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Abstract 
Flexform is a high pressure hydroforming technique using a flexible rubber diaphragm between the 
pressure medium and the formed sheet. The technique allows sheet metal to be formed in different 
thicknesses in one and the same tool, as the blank will take the shape of the single rigid tool half.
Flexform pressing is used for low volume production and prototyping, where the low tool cost and 
short lead time is of essence. The flexible rubber diaphragm provides a gentle forming, resulting in 
an excellent sheet metal surface quality. Several tools, sheet metal qualities and thicknesses may be 
pressed in the same forming operation.

The relatively recent introduction of forming simulation also for this hydroforming technology has 
revolutionized the technology adoption and technology usage. This paper will provide evidence for the 
correlation between simulation and actual hydroforming. A demonstrator tool for an automotive side 
impact beam has been used. Several different sheet materials have been used for the demonstration, 
including ultra-high strength steel, aluminum and titanium. Blank material thickness ranges between  
1 and 3 mm.

The forming process has been simulated using the software Autoform. Width and springback after 
forming have been compared to experimental measurements. The study confirms that the Flexform 
technology is well suited to produce complex shapes in tough alloys in different thicknesses. There  
is also a good correlation between simulation and actual forming results.

Forming simulation correlation with  
the Flexform hydroform technology
Authors: Dr. Björn Carlsson, Mikael Bergkvist, Roger Andersson, Sture Olsson  
Quintus Technologies AB, Västerås, Sweden



2© 2018 Quintus Technologies

1. Introduction 
Flexform pressing is a hydroforming technique using a flexible rubber diaphragm between the pressure 
medium and the formed sheet. There are several advantages with this technique. For instance, sheets 
with holes can be formed and there is no sealing problem towards the pressure medium as in conventional 
hydroforming. Only one tool half is needed, since the pressure forces the sheet metal into the die. Tools 
can thus be made simpler, without positioning devices, and will therefore be cheaper and quicker to make 
than conventional tooling.

Flexform pressing is suitable for virtually any formable sheet material. Sheet thicknesses between 0.1  
and 15 mm have been formed successfully.

Flexform pressing has obvious andvantages where many different parts are made, but each part only in 
low numbers. Then the tool cost savings will be most striking. Further, Flexform pressing has advantages 
where parts must be produced within short time, since tool construction and try-in is simples and quicker 
than most other methods.

A clear trend in today’s automotive production is to use high and ultra-high strength cold forming  
steels, such as DP-steels and martensitic steels. The question is often asked if such materials can also  
be Flexformed. A related problem is springback, which is more pronounced for such steel grades.  
The question is then how much springback the Flexform pressing method will lead to, compared  
to conventional stamping.

The purpose of this paper is to show that ultra-high strength steels, and other difficult-to-form materials, 
can indeed be Flexformed. It will also be shown that the Flexform pressing process can be simulated, 
with good correlation to experimental results.

The study presented here bears similarities to a previous paper1. The current study uses a blank shape 
which is more springback-sensitive, compared to the previous paper1. The current study has also been 
extended to include results from conventional pressing with an upper and a lower tool.

2. The Flexform process 
Even if Flexform pressing has been used for over 50 years, it is still quite an unknown process.  
A short introduction is therefore in place.

The Flexform presses operate with a moving tray, see Figure 1. Tools and blanks are placed on the tray, 
which is then moved into the press, below the diaphragm. The pressure above the diaphragm is then 
increased, which forces the sheets to be formed against the tools.

After completion of the pressure cycle, the tray is moved out and the finished parts can be removed.  
The process can be summarized in the following steps:
 1. Placing of sheets on tools in the press tray (Figure 2.)
 2. Covering of sheets with protection pad (Figure 3.)
 3. Insertion of tray into press, below rubber diaphragm (Figure 3.)
 4. Increase of pressure above rubber diaphragm, forcing it down on the sheets
 5. Pressure release, removal of tray from press
 6. Removal of protection pad & removal of formed parts

The cycle time is about a minute for a small press and two minutes for a large press. Available maximum 
pressures range from 80 MPa to 140 MPa. All tests described in this paper have been made on a Quintus 
press type QFC 0.7x1.8-800, which is an 80 MPa press with 700x1,800 mm press table and maximum 
forming depth of 160 mm.

1 Carlsson, B. Flexform pressing of an automotive side impact beam,  
“Forming in car body engineering 2017“, p. 115-130, Bad Nauheim, 2017

The principle of Flexform
Complex sheet metal parts may be formed 
over a single shape-defining tool half by a 
flexible rubber diaphragm, supported by 
high hydraulic pressure.
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Figure 1: Flexform tray with tools.

Figure 2: Blanks placed on tools.

Figure 3: Tray covered with protection rubber pad (orange) and moved into the press cylinder.
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3. Flexform pressing of ultra-high strength steels 
High strength cold forming steels are increasingly used in the automotive industry. DP-steels and marten-
sitic grades are now commonly used. The tensile strength of such material ranges up to 1000 MPa for DP 
and up to 1500 MPa and above for martensitic grades.

To see the ability of Flexform pressing for ultra-high strength steels, a tool for an imagined side imact 
beam has been produced. The beam has a double hat profile, which is very common today for such 
parts. The beam has thus the appearance of a conventional door beam, see Figure 4, even if the crash 
properties are not considered in the design.

The martensitic cold forming steel Docol 1400 M in 1.25 mm thickness was chosen for the tests.  
As a comparison, aluminium 6061-O, titanium Grade 2 and DC04 were also pressed in the tool.

The modelling of friction is always a point of discussion in simulations. The amount of lubricating oil  
can vary from one place to another in the tool, and also between tests due to migration of oil inside the 
tool. This will lead to spread of the results. For this reason, no oil was used. Instead, LDPE plastic foil  
in 0.1 mm thickness was used on both sides of the sheet. New foil was used for each test.

3.1. Materials used in experiments 
The listed mechanical properties are taken from standard values and were not measured on the individual 
blanks. Some deviation can therefore be expected from the mechanical properties used in the simulations. 
Thickness values were measured. Docol 1400 M has yield strength >1,150 MPa, tensile strength 1,400-
1,600 MPa, elongation >3% and measured thickness 1.25 mm. Aluminium 6061-O has yield strength 
>55 MPa, tensile strength >124 MPa, elongation >25% and measured thickness 1.27 mm. Titanium 
Grade 2 has yield strength 275-410 MPa, tensile strength >345 MPa, elongation >20% and measured 
thickness 1.60 mm. Finally, DC04 has yield strength ≤210 MPa, tensile strength 270-350 MPa, 
elongation ≥38% and measured thickness 2.90 mm.

3.2. Experimental details common for all tests 
Sheet samples with the dimensions 140x620 mm were cut in a power shearing machine and deburred.  
In all cases, rolling direction was parallel to the short side of the samples. The samples were then put on 
the tool, with 0.1 mm LDPE lubricating foil on both sides of the sheet. A 10 mm thick Polyurethane pad 
was placed on top. The PU-pad served the purpose of protecting the pressurized diaphragm in case of 
sheet fracture, and to secure the location of the blank. The tool was made of the pre-hardened tool steel 
Toolox 44, which has a hardness of 44 HRC.

Figure 4. Flexformed beam on tool. Red arrow indicates minimum waist width, green arrow indicates springback from tool.
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3.2.1. Experimental details for Flexform pressing 
The Flexform press cycle was run to 80 MPa, after which the samples were taken out, checked for fracture 
and measured. Maximum height after springback and minimum width of the waist were measured, as 
indicated in Figure 4. Results are given in Table 1. None of the samples fractured, so no further concern 
was made regarding formability.

Ten samples were made of the ultra high strength steel Docol 1400 M, and three samples each of the 
other materials. Standard deviation of the measurements was used to evaluate repeatability or process 
stability.

3.2.2. Experimental details for conventional pressing  
(crash forming) 
Flexform presses can also be used as conventional presses, similar to crash-forming, since no blankholder 
is used. The lower tool is placed on the tray bottom with the sheet on it. The upper tool is placed on top.  
As the pressure is increased, the top tool will be pushed down with a force equal to the tool surface times 
the pressure. The upper tool measured 180 x 640 mm, which resulted in a press force of 9200 kN when 
80 MPa pressure was applied. The lower tool was the same as for the Flexform pressings. Tools are 
shown in Figure 5.

Guidance of the upper tool may be needed. In the present case, a rectangular bakelite frame was used  
to center the tools.

The clearance between upper and lower tool was 1.5 mm. Only the ultra-high strength steel was used  
in the crashforming/conventional pressings.

The same blank size and lubrication as in the Flexform pressing was used for the crashforming tests. 
Measurements were also taken the same way. Results from the crashforming pressings are given in  
Table 1. It can be noted that the spread in springback was quite high, which can probably be explained 
by the formation of wrinkles in the measurement area. This will be discussed further down.

Table 1: Geometry of the formed beams. Waist width and springback are average values. Springback including sheet thickness.

Flexform  Waist width  St. dev.  Springback  St. dev.

Docol 1400 M 105.7 mm 0.17 mm 12.6 mm 0.39 mm
Al 6061-O 102.9 mm 0.70 mm 3.9 mm 0.40 mm
Ti Grade 2 101.8 mm 0.21 mm 4.7 mm 0.30 mm
DC04 102.4 mm 0.05 mm 3.5 mm 0.04 mm 

Crashforming  Waist width  St. Dev.  Springback  St. Dev.

Docol 1400 M 101.4 mm 0.16 mm 19.6 mm 0.96 mm

Figure 5. Tools used for crashforming/conventional pressing. Upper tool left, lower tool right.
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4. FE-simulation of Flexform pressing and correlation  
to experimental results 
FE-simulations can greatly reduce development time for tools. One condition for this is of course that  
the simulations are accurate. Fracture, springback and draw-in are among the most common parameters 
on which the designer relies that the simulations give him a correct estimate.

For the current work the FE-code Autoform has been used. This code simulates Flexform pressing by  
applying a pressure to the surface of the sheet which is not facing the tool. Combinations of moving  
tools and pressure are possible to describe. However, the protecting pads and the diaphragm itself  
are not modeled, but the pressure is assumed acting directly on the sheet without intermediates. This  
assumption is motivated by the very low stiffness of the rubber diaphragm, compared to the metal sheet. 
It can be seen in this paper that this assumption is valid in the current case. Other situations may of 
course be imagined, where the diaphragm itself would indeed have an influence on the forming process.

4.1. Details on simulation parameters 
Simulations were performed using Autoform V7. Tools were imported from CAD. Rectangular blanks 
140x620 mm were defined in Autoform and placed centered on the tool. Lubrication was defined either as 
the conventional pressure independent Coulomb model (with μ = 0.10), or by using the pressure-depend-
ent model available in Autoform.

The standard values for the “mill oil” model are μ = 0.10, pref = 4 MPa and e = 0.9, values which have also 
been used for the pressure dependent simulations in this paper.

No attempt was made to optimize or change frictional values, parameters in the frictional model or other 
parameters which can be altered by the user.

Except titanium Grade 2, for which an in-house material model was used, all materials were described  
using the available material models in the Autoform material library. No modification of the available  
material models was made to adjust to test certificate values.

In Autoform, simulations can be performed with control parameters set to higher accuracy. This is  
“Engineering Phase FV” or Final Validation. This setting was used for all simulations described in this 
paper.

4.2. Simulation results and comparison with experiments 
Figure 6 shows the maximum measured springback in the lateral direction of the different materials after 
Flexform pressing, compared to simulations. Figure 7 shows the minimum measured waist width after 
Flexform pressing, compared to simulations.

For all materials except aluminium, there is a very good correlation between experimental and simulated 
values when the pressure-dependent friction model is used. For DC04, a significant improvement in waist 
width can be seen when the pressure dependent model is used. Aluminium has less good correlation 
than the other materials, but the correlation is still judged acceptable.

Crashforming has also been simulated, using the same frictional models as for Flexform pressing. As  
can be seen in Figure 8 and Figure 9, where Flexform values are shown for comparison, the correlation  
between measurement and simulations are very good. The pressure dependent model seems to be  
superior to the conventional Coulomb model, even if the difference between the two frictional models  
is very small.

Interestingly, as seen in Figure 6, the springback for the aluminium material (and only this material) was 
seen to be “negative”, meaning that the ends of the beam lift off from the tool, instead of the center. This 
behavior was seen both in experiments and in simulations, which means there must be a physical reason 
for it, although it escapes the authors. Kinematic hardenin hardening can not be responsible for it, since 
this option was not activated in the simulations.

μeff = μ
p

pref

e - 1
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Figure 6. Maximum springback. Flexform pressing.

Figure 7. Minimum waist width. Flexform pressing.
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Simulation: Coulomb friction
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Figure 8. Maximum springback of beams in Docol 1400 M. Comparison Flexform pressing and crashforming.

Figure 9. Minimum waist after forming of beams in Docol 1400 M. Comparison Flexform pressing and crashforming.
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5. Summary and conclusions
It has been shown in this paper that ultra-high strength steels, and other hard-to-form  
materials, can be successfully formed using Flexform pressing.

Further, it is seen that the Flexform pressing process may well be simulated using  
Autoform V7, even if the rubber diaphragm is not included in the simulation model.

The pressure dependent friction model included in Autoform generally gives results  
closer to experiments than the conventional, pressure independent coulomb model.

Repeatability of draw-in was comparable between Flexform pressing and crashforming.  
Repeatability of springback was better for Flexform pressing than for crashforming, which  
can be explained by the abscense of wrinkles in Flexform pressing.
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