et BT FLR feEr R h RS B & 2 F Lo R S
AR 2 BT S LR TR A T A ST E R e
B - B RBRTA 2 UL B B E AT S AR
Tk AHAER ORI - REPF F AR PR REF BT S

bHCEAE TR B RS A 4pF i 4o @] 2-4(B) A o

(A)

Caonsistency Testing
B L Conasteney Teeim —
. : o : : : : Mic 1
-0 l "kh : : : Mic 2
: : G 4] Mic 3
: : : ! : : Mic 4
B e d e S L Wic 5
: : : : Mic &
o
=
=
5 -100
k]
=
i 1 i i

i i T
0 0. 1 15 2 28 3 34 4 445
Frequency (Hz) w10

Bl 2-4 &5 h e REPIZE (AR BB T Fah £ et raf b
Tedgrnr e B 7 P T A 4 PR F AL e B) ¥ B AT S h il R R
PUEEREIEHR AR R AT T HERE LR AN HRE
MWEhFE e ApE - R o
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22 AL HARR

AERPE AL TR BRI R Y hEE 2 3 33T i en
Pt drant B 3582 AT KRR 1% 5 BRE & EDES 0/
Cubase LE® (Element 8 64 bit, Steinberg Company, Germany){c&x# 2 | i# R # e

FEME BB AT R E 96 KHz 1 Fg it RERF 987 € 4L Lk 4o

fekioing bk L £ #ocn % s 4R S wav i 0 £ %~ Cool EditPro2.1° 4 %
W K - PR 5 o B 2-5(A) & 3 AL ¥~ Cool Edit Pro 2.1° 14 & m s 4 #
A Z W g3 e M e e B 4 RIGH PR M Bl 5 0 B
MBS S HEER > T BRIEL 2 FE SRR OEER o H P 2
"UBRE B IR IF s & 0 14 Cool EditPro 2.7 5 bl » A7 § ki g R IR IF S R 4
5 0 dr@] 2-5(B)#7om o Aegt = ko A R B RS E s A LT A AR ]
R R G o B 2-5(C)T 5 I AE B o { e s
2 MatLAB® 3+ 5 ) 4wl #4 S 3i % B Wle 7 538 % R WAL (7 5 AR

T LA F P RRERGE S R gk B ERIR S R T
AERFAAA R ) S IR AR L R R R AL R TR
BRAv TS 08 RAELE S T B R g5 0 0 B LR R P
R R IR oy Y T R Rl 5 SkHz 1 10kHz 2.5 4 B

B8 Boil i A AR R A RAS I e R
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o S S e

o s e s s . ., e e,

(ap) spnuuben
~

O

N

Time (S)

S rj’]%\dj\.ﬁ"ét é_i -rj/]‘-})%

7%
=

MEL 0 kT IR

Es
I

LB (A) R R
2B &G

=2
g ¥ PR R % o (B)#-J 4

WELA 7T

Bl 2- 5

= #R

EPFRE® ¢

R T

P

H

v
I

>
I

BRI U o (C) AT R i

E:tt}‘
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3 BATH A 8
PR L RN A TY B #* hE 2% 0470 VR B SRR
S AR S TR ez UL e AR K OE Y 15 D O S~ B
FHCE RS AELE S R ARG L F RS SRR - S ST
(Frame) ~ % & #c# 3% (Window Function) 2 &P e % * § 4 #% (Short-time Fourier

Transform, STFT) = B 2 o 4ol 2-6 “77 e

Bl 2- 6 47 Hk5- 5  2
231 F =4 3

d A RANE R L PR 4 i RIERE GBI Mo L FE RIEI
BLatdrE R AR A PRSI R FAF IS P E ks &
96 KHZ o fokept B ePB A 5 i 7 > 33U “T A 4 AP SUBLen T L B2
Bt o it FiEEsd e

HiEsdpFe 72 BA & 2% 5 =& & (Frame Size) ~ £ 4 & (Overlap Rate)

2 § =5 (Frame Rate) - § 12 & R A2 - KR P g s 25 S5 2

i

- AR R 2 U 5 A EPRIEE 2 B S S R L R g LR

ek

=

o 2%

.m‘:b

%%%%%W%*m@?ﬁ”4a¥¢6”’%@ZNM 328
3

e
4 E

i d

L
i\

(i

‘ﬁ’l\ ’ ok

=

W o
kil

AFELREROLE &R 2T(B) &3 12E R
B R AR B SR B 2 Rl B S AN F 3
oS R L B A A R AR E R R RANHD ok AP ER
EHSAAPT Edr o LARAIT L E T o £ - R D 0% 5 T H{ 4 E

AR RS LY ) R AN E T L T5% A £ A3 TR K

o

RS R

Bl g LA RO IR B 2N eT
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fps © % 1= (Frame Rate)

fs @ B~ 4 & (Sampling Rate)

S; © % =& & (Frame Size)

S, £ £ B (Overlap Size) » £ & 5 3 1=& B fr & & chik ##

1:&_ & > F‘T =

4

R Sid
=
&3

ol

NS )R EE s R R Rk TR TS 4

15 TR RILy T E[5]]

(A)

4=

Power Spectral Density (Integrate from 5000Hz to 10000Hz)

Magnitude(dE)

6.35 6.4 6.45 B.5 b.55 B.6 B.65 6.7 6.75
Timeis)

(B) Povweer Spectral Density (Integrate from 5000Hz to 10000Hz)

Magnitude(dE)

: . : ; : i :
B.35 6.4 5.45 6.5 B.55 6.6 GBS 6.7 B.75

B2-7Tk-FERENT FHIEL R L F 28 FEE L] %R
EEFRE DR AT IRLY LR RAAEFEEL RS
L RF R P - (A)2048 2L (B)512 g
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2.3.2 § S #BPF

H b XK 2§ 125 2 3% 5 275 % (Rectangular Window) » B~4: 2 384T >

2 <n<S;—
WR:{x(n), O_n_Sf 1
0, otherwise
Wy * 4835 % (Rectangular Window)
X(n) @ BATPF R 5L
S¢ © 5 1=+ & (Frame Size)

e

— =~

=
Vel

A

NAEA)

)

T HIEE RPN GG R TR 2R RO

"F_'ll“\

EUUBLIEE Aot Bk g 4 R HEA A S R 0 6 5 B3 2 A 2

“‘%ﬁzﬂm

Tk @R BERE AL R[] -

- R A T AR AELEE 0 VIR g 1= 4 g P % (Hamming Window) * 1 45
BrHENT AP @EHE o BB N 4eT
WH(n)za—,Bcos<2nSfL_1), 0s<n<S—1... (2-3)
a=054 =1—a=0.46
Wy * % P % (Hamming Window)

S¢ * 4 1=+ & (Frame Size)

E() = R X W) oo, (2-4)
X(n) @ 4e § 15 AP B

E(n) @ R AeBLATRE A LEL

BT g MR et R Y B RURL R e R R I S B eh
R 4rB) 2-8 P70 fie & W - BT TN R E AT BB > 3 2R s gl

T3 A0 AT R el R [53] -
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(A)

Original Signal

TEIE 5 SNTUNNR 5 SRR 5 S S 2 ............ ........... ......... 23
[AL=] 2 - EUN: S SUUNUOOT O SURDUR S 4 ........... ............ ...........
AN SE0 ST A0 SURIE 0 [ ST S0 CRTPS % T ............. ..........

24421 .......... ............. ............ L SO TN ,

i) URUT SUU SRENY SUNS SO [ O S ............ ............ S U O _
EL ] STRINT TUP S SO S £ SE5 SO S SR R ST VTR TOO S o
OBE---4.3.0..82. 3. ....................... 331 ........... .

=] SRS 4 SURRIE 5 SN ........... [ SERTRNE T ........... ........... _

(B) Hamming YWindow Applied

0Bk ........... ............ e ............. _

0L AN EITES 2% 0 . SO ............. .
[N PEUTTRIIURIORURIRRROOE A5 SORURE S 4 RN OO S0 ........... ETTTPR R _

(-] ST 1 SN S [ S ............ ............ .......... _

02k ¥ % E 3 NS SRR ............ SRR SRR (A _
04k X E [UUTNE T S O .......... ............. .
) = ....................... ............. O o

= ........ o .

i 1 iy i i
0 0.0z 0.04 0.08 0.0 0.1 01z
Time

B 2-83F g2 (A)EVGTERRELIFIAT A HaMIERHE > &5 B3
TER AUl E 2 ST @ 2 2 @ B)EP § T NEFHENT R S D7 R
g
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2.3.3 EpFEEE > E i

LR ;gcj = ¥ & & (Fourier Transform) 7 3|#f 52 AL T 4v 12 & 47
CANERER AR OEF N RE R, E2A T LRNER TR S F
P PR 2 AR A ph o RS0 € 1 m PR R 2 ¥ # 4% (Short-time Fourier
Transform) 5 #g 3 & (7 & 47

ERFIEE  E R RS A TR AR E P T B T HE BT
SRR TR 2 R L p Bk g T Sl 2 B R SRR

oM HY B R e EE - FEE OO N o7

2 P() = [ F)e 2T dri i (2-5)
t: pEE(s)

F(t) @ M pF3 & B R 4o 5L

f+ # 5 (Hz)

F(f) : FQ) et = EaH > v 4 R

EPFREE - EEHE IX(LSf) = ffooo wy(t —1)X(@e 2T dr. (2-6)
t: FER(S)

f+# 5 (H)

wy(t) @ & P % (Hamming Window)

X(n) * R de HLATPE R ALEL

Xt f) : wy(t —DR(0) i = %

He B i A e e = T@E0 > UEFF A4S S IRAGZ fhb B ot AR

Bl > 4o B 2-9 #17 o
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Magnitude(d5)

L L L A L L L L L L
o.o0s 0o 0o.1s 0.2 o.2s 0.3 035 0.4 045 0.5 0.55
Time(s)

(B)

Spectrogram (Selected Frequency Range)

Magnitude (dB)

Time(s) Frequency(Hz)

(C)

B 2- OH4F s HE 3 (A)F B e R 458 (B) B = 3% T B3R
WMELE L e THE BT SBGEFE 2 TR o (CFHR U ERE
B s VPR S s RABZ fhP B ARE] o
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247 HH PR &

BROASLEE Y WP R AR R FER S B H R i
A H AR EAPRERID LB EE AN F R BRI A S FHRA
(Power Spectral Density) » ¥ 4R 5 & B4 5k 12 F 4227 B 9737 € & OpF 2L 5
2 Yoty B (B 2-10) » H ¢ A # F i ALK AT

= 7 JXCE) AL ot (2-7)
E: Fagmesrigd it £

x(t) * F

)

;‘gé Ll S T S LA ‘;gcj [CARE T % A
Z(F) = [ TPEX(E)AE oot (2-8)
(2-7) o7 Ak 5 o

SRRt = [ JRUIPAS oo (2-9)
da(2:9) 2 S e d FH AL B 2VA L N ingp A SRIR(OIPRIT AR S E 1
EE T w B Sk AH I FBRRETARTEL TS

St = IR 2 oo, (2-10)

Sxx - ¥ 53 % R (Power Spectral Density)

=

d 3 RaeE C(W/H2)2 7 # F 4 B RREFS > st BH 0 H g
% 4§ (dB) »

AB = L0010Z(Sys) e v eneenetet et et e (2-11)
EHEFFFBRRDIAZFE;OTRAIFBTARARE S AT B
g%k o AT Y o Gd BLRF IR 5 KHz 1] 10 KHz 9 3 58 iy £ IR 4F
DAl RS LS RN SRR B AR A EFF(S)
Hph s FRAG(AB)hr FE R R Bl 0 Aot - KPR MEAR RE A L L F AR

B RAT B AR e 1 B R A
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(A)

(B)

B2-10# 8 2R E (A HOPEFF kS 24 2 537280 F A7)0 £
AP A A PE I E F A F R o (B) 2 BFAE o F § o FHA

By :5‘ J:j‘l ;_Ig ‘E_'"Ip")i o

SHBIAFR a3 TRHBRARR

BB Y T MELA ﬁﬂﬁrs%!\u PFRE (T 5 H ik gy > @ 2h- B

<

REBEALITER > KFTARGFEEMELTEROE G U LRPF IR
FIR 36 el B B S - B RS A AR S
B g FloddiMfod fmd b BT L 10T E R 0 4oR] 2-11 frF o W
R R AR S Rl R Y A R R 1R G A
Bk hE B Ao AT 4 B Hend B g A4 150°~161° « M AL 4
FHeh B 4 4 198°~200° > * ik 5 T R R A0 A e S0 gk w et
ERCBELIBEHIHRIUSRP AL PFEE T RFEAPFEN LR T
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ZEVEBEFCEIREIR[IB VA PFL - BHE - BmalRd £
R ALy

Top dead center

Working Angle

old Touching

Mold Releasi

Bottom dead center

~ O N

Distance
D R T 2

Bl 2- 114 % RpFR 2 & faifsn LB L BRI RS & A 0 iR
AARR A ) FrEREFlohdRfed md Sk BRI L IITER o

- B &Y 0 50 RG § R E S TRRORSG R AN B
Rk R AL 'S 3 10 SPM (Strikes Per Minute) 2 if gLk o fdopt M en@dkE BT o
PR TS, FI5 Ao R OKRE A e kG R R T
P& OBORE SLAETT R S BLdE S e ST B3 (TR 0 Ao R] 2-12(A) 1T o T
Bt BRSO 2 OSURE SR T O o BLIT AL & & F 513 5 (Trigger
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