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Summary 
 

This report has been written to summarize my work, regarding a will to improve the 

manufacturing process of a support bracket used for cable ladders. The company concerned 

in the project have experienced several problems with severe cracking in a flange radius 

throughout the years of production. The main task has therefore been to identify the problem 

and to come up with some suggestions of how to avoid these issues ahead. 

 

In order to evaluate the formability of the material used in production, flanging tests have 

been performed accompanied by finite element analysis in MSC Marc. The conditions of the 

cut edge subjected to cracking, as well as the cutting tool, have also been investigated by 

light optical microscopy (LOM), as well as by scanning electron microscopy (SEM). 

 

The results show that the flanging operation in today's production of support brackets 

extensively exceeds the critical flanging ratio of the steel sheet material. As sheet material 

tends to adhere to the tool surfaces, issues due to galling can also be stated during 

manufacturing. In order to improve the production with respect to reliability and a more 

enhanced product, the company should consider solutions like changing the lubricant or 

focus on the options of applying a surface treatment on the cutting tool or a brand new tool 

made from high-quality steel grades, which should be a more sufficient solution in the long-

term run. 
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Sammanfattning 
 

Denna rapport har skrivits för att sammanfatta mitt arbete med syfte att förbättra 

tillverkningen av bärok som används till kabelstegar. Det i projektet berörda företaget har 

under årens lopp upplevt ett flertal problem med svår sprickbildning i en kragad radie. 

Huvuduppgiften har därför varit att identifiera vad som skulle kunna vara problemet, samt att 

komma fram till några förslag på hur dessa problem skulle kunna undvikas framöver.  

 

Kragningstest, åtföljda av finita element analyser med hjälp av MSC Marc har utförts för att 

utvärdera arbetsmaterialets formbarhet. Skicket på den berörda klippkanten, liksom 

klippverktyget, har också studerats i såväl ljusoptiskt mikroskop (LOM) som 

svepelektronmikroskop (SEM).  

 

Resultaten visar att kragningsoperationen i dagsläget avsevärt överskrider materialets 

kritiska kragningsförhållande. Problem med galling kan också fastställas då plåtmaterial 

tenderar att smeta fast på verktygsytorna under produktionsförloppet. För att förbättra 

tillverkningen med avseende på tillförlitlighet och en förbättrad produkt, bör företaget 

överväga lösningar såsom att byta smörjmedel eller att fokusera på en ytbehandling av 

klippverktyget eller att investera i ett helt nytt verktyg tillverkat av högkvalitativt verktygsstål 

vilket antagligen skulle vara den mest fördelaktiga lösningen på lång sikt.  
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1 Introduction 
 
Sheet metal forming is one of the most common metal shaping processes used in history. It is 
used in a widespread way throughout the automotive, aerospace, building and marine 
industries as it constitutes a vital part of the manufacturing industries of modern industrial 
countries. Nowadays there are a large number of different forming processes available where 
bending, stretching, stamping and deep drawing are some of the most common methods. 
More newly invented, high-tech forming methods might be the techniques of hydroforming, 
water-jet or laser cutting, and roll forming in three dimensions (flexible 3D roll forming), 
among others. 
 
Sheet metal can be made of many materials such as steel, aluminium, copper, brass and 
titanium and is usually delivered in flat cut-to-length pieces or as coiled strips formed by a 
roll slitter. In order to increase the corrosion resistance a zinc layer might be applied on the 
surface of steel sheets in a hot-dip galvanization line or by electrochemical deposition. A 
coating of paint can be added as well to improve wear resistance and give a decorative look. 
 
The thickness (gauge) of a metal sheet can vary significantly but is commonly in a range of 
about 0.1-6 mm [1]. Thinner materials are considered foil or leaf and pieces thicker than 6 
mm are named plate. Hot rolled as well as cold rolled materials are extensively used in the 
processes of sheet metal forming, and today's increasing amount of high-strength steels will 
demand an even higher knowledge in metalworking processes and the skills of how to handle 
and reduce issues related to cracking failures and spring back effects. 

 
Fig. 1.1   A galvanized sheet metal strip delivered in coils. 

 
This degree project will consider the production of a support bracket designed for holding 
cable ladders, see Figure 1.2. The bracket is manufactured in a stamping press, and at some 
times the company producing the component have had problems due to cut edge cracking in a 
flanged radius. The issues seem to occur randomly throughout the years. Prior investigations 
of the material have been made, without succeeding to find a sufficient solution to the case. 

 
Fig. 1.2   The support bracket investigated in this project, with the subjected radius marked. 

 
The main purpose in this project have been to find out what seemed to cause the issues and to 
complete the investigation by giving some suggestions which might improve the production 
and prevent the risk of failure in the future.  



2 
 

2 Background to the investigation 
 
The product concerned in this paper, named “Support bracket 3-600” by manufacturer 
Schneider Electric, is used as an accessory applied on fixing rails for holding up cable ladders 
in a system designed for electrical installations seen in Figure 2.1.  
 

 
Fig. 2.1   The role of the support brackets as a part of the electrical installation system.     

 
At the company, the component has been produced in a 315 ton hydraulic stamping press in 
large quantities since 1992. The 500 mm wide and 2.5 mm thick metal sheet is uncoiled and 
lead into the punching tool where holes are primarily pierced, the contour is then cut out 
(cutting clearance 10 %) and followed by a three-step bending operation, see Figure 2.2. Now 
and then severe cracks in the flanged radiuses have appeared, last in the year of 2009 causing 
problems in 4 of 16 orders with a rejection of 10-30 %. According to the staff the problems 
have seemed to appear randomly but in accumulation, which presumably means that the 
forming must be critically close to the limits of cracking at all times. 
 

 
Fig. 2.2   The five forming steps for obtaining the final shape of the support bracket (left) and the 

corresponding tools required for performing these operations (right). 
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The tooling equipment is made in the SS2260 tool steel by Mora Tool, and the bending 
surfaces are coated with a layer of titanium carbide (TiC). Naturally, the whole process is 
continuously lubricated by an emulsion (Castrol Cooledge BI) during operation. Service 
maintenance, i.e. sharpening of the cutting tool, is carried out after about 30.000 – 40.000 
strokes, and is decided after visual inspection of the components finish. It might also be worth 
mentioning that both ungalvanized and galvanized sheets are used in the manufacturing of the 
brackets (according to the requests of the costumers), and that there has never been a problem 
due to cracking when producing the pre-galvanized products. 
 

 
Fig. 2.3   Severe failure during the production caused by cracks found along the whole radius of a 
rejected support bracket. 

 
Finally, the company involved in this project have also tried the hot-rolled steel of Domex 
200 from SSAB, in order to evaluate the materials roll to the problems. However, this 
material change did not bring any solutions to the cracking behaviour. 
 
  



 

3 Sheet metal forming
 
Through sheet metal forming, an initially flat sheet 
shapes by using shaped tools. 
costs from modern continuous rolling mills. Thin hot
a significant part of all metals being produced, which are 
processes into cars, airplanes, building products, f
familiar products in modern society
either partial or complete plastic deformation, and as different deformation modes can be 
found in different areas (or in the s
to attain. Some major benefits of sheet metal parts are a high Young´s modulus (E
as well as high yield strength, which will give the product a relatively high stiffness as well as 
a good strength-to-weight ratio saving both 
 
In this section general theory
forming processes are presented, followed by some typical methods for testing the different 
properties of sheet metal formability
main concerns which may be more or less common in the working of sheet metals.
 

3.1 Common forming 
 

- Blanking and piercing
Blanking and piercing are two types of shearing processes in which a punch and a die are 
used to modify webs. As metal 
first process normally is to cut the blanks which will be fed into the presses, 
there may be further blanking to remove excess material and pierce holes. A general 
illustration of the cutting process is given by Figure 3
observe that blanking constitutes a complicated
fracture and that localized hardening is likely to occur at the outermost material at the cutting 
edges. These mechanisms can lead to dif
 

Fig. 3.1   Principle sketch of a blanking operation.
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Sheet metal forming 
sheet metal forming, an initially flat sheet is able to be formed into

shapes by using shaped tools. Huge quantities of thin metal sheets are today 
costs from modern continuous rolling mills. Thin hot-rolled strips and cold
a significant part of all metals being produced, which are then further formed in secondary 

airplanes, building products, food and drink cans and a lot o
familiar products in modern society. The wide span of different forming operations involve 
either partial or complete plastic deformation, and as different deformation modes can be 
found in different areas (or in the same area) of the sheet a wide variety of shapes are possible 

Some major benefits of sheet metal parts are a high Young´s modulus (E
as well as high yield strength, which will give the product a relatively high stiffness as well as 

weight ratio saving both money and lowers the environmental impacts.

this section general theory of sheet metal forming will be given. The most common 
are presented, followed by some typical methods for testing the different 

formability. The last sub-section includes some 
main concerns which may be more or less common in the working of sheet metals.

forming techniques 

Blanking and piercing 
Blanking and piercing are two types of shearing processes in which a punch and a die are 

metal sheets are commonly stored and delivered as
first process normally is to cut the blanks which will be fed into the presses, 
there may be further blanking to remove excess material and pierce holes. A general 

ing process is given by Figure 3.1. When studied in detail
observe that blanking constitutes a complicated combination of plastic deformation and 
fracture and that localized hardening is likely to occur at the outermost material at the cutting 
edges. These mechanisms can lead to difficulty in subsequent operations [2]

 
of a blanking operation. 

formed into many different 
today delivered at low 

rolled strips and cold-rolled sheets make 
formed in secondary 

ood and drink cans and a lot of other 
The wide span of different forming operations involve 

either partial or complete plastic deformation, and as different deformation modes can be 
ame area) of the sheet a wide variety of shapes are possible 

Some major benefits of sheet metal parts are a high Young´s modulus (E-modulus) 
as well as high yield strength, which will give the product a relatively high stiffness as well as 

money and lowers the environmental impacts. 

. The most common 
are presented, followed by some typical methods for testing the different 

section includes some general facts about 
main concerns which may be more or less common in the working of sheet metals. 

Blanking and piercing are two types of shearing processes in which a punch and a die are 
stored and delivered as large coils the 

first process normally is to cut the blanks which will be fed into the presses, and afterwards 
there may be further blanking to remove excess material and pierce holes. A general 

When studied in detail, one can 
combination of plastic deformation and 

fracture and that localized hardening is likely to occur at the outermost material at the cutting 
[2]. 
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In order to reach sufficient results in cut-off processes, the cutting clearance is of most 
importance. Cutting clearance is defined as the perpendicular margin between the shear 
blades. A correct cutting clearance is dependent both on mechanical strength and thickness of 
the working material, and due to wide variations in machine stability and wear of the tool 
steel, it will be impossible to give specific recommendations. However, Table 1 appoints a 
guideline to a correct clearance based on the tensile strength and thickness of the steel sheet 
[3]. The higher the strength and the thicker the material, the larger cutting clearance should be 
applied. 
 
Table 1   Cutting recommendations for appropriate quality of the cut edge 

Rm (MPa) Cutting clearance (%) 
≤450 6-8 
>450 9-12 

 
Burrs are normal by-products from cutting process and are most times not acceptable, mainly 
due to safety reasons. Another reason could be to improve the surface appearance 
(discoloration) from welding/brazing, scale from heat treatment or to improve the resistance 
to cracking and fatigue as a burr always constitutes micro cracks and therefore will be a crack 
initiation in certain cases. Normally, the burr from well-maintained tools extends less than 10 
% of sheet thickness. If there is a burr-free requirement, then deburring must be performed. 
But deburring can also be avoided by considering the direction of the burrs in the design of 
the part or if the burr will be located in a non-accessible area [4]. 
 
A contemporary way of reducing the influence from the burrs is a method called pre-piercing. 
This cutting operation is carried out like conventional piercing, but there are two cutters in 
use. The primary cutter performs a rough cut removing most of the material, while the 
secondary cutter just expands and trims the hole slightly more, making a significantly higher 
finish to the cut edge.     
 

- Bending 
Bending, sometimes named flexure, is a flexible process by which many different shapes can 
be obtained. The most basic forming operation of sheet metal forming is the making of a 
straight line bend, see Figure 3.2. The plastic deformation is limited to the region close to the 
bend region, and in materials showing a poor ductility cracks may appear at the surface of the 
outer radius where tensile stresses will occur (consequently; compressive stresses are 
generated at the inner radius). However, the main concern in this kind of operations is usually 
to attain a good accuracy and repeatability of the bend angle, due to the phenomena of elastic 
springback (read Chapter 3.3). 

 
Fig. 3.2   Bending along a straight line. 

 
 



 

There are several ways of bending along a straight 
folding (a), the sheet is held stationary on the left
movable tools that rotate. Press
down into a vee-die under high loading. A method to continuously perform bending
sheets is roll forming (c). In the roll forming process an initial plane sheet is uncoiled when 
passing through series of modelling sets of rolls,
formed to a profile until its desired cross
relatively complex geometries can be accomplished in a cost
a common method to form products of significant length or in large quantities 
flanging or wiping (d) can be mentioned as a technique for bending at the edge of a stamped
part. The sheet is fixated on the left
the bend. Similar tooling is also used in successive processes to bend the part back to itself to 
form a hem. 

 

Fig. 3.3   Examples of techniques 

press brake forming in a vee-die 
down a flange (d). 
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There are several ways of bending along a straight line, as can be seen in Figure 3
folding (a), the sheet is held stationary on the left-hand side and the edge is gripped between 

ovable tools that rotate. Press-brake forming (b) involves a punch which moves the sheet 
die under high loading. A method to continuously perform bending

is roll forming (c). In the roll forming process an initial plane sheet is uncoiled when 
passing through series of modelling sets of rolls, or stands. At each set the sheet is gradually 
formed to a profile until its desired cross-section geometry is obtained. Through roll forming 
relatively complex geometries can be accomplished in a cost-effective way 

rm products of significant length or in large quantities 
flanging or wiping (d) can be mentioned as a technique for bending at the edge of a stamped

on the left-hand side as the flanging tool moves downwards to make
is also used in successive processes to bend the part back to itself to 

echniques frequently used for bending of sheet metal; a folding 

 (b), the sequential bending procedure of roll forming

 

a) 

c) 

line, as can be seen in Figure 3.3. In 
hand side and the edge is gripped between 

ich moves the sheet 
die under high loading. A method to continuously perform bending on metal 

is roll forming (c). In the roll forming process an initial plane sheet is uncoiled when 
or stands. At each set the sheet is gradually 

section geometry is obtained. Through roll forming 
effective way and nowadays it is 

rm products of significant length or in large quantities [5]. Finally, 
flanging or wiping (d) can be mentioned as a technique for bending at the edge of a stamped 

as the flanging tool moves downwards to make 
is also used in successive processes to bend the part back to itself to 

 
folding operation (a), 

roll forming (c) and wiping 

b) 

d) 



 

In cases where bending is not performed along a straight line, or the sheet is not flat, plastic 
deformation will occur not only at the bend,
and stretch flanging are two examples of this 
flanges can be obtained by the k
edge length is shortened or increased, respectively, and problems due to
case and cracking in the second may occur.
the flange and the part are curved, the flange may be either stressed or compressed whi
require some geometric analysis to determine which case is present.
 

- Stretching 
Expanding a sheet into a dome by using a mandrel 
Figure 3.4, is one of the simples
centre of the dome as the punch is pressed into the metal, and the contact stress between the 
punch and the sheet is significantly lower than the yield stress of the material. In order to 
resist the tensile forces, compressive hoop stresses will generate at the 
sheet making this region a tendency to buckle. A blank
the risk of this problem and keep the sheet in place
forming is not directly caused by the contact stresses
sheet, and that there will be a balance between tensile forces over the punch and compressive 
forces in the outer material, is 
 

Fig. 3.4   A dome is branched out of a 
and widely used stretching operation

 
- Hole extrusion 

As a punch is pushed through a 
raise as seen in Figure 3.5. In t
forces will be found at the outer surface of the flange and splitting (cracking) will limit the 
height of the extrusion, i.e. the ratio betw
pierced hole will be restrictive. However
always try to perform piercing and extrusion in opposite directions when possible, as this will 
locate the burr inside the hole 
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In cases where bending is not performed along a straight line, or the sheet is not flat, plastic 
deformation will occur not only at the bend, but also in the adjoining sheet.
and stretch flanging are two examples of this non-straight bending, where
flanges can be obtained by the kind of tooling shown in Figure 3.3 (d). In these 

ed or increased, respectively, and problems due to buckling in the first 
case and cracking in the second may occur. If the part is curved close to the flange or if both 
the flange and the part are curved, the flange may be either stressed or compressed whi
require some geometric analysis to determine which case is present. 

dome by using a mandrel (punch) and a die set, as can be seen in 
one of the simplest examples of stretching. Tensile stresses are induced at the 

e of the dome as the punch is pressed into the metal, and the contact stress between the 
punch and the sheet is significantly lower than the yield stress of the material. In order to 

the tensile forces, compressive hoop stresses will generate at the 
sheet making this region a tendency to buckle. A blank-holder is therefore used to 

is problem and keep the sheet in place. This phenomena mentione
directly caused by the contact stresses but by forces propagating through the 

and that there will be a balance between tensile forces over the punch and compressive 
forces in the outer material, is a common case in many sheet metal operations

 
branched out of a flat metal sheet by using a punch and a set of dies

stretching operation. 

is pushed through a pierced hole smaller than the punch diameter, a flange will 
In this forming technique, called hole extrusion,

will be found at the outer surface of the flange and splitting (cracking) will limit the 
height of the extrusion, i.e. the ratio between the punch diameter and the diameter of the 

will be restrictive. However, in order to reduce the risk of failure one should 
always try to perform piercing and extrusion in opposite directions when possible, as this will 

 (flange) where cracking will be at a lower risk

In cases where bending is not performed along a straight line, or the sheet is not flat, plastic 
but also in the adjoining sheet. Shrink flanging 

, where both kinds of 
(d). In these operations the 

buckling in the first 
If the part is curved close to the flange or if both 

the flange and the part are curved, the flange may be either stressed or compressed which will 

set, as can be seen in 
examples of stretching. Tensile stresses are induced at the 

e of the dome as the punch is pressed into the metal, and the contact stress between the 
punch and the sheet is significantly lower than the yield stress of the material. In order to 

the tensile forces, compressive hoop stresses will generate at the outer flange of the 
holder is therefore used to minimize 

mentioned, namely that 
but by forces propagating through the 

and that there will be a balance between tensile forces over the punch and compressive 
operations. 

sheet by using a punch and a set of dies – a simple 

diameter, a flange will 
his forming technique, called hole extrusion, the maximum 

will be found at the outer surface of the flange and splitting (cracking) will limit the 
een the punch diameter and the diameter of the 

, in order to reduce the risk of failure one should 
always try to perform piercing and extrusion in opposite directions when possible, as this will 

risk [6]. 



 

Fig. 3.5   As the pierced hole is expanded by the punch, a flange will raise and maximum stresses will 

be located at its outer side (die and blank

 
- Draw die forming 

This method is quite similar to the punch stretching operation described earlier, but differs in 
the way that the material is allowed to flow inwards under restraint to supply the part shape 
from the outer edge. The forming process consi
assembly (binder). Auto-body panels and a variety of appliance parts are widely 
in draw dies. It takes skill as well as computer
which use the metal sheets in an optimally and most efficient way, 
excess material. 
 

- Deep drawing 
Deep drawing concedes deeper parts to be formed, relative stamping where there is a limit to 
the stretching over the punch due to tearing.
allowed to be drawn inwards t
is used in order to prevent the flange from buckling, and t
the same order as the punch force. A low friction is desirable as the sheet must be able to slide 
between the die and the blankholder. Large strains are possible as the stretching over the 
punch is relatively small and most of the deformation takes place in the flange under 
compressive stresses. Due to this cups are able to be drawn as high as, or even a bit higher 
than, the cup diameter. Even deeper cups can be made through
 

Fig 3.6   Schematic of the deep drawing operation
inwards, resulting in deeper parts to be drawn
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As the pierced hole is expanded by the punch, a flange will raise and maximum stresses will 

be located at its outer side (die and blank-holder are excluded in the illustration).

This method is quite similar to the punch stretching operation described earlier, but differs in 
the way that the material is allowed to flow inwards under restraint to supply the part shape 

The forming process consists of a punch, a die ring and blank
body panels and a variety of appliance parts are widely 

It takes skill as well as computer-aided engineering systems when 
ts in an optimally and most efficient way, eliminating the amount

deeper parts to be formed, relative stamping where there is a limit to 
the stretching over the punch due to tearing. This is explained by the higher flow of material 
allowed to be drawn inwards to form the sides in the process, see Figure 3
is used in order to prevent the flange from buckling, and the clamping force is commonly in

punch force. A low friction is desirable as the sheet must be able to slide 
ankholder. Large strains are possible as the stretching over the 

punch is relatively small and most of the deformation takes place in the flange under 
Due to this cups are able to be drawn as high as, or even a bit higher 
Even deeper cups can be made through a technique called redrawing.

 
deep drawing operation. The material is allowed to flow from the edges an 

resulting in deeper parts to be drawn compared to an ordinary stretch operation

As the pierced hole is expanded by the punch, a flange will raise and maximum stresses will 

holder are excluded in the illustration). 

This method is quite similar to the punch stretching operation described earlier, but differs in 
the way that the material is allowed to flow inwards under restraint to supply the part shape 

a die ring and blank-holder 
body panels and a variety of appliance parts are widely manufactured 

when designing dies 
eliminating the amount of 

deeper parts to be formed, relative stamping where there is a limit to 
This is explained by the higher flow of material 

des in the process, see Figure 3.6. A blank-holder 
he clamping force is commonly in 

punch force. A low friction is desirable as the sheet must be able to slide 
ankholder. Large strains are possible as the stretching over the 

punch is relatively small and most of the deformation takes place in the flange under 
Due to this cups are able to be drawn as high as, or even a bit higher 

a technique called redrawing. 

allowed to flow from the edges an 
compared to an ordinary stretch operation. 



 

- Fluid forming 
Sometimes the rigid tools can be replaced by fluid pressure, forming the parts by techniques 
mutually named fluid forming. In order to form 
required resulting in relatively
achievable and the method is particularly suitable 
parts are meant to be produced
 
Hydroforming is one example of 
details can be efficiently produced in just one step, saving both time and money
usually consists of water mixed with some 
hydroforming enables a less restricted 
like locally changes as pegs and holes. Both sheets and pipes 
cases two die halves are placed 
is then inducing the metal to flow
Figure 3.7. The amount of material is by this way reduced, as the accuracy is high and the 
component weight can be reduced. The process time is commonly no more than some tenths 
of a second, but one must always be aware of cracks which might be induced if the pressure is 
increased to rapidly or if not enough material is present in the die
 

Fig 3.7   Principal sketch of hydroforming
this technique (right) [7]. 
 

- Coining and ironing 
Coining can be compared by a local forging operation, and is a widely used meth
automotive industry when making
achieve this features two tools are used, a coi
advantages are a high accuracy of repetition, 
radius as small as needed [8]. 
 

Fig 3.8   A sheet is being thinned locally using a coining tool and a die
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Sometimes the rigid tools can be replaced by fluid pressure, forming the parts by techniques 
ming. In order to form a metal sheet rather high pressures are 

ly high equipment costs. But contrary, savings in tooling costs are 
the method is particularly suitable in cases where just a limi

s are meant to be produced. 

example of a common fluid forming method. By this technique complex 
details can be efficiently produced in just one step, saving both time and money
usually consists of water mixed with some emulsion preventing corrosion
hydroforming enables a less restricted way in the designing and forming 

pegs and holes. Both sheets and pipes might be hydroformed
placed around the material, the detail is sealed and the fluid pressure 

is then inducing the metal to flow and start adapting to the shape of the forming tool, see 
The amount of material is by this way reduced, as the accuracy is high and the 

component weight can be reduced. The process time is commonly no more than some tenths 
of a second, but one must always be aware of cracks which might be induced if the pressure is 
increased to rapidly or if not enough material is present in the die [7]. 

hydroforming a pipe (left) and an example of product

 
Coining can be compared by a local forging operation, and is a widely used meth

industry when making indents or raises at small areas of a
two tools are used, a coining tool and a die, see Figur

high accuracy of repetition, good precision and the ability to reduce the 
 

 
A sheet is being thinned locally using a coining tool and a die. 

Sometimes the rigid tools can be replaced by fluid pressure, forming the parts by techniques 
rather high pressures are 

savings in tooling costs are 
a limited number of 

. By this technique complex 
details can be efficiently produced in just one step, saving both time and money. The fluid 

emulsion preventing corrosion. The process of 
designing and forming of different details, 

might be hydroformed. In both 
around the material, the detail is sealed and the fluid pressure 

the forming tool, see 
The amount of material is by this way reduced, as the accuracy is high and the 

component weight can be reduced. The process time is commonly no more than some tenths 
of a second, but one must always be aware of cracks which might be induced if the pressure is 

 
of products manufactured by 

Coining can be compared by a local forging operation, and is a widely used method in the 
or raises at small areas of a sheet. In order to 

ng tool and a die, see Figure 3.8. Some major 
precision and the ability to reduce the inner 
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Ironing is a continuous process which often accompanies deep drawing. In this process the 
wall thickness is effectively reduced as the cylindrical cup must pass through an ironing die 
which is somewhat smaller than the sheet thickness and mandrel dimensions. The thickness 
might be reduced to more than one-half of the nominal in just one stroke if several dies are 
used in tandem. 
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3.2 Formability tests 
 
Today, there are a large number of different methods available for evaluating the formability 
of a material with respect to properties of bending, drawing and stretching, among others. In 
the following text, the most common tests performed on sheet metals are briefly explained. 
 

- Bending test 
When estimating the bending abilities of a steel sheet, a V-bending operation is used under 
normal conditions of friction (without lubrication). The test is done with free bending (air 
bending) which means the workpiece is only in contact with the die edges, never bottoming in 
the lower cavity. Results are then given as a ratio called the materials bendability, defined as 
the minimum bending radius which can be used without risks for cracking in relation to the 
sheet thickness (r/t). The bendability is usually decreasing by an increased thickness, i.e. 
thicker sheets will need a higher bend radius (relatively the thickness) in order to resist cracks 
in the radius. For optimal bending results, one should always strive to perform bending with 
the burr located at the inner radius where just compressive stresses will exist, as the burr is 
always a crack initiation [9].  
 

- Limiting Drawing Ratio 
To evaluate the material limits during a deep drawing operation, a cup test might be carried 
out in which a cup is drawn in a one step operation. A sheet is placed between a die and a 
blank-holder, and the sheet is then forced to be stretched in the centre by using a punch. A 
correct blankholding force prevents the material to wrinkle at the edge, but allows the material 
to flow between the die and the punch to form a cup. The relation between the maximum cup 
diameter (D) possible to be drawn without fracture, and the punch diameter (d), is given by 
the limiting drawing ratio (LDR – D/d). 
 

- Tests for stretching 
One of the most common tests for stretching is the Erichsen test. A quadratic blank, with 
minimum dimensions of 90x90 mm, is firmly clamped between a die and a blank-holder in 
order to prevent material flow. The centre area of the sheet is then formed into a dome by a 
hemispherical punch with a diameter of 20 mm. Stretching is going on under proper 
lubrication until the material has fractured, and the test is further evaluated through the 
Erichsen number (IE) which regards to the dome height in mm at the moment of fracture. As 
the maximum dome height will decrease by an increasing sheet thickness, the thickness must 
always be given together with the Erichsen number which thereby only should be compared 
between materials of the same thickness. Some other methods for testing the stretching ability 
are the Olsen CupTest, the limiting dome height (LDH) and the hydrostatic bulge test where 
the punch is replaced by a gradually increased fluid pressure in order to achieve balanced 
biaxial tension under frictionless conditions [6]. 
 

- Flanging test 
A conical punch of certain diameter (D) is pressed through a series of pierced holes of varied 
diameter (d) to raise a flange in the blank. The sheet is clamped between a holder and the die 
and the tooling equipment is used to be well-lubricated. After each test the flange is evaluated 
regarding the condition of the edge, where stretch lines are accepted, but cracking or necking 
must not have occurred. Flanging properties are then defined as the ratio between the punch 
diameter and the diameter of the smallest punched hole (d) which can be successfully flanged 
(D/d). The outcomes of a flanging test are strongly related to the edge quality of the pierced 
holes, as experiments are normally performed with the piercing and flanging done both in the 



 

same and opposite directions in order to get
of the flange, respectively. Because the burr is a crack initiation the flanging ratio usually 
varies 0.05-0.1 units or more, whether it will be located in
i.e. at the outside or the inside of the flange.
have shown a significant improvement in flanging properties, just by making the hole by 
drilling instead of piercing them
always be taken into serious consideration when estimating the 
to a steel sheet material. 

 
- Forming limiting curves (FLC)

Forming limiting curves is a tool to
withstand without fracture, under 
the forming of a complicated component in production with a simulated test 
ideal conditions. Experiments are usually performed on small specim
simple geometrical shape. To be able to compare and estimate the materials forming abilities, 
one must know under which stress conditions the material is being formed during the 
manufacturing processes [6]. 
 
The forming limit diagram gives a graphical description of material failure tests, for example 
a punched dome test. To determine the limits of formability of each region (i.e. stress
mechanical tests are carried out. 
to deformation, and the major 
to largest strain) are then possible to obtain by measuring the post
according to the definition given by
generally set to 5 mm. 
 

Fig 3.8   A circular pattern (left) is applied on the sheet surface prior to deformation in order to 

estimate the deformation. The major and minor strain can then be determined from the post
deformation ellipses (right) that is generated from the action on the circles during common

strain paths of sheet metal forming.
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strain paths of sheet metal forming. 
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A circular pattern (left) is applied on the sheet surface prior to deformation in order to 

the deformation. The major and minor strain can then be determined from the post-
deformation ellipses (right) that is generated from the action on the circles during commonly known 
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By repeating the mechanical tests on rectangular test specimens of varied wideness in order to 
generate a range of stress states, a forming limiting curve can be plotted into a diagram 
representing at what magnitudes of strains failure is onset, see Figure 3.9. The measured 
values of major and minor principal strains correspond to the major and minor semi-axes of 
the ellipse generated from each test, and are plotted in the forming limit diagram as ordinate 
and abscissa, respectively. The left side of the curve (ε2 <0) corresponds to a stress state of 
deep drawing, where the magnitude of drawing will increase further to the left. Similarly, the 
right side (ε2 >0) represents the extent of stretching the material can undergo. As the level of 
the limit strain curve is very dependent on the sheet thickness, one cannot compare materials 
of different thicknesses. However, the most interesting area of the forming limit diagram is in 
the area of ε2 =0, which will correspond to a plane strain distribution. A major part of all 
failures which occur during pressing operations are related to the area close to this stress state. 

 
Fig 3.9   The forming limit diagram shows the minor and major principal strains corresponding to 
each stress state, which must not be exceeded in order to avoid failure.  

 
Under the assumption of path independent strain, the relative strains will reach a critical value 
at which deformation occurs. By performing repeated experimental measurements, the shape 
of the curve can be obtained experimentally. Alternately, the diagram can be generated by 
mapping the shape of a failure criterion into the formability limit domain. However, the 
formability limit diagram provides an excellent tool when determining whether a material will 
withstand a given forming process, or not. Such information is of great importance when 
designing forming processes, and is therefore fundamental to the design of metalworking 
processes, such as forging or deep drawing. Forming limit diagrams have been established for 
a range of alloys nowadays, enabling to match the forming process and material behaviour at 
the metalworking design time by the process engineer [11].  
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3.3 Major issues during forming 
 
In this part main concerns which may appear throughout all processes of sheet metal forming 
are presented. Problems due to cracking, galling and spring back are some common issues to 
manage in the manufacturing plants and should always be taken into consideration when 
working with metal sheets. Some general facts about these issues and how to best handle and 
reduce the troubles related to them will be given below. 
 

- Cracking 
As the tensions during bending are of high magnitudes in general, a combination of the 
extended edge along with burrs from previous cutting operations can result in problems 
related to cracking in cases where the burr has been located at the outer bend region. The burr 
is rough and constitutes micro cracks, which will make grave points of crack initiation from 
where a crack can proceed propagating throughout the rest of the working material, either 
trans- or intercrystallinely. On the basis of this, the burr of the cut edge should always be 
turned to the inner region of the bend, whenever possible. If this is impracticable, the sheet 
may be refined in the area subjected to the bending, i.e. deburring should be considered. The 
risk of cracking is always increased by a higher thickness and/or strength of the work 
material.  
 
A smaller radius of bending will induce larger tensions in the outer fibres. Thereby a 
measurement of the bendability is usually given by the manufacturer of standardised steel 
grades, specifying the smallest inner radius at which the material can be bent (perpendicular 
to the rolling direction) without breakage [6]. Bendability is naturally dependent on the 
thickness of the material, and is therefore given as the ratio between the radius and the 
thickness (r/t). 

 
- Galling 

One of the main issues during sheet metal forming processes is the phenomenon called 
galling. At the moment when the tool is in sliding contact with the workpiece material there is 
a certain risk that the softer sheet material will adhere onto the tool surface and furthermore 
cause cracks or other surface defects on the next sheet in line, see Figure 3.10. If this happens, 
and the formed component has attained an unacceptable surface finish due to the adhered 
material, then galling has occurred. Thereby galling is a relative term, meaning that demands 
concerning the surface condition of the detail will consider whether galling is an issue, or not. 
 

 
Fig. 3.10   SEM-micrograph showing accumulation of transferred sheet material from a metal sheet to 
the surface of a tool steel during sliding contact. The outgrowth of material on the tool surface is 
normally referred to as a lump. 
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There are some ways one can reduce the risk for galling. One is to apply a correct lubricant to 
the forming process, with respect to viscosity. The lubricant must not be to fluid and able to 
remain in the tool-sheet mating interface throughout the forming operation. In this way, the 
prospect of material pick-up will be strongly decreased. Another way to prevent the galling 
tendencies is to deposit a low friction CVD- or PVD-coating on the tool surface. One example 
is the topical diamond like carbon coating (DLC), usually deposited by a 200° C PVD-
process. DLC, which has originally been applied in plain bearings, has lately shown a great 
performance in terms of reducing the friction and preventing galling in a wide range of 
tribological contacts regarding the forming of stainless steels, galvanized carbon steels, 
aluminium and titanium with no or just a small amount of conventional lubrication. In 
presents projects one has studied how a thin layer of DLC can act as a tool coating regarding 
the hydroforming process of tubes. The project later resulted in practical applications.  
 
Expect a reduced risk of galling, there are many other benefits by using a DLC-coating which 
in most cases are substantially. For instance, the tool life is usually significantly increased, the 
service maintenance can be made more seldom and the usage of lubrication can be lowered or 
sometimes even skipped [12]. 
 
However, investigations in the subject of galling has shown that the tool surface topography, 
as well as the steel sheet topography, has a significant effect to the galling tendency because 
the performance of the lubricant is strongly dependent on the surface topographies of the 
mating surfaces. A low tool surface topography (Ra < 100 nm) is claimed to be of outmost 
importance in order to achieve a high resistance to galling. It is also proclaimed that a low-
friction PVD coating (a layer of CrC/C in the present case) on the tool effectively reduces the 
friction and reduces the material pick-up and galling issues. However, the underlying 
substrate material supporting the coating will always be of outmost importance as the coating 
will never perform optimally if the substrate is not chose correctly with respect to properties 
like hardness and adhesion [13].  
 

- Spring back 
All metals show a certain degree of spring back when bending has been performed. During 
sheet metal bending, the inner radius of the bent material is subjected to compressive forces 
while the exterior radius is stretched and undergoing tensions. Due to the elasticity of the 
metal, it will tend to recover to its original shape immediately after the bend is finished. This 
phenomenon is named spring back and all metals exhibit a certain amount of elastic spring 
back during deformation, assuming the material has not been fully plastically deformed as this 
will eliminate the recovery extensively. The magnitude of spring back is dependent to a 
number of factors, for example greater yield strength will result in an increased spring back 
behaviour, as will also be the case of a thinner raw material or a material showing a higher 
strain hardening behaviour. Another factor to be taken into consideration is the bend radius 
which will increase the spring back phenomenon when enlarged [14]. 
 
In metal stamping the bend angle will never be able to by fully predicted at every time. Even 
though a press tool can be designed and built to perform acceptable bends it will never be 
perfectly consistent. In order to reduce the spring back one must always compensate by 
performing more or less overbending. However, the main concern is to predict the magnitude 
of overbending for obtaining a desired bend angle after deformation. The prediction of 
springback is probably the field in sheet metal forming simulations where least success has 
been achieved regarding the solution accuracy.  
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4 Experimental 
 
In this section the practical tests for evaluating the formability of the material used in 
production and the condition of the support bracket component are retold in detail. 
 

4.1 Material 
 
The company involved in this project have been using two materials in their cold working 
operations; S235J0 and S240D. These structural steel grades are manufactured by different 
companies. However, the properties are similar and fulfil the same requirements according to 
the EN 10025-2:2004 material standardisation approved by CEN. The mechanical properties 
and chemical compositions of both structural steels can be seen in Table 2 and Table 3, 
respectively. 
 
Table 2   Mechanical properties of the materials investigated 

Steel Thickness (mm) Re (MPa) Rm (MPa) A80 (%) Bendability (r/t) 
S235J0 2.5 ≥235 360-510 ≥18 1 
S240D 2.5 240-340 360-430 ≥24 1 

 
Table 3   Chemical composition (wt.%) of the materials investigated (maximum values) 

Steel C Si Mn P S N Cu Al Manufacturer 
S235J0 0.17 - 1.40 0.030 0.030 0.012 0.55 - Ruukki 
S240D 0.12 0.03 0.60 0.030 0.030 - - ≥ 0.010 ArcelorMittal 

 
A pre-galvanized material, called DX51D, has also been used frequently at the company. But 
as forming of this steel has not generated any problems with cracking (so far), the steel has 
been excluded from the work regarding material testing. 
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4.2 Flanging test 
 

- Test procedure 
A 20 ton Erichsen press (see Figure 4.1) was used in order to systematically expand pierced 
holes of different diameters into flanges, using a conical punch (read Chapter 3.2). Before 
each flanging, the punch and sheet specimen were lubricated with a lubricant called “Aral 
Sulnit UR”. The punch was then forced through the hole, expanding it to its full diameter 
before turning back. After punching, the flanging properties were classified with respect to 
the condition of the flange edges by grades in the interval of 0-4. Grades of 0-1 represented an 
accepted flange while everything above were considered rejected, see Figure 4.2. 
 

 
Fig. 4.1   The Erichsen press used for performing the flanging tests. 

 
 
 

 
 

Fig. 4.2   The condition of the flange edge was classified by grades from 0-4, according to its severity. 
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- Tooling equipment 
A punch, diameter 28 mm, was lathe turned from a piece of SS2260 material and afterwards 
hardened. The top was made conical, expanding the diameter gradually by an angle of 15° 
from 8 to 28 mm. The design was based on instructions from previous flanging tests [10] but 
some dimensions (diameter, and total length) were corrected with respect to the press and its 
already existing equipments. 
 
The blank holder consisted of a set of tools, where a 34.2 mm inner-diameter ring (radius 0.5 
mm) kept the specimen in a fixed position. Thereby the flange was allowed to be raised in a 
scope of 3.1 mm. A detailed drawing of the punch and the tools setup used in these tests can 
be found in Appendix 1. 
 

- Specimens 
The 2.5 mm thick steel sheet of the S240D material was cut into specimens (blanks) to be 
used in the flanging tests, see Figure 4.3. 20 quadratic sheets in dimension 100x100 mm were 
then pierced in the centre in a sequence of hole diameters from 14-22 mm, according to Table 
4. Each diameter was used twice in order to form flanges with the burr facing both towards 
and from the punch (burr to be located at inside and outside of the flange, respectively) when 
estimating the limiting flanging ratio. 
 
Finally, in order to evaluate the relation of the cut edge finish to the flanging properties, some 
holes were gently drilled out in the sheet specimens as well. The diameters chosen were 9, 10, 
13, 15 and 17 mm and the drilling was performed with lubrication, but without any after-
treatments, i.e. deburring. 
 
Table 4   The series of hole diameters pierced twice and corresponding flanging ratios 
Pierced diameter (mm) 14 15 16 17 18 19 20 21 22 
Flanging ratio 2.00 1.87 1.75 1.65 1.56 1.47 1.40 1.33 1.27 

 
 

 
Fig. 4.3   A sketch of the quadratic sheet specimen made for evaluating the flanging abilities of the 

S240D material. 
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4.3 Microscopical investigation of the component and the cutting 
tool condition 

 
The condition of the support bracket, regarding the cut edge subjected to the critical radius 
during the flanging operation, was first inspected by light optical microscopy (LOM). After a 
quick overview, specimens were cut out from areas of interest under cooled conditions. Two 
areas were selected for further investigation by the scanning electron microscope (SEM); the 
radius concerned and one of the pierced holes of the component, see Figure 4.4 and 4.5. SEM 
micrographs were then taken at an acceleration voltage of 3.0 kV and in secondary electron 
mode (SE2). 
 

 
Fig. 4.4   The areas subjected to the microscopical investigation. The pierced holes (right) were chose 
in purpose to get a general perception of the component condition. 

 

 
Fig. 4.5   The cut out specimens ready to be put into the SEM vacuum chamber for further 
investigation. 

 
Finally, the corresponding cutting edge of the tool was inspected by eye.  
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4.4 Finite element analyses (FEA) 
 
A computer-assisted simulation, based on numerous finite element analyses by using the 
MSC Marc software, has been performed in this study. The purpose was to evaluate the stress 
and strain distribution during a flanging operation, accompanying the previous practical 
testing. 
 

 
Fig. 4.6   The FEM-simulation involved a mandrel, 28 mm in diameter, penetrating a pierced hole of 

14 mm in a 2.5 mm thick steel sheet (flanging ratio 2.0). The scenario is comparable with the most 
demanding series in the practical flanging tests performed, regarding pierced holes. 

 

The finite element model was built up by three parts, including the steel sheet (deformable), 
the punch (rigid) and the 0.5 mm-ring (rigid) used as a blankholder, see Figure 4.6. The sheet 
metal was modeled by a dense mesh constituting of structural 3D solid elements (Hex8), 
expanded to a thickness of 2.5 mm. The mesh density was linear increased with shorter 
distance to the cavity of the pierced hole, by using the bias factor. The coefficient of friction 
was set to µ=0.1 in all contact areas present, as this can commonly be the case for lubricated 
metal-metal contacts. The material properties used can be seen in Table 5. 
 
In order to make the clamped areas unmovable, a boundary condition was used setting the 
elements at the area outside the 0.5 mm-ring in a fixed displacement (X=Y=Z=0) according to 
Figure 4.7. To speed up the operations just a quarter piece of the sheet was actually simulated 
due to symmetry in the current model. The simulation rate was set to 20 increments/second. 
 
Table 5   Material properties of the metal sheet used in simulation 

Mass density, ρ  (kg/dm3) Young modulus, E (GPa) Poisson’s ratio, ν 
7.8 210 0.3 
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Fig. 4.7   The fixed displacement condition set to all elements subjected to the blankholding force in 
the real scenario. 
 
To be able to define the plastic hardening during simulation, tensile tests were carried out on 
the S240D material. Test specimens were made with accordance to the EN 10 002-1 
standardisation, regarding design and dimension, see Figure 4.8. The specimens were taken 
out both along, across and 45° relative the rolling direction and three specimens from each 
direction were elongated to failure to obtain statistically trustful results. The test data achieved 
of the true stress-strain relations was then added in a matrix describing the materials 
deformation when simulating the flanging operation. To predict the material hardening 
behaviour during large strains, the obtained data was adapted and extrapolated by the Yngve 
Bergström model suiting BCC-materials. The data used corresponds to the area of plastic 
deformation (σ>σy) and can be seen in the stress-strain curve of Figure 4.9.  
  

 
Fig. 4.8   Design of the tensile test specimens according to the EN standard (dimensions in mm). 
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Fig. 4.9   The true stress-strain data obtained from the tensile testing was conformed and extrapolated 

by the Bergström model in order to predict the strain hardening of larger deformations during 
simulation, in this case up to 100 % elongation. The flow stress (MPa) and elongation is given by the 

ordinate and abscissa, respectively. 
 
The data gained during tensile testing is given in Appendix 2.  
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5 Results 
 
This chapter will objectively give all results obtained from the present tests and 
investigations, perspicuously by tables and diagrams. 
 

5.1 Flanging test 
 
Table 6 summarizes the results attained by the flanging tests, showing at which flanging ratios 
(or limiting drawing ratio) the S240D steel can withstand contractions and cracking as 
specified in Figure 4.2. Keep in mind that these values were obtained from pierced holes, 
giving burrs quite similar to those achieved by the actual production of the support brackets. 
 
Table 6   Classification of the materials flanging ability from grades 0-4* 

Burr location / Ratio 1.27 1.33 1.40 1.47 1.56 1.65 1.75 1.87 2.00 

Inside flange 0 0 0 0 1 2 2 3 3 

Outside flange 1 1 2 2 2 3 3 3 4 
 
* 0-1 = passed, 2-4 = failed (see Figure 4.2) 

 
The last tests, regarding the case of drilled holes compared to pierced, showed a significant 
dependence of the cut edge condition as flanges expanded from even the smallest hole of 9 
mm (flanging ratio 3.11) were able to withstand any signs of contractions and thereby all tests 
passed. Figure 5.1 gives a comparison between the flanging ability of the material when 
expanding a pierced hole contra a drilled hole. 
 
 

 
Fig. 5.1   Depending on the edge condition of the initial hole, the flanging test was more or less 
successful. The pierced 14 mm hole (left) could barely withstand the flanging without severe cracking, 

while the 9 mm drilled out hole (right) could be fully flanged and passed the testing criterion.  
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5.2 Microscopical investigation of the component and the cutting 
tool condition 

 

 
Fig. 5.2   LOM micrograph of a severe cracking in the very centre of the radius (magnification: 8x). 

 
 

 
Fig. 5.3   SEM micrograph showing the sheet edge appearance in the concerned radius. Cracks and 
microcracks are propagating through the microstructure, initiated from the burr at the outer radius. 
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Fig. 5.4   A closer look at one of the larger cracks observed. 

 

 
Fig. 5.5   The larger crack is spread out throughout the microstructure in forms of microcracks. 
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Fig. 5.6   SEM micrographs showing the presence of small cracks also in the region of the pierced 

holes. 
 

 
Fig. 5.7   An eye inspection shows adhered sheet material to the cutting surfaces of the tool. The photo 
was taken after about 30.000 cycles since last reconditioning. 
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5.3 Finite element analyses (FEA) 
 
Figures 5.8 – 5.11 show the relative distribution of total strain and Von Mises Stresses, 
respectively during an arbitrary flanging operation at a drawing ratio equal to 2.0. A node 
path was created from the outer to the inner edge in order to schematically plot the strain and 
stress states along the sheet. 
 

 
Fig. 5.8   The equivalent of total strain 7.9 seconds throughout the simulation. 
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Fig. 5.9   Graph showing the distribution of total strains throughout the sheet. 
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Fig. 5.10   The corresponding Von Mises stresses 7.9 seconds throughout the simulation. 
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Fig. 5.11   Graph showing the distribution of Von Mises stresses throughout the sheet. 
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6 Discussion 
 

6.1 Analyse of the results 
 

- Flanging test 
Evaluating the flanging tests, one can first and foremost state that the limiting flanging ratio 
for the S240D steel is 1.50 and 1.35 whether the piercing will be performed in the opposite or 
in the same direction, respectively. Assuming these values have a constant linear relation, 
independent of the size of the initial pierced hole as well as the finally flanged hole, a diagram 
graphically presenting the flanging limits has been constructed for both cases of burr location 
as seen in Figure 6.1 and 6.2. In other words, these diagrams illustrates the flanging properties 
of the material and can thereby be used as a tool for determining whether the S240D structural 
steel can withstand a specific flanging operation, or not. The definition of the gradual scale, 
spanning from 0-4, can be found in Figure 4.2. 
 

 
Fig. 6.1   Diagram showing the flanging limits of the S240D steel, as a function of pre-pierced radius 
and flanged radius. This case corresponds to an operation where the punching and the flanging 

operation are performed in opposite directions. 
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Fig. 6.2   Diagram showing the flanging limits of the S240D steel, as a function of pre-pierced radius 
and flanged radius. This case corresponds to an operation where the punching and the flanging 

operation are performed in the same direction. The arrows mark the flanging ratio corresponding to 
the practical case when producing the support bracket. 
 
As drilling out the holes for flanging, instead of piercing them out, showed an extremely 
increasing tolerance in flanging abilities (see Figure 5.1), it is once again proved that the 

finish of the cut edge is always of outmost importance. With this in mind, one can claim that 
the other steel used in production, namely S235J0, most likely will have the same flanging 
limits. This statement should be considered realistic as the radius is cut out in exactly the 
same way and with the same tooling equipment, and the material properties are generally the 
same (see Table 2). 
 
By measuring the support brackets and checking the drawings, a flanging ratio of 2.0 has been 
established in the actual production case (initial radius 10 mm and flanged radius 20 mm). In 
addition to this, the flanging operation is also performed with the burr located at the outside of 
the flange. Based on the S240D flanging limits, the company is thereby undeniable into the 
risk area for cracking tendencies during production, see Figure 6.2. 
 

- Microscopical investigation of the component and the cutting tool condition 
When studying the appearance of the cut edge in Section 5.2, lots of cracks and microcracks 
were observed initially generated from the cut-off operation in the production. The most 
visible cracks in the area of the flanged radius had a depth of propagation (from outer towards 
the inner radius) of about half of the sheet thickness, in the interval of 1-1.5 mm. 
 
The pierced hole investigated also showed signs of microcracking (see Figure 5.6). This issue 
was quite unexpected and may indicate that small pieces of sheet material have adhered to the 
piercing tools during processing. The galling tendency can also be seen in the photography of 
the cutting tool (Figure 5.7), where the pickup of working material can be clearly stated. 
Problems due to the galling phenomena do reasonably affect the condition of the support 
bracket, and can furthermore be a part of the explanation to the poor cut edge appearance 
making sites for crack initiation. 
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6.2 Suggestion to improvements 
 
It has now been stated that the manufacturing of support brackets is not fully optimized, and 
that the current flanging ratio when forming the critical radius is permanently in the risk zone 
of cracking, with no doubt. However, there may be several ways for the company to improve 
their manufacturing process of support brackets and attempt to reduce the risk of cracking in 
the future. One main option would be to improve the cut edge appearance which can be done 
in a number of arrangements, and the other main option should be to consider a new 
designing of the component with respect to the area subjected to cracking. In general, a 
flanging ratio of 2.0 (as used in the today’s production) will be quite high for most steels to 
withstand, especially when the burr is at the outer edge. The company might therefore regard 
the feature of their product and investigate whether the support bracket can be redesigned or 
not, without losing its function. 
 
As improving the condition of the cut edge should be the easiest and most cost-effective way 
of preventing the cracking tendencies, some options are lined up below. Most of them will 
focus on galling, as a reduction of this issue most likely will result in less burrs and a more 
stable production in general. 
 

• The lubricant used today could be changed to a fluid of higher viscosity, as this will 
reduce the risk of material pick-up on the tool surfaces. As no cracks have ever been 
observed for the pre-galvanized brackets also run in production, this must indicate that 
the zinc layer (mainly deposited for corrosion protection) also acts like a lubricant 
lowering the friction more effectively than with just the lubricant in use today. 
 

• By applying a surface treatment, for example to deposit a DLC-coating to the surface 
of the cutting edge, the pressure limit for galling can be increased and also reduce the 
need of other lubricants. However, a total reconditioning of the tool will be needed, as 
the coating demands infallible adhesion and will never perform better than the 
substrate material supporting it. 

 

• As much has happened in the field of tool steel since 1992 (the manufacturing year of 
the tool in use), the company can consider investing in a new tool grade, preferably 
produced through powder metallurgy. This investment will pay off in the long run and 
includes a number of benefits like a lower rate of tool wear, a higher production rate 
and less stoppage, see Figure 6.3. 
 

• If the principle of pre-piercing (see Chapter 3.1) in some way can be applicable to the 
current tool in retrospect, this might be taken into consideration as well. 

 
 
Regarding different tool steels, steels used in cold forming applications need a high resistance 
to wear increasing the tool life, an adequate compressible strength to prevent plastic 
deformation of the active tool surface and a sufficient toughness reducing the risk of tool 
breakage and chipping. Typically, tool steels performing in cold working operations contains 
hard carbides in order to improve the wear resistance. Common alloying elements of cold 
forming tools steels are chromium (Cr), vanadium (V), molybdenum (Mo) and tungsten (W), 
all used as carbide stabilisers.  
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Tools steels made from powder metallurgy processes feature a completely homogenous 
microstructure, improving the mechanical properties significantly compared to conventional 
cast tool steels. The great benefit of powder steels (PM-steels) is the evenly distributed 
carbides giving both a good protection to tool wear as well as an increased fatigue resistance 
compared to cast steels, where coarse carbide streaks (induced from prior rolling or forging 
operations) make sites for crack initiation causing negative influence on the fatigue strength. 
Powder metallurgy tools steels are therefore very suitable for cold working applications [15].  
 
 

 
Fig. 6.3   Diagram exemplifying the real costs of a tool investment in the short and long term [15]. 
When planning an investment in a new tool, one should consider the actual long run cost, as the initial 

cost will most commonly stand for a relatively small amount if choosing tool steels of lower quality. 
The same principle passes when investing in high performing surface treatments.  

 

Hopefully, this work will give a better understanding in the forming of sheet metals and the 
different aspects and issues which might be involved and taken into consideration during 
processing. As there are such many possible options of improving both the production in 
general and the cut edge condition in particular, it must now be up to the company to bethink 
how much effort (and money) which could be put into each way of reducing the cracking 
tendencies and improving their production of support brackets. Maybe changing the lubricant 
would be enough, but as a total replacement of the tooling equipment might pay off in a 
number of other advantages as well this should not be disregarded. As previously claimed; a 
higher initial cost of an investment will most probably save both money and improve both 
production capacity and stability in the long-term run. 
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7 Conclusions 
 
The most relevant conclusions based on the results in the present work are;  
 

• The flanging ratio limit of the S240D structural steel, as well as the comparable 
S235J0 steel, is 1.5 and 1.35 whether the piercing will be performed in the opposite or 
in the same direction, respectively. 

 
• The possibility of using a “high” flanging ratio is mainly dependent on the cut edge 

finish, as the extent of the burr will significantly determine the flanging properties. 
 

• As the flanging ratio used in production can be determined to 2.0, the support bracket 
is currently in the risk area of cracking during the flanging process. Many factors 
might be involved, but there are also a number of potential solutions to substantially 
reduce the risks for further issues. 
 

• An investment in a brand new tool made from powder metallurgy or the deposition of 
a low friction PVD coating to the cutting tool should be seriously considered if the 
support bracket progressively will be manufactured in large quantities. 

 

• In order to improve the tool condition, another lubricant of higher viscosity and/or 
lower friction is probably the cheapest and fastest way of making more stability to the 
forming process. 
 

• If the company intends to proceed producing the brackets with current tooling 
equipment and during same conditions, one should consider redesigning the critical 
radius of the component to a maximum of 12-13 mm (flange ratio ≤1.3). 
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Appendix 1 – drawing of the punch and tool assembly 
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Appendix 2 – stress-strain curves obtained by tensile testing 
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