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Design of Ultrasonic Conical Horn using 
Aluminium Alloy and Steel 
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Abstract: Horn plays an important role in ultrasonic 
machining process. The design of horn is critical to its efficiency 
and quality of machining process. Ultrasonic horns are tuned. 
Components designed to vibrate in a longitudinal mode at 
ultrasonic. Frequencies. Reliable performance of such horns is 
normally decided by the uniformity of vibration amplitude at the 
working surface and the stress developed during loading 
condition. The design parameters of horn are calculated from the 
theoretical derivation of horn. By these parameters, the horn is 
designed and analyzed using CREO PRO and ANSYS software. 
In this paper the main object of the project is to Improve the 
performance of the Horn from the analysis test results, The horn 
is compared with other available horn results by comparing its 
natural frequency, amplitude vibration and temperature of the 
horn. 

Keywords: Ultrasonic horn, Ansys, Creo pro, Aluminum alloy, 
steel. 

I. INTRODUCTION 

Now a days in Industries like Manufacturing, Aerospace, 
Medical, Defence army, in all these field every component 
has to be very precise cut and accurate shape. In Ultrasonic 
machining process each component of material removing 
process has precise cut and accurate shape, Horn is the tool 
which connects physical connection between the transducer 
and tool in ultrasonic machining process as shown in fig 1 & 
2. It provides the high amplitude between (15-25 kHz). The 
horn is used to amplifies the amplitude frequency passes 
through the tool which generates less stress on horn can 
improve the machining process in material removal rate. In 
this experiment we improve the amplitude frequency of 
conical horn with different materials Aluminium alloy and 
steel. From the literature review we have observed that very 
few paper has published on aluminium alloy horn, here we 
develop the amplitude frequency, stress, displacement, 
strain and heats flux of horn and compare both aluminium 
alloy horn and steel horn. 
 

 
Fig.1.Principle of Ultrasonic Machining [7] 
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Fig.2.Conical Horn [8] 

II. EXPERIMENTATION SETUP 

In this experiment we find out the amplitude frequency, 
length of the horn from derived equation. The most 
important aspect of the horn design is a horn resonant 
frequency and the determination of the correct horn resonant 
length. The performance of the horn is indicated by an 
amplification factor. 
• Amplification factor (Ln) is the area of horn at the 
input end to the area of horn at the output end 

Ln = ln [N] 
Where, 
N = Boundary condition [a0/an] 
a0= Area at the input end of the horn an = Area at the output 
end of the horn 
• The resonant length (L) of the horn is determined 
by substituting the known boundary conditions 

 
Where, 
2π 
C = sound velocity of the material horn 
𝑓 = amplitude of the horn 
• In order to check the frequency of the horn where 2𝜔𝑐 

> 𝛼 

 

α = 
In (𝑁) 
𝐿 

• Critical frequency of the horn is 
 
 
 

https://www.openaccess.nl/en/open-publications
http://www.ijeat.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.B4527.129219&domain=www.ijeat.org


Design of Ultrasonic Conical Horn using Aluminium Alloy and Steel 
 

4327 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: B4527129219/2019©BEIESP 
DOI: 10.35940/ijeat.B4527.129219 
Journal Website: www.ijeat.org 

 

Where, critical frequency should be double than the 
amplitude frequency. 

• Assumed input parameters of the conical horn at an 
amplitude frequency 20KHZ and 24 KHZ for steel and 
aluminum horn respectively shown in table 1 

Table.1. Input parameters assumed for conical horn 

parameters symbol 
Dimension of 
the steel tool 

(mm) 

Dimension 
of the 

aluminum 
alloy tool 

(mm) 

Area of the 

horn at input 

end 
a0 80*40 80*40 

Area of the 

horn at the 

output end 
an 40*80 40*80 

 
From the derived equations, the length and critical 
frequency of the conical horn at an amplitude frequency of 
20KHZ, 25KHZ for steel and aluminum horn respectively 
are calculated as shown in table 2 

Table2. Calculated Results of steel and aluminum horn 
for conical horn 

S.No Calculated Results 

Mate 

rial 
Steel 

Aluminu 

m 

Sound frequency (c) 
4320 
m/s 

6320 m/s 

Amplification factor 
(Ln) 

2.995 
7 

2.9957 

The resonant length 
(L) of the horn 

133m 
m 

159 mm 

frequency of the horn 
2𝜔/𝑐 

22.524 KHZ 
47.871 

KHZ 

frequency of the horn 
𝛼 

52.359 KHZ 
18.784 

KHZ 

Critical frequency of 

the horn 
6.6 KHZ 9.6KHZ 

 

 

III. RESULTS AND DISCUSSION 

A. DESIGN OF HORN: 

From the calculated result the resonance length of the 

aluminum alloy horn and steel horn are 159 mm and 139 

mm respectively, Area of the horn at input end is 80*40 mm 

and at output end is 40*80 mm for both aluminum alloy and 

steel horn as shown in fig 3. 

 
Fig.3. 3D model of steel and aluminum alloy 

B. ANALYSIS OF HORN: 

Firstly, the conical horn is designed according to the 
calculated equation parameters and then finally the designed 
horn is analyzed by ANSYS SOFTWARE.in ANSYS 
SOFTWARE the given parameters of aluminum alloy and 
steel. The designed part of the conical horn is analyzed by 
parameters of 7000N in download direction and materials 
properties are applied as shown in table3 

Table.3.compostion of Al-7075 

COMPOSTION OF AL-
7075 

CONTENTS (%) 

Aluminum 90 

Zinc 5.6 

Mg 2.5 

Copper 1.6 

Materials properties and loads are applied to the designed 
part of the conical part in ANSYS SOFTWARE. In both 
aluminum and steel horn the materials properties are taken 
chemical composition of respective from the material as 
shown in the table4. 7000N load is applied in (z) the 
download direction by fixed supported nodal, to find out the 
stress, thermal, stain, frequency of the conical horn 
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Table.4. Composition of Mild Steel 

COMPOSTION OF MILD 
STEEL 

CONTENTS (%) 

Combined Carbon 0.360 

Sulphur 0.042 

Phosphorous 0.056 

Manganese 0.0620 

Iron 98.861 

C. FREQUENCY RESPONSE OF ALUMINIUM 

From fig4 frequency response analysis the amplitude is 
maintained low vibrations at 9600Hz.when compare to other 
vibration frequency, low temperature is generated and 
surface roughness is reduced with high effective energy. 
 

 
Fig.4. Frequency Response Displacement of Aluminum 

From fig 5 & 6 gradually amplitude at 9600Hz and 13.696 
Mpa of stress & strain is maintained low .the elasticity of 
the aluminum horn is reduced so that machining process is 
performed well. 

 
Fig.5. Frequency Response Stress of Aluminum 

 

 
Fig.6. Frequency Response Strain of Aluminum 

D. FREQUENCY RESPONSE OF STEEL 

From fig 7 frequency response analysis the amplitude is 
maintained low vibrations at 6900 Hz.when compare to 
other vibration frequency, low temperature is generated and 
surface roughness is reduced with high effective energy. 

 
Fig. 7. Frequency Response Displacement of Steel 

From fig. 8 & 9 gradually amplitude at 6900Hz and 7.66 
Mpa of stress & strain is maintained low .the elasticity of 
the aluminum horn is reduced so that machining process is 
performed well. 
 

 
Fig.8. Frequency Response Strain of Steel 

 

 
Fig.9. Frequency Response Stress of Steel 

IV. CONCLUSION 

From the ansys analysis, 
• In frequency response displacement, aluminum horn 

has high vibration frequency When Compared to the 
steel horn, so Aluminum horn has low material removal 
rate. 

• By operating under the same condition with different 
dimensions, we can conclude that the aluminum horn is 
vibrating at less frequency with less amplitude 
comparing with the steel horn. 

• Aluminum horn can withstand high temperature in 
ultrasonic machining process and low stress 
concentration at high amplification displacement. 
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