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1. Introduction
• The development is much at a later date as compared with 

forging, rolling or extrusion processes, a round 1850s.

Sh id l d d f d i i• Sheets are widely used due to a few reasons – productivity, 
good surface finish, close tolerance, high strength and 
various shapes can be produced. For large quantities, 
economical mass production operations are available,  

• Sheet metal working defined
– Cutting and forming operations performed on relatively thin 

sheets of metalsheets of metal.  
– Thickness of sheet metal ranging from 0.4 mm to 6 mm. 
– Thickness of plate stock > 6mm. 
– Operations usually performed as cold working
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1. Introduction

• Sheet and plate metal parts for consumer and 
i d t i l d t hindustrial products are numerous, such as
– Automobiles and trucks

– Airplanes

– Farm and construction equipment

– Small and large appliancesSmall and large appliances

– Office furniture

– Computers and office equipment
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1. Introduction

Historical note
• Sheet metal stamping was developed as a mass 

d h l f d f b lproduction technology for production of bicycles 
around 1890’s.  This technology played an important 
role in making the system of interchangeable parts 
economical
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1. Introduction
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Steps in making Hub Steps in making Sprocket
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Introduction

Three major categories of sheet metal processes

1 Cutting1. Cutting
– Shearing to separate large sheets, or cut part 

perimeters or make holes in sheets

2. Bending
– Straining sheet around a straight axis

3. Drawing
– Forming of sheet into convex or concave shapes
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Introduction
• Sheet metal forming is a process that materials undergo 

permanent deformation by cold forming to produce a 
variety of complex three dimensional shapes

• The process is carried out in a plane of sheet by tensile 
forces with high ratio of surface area to thickness.

• Friction conditions at the tool‐metal interface are very 
important and controlled by press conditions, lubrication, 
tool material and surface condition and strip surfacetool material and surface condition, and strip surface 
condition

• High rate of production and formability is determined by 
its mechanical properties
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1. Introduction
• Forming equipment include
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Sheet metal working in a factory
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Sheet metal working in a factory
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Blanks are produced from rolled coils
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The machine 
(Mechanical 

press)press)

Th t l
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The tool 
(stamping dies)
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Tools
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Compound Die

(a) (b)

(a) before and (b) after blanking a common washer in a compound 
die.  Note the separate movements of the die (for blanking) and the 
punch (for punching the hole in the washer).  
1 September 2008 19Prof Madya Zainal Abidin Ahmad

Progressive Die

(c) Schematic illustration 
of making a washer in a 
progressive die.  (d) 
F i f h i

(c)

Forming of the top piece 
of an aerosol spray can in 
a progressive die.  Note 
that the part is attached to 
the strip until the last 
operation is completed.

(d)(d)
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2. Important Characteristics in Sheet 
Forming

1. Elongation: Determines the capability of the sheet metal to
stretch without necking and failure; high strain-hardening

t ( ) d t i t iti it t ( )d i blexponent (n)and strain-rate sensitivity exponent (m)desirable.

2. Anisotropy (planar): Exhibits different behavior in different
planar directions; present in cold-rolled sheets because of
preferred orientation or mechanical fibering; causes earing in
drawing; can be reduced or eliminated by annealing but at
lowered strength
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lowered strength.

3. Anisotropy (normal): Determines thinning behavior of
sheet metals during stretching; important in deep-drawing
operations.

22
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Important Characteristics......

4. Grain size: Determines surface roughness on stretched sheet
metal; the coarser the grain, the rougher the appearance
(orange peel); also affects material strength(orange peel); also affects material strength.

5. Residual stresses: Caused by nonuniform deformation
during forming; causes part distortion when sectioned and can
lead to stress-corrosion cracking; reduced or eliminated by
stress relieving.

6. Springback: Caused by elastic recovery of the plastically
deformed sheet after unloading; causes distortion of part and
loss of dimensional accuracy; can be controlled by techniques
such as overbending and bottoming of the punch.
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Important Characteristics.......
7. Quality of sheared edges: Depends on process used; edges can

be rough, not square, and contain cracks, residual stresses, and a
work-hardened layer, which are all detrimental to the
f bilit f th h t lit b i d b t l fformability of the sheet; quality can be improved by control of
clearance, tool and die design, fine blanking, shaving, and
lubrication.

8. Wrinkling: Caused by compressive stresses in the plane of the
sheet; can be objectionable or can be useful in imparting
stiffness to parts; can be controlled by proper tool and die
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stiffness to parts; can be controlled by proper tool and die
design.

9. Surface condition of sheet: Depends on rolling practice;
important in sheet forming as it can cause tearing and poor
surface quality

24
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3. Cutting Operations

Using the stamping press and die sets. For high 
quantity production
Process parameters
– Punch force
– Punch speed
– Lubrication
– Workpiece surface condition
– Material type and its thicknessMaterial type and its thickness
– Material for the punch and die
– Edge radius of the punch and die
– Clearance between die and punch
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Shearing

( ) S h ti ill t ti(a) Schematic illustration 
of shearing with a punch 
and die, indicating some 
of the process variables.  
Characteristic features of 
(b) a punched hole and 
(c) the slug.  Note that 
the scales of the two
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the scales of the two 
figures are different.
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The Slug
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Clearance

(a) Effect of the clearance, c, between punch 
and die on the deformation zone in 
shearing.  As the clearance increases, the 
material tends to be pulled into the die 
rather than be sheared.
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Shearing stages
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Shearing Stages

• Can be simplified 
i t th iinto three main 
stages

‐ plastic 
deformation

‐ penetration‐ penetration

‐ fracture

1 September 2008 Prof Madya Zainal Abidin Ahmad 30



16

Shearing Stages
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Cutting force related to stages of shearing action
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Cutting Operations

Various types of cutting operations – each operation 
requires a different type of die set.

Shearing, 

Cut‐off, 

Parting, 

Bl ki

Lanching

Trimming

Slitting

Sh iBlanking, 

Punching/piercing, 

Perforating

Shaving
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Shearing

Shearing – the cutting action is along a straight line  
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Shearing – the cutting action is along a straight line, 
using squaring shear machine – foot, hand or power 
operated. Cutting blades can be up to 20 feet long

34
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Cut‐off

Part must fit or nest perfectly before 
cut-off operation. Performed in a die 
operated by a press
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Cutting along a line – involve one or 
more cuts – straight, angular, jogged 
or curved design

35

Parting

Two single-line cutsTwo single-line cuts 
are made to cut blanks 
from strip, some scrap 
produced
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Blanking
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The cutting action make 
a complete or enclosed 
contour cut

37

Punching/Piercing
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Perforating
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Lanching

Cut made partway through the metal, no scrap 
metal is freed from the strio.  Lanching is frequently 
combined with bending to form tabs. Lanching cutscombined with bending to form tabs. Lanching cuts 
are necessary to create louvers for venting function, 
to release strip for forming operations
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Trimming
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Slitting
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Slitting
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Shaving
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4. BENDING OPERATIONS
• A process by which a straight length is transformed 
into a curved length

• Produce channels, drums, tanks
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4. BENDING OPERATIONS

The bend radius R = the radius of curvature on the 
concave or inside surface of the bendconcave, or inside surface of the bend
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Minimum bend radii for various materials at room 
temperature.

MATERIAL CONDITIONMATERIAL
SOFT HARD

Aluminum alloys 0 6TAluminum alloys
Beryllium copper
Brass, low-leaded
Magnesium
Steels

austenitic stainless
low-carbon, low-alloy, and HSLA

Titanium
Titanium alloys

0
0
0

5T

0.5T
0.5T
0.7T
2.6T

6T
4T
2T

13T

6T
4T
3T
4T
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Springback in Bending
• Dimensional change of the formed part after releasing the 

pressure of the forming tool due to the changes in strain 
d d b l tiproduced by elastic recovery.

• Springback is encountered in all forming operations, but most 
easily occurs in bending
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Methods of Reducing or Eliminating Springback

Methods of reducing or eliminating springback in bending 
operations. Source: V. Cupka, T. Nakagawa, and H. Tyamoto.  
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Common Die‐Bending Operations

Common die‐bending operations 

Bending Operations In a Press Brake

Schematic illustration of various bending operations 

in a press brake.
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Various Bending Operations

Examples of various bending operations.

Bead Forming

(a) Bead forming with a single die. (b) Bead forming with two 
dies in a press brake.
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Flanging Operations
Various flanging 
operations. (a) Flanges on 
fl t h t (b) Di li ( )flat sheet. (b) Dimpling. (c) 
Piercing sheet metal to 
form a flange. in this 
operation, a hole does not 
have to be prepunched 
before the punch 
descends. Note, however, 
the rough edges along the g g g
circumference of the 
flange. (d) Flanging of a 
tube. Note the thinning of 
the edges of the flange.

Bending of Tubes

Methods of bending tubes. Using internal mandrels, or filling tubes with 
particulate materials such as sand, is often necessary to prevent collapsing of the 
tubes during bending. Solid rods and structural shapes are also bent by these 

techniques. 



29

Tube Bending
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Tube Forming

A method of forming a tube with sharp angles, using axial compressive 
forces. Compressive stresses are beneficial in forming operations because 

they delay fracture. Note that the tube is supported internally with 
rubber or fluid to avoid collapsing during forming. Source: After J. L. 

Remmerswaal and A. Verkaik.
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5. Deep Drawing Process 
• The metalworking process used for shaping 

flat sheets into cup‐shaped articles

• Examples – cooking pots, shell cases, 
automobile panels, bathtubs
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5. Deep‐drawing Process

(a) Schematic illustration of the deep‐drawing process. This procedure is the 
first step in the basic process by which aluminum beverage cans are produced 
today. The stripper ring facilitates the removal of the formed cup from the 

punch. (b) Variables in deep drawing of a cylindrical cup. Only the punch force 
in this illustration is a dependent variable; all others are independent 

variables, including the blankholder force.
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5. Deep Drawing Process
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5. Deep Drawing

Process parameters
– Punch force and velocityy
– Edge radii of punch and die
– Drawing ratio
– Clearance
– Lubrication
– Blank holder & blank holding force
– Type of material and thickness of the blank
Drawing stages – as sown in the next figure. 
Normally carried out in a few stages before the final 
shape and size is achieved.
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Drawing
c = Clearance

Db = blank diameter

D = Punch diameterDp = Punch diameter

Rd = die corner 
radius

Rp = Punch corner
radius

F = drawing forceg

Fh = holding force
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Deep Drawing Stages

Initial step Bending of edge     Straightening of side wall
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Thinning and drawing Final cup shape
65

Drawing Analysis
• Blank diameter can be calculated from the conservation of 

volume based on the final volume of the part.

• If the limits on the drawing ratio reduction and thickness‐to‐If the limits on the drawing ratio, reduction and thickness‐to‐
diameter ratio are exceeded, the blank must be drawn in 
steps or having annealing between the steps.

• Process optimization:
– Punch and die corner radii

– friction

– depth of draw (per step)– depth of draw (per step)

– material characteristics
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Other Drawing Operations
Redrawing
Reverse drawing

– r, 40%‐45% first draw
– r, 30% second draw
– r, 16% third draw

Drawing without blank 
holder, tDD pb 5 <−
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Redrawing
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Ironing

Ironing ‐ squeezing and 
drawing in conjunction
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Drawing Defects

a) Wrinkling in flange ‐ small holding force

b) Wrinkling in the wall ‐ insufficient holding force, wrinkling 
initially occurring on the flange.

c) Tearing ‐ high stress, sharp die radiusc)  Tearing  high stress, sharp die radius

d)  Earing ‐ anisotropy of the material

e)  Surface scratches ‐ Die or punch not having a smooth 
surface, insufficient lubrication
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6. Other processes – Stretch Forming

• Forming by using tensile forces to stretch the material 
over a tool or form blockover a tool or form block

• Used most extensively in the aircraft industry to 
produce parts of large radius of curvature (normally 
for uniform cross‐section)

• Required materials with appreciable ductility

S i b k i l l li i d b h• Springback is largely eliminated because the stress 
gradient is relatively uniform

1 September 2008 Prof Madya Zainal Abidin Ahmad 72



37

6. Other processes – Stretch Forming

1 September 2008 Prof Madya Zainal Abidin Ahmad 73

6. Other processes – Stretch Forming
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6. Other processes – Stretch Forming
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Stretch‐Forming Process

Schematic illustration of a stretch‐forming process. 
Aluminum skins for aircraft can be made by this process. 

Source: Cyril Bath Co.
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6. Spinning Processes

Schematic illustration of spinning processes: (a) conventional 
spinning and (b) shear spinning. Note that in shear spinning, 

the diameter of the spun part, unlike in conventional 
spinning, is the same as that of the blank. The quantity f is 

the feed (in mm/rev or in./rev).

Shapes in Spinning Processes

Typical shapes produced by the conventional‐spinning process. 
Circular marks on the external surfaces of components usually 
indicate that the parts have been made by spinning. Examples 

include aluminum kitchen utensils and light reflectors.
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Internal And External Tube Spinning

Examples of external and internal tube spinning and the 
variables involved.

6. High Energy Forming

Explosive forming
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High Energy Forming
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Electrohydraulic forming, Electromagnetic forming

Faculty of Mechanical Engineering

THANK YOU
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