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Cold heading and forming creates a strong, “forged” part where the material grains
are compressed, aligned, and conform to one another, as well as conform to the part 
geometry in a uniform flow pattern which greatly increases the shear and torsion  
strength of the part through “work hardening”.  In many cases, this work hardening
effect can negate the need for a post processing heat treatment depending on 
application requirements and material selected.

Deringer-Ney Inc. offers decades of experience and over
two centuries of high value material management to assist
in design and fabrication of your most challenging parts.
When a product engineer requires a small metal com-
ponent with precise tolerances, the first metal forming 
process that usually comes to mind is computer numerical
control (CNC) machining.  Although machining certainly has its place, the product
engineer should seriously consider a cold formed part, especially when specifying
difficult-to-machine materials or expensive alloys containing precious metals.

Cold forming is a process similar to forging, but is performed on metallic materials
at or near room temperatures.  Using this process, a metal blank is cut from wire stock, 
then formed at high speed and pressure using tool steel or carbide dies.  There are 
many advantages of this forming method over CNC screw machining: high throughput,
increased strength and hardness, and minimal scrap.  For metals that are very difficult
to machine due to their poor chip-breaking tendencies, as well as those that tend to
form built-up edges on machine tools, cold forming is often the best approach.  With 
this forming technique, tiny, complex parts with tolerances of 0.0005” (13um) may be
produced.    

Did You Know??

Cold Forming...When CNC Just
Doesn’t Cut It

 

Productivity and Throughput
Cold forming machines run at lower cycle times than Swiss screw machines, potentially
resulting in large savings at high volumes.  A cold forming machine works through a 
main crank shaft, producing a part with every one or two revolutions.  Depending on the
material, geometry, and part size, run rates can be from 30 to 250 pieces per minute. In
contrast, Swiss screw machines will typically produce from 2 to 10 parts per minute, 
with other types of machining centers even slower.
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 The raw material for a cold formed part is in the form of a coil or spool of material.  
Compare this with Swiss screw machine raw material, which is required to be straight, 
single pieces of bar stock, typically 10’ (3m) in length. Material handling, transport, and 
storage of coils is simple compared with the handling of bar stock.  This results in 
additional savings and material flexibility that enables lower pricing on high volume 
part purchases. Deringer-Ney will not only manufacture custom-designed cold formed 
parts, but will also assist the product engineer in the optimim design for a cold forming 
operation.

Paliney 7 Coil Ready
for Cold Forming

Material Compatibility
Some materials are notoriously difficult to machine.  This especially holds true for pure,
non-alloyed metals that tend to be “gummy”.  Such materials may leave long, stringy metal
chips that interfere with the tool path or even cold weld back onto the surface of the workpiece.  These
materials include nickel (Ni), silver (Ag), gold (Au), palladium (Pd), copper (Cu), niobium (Nb), and tantalum
(Ta).  For example, commercially pure grades of nickel (i.e. Ni 200) are known to adhere to machine tools,
resulting in material build-up, welding, or even burning of the cutting tool bit. This leads to poor surface finish
and rapid tool wear.  In contrast, nickel is readily cold formed. Nickel can also gall and adhere to cold forming
tools and dies, but with proper die material selection, lubrication, and tool maintenance, nickel can be made
to cold form.  Other examples are significantly easier to cold form than machine; pure gold, silver, palladium,
and copper.

Many materials can be cold formed including
pure metals and metal alloys.  The material 
must be sufficiently ductile, malleable, and
usually requires an annealed or low cold work
(i.e.quarter hard) temper.  It must be soft 
enough to survive the spreading, bending, 
and/or extrusion during the forming operation 
without crumbling, cracking, or rupturing.  
Microstructural aspects including grain size 
and texture are important to material behavior 
in the cold forming operation; selection of alloy, 
temper, and vendor may require consultation 
with one of DNI’s R&D metallurgists. Common 
physical properties of the wire stock are 
elongation above 20% and ultimate tensile 
strength below 90ksi.  One strategy that may 
be used to achieve optimum part properties is 
to select an age hardenable metal alloy, cold 
form components in an annealed state, and 
then perform an age hardening heat treatment 
after the fact.  

Cold Forming & Screw Machine Materials
Cross Reference Examples

Cold Forming Grade Screw Machine Grade

260 cartridge brass (Pb free) 360 free machining brass (Pb added)

102 OFHC Cu 173 BeCu

102 OFHC Cu CDA 187 Cu (Pb added)

102 OFHC Cu 145 CuTe

Electromagnetic Fe (Pure) and CMI-C Electromagnetic Fe with S, Pb, and Te

Al - 7xxx, 6061, 5052, 1100 Al 6061

1008 low carbon steel 12L14 free machining steel

SS - 302HQ, 304L, 316L, 316LVM

NiFe 42 or 52 alloys (Kovar)

303 SS (Pb, S, Mn added)

C51000 phosphor bronze (Pb free) C54400 phosphor bronze (Pb added)

Grade 2 Ti Grade 5 6Al-4V Ti, Grade 1 CP Ti

Au, Au alloys, most NeyOro alloys Au, some Au alloys, NeyOro H

Paliney 6, Paliney 7, Alloy 8010

NiFe 36 (Invar)

Pd, Pd alloys, most Paliney alloys

PtIr 90-10 and most other Pt alloys

Ta and some Ta alloys

Nb and some Nb alloys

Mo and some Mo alloys Mo difficult to machine

Nb difficult to machine

Ta difficult to machine

PtIr 90-10, PtIr 80-20
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Cold Forming...When CNC Just Doesn’t Cut It (continued...)

 Environmental
Lead (Pb), sulfur (S), selenium (Se), copper (Cu), and tellurium (Te) are alloying elements added to screw
machine bar stock materials.  These additives are specifically chosen to improve overall machinability, but
can lead to potential problems in meeting certain environmental requirements.  These elements are used to
help improve cutting tool life, surface quality, and chip breaking characteristics. Additional alloying elements 
are not required in materials used for cold forming. Designing for the use of a cold formed part could help 
meet future goals toward Restriction of Hazardous Substances (RoHS) directive.  

Improved Part Strength
When machining a part, the grain structure of the final part is the same as the original stock material. For 
wrought hardenable alloys, the mechanical properties of the finished part is fixed by the temper of the rod
stock that feeds the machining process. 

Improved Surface Finish
As a result of cold forming, some features on the final part can be made to have a very smooth surface finish. 
For example, the spherical head of a rivet forms plastically against a polished tool, taking the imprint of the 
harder tool material and resulting in an excellent surface finish on the part.  Many materials will match the 
finish of a polished carbide die as the part is ejected. It is important to note that if this advantage of cold 
forming is to be leveraged, good quality wire stock is absolutely essential...”quality in equals quality out,” when
it comes to raw material.

On the other hand, when a material is cold formed, the part is naturally strengthened through a process called
“work hardening” or “cold working”.  In the process of cold working a material, the workpiece will develop
hardness and strength in the areas where shaping takes place.  For example, when a head shape is pressed
onto wire stock to form a rivet, the surface and edge of the rivet’s head is harder than the shank.

Naturally eased edges result on cold formed parts, as opposed to screw machining where parts will have 
sharp edges unless intentionally chamfered.  Cold formed parts have inside corners and fillets that result from
the features designed into the forming dies.  The metal or metal alloy flows across and around these polished
die features as it work hardens in these areas.  Where dimensionally acceptable, rounded / filleted corners
and reduced tool marks can limit stress risers, thereby increasing the strength of a cold formed component
relative to a comparable machined part.  

“Work Hardened” Grain Structure as a Result of Cold Forming
Areas Where Metal Flows Around Die Surfaces are Strengthened

Original Grain Structure of Screw Machine Stock After Machining
Additional Strengthening Process May Be Required
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Cold Forming...When CNC Just Doesn’t Cut It (continued...)

 Little to No Scrap
Material savings realized in lower per-part prices is a significant advantage of cold forming compared with
CNC machining methods.  Cold formed parts are produced “net material”, without any scrap inherent to the
process.  The forming machine feeds a fixed volume “blank” of wire from the spool, and then 100% of the blank 
is forged into the completed part.  Nothing drops off into a scrap pan; in fact, most forming machines won’t 
even have one!

Two Factors to Consider when Designing a Cold Formed Part
There are so many reasons to consider cold forming for a new part design, or even switching from an existing
machined part to a cold formed part.  The 2 main factors to consider are part geometry and production volume
required.
Geometry
Cold formability depends on the part geometry including relative feature sizes, depths, lengths, radii, etc. Rules
for part geometry come from our decades of cold forming experience and are broadly related to forming
pressure, material yield and flow strengths, and tooling strength. 

As a simple example, the volume of a part cannot exceed 3x the raw material wire diameter.  The 3x diameters
are “gathered”, or upset, during cold forming resulting in radial expansion that forms the part head. If the 
design exceeds 3x, then buckling, folding, or flash will occur. 

In most cases where a new design is being considered, the overall geometry of the part can be optimized for
a cold forming operation.  The earlier Deringer-Ney is consulted in the design process, the easier it is to 
design with cold forming in mind and leverage the product improvement and savings that the technique has
to offer. 

Production Volume
Annual volume is an important factor to consider when designing a part, whether it be cold formed or 
machined. In the case of cold forming, a new tool can range anywhere from $300 to $10,000 depending on the
part complexity and the type of material required to make the part. If the part volume is high, the tool cost is 
spread over a large number of parts and recovered quickly.  In this way, economy of scale tends to favor the 
cold forming process; if annual volumes exceed a few thousand per year, cold forming should be the first
method to consider.

Conversely, screw machines are very good at producing chips.  As the 
screw machine peels away at the raw bar stock, it eventually arrives at 
the final part inside.  In doing so, up to 70% of the material can be cut 
away, resulting in substantial scrap.  Reduction of scrap is an especially 
important consideration when designing parts with high intrinsic value, 
including precious metal or precious metal alloys. Reclamation of the 
screw machine scrap can be very expensive, time consuming, and 
complex; simply discarding certainly isn’t an economic option. Reducing 
or eliminating material reclamation results in substantial cost savings in 
the final part.  

Cold Forming

Wire
“Blank”

Finished
Part

Metal Scrap

Machining
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Cold Forming...When CNC Just Doesn’t Cut It (continued...)

 Summary
Cold forming is a well kept secret in metals 
fabrication that offers a unique combination 
of reduced per-part cost due to low cycle time 
and waste relative to CNC machining, access 
to difficult-to-machine materials, tailored 
mechanical properties, and low tooling costs.  
Successful adoption of a cold formed 
component can provide the elusive dual benefit 
of performance improvement and cost reduction.  
Cold forming has different design requirements 
than machining, so the earlier in the design 
cycle a cold forming part producer is contacted, 
the higher the probability of successful 
implementation.  

Finite element analysis (or FEA) is an engineering technique using computer software to accurately predict
the performance of a mechanical component design under real world conditions.  The word “element” in the
phrase “finite element analysis” offers a clue to how this software actually works.  The part model is broken 
down into hundreds of thousands of individual pieces and each piece is analyzed as a tiny stand-alone
segment using sophisticated mathematical algorithms. The software finally adds up all the individual results
to predict the behavior of the complete part.  
 At Deringer-Ney, we use FEA as a regular part of our design process to improve overall engagement with the
customer and increase design efficiency for the entire cold forming process.  During the quoting phase for a 
new part design, FEA is used to determine the best and most cost effective process to use. 
 This includes an analysis of part progression during the forming 
process, which machine to use, tool design, and overall best 
practices.  This helps provide customers more accurate price 
estimates as well as early identification of potential areas for 
concern or failures that may show up with a new part design. Using
FEA, this is all done in a “virtual environment” in an effort to make
the best product at the best price so that we can better serve our
customers.

 

“Virtual Design” of Cold Formed Parts
Using Finite Element Analysis

Cold Forming
Excellent (approx. 100%) Poor (40-45% typical)Material Yield

Part Cost (non-precious metal)

Part Cost 
(precious metal or precious alloy)

Production Run Rate

Range of Materials

Stock Material Additives

Ease of Shaping Gummy Metals

Part Strength

Part Finish

Commercial Feasability

Tooling Investment Needed

Typically 3K units/year or more

$300 to $10,000
depending on part complexity Little to no up-front tooling cost

Depending on part design,
0 to 3K units/year

Forming results in a 
work hardened part

Excellent
Smooth finish, no burrs

Average
(tool marks, deburring needed)

Final part is no harder than
feedstock material

Excellent
Difficult 

(Tendancy to produce stringy chips)

No additives required Additives may be required to
improve machinability (Pb, S, etc)

Wide range More limited

30 - 250 parts per minute 2 - 10 parts per minute

$ $$$

$$
(no scrap to reclaim)

$$$$$ 
(reclamation of metal scrap)

Screw Machining

Cold Forming Compared with Screw Machining

Material Flow Analysis from “Blank” to Final Geometry
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“Virtual Design” of Cold Formed Parts using Finite Element Analysis (continued...)

 FEA not only helps with a customer’s part design, but also 
provides tremendous value in the “tool design”phase of the 
process.  The FEA software provides part progression 
“proof of concept” and gives excellent feedback for the tooling 
design analysis.  A great deal of time and capital is saved by 
gaining a deep understanding of the process before cutting a 
single tool.  This also reduces lead time to the customer when
providing samples, new product designs, or time sensitive 
projects.  A few days on a computer in a virtual environment 
can save weeks in the tool room or on the forming machine.   
 In any case, the design process is complex and usually requires 
more than one or even several iterations as potential part design 
issues are discovered or customer requirements change. FEA,
however, enables months of design work to become weeks, or
weeks to become days, greatly streamlining the product design 
process.

The room temperature forming of metallic materials enables the design of components that possess tailored,
graded mechanical properties.  During the room temperature forming process known as “cold heading”, 
forces are imparted to a cylindrical metal slug resulting in plastic flow of the material into a geometry that
matches that of the surrounding tooling. Of the immediate interest to the metallurgist are the various
parameters that influence material performance in the final application. Pertinent aspects of cold heading are
briefly summarized, and specific examples of graded microstructures and cold work in both simple and more
complex geometries are presented.

Generally speaking, the cold heading method of part forming is intended as a low-cost, high throughput
technique.  The relative robustness of equipment, low proportion of material waste, and accommodation of
poorly machinable materials make this an economically attractive production process.

Strain Magnitude
Material deformation follows a carefully calculated or empirically derived series of steps [1], typically ranging 
from one to six seperate operations to form a finished part.  Strengthing of materials by cold work results from 
the generation, movement, and eventual interference of dislocations [2] during material flow. Pure metallic 
materials will work harden at relatively lower rates than their respective alloys. This is due to solid solution or 
precipitation strengthing in alloys, which act to make the path of travel for dislocations tortuous [3]. The effect 
of this room temperature deformation is the focus of the latter half of the present report. 

Graded Microstructures in Cold 
Formed Metallic Components

Key Production Parameters Affecting Net Part Properties



www.DeringerNey.com
1-860-286-6101

Connecticut, USA
353 Woodland Avenue
Bloomfield, CT 06002

North Carolina, USA
155 Derringer Drive
Marshall, NC 28753

Nogales, Mexico
Parque Industrial de Nogales
Nogales, Sonora, Mexico

Issue #001
October, 2019

Page 7 of 9The Noble Contact
Graded Microstructures in Cold Formed Metallic Components (continued...)

Temperature
Cold heading, as the name implies, relies on a series of plastic deformation steps that take place with equip-
ment and material starting at room temperature. In this context, “cold” refers to temperatures that are well 
below the recrystallization temperature of the metal. The degree of temperature rise resulting from adiabatic
heating during deformation and frictional heating from machine motion is relatively low.  Forming operations
conducted at these cool temperatures generally prevent the structural transformations that occur during
elevated temperature wrought processing, such as those that may be found in forging or extrusion. Specifically, 
cold heading precludes dynamic recrystallization. Absent this, the microstructure of most structural materials 
will experience refinement at room temperature. Effects on material properties are generally: increases in 
hardness and strength, and concomitant decreases in elongation and fracture toughness. 

Strain Rate
Cold heading and forming machines and tooling are often optimized for high volume operation.  Therefore, 
the time spent deforming each part is on the order of a fraction of a second per form operation or “hit”.  The
short duration of each hit means that strain rates in the heading operation are high in magnitude, and vary
widely depending on the location within the part.  Strain rate sensitivity therefore plays a significant role in the
formability of various alloys and tempers. Soft, annealed materials with low strain rate sensitivity (that is, with
a weak dependence of flow stress on strain rate) will best accommodate high magnitudes of strain during 
forming.  When working with exotic materials, strain rate sensitivity may be unknown.  Some work has shown
that the split Hopkinson bar technique [4] may provide valuable insight into material behavior in a cold forming
operation [5].

Case I: Simple Pins Made From 302SS and Grade 4 Ti
Uniform, axisymmetric geometries such as that of a pin or nail are readily accomplished with cold heading
techniques. The metallurgist may find examples of graded properties even in this uncomplicated geometry, as
shown in the below examples for grade 302 austenitic stainless steel (Figure 1) and commercially pure grade
4 titanium (Figure 2).  Vickers microhardness measurements were also performed on the larger diameter 
“head” region and the smaller diameter “shank” region, shown in Table 1.  As one may expect, the head region
experiences a relatively higher magnitude of strain during forming.

Graded Material Properties Resulting from Cold Heading

Figure 1 - Example of cold heading of grade 302 stainless steel to form a simple “nail”-type geometry.  A 
secondary electron image overview (left) and cross section (right) are shown.  The head exhibited an 
average hardness of HV50g 372 +/- 13 and the shank HV50g 308 +/- 10 (+21%).
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Graded Microstructures in Cold Formed Metallic Components (continued...)

 

The aforementioned components were produced using a fixed tool geometry and machine setup, correspond-
ing to uniform strain magnitudes and rates, respectively.  It is interesting to note, then, that the titanium 
exhibits nearly twice the proportional increase -- 37%, versus 21% in 302 stainless steel -- in hardness from 
the shank region to the head region.  This is due in part to differences in the magnitude of work hardening be-
tween the austenitic, face centered cubic (FCC) stainless steel, and the hexagonal close packed (HCP)
titanium material.  The HCP crystallographic structure has fewer active slip systems, which results in a higher
flow stress in materials having this atomic arrangement.  

Case II: Complex Ablation Catheter Tip Made from Pt-10 wt.% Ir
One key medical component that is not commonly associated with 
the cold heading technique is the ablation catheter tip.  These round 
nosed components are utilized in the targeted destruction of defective
myocardial (heart) tissues that cause arrhythmias [6].  Platinum alloys,
especially those with iridium content such as 90 wt.% Pt-10 wt.% Ir, 
are recognized for their bioinertness and particular suitability for 
tissue contacting electrodes [7].  An overview image from scanning 
electron microscopy of the cold formed catheter tip blank is shown 
in Figure 3.

Figure 2 - Example of cold heading of commercially pure grade 4 titanium to form a simple “nail”-type 
geometry.  A secondary electron image overview (left) and cross section (right) are shown.  The head 
exhibited an average hardness of HV50g 188 +/- 7 and the shank HV50g 137 +/- 11 (+37%).

Table 1 - Comparison of hardness between regions created by alloy pin cold deformation 

Alloy

302SS

Ti Grade 4

372 +/- 13

188 +/- 7

308 +/- 10

137 +/- 11

+21%

+37%

Head Hardness
HV50g

Shank Hardness
HV50g

Head to Shank
   (%)

Figure 3 - Secondary electron image overview 
showing the rounded end and rear blind hole 
characteristic of a cold formed ablation catheter 
tip blank.
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Graded Microstructures in Cold Formed Metallic Components (continued...)

 Platinum-iridium alloys are dominated by a continuous face centered cubic solid solution with limited low
temperature immiscibility [8], and therefore exhibit primarily solid solution strengthening.  Even in this relatively
simple binary alloy, significant work hardening is observed during the first of two cold forming operations 
required to form an ablation catheter tip.  This is illustrated in Figure 4.  In this presentation, conventional 
metallographic preparation and electrochemical etching using a solution of H2O-HCl-NaCl [9] was used to 
provide grain relief, and 50gf Vickers hardness indentations were used to measure microhardness.  

Residual texture from the wire drawing process that precedes
cold heading can be observed in the left-to-right orientation
of Figure 4. This is a result of annealing the material at the 
final diameter without recrystallizing in order to limit grain 
growth, or “coarsening”.  The material flow during the cold 
heading process is mostly focused in forming the blind hole
at the left and the round “nose” at the right.  These features,
unsurprisingly, show stronger responses to metallographic
etching consistent with higher grain boundry and dislocation
density, and substantial increases in microhardness.  
The bulk material hardness is approximately HV50g 180, 
while areas of severe deformation climb to HV50g 250,
a 39% increase.

Summary
When expertly employed, the process of cold heading
may enable a designer to achieve superior component
performance by tailoring the microstructure and mechan-
ical properties of the resultant component. Key factors to
consider are the magnitude of deformation, rates of im-
posed strain, and strain hardening behavior of the material
being deformed.
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wire draw direction

Figure 4 - Cross sectional view of microstructural (top) and 
hardness distribution (bottom) evident in a prototype cold 
headed ablation catheter tip made from a 90 wt.% platinum-
10 wt.% iridium (Pt-10Ir) alloy.  Cross sections are shown 
approximately at the center point of a circular component.


