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Abstract

The cylinder horn is designed to increase uniformity of the displacement on the output face through
simulation and experiments for the simple cylinder, spool and step horns. The modal analysis is conducted
numerically to calculate the vibration mode and stress distribution of the cylinder horn, and the design of
experiment (DOE) technique is employed to determine the optimum configuration of the spool horn.
Displacement of the cylinder horn was measured using the Laser Doppler Vibrometer (LDV), and
experimental results show good agreements with the predicted results. It appears that uniformity higher than
95% can be achieved with the spool horn when the proper dimension of the groove is used.

Key Words :

A

© F-2=El(booster) & &(horn) &2 T}
AZE2te] ABZ2A I Z(piezo) , Al
A8 AEA= gz oS A2 ZER g
71t BLT(Bolt clamped Langevin-type Transducer)
& ARt BLTY Z8dolA EAsts 1%L uj¢-
Z7] W] BLT 8 Wol 24 FxEle} &5 o] &
alo] MES F7MITIH, £ SFHe & P 9
3 A=,

2 &2 Yool et AAY (eylinder) &3 v}

ol

404

Ultrasonic welding, Horn design, Cylinder and Spool horn, Step horn

(bar) £o2 A &3 4 3)«9—“‘1 A9y &2 9
ol wet 2ZF(spool) &, 2F|( =
(conical) &, A (exponentlal) 2ol o
. £9] e 2& U7} agAHor A
3 Fxlo] AN dite FEEE de F %
A

Astelol A, w@, g9 AN AFe T

(uniformity) 9} <3 2 Fu¢ £l (frequency
separation) 5= agdjof g},
& AARK] flsted sl AQl wHE A W

T
Ha ARE g sler, %ﬂﬁit" S 0] 83k |34

= il H= il -
P A 33 AlE BE P Age AN ¢
= %}aﬁol fonz Ha AHeE R 9ok Amin®' 3t

Cardom < f\—%ﬁr As 9
Mﬂ'. ‘I'r’—ql'—g—-/l\‘tl
of AH8EE T9 P
253 =8l AMgE e &5 AARIY. 2539 &

Journal of KWJS, Vol. 27, No. 4, August, 2009



61

o] AA

A4y &

<)

19

29 §

5 g W TR W & FMT T L% oo o o N OB
: S 8 Mo o 7 TR T X )
& y Eg = > AL RS o B o] o XAy g
s1 % D= RESw 3 @%ﬁ%mm% %ﬁﬁ_&p +
g :_ S3 = = % o T _ T T
o JHM\@ 5= HeT® Ty b DU T T
=) - __ﬂ_” ' |
— 2 wPIE F DEE T T e T
Q= No o ™ 1 = L ol ™+ ) o %l%
2 AN <R o R TR
a |1 = i w«mbwr.xoww%o %o_mwﬁmﬂ% M.C_ﬁimmﬂﬂrnn
d 2= I B R B i L= T KR
e_ =2 Taeva 8 L ERVE B ol T
S o g i AT T ™ F ook L] BT
/ 2 fas R oMo . Y W o= = gy Wy OF <0 % ;
S cEe ARNMPET Sy X = o r o gim _ @
J __ =R e I N I R %27 @ ot
g =1 s STR g Iy T W E £ or AF v on ¥ o) ol L -
.3 b 583 _z_ibeamﬁ_@%W EUMEE T I Uy 20 WMm_m%@lJmﬂNa
° |2 E g T H®EMN 1 UREL_Lmﬂmﬂﬂ 70 w_/m_g7mﬂ%aﬁ€
[ B5E RBy_=H0 & ®RTT N I T
| L2282 gFREIE P SEETSR. @ oslifel
! i ) [ Fo) 9 .
S ~ ﬂﬂw«lao%% S 2P T s W mﬁz_z&%_%w
; Ny o A = Ty S o :
- | m ﬂr@%%%{% ) %ﬁmﬂ89%wr oW T T QT T
WS e T oopAr Mo W L A] e
EH PR N DY RT WITNTPHET B SRR a
i S R R e ~ oo H X oo g0 A
R o, R o) G o M
TEICR L9 i0T pizpaiyd L% tig
T AT T T W o — g B Y G = WOE
Ko FWE B %o T MW TR N APt TR G o No ar
= oo T ™ mo X | 3 ol eyl ) P ,ﬂlpn T o & o oo
o ~ i O#\Ul ' . P ﬂ.cl,lwylﬁ ~Q] N T o}
WAt TEFEg _ gl © TR E s =N ok
b ol HE TEL L ol R R B ol
TG O S E %@1%%@&% _Lnl%dﬁ b EE
i  RIE - o =g By , T
oy e W PR T S E Lo R s g H ey e
FhEaT Fadadety ¥ e T M%% RN
- G _ BN S i r ro— NP = pr o
m&@%”i J_Hﬁmu_ulqu@%o WI._ EEWE%EMOMWQOMW A,M‘_ﬂﬂWAT
e S ) ZAL T % u TR o2 W Ry B A L]
FHRED G MW TR M%@ﬂ&ﬁ%ﬂﬂ%%@ a %%%% o
2y o 0 ' a ~ 2 . = T o~ CHr T R _ L o} —~
TO® R wEaPLise o 5 Tlo®m T L0 Ty s o F a0y
o W - I R I EEE - CTI D CIE A TS SR BT “ale X "
oF oo ™l = = 8O Hpw o N ~ 0 __ ol ~ L iy HE \T Ho R =3 il ~
<~ 2 o 2 A_d.. N o = Ho HEmr e el K o= P o| N I —~ o )
2oTeT LLOBEREE B 2 TERITLEsTe o~ 2,35 T
o m= gl = KW %0 X R M ho— A =TS = B 2
oA ® ST — o = = m — op 2 I 2 B o~y X Il - ;
e wm T PO g ML ETwrRe THRT L 7 P @
ToTXBEFPS TTWRT I ToH S N T AW AR T~ CRI CIN

405

24 (rounding)

1

.

2

(<]

3L

o

sl 7}

o

A3k BA 9k 29 o) 3% 2

7171 4§l

<

9]

=

5%, 20094F 8H

[:!
J

;QE_O

le2 SZEe 1049, 29

5

e 214 4

o)
=
FE

&

d o]

75]

bl

Fig. 19| © 4Add
15

Kl - Bes

bl



62

7} ©zte] 9Ix|7} g njx= I3 A
Ay &9 3z BE A 9] e
& =zogel ANSYSE AHgeld
(Design of Experiments)< o]&3dle] A& Zo] g
4& AT MINITABS ©]&3le] A
L= nA= ke B8t &9 AA AFE T
sttt 2% &9 A5 A@gAIHe 34 <AA=
o] Aol(L)& AA(D)olm, Alo] Axbe 1FH 2
o[(A)¢t Z(B) % HA(h)oltt.

a4 A3e Moz 4UH £3 gagon, 4

2
rO
;Y
N

—-

P Bolo] S o] H#d=E ALt A} vlws}
Ak, T BAV)E o] &8t 253 Ex17]e] &Y
TS 243519031, LDV(Laser Doppler vibrometer)
£ o] &3l FFAet FH g ZEWo %ﬂ*’ﬁg} &
TE St &Rl ¥Mel= LDVE 343 &

£ Aitate] o

&9 AAL Al7075-T6(Duralumin)e]™, A4t
AHeE Al A4S Table 19 Flskich &9 &
= A4S ¢t ANSYSS SOLID 45 845 AR
stgom, dEHd WMAE Uk, Fig 47]
£ o] &3] e MFAe Fure 24.TkHzolH,
o] A F2 FIFE o] 83t 74]"‘“5L 2o 4o
103mm olt}, ©r AYn 3 ~F g9 Hol¢}
740l 242} 103mme} 60mm<! 73—r°ﬂ st 2=
A& STt Fig. 28 &9 A ¥gd 34
YenH, o Ay 23 ~F 29| o 2
84.4%F 91.1%=M 2% T #der}t =t o
Ay 2o Af, AR &9 Aol solut
ol% &3 (Poisson’s effect)el &Js] % ¥971 &

o =89 -4 Z’“Hﬂ' %%1} ggoz Wsls
= 74 Ao

:; _1>1 rlr

> i 2 Jil'f Ay AN o
>

Table 1 Material properties of horn

Material Aluminium7075-T6
Density 2.81g/cn
Modulus of Elasticity 71.7Gpa
Poisson’s ratio 0.33
Ultimate tensile strength 572Mpa
Yield strength 503Mpa
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Table 2 Level of groove parameters for DOE A I & T

o n3A8o2EHE 97.7%9)
2= (A=4mm, B=5.15mm,

L Depth (A idth (B L i h
evel | Depth (A, mm) | Width (B, mm) |Location (h, mm) 12 olgdlo] A A A=

! 2 g 10 ahe A mEe ot 2o,
2 4 4 15

A=D/15 B=L/20, h=L/8 @
3 6 6 20

glel A(4)ellx B he #d=o] v Ge] 27]

TLEE TF3i5omn, MINITAB o] g3le] 1FHI} wj 5o _,Jéﬂ Zo] Zo|o| ;:} H g2 W—E}lﬂ‘}ii_,lA
A= vAl= J&FS AlLtste] Fig. 49 YeERIR = &t Zlolt} ek 2(4)

A7l tgk 1oz #

o} Fig. 4(b)elA 651’2} AR A, B, hAleldlE 2 o A7 60mmel & EHS AR H2BE T2
SA8e] EASER Fig. 4(a)d] FAUTCR HA  gaxomz A7) v B Hesl] HHo 1=
23& AHel] offth. MINITABeME 2 QA7F g qo22 ag)e qaﬂa;}% ©Ao] 9lo}.

Aokl vAle e dut SAFeE ey, 9 ~Z Tl Fdxd 7 2 e F= a2d
B BATE el IARFE 7P 2 BEN A g010) g wsksie 2 A% WIS Fig. 5o
o IAETE P AL Bitate] Aol® ARt gpnpoig. #xel a=H ool 4mm o A=
T dEkts 7R Aoketl w91 2 FECl  mops) A a28 7o)yl ommE 2o Ae

7P 2 Aem Weta, dEkgtel Hokddl meh A% gu zawo) 240 Ei;} | WE3i ma O
Al 9 F= w2 ok WA A QL b Ao} gmmz 27 Al FEzAL B
Aol Wegte] S5 #URd 2 9FE FTHL T G A5 2o squfoﬂ A eyt =4 2Als)
T oAt aFE QA dEREE A=6.8, h=2, o oms oz = wE AE zo 270

=
== =170
= olgH 24 Zlo 2] £ 3 - 5
B=0.12 Weh, ol 28 28 Zl(AZF AR gomy o)y 2ol A% AN @ A 52
o - _
TR 7P 2 92 T2 aFE ZB)9 L2 ojge) 2wl AZS 78 3 B 29 FEo] 9
Sur 29 278 Zo(A)E A AZFAES
) . h A7), Eo ool 21%o] FArr 2 ek
% /\ W OFH Zol(A)E HRAAA JIEFLEE A
e " 71tk
e e e A s0] A slal AC A(4)o] AA =
;ggo Eﬂt‘] :0:_4 A oo] @-6]'01"1: ST, '1(4)-4 Eﬁ] x]
1 2 3 1 2 3
: : FE G AE £ U AUY £9 FYES
= o0 wste] Fig. 69 YTt &9 27o] F7kebd «
944 _ -
=l e fasiA|wr, 2(4)9] AAAS A 2% &
0l — ; ; of FUEE T Y Eol vg] a1 AF Eo 4
Lewvels of the parameters 7(:)]01 701nm (1)—1 761_?_0115‘ 95%‘0/] iLoE]E% Oé’oé‘ _/'\_ 9\}]\E]'.
() Main effect plot zenio) W9lE 249 A As faesye
= g - - 1.00 F
A =
2 A PREORED SR i Sy —e :; g i
“ - - § 0.96
//\\ i A
F 8 . ik [P 2
. a2 S 0.92F
8 3 o
(0]
% A N
2 /\ — - B —.—BI Tg 0.88 |
y R -2 o —o—(a) A=2mm
[ . £ —&— (b) A=4mm (optimum length)
1 2 3 1 2 3 084k _0__(C) A=6mm
Levels of the parameters i 1 i I i 1 1
-30 -20 -10 0 10 20 30
(b) Interaction plot Distance from center (mm)
Fig. 4 Results of DOE for groove dimension of Fig. 5 Effect of groove depth on displacement
spool horn distribution of spool horn

REEH: - REHEEE 2746 4%, 20094 8H 407



64 AN G0l A%-FF =
100 fremen : : : : —}‘\‘H]:-]]% o"%?- -/]:_] ‘H}'\jl HC}HE]—O—E gg] t&i'ﬂ% }\O]—]_;O]‘s]
Syl 5 o .
o \ T ;SIQ'O}‘H aﬂé‘b‘;}_'/ﬁ 2)\‘]:1'

S NN Yurow Feo Hr LS WYYl 09 wEA
é’ 80 5 (nodal point)ollA] LAYSAITE, ~F & Afde
g T — \ ; IR0 BAE FeldA FHFo] BAIT ~F

o H H H H _ 5
= 6o v 2o oY WUt 3.64m ) AF, ==y A O
o \ FHAA WA= H SHol A7 8.6MPast
o ' 8.4AMPacltt. ~F &9 #7o] Z7| wiEo] oA

1 1 I
0 10 20 30 40 50 60 70 80 90 100 110

Diameter (mm)

Fig. 6 Comparison of uniformity between simple
cylinder and spool horns

= 12 —a&—— Measured
g “r — o—— Calculated
% L
& 1.0g
S
T osf f
N F
]
E osl
S C
Z.

0.4L M | 1 L1 I I

0 5 10 15 20 25 30
Distance from center (mm)
(a) Simple cylinder horn

1.4
5 ——a—— Measured
S 12 F .
g ——p— Calculated
(o)
3

¢

a2 LT t——g——p———p——e—
2 L
© -
T o8 f
N i
<
E 0.6
o
Z

04- ea bl s 3 5 a1 L= = . -1 L. = . .1

o 5 10 15 20 25 30

Distance from center (mm)
(b) Spool horn

Fig. 7 Comparison of calculated and measured
displacement distributions

A A= vlwale] Fig. 79 JeERATE LDVE

=73 AEAel RAE] WA Tsle AZEL
247+ 1.51ms} 3.64me| B2 o 18 HEL 3.64/m

o

olth, T Ay &9 H(Fig. Ta), &9 SAA

WL A3 oo ZApE W) fhaste] dd
7b olzith, a2y A~F &9 ZA%(Fig. Tb)ole
HHol|A Ao dAe W9t RSl T2 dUE
&t o Ay 23 AF &9 ALt 4
d A} viud HgstA A, 3t

lo

& e K1
i

rir a2
> o

Fo

WAshe Ao §8e &9 Al Al7075-T69] &5
9] 503MPaXt} wj$- 2t} aEa 2 A
AdAe &9 7t B &a el 7=
[e]

28 9

we PN oo

1}

w
N
| >

(]
ol
1o
:Iol__l

>

N
ic]

8
o] Fig. 8l YeRSIth Atel] AMgE 28] &2
Helah S| A7l 247 25mmet 12mmeo] i
o] 104.5mmel™, @ak= YHHCZRE 44 5mmd
AR} EEdo] Fraste] WAmH7E S7kshd £

Aot dAgth tdEe EYe] ddEE 99.5%%
W E=m, ole FHWe WAl Aok Hdwst &
7kst7] ol i, AF Eof ©ap el A
o] At vekd Ree] wgr BT, &
gvlog 45 13 RES A o Rest A7
Hol £ #d=E & F 9

28] 2o el Wsks ST 3T
fste] ek ks sie, ditdow e e
AW wAR FW WA Heldh Ul ghe
g W7ol 6.5mmel 28 Fe] JHMS7} 3.64/me]
Bl ellM dAeke &8 EES Fig. 9o WEhd

-

1 T

Amplification factor
no w

L L H L L H L
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Surface area ratio (A, ypu/Ainpud)

Fig. 8 Amplification of step horn depending on
surface area ratio

Journal of KWJS, Vol. 27, No. 4, August, 2009



259 48 Ay &9 A4

Cmax = 32.4?\!’1{]8 Omax =30.9Mp&
G=16.1Mpa g G=14.8Mpa

4

P

.

Fig. 9 Comparison of stress distribution of step
horn with and without rounding

140 n T T T T T T 40000
——— Node position : : : :

120 f-——5= Maximum stress position.............. od35000
—{F— Maximum stress

= 100F <=130000
E <
S g
= 8o 25000 2
e 2]
2 7
‘B 60 ~d20000 2
° =
s 22}

15000

@ 9410000

L L L L i i i i L L 5000
0 10 20 30 40 50 60 70 80 90 100 110

Step length (mm)

Fig. 10 Effects of step location on maximum stress

Atk Y 7S SR ¥ 2El 2o AS w&
A3 Aol WSk Ao e38-2 7H7 32.4MPast
16.1MPaz2A &¢ 5529 503MPakt}t 2t}
gy 7S 3 AF &9 A9 ==yI dxjolA
HstE Al 382 247 30.9MPast 14.8MPa=®
A, &9 g3l
Bl 5] thatol| A dhgstE 3 o] ke o]fE kY
AX7F A SHo] ¥Aee wEHo A9 th2r)
wj o]},

zo] Zol7} 104.5mm Q! 7%, ©ate] Zol= W3}
A7IH 28-S AL 32 Fig. 109 YeERiS)
ot 2E Eo] ©@Rpt Sk mEk m=Ae] A=

gt Z7lslm g1 Fules Wssin, £ Ay
see et wael Bolsk & AAdelel 1/2
o Bk pase Aol U M 2 &
o A Bl A6 e WS B Fokes
2elelok hn, B & Qelel 1/22 A4 WA e
ol v, 9e AUy g A% o
uhelol WS AA7h AAaht 29 B9 A
W} s A 2 0 AL wE s A0g
A A7k 97 A ehn, Avede wnsol

REEH: - REHEEE 2746 4%, 20094 8H

22 & FRoA Wit AFl B Hu-eEe

30.9MPa= -3l v|a] 27] wjiol| &9 <t

de A §IARE, HFo] FTtetAY &9 2]

Ardte Afde &9 Hd $Ho] 558 ofst
| s S|

[e]

oy, —
N
N

oft

ok
rd
SREY
me

k1

N
N
o

2

M

=

ol

1o

N

o

o
f oo

Ho ol

2,

rlr

[»

e F
nj ok
Mot o

>
41 oo

:oé

o

do I
[
M
ol
=2
N,
of{
]
—u
(T
rr
>
o
1Py
BN

ek
o
_o‘g
i
e
=l
ne
i
N
o|X 1o,
N
E.

>1|EE
Ho
N 1
o
LN
o
B

X 12
-
ol
1o,

o —u

s
y
X

1

oy
3 I

ﬂd
o3
riu

o o @y s

do M
&

|

s

(o

AN

o

L o2
_m:l 01?“1 rQL’

)

(A=D/15, B=L/20,

FHE

95%4]
(3)

H] 3}

vs}
=

=L/8)°|t}. A A9 o
L ZAZA 70mm o|HdAE=

op
o
>
o

M
me

[>

s 1L
iy

ol q
|
e

& &

2
[e3
r g

i
2
2
ot
iy
0,
lo,
—

/28T SHAAA A

X onofr 2 1o Lo
v
N
At
i
ot
lo,
olo
L)
o
o
iz
olo
)
B
>,

= A7E AYABATE] Y IT FF ALH I
2] TP FAe] A dol Faiglon, ol 2t

A =gy,

i}
rat

Foo2

1. Welding Handbook 8th edition, 1991, Miami, AWS
2. S.G. Amin, M.H.M. Ahmed, H.A. Youssef: Computer—
aided design of acoustic horns for ultrasonic using

finite-element analysis, Journal of Materials Processing
Technology, 55 (1995), 254-260

409



66

A A f 3 E

fd pu

3. KKH.W. Seah, Y.S. Wong and L.C. Lee: Design of
tool holders for ultrasonic machining using FEM,
Journal of Materials Processing Technology, 37
(1993) 801-816

. A. Cardoni, M. Lucas: Enhanced vibration performance
of ultrasonic block horns, Ultrasonics, 40 (2002),
365-369

. V. Yim, D. Han, S-Y Lee, K. Kang, G. An, K. Kim:
Vibration characteristics of a wire-bonding transducer

410

horn, KSNVE, 2007. (in Korean)

. 7. Chang, S. Sherrit, X. Bao, and Y. Bar-Cohen:

Design and analysis of ultrasonic horn for USDC
(Ultrasonic/Sonic Driller/Corer), Proceedings of the
SPIE Smart Structure and Materials, (2004)

. S. Timoshenko, D.H. Young, W. Weaver: Vibration

problems in engineering, John Wiley, (1974)

. J. R. Frederick, Ultrasonic engineering, John Wiley

& Sons, Inc., (1965)

Journal of KWJS, Vol. 27, No. 4, August, 2009



