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Decimal 
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Pipe Thread Sizes (NPSC)
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1 23/2 – 14 /32 3 – 8 13 /4
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INTRODUCTION 

Bending is a manufacturing process by which metal can be deformed by plastically 
deforming the material and changing its shape. The material is stressed beyond its 
yield strength but below its ultimate tensile strength. There is little change to the 
materials surface area. Bending generally refers to deformation about one axis only.  

Bending is a flexible process by which a variety of different shapes can be produced 
though the use of standard die sets or bend brakes. The material is placed on the 
die, and positioned in place with stops and/or gages. It is held in place with hold-
downs. The upper part of the press, the ram with the appropriately shaped punch 
descends and forms the v-shaped bend.  

Bending is done using Press Brakes. Press Brakes can normally have a capacity of 
20 to 200 tons to accommodate stock from 1m to 4.5m (3 feet to 15 feet). Larger and 
smaller presses are used for diverse specialized applications. Programmable back 
gages, and multiple die sets currently available can make bending a very economical 
process.  

Bending
Manufacturing Technologies

 

 
 
 
 

 

 

 

 
 

BEND ALLOWANCES 
 
When sheet metal is bent, the inside surface of the bend is compressed and the 
outer surface of the bend is stretched. Somewhere within the thickness of the metal 
lies its Neutral Axis, which is a line in the metal that is neither compressed nor 
stretched. 
 
What this means in practical terms is that if we want a work piece with a 90 degree 
bend in which one leg measures A, and the other measures B, then the total length 
of the flat piece is NOT A + B as one might first assume. To work out what the length  
of the flat piece of metal needs to be, we need to calculate the Bend Allowance or 
Bend Deduction that tells us how much we need to add or subtract to our leg 
lengths to get exactly what we want. 
 

 

B
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BEND
ALLOWANCE

 
 

 

B

A

BEND
DEDUCTION

 

 
Lt = A + B + BA 

 

 
Lt = A + B - BD 

where: 
Lt is the total flat length 
A and B are shown in the illustration 
BA is the bend allowance value 
 

where: 
Lt is the total flat length 
A and B are shown in the illustration 
BD is the bend deduction value 
 

 
The location of the neutral line varies depending on the material itself, the radius of 
the bend, the ambient temperature, direction of material grain, and the method by 
which it is being bent, etc. The location of this line is often referred to as the K factor. 
 
K-factor is a ratio that represents the location of the neutral sheet with respect to the 
thickness of the sheet metal part. 

T

t

K-Factor = t /T

  
 
The only truly effective way of working out the correct bend allowance is to reverse 
engineer it by taking a measured strip of material, bending it, and then measuring it 
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REVERSE ENGINEERING THE K-FACTOR 
 
First, cut a strip of material and measure its length and thickness as accurately as 
possible. The width of the strip is not that critical but generally somewhere around 
100mm (4 inches) or so usually does the trick. 
 
Then, bend the strip to 90 degrees, and measure its Length X and Length Y as 
shown in the diagram below.  
 

Note that it is very important to bend the sample piece in exactly the same 
manner as you plan to bend your real pieces, so that whatever you measure 
now becomes reproducible later. 
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The bend radius can be extremely difficult to measure accurately but, in this case, is 
not critical (within reasonable limits, of course!). The reason it is not critical is that 
what we are interested in is a number to use in our CAD program that, with the bend 
radius used in our CAD program, will produce the results you are measuring in real 
life.  
In other words the K-factor you calculate now will take into account any small 
inaccuracies in the bend radius measurement and compensate for it. If, for example, 
we are using a Bend radius of 0.5 in our CAD program, it does not matter if our real 
tooling radius is actually 0.4, as the K-factor, which was worked out from our real 
tooling, corrects for this. The only implication of this is that we may occasionally get a 
K-factor that seems odd (higher than 0.5, for example) if our real radius is very 
different from our CAD program radius. Remember though that most CAD programs 
such as Solidworks only accept K-factor values from 0 to 1, so if the calculated K-
factor is outside these limits, then you may need to double-check your numbers. 
 
The correct K-factor to use in your CAD program can now be calculated as follows: 
 

BendDeduction = Length X + Length Y - Total Flat Length 

OutSideSetBback = (Tan(BendAngle / 2)) * (thickness + BendRadius) 

BendAllowance = (2 * OutSideSetBback) – BendDeduction 

K-Factor = (-BendRadius + (BendAllowance / (π  * BendAngle / 180))) / thickness  
 

Using this method will produce the most acceptable results other than by using a 
bend table. 
 
There are however also some general rules of thumb that can be used for K-factors 
that will generally give results that are within acceptable tolerances for non-precision 
sheet metal work. Some of these sample K-factors are given in the methods of 
bending section below. 

to calculate the bend allowance. These bend allowance can be measured for many 
materials and scenarios and then tabulated so that the table can be used by CAD 
programs to produce accurate sheet-metal work. 
 
Many CAD programs, however, also work out bend allowances automatically by 
using K-factor calculations. 
(Or Y-factor in the case of Pro-E where Y-factor = K-factor * π / 2). 
 
Bend allowances are calculated using a K-factor as follows: 
 

 
 

BA=π(R + KT) A/180 
 

where: 
BA = bend allowance 
R = inside bend radius 
K = K factor, which is t / T 
T = material thickness 
t = distance from inside face to neutral sheet 
A = bend angle in degrees (the angle through which the material is bent)  
 

 
 
This works extremely well and is pretty straight forward, providing we know the 
correct K-factor to use.  
 
Once again, the most accurate way of finding the correct K-factor to use in your CAD 
program is by using the reverse engineering method described above, and 
calculating the K-factor to use as described in the following section: 
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tooling radius is actually 0.4, as the K-factor, which was worked out from our real 
tooling, corrects for this. The only implication of this is that we may occasionally get a 
K-factor that seems odd (higher than 0.5, for example) if our real radius is very 
different from our CAD program radius. Remember though that most CAD programs 
such as Solidworks only accept K-factor values from 0 to 1, so if the calculated K-
factor is outside these limits, then you may need to double-check your numbers. 
 
The correct K-factor to use in your CAD program can now be calculated as follows: 
 

BendDeduction = Length X + Length Y - Total Flat Length 

OutSideSetBback = (Tan(BendAngle / 2)) * (thickness + BendRadius) 

BendAllowance = (2 * OutSideSetBback) – BendDeduction 

K-Factor = (-BendRadius + (BendAllowance / (π  * BendAngle / 180))) / thickness  
 

Using this method will produce the most acceptable results other than by using a 
bend table. 
 
There are however also some general rules of thumb that can be used for K-factors 
that will generally give results that are within acceptable tolerances for non-precision 
sheet metal work. Some of these sample K-factors are given in the methods of 
bending section below. 

to calculate the bend allowance. These bend allowance can be measured for many 
materials and scenarios and then tabulated so that the table can be used by CAD 
programs to produce accurate sheet-metal work. 
 
Many CAD programs, however, also work out bend allowances automatically by 
using K-factor calculations. 
(Or Y-factor in the case of Pro-E where Y-factor = K-factor * π / 2). 
 
Bend allowances are calculated using a K-factor as follows: 
 

 
 

BA=π(R + KT) A/180 
 

where: 
BA = bend allowance 
R = inside bend radius 
K = K factor, which is t / T 
T = material thickness 
t = distance from inside face to neutral sheet 
A = bend angle in degrees (the angle through which the material is bent)  
 

 
 
This works extremely well and is pretty straight forward, providing we know the 
correct K-factor to use.  
 
Once again, the most accurate way of finding the correct K-factor to use in your CAD 
program is by using the reverse engineering method described above, and 
calculating the K-factor to use as described in the following section: 
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PRINCIPLE TYPES OF BENDING 
 
 
AIR BENDING 
 
Air Bending is a bending process in which the punch touches the work piece and the 
work piece does not bottom in the lower cavity. As the punch is released, the work 
piece springs back a little and ends up with less bend than that on the punch (greater 
included angle). This is called spring-back. 
The amount of spring back depends on the material, thickness, grain and temper. 
The spring back will usually range from 5 to 10 degrees. The same angle is usually 
used in both the punch and the die to minimize set-up time. The inner radius of the 
bend is the same as the radius on the punch.  
 
In air bending, there is no need to change any equipment or dies to obtain different 
bending angles because the bend angles are determined by the punch stroke. The 
forces required to form the parts are relatively small, but accurate control of the 
punch stroke is necessary to obtain the desired bend angle.  
 

Blank

Punch

Die
Die

Punch

Blank

  
 
K-Factor Rule of thumb for Air Bending 
Radius Soft-material Medium Material Hard Material 
0 to thickness 0.33 0.38 0.4 
Thickness to 3 x thickness 0.4 0.43 0.45 
Greater than 3 x thickness 0.5 0.5 0.5 
 
 
 
 
BOTTOMING 
 
Bottoming is a bending process where the punch and the work piece bottom on the 
die. This makes for a controlled angle with very little spring back. The tonnage 
required on this type of press is more than in air bending. The inner radius of the 
work piece should be a minimum of 1 material thickness. 
 
In bottom bending, spring-back is reduced by setting the final position of the punch 
such that the clearance between the punch and die surface is less than the blank 
thickness. As a result, the material yields slightly and reduces the spring-back. 
Bottom bending requires considerably more force (about 50%~60% more) than air 
bending.  

Blank

Die

Punch

Blank

Punch

Die

 
       
K-Factor Rule of thumb for Bottoming 
Radius Soft-material Medium Material Hard Material 
0 to thickness 0.42 0.44 0.46 
Thickness to 3 x thickness 0.46 0.47 0.48 
Greater than 3 x thickness 0.5 0.5 0.5 
 
 
 
COINING 
 
Coining is a bending process in which the punch and the work piece bottom on the 
die and compressive stress is applied to the bending region to increase the amount 
of plastic deformation. This reduces the amount of spring-back. The inner radius of 
the work piece should be up to 0.75 of the material thickness.  
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K-Factor Rule of thumb for Coining 
Radius Soft-material Medium Material Hard Material 
0 to thickness 0.38 0.41 0.44 
Thickness to 3 x thickness 0.44 0.46 0.47 
Greater than 3 x thickness 0.5 0.5 0.5 
 
 
 
 

http://www.pa-international.com.au/pa/indexbaa2.html?option=com_easyblog&view=entry&id=23&Itemid=177

These pages deleted due to copyrighted information.

The Fine Art of Sheet Metal Fabrication

http://www.pa-international.com.au/pa/indexbaa2.html?option=com_easyblog&view=entry&id=23&Itemid=177
http://www.pa-international.com.au/pa/indexbaa2.html?option=com_easyblog&view=entry&id=23&Itemid=177


PRINCIPLE TYPES OF BENDING 
 
 
AIR BENDING 
 
Air Bending is a bending process in which the punch touches the work piece and the 
work piece does not bottom in the lower cavity. As the punch is released, the work 
piece springs back a little and ends up with less bend than that on the punch (greater 
included angle). This is called spring-back. 
The amount of spring back depends on the material, thickness, grain and temper. 
The spring back will usually range from 5 to 10 degrees. The same angle is usually 
used in both the punch and the die to minimize set-up time. The inner radius of the 
bend is the same as the radius on the punch.  
 
In air bending, there is no need to change any equipment or dies to obtain different 
bending angles because the bend angles are determined by the punch stroke. The 
forces required to form the parts are relatively small, but accurate control of the 
punch stroke is necessary to obtain the desired bend angle.  
 

Blank

Punch

Die
Die

Punch

Blank

  
 
K-Factor Rule of thumb for Air Bending 
Radius Soft-material Medium Material Hard Material 
0 to thickness 0.33 0.38 0.4 
Thickness to 3 x thickness 0.4 0.43 0.45 
Greater than 3 x thickness 0.5 0.5 0.5 
 
 
 
 
BOTTOMING 
 
Bottoming is a bending process where the punch and the work piece bottom on the 
die. This makes for a controlled angle with very little spring back. The tonnage 
required on this type of press is more than in air bending. The inner radius of the 
work piece should be a minimum of 1 material thickness. 
 
In bottom bending, spring-back is reduced by setting the final position of the punch 
such that the clearance between the punch and die surface is less than the blank 
thickness. As a result, the material yields slightly and reduces the spring-back. 
Bottom bending requires considerably more force (about 50%~60% more) than air 
bending.  

Blank

Die

Punch

Blank

Punch

Die

 
       
K-Factor Rule of thumb for Bottoming 
Radius Soft-material Medium Material Hard Material 
0 to thickness 0.42 0.44 0.46 
Thickness to 3 x thickness 0.46 0.47 0.48 
Greater than 3 x thickness 0.5 0.5 0.5 
 
 
 
COINING 
 
Coining is a bending process in which the punch and the work piece bottom on the 
die and compressive stress is applied to the bending region to increase the amount 
of plastic deformation. This reduces the amount of spring-back. The inner radius of 
the work piece should be up to 0.75 of the material thickness.  
 

Die

Blank

Punch

Blank

Punch

Die

 
    
K-Factor Rule of thumb for Coining 
Radius Soft-material Medium Material Hard Material 
0 to thickness 0.38 0.41 0.44 
Thickness to 3 x thickness 0.44 0.46 0.47 
Greater than 3 x thickness 0.5 0.5 0.5 
 
 
 
 

http://www.pa-international.com.au/pa/indexbaa2.html?option=com_easyblog&view=entry&id=23&Itemid=177

These pages deleted due to copyrighted information.

The Fine Art of Sheet Metal Fabrication

http://www.pa-international.com.au/pa/indexbaa2.html?option=com_easyblog&view=entry&id=23&Itemid=177
http://www.pa-international.com.au/pa/indexbaa2.html?option=com_easyblog&view=entry&id=23&Itemid=177


TIPS AND TRICKS 
 
General bending guidelines are as follows: 

� The bend radius should, if possible, be kept the same for all radiuses in the 
part to minimize set up changes.  

� For most materials, the ideal minimum inner radius should be at least 1 
material thickness. 

� As a general rule, bending perpendicular to the rolling direction is easier than 
bending parallel to the rolling direction. Bending parallel to the rolling direction 
can often lead to fracture in hard materials. Thus bending parallel to the 
rolling direction is not recommended for cold rolled steel > Rb 70. And no 
bending is acceptable for cold rolled steel > Rb 85. Hot rolled steel can 
however be bent parallel to the rolling direction. 

� The minimum flange width should be at least 4 times the stock thickness plus 
the bending radius. Violating this rule could cause distortions in the part or 
damage to tooling or operator due to slippage.  

 

Min Flange Width = 4 x Thickness + Bend radius 
 

� Slots or holes too close to the bend can cause distortion of these holes. Holes 
or slots should be located a minimum of 3 stock thickness plus the bend 
radius. If it is necessary to have holes closer, then the hole or slot should de 
extended beyond the bend line. 

 

D = 3 x Thickness + Bend radius

D

 
 

� Dimensioning of the part should take into account the stack up of dimensions 
that can happen and mounting holes that can be made oblong should be. 

� Parts should be inspected in a restrained position, so that the natural flexure 
of the parts does not affect measurements. Similarly inside dimensions in an 
inside bend should be measured close to the bend. 
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MIN. DIE OPENING WIDTH
FOR MAT’L THICKNESS SEE CHART ON 
FRONT OF PRESS BRAKE

MIN. WIDTH. FOR BENDING
OF PART SIZE (SEE BELOW)

90  AIR FORMING PUNCHES
THINGS WE HAVE TO KNOW.

PUNCH RADIUS

The Flange width and inside radius affect forming of the flange.  For
mild steel the minimum flange width is 4 times the material thickness 
plus the inside radius.  For softer materials a shorter flange can be
used and for harder materials a longer flange is required.

CRASHING THE FLANGE

WHAT IS THE ANGLE OF BEND 1 & 2?
WHAT IS THE DISTANCE BETWEEN BEND 1 & 2?
WHAT IS THE HEIGHT OF THE FLANGE?
WHAT IS THE WIDTH OF THE PUNCH?

BEND 2

PUNCH RADIUS

The Flange width and the inside radius affect the forming of the flange.
For mild steel the minimum flange width is 4 times the stock thickness
plus the inside radius.  For softer metals a shorter flange can be used 
and for harder materials a longer flange is required.

BEND 1

HEIGHT OF 
FLANGE

FLANGE
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BEND UP
90

NO CRASH

SKETCH BENT PART AT FULL SCALE.
DRAW IN CENTER LINE OF 
PUNCH (½ OF BEND ANGLE).
MEASURE DISTANCE.
MEASURE PUNCH WIDTH (½ PUNCH WIDTH).
CHECK FOR CRASH.

WHAT IS THIS 
DISTANCE?

x

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Gooseneck punches offer the benefit of clearance for a return 
flange as in a two stroke channel forming operation.

22GA  X=.25
18GA  X=.375
14GA  X=.50
10GA  X=.75
9GA  X=1.00
7GA  X=1.25

Gooseneck Punches
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On side of Press Brake,
turn main switch 
clockwise to the ON  
position.

2

3

Push Yellow

Push GreenOn control panel



NDSCS 
Manufacturing Dept.

Press Brake Basics To Start Press Brake Operation

1
On side of Press Brake,
turn main switch 
clockwise to the ON  
position.

2

3

Push Yellow

Push GreenOn control panel



Activating punch movement

Turn Key on side of control panel

To Hand/Foot

Pushing     button calibrates back gauge and punch

Back Gauge

Punch
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Die Opening

Note: Make sure
correct die opening
is called out.
Catastrophic failure
can occur if not 
called out correctly! 

Die Opening 3

Die Opening 4

WIDTH = 1.378 

WIDTH = 1.969 

Die Opening 2
WIDTH = .867 

Die Opening 1
WIDTH = .630 

The programming of dies is 
started by pressing the tools key.

Changing Control Panel Values

1. Highlight each specific 
    field to change.  
    To change fields
    use arrow keys  
    below.

2. Use numerical 
    keys for correct
    numerical information.

3. Information typed
    will show up here.

4. When correct information 
    has been typed hit the 
    enter button.
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Punch

This should stay
at 1.
At this time, this is the 
only punch configuration 
we have.

Punch
Note: Curved part of punch
faces the back of the machine.

Thickness of Material.  
Measure it with your 
dial caliper.
Do NOT approximate!

Length of Bend.

Type of bending.
0 = Air Bending
1 = Bottoming (NO)

Correction Angle.
This has to do with how much 
the material springs back.
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Changing Values

DO NOT CHANGE THESE
VALUES.  THESE ARE CALCULATED
BY THE CONTROL PANEL.

Muting distance. Distance above the sheet at which the speed change takes place.
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The “X” value is the distance from the edge of
material to the center line of your bend.  This 
distance moves the back gauge back or forth.

Die

Back Gauge
DO NOT ADJUST THESE SETTINGS
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After all values have been entered, cycle through 
all of your inputs by hitting the enter button 
(DO NOT use the arrow keys) and then step on 
foot pedal and cycle the punch through a cycle 
with no material in the die.

Foot Pedal
Note: if you step on the 
foot pedal too hard, it will 
activate the emergency 
stop.

When Back Gauge
is set to stop close
to the Die, flip stops
up before moving. 

Set Back Gauge stops
to outer parts of material
that is being bent. 

Use material rests in front of 
Press Brake.  DO NOT try to 
hold material with hands
during bending process.

Adjustments
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Shutting down

1. Place wood block
    between punch
    and die.

2. Turn key to 
    foot/foot.

3. Step on foot pedal
    to run punch down
    to slightly touch wood
    block.  Note: Punch 
    will run in slow motion
    in foot/foot mode.

4. Push Hyd Pump STOP

5. Turn Power
    OFF on side of
    Press Brake.

Shutting down
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TUBE ROLLING

RADIUS ROLLER

ADJUST WIDTH OF SIDE 
FLANGES BY REMOVING THE 
NUT OF EACH ASSEMBLY.  
ADJUST THIS WIDTH FOR THE 
TUBING SIZE YOU ARE USING.

AFTER NUTS HAVE BEEN 
REMOVED SLIDE ROLLERS 
AND FLANGES OFF.  
REASSEMBLE TO CORRECT 
WIDTH OF TUBING BE ROLLED.

NOTE: MAKE SURE DRIVE 
ROLLERS (GROOVED) ARE 
THE LOWER ROLLERS ON THE 
MACHINE.

SIDE FLANGES

DRIVE
ROLLER

WRENCH

INSERTING TUBE

RAISE THE RADIUS ROLLER HIGH ENOUGH (USING 
RATCHET) TO INSERT THE TUBE BETWEEN ALL 3 
ROLLERS AS SHOWN BELOW.

ONCE TUBE IS IN PLACE FLIP 
RATCHET OVER AND TIGHTEN 
RADIUS ROLLER DOWN ONTO 
TUBE.  YOU WILL WANT TO 
TIGHTEN THE RADIUS ROLLER 
DOWN ON THE TUBE TIGHT 
ENOUGH TO SIGHTLY BEND THE 
TUBE.  

RATCHET

NOTE:
RADIUS 
MARKING 
CHART
(YOU MAY NEED THIS 
NUMBER LATER)
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NOTE: NEVER RUN
THE TUBE PAST 
THE CENTERLINE 
OF THE DRIVE 
ROLLERS.

ROLL THE TUBE FROM END TO 
END ALWAYS STOPPING THE 
END OF THE TUBE AT THE 
CENTERLINE OF THE DRIVE 
ROLLERS.

ONCE YOU HAVE MADE ONE 
PASS TIGHTEN THE  RADIUS 
ROLLER APPROX. A 1/4 TO 1/2 
A TURN AND ROLL AGAIN.

SMALLER ADJUSTMENTS 
WILL NEED TO BE MADE AS 
YOU GET CLOSER TO THE 
DESIRED RADIUS.

NOTE: WHEN ROLLING 
LONG LENGTHS OF TUBE.  
WATCH FOR THE TUBE 
HITTING THE CEILING OR 
LIGHTING ABOVE!

TUBE ROLLING

DIRECTIONAL CONTROL
RIGHT PEDAL MOVES THE TUBE COUNTERCLOCKWISE
LEFT PEDAL MOVES THE TUBE CLOCKWISE
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NOTE: FLAT TUBE LENGTH IS CALCULATED 
ON THE OUTSIDE RADIUS OR DIAMETER. 
THE CIRCUMFERENCE FORMULA IS DIA. x 
3.1416 THIS WILL GIVE YOU AN 
APPROXIMATE LENGTH.
ADJUSTMENTS WILL NEED TO BE MADE.
WRITE DOWN RADIUS ROLLER RULER 
DIMENSION IF YOU WANT TO MAKE 2 OF 
THE SAME SIZE RINGS.
SEQUENCE OF BENDS WILL EFFECT 
RADIUS DIMESIONS TAKEN.

TUBE ROLLING
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