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Abstract

Tube hydroforming has the potential to produce large structural automotive components
which may be utilised for weight reduction in future generation vehicles, by replacing
stamped and spot-welded steel assemblies. However, limited implementation of this
technology has taken place for Body-In-White (B-I-W) components, due to the complexity of
the process and low levels of confidence and knowledge of the technology. This is coupled
with assembly issues that this technology presents for B-I-W construction. In contrast the
application of this technology for sub-frame and chassis component applications has been
successful, principally due to the less stringent assembly requirements and proven cost and

performance related benefits.

The tube hydroforming process utilises forming fluid, under high pressure, to stretch a tube
blank into the shape of a die cavity. The application of the internal pressure may be
accompanied by axial feeding of the tube ends to push additional tube material into the die
cavity. Close control of process parameters and the die design are essential to produce
successful, defect-free components. However, the behaviour and response of steel and the

influence of friction under these forming conditions are unknown entities.

On the basis of a critical review of literature, a research programme was initiated to engage
some of the key forming issues inhibiting wide-scale implementation of steel tube

hydroforming for BIW automotive applications.

The principal aims of the project were to identify the fundamental influences of steel
properties on the tube hydroforming process and to develop a mathematical model of the

process for steel tube.

The research programme entailed small-scale formability tests and large-scale experimental
trials, accompanied by the development of analytical and finite element (FE) models of the
tube hydroforming process for various steel grades. The analytical and FE models could be
used as design aids in the development of automotive BIW hydroformed components. The
research project identified significant changes in both mechanical properties and surface
characteristics as a result of the Electric Resistance Welding (ERW) tube manufacturing
process. This in turn had a significant impact upon the hydroforming behaviour of the steel
tubes. An analytical forming limit curve (FLC) model evaluated in this thesis was deemed to
provided a robust means of predicting splitting or excessive thinning of a tube hydroformed
component as a result of die geometry, tube material or processing conditions. The FE models
developed, which incorporated the analytical FLCs, illustrated that the tube hydroforming

process could be predicted with a high level of confidence for simple components.
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1.0 Introduction

Tube hydroforming technology provides the potential for significant performance
improvements and weight reduction of future generation vehicles. The principal benefits
are derived from the closed section properties and part consolidation opportunities that
are offered by tube hydroformed parts. Tube hydroforming technology has already
proven successful for a number of sub-frame and chassis applications. However, to date
B-I-W applications have largely been in niche vehicle models with limited application of
this technology to producing B-I-W structural components in volume vehicle

manufacture.

The tube hydroforming process uses a fluid medium to apply pressure to the inside of a
tube blank in order to deform it in to the shape of a die cavity. The process may be
assisted by means of feeding tube metal in to the die cavity from either end of the tube,

with the intention of achieving the complex sectional changes of a component.

This thesis focused on investigating the fundamentals of tube hydroforming, including
the influence of steel property effects, with the aim of developing a robust mathematical
model of the process. An extensive review of literature was conducted to develop a
thorough understanding of the tube hydroforming process and its limitations. Throughout
the duration of the programme, experience of tube hydroforming technology was gained
through technical exposure at the Welsh Technology Centre, visits to tube suppliers,
component and vehicle manufacturers and from discussions with technical experts in the

hydroforming field.

The thesis details the programme of research performed, which included use of a
production high-pressure tube hydroforming unit for experimental research trials with
automotive steel grades. A state-of-the-art commercial software code was used to develop

FE models of the tube hydroforming process based upon experimental data input.



The aims derived from an extensive review of literature, which provided the definition of
the project and new areas of tangible research were highlighted. The findings of the

project were of benefit to the automotive manufacturing industry.

In today’s manufacturing climate, greater emphasis is placed upon ensuring right first-
time design. In the manufacture of hydroformed components using the high pressure
hydroforming process the tooling must be made of expensive tool steel as opposed to
lower cost tooling alternatives such as kirksite or polymer resins, directly as a
consequence of the extreme pressures and forces involved in the forming process. The
reworking of die tools, relating to design modifications, are expensive during prototype
phase. Reducing lead-time to market and associated costs is particularly beneficial to
vehicle manufacturers. It is therefore at the design and development stages that Computer

Aided Engineering (CAE) may contribute significantly in the reduction in time to market.

A key element of the research performed in this thesis was in the development of a
mathematical model of the process, which included the generation of FE models of the
experimental trials and the determination of a suitable failure criterion for the prediction
of component necking under various strain modes. During the programme, a further
failure criterion was investigated and proposed for more complex components and
processing conditions. The analytical and FE models developed indicated that the tube

hydroforming process could be modelled with a high degree of accuracy.

The following thesis provided: -

1. A greater understanding of steel Electric Resistance Welded (ERW) tube
capability and the limitations regarding hydroform tool geometry and

processing conditions.

ii. A robust modelling method that was able to evaluate the tube

hydroforming process conditions, material and die design.



2.0 Review of Published Literature

Introduction

The review of literature begins with automotive manufacturing trends that have
dominated the 1990’s and which have lead to the research, development and growth of
new automotive technologies such as tube hydroforming. This chapter outlines the
current manufacturing climate and describes how steel, in conjunction with new
technologies, may achieve new targets in terms of performance, cost and weight
reduction. The review covers the state-of-the-art in tube hydroforming technology,
identifying the complex nature of the process, the equipment used to produce
hydroformed components, key advantages and limitations, followed by a brief review of
reported applications. The review also addresses aspects of formability and friction and
how these influence forming conditions. A separate section of the review examines the
approaches currently used in component design and describes how FEA plays a key role
in tube hydroforming with particular reference to new developments. The review
concludes with a summary of findings, which highlight areas where research was
required. In the preparation of this review, state-of-the-art search techniques were used

and discussions with key members of the hydroforming community were made.

2.1 Automotive Manufacturing Trends

2.1.1 Globalisation

Globalisation has featured strongly in all areas of the automotive industry with activities
such as investment in foreign ventures, alliances, and strict licence and supply
agreements which ensure delivery of lowest cost supplies to the manufacturers. These
practices are apparent throughout the complete automotive supply chain, from the base
steel supplier to vehicle manufacturer. Recent joint ventures include plans by Opel and
Suzuki Motors Corporation to build the Suzuki Wagon R+ and Opel Agila, on Suzuki’s
mini-car platform. General Motors (GM) and Isuzu Motors plan to develop a common
platform for Isuzu’s Rodeo and Trooper and GM’s Sport Utility Vehicles (SUVs) aimed
at the US market [1]. These types of venture provide for cost-effective production,
minimising financial risks and increasing utilisation of manufacturing plants. Hand-in-

hand, large-scale foreign investment by the vehicle manufacturers continues with drives
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for improved economics and increased market share. An example of such large-scale
investments includ