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Abstract— Ultrasonic plastic welding has received 

significant attention in the past few years, and has become 

more reliable and suitable for a wide range of applications. 

The fundamental aspect of this study is the design of an 

integrated welding horn. In this experiment the conical horn 

is use. Design of conical horn is created in the CARD 

software. High precision is required in the design of the 

components and in particular the welding horn. Because the 

horn is responsible for transferring energy to the welding 

zone and the main objectives of this study investigate and 

evaluate the effect of different ultrasonic welding 

parameters (amplitude, pressure and thickness ratio) on 

welding tensile strength of HIPS. A suitable experimental 

design based on full factorial design and executed for 

conducting trials. These designs have a greatly simplified 

analysis. The results are analyzed using analysis of variance 

(ANOVA) method. This parametric analysis (ANOVA) 

shows the percentage contribution of parameters 

individually. (Amplitude, Pressure and Thickness ratio)  

Key words: Amplitude, Pressure and Thickness ratio, 

ANOVA. 

I. INTRODUCTION 

A. Importance of Plastics In Engineering: 

Among the basic engineering materials widely utilized and 

accepted today, plastics have attained firm place. As with 

any specific material or materials, plastics in general are no 

panacea for design problems. However, necessary degree of 

care is to be taken in their application otherwise 

disappointing results may lead to false impressions 

regarding their many possible advantages. 

As is characteristic with other methods of 

production, where machining, fitting, assembling and 

finishing operations can be minimized or eliminated, 

plastics molding may prove highly economical. The critical 

design consideration thus largely that of suitability of the 

material for the application. 

The suitability factor cannot be over-emphasized. 

Properly applied plastics materials provide a host of unusual 

properties which suit them for a wide range of uses. 

Generally, Plastics are strong, light, highly dielectric, 

workable, corrosion and chemical resistant and durable. 

Satisfactory applications range over a wide variety of 

machine parts from hard wheels, gears and levers to 

housing, frames, and insulators. 

It would be difficult to imagine our modem world 

without plastics. Today they are an integral part of 

everyone’s lifestyle with applications varying from 

commonplace domestic articles to sophisticated scientific 

and medical instruments.  

Now a day’s designers and engineers readily turn 

to plastics because they offer combinations of properties not 

available in any other materials. Plastics offer advantages 

such as lightness, resilience, resistance to corrosion, colour, 

fastness, transparency, ease of processing, etc., and although 

they have their limitations like burns out or distorted at 

elevated temperature, their exploitation is limited only by 

the ingenuity of the designer.[1] 

B. What is ultrasonic?: 

Ultrasonic is acoustic (sound) energy in the form of waves 

having a frequency above the human hearing range. The 

highest frequency that the human ear can detect is 

approximately 20 thousand cycles per second 

(20,000 Hz).This is where the sonic range ends, and where 

the ultrasonic range begins. Ultrasound is used in electronic, 

navigational, industrial, and security applications. It is also 

used in medicine to view internal organs of the body. 

Ultrasonic is a branch of acoustics dealing with the 

generation and use of (generally) in audible acoustic waves. 

There are two broad areas of use, sometimes called as the 

low-and high-intensity applications. In low-intensity 

applications, the intent is to convey information about or 

through a system, while in high-intensity applications; the 

intent is to permanently alter a system. To some extent, the 

low- and high-intensity fields are also delineated by a 

frequency range and power level. Thus, low-intensity 

applications typically involve frequencies on the order of 

106Hz or higher and power levels on the order of mille 

watts. High-intensity applications will typically involve 

frequencies of 5 to 100 kHz and powers of hundreds to 

thousands of watts. In actual fact, the total frequency range 

of all ultrasonic applications is enormous, ranging from 5-10 

kHz to as high as 10 GHz. There are also applications, such 

as sonar, which are exceptions to the previous 

categorizations, since intense power levels are involved in 

conveying information via underwater sound.[2] 

C. Concept of Ultrasonic plastic Welding: 

Ultrasonic plastic welding is the joining of plastic through 

the use of heat generated from high-frequency mechanical 

motion. It is accomplished by converting high-frequency 

electrical energy into high-frequency mechanical motion. 

That mechanical motion, along with applied force, creates 

frictional heat at the plastic components mating surfaces 

(joint area) so the plastic material will melt and form a 

molecular bond between the parts. No solvents, adhesives, 

mechanical fasteners, or other consumables are required, 

and finished assemblies are strong and clean.  

  Ultrasonic plastic Welding is the fastest and most 

cost effective method used today to join and assemble 

plastic parts. Ultrasonic plastic welding is cost effective and 

a green technology. Ultrasonic welding eliminates the need 

to use fasteners, glues and/or solvents.  Ultrasonic plastic 

Welding can be used to join all rigid thermoplastics. 

Ultrasonic welding uses an acoustic tool called an ultrasonic 

http://searchmobilecomputing.techtarget.com/definition/hertz
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horn made to match your parts design. Ultrasonic Welding 

is converted to heat through friction that melts the plastic. 

The main components of an ultrasonic welding system are 

the actuator and power supply, converter/booster and 

ultrasonic horn, part holding weld fixture/jig.[3] 

D. Ultrasonic Plastic Welding Principle: 

 
Fig. 1: Principal Of Ultrasonic Plastic Welding[5] 

Connecting hard plastics by ultrasonic is done 

through friction on the contact surfaces. The principle is to 

touch the surface of the work pieces vertically with a tool 

that oscillates with a high frequency (e.g. 20 KHz). This 

tool, oscillating with the frequency produced by the machine 

(called sonotrode) touches the plastic work piece & transfers 

energy. The work piece as the element of energy 

transformation gets the most possible energy for the welding 

process if the losses between the two contact surfaces of 

sonotrode and plastic are the smallest possible. The work 

piece begins to oscillate in the standing transverse wave 

train, and the maximum begins to form itself on the contact 

surfaces of the two pieces of plastic to be connected. This 

phenomena is similar to the one discovered by MELDE, 

called the effect of the oscillating ropes (loop of oscillation 

at the loose end!). Under the effect of the ultrasonic, 

transmitted through the sonotrode, the energized part begins 

oscillating on its surface in a locally limited way, while the 

other part – the one to be connected – does not move. Under 

the influence of a set pressure, superimposed by ultrasonic, a 

secondary friction of a high frequency begins to heat up the 

contact surfaces of the parts to be connected. The plastic 

melts immediately and after cooling off a sturdy & 

homogeneous weld is obtained. 

E. Why Ultrasonic Welding Has Become Popular In 

Joining Plastics: 

Ultrasonic assembly uses ultrasonic vibratory energy which 

is transmitted through the parts to melt and bond 

thermoplastic materials. This technique is fast, efficient, 

non-contaminating and requires no consumables. In addition 

to welding, ultrasonic processes can be used to insert, stake, 

stud weld, and spot weld thermoplastics as well as seal, slit, 

and laminate thermoplastic films and fabrics. 

Ultrasonic welding of thermoplastic material is by 

far the most common form of ultrasonic assembly and is 

extensively used in all major industries including 

automotive, electrical appliance, toy, packaging, textile and 

medical. It offers advantages in speed, economy, and 

efficiency and is frequently chosen when parts are too 

complex or expensive to be moulded in one piece. 

 

II. EXPERIMENTAL PROCEDURES 

A.  Ultrasonic Plastic Welding Machine Usp-2500: 

 
Fig. 2: Ultrasonic Plastic Welding Machine 

B. Specification of ultrasonic welding machine: 

 Model-Usp2500 

 Power-2kw 

 Frequancy-20kHz 

 Headtravel-250mm 

 Tooltravel-100mm 

C. Manufacture of Die For Sample Preparation 

The Properties of Die Material En-31 

Material For The die is En-31 Because En-31 Is a 

High Quality Alloy Steel Giving Good Ductility and Shock 

Resisting Properties Combined with Resistance to Wear. 

This Steel Is Basically Used For Making Die Production In 

Industry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3:  Die For Making Thermoplast Strip 

D. Name of Raw Materials: 

(1) HIPS(high impact polystyrene) 

E. Design and Manufacturing of Horn (Sonotrode) 

Selection of material  

(1)Depends of application may dictate certain requirements, 

such as wear resistance. If so, these will be in addition to the 

common requirements for sonotrode material: high fatigue 

resistance and low acoustic losses (meaning that they 
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shouldn’t absorb to much energy from vibration) high 

strength alloys of steel, aluminum and titanium are ideal, 

many other material might be sued but at the risk of high 

power losses. 

(2)In this work EN24 (AISI 4340) alloy steel used for horn 

material. 

Sr. Parameter Value Unit 

1 Material EN24(AISI 4340)  

2 Thin wire wave speed 5334 m/sec 

3 Modulus of elasticity 210 GPa 

4 Density 7850 Kg/m3 

5 Input frequency 20000 Hz 

6 Big end diameter 30 mm 

7 Small and diameter 6 mm 

8 Input resonant length 150 mm 

Table 1:  Typical Input Parameter Of CARD 

 
Fig. 4: Conical Shaped Horn 

F. Selection of Welding Experiment Parameters Control 

Variables: 

An experiment must be designed so that the information 

about the parameters affecting the process and inference 

about the system can be drawn with minimum of efforts & 

time being consumed. Design of Experiments (DOE) is a 

methodology which helps us exactly do this. Hence, the 

experimental work is planned using the DOE procedure. The 

first & foremost consideration is to select the parameters 

which are to be controlled i.e. independent variables or 

confounding variables & the parameters that are to be 

measured as the response parameters representing the 

quality of performance of the process. The key parameters 

for ultrasonic welding are amplitude, pressure, work pieces 

thickness ratio.  

Response Variables 

Tensile strength at breaking load are taken as the 

response variables. The frequency of generator is not taken 

as parameter for the experiment. as the machine is having 

fixed generator frequency (i.e. 20 kHz). Also the horn is 

tuned at only one frequency. 

Factors Level 1 Level 2 Level 3 

Amplitude (%) 70 80 90 

Pressure(bar) 2.50 3.15 4.00 

Thickness Ratio 0.6666 1 1.33 

Table 2:  Factor With Level 

III. EXPERIMENTAL TABLE 

Above analysis shows the percentage contribution of 

individual parameters on Tensile strength in polypropylene. 

The percentage contribution of amplitude is 26.00 %, 

Pressure of 39.46 % and thickness ratio of 24.75 % and the 

error is of 9.76 %. 

A. A. HIPS (high impact polystyrene): 

Sr 

No. 

Amplitude 

(%) 

Pressure 

(bar) 

Thickness 

Ratio 

Tensile 

Strength(N/mm2) 

1 70 2.5 0.6666 9.11568783 

2 70 2.5 1 10.29414177 

3 70 2.5 1.33 9.67025439 

4 70 3.15 0.6666 10.19016054 

5 70 3.15 1 11.50725612 

6 70 3.15 1.33 9.94753767 

7 70 4 0.6666 10.64074587 

8 70 4 1 13.58688072 

9 70 4 1.33 12.89367252 

10 80 2.5 0.6666 9.32365029 

11 80 2.5 1 9.25432947 

12 80 2.5 1.33 10.25948136 

13 80 3.15 0.6666 10.29414177 

14 80 3.15 1 12.61638924 

15 80 3.15 1.33 10.81404792 

16 80 4 0.6666 13.89882441 

17 80 4 1 14.97329712 

18 80 4 1.33 13.76018277 

19 90 2.5 0.6666 10.08617931 

20 90 2.5 1 11.16065202 

21 90 2.5 1.33 10.98734997 

22 90 3.15 0.6666 11.12599161 

23 90 3.15 1 13.13629539 

24 90 3.15 1.33 12.54706842 

25 90 4 0.6666 13.82950359 

26 90 4 1.33 14.59203261 

27 90 4 1 15.31990122 

Table 3: Data Obtained From Experimental Work for 

Tensile Strength in HIPS 

Above analysis shows the percentage contribution 

of individual parameters on tensile strength in HIPS. The 

percentage contribution of amplitude is 13.20%, Pressure of 

67.49 % and thickness ratio of 10.54 % and the error is of 

8.75%. This error is due to human ineffectiveness and 

machine vibration. 

B. B. Welding Sample of HIPS: 

 
Fig. 5:  Samples Of HIPS 
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IV. RESULT DISCUSSION THROUGH MEAN EFFECT PLOT 

A. A. HIPS (High Impact Polystyrene): 
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Fig. 6: Mean effect plot of welding tensile strength Vs. 

amplitude, Pressure and Thickness Ratio for HIPS. 

B. Amplitude: 

It was noticed that in the HIPS weld strength begins to 

increase due to the increase in amplitude. Higher amplitudes 

offer higher weld strengths for HIPS. In HIPS amplitude 

affected 13.20%.it is approximately same as thickness ratio.  

C. Pressure: 

Here in the HIPS the pressure is considered to be one of the 

most significant parameters which can influence the strength 

of a weld. Here the contribution of pressure is very large 

than other parameters. In  the HIPS the contribution of 

pressure is 67.49%. so the pressure is big affected on the 

welding tensile strength in HIPS.  

D. Thickness ratio: 

In this work, different thickness ratio of 0.6666, 1 and 1.33 

for the HIPS is selected. and also notify that  at the same 

Pressure, Amplitude and thickness the welding strength is 

different for different materials. In the HIPS the contribution 

of thickness ratio is 10.54%.is same affected as amplitude. 

in HIPS  at unit  thickness ratio the welding strength is 

getting higher than minimum and maximum thickness ratio. 

V. CONCLUSION 

In this dissertation work, various ultrasonic plastic welding 

parameters like Amplitude, Pressure, and Thickness ratio 

have been evaluated to investigate their influence on Tensile 

strength. Based on the result obtained, it can be concluded 

as follows: 

(1) The tapper horn is better for doing ultrasonic 

plastic welding  for HIPS because the time and cost 

is the important parameter for manufacturing the 

horn and The tapper horn is easy manufacture And 

the gain of the horn is sufficient for doing the 

welding for thermoplastic  materials. 

(2) The Pressure is most significant control factor on 

Tensile strength during ultrasonic plastic welding 

of HIPS. when the pressure is increase in welding 

then also the welding tensile strength is increase. 

the highest pressure is  affected  in the HIPS . 

 

(3) The effect of thickness ratio and amplitude is 

different for different materials.  
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