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Vibration measurement of large ultrasonic tools designed by topology optimization and
fabricated by metal 3D printer
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Uniform vibration of ultrasonic welding tools is discussed and designed using topology optimization, and
we are considering a metal 3D printer as a fabrication method. It is known that a small number of voids are
generated in the modeled object, and it is not certain whether the elastic constants are the same as those of
the base metal or not. In this study, a SUS316L test piece is formed using 3D printer and the elastic modulus
is calculated from the frequency of length resonance excited by electromagnetic acoustic transducer (EMAT)
and compared with that of the machine cut material. In addition, the vibration distribution of the tool when
the optimization result is formed is compared with that of the wire electrical discharge machining.
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Fig.1 Flowchart of the topology optimization.
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Fig.2 Target model design area from (a) bottom and (b) top
view, and (c) its mesh division.

M ZEEATH, CIIIREATH, w (FBFREN AR, A 1%
WITESTSI K & R RO b AR v 2 —ERRH ORI T
HITH 5.

TRICZER FICFEET 2 Lty R 5155
NI Z Otk % 2 TN L L C =0T IR 21572
L&, ZROURIMIEROTERICA I T RE PR Y —
HRIRL F1E, “RoTZEE L DMy N ZERRERE S . 23 2 7T
FNCH U S HREPIRO ERIAES AL L 20
F OZLICHES T 5.

SF SF
=20 d 9
5S. Jaévsz ©)

DFD, —RIBREXTL LRy b bR Y — Rk
O b Re Y EREHKEH UM U AMCEE T U LW
Fig 1 X5 EOREICBIT 2 70 —F v — F &2RT
O.101 KERFEIC BN T, HIREZIEMNTE D & Z Ol
f#liz % COMSOL Multiphysics 6.2 3 X T LiveLink for
MATLAB €Y 2 — V2 HHL, KoM EED
—E #1213 MATLAB(R2022a, Mathworks) @ Partial
Differential Equation (PDE) Toolbox Z{# L 7z. /L —F
> 2{KIZ LiveLink Bi53 N Cilc#E) L 72 MATLAB 22 1)
7L CHlfHE NS,

Q) BEtETILCRBLER

Fig.2 \ICFNE 3 TER SN =Xt HRERET L 2
RETHEE, BARSMERT. Bs P oT ERRYS
2y bE Ty FR—VERWELESRZHEEL,
Z % R AL 50 kHz THRENS 2 X S5 WIS HEN
L7zeT7 VEREET 5. MG xy AR TH %
DT 1/4 T NVTOMN & (b Z1T5. BN
SUS316L ZAHE L, SCHkfE 2223 X b ¥ > 73R E=193
GPa, R 7 Y >t 0.29, MR p,, = 7980 kg/m® % {H
L7z, R A BB OMEEEE c = VE/p, 2 HHEHT
25D 35, TEORIELSEFAU 175 KE, &

o
6—%‘ = —o’u! [M]uo +u [Alu 7 XEERE, BFEE 10mm b+ 5. TH FEERE
Y, . WCHHERE 6.5 mm DR — V& T ¥ D 2 N VIREF
(-0’ M1 - jw[C] + [K])uy = fi ® e EBAN f A LEE 212, TE FETOR
© — Rt EEABRGFEI RS - A-06-01 -



© —R#HEEABFFHETIES

A-06-01
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Fig.3 Optimal shape and nearest eigenmode with initial hole
of setting A: (3,2,1/36).
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Fig.4 Optimal shape and nearest eigenmode with initial hole
of setting B: (4,3,1/48).
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Fig.5 Photograph of (a) machined, (b) width, and (c) length
laminated SUS316L block.
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Fig.6 Measurement setup of the resonant characteristics.
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Fig.7 Measured vibration velocity vs. frequency.
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Fig.8 Measured apparent density, young’s modulus, and
quality factor for each three samples. Error bar indi-
cates maximum, average, and minimum value.
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Fig.9 Photograph of large ultrasonic tools for uniform vibra-

tion. (A-1) and (B-1) are fabricated by wire electrical
discharge machining, and (A-2) and (B-1) are fabri-
cated by metal 3D printer with thickness lamination.

Tablel Resonant frequency f, [kHz], quality factor Q, ad-
mittance Y [mS], force factor A [A/(m/s)], measured
flatness U [%], and phase deviation 66 [deg] of the
fabricated tools.

tools (A-1) (A2 (B-1) (B-2)

machined printed machined printed
Jo 51.09  50.54 50.89  50.51
0 9270 3063 8663 2916
Y 0.578  0.270 0.809  0.344
A 0235  0.182 0.171 0.175
U 67.56  61.37 80.44  67.51
o0 3.6 1.4 5.8 29
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