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Introduction

The basic design of a particular stamping is 
important to its cost. The savings in time and 
money on a stamping depends on many factors 
relating to materials, quantities, tolerances and its 
overall general design.

To make your stampings as functional, efficient 
and economical as possible, the following 
guidelines are recommended.

Blanking Operation

A – T x 10% Punch Size

A  Die Size
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Blanking of parts, by punch press operations, 
necessitates a punch and die combination, 
conforming to the part periphery. This operation 
requires clearance between the punch and die. 
(See Illustration 1)

This clearance causes the punch to “cut” 
through a portion of the material, and “break” 
through the balance of the material thickness. 
(See Illustration 2)

The punch as it enters the material, actually 
begins to “form” the surface of the material, prior 
to cutting. This “form” is referred to as pull-down. 
(See Illustration 2)

Pull-Down

The amount of pull-down is affected by three 
principal factors:

a) �Temper of material. The softer the material, the 
greater the amount of pull-down.

b) �Structure of material. Longer grained materials 
(i.e. Copper, Stainless Steel, etc.) will tend  
to flow, and will have a greater amount of 
pull-down.

c) �Thickness. Thicker materials pull down 
considerably more than thinner materials.

Breakage

The amount of breakage occurring is affected by 
two principal factors:

a) �Temper of material. As hardness increases 
(either by rolling or by heat treating) the amount 
of breakage increases.

b) �Structure of material. Short grained materials 
(i.e. Aluminum, high carbon steels, etc.) will 
have a greater percentage of breakage.

Blank Design - Minimum Blank Sections

W W

L L

T

Figure 4 Min. Width:
W= 1-1/2 T

Min. Length:
T= 5WILLUSTRATION 3

Minimum practical section “W” should never be 
less than 1-1/2 to 2 times material thickness in 
width and never less than 1/32". Length of min. 
section should not be greater than 5 times width 
of section. (See Illustration 3)

Corners

R

TMin. Radius:
R= 1/2 T

R

R

ILLUSTRATION 4

Corner radii should be a minimum of one half  
of the material thickness. Corners can be sharp, 
if the material thickness is 1/16" or less.  
(See Illustration 4)

Notches

1/16R
(May Be Sharp)

1.250 ±0.003 3/64

250 ±0.001

0.500
±0.003

ILLUSTRATION 5
Should a notch require close size and/or  
location tolerances, give an option on the corner 
radii. (See Illustration 5) If included in the blank, 
maximum radius would be used. If included in  
a separate operation, a sharp corner would  
be required.
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Specifying Cutoffs

Best Choice
If sharp corners are permissible, 

the square cut-off should be most economical.

Acceptable

Acceptable

Not Suggested

Feather Edge

1/2"

1/2"

1/2"

1/2"

1/2" R

3/8" R

1/4" R

ILLUSTRATION 6

Once the material blank has been sheared to 
correct width, there are several correct cutoffs 
to specify for economical stampings. (See 
Illustration 6)

Specifying Holes – Minimum Diameters

For general economy, remember this rule of 
thumb: hole diameter should be equal to or 
greater than the stock thickness. Holes less 
than stock thickness may be punched in soft 
aluminum or other soft materials, with the 
recommended minimum diameter increasing  
in direct ratio to the shear strength. Stainless 
steel usually requires a diameter equal to two 
times stock thickness. If the hole diameter is less 
than material thickness, (or less than 0.050 dia.) 
it must be drilled and the burr removed at  
added cost.

Hole Tolerances

T

Min. Dia. = “T”

ILLUSTRATION 7

Unless specified, tolerances shown on hole 
diameters are considered to apply to the punch 
side only. (See Illustration 7)

Breakage occurs in all punched holes. (See 
Illustration 8)  This is due to the clearance 
between the punch and die. Breakage occurs 
with all materials and varies by material 
characteristics.

Breakage

Punch Side
±0.001

T

ILLUSTRATION 8

Smoothly finished holes add cost. Should they 
be required, the hole can be punched smaller 
than required, then reamed to its finished 
diameter. (See Illustration 8)

Specify Holes and Other Openings  
Near Blank Edge

Web

ILLUSTRATION 9
The hole can be punched without causing a 
bulge if the web is a minimum of 1-1/2 the stock 
thickness. (See Illustration 9)

Bulge

ILLUSTRATION 10

A bulge in the blank will result anytime the web  
is less than 1-1/2 times the stock thickness.  
(See Illustration 10)

Ear

ILLUSTRATION 11
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Bulge conditions increase progressively as the 
web decreases, until there would be a complete 
break-through. The bulge is hardly visible until 
the web is reduced to less than 1/2 the stock 
thickness. These examples would also apply to a 
web between holes.

If some bulge is not permitted, a drilling and 
deburring operation may be necessary. This will 
add to your stamping costs. (See Illustration 11)

As a suggestion, if the web is too narrow, the 
profile of the blank could be changed by adding 
an ear of sufficient dimensions and shape to 
eliminate the problem.

Notches May Be Hole Substitute

ILLUSTRATION 12

Another suggestion would be to change the 
contour of the blank to include the hole as a 
notch that could be punched (See Illustration 
12) or the notch can be made wide enough 
so it could be included in the blank without a 
punching or notching operation.

Specifying Holes and Openings Near Bends

ThicknessRadius

1-1/2 T + R

Bend Line

ILLUSTRATION 13

The minimum inside distance required from the 
edge of a hole to a bend is 1-1/2 times the 
material thickness plus the bend radius.  
(See Illustration 13)

Distortion will result when punching the hole 
at a location less than the minimum distance 
required. If distortion is not acceptable, the hole 
must be punched after forming, in a separate 
operation. This will increase your stamping costs.

For economical stamping production, the 
following guidelines should be considered.

Minimum Requirements

Thickness (T)

Bend Line

H

L

R

ILLUSTRATION 14

When “L” is up to 1", “H” = 2T + R 
When “L” is 1" to 2", “H” = 2-1/2T + R 
When “L“ is 2" or more, “H” = 3T to 3-1/2T + R

The function of these holes or openings  
should determine the degree of simplicity or 
complexity of tooling and operation. Be sure 
you give complete information for the most 
economical price.

Specifying Internal Tabs

Fracture

Bend LineAlternate:

ILLUSTRATION 15

Careful analysis of your tab needs can hold your 
stamping costs down. A slot can be punched 
around the entire tab to permit bend relief. 
However, this requires an additional operation.  
If other punched openings are required, this  
relief slot can be punched at the same time.  
(See Illustration 15)

Specifying Bends

Tear

ILLUSTRATION 16

It is necessary to take special care in designing 
bends in your stamping to avoid material tearing. 
To avoid this, design the blank profile to allow 
offset relief where possible. If the part is under 
stress, this tear will likely cause fatigue failure. 
Stock tooling cannot be adapted because the 
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flat area adjacent to the form must be held in 
position during forming. This will increase your 
stamping expense. (See Illustration 16)

ILLUSTRATION 17

A similar case exists in Illustration 17. The form 
is just outside the blank profile. The tear itself 
runs into the center of the required bend radius.

Inside Bend
Rad. (Min.)R

ILLUSTRATION 18

Solution to the tear is illustrated (18 and 19) by 
changing the blank profile which provides relief 
for the bend. This eliminates fatigue under stress 
and it is then possible to use Stock 90 degree 
punches and dies. The result is higher quality 
and a lower tool/engineering price.

1-1/2 – 2T
R

ILLUSTRATION 19

ILLUSTRATION 20

Relief notch width in the above illustrations 
should be at least 1-1/2 to 2 times the material 
thickness. If designed as the relief in Illustration 
19, they can be included in the blanking 
operation at very little or no extra cost for tools.

T

h

R

H

ILLUSTRATION 21

T

R H=2-1/2T +R

ILLUSTRATION 22

Problem forming is shown in Illustration 21.  
A 90 degree bend is made with insufficient 
material height to form right.

Therefore, sufficient material must be added so 
the form is high enough (H) and then trimmed. 
This is an extra operation which means added 
stamping costs.

A good rule of thumb to follow (See Illustration 
22) in allowing material for bends-determine 
the inside height “H” which in this case equals 
2-1/2 times the material thickness (T) plus the 
required bend radius (R) for economical tooling 
and production.

This guideline is reproduced in chart form below. 
These recommended minimum formed height 
dimensions are approximate. They cover most 
variables of design, size, material types, tempers 
and thicknesses and still permit the most 
economical tooling and production. Easily formed 
materials such as Aluminum, Brass,Copper and 
Mild Steel may be formed with approximately 
20% lower minimum inside formed height.

Minimum Inside Height of Form “H”

“T”  
Stock 

Thickness

Inside Bend Radius

Sharp 
“R”

1/32 
“R”

1/16 
“R”

3/32  
“R”

1/8 
“R”

1/32 5/64 7/64 9/64 11/64 13/64

1/16 5/32 3/16 7/32 1/4 9/32

3/32 15/64 17/64 19/64 21/64 23/64

1/8 5/16 11/32 3/8 13/32 7/16

5/32 25/64 27/64 29/64 31/64 33/64

3/16 15/32 1/2 17/32 9/16 19/32



5

Bending

Enlarged 
Section

Compression on 
Inside of Bend

ILLUSTRATION 23

A distorted condition that occurs in forming 
is shown in Illustrations 23 and 24. It is a 
particularly noticeable distortion when heavy 
material is bent with a sharp inside bend radius. 
It is hardly noticeable on material thicknesses 
less than 1/16" or when the inside forming radius 
is large in comparison to the material thickness.

W

Bend
Line

Compression on 
Inside of Bend

Tension On Outside of Bend

ILLUSTRATION 24

Material on the inside of the bend is under 
compression which results in this bulge condition 
on the edges. The edges on the outside of the 
bend are under tension and tend to pull in.

Such a bulge or distorted condition is usually 
of no concern and is accepted as standard 
practice. But, if this bulging will cause any 
interference with a mating part, then this should 
be referred to on the print so a secondary 
operation can be considered to remove the 
interference. This extra operation will add to the 
cost of the stamping.

If width dimension (W) must be held across the 
form, indicate this condition by showing relief 
notches. (See Illustration 24)

Enlarged Section

Fractures

Burr Side Under Tension

Burr Side
On Inside
Of Bend

Burr Side On 
Outside Of Bend

Lower

    F
orm

Upper

       
Form

ILLUSTRATION 25

The enlarged section in Illustration 25 indicates 
a fracture condition that occurs when the 
burr side of the blank is on the outside of the 
bend. This would be particularly noticeable 
when heavy material is formed with a sharp 
inside bend radius. It is hardly noticeable on 
material thicknesses of less than 1/16" or when 
the inside forming radius is large enough in 
comparison to the material thickness, type  
and temper.

This fracture condition occurs because the burr 
side of the blank on the outside of the bend is 
under tension, and causes the minute fracture 
on the sharp edge to open up and in extreme 
cases, become visible.

A blank is usually produced so the burr side 
will be on the inside of the bend which is under 
compression like the lower form. However, when 
print requirements prevent this, or when a bend 
is in an opposite direction, like the upper form, 
fractures may occur.

Tumbling or deburring before forming can 
minimize the fracture in most cases. On extra 
heavy material with a very sharp inside bend 
radius, or on materials difficult to form, such as 
SAE 4130, tumbling well before forming may not 
be adequate and it may be necessary to hand 
file, or disc sand a radius on the sharp edges. 
Such secondary operations will add to the cost 
of production to varying degrees.

Therefore, for the most economical production, 
where the design will permit, designate ample 
inside bend radii when the burr side of the blank 
must be on the outside of the bend.

When slight fractures are permissible, the print 
should be so marked. 

Any tempered aluminum alloys necessitate much 
larger bend radii than steel alloys do.

Specifying Countersinking

T

Formed Countersinking

Hole Dia.

3T (Max.)

Edge of hole is formed to shape of screw heads,
results in raised portion on reverse side. Specify
countersink dia., angle and minimum hole dia.

ILLUSTRATION 26
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ILLUSTRATION 27

T

“D” (max.) = T – 0.005 in all cases. 
Hole dia. on thinner materials may have to 
be increased beyond clearance hole sizes.

“D”

Hole Dia.

Drill Press Countersink

There are two types of countersinking shown 
above. (See Illustration 26 and 27)  Method 
specified is governed by the particular 
application. Formed countersinking is the 
stronger of the two methods and usually the 
most economical.

Spot Weld Tips

When welding a flange to the main body of the 
part, the minimum width of the flange should be 
1/2" in order to secure a good weld. Flanges of 
less than 1/2" require special tips and do not 
always yield the strongest weld.

1/2" Minimum

ILLUSTRATION 28

Dimensioning

Whenever dimensioning to a form the 
dimensions should be given to the inside of 
the material whenever possible. This precludes 
the variation in material thickness affecting the 
dimension and robbing the manufacturer of 
tolerance. This is especially true on a drawn  
part where you also have some thinning of  
the material.

Undesirable 
and Costly

Undesirable

Preferable

Preferable

ILLUSTRATION 29

Extrusions

H

D

“T”

Fracture

When “D” > 2T, “H” = 1T
When “D” <2T, “H” decreases rapidly to 1/2T

ILLUSTRATION 30

The function of an extrusion is to increase the 
material thickness to achieve more bearing 
surface or more threads in case of tapping. 
Maximum height to be expected is usually 1 
material thickness. Anything over 1 material 
thickness will generally show a fracture or tearing 
condition, increasing in severity proportional to 
height increase. Decreasing “D” in Illustration will 
decrease “H” to about “1/2 T” in most cases.

Embossed Stampings

L

L

L
L

T

T

T

R1

R2

R2

Offsets – L (Max.) = R1 + R2**

R2

Flat V-Bead – L (Max.) = 3T*

V-Bead – L (Max.) = 3T*

R1

ILLUSTRATION 31

* �Reduce to 2T for commercial grades of  
steel, one-quarter hard tempers, and alloys  
of aluminum.

**�Reduce to 0.5 (R1 + R2) for commercial 
grades of steel, one-quarter hard tempers,  
and most alloys of aluminum.

Exceeding the maximum depth limits of 
embossed stamping for various metals  
increases rejects and stamping cost.

(The Precision Metal forming Association 
published portions of the above guidelines.)
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Burr Removal

Roll Over

Break

Burr

Burnished Land

ILLUSTRATION 32

All metal stampings have varying degrees of 
burrs on the stamped edges. They are ragged, 
sometimes sharp edges of the stamped part. 
The usual rule of thumb to follow on burrs is 
to allow for 10 percent of the stock. Wrico 
normally includes tumbling or sanding on all 
parts when requested and whenever practical to 
do so. Special edge treatments are available at 
additional cost.

Flatness

Length

Parallel
Planes

Flatness Tolerance 
(Thickness + Out of Flat Condition)

ILLUSTRATION 33

No stamping has perfectly flat surfaces. Flatness 
requirements beyond the tolerances that follow 
will increase the cost of your stampings.

If the surface length is from 0"  to 1", allow 
±0.005" tolerance. Over 4", allow 0.020" plus 
0.004" for each inch of additional length.

Special flattening operations to better these 
tolerances are available at additional cost if  
so requested.

Surface Finish On Stamped Parts

Dull, Semi Luster, Bright

The rule of thumb to follow here is the brighter 
the finished stamping, the higher the cost.

Raw metal stock varies in finish. Usually the finer 
(brighter) the finish, the higher its basic price is.

The stamping process may alter the metal finish 
greatly. So it is important to determine minimum 
finish requirements of the stamped part in order 
to maximize savings.
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