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Analytical modeling and finite element simulation of
exponential horns with rectangular cross-section:
Application on ultrasonic assisted grinding

M. Emami', M.H. Sadeghi*’

1- PhD Student, Mech. Eng., Tarbiat Modares Univ., Tehran, Iran
2- Prof., Mech. Eng., Tarbiat Modares Univ., Tehran, Iran
* P.0O.B. 14115-143 Tehran, Iran. sadeghim@modares.ac.ir

Abstract- In an ultrasonic system, acoustic horn transmits the vibration energy of ultrasonic transducer to the
application area and amplifies the oscillation amplitude. In the present study exponential horns with rectangular cross-
section for application in ultrasonic assisted grinding process are designed and analyzed. An analytical approach is
applied to model this type of horns. For evaluating the analytical model, some acoustic horns are designed using
analytical method and then analyzed by the finite-element method (FEM) in ANSYS. Then, the design parameters such
as resonance frequency and amplification factor are compared and verified. A very good agreement is obtained
between the results of analytical modeling and those of FEM simulation. Moreover, a horn-workpiece assembly for
applying in ultrasonic assisted grinding is simulated.

Keywords: Exponential Acoustic Horns with Rectangular Cross-Section, Analytical Modeling, FEM, Ultrasonic Assisted Grinding.
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1. Ultrasonic Assisted Machining (UAM)
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1. Rotary Ultrasonic Machining (RUM)
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-1.448

-.879068

-. 309652

259765

829181

1.399

1.968

2.537

3.107

3.534

-2.025

-1.342

-.659246

023644

706533

1.389

2.072

2.755

3.438
3.95

-2.844

-2.036

-1.228

-.419537

.388545

1.197

2.005

2.813

3.621

4.227

NODAL SOLUTION

STEP=1

5UB =4
FREQ=19672
Usum (AVG)
RSYS=0

DMX =3.534
SMN =.176537
SMX =3.534

AT8537
5

843937
60237 1.328

\ OA...S;}M (a)

NODAL SOLUTION

STEP=1

SuUB =3
FREQ=29413
uUsumMm (AVEG)
REYS=0

DMX =3.95

SMN =294877
SMX =3.95

NODAL SOLUTION

STEP=1

SUB =2
FREQ=38609
usum (AVG)
RSYS=0

DMX =4 227
SMN =.375086
SMX =4 227

376086 1.266 21386
815297 1.696

s O\.\...»S;)M (C)
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3.534

3.897
4.227
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NODAL SOLUTION

STEP=1

SUB =2
FREQ=20000
USUM  (AVG)
RSYS=0

DMX =3.789
SMN =.21526
SMX =3.789

21526 1.032 1.849 2666 3.483
623729 1.441 2.258 3.075 3.789
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VALUE= UY /"’ -1.894
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NODAL SOLUTION

STEP=1

SUB =2
FREQ=18824
USUM  (AVG)
RSYS=0

DMX =3.824
SMN =.216269
SMX =3.824

216269 1.041 1.865 2.69 3.514
28536 1.453 2.278 3.102 3.824
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NODAL SOLUTION 200338

STEP=1

suB =2 766718
FREQ=20000
UsUM  (AVG)
RSYS=0

DMX =3.863

1.243

SMN =.200338 1719
SMX =3.863

2.196
2.672
3.149

3.625
3.863
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STEP=1
suB =2 BZ2036|
FREQ=20000

UsSUM  (AVG) 1.035
RSYS=0

DMX =3.823 1,448
SMN =,209042
SMX =3.823
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