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Stamping

The objective of the forming process is to convert a 
thin, flat sheet of metal into the desired part without 
fracturing it or causing excessive local thinning. This 
is done using a punch, a matrix and a blank holder.
 
Because the stamping process is generally highly 
efficient, the product benefits from a high level of 
uniformity. Other benefits include a high rate of 
productivity and an effective use of raw material(s). 

Although forming operations are usually complex, 
they can generally be described as occurring within 
a sequence of basic steps. 

There are several processes for forming thin metal 
sheets, including stretching, bending, crash forming 
and deep drawing. 

When the process results in a variation of the metal 
sheets’ thickness, it is called stretching. When there 
is a small variation in thickness, the process is usually 
designated as being a deep drawing operation. 
Bending is a widely used conformation process 
because it is simple and can typically be carried out 
by efforts below the material’s plastic flow limit. The 
mintage process involves the material (plate) being 
compressed between two sides of the matrix until it 
undergoes plastic run-off.
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This technical notebook focuses mainly on stretching and deep 
drawing as these are the operations most often used in 
stamping both small and large parts. They are also the most 
commonly used processes in the formation of stainless steels. 

During stamping, the material plastically deforms. The plate has 
to ‘dress’ the punch and/or the matrix to produce the part. The 
sheet metal’s crystal net moves under the shearing tensions 
but does not produce a change in volume. That’s because the 
volume of the sheet metal and that of the piece are the same, 
despite the fact that their total surface is different. 

With the exception of the crash forming process, all stamping 
processes see tensions (both tractive and compressive). These 
stresses occur in the plate’s plane.

1.1. Stretching 
Stretch stamping is characterized by a biaxial state of deformation. It is promoted by tractive stresses that are 
perpendicular to each other and that operate in the plane of the plate. The blank is fixed between the blankholder 
and the matrix with sufficient pressure to prevent its drag, thus ensuring the plate is subjected only to traction 
effort. In many cases, drawbeads are used so the material does not flow into the matrix (i.e. to ensure that 
stretching deformation actually occurs). 

To ensure the material behaves in the 
stretching process, it is necessary to 
distribute the deformations in a 
homogeneous way. This will help delay 
the start of stretching (localized 
thinning) that will lead to rupture. 

Complex stamping operations always 
involve stretching. 

External car panels are a good example. 

Bent parts, elongated stiffeners and ribs 
are generally produced by stretching.

F
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Figure 1 – Stretching scheme
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1.2. Deep Drawing

1.3. Combined Forming

The aim of the deep drawing process is to produce a part with the minimum possible variation in 
sheet thickness. 

In general, the blank is free to slide into the matrix, ‘feeding’ the conformation of the part. However, this 
creates tensions and compressive deformations in the plate plane, which can lead to the formation of 
wrinkles in the flange. To avoid this, the pressure 
of the plate press must be controlled to allow 
the blank to slide freely into the matrix, thus 
preserving its thickness. 

The deep drawing process is different from 
stretching. In stretching, the flange is held in place 
by a latch (‘bead’ or ‘drawbead’) that causes the 
part to be formed by stretching the plate over the 
punch. In deep drawing, since the punch has a 
larger surface area than the original blank, the 
piece undergoes a generalized thinning.

Many forming operations involve both stretching and deep drawing. For example, square section cups have 
(usually slightly curved) edges and stretched sides. Determining when a single piece was deep drawn and when 
it was stretched is a difficult task.

F

Figure 2 - Deep drawing scheme

Figure 3 - Forming  
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1.4. Stampability

Examples of stamped stainless steel parts with austenitic (3XX) and ferritic (4XX) stainless steels.

To achieve high stampability, the material must be able to: 

In other words, a material of good stampability or deformability 
is able to accommodate the various states of deformation 
without failure (necking or fracturing).

•  Redistribute the deformation as evenly as possible 
•  Reach high deformations without failure or necking 
•  Withstand compressive stresses (in the plane) without 

forming wrinkles
•  Retain the shape after being removed from the matrix 

(springback phenomenon) 
•  Retain good surface finish during stamping (avoid galling)

Stainless Steel Stamped Parts



Main Characteristics 
of Stainless Steels in 
Stamping

Not all stainless steel families lend themselves to 
stamping operations with the same efficiency. 
Due to their mechanical properties, the most 
suitable are austenitic and ferritic stainless steels. 



Austenitic stainless steels have a cubic crystalline structure with a centered face (CFC). When submitted 
to some type of cold forming, these steels have the capacity to change their crystalline structure to 
form a martensitic structure (stress induced martensitic transformation).

This structural change occurs in all austenitic stainless steels submitted to cold deformation. The 
martensite formation rate, however, varies according to the stability of the austenite in each alloy. The 
higher the rate of martensite formation, the less stable the stainless steels. In many cases, this low 

stability can cause a loss of stampability capacity, 
mainly due to the excessive hardening in the first 
stages of deformation. This raises the stamping loads 
and, at some point, the deformation will overcome the 
load supported by the material and a failure occurs. 

To correct this loss in forming capacity, certain alloy 
elements are added to austenitic stainless steels to 
stabilize the austenite. This not only gives the steel 
greater stability, but also a rate of martensite formation 
induced by cold deformation more suitable for deeper 
and more complex stamping.

Ferritic stainless steels present a crystalline 
structure of the centered body cubic type (CCC). 
Unlike austenitic stainless steels, the cold forming 
process does not alter the crystalline structure of 
the ferritic, giving these steels a strong 
dependence on its crystallographic texture to be 
deformed. This dependence becomes more 
evident in stamping processes where deep 
drawing is predominant.

2.1. Austenitic Stainless Steels 

2.2. Ferritic Stainless 
Steels
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Figure 4 - CFC Structural Arrangement

Figure 5 - CCC Structural Arrangement 



Fundamental 
Properties & 
Stampability

The influence that the material’s mechanical 
properties have on the stamping depends on the 
forming mode. In other words, some properties 
have a much more pronounced effect in one mode 
of formability than in another. 

For example, while the normal anisotropy value has 
a very pronounced effect on the deep drawing, the 
uniform elongation has a clear effect on the 
stretching but a less pronounced effect on the 
deep drawing.
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Stretch stamping increases the blank area under the radius of the punch thanks to biaxial traction 
stresses. This means there will be a reduction in thickness. 

The material’s ability to resist this loss of thickness without plastic instability (i.e., strain) will determine the 
maximum height of the stamped part without fracture. According to the plasticity theory, the greater the 
value of uniform elongation the greater the possibility of obtaining a piece of greater depth / complexity. 

Uniform elongation can be easily obtained through the Stress by Strain Curve, which is obtained using 
the tensile test. This test consists of submitting a standardized specimen to a uniaxial tractive force 
(i.e., one that occurs in a single direction of the sheet sample), gradually increasing it until the material 
fails. (Fig. 7)

3.1. Effect of Uniform Elongation on Stamping 

Figure 6 - Fundamental Properties & Stamping Mode

SHARP INFLUENCE LESS SHARP INFLUENCE
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The differences between the ferritic and the austenitic microstructures become evident when one 
compares the Tension by Deformation Curve obtained for these stainless steels. It should be noted that 
because austenitic’s resistance limit is much higher than that of ferritic stainless steels, it is necessary 
to use presses with greater capacity to stamp them. 

Austenitic stainless steels’ better performance in stretch stamping processes also means significant 
differences in uniform elongation compared to ferritic steels.

Figure 7 - Tension x Deformation Curve

Figure 8 - Difference between the Tension x Deformation Curve of austenitic and ferritic stainless steels.  
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Grade 
designations

Standards Chemical Composition (% - typical values) Stretchability

AISI UNS EN C Si Mn Cr Mo Ni Others

Aperam 304 304 S30400 1.4301 0.050 0.40 1.10 18.20  - 8.05  - ↑ ↑ ↑  ↑ ↑ ↑
Aperam 304D 304 S30400 1.4301 0.040 0.40 1.20 18.20  - 8.10  - ↑ ↑ ↑  ↑ ↑ ↑
Aperam 304ED 304 S30400 1.4301 0.045 0.40 1.10 18.20  - 9.10  - ↑ ↑ ↑  ↑ ↑ ↑
K30 430 S43000 1.4016 0.040 0.35 0.30 16.50  -  -  - ↑
K30ED 430 S43000 1.4016 0.015 0.35 0.40 16.50  -  -  - ↑ ↑
K39M 430Ti S43036 1.4510 0.020 0.40 0.30 16.50 Ti = 0.40 ↑ ↑ ↑ 
K41 441* S43932/

S43940
1.4509 0.015 0.60 0.30 17.80 Ti+Nb = 

0.65
↑ ↑ ↑

Table I - Stretchability and Elongation

Table I presents the typical values of elongation for each steel and its stretching capacity. 

* Common designation



3.2. Effect of Anisotropy on Stamping

Deep stamping simultaneously causes deformations in 
both traction and compression.

In these situations, stamping is improved by reducing the 
deformations perpendicular to the thickness, thus 
increasing the deformations in the width. The deformation 
ratio ‘r’ is defined as the ratio between deformations in 
the width and the thickness of the sheet. 

The strain ratios are usually measured in a uniaxial 
tensile test on specimens extracted parallel to the 
rolling mill, at 45° and 90°, to the direction of rolling, and 
designated as r0, r45 and r90, respectively. The planar 
anisotropy coefficient ∆r and the normal anisotropy 
coefficient rN are defined as: 

rN = 1/4 x (r0+2r45+r90) 
∆r = 1/2 x (r0+r90−2r45) 

Planar anisotropy ∆r is an indicator of the ‘earing’ that 
occurs in the stamping of the pieces. 

The normal anisotropy rN is so called because it 
measures the resistance to deformation in the 
thickness of the sheet (i.e., the capacity of the 
material to resist thinning). 

Where: 
εw, εt = true deformation (in width and thickness re-
spectively); 
w, w0 = width (instantaneous and initial respectively);  
t, t0 = thickness (instantaneous and initial respectively).

14
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A coefficient of r = 1 indicates there is equality 
between resistance to deformation in both width 
and thickness. When r >1, the sheet offers greater 
resistance to plastic deformation in thickness. For 
a steel with good stampability, a high r (high 
preference to deform in the plane of the plate and 
little in the thickness) and a ∆r close to zero 
(minimum planar variation) are desired. These two 
parameters (rN and ∆r) are important to defining 
the behavior of a deep drawing material. 

Conventional ferritic stainless steels, such as 430, 
have r values close to 1. Therefore, its behavior 
during deep drawing is similar to that of austenitic 
stainless steels. Other ferritic stainless steels 
stabilized to niobium and/or titanium have high 
coefficients of normal anisotropy (rN), which 
explains why they perform better in deep drawing 
processes than austenitic stainless steels. That’s 

why the standard for deep drawing is to allow the 
sheet to be shaped with less variation in thickness.

Another characteristic is the formation of ‘ears’ or 
protuberances in the flange or final part. Via the 
process of deep drawing an ideal cup obtained 
from a circular blank and without any variation in 
thickness, the following ratio can be obtained: 

Hmax = dp/4 [(LDR)2 - 1] 

Where H max is maximum height (stamping depth), dp = 
punch diameter and LDR (Dmax / dp) (called ‘Limit 
Drawing Ratio’) being Dmax, the diameter of the largest 
stamped blank without fracture. As the volume of the 
material is constant, the external surfaces of the blank 
and the cup must also be equal to achieve this ratio.
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Table II 

Remarks:

a) Aperam 304ED with added steel with added copper (Cu) has a lower resistance limit and a lower level of hardening due to its low MD30 (less martensite 
formation induced by cold deformation). This provides lower stamping loads and favors a better deep drawing capacity than a standard 304 steel. 

b) Limiting Drawing Ratio - Lubricant = Mobilux EP00. Typical values tests done on 0.8mm thick (laboratory tests)

Table II presents Stamping Ratio (LDR). This index measures the capacity of materials in the deep drawing stamping 
processes. The greater its value, the better the material behaves in these processes.

Grade 
designations

Standards Chemical Composition (% - typical values) LDR

AISI UNS EN C Si Mn Cr Mo Ni Others

Aperam 304 304 S30400 1.4301 0.050 0.40 1.10 18.20  - 8.05  - ↑ 
Aperam 304D 304 S30400 1.4301 0.040 0.40 1.20 18.20  - 8.10  - ↑ ↑ 
Aperam 304ED 304 S30400 1.4301 0.045 0.40 1.10 18.20  - 9.10  - ↑ ↑ 
K30 430 S43000 1.4016 0.040 0.35 0.30 16.50  -  -  - ↑ ↑
K30ED 430 S43000 1.4016 0.015 0.35 0.40 16.50  -  -  - ↑ ↑ ↑
K39M 430Ti S43036 1.4510 0.020 0.40 0.30 16.50 Ti = 0.40 ↑ ↑ ↑  ↑
K41 441* S43932/

S43940
1.4509 0.015 0.60 0.30 17.80 Ti+Nb = 

0.65
↑ ↑ ↑  ↑

* Common designation



The success of forming stainless steel parts will 
depend on the stamping process, the stamping 
conditions (tooling, lubrication, pressure, etc.), 
and the material itself (its properties). 

In general, the shape of the part and the 
response of the material will dictate the best 
choice of stamping process and tooling design. 

Although one should explore what each family 
of steels has to offer, austenitic and ferritic 
stainless steels are generally the most suitable 
with the usual processes of stamping for 
stretching and deep drawing. 

The properties of austenitic stainless steels 
are particularly favorable to the stretching 
processes, while ferritic stainless steels are 
better for deep drawing. 

However, advancements in technology has 
extended the use of ferritic steels into 
domains once limited to austenitic stainless 
steels. Ferritic steels are also more cost 
competitive than austenitic steels. This is due 
to the absence of nickel, which has increased 
the versatility of its use in stamped parts in 
several market segments.

Conclusions
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Note.: All illustrations presented were taken from Aperam South America’s own materials.

© Aperam. Every care has been taken to assure that the information contained in this publication is as accurate as 
possible, but Aperam can not guarantee completely the information or absence of errors. 



Recommendations

The information contained herein is based on 
laboratory tests and traditional and respected 
bibliographical references. 

Variations in the process can alter the behavior of 
stainless steels. For this reason, the information in 
this publication should be used as an initial reference 
for testing or for a final specification by the 
purchaser.



https://www.youtube.com/channel/UCeoYXGN3I0N-HWmiFPnkfew
https://www.linkedin.com/company/aperam/
https://www.aperam.com/

