ANALYTICAL AND NUMERICAL DEVELOPMENT ON
THE INDENTATION MECHANISM IN A ROTARY
HAMMER FORGING PROCESS

BY

SAUD FEM D ALAZEMI

A thesis submitted in fulfillment of the requirement for the
degree of Doctor of Philosophy (Engineering)

Kulliyyah of Engineering
International Islamic University Malaysia

NOVEMBER 2020


http://www.google.com.my/url?url=http://www.iium.edu.my/educ&rct=j&frm=1&q=&esrc=s&sa=U&ei=KHqFVJaTIZKyuATNwoGoBw&ved=0CBMQFjAA&usg=AFQjCNH8CPBB4-yr6XSF1EeEZS5f3iT02w

ABSTRACT

Rotary hammer forging process is getting popular since it has many advantages as
compared to the conventional forging process. The mechanism of the movement in
terms of orbital motion of the conical upper die becomes a primary concern of this
thesis. This thesis presents the three stages of the modeling of the rotary hammer
forging. The first stage is the development of the orbital motion of the conical upper
die. Three dimensional CAD model of the conical upper die was developed to determine
the orbital motion as a function of the four parameters: Nutation, Precession, Spin and
Rocking-Die mechanism. A reasonably accurate design of the conical upper die and the
workpiece has been developed based on the motion as a result of interaction of conical
upper die and upper part of workpiece geometries. The behavior of orbital motion with
any active combination of those four parameters was observed. The second stage was
the development of the conical upper die with the specific feature in order to generate a
product with an unsymmetrical shape of upper part of the product. The forming
sequence and mechanism of the formation of the upper part of product were generated.
The third stage was the analysis of the stress strain state during the formation of the
upper part of the workpiece. An elastic-plastic, dynamic analysis of 3D rotary hammer
forging mechanism with the concern at the workpiece and their interaction with a model
of dies have been performed. Verification of the indentation mechanism of the rotary
hammer forging had been done by validating the result with the existing experimental
results.
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CHAPTER ONE
INTRODUCTION

1.1 OVERVIEW

Rotary Hammer Forging is one type of a forging process. It has another name which is
called Wobble Die Forging. In this thesis, the term Rotary Hammer Forging will be
used instead of the other names. Some parts which have a circular feature such as
bearing housing, gears especially bevel type and differential type, chain sprocket,
coupling and clutch hubs. Those parts can be found mostly in the automotive industry.
Nearly 85% of all forged parts have a circular shape.

In the era of extreme global competition, especially in the forging industry, the
company which can survive is the one that has better processes and material selection.
Process improvement toward an efficient process will enhance the forging quality which
will lead to the cost reduction and greater productivity. The use of advanced work piece
material which has better mechanical properties allows the fabrication of the product

with a more complex shape.

1.2 PROBLEM STATEMENT AND MOTIVATION

Designing new forging process for a more complicated shape of an object is a
challenging activity. To compete and be able to survive in the manufacturing industry
in general and specifically forging industry requires a relatively faster and accurate
method of designing forging mechanism as well as the dies design (Han, et al., 2014).
It is a quite complex issue that will increase the Product Life Cycle. In this era of rather

competitive business, having a longer product life cycle will help the vendor to compete



and survive. There is a need to develop a new design method, especially in this case,

for a forging product that can deliver a product design faster and reasonably accurate.

1.3 AIMS AND OBJECTIVES

Proposing a new method as a framework to design and develop a forging process as
well as die design in a rotary hammer forging mechanism is the main objective of this
research. Forging process refers to defining a set of configuration parameters which
governs the hammer forging process.

The research objectives can be broken down into three sub-research objectives

which are described in the subsequent statements:

1. To develop an analytical of orbital motion of the conical upper die of a
rotary hammer forging process, in order to identify the behavior under
different configurations of forging parameters.

2. To design the conical upper die with a specific feature and specific forging
configuration.

3. To develop a numerical stress analysis based on Finite Element Model of
the indentation process of the conical upper die to the upper region of the

work piece.

1.4 RESEARCH GAPS
The research was developed so that one may find the answers to the following research
questions:

1. Is there any standard guideline to design the conical upper die of a rotary

hammer forging?



2. How to predict or generate the motion of conical upper die based on a set
of parameter configuration setting?

3. How to select the suitable material to be used for a work piece and the dies
in the rotary hammer forging?

4. Which friction model is suitable in modeling interaction contact between

work piece and upper conical and lower die?

1.5 RESEARCH PHILOSOPHY

In the development of indentation mechanism in a rotary hammer forging process,
description of the research philosophy is discussed. The first stage of the research is the
development of the analytical model. At this stage an integration of Solid works with
the add-on Motion feature and Matlab script has been utilized. The CAD (Computer
Aided Design) model of the conical upper die as well as the work piece has been
developed. One point of interest has been identified and marked. Using the Euler law
of motion, the orbital motion equation has been derived analytically involving the
parameters of orbital motion: Nutation, Precession, Spin and the Rocking-Die
mechanism.

The second stage is the development of the additional feature at the upper
conical die in order to generate workpiece with more intricate shape. The model was
developed using Solidworks software. The developed model refers to the existing upper
conical die shape. The scenario of the indentation process by combining the orbital
motion at different sets of parameters of the upper conical die developed in the previous
stage has been generated.

The third stage is the stress analysis of the indentation process. The CAD model

of the interaction of the upper conical die and the workpiece was transferred to the



AFDEX environment in order to perform a numerical, finite element based analysis of

the rotary forging process.

1.6 RESEARCH HYPOTHESES
The research hypotheses on guidelines to the development of analytical and numerical
model of the rotary hammer forging are as follows:

1. There is no unique way of the formation of the profile indented to the upper
part of the workpiece. A different combination of the hammer forging
parameters may offer alternate solutions.

2. Friction condition at the interfacial contact between the conical upper die
and the workpiece will affect the process of the indentation.

3. Assumption of the conical upper dies as a rigid body object is reasonable

1.7 THESIS SCOPE

This study contributed to the research and development in the forging industry sector.
Shortening the PLC (Product Life Cycle) of a forging product becomes a compulsory
requirement at the time of high and critical competition in any sector, especially in the
manufacturing field. The proposed method, hopefully, can speed up the design stage in

a relatively significant amount of time.

1.8 LIMITATIONS

As opposed to the conventional bulk forging processes, the development of software
for rotary forging is a competitive and viable alternative and involves the areas of
simulation and machine control. However, a huge gap remains due to the fact that there

are many commercially available finite element packages for forging but they are too



generalized for rotary forging. This is due to the difficulty in the accommodation of
rotary forging motions and problems defining the boundary conditions for rotating dies,
thus making the computing power requirements prohibitive, in a way. This is something
that needs to be further worked on.

A further extensive study is needed to understand the cold rotary forging process
better using both theoretical analysis and experimental studies hand-in-hand. It is the
significance of this study that will help to escalate the overall design process in the

manufacturing industry.

1.9 THESIS ORGANIZATION

The thesis structure proceeds as follows: Chapter 1 presents an introduction and brief
overview on Rotary Hammer Forging. This chapter also covers problem statement,
objectives, limitations and thesis scope.

Chapter 2 provides the details about history, literature review on the forging of
rotary hammer process over time and the latest developments. This chapter discusses
the utilization of all rotary forging parameters and how there is still a huge scope of
improvement in this field. Additionally, this chapter covers the friction models and
different workpiece materials as well.

In chapter 3, the selected research methodology and processes applied to fulfil
the research objectives are described in detail. The chapter also illustrates the steps in
the forging simulation. The use of Solidworks, AFDEX and MATLAB is further
discussed in this chapter. The description on validation of the model is also discussed

in this chapter.



