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Abstract

The ultrasonic vibration assisted manufacture can improve the material
properties. and reduce the forming pressure. When some manufacture
processes such as embossing, welding, cutting or grinding process were
combined with ultrasonic vibration system at high working temperature,
products with_both high precision and high quality can be obtained.
Presently in the industry, the design process of the ultrasonic vibration
system is based on approximate theoretical solutions and empirical
formulas to obtain rough design, and then finite element analysis was
conducted to refine the design. This numerical design was then modified
through iterative trial-and-error experiments. The whole process is time
consuming in getting final optimum parameters.

In this. study, an ultrasonic vibration system with high working
temperature was analyzed by finite element software ANSYS. The
simulation results were compared to experimental measurement, to confirm
the validity of the numerical analysis. The verified finite element model can
be used in the components design of the ultrasonic vibration system with
elevated temperature. Finally, this research combines the finite element
analysis and the optimum design to provide the uniformity of the output
amplitude of the system. Then, the optimal geometry of horn for ultrasonic
vibration system with high working temperature was derived and
experimentally verified. The optimum design automatic ultrasonic vibration
system in this research can apply to the design of hot embossing apparatus.

Keywords: Ultrasonic Vibration, Elevated Temperature, Finite Element
Analysis, Optimum Design.
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2 Fn R ESEE T ERILEEF > F 3 DR R
ERAAAETH > Fla A2 T > SERC 0 € RR AP R
+ W SRR GRS o TR RT T etk MRS
ERARRE TR R gh e iR A

BRELHAFEF L RN R BEFRPEIS N g @HFy 4 58T
e aRTEH A 1TRIHPE A FRRTTBE L
im0 GRS S gest ok &7 [17,18]

i @ = 473\ (Dielectric Equation) :

D= (2-1)

#d ¢ D: 7 =# (Electric Displacement)
e i & Hac(Permittivity)
E : & 35 & (Electric Field Strength)

% 5. T_E(Hooke’s Law) :

T=cS (2-2)

He T 4 (Stress)
c : 34 ¥ #(Elastic constants)
& % (Strain)
FHEAENT e RT RS AR T
=[c* fis}-le' JE} (2-3)

15



{D}=[elis}+[s* JE} (2-4)
He DR T AR E 2

e: B7 &4 ¥ #ic(Piezoelectric stress constants)

& TR @rEorp £ 2 A § hdk(Dielectric constants)
MARETER Y s 2 R k2 RTIBET PZT 50 it 2w &

ER> (T Zin™ p)d 8 183y 38 14 @ it 4o ¢

T,] [cE eE cE 0o o0 oS, ][0 0 e,
T, o A, Coo 0 (NN ISR Y 5
Ty - Cal,zl CsEz Ca3 OE 0 0 |S; i 00N e, Ez (2-5)
T, 0 O el Ol @l (#3y I 3N e
" N S——  eeedI” 27 4
Te] |0 0 0 0 0 c5|S)] |0 0 0
V_Sl—
SZ
D, 0 0.0 0 e 0] 5 fa; 0 O0TE
D,|=[{0 0 0 e, 0 O 33 e ow o DR (2-6)
D, e fe e,08s .00 0 O 34 0 0 &,]|E,
5
_SG_

BF PTAEA Y 0 e Bl B BT R4 F i) A

)% Sl B R4 (T2 T =8 (D) -

=3
:_‘-_,§

pi
W

21ARTHn F

¥ R oendka B4 5 BRI U e B (Magnetostrictive transducers)

™1 E Fg 3R T H i B (Piezoelectric transducer)# & o FUR T it BiT #

55

B4R L R T M R R TR
16
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AT R R ERT ARSI ARART N E

M

PRTELEIHES Lt S BRI AL - A ol
2-5475F oA Y BT B LR e et 2 e FRT LT
TEAgEt e - REF> BT HHAEF =B  BREHFA OHE
B RG A BEER FRLC e Y- R RS ER

€ Fla— BHA = BRCaABARI Y FEHEE DR

2B AR o BIE R RT R HE  EEA AR

|
*
fﬁi_
<
-]

«——L—0»

250 56 RT 5S4 4 HA9]

BT BT SBREFE S KEFE T TR
IR R AT 0 F ke B2 R R FE D4R 2-6 Ak s
T RE20] R BEER AR - BRR L - BEIEE Cyo -
BeBRIER ME I CohiATEE M LTItz ifn
HTRILE i TERZa R Lo

Zu= |24, (2-7)
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1

7 2-8
< jonfC, (2:9)
Zeo= : (2_9)
j2AcC,
T B R RBliEa BLILFLs
sy gy 1
1 L LG
7(s)= 2-10
() C,s s +Rls G +C ( )
L LGCG
BHP >s=jo @ ZME2 &S o kn BRERTE? » [LIER 5
5] SR ZERESF 0 F 2 RIEFER S R IR R
5 AR

Z(s) Co =

Bl 2-6 : # s BIEfiE >

2.1.5 42 ¢ IR Hg e =

.

w WA

AR AIRMEITS Beprd i 4B A

R A A A

PR - HREREIA BT

7| (exponential) ~

Ny —

A

B AT R

18

& 7| (catenoidal) = &= 2 i

L;

&

B [20]

AL ,}iﬁﬂ?\mna ERA

SIRtgE R G AT

73 (step) ~ [F1443] (onical) ~ 45 #&

A5 A

R IR



=3
4y
b
=
&
X
|
R
(\s
=
A
=
WS
™
‘m
%
sk
[y
)Q\
kil
‘ ~
}“\i
—1}:
1+
\\4"
kil
Bis
#
=
i

A T ST S S T IR L TR R R SO O R

7

Bl 2-7 5 & Al 2 dr e~ Foe

B 2-7 1 4768 @Ak 2 JEtee4 ®[21]

FRAPRFABES 5 50 R Ak v REHALE > A
d B far P S Eang A IR @ AT P AT A iR
B i SLE R 4w L HORE (Longitudinal mode) > # 4 FaR®E S w2 L iE
A3 m— 3R At AZF 2 E o
e M EM AR BYEd T o T T IR F 1| [16] ¢

Bhm gk £ 2 R RN R gL



c- |E (2-11)
o,

c=Axf (2-12)
G A R R B R E R R AT
PERGL R B RN R 2 B e 3 112 v R

T IUER TR O SRR SUPLE LS E

En L SR LRI IARE 0 U E SRR R o AT

BATE RS Y AR R SRR F R B AT AL

IR
N
5
Ja
~

FIERR G -
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221 Hof A5 RILE A

H & A 47 (Modal Analysis) 3 g 464 Fen- fo> 7 1A 47— B

E IR FE TSRS IR AR SR SIS Sy

,,n\«

AT @l RS CRE A RS A G ETR  F )

d

d ded T o ¥ o kiimpe R BB LA i@ d 2 47N 4o [22,23] ¢
mx(t) + kx(t) = F(t) =0 (2-13)

RN £ RS SET AN S T

m (2-14)
P+ it ODE f# 5 ¢
X(t) = ¢, Sin at +C, COS ak (2-15)

R A TR A 4T 0 3 R R R B RS R R

i

F

A% EEF RGBS g e [Aluf=afe) 2 4B B e 2 B B
% o
222 H A BRAFRIEG 4

4F 5 45 i (Harmonic response) £ % 25 4o it 5% b e f %5 A 473

H

ot o T L R B e T B B g 2

B d B ST TE P BT e BB
21



A et F oo f RAGFIER ¥ oA G- sphd g, Higd
23 5 [22,23]

mX(t) +cx(t) + kx(t) = F, cos at (2-16)

BPmiFE® xies kiEEitcimr k.

(2-17)

(2-18)

2-19)

(2-20)

(2-21)

FO
Ou=" (2-22)
r=2

@ (2-22)
£= c

2/mk (2-23)

;$2-19 ¢ > M Z =gt (Amplitude ratio) » g = 84 Fy T 2 =

22



FHom 2202 Apidk y E BB 2 Fendk B 4ol 2-8 97

Fin.x,(1)

Bandwidth‘
| I 2
R, 10 R, “n
Half power points

B 2-9 0 4 BBz 2 6 4 gherg 57[22]
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B ? Ry ) Ry( rp)z [FEE 5 47 % (Bandwidth) » # 3& tgt i

WL Qs - XpF, fL5L L # 4 gh(Half power points) » b pF 2

PR S
X Q 1
=== (225
S, 2 242 (2-29)
d ;8 2-19 &2 5% 2-25 7 {7
2
r12 = I:\)12 :(ﬂ] =1-2¢& (2-26)
a)n
2
r =R, = (&J =128 (2-27)
a)ﬂ

X226 2 o HHFE TR N 20T 2 o L, T 2
4F o 54 2-26 2258 2276 ¥ @

0 = 8 = (0, + o N, — @)= [R? ~RJ,” =450’ (2-28)
g N
Ao=w, -0, =2, (2-29)
d 5% 2-24 228 229 ¥ (@

1 o,

Q=L @ (2-30)

28 w, -,

E} ;\4 2_30 ¥ J‘r'PE’ oL I'}?H:FI %7 Fﬁg ]‘4 ’ ﬂ\ﬁﬂw ';[43.%%.‘:} 56}]9 ﬂl]%
it 0 o L N LIV %‘] A 2= T e Y WA

23 ¢ * ¥ 1 5—ANSYS

v

-L;~L
=g

EAFT P o K 5 U F ok ANSYS B 7RO B AR
24



R 47 o 1 3863 f258 (58 2-12 ~ 5% 2-16) e o fq o I g &

Fair o] p bR prent AL g (5 2-17 > 3 2-19 F) -
WEF A AL BT A BB ASF L F AT FF A

ARTAITRIA - R R T H R AT BRI HE S TR

-

4 R B S PREGEATE L E L RIRT M

P e FAAT S E R ] S E I ek e il ANSYS

231 B R

ANSYS # ¢4 £ ® ANSYS, Inc.E % > ¢ John A. Swanson >+ 1970

£ =2 BB oz % Swanson Analysis Systems, Inc. o
ANSYS, Inc. 5 & k- E R4 X F 252 L o7 BT H &
#o 8 i - ANSYS Multiphysics 48 & 7 v & 457 #-FH 48 & ~ T -3 18
~ BT 484 % > ANSYS Multiphysics #57 ANSYS #75 s 477 it >
FAHIRHEAT CABLAY CHA S E A HEE - A LR
A8 3¢ & 470357 & ANSYS Multiphysics ¥ %= = - & ANSYS Multiphysics
g & ATV A LB & % 1 B 42 (Direct method)fr A % ;2 (Iterative
method): ® 3%/ £ 2 4484 2 B K ig b P L 3 gm0 g

AApR B s S N AR EABHA L P RS BRI
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e pF 2 x/if;ﬂ’ EEL R IS N A
232 3~ F i &

AR & BINA DR RIE R o A e e (8 AT i

Poom BT B ET - Bag s ’?@@ﬁ&%ﬁabli’%?%

s
A3

&

TR R LA B AR O LA A 4T T
5 BT AT S T i & 247 T HR S B T 4 e

% > B RACR A ATE B E L A 500 4 o S aJTRET B3t 0 2%

~=$e

P4 E BRBET ~R AT i E L P A K R A )

kooow T HRILE LR UEE b RN E T SRl
2.3.3 5 ki

ANSYS g 88 4% & 100 f&04 + e & A w0 % kfER L f2¢ i b
BHArHAE oA M AT Er o BTN FodR kAT LT
fooo 04 BIRRE FlE o fbdag d 204 £ 3-(Coupled field) s~ % -
MEFER PP IEEZ BEL YT o L7 aud R & s ARG
Feanz SR & A4 S ¢ R~ % (Hexahedral mesh) » & 7f &%
VhF e R e e BRER TSI T UL - e
B RER G BB R mpr AT P EY D e g R A
(Tetrahedral mesh) » ¥t g feenS e b Als o 7 5 chd 4 g > ¥
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ANSYS 5 p o2& = e ficnrd iy o

FRIFL YRSV PRETETARTEE S (RHE-T)
AR A BED RAR R AT BB LT (BB AT E
SOLID98 > = ‘&= Fiw & 48~ % 17 5 0L H4) enie 2 & o ANSYS ¥ eh
SOLID98 % + B &g w e > & Bagy 5~ Bpd &(Ux-
Uy~ Uz~ TEMP ~VOLT ~ MAG) » i * ** = 0% B3~ #3335 -

LA S S AR
24 ¥ B2 7 IR R

PR F AT - B IRAE  Afid] 0 @ i S Rk g
PR T 2 R ettt 3 % H{12] g R T g LA
% Al e
241 A mebagaE > B TS

AT AT AR A RE SR D TR~ B R S U 2 R

MR RRE S SRR S S A RS S = A N SR B

DP AT o haE 2 B b A el ok B o

3R BR RO S0 iR > B A LA G BT #
S B BALE - M 3T L B h B AP E B h ANSYS ¢ iE
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FETAT o B 2-10 LIRde H A2 AR v ~p s gt At L A
BTV ARE > T 2 BRI I AT R Y T FNEA S R
2 S HOF # [ o

Fre @ aird il LS £(A2024) 2 BREBE R
(PZT-8) » Wl # 3 chkt 4L 5 4%k & £ (Ti64) > Frtg2c X BH AL L 7 s
(SS304) o vt 47 $ B P I ok Bl B A 47 4 19 T e T
motE s BRIEIAE R L 53Hz o d ;N 2-30 dEE 1 FfE L G
7.42x10" o Hip b B o £ 221 “1n o

.....

. —
W B B3 e
|‘;“}22 ]
Haz
a BHF
i—
i
& PR -
r'f;..'tlij)

(a) (b)

B 2-10 : (a)3rd & sz = AebAl(b)drds x vz = +[12]
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% 2-1 425 dRd ks R E[12]

%A (kg/m’) | 455 fhdc (GPa) | i
F=H 3+ (A2024) 2780 69 0.33
B3R R (PZT-8) 7600 0.29
B # 3 (Ti6d) 4430 113.8 0.342
Pty = B(SS304) 7900 200 0.3

mRE ML S A PZT-8 0 #rig ¥ ik Sk [13]4cT VA & N
25258 26 B R - AR 2 HRIG L F ZhhL S e

58 4 % #c(Elastic constants) :

(137 69.7.716 0 0 0
697 137 7.6 0 0 O
o] 746 76 124 0 0 0l (2-31)
0O 0 0 3365 0 0
0 0 0 0 34 0
0 0 0 0 0 314

BT R+ ¥ #(Piezoelectric stress constants) :
0 .0 0 0 0 104

[d]={ 0 0.0 0 104 0 [C/m? (2-32)
—4 -4 138 0.0 __0

4 7 fadkae L (Dielectric Relative Permittivity Matrix) :

88 0 0
[e7]=| 0 898 o (2-33)
0 0 58

AT GBI B E 7T ah e (free-space permittivity) 2.
WEE > B E T hA T Gilik(e) & 8.85%x10™° F/m o
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PACLRTEF R 2 BT ¥ RN S 5 LHHh 5 Z o 5 s
BEK B F o d RTHRELAES & 5 Z b &l BB
P RN R L R g T AR Z )

SRSEER = JATRIE T NS SR X TR
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X
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-
hL
A
Ty
_;
Fn
i"
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$AFRAY B B AL - AT RAH A B H A

30



243 & 4535 )

FUAZ A drEc8 ANSYS ¢ 447 e e REE Ko F L fE
Il hBcE A A [24] 0 B A Y o - A e g2 g
Block lanczos method » ¢t = ;7 * *v g4 kS8 F JER R & » {2 3-8
et pe R 2 (Damped method) - » ¥ A& fiofs A4 % ¢ X JRH4E 5 o
¥ ook o M SN A A e R fE 2 [24] 8 % @ * Rl 5 2 &2 (Full method) -
% H i &g 7= (Reduced._method) r4 2 i & 4 4c i (Modal superposition
method)e & $-7] ¢ #rig# a3 2 % SOLID98: & Hiik 4 #5 ¢ & * Block
lanczos method o @ ##E 3 S~ 450F > 2227 @ * 3T 5 pd B 112

7 IR EdRE: i 5uo ¥ SOLID98 ~ & K 4% & 2 f2/% Rz - i@ * 22

F P AT BT VR aRE kLB F BIR iiks Mg

P R HB R Ed AP RRNR T AL EREFD §
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%) 500Hz » iF % B R 2 b 515 GO 5 BB o 4o 2-13 0 %

3]

#E % ek JRAE S 35363Hz BF 0 JRF € F B~ B & 5.47um e
AR 65T 12000 = R T 2 AR AT - 120 R %
CROIEE R RS ST ENEES FUCE LS 8 S

”@ﬁ”iﬁﬁié ST 247 AR R JRIG 0 £ 8 F eAp

*m\L

[0 et - A I ;gd PEERTR R A1 AP F B Fx e
& om AP G P I AP B R T iRk ALEF A 1T 0 18 F R

A AR R T R SLEF AT 0 IRF R AR * -

NCDAL SOLUTICN AN
MaY 14 2012

SUB =1 20:45:14

FREQ=35362.8

uz (&vE)

RSYS=0

DMX =.537979

SMN =-.337378
SMX =.9587%6&

L
-.557578 -.56314 -.128301 .306538 .741377
-.780559 —-.34572 .089119 .523957 .9587%6
File: transducer+horn

Bl 2-12 : BofL A 492 An g4 A v B[12]
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34400

34800 35200 35600 36000 36400
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F2E BETLFUARLHEURE

FALE AR AL TR L R w2 R g
FIER G a G BREHL ERFS RA o L FG R
BAG BRI fEgEh 2N RFEER > AR H#
1 * B12]#72E > g B T IRE KA JTIRAT AT LR 2R

Y R HEBET

\‘*"

s B ér_%uiﬁﬁ; §EER A Tmi&q/ﬁt%ﬁ?
L e ® - AR A B A2 3 R A T2 4ER T - A
s R 7 % SN T 1 R B AR Bk 1] 5
e
31 &P ANEBETLZRELR
b LA AUR 8 T A AR R R 1 R

i ERRE S R RT P RIS F Ak R R S

BT L FR AR L R b BAS (T iea ) A B Sl

Ao BRITEE S GRS S - Sk ek F A irn KR &
A BRI EARLI FEIVEDRERFRAG - F %7 BER R E
SRR R kM2 EIRAF R o
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311 FHREAANE

AR R o P BRI L2 S Bp R BRAE (T
o e Fpid T R R 4] E(YOKOGAWA, UP150 > ) 3-1) > o #4 7
% (K-type thermocouple » B] 3-2)& B[*x+x Bp $0F & ¥ B w 8 1
BRELFAE > AT BEEI0E 330 AFFF ¢ & F 2 o7&k
(Hewlett-Packard, 8751A > ] 3-4 )ik £ 1 5= - (Magnitude) » ¢~ & &_
PR AT RERR L Sz 5:':;%%&3@] g @B 20 2 log & -
A AL A X 2 B Bk SLERE JRAR S o 4L e B2 17 RELAE 5 )
% S5Hz~500MHz » # it # & €.+0.02 dB, £0.12" - §] 3-5 5 7 & ik & 2
R W o B 36 PR FRFLIERE - FHT R o EK ARl

3-7 #5570

B 3-1: 8 B#d
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B 3-2: %70

Bl 3-3: &R & HEKMF

Bl 3-4: EpLA TR
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[ % , 55 54

l=H
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I 2L 1
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Bl 3-5 7%,

K

N \/U—V-ﬁgglia%

B 3-6: & B4R S F %K A L FKF
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3.1.2 F 2% &

g3 Rt 1-12 2 LA EAI R R § L R 5 & RS g

_E?f;ﬁ_% F'{Jiﬁ?%i‘tgg rr-f@] ol ie 8 B g e Bl s B
RIEIR e 2 BAug

£ B A& w5 209mm ~ 205mm ~ 202mm > @ & B

s

BEERIPFE -
EARE P o e A e B BRI (T A @ 44T
RE R A s BATHREF - o B E 5w BEAE TR

8Ly ot & Bl4cB) 3-8 = B 4 W e < B & =2 5mm-~10mm-~15mm ~

20mm e #-% - B P BE(BE R & B A bmm)§ (TR R AR

B4 B s i g R X 48 A 100°C~200°C~300°C~400°C ~
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550
500 N A A horn:202mm(100°C)
- = = ™ A horn:202mm(200°C)
450 A horn:202mm(300°C)
400 = X & = A horn:202mm(400°C)
350 A horn:202mm(500°C)
300 v 3 bz & - X horn:205mm(100°C)
O 750 . X horn:205mm(200°C)
g 200 - w » * horn:205mm(300°C)
o, - = = = X horn:205mm(400°C)
* horn:205mm(500°C)
100 L ik i i = horn:209mm(100°C)
50 horn:209mm(200°C)
0 horn:209mm(300°C)
0 5 10 15 20 horn:209mm(400°C)
%% F R EEd(mm)
Bl3-9: 2 FEFERTe BERE2ZEFE
37000
36500 \
36000
~ 35500

5 .\.\ ===horn:202mm
"é‘l;?)sooo &=—horn:205mm
\\ i horn:209mm
34500
34000 \l

33500

0 50 100 150 200 250 300 350 400 450 500 550
#HHBRR(C)

B 3-10: A7 FiE AR T 2 2 3RAEF
dFHREETER AR E s BER
ARF ARk Bh AR R R AR P AR o I % T o4 50 1410
FLR2EmH N EIRE R BEERER S P LARE &
HAFEE2 FhfnT PSR R RRFF P < g T

E.Jgﬁv‘g:; KiiiT L5
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R R PRSI RATE I OAGLE 0 W D]k R R

I

Bl PR RAES o L FAIY R 22 3 E AR R 0 HhE R
ﬁ%%iﬁ:ﬁt‘ odx X BE R L 209mMm pFz_drds kLA B AR T T
Pl s @4c® 3-11c d B7#F R F AR PF > HERFFRT
PR D ARF R AFER AR AR A L RREARR
TR P PR R AT R AR S 5

d R A RITEFZ MR ET FIR 0 Ak P AT RER TR
TR MR RARR RS IRAT TR I 30 2-19 2 JER 1L 2SN

22

(5 BEILEL L vl ok B0 SUpuES] ] 301 4 T 3 0B RARE UE

N

AR o B A < BebAj2 JRds klus AR R AR A7 RIEART 27

i e ko ) 24 fore i ded 3

75.5

75.0

74.5

g A ——257C

74.0 \
= ==—100"
§ 73.5 \ C
[<5)
£ 73.0 —+200C
3
o 72,5 ——300°C
E

72.0 ——400°C

71.5 500

71.0

33650 34150 34650 35150 35650
Frequency(Hz)

Bl 3-11: 2x+ BE£ A& 5 209mm pF i A 47 R 2 ELE
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4 3-1: %352 F Pk b h 2 BER T 2 LR
Horn | #g
0 23 25°C 100°C | 200°C | 300°C | 400°C | 500°C
(mm)
(Hz)
209 53 [7.43x10" |7.46x10" |7.52x10™ |7.58x10™ |7.65x10™* |7.72x10™
205 60 |8.34x10™* |8.39x10™ |8.45x10™* |8.52x10™* [8.59x10™ |8.67x10™
202 65 |8.91x10* [8.95x10™ [9.01x10™* |9.09x10™* [9.16x10™ |9.25x10™
32 327 A fAEs
A% R WY R A SR R BH{12] A% R
T A Z LA IARET A PR R T A4 o B 3-12 5 B TG 2
ARl fTadse B A LA B 4 o~ BB AP R 2 MR AR
BB iE 2 i 7 0@ 2 47 (Thermal analysis) » 7 1% 31| J4 Jr 6% & SLei B

A TE R A R S R TR R A R 0 T e A B Ap B2 R e

{7 5 44 11 (Structure analysis) » ¥ # S X AR (S 2 R A5 -k
SR B A T B BIBIE (S enth A T s iE > XA BRI T 2R 4

it (7 HEA A 11 A B S A T B IR S & S SR S

R R
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F 3-2 1 4Rd kA2 A E Gl s AODE Gl LR

b+ LR B ¥+
(A2024) (PZT-8) (Ti64d)
#18 & % #ic(W/m-°C)
o 237 20 22
Thermal conductivity
P (% #(1/°C) 6 6 6
_ 23x10° 2.6x10° 8.6x10°
Thermal expansion
b 44 (J/kg°C
v R % _ 897 74 523
Specific heat capacity
PR g2 4 B’ (SS304)
0 8k 200°C 400°C

(W/m-°C)Thermal

conductivity 15 17.5

AR Bl q00°C | 200°C | 300°C | 400°C | 500°C
(1/°C)Thermal

expansion

16.3x10° | 16.7x10° | 17.1x10° | 17.6x10° | 18x10°

ve 2 (Jkg°C) 25°C | 90°C | 200°C | 320°C | 430°C | 540°C
Specific heat
capacity 456 | 490 532 557 574 586

PR BT 24N R 8k[25] ) BB h4oB] 3-13 4ot - Ko A B

RRE S LR RS R S AR AL SRR RN



215
205

g

G 195 \\

¥ 185

w 175 \

ga 165 \\
155 —

145

0 100 200 300 400 500 600
ER(CC)

Bl 3- 13 : 7 464w (SS304) 45 = {4 #icee 8 B 2 B 1%4[26]
3.2.2 P AzarplirE LA

e ANSYS 425 p $aE = ey o B ¥ N EfLant ) d
smartsize & 3 - B E o HicF AR PE LSRG A Z SRRAAR > A
FERAES > HRAHTS R AR > €8 5 LR £ heiE
B 0l & 1 U RS R R L 2 B a0 b B R
g R R B RS BE L BRI R LT RS
Fen®it oy A B e didp s 7R o 2 % % 5 SOLID98 w4
P RIS ITES A0 BT ERAR | FE ST Y
B E ;A oJacd RAcB] 39140 FHE L RERARD o Joaed MABTT
£ 0 fosmartsize=3 2 5 AT @ it o e F K PET AT A 4 0 F]P 4
Ty ormenipiE BRI E I Ry iR K 0 g 1S
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(3) 7z p &33#c(Cost-function or Objective Function)
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Xy X X X, (4-1)
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Xa X=X k=123,.n (4-2)
TR
F() = F %%, X500, X)) (4-3)

# 50Tl

hj(x):hj(xl,xz,x3, ...... x.)=0

' : j:152’31""p (4-4)
7 %50 R
9i(0) =0, 04, Xor Xgrer X, ) <0 Ty 5 3 (4-5)

%

A FEEE 2 BB BN 8 0 I Ao PLBUE VIR B i fE gk OB B2
3o -G R PRSI HRE DB E e

4.3 #ic A £ — SmartDO

SmartDO & ™ #cie f i L K35 P A G > KL

FEA/CADICAE/CFD # fies 2 748 s AP 4138 5 72 143k - % #c »

MEREL AR BRE L TR AR TF R TP

1

o Bl 4-1 % SmartDO 73k 34742 - F B Rt B R § e a4
B vV UERRESDEETEET Ko
@ SmartDO £ & /™ gk !

(). § =it - BrEs g TR E -

55



(2). 4 CAE » 7% 7ETR #FRIF > 217 CAEREE £ 8-
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BT R BACE 4-3 T o s B(G-H-L)® @b 4

(R) » & Piie Bofi = 6 > f17 S HEE LT T di e 7w 2

o

G g RA XY R A8 e FIRURES ST H et BALE
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ARSI = Wkt T EIE LR S B S S
HH 0 ge0mm P % R i (Umax) & b o] 3R 15 (Umin) £ fod < 4R 150
WLOE o

v

DRSS ﬁﬁg?lﬂz BB S A 60mm A b o KR ET R BlAcE 4-3

FEF- A3~ BE B (H) > 42420 65mm
FEHA P OB 2 60mm £ & (L) 0 4745 & © 30mm
PR Pl e £ (R) 0 4745 E  8.5mm

Fl4rd] e~ B & R (G)» 474 & * 140mm

WA T
40mm < H < 80mm (4-6)
20mm < L < 60mm (4-7)
5mm < R < 9mm (4-8)
130mm < G < 150mm (4-9)
PR
[frequency — 35300Hz| < 200Hz (4-10)
|G + H — 237mm| < 35mm (4-11)
P AL h
minimize Umax—Umig
[Umax| (4-12)
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64.000 31.973 8.550 140.000 [ 35227 8.75
wiT
18.0
16.0 l=0=0=v"\
14.0
~12.0 \
§100 \
2 e e = =
4 8.0
f 6.0
4.0
2.0
0.0
0 5 10 15 20
it B #(%)

Bl 4-4: e ®

ﬁig?]:':\i B3 5 60mm 2 B i jTacd R

61




p

EOTEL SeLITT TedE
STEE=L

S0 =7
FEEG=15227

VA [BERT)
ESYS=0

THE =. 973543
SHE =- . BEIEE
SHE =. 3TU548

- BEIEE

- ETEEED

- AEETES

—LEGETIE

LE5E404d

. 5%5451

FEAdwd

»
AN

JOH 10 2013

13ee¥Fne¥

. 3T354E

Bl 4-6: %4

ﬁﬂai&é

60mm Z_
62

k2

2
|



-0.465
-0.47
-0.475
-0.48
-0.485
N -0.49
2.0.495
-0.5
-0.505
-0.51
-0.515
-0.52

’T#\ﬂg

Lﬁﬂ% b

63

N
NG /
/
/
10 25

30




24203 et BH AR RFEER

S IR

By s |60 poge | TR
H L R G

e 35 =

sie | (mm) | (mm) | (mm) | mm) | (pemg a7

(mm) (Hz) (%) K (%)

60 | 64.000 | 31.973 | 8.550 |140.000| 35365 8.75 8.75

65 | 66.420 | 37.200 | 10.657 |139.952| 35182 8.47 12.42

70 | 67.391 | 41.241 | 13.798 140.032| 35117 7.52 14.11

75 |120.000| 75.000 | 16.500 |141.811| 35161 | 46.53 68.01

80 [119.965| 56.030 | 16.957 |145.318| 35382 | 12.89 33.42

85 |115.090| 64.818 | 16.647 {141.967| 35100 | 48.49 85.65
90 1110.597| 59.165 | 18.157 |142.471| 35106 | 50.52 101.02
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20mm < L < 70mm (4-14)
5mm < R < 12.5mm (4-15)
130mm < G < 150m (4-16)
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