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Abstract

Based on the prior experience of IPB Polska Ltd. in Oswiecim, Poland, design specifications were formulated
for the introduction of technological innovations in the production of vehicle door recess trim as a typical
stamped-and-welded component. The goal of these innovations was to produce the component as a single-
piece, hot-stamped part made from laser-welded blanks (TWB) instead of the typical multi-piece cold-stamped
and welded construction. These activities were planned to reduce the product’s weight, increase the structural
strength of this component, and reduce the total number of manufacturing operations required to produce the
finished component. A research and development project was secured to build a pilot installation for hot-
forming and to verify the planned solution. This article presents the design phase of the innovative product and
pilot production line, as well as the results of the practical verification of the designed solution under production
conditions.
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1. INTRODUCTION

The manufacture of modern vehicle structures requires the use of advanced high-strength steels, replacing
the higher-strength steels previously used, and in the form of multi-component assemblies to ensure adequate
structural strength [1]. Thanks to developments in joining techniques in the field of laser welding, it has become
possible to use optimised, custom-designed laser-welded blanks [2, 3]. This reduces the weight of the final
component and reduces stamping waste. Until now, the use of laser-welded blanks has been limited to cold
stamping. To increase the effective utilisation of the potential of this type of blank and high-strength steels
such as 22MnB5 (PHS-Press Hardened Steels), advanced hot forming methods are used, such as: hot-
forming, hot stamping, super plastic forming, SPF, and hot gas forming and High Pressure Warm Forming
(FLEXFORM™).

IPB Polska Ltd. has launched an R&D project aimed at product and process innovation in the manufacture of
stamped vehicle components with high structural strength. The door ring was selected for testing as a
representative sub-assembly, a pressed-and-welded component with complex geometry, which will be
manufactured as a single hot-stamped blank from laser-welded steel blanks. Door ring sub-assembly before
project implementation was made in several pressed operation on transfer presses line or made of many
elements. Hence the aim of the research became product innovation involving a reduction in the number of
component parts required to manufacture the sub-assembly, assembly operations and product’s weight
(manufacturing a lighter sub-assembly). The process innovation, on the other hand, was aimed at: to boost
production capacity and competitiveness in the automotive subcontracting market; optimise the tools for
production on triple-action presses using hot-forming technology; incorporating sustainable development
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objectives into more advanced and efficient products and technologies, and reducing waste and energy
consumption by streamlining production processes.

2. METHODOLOGY

Leveraging best industry practices for the use of laser-welded assemblies showed on Figure 1 and own
experience [5] innovations at IBP Polska Ltd. have been introduced into the manufacturing process for one of
the basic types of stampings — door ring. Physical and numerical modelling were used to design the
manufacturing process for this stamping.
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Figure 1 Good Manufacturing Practices: Tailor Welded Blanks in car body production [4]

Based on the most effective and state-of-the-art solutions used in the automotive industry [6-10], using tailor
welded blanks (TWBS) insted instead of homogeneous feedstocks was design. The final geometry of the
feedstocks is showed in Figure 2 and it was taken from the results of numerical simmulations carried out in
Autoform software. The same software was use to desing advanced tools. Based on simulation results in the
form of the final product’'s geometry, a set of prototype tools for multi-stage stamping on a triple-action press
was manufactured. The design of tools for manufacturing door- ring draw piece was made possible by
mastering modern methods of rapid tool prototyping. In addition, the design of the stamping press and tools
incorporated proprietary, patent-pending design solutions for the cooling system.

The door ring drawpiece was designed using the recommended advanced high-strength steels from the press-
hardened steel (PHS) group, specifically grades 22MnB5 and Ductibor 500P (CR600T-LA-DS). In order to
achieve the required strength and correct geometry in a single complex-shaped drawpiece, it is necessary to
use hot forming — hot stamping — to work the high-strength blank.

The Quick Plastic Forming (QPF) method was selected as the most effective manufacturing method for
complex stamped components production. QPF is an advanced industrial hot blow forming method developed
by General Motors. It is used for the rapid, mass production of complex body panels from sheets of aluminium
or magnesium alloys. It represents a further development and acceleration of traditional superplastic forming
(SPF). In this solution, in addition to modifications to classical hot forming to accelerate the forming process to
superplastic conditions, non-homogeneous tailor-welded blanks (TWB) welded to high-strength steel sheets
are applied. Such a complex solution ensures the production of a single-piece door ring sub-assembly in place
of a multi-piece welded structure. Using hot forming — QPF type as a manufacturing technology — 1 tool ,
reduced numbers of operation.
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Figure 2 IPB’s project of Tailor Welded Blanks door ring production based on [5, 6]

QPF method is based on hot stamping and both technologies of manufacturing were tested in experiments at
IPB Polska Ltd. This paper presents the results of the applied research carried out as part of a development
project conducted at that company between 2018 and 2023.

3. RESULTS

3.1 Result 1: Pilot installation for hot forming door ring

The use of hot stamping in the production of door recess edging required the development of a new, flexible
production cell. At the heart of the system is a Mossini hydraulic press with a nominal pressure of 2,000 tonnes
(Figure 3a). The press has been fitted with high-performance cooling systems, specifically designed for QPF
processes. The second key component of the cell is the Schwartz furnace (Figure 3b) for heating TWB batches.
Its design comprises several heating shelves, each enclosed by a separate door to minimise heat loss when
removing individual batches. The transport system is supplemented by two robots fitted with gripper arms,
enabling the transport of hot batches and stamped parts, as well as transport and storage tables. The robots
and arms are protected by layers of heat-resistant fabric. The final stage in the processing of the door recess
is the final trimming at the laser cutting station. The production cell constructed in this way constitutes a pilot
plant, and its layout is shown in Figure 4. For pressing were used innovative tools showed in Figure 5.
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Figure 3 Photography’s of basic elements of pilot manufacturing line at IPB Polska Ltd.: a) Mossini 2000T
hydraulic Press, b) Schwartz furnace and centring table
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Figure 4 The pilot plant layout, showing the press, furnace and manipulators, where: a — tables (loading and
centring), b — press (Mossini 2000T), ¢ — furnace with feeder, d — cooling system for the press and tools, e —
collection container for stamped parts, f — laser cutting station for finishing stamped parts after QPF (Quick
Plastic Forming) stamping, M1/2 — manipulators
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Figure 5 Innovative, a prototype tool for the production of a single-piece pressed element : a) upper, b) lower

3.2 Result 2: Innovative product - door ring

The production of the door ring using a ready-made die, employing IPB’s proprietary hot-forming technology —
QPF technology —was carried out during the final stage of the project. Process parameters such as: the heating
time for batches, the transport time from the furnace to the press, the pressing time and the pressing forces in
specific areas of the die, as well as the cooling time within the die, are trade secrets. These were determined
on the basis of simulation calculations and operational trials carried out during line testing on a trial batch of
over 100 pressed parts. The finished pressed component for the door ring is shown in Figure 6a. Each pressed
component was subjected to a visual inspection and dimensional measurements using an optical scanner
(Figure 6b). The measurement results were compared with the product’s design geometry. An example
summary of the measurement results for a compliant (OK) stamped part is shown in Figure 7. Geometric
measurements of products manufactured on the pilot line using proprietary tools indicate that the door recess
sub-assembly can be effectively processed as a single-piece component using the proposed solution, which
was to be demonstrated in the project.

Figure 6 Photography of door ring sub-assembly after hot forming: a) drawpiece made on pilot line b)
geometry inspection by using an optical scanner
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Figure 7 An example summary of the measurement results for a compliant (OK) stamped part

4, CONCLUSION

IPB Polska Ltd. has developed a pilot production line for manufacturing door recess trim drawpieces, enabling
the efficient production of complex-shaped hot-stamped products from TWB-type blanks. It has thus
successfully completed a research and development project. The end result of the project is a significantly
improved manufacturing process for the inner edge of vehicle doors — door ring. By using laser-welded blanks
(TWB), it is possible to stamp a single complex semi-finished product created by welding flat components of
varying geometries together rather than joining individual stamped parts by overlapping them to form a vehicle
door interior assembly. This has resulted in a less complex, more economical manufacturing process.

The finished product is unique on an international scale. The increased strength of the door interior trim blank
is ensured by the use of 22MnB5 steel and its hot-forming. Furthermore, the product made from TWB blanks
is 6 kg lighter than one pressed from homogeneous, unwelded blanks, as a standard blank weighs 63 kg and
a TWB blank 57 kg; in mass production, this translates to a reduction in material consumption of approximately
10%.

Cost savings and more sustainable and responsible manufacturing are in line with the concept of a sustainable
economy, and the project has a positive impact on the implementation of the principle of sustainable
development due to the project’s results.

The ability and expertise to manufacture stamped products using technically advanced methods and with
complex geometries give the company a competitive edge in securing more substantial manufacturing
contracts.
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