
WARM FORMING:
A MATTER OF CONTROL

WARM FORMING EXOTIC MATERIALS FROM TITANIUM
TO MAGNESIUM-MAY OPEN UP NEW MARKETS FOR
STAMPERS ACROSS THE COUNTRY.

By Phi l Walters

Years ago, a stee ring wheel represented a stamped co mpo­
neru . Tod ay, like man y orhe r aut omonv c pa rts , they ' re ma de
of a magnes ium die -cast.

"l th ink they could be made frorn a stamping again-if
we ( an form th e m agnesium : says Denny Boerger, product
manager for AIDA-A me rica in Dayton, Ohio.

But for m ing suc h sensitive materia l isn't easy, Magnesiu m,
titanium and high -strength alu minu m have excellent
strength-to-weight ratios, yet lack forma bility. But new
research findi ngs could change that . A collaboration between
The O hio State Unive rsity 's Engi neering Research Center for
NE't Shape Manufactur ing and AIDA-AmE'rica has produced
a successful dr awing process on titaniu m. At the press manu­
factu rer's North American head quarters. the research team
performed trials and success fu lly attained a d ia meter-to ­

cornbinanon of hea ring. controlling th e slide motion with the
height ratio of 1:2.1. Th at's a big stretch , so to speak, for such

servo press an d lubrication :
bri tt le marerlal. The secret is he al. Researchers heated press

With these facto rs working together. the process has dra wn
tooling to between 100
an d 110 C, a tempera ­
ture that, when Hans ­
fcrrcd to the tita niu m
being d rawn , doubled
Its formabilit y.

Called wa rm
forming, th e process
takes full ad vantage of
what th e metal-for ming
wo rld didn't have
only five rears ago:
servo-co ntrolled p ress
ram control. Seve ral
presses on the ma rket,
including AIDA's
Scrvo pro int roduced in
2003. replace flywheels
with an inh'grilllod
servo motor th ,ll gives
users control o f rhe
stroke, in clud ing dwell
t imes (Figu re I).

"You woul d n't be
able to do this o n a
ronvem ional press,'
says Boerger. OIl' s d
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Figure l -Schematic of AIDA's servosrc. w hich can
control the speed of the ram st ro ke on a press.

METAL FORMING

Figure 2-A graphical repr esentation of the warm forming process on a servo-controlled
press, The horizonta l portion early in the strok e represents press dwell time. (T.D.C, Top Dead
Center; B.D.C., Bottom Dead Center)
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Ilhllo( ncsiurn (;\sing~ for htgh .end com puters. magnesium
housings for cel l ph on es. ,1lon g with several o the r products
ruade by e,uly adopters of technology. And mu ch o f rhe
proecss' MIfCCSS CA n he .mnbuted to precise cont rol of heat
and th e slide merton o f Ihe press.

TWEAKING THE PROCESS
EXACIdie tempe rature is de te rmi ned by various mat e-

ri.l l prop ert ies and. for m amum . In avoid di 'iColor.ll inn . For
IIl,lgn('s ium. rhe team heated dies 10
.IOOm }OO C .

Al tl'l.1t temperature. thou gh, high.
It'lll llt'rdlurt> luhrir auon isn' t a ll it's
r rac l..C'lI up to be. "nit' hear causcd All
tIlt' Iuorionls to be wry ineffective.'
Bocrgc , clI:pl,lin 'l_"O ne dCll lAlly turned

tmoa wh itt' Jlowtle( Ih.lt btX"AIlW \'NY
dbrA\i\'e: So til(' rea m turned 10 .I

film th at could with:s.rand th e high .
temperature proces s...\ ha rd i1l',ul.llioll
IIldlcridl WA' aboused to prot er r press
co rnponcuts from hl'AI and 10 fAdlila lt'
effk-icm hr ,ll transfer.

To begin the ry dt" the slide clo ses
(town on the m.ncrial very qu ickly,
1111' n sto ps for ~ I predeterm ined dwel l
rime, an ywhere From ,Iboul O llt' to five
seco nds. depend ing on Ihe amount
o f he <It tI,lIl sfl'rrl'd. Al lhis poim,
slidc monon pr~rdmlll ing (ulllcs

in to pl.l)'. l ilt' ma chmc is told what
eXJCI d r.rwi ug or formin g wlo<"iIY ts
requi red One m,l(eri,llmighl req uire
50 IIlIll p+:r , t'( ontl. another (.0 mm
per secon d (Figur e 2).

""I1It' spee d i~ ronsram rhrough the
form ing portion (If th e stroke" Boerger
~Y~ . "Ily co mrotnng the velocity. we
can n mlrol the thinning and thick­
ening of th e ma terial dunng different
po rtio ns of the form . And by hearing
and (onlro ll inR the "dodty together.
we n.n urally cli min.uc the man-rial's
tt'ntlt' ncy to (Jac k:

l hl' end rt'sult t A success fu l dra w witha height-to-diameter
ratio of 2 .? : I- un a mJgl1t'~ium p.lrl .

The man-rial n ow ,1IId. sp.:( ifi(d lly, i l ~ Ihi (knl'ss
th rou Rhoul th t' o pe ranon is do!>t: ly monitored . I hrough
com puter SilllUI.lti o llS, il W,l ~ dt'l l'rmineJ rb,n co m ro lled
w locity. ,lmtln g M....vrat u tlwr factors, is key 10 prevenung
IIMIt'r idl fr.tcllirt' .

"If you for m 10 0 fJ. ~1. wuh blank-holder pressur e. for
ins U nn ', you would ren d to !tC( ex tre me thinning jU' 1 beyond
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Figu re 3-Servo motors used to
control t he p'ress ram stroke.
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MET A l FORMING

MUCH OF THE SUCCESS BEHIND WARM FORMING

CAN BE ATTRIBUTED TO PRECISE CONTROL OF HEAT

AND THE SLIDE MOTION OF THE PRESS.

the rad ius," Boerger explains. "All th ai material
Ipressed at th e f UP'S bottom I has to go somewhere ,
so natu rally it bCCOllWS wry thick at rhe top of rhe
drawn part .'

Consider a drawn cup. Du ring th e operation,
the bottom remains a constant thicknes s, bu t
;15 soon as the punch (Oint's around the radi us
and travels up the sidewall. thi nni ng aro und the
rad ius occ u rs." By controlling the s lide velocity, we arc able

to romrolrhe level of rhirnu ng in the 111<11nial. · he adds. "It's
no t 100 percent. but it's certainly an improvement."

Contact ve-locit y iscarefully
co ntrolled. gent le when the press
begins to form, as if the tooling is
handling the rnatcr inl with kid gloves,
being sure not 10 exceed the met al's
tensile sm-ng rh and cause failure .
When about to to 15 mill uf th e
magnesium part is formed (the exact
distance depends on the material].
th en the form ing velocit y increases as
the process stabi lizes.

Some facto rs in th is process aren't
as cr it ica l. like blank-holder pressure,
whlrh ca n vary hy as much as ItJ 10

15 percent wnboutmuch change to
the end result. But a mere tweak in
forming vrlor-ity can cause failure. Says
Boerger: "" vari ation in 5 percent in
veloc ity wou ld considuahly changl'
the thinning-and sometimes the
success in ou r ab ility to make the part
w ithout destroying it."

OPENI NG NEW MAR KETS
Co mparing the out pu t of ,1 die ­

cast ing system and a for mi ng line, the
forming line' s cycle l imes wo uld be
three to five Iimes faste r. Boer ger says.
If warm form ing (all mee t demand s of
the nuto ind ustry's push toward lighter
and stronger rnarerial-c-including, of
cou rse. ahuni nurn-c-rhe process could
open up new markers for sta mpers
worldw ide ,

"W ith in five years. Lrhi nk there
will he warm form ing in more exotic
materials in a number of ind ust r ies,'
Boerger s'lyS. OUTi ng past years,
researchershave modeled the pro cess,
and those models have now been
con firmed using an actual press and
die . ' w hat was modeled and thought
to be the ( ,1Se is, today. really t he case.
we can now talk about the process
with con fidence." ~
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