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ABSTRACT

Purpose: In production, problems that are difficult to solve could occur. When a
classic problem-solving toolset is not enough, a company must accept not fully
satisfying solutions or secondary problems. This paper proposes a new method
called Innovation by Increasing Ideality (3I), which helps to resolve difficult
problems in production.

Methodology/Approach: Based on a previous literature review a new method
was designed. The method leads the solver by a set of steps that lead to a well-
described problem, with many ideas or ways, where the solver should search for
a satisfying solution. The method is based on TRIZ principles, but it is user-
friendly even for users who are not TRIZ specialists but have only basic
knowledge of TRIZ principles and its tools. The method is demonstrated in a
case study, where a problem with the transportation of parts is successfully
solved.

Findings: Newly proposed method, compared with the traditional way of
resolving a problem, got a much better solution in a shorter time.

Research Limitation/Implication: Only one example of use. There is a need for
more applications in future.

Originality/Value of paper: The paper describes a new method for overcoming
difficult problems in production. The method uses TRIZ principles to innovate
the process where the problem is. The presented method can serve as a new
powerful tool for industrial engineers in practice.

Category: Conceptual paper

Keywords: 3I; problem-solving; process innovation; innovation method; TRIZ
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1 INTRODUCTION

Problems related to production or production logistic occurring every day. There
are many tools and methods how to deal with most kinds of problems. Generally,
a lean thinking toolset can resolve a majority of problems in production.

Sometimes a more difficult problem appears, and no satisfying solution for this
problem can be found using the classic toolset of industrial engineering. Partial
solutions could lead to secondary problems, new costs, or the problem can occur
again. There could be cases when the problem is somehow specific, and it can be
solved by using specialised tools or methods. Examples can be seen in many
studies. An analytical approach (Meister et al., 2019) is used for resolving
problems in complex systems with a significant amount of data. The problem
with detecting a special kind of defects could be resolved by using an optimised
fuzzy C-mean clustering method. That is shown in the identification of defects on
leather surfaces (Mohammed, Kumar and Prasad, 2020). Many authors are
proposing a special software as a problem-solving tool. Enhancement of the
problem-solving process in a production plant using a knowledge-based multi-
agent software solution is shown in (Camarillo, Rios and Althoff, 2018). A
digital twin as a method for resolving a problem with leather cutting process
optimisation is described by Horvathova, Lacko and Hajduov4 (2019). Machine
scheduling problems can be resolved by a multi-objective scheduling approach
(Shahzad, Gulzar and Shahzad, 2020). Artificial intelligence and neural networks
could help to resolve complex problems. That can be seen in using the artificial
neural network to identify factors for industrial productivity (Gutiérrez-Ruiz et
al., 2020). Another approach is in Horvat et al. (2020), where communication
while solving the problem is improved. Burch, Burch and Batchelor (2019)
describe a positive effect to creative problem-solving in groups. The search for
that specialised tool can be time-consuming, and there is no certainty that a
specialised method was already designed for a specific problem. That is why a
generally applicable method for resolving difficult problems in production is
needed.

To find a satisfying solution to a majority of difficult problems, the process
where the problem is should be innovated. The question is how to approach to
effective but easy way to innovate the process or its part. Wu, Lin and Yu (2019)
enhanced the innovation of services by customer involvement. An innovative
problem-solving approach can also be managed by innovation or ideation
contests (Campos-Blazquez, Morcillo and Rubio-Andrada, 2020; Menon, Mishra
and Ye, 2020). Another way to pursuit innovation could be a patent analysis
(Choi, Lee and Sawng, 2019; Lee, Lee and Lin, 2019). One of the most powerful
innovation approaches is the use of systematic creativity represented by TRIZ —
the Theory of Inventive Problem Solving (Altshuller, 2000; Anosike and Lim,
2014; Caligiana et al., 2017; Harlim and Belski, 2015; Jin, San and Li, 2008; Li,
Li and Yang, 2011; Lin et al., 2016; Maia, Alves and Ledo, 2015; Navas, 2017;
Song and Sakao, 2017). The problem is that TRIZ is complex and challenging to
learn (Averboukh, 2003; Azlan, Ariz and Yusof, 2014; Birdi, Leach and
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Magadley, 2012; Brad, 2010; Haines-Gadd, 2015; Ilevbare, Probert and Phaal,
2013; Nakagawa, 2011). That is why there is a low probability that the tools of
TRIZ will become a part of industrial engineering’s toolset. There is a need for a
new method for resolving difficult problems in production. Powerful as TRIZ,
but easy to use by industrial engineers in practice.

This paper aims to develop a new method based on the TRIZ principles for
overcoming problems in production processes. The method is also demonstrated
on the real problem with the transportation of heat exchangers in production
logistics.

1.1 Problem-Solving in Production by TRIZ

The Theory of Inventive Problem Solving, known as TRIZ, is a set of tools and
methods for overcoming challenging problems. Many authors already published
studies aiming at the use of TRIZ for problem-solving in production processes or
processes related to production. Swee et al. (2017) try to improve the quality of
production by applying TRIZ tools. Lin et al. (2016) used TRIZ tools to optimise
a coffee roasting process. The integration of TRIZ methods into an approach for
process and product innovation is described by Li et al. (2017). Livotov et al.
(2018) use TRIZ with process intensification. Alves, Sousa and Navas (2020)
describing the possible integration of Lean thinking tools with TRIZ ideas.
Morgado, Sandides and Navas (2019) use a contradiction matrix together with
SMED and 5S to improve management activities. Russo and Spreafico (2020)
describe a guideline for using TRIZ for problem-solving in the way of eco-
innovation. Sojka and Lepsik (2020a) reviewing the implementation of TRIZ, or
TRIZ with other methods for process improvement. Results are that there is a
need for a method that is easier to use because TRIZ is hard to use by engineers
in companies who are not TRIZ experts. There is a possible way how to approach
efforts to use the TRIZ to enhance the production processes, a new standalone
method based on TRIZ principles (Sojka and Lepsik, 2020b).

Even that, many authors described the use of TRIZ for problem-solving. TRIZ is
still hard and slow to learn. For engineers in companies, TRIZ training is a long-
term goal, so they prefer to learn classic tools that are faster and easier to learn
and can provide good solutions for most problems in production. To reach more
frequent use of TRIZ a more straightforward approach is needed. The first thing
could be a clear guide on how to describe problems and solve them using basic
principles of TRIZ, even if the solver has only a few experiences with TRIZ.

2 METHODOLOGY

2.1 Development of the New Method

The new method is mainly based on the ideality principle of TRIZ. The level of
the ideality of the technical system is described by equation (1) below (Anosike
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and Lim, 2014; Domb, 2007; 1997; Slocum, Lundberg and Walter, 2003;
Soderlin, 2003):

Z benefits

Ideality = .
eaity Zharms+Zcosts 1)

Benefits, from the ideality equation (1), represent a sum of positive functions and
their effects on the system, harms represent negative functions and their effects
on the system, and costs represent costs of the system and costs for innovation.
The main idea is that by resolving the problem, the system, in this case, the
production process, should be more ideal.

The method for resolving difficult problems in production should use the TRIZ
principles in order to be powerful, and at the same time, it should be easy to use
and learn. That is why only some TRIZ tools were used, and the application of
the method guides the solver. Each step has a clear question or instruction to
answer. The method is based on a set of questions, leading to a deeper
understanding of the physical principles of the problem, and it allows the solver
to look at problems from a different perspective. That allows to use of TRIZ
basic tools more easily, and it should provide a satisfying solution to the
problem.

2.2 Innovation by Increasing Ideality (3I)

The 31 method for overcoming problems is not focusing on the problem itself but
innovating activities where the problem occurs. The method’s main goal is to
innovate the process and increase its degree of ideality in the way of overcoming
the problem. However, the problem is not resolved but overcame by increasing
the ideality of the process. The steps of the method are: the description of the
problem, the purpose of the process step where the problem occurs, the principle
of the process, the ideal state of the process, questions how to achieve the ideal
state, inspiration in scientific effect and trends, overcoming contradictions, use of
other TRIZ tools, list of ideas and searching for final solution based on the list of
ideas.

The first thing is to determine what the problem is and where the problem occurs.
That should be the easy part. This step aims to describe and know that there is a
problem in production that occurs in a specific step or steps. The next step is to
describe the purpose of the activity, where the problem occurs. The answer to the
question “What is the purpose of this activity?” describes the goal of the process
step. That helps the solver to understand what is needed to achieve. After that, a
question about the principle of activities is set. The principle on which a current
state of activity is based. “What is a principle of the activity, where the problem
occurs.” The answer should be a simple description of a physical principle used
to achieve the purpose of the activity. These questions and their answers give the
solver a clear description of what is needed and how it is made now. After
determining these initial answers, more TRIZ based questions can continue with
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the description and solution of the problem. The crucial question is, “What is the
ideal state of this activity?”. By answering this, the solver should try to find an
ideal state on how to achieve the purpose of the activity. To describe the ideal
state, words as “self” and “itself” are used. The ideal state gives a way in which
the solver should try to find a new solution for improving the activity to prevent
current problems. After the ideal state is described, there can be seen what is
between the current state and the ideal one. In other words, what we should do,
or should not do, to achieve an ideal state. It is almost impossible to achieve the
ideal state, so there should be an effort to be as close as possible to this ideal
state. In order to get closer to the ideal state, an ideality question should be made.
This question says what is needed to eliminate to achieve a more ideal system. It
is based on the trimming activities from TRIZ. When the ideal state is described
and the ideality questions give way to what to do, searching for solutions can
begin.

Inspiration is the first step of a search for solutions. The catalogue, or database,
of scientific effects is used for searching for existing innovative solutions to a
similar problem. Evolution trends of TRIZ can also provide a way for innovation
of the process’ activity. Finally, research in technologies and other fields can
provide other innovative solutions that were discovered before. Previous steps
help the solver understand the problem and process’ step, so it is easier to use
inspiration tools to find a satisfying solution. The ideality question is also a good
start to determine contradiction. When the ideality question is set, a technical
contradiction can be described. The technical contradiction can be solved by the
use of a contradiction matrix or other TRIZ tools. Alternatively, the problem can
be intensified, and physical contradiction can be determined and resolved.
Resolving technical or physical contradictions should bring a powerful solution
to the process innovation. Contradiction matrix, inventive principles, separation
principles, or substance field analysis could be used for that. For more solutions,
other TRIZ tools can be used. For example: 9 windows, RCA, Little Men
Method, etc.

All ideas and possible solutions are collected and should be written into a list of
solutions. This list is the output from the 31 method. For the final solution, the
inspiration step can be done again. After solutions are found, there is a need to
compare them with the real world. Sometimes a very good solution cannot be
easily applied to the real process because there is another problem linked to it,
and the solver could miss it during the solution process. In that case, a new
problem can be solved again using TRIZ tools or a different solution (less ideal
one) from the list of solutions that can be chosen. The main steps of the 31
method are shown in Figure 1 below.
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Figure 1 — Main Steps of Innovation by Increasing ldeality Method (31)

3 RESULTS

A case study was made to show how the Innovation by Increasing Ideality
method for overcoming problems in production processes works. The application
of this method was made in a company in the Czech Republic, which produces
custom heat exchanger units. The case study was made on a problem with the
transportation of parts from storage to processing line in a different building. The
overall process is about the assembly of heat exchanger modules.

3.1 A Case Study — Problem with Transportation

The problem occurs while exchangers should be transported from storage to the
assembly line. It is a custom production, so there is often a need only for few
pieces of exchangers. Nowadays, exchangers are stored on pallets. The whole
palette is transported to the assembly line, where workers open the palette and
use a crane to take the demanded number of exchangers. After that palette is
closed again, and the rest of the exchangers are transported back to the storage.

The problem is that there are fewer exchangers inside of the palette and can be
damaged by themselves because the route between storage and production line is
not flat; this should be solved. In many cases, it is solved by connecting
exchangers together. However, sometimes only one or two exchangers are left, so
even if they are connected, they have weak stability and can be damaged during
transportation. Palettes with exchangers can be seen in the Figure 2 below.
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Figure 2 — Palettes with Last Exchangers, in Storage and Near
the Processing Line

An even bigger problem is the transport itself from storage to line and back
several times. Also, there is quite a lot of time for opening and closing palettes by
the line workers. The productivity of the line is decreasing with each opening and
closing of the palette. From these reopening-reclosing procedures, there is dirt on
the workplace, causing other related additional works and problems. The idea is
to transport only the demanded number of exchanges from storage to the
assembly line. The problem is to find a suitable solution on how to do it.
Exchangers are big and heavy, so they cannot be lifted by hand, and there is no
crane in storage. Storage is in a different building than the assembly line, and the
route between is not flat and is full of obstacles. And because it is not a crucial
problem, the company’s management does not want to spend a big amount of
cost on the solution. Some examples of previously proposed solutions and their
negative effects can be seen in the Table 1 below.

Table 1 — Previous Solutions and Their Harms

Previous solution Negative effects

Fixation of parts inside of palette on the way There is still transport back, a place for storing,

back (rope, support, stoppers, ...) extra work

Transport via “A” palettes Transport back, if more than two exchangers left -
more palettes are needed

Open palettes in storage No crane in storage

Use of “T” constructions Impossible (exchangers without frame)

Transport via small wheels Storing place, hard handling, no crane in the storage

Store rest exchangers by line No room for storage near the line

Although many attempts to solve this problem were made, and many proposed
solutions were tried. Every time another negative effect related to the solution
appeared.
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3.2 Case Study - Use of the 31 Method to Overcome the Problem

On the problem situation described above, the 31 method for resolving difficult
problems described in chapter 2.2. was used.

Firstly, a problem must be clearly described. The problem is that exchangers
(parts) are damaged during transportation. When a problem was studied deeper, it
came up that only exchangers which are transported back to storage and then
again to the line are damaged because of weak stability inside of palettes. The
real problem is that there is a need to transport parts (exchangers) back to
storage. The second step of the method is to describe the purpose of the process
where the problem occurs. The purpose is clearly to deliver exchangers (parts) to
the assembly line. The principle of how the purpose is currently achieved can be
described as the transportation of parts on palettes. There are residual parts that
must be transported back to storage. There can be seen that problem occurring
because of the principle of the activity. After purpose and principle are known,
the ideal state can be described. More than one description of the ideal state can
be proposed. The ideal state is when the exact number of parts (exchangers) is
safely delivered to the assembly line. Or the exact number of parts appears near
to the assembly line. The third formulation can be, there is no need to transport
parts/or transport them back. Ideality questions can be described as “How can be
parts transported in needed number, and without damage?” or “How to have parts
near to assembly line without the need for transporting them?”.

The use of scientific effects can be helpful at this moment. There is known what
should be achieved. A purpose and principle are also known. Direction to the
ideal state is clearer by finding several good inventive principles. To get closer to
the information about possible answers to these questions the technical
contradiction should be determined and resolved using inventive principles and
the matrix to resolve technical contradictions. Several technical contradictions
can be determined. Found principles are shown in the Table 2. The next step can
be adetermination of a physical contradiction. The main problem with all
solutions is that there is a need for a crane for manipulation with one part in
storage, but there is no money and space for purchasing a big crane for the
storage building. Physical contradiction, in this case, can be formulated: there is a
need for a crane to manipulate with parts in the storage, and on the other way,
there should not be a crane because there is no money for that. Physical
contradictions can be solved by separation in time, space, or principle.

By eliminating the crane from the system, a solution appears. Storage and
assembly line should be placed together. In that case, there is no need for
transportation. And parts can be taken one by one exactly by production
demands. Unfortunately, there is no space and finance to manage the re-layout of
the production plant. Another solution must be found. Some cheaper solution
must be found. Separation in time — a crane is only needed when one part is
handled. Separation in place — a crane, should be in storage, and after that, near
to the assembly line.
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The whole process step by step is summarised in the Table 2 below.

Table 2 — Guided Problem Description Step by Step

Problem * Parts are damaged during transport.
* There is a need for transporting parts back.

Purpose * To deliver parts to the line.

Principle

Transport on palettes.

Ideal state

Exact number of parts safely delivered to line.
* There is no need for transport/transport back.

Ideality questions * How can parts be transported in exact number?
How to get parts by the line without transport?

Technical contradiction | 15. Dynamics, 2. Taking out, 17. Another dimension, 40. Composite

materials, 18. Mechanical vibration, 3. Local quality, 28. Mechanics

substitution, 32. Colour changes, 35. Parameter changes, 30. Flexible
shells and thin films, 34. Discarding and recovering, 2. Taking out

Physical contradiction ¢ There is a need for a crane, in order to manipulate with individual parts,
and there is a need to do not have the crane, in order to do not spend
much money. (Separate in time, space, principle)

List of ideas

Only one part at once should be transported (or demanded number)
Dynamic solution

» Use of another dimension

 Use of vibrations

* Use of gravity and other fields

Use of thin protective layers

» Use of an object to transport which disappears

It has to be cheap

Re-layout (storage and line together)

¢ Crane is used when is manipulating with part (storage, line)

If these conclusions and previous conclusions from technical contradictions are
put together, a solution to the problem can appear. It should transport only one
part, dynamically, cheap, it uses a different dimension, the part is safe during the
transport, it has something like crane during the handling in storage and near the
assembly line.

Movable workshop cranes can be used. They are cheap, and they can lift
exchangers easily in storage, parts are safe during the transport (they are
surrounded by air), it uses another dimension — parts are hanging. An example of
this crane is shown in the Figure 4 below.

It can be seen that a simple solution for the difficult problem can be found quite
easily by the use of TRIZ principles. There were many tries to find a satisfying
solution to this problem, and many employees tried to solve it using well-known
tools of lean thinking or common sense. These tools were not enough. A more
robust method was needed to find a suitable solution, which is the workshop
crane. Probably there can be found another satisfying solution, maybe an even
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better one. With the presented method, it is possible to find a satisfying solution
by industrial engineers in practice, not only by innovation and TRIZ experts.

Figure 4 — Workshop Crane for the Safe Transport of Exchangers

4 DISCUSSION

When attempts to overcome a problem, from the case study presented above, are
compared, a clear advantage of using TRIZ based approach appears. See
a Table 3 below.

Table 3 — Comparison of Results from Classic Approach and Application of 31

Comparing parameter Classic approach 31

Number of attempts More than six attempts Only one attempt

Time for searching the solution | Years to search for a good solution | Days/weeks to apply the method

Outcome No satisfying solution found Satistying solution found

Previously many attempts during several years were tried, and no satisfying
solution was found. The 31 method was used, and on the first attempt, a good
solution to a problem was found. When a difficult problem occurs, the 31 method
could help to overcome it faster. Deciding what a difficult problem is and what is
not can be tricky. However, the method can also be used for easy problems or
only after several false attempts. One can say the TRIZ itself can be used, and
maybe even better results can be achieved. TRIZ is hard to learn and very hard to
use for non-experienced users (Averboukh, 2003; Birdi, Leach and Magadley,
2012; Haines-Gadd, 2015; Ilevbare, Probert and Phaal, 2013; Nakagawa, 2011).
The method of Innovation by Increasing Ideality (31) leads the solver through the
process of idea generation and use of TRIZ tools, so even with only basic
knowledge of TRIZ’s principles, quite good results could be achieved. This
initial study was made only on one case study. That is why more applications of
the 31 method are needed to verify its functionality.
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Many authors discuss problem-solving or process improvement by innovations.
There are failures during the innovation attempts, which are caused mainly due to
the lack of core competencies (Sawng, Shin and Kim, 2019). A model of
innovative activity of industrial enterprises for managing innovative enterprise
development is introduced by Gonchar, Cherep and Cherep (2019). Ouedraogo,
Ouakouak and Salem (2020) discussed creative problem-solving and an approach
for leading employees and managing innovation. A study presented by Zhu
(2020) on how technological innovation is related to the age of employees points
to focus on innovation education. The 31 method fits into these findings. It helps
to resolve problems by the innovation of the process. The 31 method also helps to
learn how to use TRIZ and systematic creativity way of thinking.

The following steps should lead to applying the 3I method to many different
problems to get data about the real functionality of this proposed method. We
believe that this method has the potential to be used not only for resolving
problems but also for process innovation in general. For that purpose, some
modifications to the method will probably follow.

S CONCLUSION

As it was presented in the case study, TRIZ can help with the solution of difficult
problems. When there is a guideline for describing a problem and how to proceed
while resolving the problem, or innovation of the process step, even not TRIZ
expertised solver can come up with a satisfying solution. If the time needed to
resolve the problem is compared, the proposed 31 method is much faster than
guessing and trying to resolve the problem in a traditional way. The use of the 31
method for description and overcoming difficult problems in production was
shown in a case study from a real company. The solution to the problem with the
transportation of heat exchangers between storage and production line was
proposed to use workshop cranes. This application was here demonstrated only
in one example. That is why more case studies and applications are needed to
have strong proof, and this method works universally and well.

Results showed that this new method could help companies to overcome found
problems in a shorter time and with higher efficiency. Because this new method
is based on TRIZ techniques, better, more ideal solutions should be found. In the
same way, the method is designed to be used by TRIZ beginners, there are no
requirements for deep TRIZ knowledge, and still good and satisfying results
could be found. The method should be applicable not only for problem-solving
purposes but for process improvement in general.
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