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The design of the manafaciuring prodess for cold fonmed
parts includes design of forming sequence, selection of ap:
prapeeatc forming machines and design of tomding. 1 is nfla-
e By a mhingde of faciors includimg par peometry, part
mmieriol; nvailable equipmenl 08 $@e e,

Mgl fonming design B done by experienced desipnens
Peesgstt sy Lneir prior experience wilh similar pasts. A cerlain
amocant of irial amd error has fe be dome 1o debug s dEsipn
For sinaple parts et can be made on single die mochines, thix
methed of deveboping desipn may be adequate. However, for
complex parts or For pans made on muolis-die machmes, te
cheigm s ummally notoptimal Toom e viewpeint-of effon, time
arl cosl gpent, 1o addibon, pari qualily isswes can remain,
which sloa down the production.

Forming-design seftware products have emerged in the
markel Uil ¢én help optumd e the design of the manelacbaring
process for fommed parss, NAGFORM and NAGS M 20 are
pwo such toeds, developed and markesid by Metal Farming
Svatems, Ine.

Sofiware for Cost Estimating
& Imitial Design Development

MNAGFORM is o rule-Tased softwans program tharcan de-
s altetive forming seguences fram the final farmed
pan peomeiry, Becanse forming sequences can be determined
squbckly (usally within a F:'P.'rnirrulubu.'".G-I"lI:I'li.."ﬂ i il For
cast estimnting tnsks and developing maial desien coneepis,

The parl geometry 18 mpal as a collection of simple shapes
called primitives. Hollow chapes are constrocted using ubu-
|ar .prlmni_m:_, or by subirncting primitives from a salid shape.
Currently, part geameeiry is limaled o rousd parts and pans
with symnserical shapes such as polygen, six labes, rousnd
with iz, ete. Pan gecmnery from obber CAD sy stoms sucly as
AuzniCad can zleo be brought in DAF feamal.

Thi softwans ieludes a databhpse of commenly wsed parl
nianerials, The user cum nlso add rew muterals oo mxlaly exist-
ing materinls inthe datnbase, Material properties required for
Il estimation ane the Mow propertics of & materinl an the
farming tempernturg, MAGFORM alse hos o mochine dota.
Base that stores specificntions of the available machanes. The
uzer can ndd machines or modify specalications of the axist-
ing machines.

A the Tinal pent geameiry con be farmed nsang different
wimerod dinmeters and forming processes, a pumber of aloer-
native Forming segquences for forming o pan ane developed.

Two easy-to-use computer programs
optimize the forming sequence and
improve quality of cold formed paris.

A1 afthe aliemagive sequences salisfy the st fonming rules.
Dresign outpal includes slemative feoming sequences, lead
aidl prossure caleubpions, DXF catput of sequence designs
aml @ mochineg selection summary.

An nitrociive Featurs 15 Ul abiliy wocreste reusgble ien-
plabes. Any sequesss deslgn penerated can be soved ns a
emplate, The formiing sequence for family of pars, with hs
same shape, bart different dimersioms, can e designed quickly
weith mvinemed el Tor arsd fime.

Ensitating odesigner, B AGFORM determanes o fomming se-
quenee far a part using a rube-hased Logic. The sol lmils of th
forming rubes define whether a particubas formlng aperaiion is
possible. The nser can change thess limite. The softwore iries
e find all possihle sequence designs ander the specafied con-
ditions of wireirod diameter, oumber of operations, tps of
fommidng maching press, €1, Formost pams, a pumber of alier-
nalive deslgns are obtained in a matter of minles,

Software for Simulating Processes
Involving Large Metal Deformation

MNAGFORM uses simple analvaes for losd and pressore
calcubations. 1t 15 nol & Finieg Element Analysis (FEA) pro-
gran and @ocs nol simulate the deformation i any forming
aperatbon. Therefore, it connol predict pon-fill and athir form-
ing defects, For complex feeming aperatioons whens siinple
farming mles muy natapply, te part deformation needs o he
simulated by an FEA program i debag the forming operation,

NAGEIM, 2D ks a FEA pragram for sinmlating processes
invodving large mectal deformation. Itcan handle rwa-dirsen-
stanal deformation of parts b ang roursd of long, Tz GLIT
{Graphic User Interface) has been specifically designed for
fomamiryg i sanple die oo muhi-die fomming machines and presses.
The program: has process femplabes that creste adefiulanaly-
sis file nt the sinrl b help wers who ane pon Gamiliar aich FEA
procedures. [8is simple 1o use asd doss nol require extensive
backeroend i FEA

This softwore has powerful features of auesmats: meshing
mnd remeshing, D sanmlation of meeeal Ao, ol siresses
and sreains can he predicied ot each stnpe of deformation.
The resulis inclede animaticn OF e melal dslormatson, 4 de-
taibed description of geometry. siresees and sirains, (ool
stresnes, nidal forces, efe,

Simple & Accurate

Llsgps at PASTCO Industries soy they Hke NAGPOR M ad
MAGSIM. 2D becanse the programs are very ample o use,
Adter one day of wraming in NAGSIM 2D FEA program,
FAS T users were nble 1o simulate a momber of thear prob-
lem parrs ond respdve the issues withoul any Liclp fronm 1l
svemlor, Melal Formning Sysbend, Ine, We ot FASTCO have




performed more thas 4 smulkstbors using MAGSIM, 20k 1
i predpcted tlbe metal Thew very acearmtely for sl the sitwa
tions wisere wee could check the resalis ngzinst the actual part
made on he mochine. BAGEIM 20 is helping us w hied sol-
tions on the computer mstead of huiklimg he wals aed Son-
ducting castly trials an the mackine,

Building a Database of Parts & Sequences

The MAGFORM program has the capability L search for
similar parts aml create reusable eaplazes of seqouence de-
signs, These copabilitics ledp s w0 being ainifonmity o our
designs and prevent reltiveming designs by Locating similar
parts and the company's designs dens in the past, We hove
#len atareed 10 coeang o databose of all our parts and their
seguence desipns. The company plans 1o wse this databass
a1 the cost estimating as well as ool design phases w0 ake
advaniage ol iks previows knowbedge of forming parts,

Resolving Quality Tssues

The .,||,|:|I itv deprrtmient 0l EASTOO lowes NAGSIMN. 20 be-
cause il is ahle e show W5 custiomers how the part will be
formed. The melal flow 1s predicled =0 accusately that b
qualidy staff is shle to discuss foming sanes amang them-
selven armd with ssr custonses even before manufacturing
any paart or bualding any toals, Anexample s the part shawn
ot Hue MNaAGSIM screen in Fipure 1,

=r s T - AL
Fig, | — Simukstion of Final Fariming Cperatinm

Simulntion of the forming operations showed et there
wioukl be a slight uledill in the middle of pan houbder,
FASTOC relayed this concaesn 1o bis custamer befions buil ding
th tspling, Becawse the customssr did n Feel thas the under-
Pl wias OfF amy Comn ssquerdss, ihe pam was manafaciured G-
cording ba |I'r¢'-.lu,::-.i31_n|.'r'.| sequence. The final part, as shawmin
Figure 2. shows the underdill
prrechic e by b simudation.: And
as the manufaciuring congem
wigs alrepdy addressed, it snved
s several hours and pounds af
serap. Audditionally, simulation
ullows us o inveshigate Giffer-
el aptions for resolving qual-
ity issues withoal bualdling the toaling and wibedl having o
comduct irials gt e production meching

The part sl in Fipure 3 had no probfems in manufac

Figg- 2 — Parl Formed
with slight unsdersAll a1
showulder as predicied,

turing, hiut was breaking of T during the
assembly process,

FASTOO simulased il minulaciunng
process Lo see il any changes sould b
miadks B ableviane the breakage probion,
The aimulaison shivwed large sirain ai the
section where the part was breaking in
the assembly, Mede that i he simeda-
tion. Figare &, the rooangulars seciion
ol the head was approsimased by a cir-
cilar section se that the forming process caould he simulated
in B AGSM. 20

The company simulnled & number af desapn ophions and
fourkl e that reduced the crtical stran siathoul the sddked
taling cosl. Figure 5. Pans were formed according 1o the
redesigned foamang oporalians, Thecusicmer has not repertad
amy par cracking after the design changes made on the basis
-,'.I" simulation. And costly trial and error development was
snved om the machine.

Fig, 3 — Cracked
during assemhly.

o

i

Fig, 4 — Sivauladion of
forming struins

Fig. 5 — Hodieed sirsins
witl redesigned process.

Resolving Manufacturing Problems

Figure & shows a cup iyps
part that was cricking an the z k
s free surface during 1he
Tinal formang cperation | part on
lefrh. The forming saquencs for
1his pars wns simulsied, The re
sulis showed larpe strains in
I part 21 s mear the Tree =ur-
fasz af the part, Figure T

Al FASTOO, we imvestigated o nomber of Tormiing destgn
chunges. The one change showed much less sorains i the
cup al and near 1w free surface Floure 8. Tealing changes
wiere mtades and the par was manofnciured with the redesizned
toaling resubtimg in greatly reducing the defect.

Figure ¥ (next page) shows anodher par thal Bad a qualing
conzoemn. The part was oot (illing properly o the comer, After

Fig. b == Foarmed purt before
0k aller (el tooling chinges

Fip. 7 — Parl hiTore
lestalidm chamgEes.

Fig. & — Parl alicr
tnuling changes.




il machine operators claimed thak it could
not be filled amy betfer, the forming opera-
trom was simalated. The simulation clearly
showed where the problem was, and al-
lowed an mfeemed deckgion as b how 1o
rerove it The tooling changes were made
ard the part was formed with the revised
waling. Figure 10 shows the part filled
better at the comer. This verified the im-
provement a5 predicted by the simmulation,
as seen in Figure 11.

Fig. % = Forueed
part nat filled o
Lhe cormer,

Fig. 10 — Farnwed part
after tonling changes.

Fig. 11 — Simsulation that
predicted improvement

Developing the Optimal Forming
Seguence with Minimal Effort & Time

Design software such as NAGFORM and NAGSIM.ZD
shouldd be used up frant before building any tooling.

This would help deternine the optimal forming sequence
requiring minimam waling changes, Start with NAGFORM to
give vou different desagn alternatives s well as poanl b the
designs used in the past for similar parts. Use your experience
ton select one or Dwo sequence designs, Simulale these in
NAGSIM. 2D to debug and make the final scbection. Then build
your tooling. You can sove yoursell several Tours of frustra-
tion, machine tme, coat and scrap by climinating possibbe
mustakes wp fromt

W are adapling this procedure of wsing NAGFORM and
NAGSIM. 2D to abdain optimal forming sequence wheneser
possible. This approach cuts fown the lme oteded to de-
velap the forming sequence and o obiain the final acoeplable
part on the machine, An example pan mansfaciured using this

approach 15 shown in Figure

12. The part required a large
Fig. 12 — Forming sequénce

nmainl of eeaberial o b upset,
NAGFORM was usexd o help

developed using MAGFORM
anad MAGEINLZD,

arrivee al a peogression. The
texling was then designid anxd
the process was simuloted ws-
ing MAGSIM. 2D =oftware.
Changes 1o the design were
made based on the simulation.
The inktial setup on the header
went incredibly well. Mo wool-
itg roviskons wene required.
Manufacturing from the somple Tun 1o production went
viery smoothly, Additionally, it ook kess than bulf of the time
normally regquired to manufacture on acceptable part

Tool Life

O the part-shown in Figure 13, we were experiencing
premature filure of the extrude pin of o rectangular ssclion.
To analyvee the forming operation i NAGSIM.2D, the com-
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pany zimulated the process
assuming plane sLrn con- ;
dtions :11E|{1Epirl. Figural4; Dud rehiines (o

. : extraction at
Through simulation, the R -
cogpany was ahle 1o know rEngUar et N
whai wis happening as well
a4 wity it was happening.
The pin was then rede-
signed to allow the par 1o
he extracted wilhowl any fie-
sistance from the pin, This
partkerlor design change wias
simulated in order to verify
our intent, Anc as 8 result
al 1his, pan Life was increnssd
from 20000 1o 45,000 pacces.
T .

Fig: 13 — This e

Fig. 14 = Simulion shows
materinl mnving indo reliel
sectiom of pin.

Linking These Programs Together

Metal Forming Syatems. Inc.. is linking the two programs
NAGPORM and MAGSIM, 21 together (o fuither reduce the
time taken o develop a foming sequence. MAGEORM wall
nat only generate part forming sequence, bt also create *De-
Fault Tooling™ and a MAGSIM. 2D analvsis file automatically
within o Few makutes.

This together with changes in computer hardware and soft-
ware o reduee the L 0 simulace, wosld make il possible to
develop a debugoed forming sespuence within a couple of
hitirs with minimal uman 2ffort.

Conclusion

Engincering design software products are avatlable that
can greatly reduce the time and effort requined (o develog the
minelaciuring process for formed pars,

Such sofiware also helps o improve the quality of the
fasteners and pans being prodused, It 35 time for the coald
forming and fastener isbustry 10 adapt the new echnelogy 1o
improve (ks productivity, Competition from overseas and oiber
compeling lechnobogies make it cesential for the industey 1o
uperade the existing manufacturing techoology for survival
in ihe long nam,

For sdditional information on NACGEORM ad NAGSIM.ZT
software, contact the auibors,

Company Profiles...
Metal Farming Spum.r Anc., provides. breakihrough
mﬁwnfﬂﬁﬁr_,lhrmmg process design. The cempany is
;nemmmm;wﬁm#m-iﬁmﬂumm Jor
frming priogression design and NAGSIM 20 for the vali-
iy of forming pﬁgﬂﬂﬁlﬁdﬂmﬂ:w the Simne
fution process. Aceording to Hmrt .Fdf'miﬂgﬁjmarm
.i'nc' mm@mmﬂw@hmﬂnﬂwﬁm
ing sequences within a shrt time and with leazt effort.
m‘s:i‘-g;n Industries Inc.. specinlizes in the mamufacture
of cold farmed indusirial products. The company serves
the m&nmhre Surnitire and saowmobile mmu'-'ﬂ-:fm-
ing industries.
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