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Abstract

The presented article familiarizes the reader with optimizing the workplaces of ultrasonic welding
machines. The essential part of the article deals with prototypes, the construction of which does not
meet the requirements for production, economy, and functionality. The experimental analysis runs
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Keywords pointed out shortcomings and inaccuracies. The developer's team used one of the well-known optimi-
Ultrasonic welding zation and design methods to solve this issue. It is the TRIZ method (Creating and solving creative
Optimization assignments). The mentioned method combines two powerful tools into one whole. Specifically, it is
TRIZ the Function and Cost Analysis (FNA) and the algorithm for solving creative assignments (ARIZ).
Montage node The manuscript describes the use of the method for a more straightforward solution to problematic
FEM analysis parts of the structure. The result of the optimization process is a new, improved structure whose prop-

erties were confirmed in terms of stiffness by simulation in the ANSYS Workbench program. The
applications of optimized parts will also be used in other similar devices. The research will follow up
with the design of a new series of ultrasonic welding machines in the future.
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result. Thanks to the heat generated during molecular friction,
joining materials is easier (NOTUS, 2023; Wang et al., 2007;
Fang et al., 2018)

In ultrasonic welding, two pieces of material are joined to-

1. Introduction

This manuscript's main topic is improving the malfunction
of special equipment for ultrasonic welding. Every machine

and device is a technical system that is supposed to fulfill its
function in the first place. Secondly, it should be manufactur-
able under available conditions from available materials. Ex-
isting prototypes during experimental testing run point to de-
sign flaws. The welding part using ultrasonic welding (fixing
welding heads) became problematic.

An ultrasonic welding machine has four main components -
source, converter, amplifier, and sonotrode. The source pro-
duces high-frequency electricity (20-40 kHz) from low-fre-
quency (50-60 Hz). This electricity is then converted into ul-
trasound using a transducer. Subsequently, it is necessary to
amplify the vibrations of high-frequency sound utilizing an
amplifier. The sonotrode then directs the ultrasonic waves to
the bonded (joined) materials. Mechanical high-frequency
waves are crucial in ultrasonic welding to achieve the required
© 2023 Author(s). This is an open access article licensed

~ under the Creative Commons Attribution (CC BY)

License (https://creativecommons.org/licenses/by/ 4.0/).

gether through high-frequency acoustic vibrations (Trough-
ton, 2008; Bhudolia, et al., 2020). Ultrasonic waves are waves
at high frequencies that lie above the limit of hearing of the
human ear (the limit of hearing of waves 20kHz). Acoustic
energy is converted into heat energy by friction. It is possible
to create a connection almost immediately. A high advantage
of this method is the long service life of welding tools. Cur-
rently, it is known for use in welding plastics and metals
(EMERSON, 2023; Gallego-Juarez et al., 2014; Gupta et al.,
2021; Sahoo et al., 2020; Zhang et al., 2022).

The use of ultrasonic welding is different, while it is most
common where you work with plastics (thermoplastics) or
metals (electrical components). Typical examples of use are,
for example, the automotive, aviation, electro-technical, and
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packaging industries. The method is used by welding new ma-
terials such as composites. The quality of the weld is influ-
enced by the amplitude of the deflection of the welding tip, the
magnitude of the pressure force, the frequency, and the weld-
ing time (Mongan et al., 2022). The position of the fixed part,
the bonded element (the size of the contact area), and the
joined parts' natural frequency impact the welded joint's qual-
ity. The design and shape of the sonotrode itself have a signif-
icant impact the quality and efficiency of ultrasonic welding
(Shu, 2013; Kuratani et al., 2019).

The search for innovations is a movement of thinking "from
what already exists to what is coming" (Orloff, 2006). By in-
troducing any invention, we can improve or even "worsen" the
existing properties of the equipment. To solve problems in ex-
isting structures, it is often necessary to investigate the essence
of the solution and undergo the optimization process.
(Tomasikova et al., 2017; Tropp et al., 2017; Tropp et al.,
2018). The "Theory of Inventive Problem Solving" technique
is among the systematic methods of creating innovations,
marked by the abbreviation too TRIZ.

The essence of the methodology by Genrich S. Altschuller
is the generalization of successful procedures from the study
of patents, which primarily solved problems of a technical na-
ture. The method shows the performance of an essential anal-
ysis of technical systems in their physical essence. Even if
they have a patent nature, the most robust solutions are created
by solving material contradictions (Altschuller 1999; Katol-
icky et al., 2014; Pal¢ak, 2016). The methodology provides a
powerful tool for design innovations (Bultey et al., 2015;
Kaplan, 1996). The main components of the method are the
preparatory stage, the information stage, Functional Cost
Analysis (FNA), the algorithm for solving innovative tasks
(ARIZ), the verification stage, and the implementation stage.
(IPASIovakia, 2017).

The first parts of the methodology are the preparatory and
informational stages following the FNA, which analyzes the
technical system and reveals the so-called sources of possible
improvement. The main parts of FNA are analysis of compo-
nents and structures, analysis of functions, model of opera-
tions, and development/development of technical systems and
processes. Through generalization, we can formulate the es-
sence of the problem and find the origin of the problem.
(Skatupa, 2007; Terninko et al., 1998; Chechurin et al., 2016).

Analytical inputs form the basis for the ARIZ algorithm,
which resolves the resulting contradictions. By formulating
the first cause and the technical rejection, we should also be
able to define the physical paradox. If the formulation of the
physical disclaimer (separation procedures) fails, the task can
be solved at the level of technical rejection using heuristic pro-
cedures. The best solutions are created by solving physical
contradictions, whereby fulfilling the requirement, we cause
effect A (desirable), but we also cause effect B (undesirable)
(Akay et al., 2008; Hipple, 2005; Rantanen et al., 2007).

An example of the successful use of the TRIZ methodology
can be e. g. case study of an automation station for sheet metal
allocation. Due to the high requirements for security, robust-
ness, maintenance, and costs, a systematic approach was nec-
essary to formulate a successful solution concept (Gronauer et
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al., 2016). Another example could be the application of the
system operator (hine boxes/multiscreen), which is often as-
sociated with the TRIZ methodology and the analytical part
(FNA). Using a method to analyze an undesirable situation can
be done from different points of view. Specifically, the case
study applied TRIZ to compostable packaging bending tests
(Fiorineschi et al., 2021). The use of the methodology is dif-
ferent.

The presented article initially focuses on the constructed de-
vice, which is in the prototype stage. The design team used the
TRIZ methodology to facilitate the equipment optimization
process. The result of the work should be a device with a more
suitable construction and better fulfills its function without
other adverse phenomena.

1.1. The current state of the device

The article focuses on the optimization process of de-vices
for ultrasonic welding of plastic parts. In the current state, the
constructed devices are in the prototype phase based on cus-
tomer requirements. The first device (Figure 1) with the nu-
merical designation 106_05 01 is called a “small ultrasonic
welder”. The second device (Figure 2) with 106_05 02 is
called a “big ultrasonic welder”. The main task of the devices
is to create inseparable connections between several plastic
parts as accurately as possible. In the equipment frames, there
are sliding tables with beds for inserting parts. In the other
parts of the frame, the welding heads and elements for their
displacement, position control, cooling and control of the
welded parts are stored. Deficiencies in constructions became
apparent during test runs. The problem areas prevent the per-
formance of the main functions of the devices. (Caco et al.,
2017a, Caco et al., 2017b).

Fig. 1. Assemblies of welding nodes of machine 106_05_01
a) Right part, b) Left part

é“.,.

N

Fig. 2. Assemblies of welding nodes of machine 106_05_02
a) Right part, b) Left part
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The design team needs to optimize the design and improve
the device's properties before producing additional devices
(new series). The prototype devices from Figure 1 and Fig-
ure 2 used welding assemblies for the left and right parts. The
types of fasteners, due to their construction (welded assem-
blies, linear guideways, pneumatic cylinders), do not neces-
sarily fulfil their function. Fixing the welding heads in the de-
vice is complicated (Figure 3 and Figure 4). Many components
of different shapes and sizes are fixing the welding head, but
they do not fulfil their function correctly. Unreasonable
mounting load causes deflection. The sonotrodes are attached
to the device using single-point and two-point fixings. Indi-
vidual elements of construction nodes may differ in shape and
size, but their functions are the same. The structural assembly
of the head consists of a linear guideway, a pneumatic cylin-
der, supporting elements (mounting structure), and a sono-
trode (welding assembly).

Pneumatic »— Fixing to the
cylinder ﬁ . device frame
i\Linear
l guideway

Assembly KFixing the
node welding

assembly Ade

distribution
Welding
assembly

Fig. 3. Technical system of the assembly node for one-point fixing

Pneumatic

v/- cylinder

Guideways \ device frame \
Assembly

Y v g
node \
, LFixing the
welding
Alr —_— assembly

distribution

Linear Fixing to the

Welding assembly =

Fig. 4. Technical system of the assembly node for two-point fixing

From the analysis of the current state of the equipment, in con-
structing both types of ultrasonic workstations, a kind of linear
guideway, one type of pneumatic cylinder, nine types of
welded assemblies and fifty-two different manufactured parts
are used in the given assembly nodes.

2. Optimization process with TR1Z methodology

For a better understanding of the technical system, it is ad-
visable to create complete model functions. This model will
allow us to understand the relationship between the technical

elements and between the technological operations of the sys-
tem concerning the distinction of their hierarchy (Gronauer et
al., 2016; Terninko et al., 1998).

2.1. FNA Analysis

Determining the importance and hierarchy between individ-
ual parts of the system is relevant. By proposing a hierarchical
structure, it is possible to clarify individual relationships be-
tween system members and determine functions. The primary
function (M) can be understood as the function bearer's main
purpose (object, element). With essential function (B), we can
talk about the basic function (object, element). Help function
(H) helps to carry out the basic function (Gronauer et al., 2016;
Terninko et al., 1998). Figure 5 is a parcelled system of the
device into an extended model of the functions of the technical
device.

—»  Useful function, normal degree of fulfilment of function in parameters
" Harmful function

—— -+ Useful function, insufficient degree of function fulfilment in parameters
= Useful function, unnecessary degree of filling in parameters

1
1
1
1
1
1
1
1
1
I
1
]
1
|
1
| Move (H)
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
]

Technical system

Cooldown (P) | Welding (M, B)

Fig. 5. Technical system of the assembly node for one-point fixing

Based on this model, we know that some structural elements
of the attachment perform a function with insufficient filling
and others with unnecessary filling. Therefore, our optimiza-
tion should focus on this element or these elements of the fix-
ing structure.

Thanks to a detailed analysis of the technical node, we found
out or determined "What?" and "Why?" we will innovate. The
next step is determining "How?" we will innovate (Table 1).
Generalized shortcomings (need to eliminate):

e Low stiffness of welding assembly attachment.

e Low setting variability.

e Mounts are only suitable for one type of welding assem-
bly.

e Low variability when combining different types of weld-
ing sets is necessary.

e Complex structure for assembly, production, and subse-
guent maintenance
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Table 1. List of assignments and proposed solutions

Assignment Solution design
Harmful functions
How to increase the stiffness of ~ Change of the design of the
the attachment? handle.
Functions with insufficient fulfilment
Precise guidance to the
place of welding.
Changing the material of
the attachment elements.
Functions with an unnecessary degree of fulfillment
To unify the attachment of
assembly nodes.
Unify the attachment ele-
ments.

How to increase the efficiency
of the welding process?

How to eliminate unnecessary
elements of the mounting struc-
ture?

2.2. ARIZ and technical contradiction

Based on the analyses, it was possible to identify and de-
scribe the undesirable effects of optimized technical systems.
By gathering information and analyzing it, the picture of the
problem became clearer. It was possible to propose optimiza-
tion solutions to a certain extent. The tasks described can be
divided into two groups (Table 2) according to the difficulty:
e  Trivial assignments- these are simple assignments and do
not require any solving methods to solve them.

e  Problem assignments-these are complex assignments, and
the ARIZ solving method is used to solve such assign-
ments within TRIZ.

Table 2. Distribution of assignments

Trivial assignments Problem assignments
How to increase the grip
strength?

How to increase the variability
of the attachment?

How to ensure the compatibil-

ity of the attachment of weld-

ing assemblies?

How to eliminate unneces-
sary elements of the
mounting structure?

How to reduce the weight

of the assembly node?

To accurately determine the technical discrepancy, it is ad-
visable to name each deficiency with one word or as simply as
possible. For this case, we can call the insufficient parameters
we want to improve as strength, adaptability, and complexity
of construction (Table 3).

When looking for a solution to technical contradictions, we
can help Altshuller table of typical technical contradictions,
which contains various solving methods for overcoming these
contradictions. The resolution of all technical conflicts may
consist of different procedures/methods. The solution proce-
dure/method “Principle of Dynamism” forms their intersec-
tion. The principle of Dynamism:

e The characteristics of the object (load, dimensions, shape,
state of matter, temperature, colour, etc.) or the external
environment must be changed to have optimal values in
each phase of the process.

o Divide the object into parts capable of moving about each
other.
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e If the object is immobile, it must be made mobile and ca-

pable of being moved (Altshuller, 1999).

Table 3. Description of technical contradictions

Technical con-
tradiction 1

Technical contradic-
tion 2

Technical contra-
diction 3

By increasing
the complexity
of the construc-

tion of the at-
tachment of the
welding assem-
bly, its overall
strength will de-

crease.

Increasing the com-
plexity of the sono-
trode mounting de-
sign reduces
adaptability. There
is no possibility of
using the structure
for another type of
welding assembly.

To some extent, the
complexity and
adaptability of the
weld assembly's
design can grow to-
gether only up to a
certain limit. How-
ever, at their ex-
pense, the strength
of the structure will

decrease.
Complexity
Adaplability

@ Strength

f Complexity f Complexity
@ Strength @ Adaptability
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2.3. New design of the assembly node

The analysis of the elements and structures of the assembly
node system showed us into which subsystems the compo-
nents are divided, namely:

e  Subsystems of welding assemblies.
e  Subsystems for fastening welding assemblies.
e Drive and guidance subsystems.

We will also adhere to this division when designing the new
assembly node. Most elements of welding assemblies are pur-
chased parts. Based on the manufacturer's recommendations,
it is recommended to assemble parts only with components
produced by the given manufacturer. For this reason, parts of
the subsystem of welding assemblies will not be subject to op-
timization. We will take these parts as dimensionally invari-
ant; therefore, their grasping possibilities are also limited. The
subsystems of the fixing of the welding assemblies and the
drive subsystems need to be optimized to the greatest extent.

2.3.1. Drive and guideway subsystem

From the model of the functions of the technical system, it
emerged that pneumatically the cylinder does not fulfil the re-
quired function sufficiently. Linear guideways have taken
over part of their functions. The new solution works with both
elements as if they were one whole. One element without the
other loses its role within the technical system. Storing both
elements in one technical subsystem increases the rigidity of
the technical system as a whole (Figure 6).

The part of the structure to which other systems will be fixed
has substantially changed. The newly designed construction is
now more variable. The part intended for additional mounting
provides several mounting positions for the subsystems. Sev-
eral options exist for fixing welding assemblies to the pneu-
matic cylinder and linear guide subsystem (Figure 7).



KAROL VANKO ET AL. / PRODUCTION ENGINEERING ARCHIVES 2023, 29(3), 231-240

Assembly node subsystem parts

Top fixing

Subsystem of the
Assembly node

‘ <«——Linear guideways

Pneumatic cylinder

Fixing of linear
eguideways

”4—Lower fixing

Fig. 6. The proposal of merging a pneumatic cylinder with linear
guidance into a whole

nin:

Fig. 7. Areas intended for anchoring subsystems (highlighted in
red)

2.3.2. Design of the welding assembly fixing subsystem

When designing the construction of clamping subsystems,
we must consider both variants of clamping welding assem-
blies. This subsystem is between the welding assembly sub-
system and the propulsion subsystem. At the same time, the
linear guideway forms a connecting link to create a technical
system of assembly nodes (Figure 8 and Figure 9).

o

Fig. 8. One-point fixing of the welding assemblies

Fig. 9. Two-point fixing of the welding assemblies

2.3.3. Design of a one-point subsystem for fixing the weld-
ing assembly

This type of fixing uses only the upper part of the body of
the welding assembly. The upper part of the ultrasonic trans-
ducer serves to fix it in the correct position to the welded parts.
The ultrasonic transducer has mounting holes for M5 screws
in its upper part. The original clamping member had the task
of connecting the pneumatic cylinder to the welding assembly.
His next task was to fix the cooling tube and, after completing
the linear guide, also fix the linear guide carriage. We will use
the unfolding technique for this member and transfer some of
the tasks of this member of the structure to another member
(Figure 10).

Part for holding a pneumatic cylinder

An imaginary

dividing line

Part for fixing the welding head

Fig. 10. Proposal of the development of the fixing member

By unfolding one of the original clamping members, we can
delegate the clamping function of the pneumatic cylinder and
the clamping function of the linear guide carriage. The cooling
tube can be fixed to the drive and line subsystem. An alterna-
tive to this would be to fix a new welding assembly subsystem.
The new subsystem of fastening the welding assembly will
therefore have two functions. The primary function will be to
hold the welding assembly, and the secondary function will be
to keep the cooling tube (Figure 11).

235 ARCHIWUM INZYNIERII PRODUKCJI



KAROL VANKO ET AL. / PRODUCTION ENGINEERING ARCHIVES 2023, 29(3), 231-240

-

SR

Fig. 11. New subsystem of one-point fixing of the welding head

2.3.4. Design of a two-point subsystem for fixing the weld-
ing assembly

This type uses two parts of the welding assembly for fix-
ing. The upper part is joined to the ultrasonic transducer, and
the lower part is fixed to the booster's ring.

The original design included directly mounting the fixing
subsystem and welding machine on the pneumatic cylinder.
The cooling tube could be additionally fixed to the pneumatic
cylinder and provide cooling. In addition to the need to
strengthen the structure, the requirements also resulted in a
new function for grasping a part of the linear guide. We will
transfer some tasks of this structure member to another mem-
ber or another subsystem of the structure (Figure 12). We can
also use the unfolding technique for this member.

The part for fixing the pneumatic cylinder

An imaginary

dividing line

The part fort fixing the welding head

Fig. 12. Proposal for the development of the two-point fixing sub-
system

After developing the original fixing subsystem, we will
move the pneumatic cylinder attachment function and the lin-
ear guide carriage fixing function to the drive and guidance
subsystem. The process of gripping the cooling tube passes to
the subsystem of the sofa and the line. Therefore, the new sub-
system of fixing the welding assembly only has the function
of fixing the welding assembly in the desired position (Figure
13).
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Fig. 13. Design of the subsystem of the two-point fixing of the
welding assembly

Although we did not fundamentally reduce the construction's
complexity, we managed to increase the variability of the fix-

ing.

2.4. Optimized assembly node

Using the TRIZ method and the results of testing prototype
devices, we worked on optimized/new designs of subsystems
of assembly nodes. By assembling optimized sub-systems, we
can get different variants of the given technical system as
needed. Variability in assembly nodes' assembly has also in-
creased with the option of choosing a drive and line subsystem

(Figure 14).
o ¢

& l
+ '
Fig. 14. Compilation of optimized assembly nodes
a) one-point fixing; b) two-point fixing

The new drive and guide subsystem allow both welding
heads to be held in four positions. For the two-point fixing, the
possibility of setting different heights of the welding assembly
in a vertical position has been added. The variability of the
mounting of the cooling tubes has also increased significantly.
This increased the variability of assembly nodes even more

a)

b)
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significantly. In the new structural design of the unified as-
sembly node, in which the manufactured subsystem of the
drive and line for both types of ultra-sonic welders is used,
there are:

e  One type of linear guideway.

e  One type of pneumatic cylinder.

e Nine types of welding sets.

e  Ten manufactured parts.

2.5. FME analysis of assembly node

Using the finite element method was made a comparison be-
tween old and new (optimized) construction. The goal was to
determine how the behaviour of selected assembly nodes
changed under load. The authors performed the software anal-
yses in the ANSYS WORKBENCH program. In simulated
models were removed all redundant elements with secondary
functions were. The simulations were assigned the gravita-
tional force and the pressure force (acting in the opposite di-
rection to the gravitational force). Pressure forces during ul-
trasonic welding are from 0.2 MPa to 10 MPa. The method of
choosing the pressure value depends primarily on the proper-
ties of the material to be welded. (Kuo et al. 2022; Li et al.
2019)

For ultrasonic welding of plastics, the pressure most often
ranges from 0.2 MPa to 0.3 MPa. It is always necessary to test
the given force in the device and adjust it according to the
quality of the test welds. Based on the recommendation of the
sonotrode manufacturers, a pressure of 3 MPa will be consid-
ered at the beginning and later with an operating pressure of
max. 0.3 MPa. The total welding time must be divided into
welding and material solidification time. In the simulation, the
welding time was set to 1 second, and the solidification time
was set to 1 second. The essential condition for the analyzed
structures is that the welding tip does not deviate by a maxi-
mum of 1 mm at the weld point. The second condition is that
the mechanical stress does not exceed the yield strength of the
given steel.

We subjected the original one-point and two-point holders
to FEM analyses. Because of the large number of results and
different variants, the results are presented only for one-point
attachment before optimization.

The results in Figures 15 and 16 are at 3 MPa and 0.3 MPa

pressure. Figure 15 is the design of the one-point fixing node
PO1. Figure 16 shows the creation of the one-point fixing node
S01. From the point of view of the different solutions of the
mounting design, the results of the analyses were an interest-
ing option for presentation and comparison.
The higher load (3 MPa) pointed to critical points in the struc-
ture. As mentioned earlier, the mounting method turned out to
be insufficient. It can be argued that both designs showed
signs of excessive deformation of the mounting at a higher
load (3 MPa). The lower load analyses (0.3 MPa) conducted
for individual structures in Figures 17 and 18 did not reveal
any significant deviations and critical stresses. In addition, the
mounting nodes met specific requirements.

B: 3MPa
Equivalent Stress
Type: Equivalent feon-Mises) Stress
Unit: MPa
Tirme: 1

B: 3MPa
Total Defarmation
Type: Total Defarmation
Unit: mm
Tirme: 1

357.73 Max 2.1634 Max
1.923
1.6826
1.4422
1.201%
0.96149
0.72112
0.48075
0.24037
0Min

b)

Fig. 15. One-point fixing on the montage node variant P01 (3 MPa)
a) Equivalent (Von-Mises) stress b) Maximal deformation of tip

B: 3MPa
Equivalent Stress

Type: Equivalent (won-hises) Stress
Unit: MPa
Tirne: 1

B: 3MPa
Total Deformation
Type: Total Deformation
Unit: mm
Tirne: L

1138.1 Max
300

262.5

225

187.5

150

112.5

75

37.5
4.0274e-10 Min

3.171 Max
2.8187
2.4663
2.114
1.7617

a) b)

Fig. 16. One-point fixing on the montage node variant S01 (3 MPa)
a) Equivalent (Von-Mises) stress b) Maximal deformation of tip

The fasteners show high-stress values at a higher load
(3 MPa), significantly affecting the device's functionality. The
analysis itself pointed to the components that are critical parts
of our construction. The FEM analysis showed that the proto-
types had a problematic part without a linear guideway. From
a design point of view, the pneumatic cylinder was chosen in-
correctly. The occurrence of high stresses on the fixing and the
lack of an auxiliary function for moving the assembly node
downwards caused backlash, stresses, and inaccuracies.
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C:0.3MPa

Equivalent Stress
Type: Equivalent (von-Mises) 5
Unit: MPa

C: 0,3MPa

Total Deformation
Type: Total Deformation
Unit: rrm

Tirne: 1 Tirne: 1
100 0.21634 Max
100 0.1923
87.5 0.16826
75 0.14422
62.5 0.12019
50 0.096149
35.773 Max 0.072112
25 0.048075
12.5 0.024037
0 Min 0 Min
a) b)

Fig. 17. One-point fixing of the montage node variant P01
(0.3 MPa) a) Equivalent (Von-Mises) stress
b) Maximal deformation of tip
C: 0.3MPa

Equivalent Stress
Type: Equivalent (von-Mises) Stress

C: 0.3MPa
Total Deformation
Type: Total Deformation

Unit: MPa Unit: rrn

Tirne: 1 Tirne: 1
300 0.3171 Max
300 0.28187
262.5 0.24663
225 0.2114
187.5 0.17617
150 0.14093
113.81 Max 0.1057
75 0.070467
37.5 0.035233
3.9192e-11 Min 0 Min

|
a) b)

Fig. 18. One-point fixing of the montage node variant S01(0.3 MPa)
a) Equivalent (Von-Mises) stress b) Maximal deformation of tip

The design was optimised using the TRIZ methodology at
the end of the improvement requirement. In Figures 19 and 20,
the results of FEM analyses can be seen at a load of 0.3MPa.
Figure 19 shows the optimised design of the 106-X5-01_0100
one-point fixing. Figure 20 shows the optimised design of the
106-X5-01_0200 two-point fixing. The main requirements for
the optimised design were the maximum deflection of the
welding tip up to 1mm and the mechanical tension in the struc-
ture did not exceed the yield limit for S235 JGR 1 steel.

The FEM analysis shows that the optimised design of the
construction of the assembly node is suitable. The original
building was unsuitable and excessively stressed. Comparing
similar studies before and after optimising the structure from
the point of view of functionality was the improvement of
properties achieved. We have suitably optimised the design.
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D: Steel 0.3MPa
Equivalent Stress
Type: Equivalent (von-M
Unit: MPa
Time:1s

D: Steel 0.3MPa
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1s

4.3058 Max 0.015904 Max
3.8274 E 0.014313
3.349 1 0.012723

— 2.8706 J 0.011133
2.3921 0.0095423
1.9137 0.0079519
14353 0.0063615
0.95686 0.0047711
047843 0.0031808
3.3649e-6 Min 0.0015904

0 Min

a)

Fig. 19. Optimized one-point fixing of montage node
106-X5-01_0100 (0.3 MPa)
a) Equivalent (Von-Mises) stress b) Maximal deformation of tip
D: Steel 0.3 MPa

Equivalent Stress
Type: Equivalent (von-Mises) gire.

D: Steel 0.3MPa
Total Deformation
Type: Total Deformation

Unit: MPa Unit: mm

Time: 1s Time: 1s
6.4417 Max 0.029407 Max
5726 0.02614
5.0102 0.022872
4.2945 0.019605
3.5787 0.016337
2.863 0.01307
2.1472 0.0098024
1.4315 0.0065349
0.71575 0.0032675
3.1061e-6 Min 0 Min

VT X
Y l ~—8 X
z

b)

Fig. 20. Optimized two-point fixing of montage node
106-X5-01_0200 (0.3 MPa)
a) Equivalent (Von-Mises) stress b) Maximal deformation of tip

2.6. Modal analysis

We have analysed the natural frequencies of the construc-
tion from steel for the selected fixings of the welding assem-
blies. Significant in this section is the comparison of the natu-
ral frequency with the welding frequency, to which we add the
deviation for the given frequency. At welding frequencies of
30000Hz, a variation of +150 Hz was chosen. Frequency
30150Hz (fc) was selected as the comparison frequency. Table
4 shows the results of modal analysis and a comparison of
maximal modal frequency (fmax), and minimal modal fre-
guency (fmin) ranges with the comparative frequency f.
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Table 5. Comparison of construction variants of assembly nodes

Assembly _ Verify

Node fe[Hz]  fmac[HZ]  fin [HZ] (Yes/No)
106-X5-01-

0100 30150 30188 29933 Yes
106-X5-01-

0200 30150 30226 29800 Yes

3. Results and Discussion

The task of the construction team was to optimize the design
of special-purpose devices. The TRIZ was chosen for optimi-
zation activity. Part of the methodology was the process of
deep analysis (FNA), which was followed by the process of
simplification and rationalization of the existing structure. The
procedures were followed by utilising the ARIZ methodology
and solving important structural contra-dictions. The TRIZ
methodology led the design team to the desired results.

The optimization process was carried out due to the func-
tionality of the devices. The device performed its function in-
sufficiently. On both prototype devices, fifty-two different
manufactured parts, one type of linear guide, and a pneumatic
cylinder were used to hold nine welding assemblies. Optimi-
zation and, above all, simplification were necessary. In the op-
timized structural design, we used only ten different manufac-
tured parts, one type of linear guide and one type of pneumatic
cylinder to hold the same number of welding assemblies (Ta-
ble 5).

Table 5. Comparison of construction variants of assembly nodes

Variant of as- Quantity of Quantity of manu-
sembly node welded assemblies factured parts
Original fixing 9 52
Optimized fixing 9 10

The presented software analyses show that all optimized and
alternative designs of mounting nodes for ultrasonic welding
should strength-comply with the requirements of the opti-
mized equipment. We can verify the confirmation of the re-
sults from a practical point of view by the test operation of the
presented devices. Using the optimization process, we have
increased the ability to function properly.

By making the assembly nodes lighter, we can improve the
final design. It depends on the design team's consideration. A
consultation within the group is required to change the mate-
rial. Some components are not suitable for this process from a
structural point of view. We could produce less stressed parts
from aluminium alloy. It would be necessary to apply loads
and FEM analyses to verify that the component(s) in question
meet the design requirements for verification. An important
aspect is whether the parts would meet the safety requirements
(loosening/pulling out of screws, thread wear, fit wear, etc.).

The use of ultrasonic welders has a considerable impact on
the very construction of the device, such as collisions in the
structure, junction permitting, etc. The excitation of different
frequencies from the ultrasonic welding process seems to be a

potentially questionable part of the assembly nodes. The fre-
guencies themselves can negatively affect the need for mainte-
nance and the cost-effectiveness of the device.

4. Summary and Conclusion

The biggest challenge for the technological systems with ul-
trasonic welders proved to be the design of sufficiently strong
and, at the same time, flexible mountings of welding heads.
An essential part of the presented problem was the solution to
the variability of fixing. One of the main requirements was the
applicability of mounting nodes in other series of similar de-
vices.

The design team established the TR1Z methodology as the
principal solving method. The analytical part of the method-
ology (FNA analysis) determined the design nodes that cause
problems and need improvement. Subsequently, a way to im-
prove the existing structure was determined using the ARIZ
methodology. The new structural designs, together with the
original designs, were subjects for FME analysis. Some of the
mentioned nodes have been selected in the article and can be
seen in chapter 2.5.

The design optimization process provided an improved and
streamlined design that met the requirements with its variabil-
ity and functionality. The most important goal was to make
the structure operational, along with the rationalization of the
mounting nodes. These objectives have been achieved and
must be verified by prototypes produced and tested by proto-
types.

Knowing the procedures and functions provided by the
TRIZ method allows the designer to solve a specific technical
problem methodically and often successfully. However, ap-
plying this methodology is not only in a technical direction;
its techniques are successfully used to optimize various
branches of business, IT, and economics. Due to its effective-
ness, the TRIZ methodology can also be used to address re-
ducing human factor problems.
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