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The expertise of thin metal production has been 
systematically developed and matured over more than five 
decades by Bosch Thin Metal Technologies, located in 
Tilburg (NL). From its inception in 1972, operating under 
the name of Van Doorne’s Transmissie (VDT), the 
company has developed its expertise through the intensive 
development and mass production of pushbelts for 
continuously variable transmissions (CVT). This work 
served as an invaluable proving ground for mastering the 
complexities of thin metal processing to achieve both 
performance and high volume. With 100 million pushbelts 
produced by 2024, and manufacturing strategically 
transitioning, the focus is now squarely on leveraging 
this deep technical foundation for emerging needs.

Energy-stack development and industrialisation
The extensive experience gained in product development, 
sophisticated production processes, and profound material 
expertise has naturally expanded into other intricate thin 
metal products such as gas foil bearings. Today, this 
accumulated know-how is critically applied within Bosch’s 
pioneering research and development efforts in electrolyser 
technology. The specialised understanding of electrolyser 
stacks and bipolar plates, refined through prior work in 
fuel cells and hydrogen systems, positions Bosch Tilburg 
as a key contributor to energy-stack development within 
the Bosch Group (Figure 1).

The core of an energy stack consists of a stack of cells for 
electrochemical conversion. Each cell typically consists of 
membranes, electrodes, porous layers and thin metal plates 
(Figure 2). At each interface between adjacent cells, so-called 
metal bipolar plates (BPPs) are present to conduct current 
between the series-connected cells. Channel structures 

The successful transition to a sustainable energy future hinges on the industrialisation 
of advanced energy-conversion technologies. At the heart of such systems are often 
high-tech thin metal components, designed to operate under aggressive conditions 
with exceptional precision and reliability. The engineering and manufacturing 
of these parts present significant challenges, requiring highly specialised knowledge 
in material science, advanced forming techniques, and robust process control.

within the BPPs enable media transport (such as water, 
oxygen and hydrogen) to and within each cell (see the text 
box on the next page).

To develop competitive energy stacks, including BPPs, for 
mass production, multidisciplinary engineering teams are 
mandatory. They require a set of competences that largely 
overlap with the competences needed for other thin metal 
products, such as CVT pushbelts and gas foil bearings 
(Figure 4). These areas of expertise include material science 
and manufacturing processes like forming and blanking. 
Already for a number of years, these competences have 
been extended and tailored to demanding thin metal 
applications, from 0.5 mm down to 75 µm, of relatively 
large-surface-area high-tech components such as the BPPs 
for energy stacks like fuel cells and electrolysers.

Example of a prototype hydrogen electrolyser stack.
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Titanium bipolar plate as used in hydrogen electrolyser stacks.

Electrochemical conversion cell as applied in energy stacks.
(a)	 Schematic cross-section view.
(b)	 Energy stack examples, from left to right:
	 - CO2-electrochemical reduction stack to produce carbon monoxide; 
	 - flow-battery stack to store energy;
	 - electrodialysis stack to produce fresh water from salt water.
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Bipolar plates

Titanium bipolar plates (BPPs) are used, for example, in 
hydrogen electrolyser stacks (Figure 3). Titanium is applied 
for its excellent corrosion resistance in the highly acidic 
and high-potential environment of electrolyser cells. In the 
BPPs, the well-designed fine channel structure, known as 
‘flow field’, transports media (water and oxygen at the top 
side, respectively water and hydrogen at the bottom side) 
from larger media channels, known as chimneys, towards 
porous layers at the top, respectively bottom side of the 
BPPs in order to reach to electrodes near the membrane. 

The rectangular slots are part of the chimney channels. 
These chimneys are oriented perpendicular to the surface 
of the BPPs and are assembled by stacking a large number 
of cells, each with BPPs, seals and other parts. The cells 
are compressed by bolts passing through the circular 

slots in this example (Figure 3). A uniform contact pressure 
is required over the entire flow-field area to secure a 
uniform chemical reaction in this so-called ‘active area’. 
One of the challenges for BPP forming is realising the tight 
channel-height tolerance as required to reach a uniform 
contact-pressure distribution.
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Product & system engineering
• Material science
• Mechanics (reliability, tribology, dynamics)
• Electrochemical conversion
• Electromechanics 
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Bipolar plate flatness: simulation vs protoErichsen deep-drawing test

Cross-domain competences
• Modeling & simulation: product, system and 
                                           manufacturing process
• Prototyping, testing & measuring
• Artificial intelligence

Heat treatment & welding
• Oxidizing, nitriding, hardening, annealing
• Plasma welding, laser welding, gluing

Precision assembly & inspection
• Inspection systems (vision, AI)
• Stacking

Element surface quality
& geometry AOI

Cell plate stacking for 
electrolyzer stack

Metal forming & stamping
• Fine stamping, conventional stamping, sheet forming
• Rolling, bending, laser cutting, laser deburring

stamping

Design of the BPP forming tool by simulation; see text for explanation of 
wrinkling, thinning and springback. The colour coding is such that when 
the part is ‘green’ no problems are expected. Input for the model consists 
of the step files of the active parts, the process sequence, the blank 
specification and the material properties. 
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Competences required for thin metal products such as pushbelts, gas foil bearings and bipolar plates.
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Virtual tool design
BPP design comes with a high density of formed details, 
stretched up to the very limit of material properties, 
requiring large, highly accurate and therefore very expensive 
tools. The design of such a tool has to be first time right not 
only from the cost but also from the timing point of view. 
The complexity of such tools and forming processes is 
tackled by computer simulations in close collaboration with 
software suppliers, since Bosch’s requirements are on the 
edge of computing capabilities. For instance, the number of 
finite elements is raised to the computer hardware limits to 
make simulation of the smallest features feasible (Figure 5).
 
In the simulations, typical failure modes such as wrinkling, 
thinning and springback during the forming process are 
monitored. Wrinkling is the consequence of some specific 
stress state acting during forming, resulting in out-of-plane 
buckling that can compromise post-processing or assembly. 
Thinning is the local thickness reduction within the part 
that can endanger product integrity. Springback is indicated 
by the out-of-plane deformation that can lead to shape and 
positional deviations resulting in difficulties during assembly.

Material model and material characterisation
As the environments in which the plates have to function 
tend to be very aggressive, one has to resort to materials 
like stainless steel or titanium. The latter material presents 
considerable challenge to the forming process due to its 
crystallographic anisotropy. In order to describe the BPP 
deformation correctly, accurate material models have to be 
used. Since not much is to be found in literature, Bosch 
Tilburg has to collaborate with universities and institutes 
for the development as well as the validation of these 
models. Furthermore, it has its own facilities to characterise 
metals by, among others, Erichsen and tensile tests 
equipped with an external optical strain measurement 
system. 

The tensile test is used to study the plastic deformation 
and strength of the material. Stress-strain data are 
recorded to determine properties such as yield stress, 
ultimate tensile strength, ductility and anisotropy. The 
Erichsen test is used to investigate how much deformation 
a metal sheet can withstand before necking or cracking. 
In the test, which is called the Nakajima test using the 
Erichsen machine, a sheet metal is clamped and stretched 
over a hemispherical punch until necking occurs (Figure 6). 

Different sample geometries are used to determine the 
necking behaviour at different strain paths to construct 
the Forming Limit Curve (FLC). Within the Forming 
Limit Diagram, the FLC represents the boundary between 
stable deformation and the onset of unacceptable thinning; 
a condition that can lead to fractures in the sheet metal 
(Figure 7).
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Solving a wrinkling problem (highlighted on the left). A process model 
is used to introduce an innovative feature that adapts local strain 
conditions during forming. As a result, the final process design shows no 
wrinkling in either the simulation (middle) or the physical hardware 
samples (right). Progressive die used for manufacturing fuel-cell plates. 

Forming Limit Curve (FLC).
(a)	 To construct the FLC, samples of various shapes are used, with each shape creating a distinct strain path; examples of these samples are shown.
(b)	 Typical FLC that is fed to a material model as applied for forming simulations.
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Metal-sheet deformation tests.
(a)	 The Erichsen test set-up with the optical strain system mounted on top.
(b)	� The Nakajima test using the same machine; during this test, a hemispherical punch is pressed into a clamped metal sheet until a crack is formed, 

while the strain is accurately measured from the initial state until fracture (right). 
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The Kaiser press, at the Energy Conversion Campus in Tilburg, combines 
a high press force with a very rigid structure, minimising deflection 
under load. It was specially developed to be able to maintain very small 
cutting clearances, necessary to be able to cut thin sheets down to 
75 µm, while applying forces up to 1,900 tons. It is servo-driven, so it 
can run specific slide-movement profiles in an accurately controlled 
way and full press force is available, even at low speed. 

10

Tool design realisation
The forming simulations as described enable the prediction 
of unacceptable product deviations such as wrinkling at the 
corner of the active area (Figure 8). Based upon these pre
dictions, forming process iterations are introduced to meet 
the product requirements. After a successful simulation 
outcome, the forming process will be realised in hardware. 

Next to process simulation, where the smallest feature 
on a single part is checked for its formability, the economic 
mass production of these highly accurate parts is another 
competence of Bosch Tilburg. To achieve high-throughput 
and cost-efficient manufacturing, techniques like transfer 
or progressive blanking and forming are employed. The 
use of a progressive die to manufacture fuel-cell plates 
is a prime example of this approach (Figure 9).
The process begins with a metal coil, which is progressively 
cut and formed over 12 stages while remaining attached 
to the strip. In the final, 13th stage, the finished product is 
cut from the strip, leaving a small scrap net that is ejected 
from the tool. Key challenges with this process include 
maintaining accurate positioning and strip transport at 
high production speeds and ensuring the reliable discharge 
of the finished product.

Series production and quality control 
When forming products close to their material limits, 
managing variations between material batches is critical 
for series production. Robustness against these variations is 
achieved in two main ways. Firstly, features are integrated 
into the tools to minimise the effect of batch variations, 
thereby securing product quality. Secondly, close 
collaboration with material suppliers ensures incoming 
materials meet strict requirements for size, tolerance and 
material specifications, which sometimes requires detailed 
investigation of individual material batches.

Tool design and manufacturing are accomplished 
through close collaboration with tool suppliers. Input 
from simulations and material analysis is crucial for 
ensuring on-time delivery and minimising the need for 
costly tool modifications later; the adage ‘first time right’ 
is particularly applicable here.
The importance of this expertise is recognised beyond 
the Bosch Thin Metal Technologies business unit. In 2024, 
the Bosch Group launched a ‘Thin Metal Blanking and 
Forming’ competence centre, where the Tilburg location is 
strongly represented. Alongside other competence centres, 
such as those for heat treatment and welding, it drives 
manufacturing technology development within the Bosch 
Power Solutions division.

To scale initial energy-stack concepts to mass production, 
Bosch has a range of presses in Tilburg, from 250 to 1,900 

tons (see Figure 10). This includes fine-blanking presses 
that have been used to produce pushbelt elements, as well 
as modern hydraulic and servo-driven presses. For trial 
runs, semi-automatic handling of sheets and products by 
robots is available in addition to manual handling. This 
combination of equipment makes Bosch well-equipped for 
research, initial sampling, proof-of-concept development, 
and the efficient production of full-size products.

Co-developing energy stacks with partners
Bosch Thin Metal Technologies is actively seeking partners 
to co-develop the next generation of energy stacks, 
supporting them from initial concept to full series 
production. Leveraging the expert competencies and 
advanced facilities previously discussed, Bosch is uniquely 
positioned to support the industrialisation of its partners’ 
stack concepts. To drive this initiative, it is establishing the 
Energy Conversion Campus in Tilburg (see the text box). 
This dedicated ecosystem is designed to foster 
collaboration and host partners.

Energy Conversion Campus 

The Energy Conversion Campus at the Bosch premises  
in Tilburg is a dedicated facility aimed at accelerating 
the energy transition. This open ecosystem unites 
engineers, startups, industry and knowledge partners to 
develop practical energy-conversion solutions. Its core 
function is to transform early-stage innovations into 
industrial-grade, deployable technologies. The campus 
focuses on validating solutions for scalability, 
performance and long-term viability, ensuring they 
deliver a direct impact on the energy value chain. The 
objective is to produce reliable solutions for a more 
sustainable and independent energy future.
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