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Chapter 1
Introduction

Intelligent systems are widely used today and many application areas bene t from
them [Pan15]. Such systems can become very complex, so that their method of op-
eration is no longer transparent. One possible consequence is the reduction of the
user’s trust in the system [BHvdAW?21]. Systems that mimic how humans learn can
be bene cial, with Case-Based Reasoning (CBR) being an emulation strategy. It
basically mimics human thought processes: A new problem is solved based on pre-
viously solved problems. The reasoning is intuitive and naturally understandable
and thus CBR applications are generally regarded as being transparent [SWA™ 21].
A fundamental aspect of developing these is the often non-trivial similarity assess-
ment required to nd a suitable solution [MABL20]. Its design may vary from
expert to expert, as their subjective perceptions of which previous solution is most
bene cial to a new problem often di er. This case is particularly relevant when the
domain of the application is not well understood.

In this thesis, we present a web-based CBR framework facilitating the development
of CBR applications. Special focus is laid on facilitating user participation in the
design of the reasoning process, knowledge exchange between users and usability
without programming knowledge. Therefore, the framework provides the user with
a selection of prede ned similarity measures and the possibilities to customize them
using constraints, and to add the user’s own customized measure to the selection,
so that they can be viewed by other users for comparison. Thus, the framework
is primarily concerned with retrieving the most similar cases to a novel problem
which corresponds to the Retrieve process of the CBR Cycle process model, ex-
plained later.

We consider as use-case the pass schedule generation for Open-Die forgings, where
explicit domain knowledge is sparse. Open-Die Forging is a widespread technol-
ogy used to produce products which are usually large and have high demands in
terms of their mechanical properties and reliability [WRRH19]. Starting from a
cast work-piece, it is struck between two dies several times to result in an end
product with selected geometrical shape and mechanical properties like a minimum
of sturdiness and material strength. Therefore, a pass schedule is created for the
executing machines. Even small errors of the process subject to the plan can in u-
ence the end product, which is not measurable while processing [Rec14]. Managing
this process planning task is complex and is often handled by one or a few experts.
Problems can arise when an expert leaves the company or is simply not available
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at a time. To mitigate this problem, assistance systems that integrate expertise
provide knowledge preservation. In this way, for example, a new employee may
seek advice from his or her predecessor who has retired. The proposed framework
is developed in cooperation with the research group for Bulk Metal Forming of the
institute of metal forming (IBF).

The thesis is organized as follows: Chapter 2 explains background knowledge
through an introduction to Open-Die Forging, CBR with focus on the similarity
assessment, the programming language CLIPS which is used for the CBR processes
and the architectural style Representational State Transfer (REST) which we use
as a guide. In Chapter 3 the related work is presented. Chapter 4 elaborates
the requirements on the framework and the design of the system to address them.
Aspects of the implementation of the system are presented in Chapter 5 by high-
lighting di erent layers of the architecture and their scope of tasks. Chapter 6 is
concerned with evaluation, which is rstly the proof of concept with a presentation
of the use of the framework for Open-Die forgings to engineers of the IBF and
secondly analyzing the behavior of the system for di erent number of cases. We
then take a critical look at the framework and o er an outlook for future work in
Chapter 7. Finally, Chapter 8 provides the conclusions.



Chapter 2

Background

This Chapter presents a concise overview of the topics relevant to this thesis. First,
Open-Die Forging is introduced as the domain in which our system is used in.
This is followed by an explanation of the CBR methodology, which focuses on the
similarity-based retrieval, and the programming language used for the reasoning, C
Language Integrated Production System (CLIPS). Finally, we introduce the archi-
tecture style REST, which we used as a guideline for the system design.

2.1 Open-Die Forging

Open-Die Forging [Klol17] is a widespread procedure in industry. The products
are usually large in size (kilogram to ton range) and mostly single pieces or small
series. They are built for a long life and resilience under stress [SRW™*10]. In
most cases they are near-net shape end products or intermediate products like bar
stocks which are further processed. Open-Die Forging is applied, for example, in the
production of turbine shafts for the aerospace technology [SRW*10] or crankshafts
for shipbuilding [Klo17] which are safety-critical areas.

In this hot forging process, the work-piece is formed repeatedly between dies
by applying pressure. The name of the process (Open-Die) comes from the fact
that the work-piece is not enclosed by the dies. This allows products to be shaped
individually. Figure 2.1 shows on the left an example of a forging process where the
work-piece is shaped by means of a hydraulic press and the guidance is carried out
by a robot arm. The machines are controlled by trained operators and nowadays
it is considered a high-tech process with ne-tuned steps [SRW*10]. Important
exemplary parameters included in a schedule are shown on the right side of Figure
2.1. They refer to one bite, which is a single pressing action. The length of the
contact surface between the work-piece and the upper die is denoted by sgg. The
height and width for the processed section before the bite are respectively called hg
and by and h; and by after it has occurred.
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Figure 2.1: A snapshot of an Open-Die Forging Process (left) and a sketch with
relevant geometric parameters (right), adopted from [RRG" 21].

The task of forging is achieving a certain geometry, but also, to provide certain
mechanical properties determined by the underlying microstructure. When a cast
ingot is used as a starting piece [Klo17], it does not have a homogeneous structure
[Got07], because metals are made up of grains that grow irregularly [EK90]. Like-
wise, the ingot contains shrinkage cavities and pores caused by gas bubbles [Got07].
Thus, for example, the strength of the metal isn't su cient, because it is sensitive
to fractures. The so-called cogging forging process is suitable for approaching a
ne-grained microstructure as homogeneous as possible and thus also the desired
mechanical properties. In principle, the height of the work-piece is reduced here
iteratively with several passes. A pass in turn includes several bites starting at the
beginning and ending at the end of the piece to reduce its height successively.

2.1.1 Simulation Methods

Since the grain structure of the metal cannot be determined during the forging
process without damaging the work-piece [EK90], the process is often simulated
before it is put into action. One way to obtain a suitable model to make high quality
predictions is to use the nite element analysis (FEA). It works with numerical
simulations and is relatively time-consuming. Comparable results can be achieved
more rapidly using fast models based on semi-empirical data [WRRH19]. With
these, the IBF created simulation data on forging processes and provided them to
us for the development of the framework.

2.2 Case-Based Reasoning

Case-Based Reasoning (CBR) [RW13] is a reasoning methodology which essentially
infers a solution to a new problem by looking at previous experiences, nding the
most similar ones and reusing the knowledge about their solutions. It is inspired by
cognitive science, which supports that prior experience is used in solving problems
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