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Hot and cold working 

Mechanism of plastic deformation in metals; "strain hardening" 

Whether metal is worked hot or cold, all the deformation occurs by the movement of dislocations 

in the crystal structure. The planes of atoms can slip with respect to each other as the dislocations 

move. All plastic deformation can be seen as a shear only phenomenon at a local level: 

 

Fig. 1 showing a stick of metal being pulled as in a tensile test. This stick has only one crystal in 

it (usually there are thousands with random alignments) but it shows how the elongation occurs 

by slip (shear) only. 



 

The point here is that although dislocations can move freely through each crystal, in a real metal 

they encounter serious difficulties at the edges of the crystals. There's a disorganized or 

amorphous band between each pair of crystals. The dislocations can't really move through those 

areas so they pile up. Then more dislocations come along and pile up on those. Pretty soon most 

of the metal is a big mess of dislocations all crashed into each other at crazy angles, like a traffic 

jam in a big city, and none of them can move any more. When that happens the metal can no 

longer deform plastically because no atomic plane can slip with respect to any other. We say that 

a metal in this state has been strain hardened or strongly cold worked. 

 

Fig. 2. Shows a typical stress-strain curve for mild steel (iron with about 0.3% carbon by mass). 

It shows the elastic or Hookean behaviour at low stress and strain; then yeild; an annoying 

problem called yeild point elongation; the region marked "strain hardening" is where the 

dislocations are gradually piling up and reducing the mobility of the crystal planes; then if the 

stress is increased too much the material will suddenly break in a more or less brittle fashion. 



When we design mild steel objects we try to keep the stresses in the linear region. However one 

of the great attractions of these metals for the designer is that if for some reason there is an 

overload, the object will bend a bit before breaking. You get a warning, in a sense, that there is a 

problem, before catastrophic failure. Brittle materials like glass don't give any warning, they just 

break. 

So cold work causes a kind of material damage - the accumulation of piled up dislocations - 

which may or may not be what you want in a given application. If you know about it you can 

design processes to produce the amount of it you need for the job. Sometimes an engineering 

object is best with no such internal damage; other objects are improved if there is a certain 

amount of it (more below). 

Hot working  

Metal "grain" (as opposed to "grains" which means crystals) 

 

Fig. 3. A hot worked steel "gear blank" that has been cut in half, polished, and etched to reveal 

the "grain structure". It's called a gear blank because it will usually be cut on milling machines 

and lathes to produce a gear form on the outside edge and a nice cylindrical hole in the middle. 

More about those processes later. 

Instead of hot working a blob of steel - forging it - we could have started with a cast blob of steel 

and cut it with hard tools on a lathe. The same shape could be produced but the strength would 

not be as good because the grain flow lines will be cut. 



 

Fig. 4(a) shows how the lathe tool will cut the metal grain indiscriminately; (b) is a stronger part 

made by a hot (or cold) working process. The grain follows the surface and this means it will 

tend to also follow the lines of stress in the loaded part. Sometimes this could really matter e.g. if 

the part is a heavily loaded, critical machine element such as a gear in a car gearbox, or the blade 

of a gas turbine. 

Recrystallisation temperature defines hot and cold working 

If you heat a given material there are several possible things that can happen to it, depending 

what it is and where it is. 



Example 
Typical 

temperature 
Likely result 

Thermoplastic such as polyethylene or 

ordinary candle wax (a kind of cheap 

polyethylene!) 

100 degC Melting 

Thermosetting polymer resin such as 

Bakelite heated in air; also wood such 

as jarrah heated in air 

350 degC Charring 

Silicone rubber heated in air 300 degC Turns into silica ash 

Ordinary window glass 800 degC 
Gradually softens; no distinct 

melting temperature 

Aluminum 300 degC 

Becomes a bit softer; can be worked 

indefinitely at this temperature 

without fracturing. 

Steel 500 degC As above 

Steel 800 degC 

Becomes really soft and pulpy; 

glows cherry red; rapidly oxidizes in 

contact with air or water. 

Certainly many materials, both metals and non-metals, can be much easier to shape (e.g. to bend) 

when they are heated. However there are also some ideas here that only pertain to metals, such as 

the important concept of recrystallisation temperature. 

The usual metals we want to shape soften when heated (although other possibly unwanted things 

can also happen e.g. the scale formation on very hot steel). We call the processes designed for 

use on soft, hot metals "hot working" to distinguish them from other processes used only on cold 

metals. But what is meant by "hot" and "cold"? For a given metal the important temperature is 

the recrystallisation temperature. This is the temperature at which atomic mobility can repair the 

damage caused by the working process. Working above the recrystallization temperature is 

called "hot working" even if the actual temperature involved is not particularly hot by human 

standards (e.g. see Lead in the table below). 

 

 

 

 



Here is table with some example recrystallisation temperatures: 

Metal Recrystallisation temperature (degC) 

Lead, tin Below room temperature i.e. perhaps 10 degC or so 

Zinc Room temperature so perhaps 25 degC 

Magnesium, aluminium 150 

Gold, copper and silver 200 

Iron, low-alloy steels 450 

Nickel 590 

Tungsten 1400 

By the way, the grouping of metals in my table reflects something quite deep about them. Look 

up e.g. Magnesium and Aluminium in the periodic table. Knowing those metal groupings can 

help you to see the patterns in their properties and is an excellent aid to memory and 

understanding. 

  

The main problems, however, are 

 If the recrystallisation temperature of the worked metal is high e.g. if we are talking about 

steel, specialised methods are needed to protect the machines that work the metal. The 

working processes are also dangerous to human operators and very unpleasant to work 

near (see picture below for some idea why).  

The surface finish of hot worked steel tends to be pretty crude because (a) the dies or rollers wear 

quite rapidly; (b) there is a lot of dimensional change as the worked object cools; and (c) there is 

the constant annoying problem of scale formation on the surface of the hot steel. Fig. 5 This is a 

rather sanitized and schematic picture because it doesn't show how the hot metal is supported 

when it is away from the rollers (see pictures above); nor does it show the extensive support 

structure needed for the forming rollers. It also doesn't show how hot and dirty the process is. 

The workplaces for these operations are like ovens. Noisy, dangerous ovens. The rollers also 

have to be kept cool or they will start to go soft and soon lose their shape. This is done by water 

channels inside the rollers and also by water sprays on the surface of the rollers. Some of the 

roller detail is more visible in this figure: 

 

 

http://www.tungsten.com/mtstung.html


 

 

Fig. 5 This is a rather sanitized and schematic picture because it doesn't show how the hot metal 

is supported when it is away from the rollers (see pictures above); nor does it show the extensive 

support structure needed for the forming rollers. It also doesn't show how hot and dirty the 

process is. The workplaces for these operations are like ovens. Noisy, dangerous ovens. The 

rollers also have to be kept cool or they will start to go soft and soon lose their shape. This is 

done by water channels inside the rollers and also by water sprays on the surface of the rollers. 

Some of the roller detail is more visible in this figure: 

 

 

 



Cold working 

As explained above, when we work a metal below the recrystallisation temperature, there is 

accumulation of a kind of material damage at the atomic level, through the pile-up of 

dislocations. However this is not necessarily a bad thing. Many useful engineering objects are 

deliberately cold-worked as part of the manufacturing process to achieve improved properties. 

One common example is fencing wire. It is cold-drawn in the final stages, before being 

galvanized (plated with zinc) and coiled ready for sale. The cold working stages increase the 

yield stress of the wire, meaning we can pull harder on the wire before it deforms plastically 

(stretches). That's helpful when you are stringing a fence. However the cold working does not 

increase the ultimate strength of the material. So in a sense, cold working uses up some of the 

safety margin of the material. If a very strongly cold worked material is overloaded, it could well 

just break like a brittle material with no warning. So we try to design cold working as a 

compromise. A little bit can be good: too much could be dangerous. 

Cold working has many advantages and is very much the more common type of metal forming. 

However if a large overall deformation is desired, how can we do it using only cold working? 

The answer is: do some cold work, then put the object through a heat-treatment cycle to relieve 

the atomic-scale damage caused by the cold work. This is called annealing or normalising the 

metal. It is done by heating the metal object above the recrystallisation temperature, waiting a 

few minutes, then allowing it to cool. Of course we have to pay for the energy to do the heating. 

This type of cold-work/anneal/cold-work/anneal sequence is used by plumbers who shape copper 

tube on a building site. When a piece of tube has to bent sharply, it is done in easy stages with a 

proper annealing between each stage (usually done using a hand-held gas flame). This ensures 

that metal won't crack during the bending operations. 

Think about working with a sheet of lead on a nice warm day in the Australian sun. The lead will 

likely be above its recrystallisation temperature, with no special heating required. This can 

actually be very useful. It means you can shape your sheet of lead for hours - bend it back and 

forth, hammer it out, whatever - and it will probably accept all the deformation with cracking. 

This is one of the reasons lead sheet was so popular in ancient times as a roofing/guttering 

material (for those who could afford it). Any strange shape needed could be hammered out of a 

sheet or even a lump, right on site, and with no special furnaces or other technology. 

 

Hot and cold working on the same production line: making steel wire 

Consider a typical manufacturing sequence to produce steel wire. First of all the molten, refined 

steel is poured to form a "billet" (meaning a roughly shaped blob more or less straight from a 

casting process). 

 

.  



 

 

Fig. 6, showing the most important continuous hot working processes. Note that some of the 

roller sets are capable of forming five or more objects in parallel, even if only one such object is 

shown. Remember that the work in each case is red-hot, not a nice cool shiny grey as shown in 

the figure. 



 

Fig. 7: cross-section through a wire drawing die. Note the use of carbide, meaning probably 

silicon carbide, for the actual die. The rest is just a steel support block. Carbide is a ceramic, 

really, and it is extremely hard and quite wear resistant (but also brittle and expensive). 

 

Fig. 8.showing one way to make a tube. The forces on the mandrel can be considerable - 

especially for (say) cold extrusion of aluminium - and careful design will be needed to ensure 

that the spider and mandrel won't just break off. Note that the metal actually flows around the 

legs of the "spider", and rejoins where it meets itself again. This works because all air is 

excluded from the area and no oxidation can occur. Also there is a huge amount of deformation 

going on. When the metal meets itself it is squashed together so hard it joins seamlessly. 



 

 

 

Fig. 9 showing forming process. The cool thing here is that (provided the sheet metal is thin 

enough or soft enough) the dies can be made from something quite low cost like wood. The 

rubber is some of that really soft stuff which is almost like a "gel". If you have an ergonomic 

wrist pad for your computer,. It behaves a little bit like a fluid if properly constrained - with one 

important difference. A true fluid will flow to both sides of the work and produce no net bending 

force. But the rubber can't do that and as a result it carries the thin metal sheet with it as it is 

forced down among the dies. 

Or what about something with a complex shape and demanding strength requirements, such as 

the conrod in a motor vehicle engine? Such things are usually made by hot forging in a 

progressive die, meaning a die block which will hit the work repeatedly. Each time the hammer 

comes down it makes a change to the shape of the object; then the object is moved to a different 

place on the face of the die for the next operation. 

 

 


