A Comprehensive Technical Guide to
Strip Layout Design for Progressive
Metal Stamping Dies

Section 1: The Foundation: Progressive Die Stamping
and the Strip Layout

1.1 Defining the Progressive Die Stamping Process

Progressive die stamping is a highly efficient and automated metalworking process designed for
the mass production of complex parts with high precision. The process utilizes a single,
sophisticated tool known as a progressive die, which is mounted in a reciprocating stamping
press. This die contains a series of individual workstations, each engineered to perform a
specific operation—such as piercing, blanking, coining, bending, drawing, or embossing—on a
continuous strip of metal fed from a coil.

The core principle of the process involves the incremental transformation of the raw material.
With each stroke of the press, the metal strip is advanced a precise distance, known as the
pitch or progression, moving from one station to the next. While the strip is stationary, the die
closes, and all stations perform their respective operations simultaneously on different sections
of the strip. This assembly-line-like sequence continues until the part reaches the final station,
where it is typically separated from the carrier strip and ejected as a finished component. This
method allows for the production of one or more completed parts with every cycle of the press,
enabling extremely high production rates and unattended operation. The decision to employ a
progressive die is typically justified by two primary factors: the high volume of production
required and the complexity of the part geometry, which would otherwise necessitate multiple
separate operations.

1.2 The Strip Layout: The Master Plan for Production

The strip layout is the single most critical document in the entire progressive die design and
manufacturing workflow. It is universally regarded as the master plan or road map that governs
nearly every subsequent decision related to the tool's construction, cost, and ultimate
performance. The strip layout is a detailed, station-by-station visual representation of the logical
sequence of operations, illustrating precisely how a finished part is methodically developed from
the flat metal strip. It provides a clear idea of the positioning of various punches, stops, and
pilots, ensuring the ideal location of blanks within the stock strip.

A well-conceived strip layout is the cornerstone of a successful stamping operation. Its design
directly determines the overall die size, the required press tonnage, the final tooling cost, and,
most importantly, the quality and consistency of the stamped part. Furthermore, the layout is the
primary driver of material utilization, a factor that has profound economic implications over the
life of the tool. Any error in the logic or execution of the strip layout—a miscalculation in
progression, an illogical operation sequence, or a poorly designed carrier—uwill inevitably



surface as a costly and time-consuming problem during the press tryout phase.

The strip layout is more than a mere technical drawing; it functions as a critical financial and
contractual instrument. When a tooling project is awarded, the vendor's quotation is based on a
proposed process, which is physically embodied in the strip layout. This layout, detailing
material usage, progression, and the number of stations, must be approved by the customer
before any steel is ordered or die construction begins. This approval effectively locks in the
manufacturing process and its associated costs. An inefficient layout might be proposed to lower
the initial tooling cost to win a bid, but it could trap the customer into a higher per-part cost for
millions of cycles due to suboptimal material utilization. This dynamic highlights the dual role of
the strip layout as both the engineering blueprint and the technical foundation of the commercial
agreement.

1.3 Key Advantages and Applications of Progressive Dies

The widespread adoption of progressive die stamping across numerous industries is driven by a
distinct set of advantages that make it unparalleled for high-volume manufacturing. The process
is defined by its high-speed operation, with presses capable of running at hundreds of strokes
per minute, leading to rapid production rates and reduced lead times. This high level of
automation significantly decreases labor costs, as dies can often run unattended with the proper
sensing and monitoring systems in place.

Precision is another hallmark of progressive stamping. The rigid construction of the die set and
the use of precise piloting systems ensure exceptional repeatability, allowing for the consistent
production of parts with very tight tolerances, often within a few thousandths of an inch (e.g., +/-
0.002 inches). When the strip layout is optimized, the process also results in minimal material
scrap, a critical factor in controlling per-part costs. By combining numerous cutting and forming
operations into a single tool, progressive dies eliminate the need for secondary processes,
further saving time and money.

Given these benéefits, progressive die stamping is a cornerstone of modern manufacturing in a
wide array of sectors. It is indispensable in the automotive industry for producing brackets,
connectors, and structural components; in electronics for manufacturing terminals, shields, and
lead frames; and in the appliance and medical device industries for creating a vast range of
intricate and durable parts.

Section 2: Anatomy of a Strip Layout: Core
Components and Terminology

A comprehensive understanding of progressive die design begins with a firm grasp of its
specialized vocabulary. The strip layout is described using precise terms for its various features
and dimensions, which are foundational to all subsequent design and calculation steps.

2.1 Defining Pitch, Progression, and Lead

These three terms describe the fundamental linear movement and material consumption of the
strip as it advances through the die.
e Pitch (or Progression, Advance): This is the most critical linear dimension in a
progressive die. It is defined as the constant, precise distance the material strip is fed
forward with each stroke of the press. The pitch corresponds directly to the



center-to-center distance between adjacent stations in the die set. It is also the distance
from a specific point on one part to the corresponding point on the next part in the strip.
The pitch, often denoted as 'C' or 'p', is calculated by adding the length of the component
('l along the feed direction to the width of the scrap bridge ('B') between parts. The
formulais:C=1+B

e Lead: While often used interchangeably with pitch, "lead" can more specifically refer to
the total length of material consumed to produce one part. For a simple layout, this is
identical to the pitch. The formula for material utilization often uses this term explicitly:
Lead = Length of component + Bridge thickness.

2.2 Understanding Scrap: Bridge, Front/Back Scrap, and Allowances

The material that does not become part of the finished component is not merely waste; it is an
engineered element crucial for the stability and success of the stamping process.

e Bridge (or Scrap Bridge): The bridge is the narrow section of material intentionally left
between adjacent blanks and between the blank and the outer edge of the strip. Its
primary function is to maintain the structural integrity of the strip as it is pushed or pulled
through the die, preventing the scrap skeleton from twisting, buckling, or wedging
between the punch and die components. The width of the bridge, denoted 'B', is directly
proportional to the material thickness ('t'). A common rule of thumb is to set the bridge
width between 1 and 1.5 times the material thickness. More specific industry formulas
provide greater precision, such as:

o B =1.25%, when the pitch (C) is less than 2 inches.
o B =1.5t, when the pitch (C) is more than 2 inches.

e Front and Back Scrap: These terms refer to the scrap material along the outer edges of
the strip, running parallel to the feed direction. This allowance provides space for die
guides and ensures that the outermost features of the part are fully formed without being
too close to the coil edge. The front scrap allowance, denoted 'A’, can be calculated using
the formula: A =t + 0.015H where 't' is the material thickness and 'H' is the overall width of
the part.

The simple rule-of-thumb for bridge width (1.0t to 1.5t) is a crucial starting point, but it is not an
immutable law. The optimal bridge width is a dynamic engineering decision that must account
for multiple interacting factors. For instance, when working with high-strength steels, which are
less ductile and exert greater force on the die, a more robust bridge is often required to prevent
fracture. Similarly, the design of the carrier strip heavily influences this decision. A flimsy
one-sided carrier supporting a heavy or complex part will demand a wider bridge and more
substantial scrap skeleton than the formula might suggest to prevent distortion during
high-speed feeding. Larger, heavier dies may also necessitate wider carriers simply to provide
enough surface area to effectively push the strip through the tool. Therefore, the designer must
treat the formula as a baseline, which must be intelligently adjusted based on a holistic
assessment of the material properties, carrier design, and the dynamic forces inherent in the
specific stamping process.

2.3 Key Geometric and Process-Related Terms

The following terms are essential for describing the strip and the part's characteristics within it.
e Strip Width (W): The overall width of the raw material coil required for the process. It is
determined by the part's maximum width ("H'") plus the scrap allowances on both sides.



The standard formula is: W = H + 2B where 'B' is the bridge thickness.

e Feed Direction, Lead End, Tail End: These are basic directional terms. The Feed
Direction is the direction the strip travels through the die. The Lead End is the front of
the strip entering the die, while the Tail End is the opposite, trailing end.

e Burr Side: During any cutting or piercing operation, a small, sharp ridge of material,
known as a burr, is formed on one side of the material. In a blanking operation, the burr is
formed on the side of the material that is in contact with the punch as it exits the die
opening. The orientation of this burr can be a critical functional requirement for the final
part, influencing decisions about how the part is laid out and formed in the strip.

Term

Symbol

Description

Common Formula

Source(s)

Pitch /
Progression

Corp

The distance the
strip advances
with each press
stroke; the
center-to-center
distance between
stations.

C=1+B

Part Length

The length of the
component
measured along
the feed direction.

Part Width

H

The width of the
component
measured
perpendicular to
the feed direction.

Material
Thickness

The gauge of the
raw material coil.

Bridge Thickness

B

The scrap material
between adjacent
parts and between
the part and the
strip edge.

B \approx 1.0t -
1.5t

Front Scrap

The scrap
allowance on the
operator-facing
edge of the strip.

A =t+0.015H

Strip Width

The total width of
the raw material
coil.

W=H+2B

Material
Utilization

% Util.

The percentage of
the raw material
that becomes
finished parts.

frac{\text{Area of
one blank} \times
100}{\text{Lead}
times \text{Width}}

Burr Side

The side of a cut
edge that contains

a sharp ridge of




Term Symbol Description Common Formula |Source(s)

material, typically
the punch-exit
side.

Table 1: Key Terminology in Strip Layout Design

Section 3: The Strategic Design Process: A
Step-by-Step Guide to Creating a Strip Layout

The development of a progressive die strip layout is a systematic process that translates a
finished part design into a manufacturable sequence of operations. It is a highly iterative
endeavor where decisions made in later stages often necessitate the re-evaluation of earlier
choices. This section synthesizes best practices into a coherent, step-by-step workflow.

Step 1: Part Analysis and Feasibility Assessment

The design process begins not with the strip, but with a thorough analysis of the part itself. The
objective is to understand all geometric features, critical tolerances, and material properties
before any layout work commences. Modern die design relies heavily on 3D CAD models. The
first practical step is often to "unfold" or "flatten" the 3D part model into its 2D blank state.
Specialized CAD add-ins and standalone simulation software use Finite Element Analysis (FEA)
to perform this task with high accuracy, predicting the precise blank shape required to form the
final part while accounting for material deformation. This initial analysis determines the overall
feasibility of using a progressive die and flags potential manufacturing challenges, such as
deep-drawn features that may exceed process limits, or tight tolerances that will require special
attention.

Step 2: Determining Part Orientation and Nesting (Material Utilization)

This step is arguably the most critical for determining the long-term cost of the part. Since raw
material can constitute over 75% of a stamped part's cost, maximizing material utilization is a
primary economic driver. The goal is to arrange, or "nest," the developed blanks onto the
continuous strip in the most efficient manner possible, with a target utilization of 75% or higher
being a common industry benchmark.

Several factors govern this decision:

e Nesting Strategy: Designers explore various layouts, including single-row, double-row, or
angular orientations, to minimize the scrap generated between parts. For parts with
complex or irregular profiles, specialized nesting software is invaluable. These programs
employ sophisticated algorithms to test thousands of potential layouts, finding optimized
solutions that minimize waste far beyond what is possible through manual placement.

e Grain Direction: The metallurgical properties of the sheet metal must be respected. The
material has a grain direction from the rolling process, and bending parallel to this grain
can lead to cracking, especially with tight bend radii or when using high-strength steels
(HSS). To ensure part integrity, it is often necessary to orient the part so that critical bends
are made perpendicular (against) the grain. This may result in a less efficient nest and
increased material consumption, representing a necessary trade-off between cost and



quality.

e Feed Length (Pitch): The layout should be optimized for the shortest possible feed
length. A shorter progression runs faster, is more stable, and is less susceptible to feeding
problems caused by coil camber (a slight bowing of the strip from the slitting process),
particularly with heavy-gauge materials or narrow coils.

Step 3: Developing the Operation Sequence

With a provisional nesting layout established, the designer must create a logical,
station-by-station plan for every forming and cutting operation. This process plan is the
"sequence of ideas" that defines the die's core function.

Key principles for sequencing include:

e Cut Before Form: As a general rule, piercing, notching, and other cutting operations are
performed in the initial stations while the strip is still flat and dimensionally stable. This
ensures the highest accuracy for these features before the material is stressed and
distorted by subsequent forming operations.

e Progressive Forming: Severe deformations, such as deep draws or tall forms, are not
created in a single step. They are developed gradually over several stations to control
material flow, prevent excessive thinning, and avoid cracks. Bends located near holes are
a particular concern, as the forming process can distort the hole's shape and size; the
sequence must be planned to mitigate this.

e Force Balancing: The sequence should be planned to distribute the tonnage
requirements as evenly as possible across the die set. Concentrating all heavy-forming
operations in one area can create an unbalanced load, causing the die to "tip" during the
press stroke, which leads to premature tool wear and damage.

Step 4: Designing the Carrier and Piloting System

The carrier strip and piloting system are the two elements responsible for transporting and
positioning the material with high precision. Their designs are deeply interconnected and are
developed concurrently.

e Carrier Design: Based on the part's geometry and the planned operation sequence, the
designer selects an appropriate carrier type to securely hold and move the part through
the die. A simple part with only cutting operations might use a solid carrier, while a
deep-drawn part will require a flexible stretch-web carrier (this is detailed further in
Section 4.3).

e Piloting Design: To achieve the required locational accuracy, pilot holes are pierced into
the strip (either within the part's final geometry or in the scrap carrier). These holes are
then engaged by precisely located pilot pins at each subsequent station to correct any
minor feeding errors and lock the strip into the correct position before any work is
performed (this is detailed further in Section 4.4).

The strip layout process is not a simple linear progression but a highly iterative cycle of
refinement. A decision made in a later step frequently forces a re-evaluation of an earlier one,
creating a crucial design feedback loop. For example, a designer might initially select a dense,
single-pass nesting in Step 2 to maximize material yield. However, upon developing the
operation sequence in Step 3, they may determine that a deep-drawn feature is required. This
requirement, when addressed in Step 4, necessitates a "stretch web" carrier to allow for the
necessary material flow without tearing the strip. This type of carrier often requires more space



around the part than the initial "optimal" nest allowed. This forces the designer to return to Step
2, abandon the initial high-yield layout, and create a new nesting arrangement—perhaps a less
efficient but more functional ladder-style carrier—that can accommodate the required process.
This iterative trade-off between material economy, process stability, and part quality is a central
challenge in expert strip layout design.

Step 5: Finalizing the Station Layout and Progression

The final step involves consolidating all the planned operations, carrier features, and piloting
holes into the complete, detailed strip layout. Two critical considerations at this stage are the
inclusion of idle stations and the plan for part egress.

e Adding Idle Stations: It is a fundamental best practice to incorporate empty stations, or
"true idle stations," within the progression. These stations, where no work is performed,
serve several purposes: they provide space for potential future modifications or additions
to the process without requiring a complete die rebuild; they prevent adjacent die sections
from being weakened by being too close together; and they can be used to help
re-stabilize the strip after a heavy forming operation.

e Part Egress (Exit Plan): The final one or two stations must be designed to ensure the
finished part is reliably separated from the carrier strip and exits the die without causing a
jam. If a part is simply cut off and designed to fall off the end of the die, its weight must be
sufficiently off-balance to ensure it drops away cleanly. A "shedder pin" can be added to
the upper die to give the part a positive push upon opening. If flanges are formed
downwards, clearance must be provided in the lower die block for the part to fall through.
If flanges are formed upwards, the forward motion of the strip itself can sometimes be
used to "kick" the part out of the die.

Section 4: Foundational Principles of Strip Layout
Design

The step-by-step process outlined in the previous section is guided by a set of foundational
engineering principles. A deep understanding of these concepts—material utilization, process
sequencing, carrier engineering, and precision piloting—is what separates a merely functional
strip layout from one that is robust, efficient, and cost-effective.

4.1 Material Utilization and Nesting Strategies

The economic imperative driving strip layout design is the maximization of material utilization.

With raw material often accounting for 75% or more of a stamped part's total cost, even minor
improvements in material yield can translate into substantial long-term savings. An inefficiently
designed die that wastes a few grams of material per part can accumulate into tons of wasted

steel and significant financial loss over a production run of millions of components.

e Nesting Techniques: The primary method for optimizing material use is "nesting," the
process of arranging the 2D blank profiles on the strip to minimize the distance between
them and thus reduce scrap. For simple shapes, a single-row, one-pass layout is
common. However, for irregularly shaped parts, more advanced strategies are employed :

o Double-Row Nesting: Placing two rows of parts, often interlocked or "nested"
together, can dramatically increase material yield.



o Angular Pass: Orienting the parts at an angle relative to the feed direction can
allow them to fit together more tightly.

o Multi-Part Nesting: An advanced technique involves nesting a smaller, secondary
part within the scrap areas of a larger primary part, allowing two different
components to be produced from the same die and material strip, effectively turning
scrap into a valuable product.

e Computational Optimization: While manual nesting is suitable for simple parts, the
complexity of modern components often necessitates the use of specialized nesting
software. These programs use powerful computational algorithms to solve the "2D cutting
and packing problem". They can analyze a part's true shape (including curves and
complex features) and test thousands of orientation and placement combinations to find a
mathematically optimized layout. Algorithms range from simple rectangular enclosure
methods to highly advanced hybrid approaches that use inserting, translating, and
rotating methods to achieve the highest possible material utilization. Leading CAD and
simulation platforms often integrate these nesting tools, allowing designers to quickly
compare the material cost of several layout options.

4.2 Establishing the Process Sequence

The sequence of operations detailed in the strip layout must be logical, workable, and stable.
The order in which cutting and forming take place has a direct impact on part accuracy, strip
stability, and the prevention of defects.

e The Logic of "Cut Before Form": The most fundamental principle of process
sequencing is to perform most cutting operations—such as piercing holes and notching
the part profile—in the early stations while the strip is still flat and relatively stress-free.
This ensures that the size and location of these features are highly accurate. If these
features were cut after significant forming, the inherent distortion and residual stress in
the material would make it impossible to hold tight tolerances.

e Progressive Forming and Feature Interaction: Forming operations are carefully staged
to manage material flow and prevent defects. A deep draw is not performed in a single,
violent step but is developed over several stations, allowing the material to be stretched
and drawn into the die cavity in a controlled manner. The interaction between features is
also critical. For example, if a bend must be placed very close to a hole, the hole may be
pierced after the bend is partially or fully formed to prevent it from being distorted into an
oval shape during the bending process. Alternatively, a relief notch can be added to
isolate the hole from the stress of the bend.

e Final Part Separation: The very last operation in the sequence is almost always the
blanking or cutting of the finished part from the carrier strip. This preserves the integrity of
the strip for as long as possible, ensuring stable transport and precise location through all
preceding stations.

4.3 Carrier Strip Engineering: The Backbone of the Progression

The carrier strip, also known as the web or tie, is the portion of the material strip that remains
after initial piercing and notching. Its function is to physically connect the in-process parts and
transport them from station to station. The carrier is not passive scrap; it is a temporary,
engineered structural element whose mechanical properties—strength, flexibility, and
stability—are critical to the success of the entire stamping process.



A common misconception is that the primary goal is simply to minimize the carrier's size to save
material. In reality, the carrier must be robustly designed to withstand the dynamic forces of
high-speed production. For example, it requires a certain amount of force to push the strip
horizontally through the die; this force is cumulative, meaning the carrier at the front of the die
must be strong enough to push all the parts behind it without buckling or breaking. A rule of
thumb suggests that the force required to move the strip is about 10% of the weight of the parts
being carried. For an eight-station die producing a 1-pound part, the carrier must be able to
withstand 8 pounds of compressive force without failure. For large parts made from thin
materials, designers often add stiffening beads or lance-form the edges of the carrier to increase
its rigidity and prevent buckling.
Furthermore, the carrier must be designed to accommodate material flow during forming
operations. When a part is deep-drawn, material from the surrounding area flows inward into the
die cavity. The carrier must be designed with flexible loops or "stretch webs" that can elongate
and deform without fracturing, allowing this material movement to occur without distorting the
pitch between stations. The design of this "scrap skeleton" is therefore a complex engineering
challenge that balances material efficiency with the structural demands of the process.

Carrier Type  |Description Primary Advantages Disadvantages [Source(s)
Application
Solid Carrier [The partis Basic cutting, [High strength [Cannot be
carried by the |piercing, and [and stability; Jused for
largely uncut, [simple bending [simple to operations
solid strip operations design. involving
material. where the strip drawing or
remains flat. significant
vertical part
movement (lift).
Stretch Web [The carrieris [Deep drawing, [Allows for More complex
Carrier designed with jembossing, or [significant to design; loops
flexible loops orfany forming material must have
curved sectionsfthat requires  [movement large radii to
that can material to flow without avoid stress
stretch. inward from the preaking the  |concentration.
carrier. carrier or
distorting the
itch.
Center Carrier A strip of Parts that Often results in [May not be
material is left [require forming |minimal scrap; |suitable for
running throughjoperations provides good [parts with

or two strips
running along
its outer edges.

near the center
of the strip.

push-feeding;
allows use of
outside lifter

rails for

or near the around their  faccess to the [features in the
center of the [entire part's outer center.
art. eriphery. edges.
Outside/Side [The part is Parts that Provides good |Can use more
Carrier carried by one [require forming palance for material than a

center carrier.




forming on up
to three sides.

nt.

often requires
lifters to

Carrier Type  |Description Primary Advantages Disadvantages [Source(s)
Application
support.
One-Sided The part is Parts that Excellent part [Prone to strip
Carrier attached to the [require access; can be [instability,
carrier on only [maximum very camber, and
one side. access for material-efficie [feeding issues;

balance.
Ladder Carrier|Two outside  |Complex parts, [Excellent Generally uses
carriers are parts requiring |[stability and the most
connected by [significant lift, [feeding material,
'rungs" of or high-speed [characteristics; increasing

scrap material Japplications. [simplifies part |per-part cost.
between parts. removal from
the die.

Lance Carrier [The carrieris |Applications  [Produces Tends to create
created by where minimal loose [small,
lancing (slicing |minimizing scrap slugs. hard-to-manag
and forming) Joose scrap is e shavings in
the material the highest the die; lancing
rather than priority. can introduce
trimming. stress.

Table 2: Comparison of Carrier Strip Types: Advantages and Limitations

4.4 Precision Piloting: Ensuring Locational Accuracy

While the press's automatic feeding system advances the strip, it cannot provide the
micron-level precision required to produce parts with tight tolerances. This final, precise
positioning is the job of pilots. Pilots are hardened, bullet-nosed or conical pins in the upper die
that engage with pre-pierced holes in the strip as the die closes. By entering these holes, they
physically shift the strip into its exact, intended location before any cutting or forming work is
performed, correcting for any minor feed inaccuracies. The accuracy of the final part is therefore
directly dependent on the accuracy of the piloting system.

The design of the piloting system involves a critical choice between two primary methods:

e Direct Piloting: This method uses holes that are an integral feature of the final part. It is
the preferred method when possible because it directly registers the part itself, leading to
the highest possible accuracy between the piloted holes and other features.

Indirect Piloting: This method is used when direct piloting is not feasible. Separate pilot
holes are pierced into the scrap portion of the carrier strip. This approach is necessary
when the part has no suitable holes, when the part holes have extremely tight tolerances
that could be compromised by the piloting action, or when the holes are located in weak
or fragile areas of the part that could be distorted by the force of the pilot.

Key design rules for piloting include spacing the pilots as far apart as possible across the strip to
maximize their leverage and locational accuracy. The pilot pin's diameter must be carefully sized
to be slightly smaller than the pierced hole (e.g., by 0.01-0.05 mm) to allow for easy entry and to



prevent it from "picking up" or lifting the strip on the upstroke. If a process requires a transition

from one set of pilot holes to another (for example, if the first set is removed in a trimming
operation), both sets of pilot holes should be pierced in the very same station to ensure their
relative positions are perfect.

Piloting
Strategy

Description

\When to Use

Advantages

Disadvantages

Source(s)

Direct Piloting

Pilots engage

\When the part

Most accurate

Can elongate

less restricted.

with holes that |has suitably  |method for or distort
are features of [sized and positioning the [close-tolerance
the final located holes |part itself. Doesfholes. Not
manufactured |with tolerances |not require usable if holes
part. that can extra material [are too small,
accommodate [for pilot holes. [too close to an
the piloting edge, orin a
action. weak area of
the part.
Indirect Pilots engage |[When the part |Avoids any May require a
Piloting with holes has no holes, |potential wider strip,
pierced holes are too [damage or increasing
specifically for [small/fragile, or distortion to the jmaterial cost.
piloting in the  |hole tolerances [finished part.  |Carrier
scrap area of [are too tight for [Pilot size and [distortion
the carrier strip./direct piloting. [ocation are during forming

can affect pilot
hole accuracy.

Table 3: Piloting Strategies: Direct vs. Indirect

Section 5: Engineering Calculations and Design Rules

The design of a strip layout is grounded in a series of established engineering calculations and
design rules. These formulas provide the quantitative foundation for determining strip
dimensions, ensuring part manufacturability, calculating required press forces, and estimating
the operational life of the tooling.

5.1 Critical Design Formulas for Strip Dimensions

These formulas are used in the initial stages of strip layout to define the raw material
parameters and the progression.

e Bridge Width (B): The scrap material between parts.

o General Rule: B = (1.0 \text{ to } 1.5) \times t

o Specific Rule: B = 1.25t (for pitch C < 2 inches); B = 1.5t (for pitch C > 2 inches)
Pitch (C or p): The feed length per press stroke.

o Formula: C =1+ B (where | is part length in feed direction)
Strip Width (W): The overall coil width.

o Formula: W =H + 2B (where H is part width)
Material Utilization Percentage: A measure of material efficiency.

o Formula: "% Utilization = \frac{\text{Area of one blank} \times 100}{\text{Lead}



\times \text{Width}}$
In addition to strip dimensions, numerous rules of thumb govern the design of features within
the part itself to ensure they can be successfully stamped:

Feature Design Rule / Formula |Rationale Source(s)
Minimum Hole Diameter \geq 1.2 Prevents punch
Diameter times t (mild steel) breakage due to

<br> Diameter \geq 2.0 |excessive force on a
times t (high-strength [small cross-section.

steel)
Hole-to-Edge \Web (distance) \geq 2 [Prevents bulging or
Distance times t distortion of the
material edge adjacent
to the hole.
Hole-to-Bend Distance \geq (2.5 Prevents the hole from
Distance times t) + R <br> (for [peing stretched or

holes > 2.5mm dia.) deformed into an oval
shape during bending.

Minimum Bend Height[Height \geq (2.5 \times [Ensures there is

t) + R enough material to be
securely gripped and
formed without tearing.

Minimum Notch/Tab |Width \geq 1.5 \times t [Prevents breakage of
Width the small, slender
punch features used to
create them.

Burr Allowance Burr height can be up |]A natural byproduct of
to 10% of material the shearing process;
thickness (t). must be accounted for

or removed.

Table 4: Summary of Critical Design Rule-of-Thumb Formulas

5.2 Press Force and Tonnage Calculations for Progressive Dies

Calculating the required press force, or tonnage, is essential for selecting an appropriate press
and ensuring the die is not overloaded. The calculation is a multi-step process that considers all
work being done in the die.
e Calculating Force per Operation: The force for each cutting and forming operation must
be calculated individually.

o Punching/Blanking Force (P_{cut}): This is the force required to shear the
material. P_{cut} = L \times t \times S where L is the total length of the cut
perimeter, t is the material thickness, and S is the material's shear strength.

o Bending Force (P_{bend}): The force for a V-bend depends on the die geometry.
P_{bend} = \frac{C \times L \times t*2 \times \sigma_b}{V} where C is a correction
coefficient, L is the bend length, t is thickness, \sigma_b is the material's tensile
strength, and V is the width of the V-die opening.

o Drawing Force (P_{draw}): The force to draw a round cup. P_{draw} = C \times t
\times T_s where C is the circumference of the finished part, t is thickness, and T_s



is the material's tensile strength.
Calculating Total Press Tonnage: A common but overly simplistic approach is to sum
the forces for all operations to find the total tonnage. However, not all operations exert
their peak force at the same instant. A more sophisticated approach involves analyzing
the work done at each station and considering the timing. Die designers often stagger the
lengths of cutting punches so that they engage the material at slightly different times
during the press stroke. This does not reduce the total energy required for the cycle, but it
effectively reduces the peak tonnage the press must deliver at any single moment,
distributing the load and reducing shock.
Load Distribution and Energy: Simply calculating a single total tonnage value is
insufficient for robust die design. An expert designer must also consider the distribution of
this load across the press bed. A die with all its heavy work concentrated on one side will
create an off-center, unbalanced load, causing the press and die to deflect, leading to
premature tool wear, misalignment, and poor part quality. A moment analysis is performed
to calculate the center of load for the entire die, which should then be aligned with the
centerline of the press to ensure balanced operation. Furthermore, the designer must
calculate the total energy (in inch-tons) required for the process. A press may have
adequate tonnage capacity but insufficient energy in its flywheel to perform the work
throughout the stroke, which can lead to the press stalling or jamming at the bottom of its
stroke.

5.3 Die Life Estimation: Models and Influencing Factors

Progressive dies are significant capital investments, and their operational lifespan is a key factor
in their economic viability. Die life is typically measured in the number of strokes or parts
produced before major maintenance or replacement of critical components is required.

Factors Influencing Die Life: The longevity of a die is determined by a combination of
factors:

o Tooling Materials: The choice of tool steel is paramount. Hard, wear-resistant
materials like D2 tool steel or tungsten carbide will provide a much longer life than
softer steels, especially when stamping abrasive materials. Coatings like Titanium
Nitride (TiN) can also significantly reduce wear.

o Workpiece Material: Stamping high-strength steels (HSS) or stainless steels
causes significantly more wear on tooling than stamping mild steel or aluminum.

o Design and Maintenance: A well-designed die that is properly aligned, balanced,
and regularly maintained (e.g., sharpening punches, cleaning) will last substantially
longer than one that is not.

Predictive Models for Tool Wear: Rather than waiting for a tool to fail, engineers can
use analytical models to predict its life. Research has led to models that combine
principles of mechanical wear (such as Archard's wear model) with calculations of
punching forces. These models can estimate the rate of wear on a punch (e.g., reduction
in diameter) based on the sheet material's properties (strength, hardness), process
parameters (punching force, friction), and the number of cycles. This allows for a
prediction of how many parts can be stamped before the resulting hole size goes out of
tolerance, enabling scheduled preventative maintenance instead of reactive repairs.
Simulation-Based Prediction: Modern FEA simulation software can also be used to
predict areas of high pressure and friction on the die surface, providing a virtual prediction
of wear-prone areas. This allows designers to specify harder materials or coatings in



those specific locations, optimizing the die for a longer life from the very beginning of the
design process.

Section 6: Leveraging Modern Technology: CAD/CAM
and Simulation

The field of progressive die design has been revolutionized by the widespread adoption of
Computer-Aided Design (CAD), Computer-Aided Manufacturing (CAM), and Finite Element
Analysis (FEA) simulation. These technologies have transformed the process from a largely
experience-based "art" into a predictive, data-driven science, enabling the creation of more
complex tools with greater speed and reliability.

6.1 The Role of CAD in Modern Die Design

The industry has largely transitioned from 2D drafting to 3D solid modeling, which provides a far
more powerful and intuitive design environment.

e General-Purpose CAD (SOLIDWORKS): Platforms like SOLIDWORKS are widely used
as the foundation for die design. Their native sheet metal functionalities allow designers to
model complex parts, and then "unfold" or "flatten" them to derive the initial blank shape.
The 3D environment allows for the assembly of the entire die set, enabling designers to
check for interferences between components (e.g., punches, die blocks, springs) before
any manufacturing begins.

e Specialized Progressive Die Design Software (e.g., 3DQuickPress): To further
accelerate the process, specialized add-in software packages like 3DQuickPress are built
directly into the SOLIDWORKS environment. These tools automate many of the most
time-consuming tasks in progressive die design. Key features include:

o Advanced Unfolding: Powerful algorithms that can unfold even complex,
non-constant thickness parts imported from other CAD systems.

o Strip Layout Manager: A user-friendly, interactive module for creating the strip
layout. Designers can drag and drop operations, change the pitch, and test different
nesting options with instant visual feedback.

o Automatic Punch and Die Creation: Once the strip layout is defined, the software
can automatically generate the 3D models for all cutting and forming punches, as
well as create the corresponding openings in the die plates with the correct
clearance.

o Standard Component Libraries: These packages include extensive libraries of
production-ready, standard die components (e.g., die sets, guide pins, bushings,
springs). Designers can select these components from a catalog and insert them
directly into the die assembly, saving significant modeling time.

6.2 The Power of Simulation (FEA) for Virtual Tryout

Perhaps the most significant technological advancement in recent decades is the use of FEA
simulation software to perform a "virtual tryout" of the stamping process. This allows engineers
to predict and resolve potential manufacturing problems on a computer before committing to the
high cost and long lead time of building physical tooling.

The rise of sophisticated simulation is creating a fundamental shift in the skill set required for



expert die design. Historically, the craft relied heavily on decades of hands-on, trial-and-error
experience—a "black art" passed down through apprenticeships. Today, while that experience
remains valuable, it is no longer sufficient. The modern die design expert must also be a "virtual
toolmaker," proficient in setting up, running, and interpreting complex FEA simulations. This
requires an understanding of the underlying physics and material models, such as the advanced
kinematic hardening models needed to accurately predict springback in high-strength steels.
The designer's role is evolving from one of intuitive guessing to one of virtual experimentation
and data analysis. This creates a demand for a new hybrid professional who can bridge the
physical world of the press shop with the digital world of simulation, a change that fundamentally
alters the human capital requirements of the stamping industry.

Leading software platforms like AutoForm, Pam-Stamp, and LS-DYNA offer a suite of powerful
capabilities tailored for progressive dies:

e Formability Analysis: The software simulates the material flow as the part is formed at
each station. It produces detailed visual plots that highlight potential defects like cracks
(where the material is stretched beyond its limit), wrinkles (where the material has buckled
under compression), and excessive thinning.

e Springback Prediction and Compensation: One of the most powerful features is the
ability to accurately predict the amount a part will spring back after it is released from the
die. This is particularly critical for high-strength steels, which exhibit significant
springback. The software can then perform an inverse operation, automatically modifying
the 3D surfaces of the forming tools to "overbend" the part, so that it springs back to the
desired nominal shape. This automated compensation can reduce the number of physical
die recuts from a dozen or more to just two or three, saving weeks of time and tens of
thousands of dollars in tryout costs.

e Blank and Strip Optimization: Simulation can calculate the optimal developed blank
shape needed to form the part with minimal material waste. This optimized blank can then
be used in nesting modules to create the most efficient strip layout.

e Process Robustness Analysis: Advanced simulations can run multiple virtual trials
while systematically varying process parameters like material thickness, lubrication
friction, or blankholder pressure. This helps engineers understand how sensitive the
process is to normal production variations and allows them to design a more stable and
robust manufacturing process.

Dedicated modules like AutoForm ProgDie are designed to streamline this entire workflow,
integrating strip layout design, die face design, and full-process simulation into a single, intuitive
environment tailored specifically for the needs of progressive die engineers.

Section 7: Troubleshooting Common Progressive Die
and Strip Layout Failures

Despite careful design and simulation, problems can arise during production. A systematic
approach to troubleshooting is essential to identify the root cause and implement effective
solutions without resorting to costly and often counterproductive trial-and-error adjustments. The
troubleshooting process should always begin with two steps: 1) clearly identify the part defect,
and 2) verify that the die is set up properly in the press according to all specifications (e.g., shut
height, feed pitch, pressure settings). Very often, problems are traced back to an incorrect setup
rather than a flaw in the die itself.



7.1 ldentifying and Solving Material Forming Defects

These defects relate to how the material behaves during the forming process.

Defect Description Primary Causes [Corrective Actions [Source(s)
Springback The part elastically|Elastic recovery of |- Increase bend
returns towards its [material, angle
original shape especially (overbend).<br>-
after forming, high-strength Use simulation to
resulting in steels (HSS). create
incorrect angles or compensated tool
contours. geometry.<br>-
Add a post-stretch
or restrike
operation.<br>-
Use a harder
coining or
bottoming action at
the end of the
stroke.
Cracking / The material Excessive strain, [- Increase radii on
Tearing fractures or splits [sharp radii on forming tools.<br>-
during forming. punches/dies, Develop the form
insufficient over multiple
material flow, stations.<br>-
excessive Reduce
blankholder force. |blankholder force
to allow more
material flow.<br>-
Optimize
lubrication.<br>-
Orient part so
bend is not parallel
to material grain.
Wrinkling Wavy, buckled Insufficient - Increase
surfaces appear |blankholder force, |blankholder
on the part, uncontrolled force.<br>- Add or
typically in material flow, poor |adjust draw beads
unsupported or  [die surface to control material
compressed geometry. flow.<br>- Modify
areas. die geometry to
better support the
material during
forming.
Excessive Localized Similar to cracking;- Same as for
Thinning reduction in material is Cracking/Tearing.<
material thickness [stretched too br>- Improve
beyond acceptablelmuch in one area. |lubrication to




Defect Description Primary Causes [Corrective Actions [Source(s)

limits (e.qg., promote more
>20-25%). uniform material
flow.
Burrs Sharp, rough \Worn/dull cutting |- Sharpen punches

ridges left on the [edges, excessive [and die sections
edges of cut or clearance between|(regular

pierced features. [punch and die, maintenance).<br>
improper die - Verify and correct
design. punch-to-die

clearance.<br>-
IAdd secondary
deburring
operations (e.g.,
tumbling, vibratory

finishing).
Distortion The overall part  |Unbalanced - Ensure pressure
geometry is stresses, improper |pads fit the part

warped or does  [support during contour accurately
not conform to the [forming, poorly and apply even
print. fitting pressure pressure.<br>-
pads. Add stiffening ribs
or features to the
part design.<br>-
Review the
operation
sequence to
balance forming
stresses.

Table 5: Troubleshooting Guide for Common Stamping Defects

7.2 Addressing Process and Tooling Issues

These problems relate to the mechanical functioning of the die and the feeding process.

e Misfeeds and Pilot Issues: This occurs when the strip does not advance to the correct
position.

o Causes: Incorrect feeder settings (pitch length), a cambered (bowed) raw material
coil, worn or broken pilot pins, or insufficient pressure from the stripper plate to hold
the strip flat during pilot engagement.

o Solutions: Verify and adjust the feeder progression. Inspect incoming coil quality.
Replace any damaged pilots. To aid in stripping the material off the pilots on the
upstroke, low-pressure spring-loaded pins can be placed around the pilots to
ensure the strip stays on the lower die.

e Slug Pulling and Scrap Jamming: This is a common and disruptive problem where the
small pieces of scrap from piercing operations (slugs) are pulled back up with the
retracting punch instead of falling through the die. These slugs can then fall onto the strip
surface, causing dents in the next part or catastrophically damaging the tooling in the next



stroke.

o Causes: A vacuum effect, excessive or sticky stamping oil, residual magnetism in
the tooling, or worn punch/die clearances that allow the slug to cling to the punch.

o Solutions: Regularly demagnetize the tooling. Optimize the amount and type of
lubricant. Add spring-loaded ejector pins within the punches. Machine special
features into the punch tip (e.g., a small chisel point) or the die opening to
intentionally cause the slug to tilt and break free. Ensure slug evacuation holes in
the die set are clear and unobstructed.

Premature Die Wear and Breakage: Tooling components chipping, galling, or fracturing
long before their expected life is reached.

o Causes: This is often a symptom of a more fundamental problem. Common causes
include poor die setup (misalignment, incorrect shut height), severely unbalanced
loads causing die tipping, using the wrong grade of tool steel for the application,
inadequate or improper lubrication, and poor press maintenance.

o Solutions: Enforce a rigorous and repeatable die setup procedure. Analyze and
balance the loads in the die design phase. Select appropriate tool steels and PVD
coatings based on the part material and production volume. Implement a robust
lubrication and die maintenance program. Ensure the press itself is in good
condition and properly aligned.

Section 8: Comparative Analysis of Stamping
Methodologies

Progressive die stamping is a powerful technology, but it is not the only method for producing
stamped parts. Understanding its capabilities relative to other common processes—namely
transfer die stamping and compound/single-station die stamping—is crucial for making sound
engineering and business decisions. The choice of process depends on a trade-off between
tooling cost, production volume, part size, and part complexity.

8.1 Progressive vs. Transfer vs. Compound/Single-Station Dies

Progressive Die Stamping: In this process, the part remains attached to a central carrier
strip as it moves sequentially through a single, large die set containing all the necessary
stations. It is defined by its high speed and efficiency for producing small-to-medium-sized
parts in very high volumes.

Transfer Die Stamping: In this method, the part is first blanked (cut) from the material
strip and becomes an individual workpiece. This separate part is then mechanically
transferred from one station (and often one press) to the next using a system of robotic
arms or "fingers." This process is ideal for larger parts or parts with very deep-drawn
features that cannot be formed while attached to a carrier strip.

Compound and Single-Station Die Stamping: These are the simplest forms of
stamping. A single-station die (or line die) performs one single operation per press
stroke (e.g., one bend, or piercing one set of holes). A compound die is a more
advanced single-station tool that performs multiple cutting operations (e.g., piercing a
central hole and blanking the outer diameter of a washer) in one press stroke. These
methods are generally slower and more labor-intensive but have much lower tooling
costs.



Vol.)

Metric Progressive Die Transfer Die Stamping |Compound /
Stamping Single-Station Die

Initial Tooling Cost  |High to Very High Very High Low to Medium

Cost-per-Part (High |Lowest Low High

Production Speed /
Rate

\Very High (up to 1,500
parts/min)

Medium to High

Low to Very Low

Ideal Production
Volume

High to Very High
(50,000+ annually)

Medium to High

Low Volume /
Prototypes

Part Complexity

Simple to Complex
Geometries

Complex, especially
large or deep-drawn
parts

Simple, primarily flat
parts (Compound) or
single features
(Single-Station)

Maximum Part Size

Small to Medium

Medium to Very Large

Small to Large
(depends on press)

Material Utilization

Good to Excellent (with
optimized nesting)

Can be better than
progressive for some
parts (no carrier web
needed)

Can be poor due to
manual loading or
simple layouts

Process Core
Concept

Part attached to a
carrier strip within a
single die set.

Part is separated and
transferred between
multiple die

stations/presses.

Part is typically
hand-loaded or
processed in single-hit

operations.

Table 6: Comparative Matrix of Stamping Processes
The analysis shows a clear trade-off. Progressive dies represent a significant upfront
investment but offer the lowest possible per-part cost for high-volume production runs due to
their speed and automation. Transfer dies also have high tooling costs but offer greater
flexibility for producing large, complex, or deep-drawn components that are physically
impossible to make in a progressive die. By eliminating the carrier strip, they can also offer
superior material utilization for certain part geometries. Compound and single-station dies
have the lowest barrier to entry with minimal tooling investment, making them suitable for
prototypes and low-volume runs, but their high labor cost and slow speed make them
uneconomical for mass production.

Section 9: Conclusion: Best Practices and Future

Outlook

The design of a progressive die strip layout is a multifaceted engineering discipline that stands
at the intersection of materials science, mechanical design, and manufacturing economics. Its
successful execution is paramount to achieving the cost-effective, high-volume production of
precision metal components. The analysis presented in this report underscores that a robust
strip layout is not merely an arrangement of shapes on a piece of metal, but a meticulously
engineered master plan that dictates the function and efficiency of the entire stamping system.

9.1 Summary of Best Practices for Robust Strip Layout Design




Synthesizing the principles and practices discussed, a set of core best practices emerges for
the development of successful strip layouts:

1.

Prioritize Front-Loading and Simulation: The most critical and cost-effective work is
done before any steel is cut. Leverage modern CAD and FEA simulation tools to conduct
thorough part feasibility studies, predict and compensate for springback, analyze
formability, and optimize the blank shape. A "virtual tryout" is exponentially cheaper and
faster than a physical one.

Treat the Strip as an Engineered Structure: Do not view the carrier and scrap as mere
waste. Design the "scrap skeleton" as a functional mechanical component, engineering it
for the strength to withstand feeding forces, the flexibility to accommodate material flow,
and the stability to maintain precision alignment throughout the die.

Balance Competing Priorities: Strip layout design is a continuous exercise in balancing
trade-offs. The optimal layout is rarely the one with the absolute highest material yield. It
is a carefully considered compromise between material cost, part quality (grain direction),
process stability (carrier design), and tooling complexity.

Master the Fundamentals: Never underestimate the importance of the basics. A robust
piloting system is the foundation of part accuracy. A logical and stable sequence of
operations prevents defects. A well-designed part exit strategy prevents press downtime.
Design for the Unexpected (ldle Stations): Always include empty or idle stations in the
progression. They are invaluable, low-cost insurance against future design changes,
process uncertainties, and the need for costly die modifications.

Calculate, Then Validate: Ground the design in sound engineering calculations for strip
dimensions and press forces. However, recognize that simple tonnage calculations are
insufficient. A balanced load, managed over the press stroke, is the key to maximizing
both die and press life.

9.2 Emerging Trends: Al, Modular Tooling, and loT in Stamping

The field of progressive die stamping continues to evolve, driven by advancements in digital
technology and materials science. Several key trends are poised to further enhance the
efficiency, flexibility, and intelligence of the process:

Artificial Intelligence (Al) and Machine Learning: The future of die design will likely
involve Al-driven systems. These systems will be able to analyze vast databases of
previous designs and their production outcomes to recommend optimized strip layouts,
predict tool wear with greater accuracy, and suggest process parameters for new parts,
augmenting the designer's experience with data-driven insights.

Modular Die Design: To combat the high cost and inflexibility of traditional progressive
dies, the industry is moving towards modular designs. These tools feature
interchangeable punches, die inserts, and other components, allowing a single die set to
produce a family of similar parts or to be quickly reconfigured for design updates. This
approach enhances flexibility and reduces the total cost of ownership.

In-Die Sensing and the Internet of Things (loT): The integration of sensors directly into
the stamping die is a significant leap towards smart manufacturing. These sensors can
monitor critical variables like force, temperature, vibration, and alignment in real-time
during production. This data, when connected through an loT framework, enables
predictive maintenance by flagging potential failures before they occur, allows for
real-time process adjustments to maintain quality, and provides an unprecedented level of
visibility into the stamping process.



e Advanced Materials and Processes: The relentless push for lighter, stronger
components, particularly in the automotive and aerospace sectors, will continue to drive
the use of advanced high-strength steels (AHSS), aluminum alloys, and other exotic
materials. This will, in turn, demand more sophisticated simulation capabilities, more
robust tooling materials, and innovative forming processes like hot stamping to manage
the unique challenges these materials present.

In conclusion, the strip layout will remain the heart of the progressive die stamping process.
However, the tools and methodologies used to create it will become increasingly sophisticated,
data-driven, and integrated, pushing the boundaries of what is possible in high-volume,
precision metal manufacturing.
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