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aking a cake requires the right amount of

the right ingredients, added at the right

time, and haked at the optimal time and
temperature: Sheet metal production is not
that different: Literally hundreds of difteren
“flavors” of metals are available, each with its
own blend of physical, chemical, and
surface properties and characteristics.

Strengthening Mefals
Pure clements are mebtvwely and
malleable. When you move a carpet, it takes a
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EXPERTISE TO HELP METAL STAMPERS FORM THEIR FUTURE

Stamping 101:
Die basics

lot of force to pull the carpet from one end
However, if you first ceae a little wawe or
ripple and propagate that through the Gimpet,
it becomes moch easier o Mlietal
forming on the atomic scale ts simitar

Atomically, a pure metl can be pictured
like a 3-D network of mcked bilhard blls all
the same size. The gaps in the atomic struc-
ture, called dislocations, dre necessary for
metal flow. As these dislocations propagate in
the workpiece. anv deviations from the komo-
pencous pure matrix element will reguire
more effort for the dlocations 1o move
around it All pur elements ane relatively sol
i malleable for this reason

To make 4 steel alloy, for example, some of
the tron billiard balls would need to be
repliced with ones mude of manganese {(Mn).
silicon (5i), phosphorus (F), ttanmam (Ti)
and so forth, which are similar but not iden-
thal tn size to the fron balls. The disruptionin
the pure iron atemic lattive caused by these
allowing litions 5 responsible for what is
ko as s
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Fven thoweh all the halls towch. small
gaps cxist between them, called imterstices
This i5 where small elements like carbon and
nitrogen fit (see Figure 1) When some alloys
are  heat-tremed, thess small elements
I_'IJT':'II'II_T'H_‘ with I;’.‘FI:TF ones and |'I-IT_"L'IF|I tam ot
of the matnx, cresting more obstacles to
metal flow, resulting in higher strength asso-

ciated with predpitation hardening,  Work

hardening, also known as strain hardening,
occurs when many dislocstions “pile up”
together, and moreforce needs Lo be appliad
o move: them apart to continue metal (fow

Dliralow Carbon Steels

Sieel is, by minmimal defnition, an alloy o
iron and up Lo 2 percent carbon {if it is more
than 2 percent. the alloy ts cast trom). Carbon
5 small enoegh to fit inte the interstices of a
primanly iron matrx, making it an “intersti-
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tial element”™ m steel
If the stee! alloy has
an ultmlow carbon
level {typically less
than 30 parts per
mil liom).
these gaps will not
he occupied and.

therefore are some-

mosl of

described as sm
(1F}

These 1F stecls

are al most PHrc. mon., ang as. 4 result are VTV
formahle. As such, they can be described as
extr -.,..l;;-rrn-q.lrrrh'.'.'_x_' steel (EDDS)N  Achieving

times
interstitial-ree
steel

this low carbon level docs not ocoor osing
comventional steel processing. Instead. the
molten steel must be pul wnder 3 vacuum
that decarbunzes o by removing carhon
monoxide, as well as other gses ke
hydrogen and nitrogen, This process 1= alled
and it i5 done in the
production of vacuum depassed interstitial-
ree steels (VD-1F)

Mild and Higher-strenqlh Steels

Mild steel (also koown s drawing steel)
contans abowt 0.04 percent carbon and (.25
peroent mangmese, along with severml other
elements m much smaller quantities. E
with all the alloying, these low-carbon sicels
are still about 99.5 percent iron.  Increasing
the alloying tvpically leads to an incretse in
strength, a decrease in formability and more
challenping  weldability  (kigher  carbon
eguivalent). High-strength steels (crbon-
mangancse),  comventional  high-strengrh
lowe-alloy steels (HSLAY, and advanced high-
strength steels (AHSS) such 35 dual-phase
(DP} and transformatton-induced  plasticity
{TRIF} hawe different balances ol
strenpth, formabiling and weldability hused
on their different chemstries and processmg
at the steel mill, Kmowing the chamctenistics
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