A DESIGN AND VALIDATION STUDY
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IN LIGHTWEIGHT, SAFE AND

WLLTELIGHT
i e AFFORDABLE STEEL CLOSURES

ULSAC Door with Sheet Hydroformed
Outer Panel Reduces Weight,

Not Performance

During the: design and deveiopment of ULSAC fameless door, the ULEAC Consoriiom
eedluited el mass reduchon Using sheal Mydmleming fef e ouler panel This
research was conducied a5 a means to compile praciml documentabon that may
prcwn s leasibilty

Dizarr struciuees s sucoeeally mamaciured with 0.6 me Dual Prasa S0 giseal
o panels, achieving additicnal weighl savings

ULSAC Frameless Door:
Up to 46% Lighter Than Any On The Road Todayl

ULSAC Door with Sheet Hydroformed Outer Panel
MNormalized mass: 12.3B kg/m* Total mass: 9.77 kg

RESULTS: FEATURES:

- 2E% lighter than benchmarked doors F Unique tubular frame strocture

B 27% lighter than the bagt-n-class framed doar ¥ LGB mm Dual Phasa G00 stecl autor pane|
= Affordable high volume mamufacture ¢ Employs advanced sleels, tallar welded
- Stale-afihe-ark structured perfarmance bianks, tuba and shoot hydraforming

b Reducad mass with no compromise o safety

ULSAC Results Compared to Benchmark
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TAKE A LOOK AT THE ULSAC FRAMELESS DOOR DESIGN

The ULEAC mnsorium confaded Porsche Enginesring Serdoes, Inc. (PES] of Teoy, Mich., o provide engineering managesent for the projedt and jo define e project goals.
PES itsad o Polehc approach o design. i which the siracions i viswed 28 an Imsgeetad whola and avalimad Bow changes i ofe area afecl elher anags, and whane hathee
opimizadon opporioniies eisl. This approach resulied in e creation of an eficen], opimized door sinociume. Corsequenty, fie ULSAL framelaes door is notabie for is

aficiani maiens wage and the desgn and lurciona®y of Is pars

The design ebminstss 1 naed for & Wl door inner panel. This is parly & resul ol te fowr ubss hal make up the besc door sTacium, which 8% high-strangth workhorses: lor
achiewing mquired crash safety and sinichoral perdormance al a significantly eefuced wight

Laser and MIG welding joins these four parts to
create a structurally sound door inner structure.

—— i )

Outer Belt Reinforcement (1)
and the Lower Tube (4)

(3)

) In 8 onlsl colision, Tese two mais, mads of dusl
phasa uiia high-stmngth sieal, supply excedian
lnad-camying cacabiibes between hie A- and B- pilars,

O ina sisa crash, they prowds the strangth and
ntsorplion capabifites o eficeniy manage
impact anargy foras,

Latch (2) and Hinge (3) Tubes

Thesss parts &re frpdroformed ubes, o prooess
chixsan for ils acvantages of high srength and
Eaielenl pan Frstabon Tof comples shipes

gl minimum waighl. Hare am soma highbghis:

O Tuse trycroforming allows desigrens to
g3l complecd fube shapes, with oplimal
medtanicl chamcienstics, adjusing for
peckaging. In assambly | enatkes making
the conmection o the door beam and the

outer el retnformameni

(D) Hytrakerming reduces the rurmbes of parts
e (5)

Inner Front (5), Mirror Flag (6), Inner Rear (7)
and Latch Reinforcement (8)

{2 Four acional stamped pams and the stamped outer panet of
Bake Hardenatle 260, 0 Tmm sissl compleie the door.
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ADVANCED STEEL TECHNOLOGIES COMBINE TO CREATE EFFICIENT
ULSAC DOOR STRUCTURE

Thia framatess door demonsimbon buld uses mild, high-simngth and ulra higesirangt: soeds taken trom nomal stesl mill production. To demonstrale optiral mass, safaty and
peformancs reauls gl sfordabie cosle, iie ULEAT door uses some Sis] matenisls Fal & nol commanly sppliad % cosurs penss

ULSAC Thesrains Sghtweighling of silomofive closunes wih steel, combined wilh proosssss incudding conmentional stamping, ke welded blanka, hyidrokonming, sser waiding and
aritesim bonding. These matmrials and advanced processes snadled design rrginpers o consolidate functions in fewar pans, mesuling in mass savings while meiniaining
parfrmancs safely, snd allordabilly

8
" ol B e B
(MPa) {rmim) (ka)
(1) Outer Balt Relnforcamsnt 800 1,00 0,835
(21 Lakch Hydrolormed Tube 280 .90 0.676
[3) Hinge Hydredormed Tube 2B0 1,908 0.755
{4) Lowar Tubs BOO 1.50 1.438

¥ EwErage grifom Baciress ofle loming

Material sﬁ‘hﬂ:f Achsl
Part Yield Strangth] ool m:gn

(MPa) o) l
I:E.] Inirer Frong ﬂTaikI waldad bl.mh] 140 1.00M1.20 1.238
(6] Mirror Flag 140 1.00 0388
{7) inner Rear 140 0,60 0.518
(8] Latch Rainforcement 4 1.20 Q057

Bake Hardenable Steels = Formability + High Strength Dent Resistance @ Reduced Mass I

Dl sesisiance of ouler wehicle body pands is criical I siiomakens sinte 1 impacs evenihing from maletal handing and warranty cosls io quakly and tusiome: ssislacion. The

surnesshal imroducton of Righ-smength sleats Tor ousar body panefs. such & e ULSAC door, Rood and deckiic desgrs, demonstatas the polential for reducing mass, whis
msinkaining or even improving dent resisians.

i) ULSAC Ouler Door Panal: ) Materist BHIS0 () Materisl Thickness: 0.7mm () Weight: 4374 kg ) Parl Manulacturing Prooss: Siamging

The materal speciled for e dooe culer panel is considered o be the besi matedal for this door desga. 'With & differsn| Sooe design, even grealer mass sficancy may be acheved
with highee-sirangth skl siich 25 Dual-Prasa S04, which dsplays aumeliant dent ssistant qualtiss

Ultra High-Strength Dual-Phase Steels Supply the Right Attributes I

Diak-Phsss steel grades are madium aloy akals hisl prosde suganon femmatelly ko pan maslechore, Yol i gleel wirk handers dufing foming o prsdocs hagh strengh n Pa Tnichad
part. Than, under ihe stmess of crash formes, sinel absorhs energy by delorming and elongating, s well as beooming sronger undees o stmin-andening efect of cash fooes

ULSAC Belt Reinforcement Exhibits New Dual Phase Technology I
Theough bath gt [1] and (4) use DuakPrass B0 sheel, he shoel wed i B oules bel renlxoemest 1] s producsd wng @ dilferedt galvarizing croosss thar el ussd i e wsr

tuta. This requined a dfisrant chamisiry tn achisve e sama charactarstes. Tha dusl phase stesf used in e iower hite 4] 15 a proven commesrcial grace, Tha matarial used in the
ouler bell renforcament i new snd represents ko sies malerisls (hal o= fgtsbesigsi, high sirength and highly lomalie. Each ees selecisd ko ULEAC fof ils usique combination of
propartas and &5 purposa wilhin the sinacuml Bysien
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EFFICIENT MANUFACTURING AND ASSEMBLY
OF THE ULSAC DOOR

Tha ULSAC Corsortium membar companias prvaded all maleral-speciic data egeised fo design, develop and consiruct e ULEAS femaiass door domonsimation hardwam and povided
all matarials wead in manufacire. These inciuded shesl siesl and B welded bianks, 38 well 88 siraghl lubes for manmdechuring of the pdroformed pee 15 eSdiion, memisr
oompanies supporied the program with daia and mxpertise relaied fo maleria seiecion and taiior welded biask desslopment. s wel s formmisg simulation on selecied parts.

Steel Tailor Welded Blanks: The Right Material for the Right Job I

Tailor walded blanks achiowe:
Tador welded blanks consist of bwo or mone pieces of sheel sies! with difereni materal thideesses, grades andior coatings, joined I v i h
by Lesser or mash seam weiding -." safety through improeed

Tatlor weldad blanks erabs the design enginear o accurataly shain the steal within the part recisply wham its atrizules am .’Mﬂdlﬂh‘ﬂ
gl resded. This lesds 1o maes reducion bacauss i alows for remcaval of mess Tal does nol coninibils 1D parlomenta—uting P Reduced part .
e Aight material for the: righ ok,

P Reduced cosls

Sleel s sritules srongly support the use of this echeology, makicg il the ey malsrial curmantly deiwering the bensfs of o

wakdnd bianks in high wolume manufacture. P Oplimal use of steel material in parts
Stamping: Steel’s Foremost Automotive Process I
The ULBAC dear includes stampod parts as follows:
P Panal Front Door Cuter

Smamping (& e m0F common manufaciunng [wocess for makisg siruciual pars o ire sulomaties indusiny

Tha lener rearis a stampad pard, et & vary thin gaugs (0.5 mm)| prosiding stniclural srength at mciuced mass

P Innor Front [5)
Anmriension on the door inner front plus @ stamped panel mimor flag owter fom a heo-pieo mieor flag. This design alloss: }Hmmm
for thie outar bekl reinlorcement 8o fe sandisched batwean the by pans, crasting & sireng eicheal noda.

e Inner Raar [T|

| Laich Roinforcament (8}
Tube Hydroforming Process: Making the Best Use of High-Strength Stec! I
Tube hydméoming, generaly used whes a comples shape is nesded, |5 gaining incmasing acoeptance n o aulomelie Hydroforming provides several advantages verses
indusiry for making @ wioe varsly of comporants. Cumenl applcatons indude suspansion ames, body siruciun, powarrein stamped and welded stractures, including:
momponesis and et hites, "M-"
In ULSAL, hydroksrming i usad i produss B lach and hings fubss, sddng stabilty i B door stuchue and liowing for P+ Reduced inoling oosts
iniegmtion of addonal fenctions, such as the hinge atachment, lnich atachment, and bushings: .'P"'“' tom and rud | part costs

Jp+ Imtegration of phercing andior punching
When ussd with high-srangth steals, irptroforming produces structurslly supenor parts Wil thinner seckons 91 reduced mass. nperRens

." Eliminalion of pine® wald Nanges
B Improvaments fo dimesdslonal rapeaiatidity

Forming Analysis

Forming analysls was performad on o slemped and usular merelom pane. A inofough forming aneiveie B crtical praparation for ubs rpdolormed par mandfachors, especialy ior
cofnpies parts. Forming simulations do the folowing:

P Detenming criical process peramealens, incheting e level of intemal pressure, the pressure fonce bl dusng foming Bnd, in e pre-ioming phase, the opimal movesent of he ik,
I Fikcs irnastigation of matanal behavicr dering farming
P+ Doserming wosi-handening sfact, the hining/ thickaring of 50 matars, and e disRnce batwaen e cuter surface of the par anc e imer surface of e wdl,

Diunng tis anaiyss, e proosss parameters and part gecmetry ae adusisd o mach optmal part fommaton. Cnce the forming smulstion achieves saksfaciory par fomaton. part

mandaciunng bagns,
F
4

Putting it all Together in Assembly
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ULSAC DOOR MEETS ALL PERFORMANCE REQUIREMENTS

Dual Phase 600 Steels for Outer Body Panels |55
Thin Gauge, Above-Average Dent Resistance

ehica ouler body panal denl reeiiance & oilical 1o our BUemaksr
cusiomers sinoe | impacts eventhing from material kanding and
wamanty 0t 1o guakty and cusiomsr aaliiaciion. The siltesshl

ULSACS
Door Outer Pansl:

: Material: Dp 600

miroduction of advanced high-steengih sioods or outer body panels Masnia Thicengss: 1.5 mm Advanced

such 8z LILSACS door fealuring & ehesl hrdnelonstad ousr, Vet 1,613 kg High-Strangth Stesis:
demonsirres orgong poienial for reducng mass, while maimaining How ThHay Work

3 resislRn0e Bt impecang ol canming

Part k. Prooess: Shant

ok i Dual Phasa stsal i & membsr of the mult-phass family of
advanced high-sirengih steels. Muli-phiss sieek change
tering wori harmering, which ooours whn: BiTass is appied

Tk thring pert foming Belone work hasdening
a slasl 5 *soft” and ol highly lormabls. Work

hardening causes e sissd o gain srenglh, which, n some
mut-phash seak. can raary doobe 46 nmng stmogin

Consaquently, Fasa skeals yild mecedeni part iormaion
o & him gauge This reducess parl mass, whils
preadding msuis boa T above-avammon dani resilance
and il cénning perfofmancs in e LLSAT door,

Developing the AHM Process for ULSAC Outer Panels

The comednation of hgh-siengt: sleel malenais and emall radi. a5 specified i ha pars desgn.
required a high working mediem pressure io form the pard o ds fnal shage. DP 600 sieels ot
(15 mem fracknrars wih B minmum s ol 3 mes woukl moure A prees i of mon fran
HLODO lons. indicaling & peess sies that would not be sconomical

The Sheet Hydroforming Process

LLEAE usad the acthss mpdromechancal metal forming |AHM| procass. Tha Process (5 8 mull-stags forming lechnliogy wih & liqud working medaim. Tha dis consiss of e
maln components: & drawing ring, which is designed as a working medan chamber, the bankhokder [binder) and the dawing punch. Here's how | works:

Sloge 1 - Stesl Slank Loodng

i o = i
a6 A - Fral Laioralon

The pirl = formed it i
[nal shage

# preeaune inlanalEr penacaing
parformeey) precsune i [he chamber

N

Tra preformad maiana s pushed in
fha opposite drechion, crasting st
CAnlners
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ULSAC Results: Lightweight, Safe, Affordable
Structural Performance

ULSAC Door Outer: Superior Dent Resistance at Thin Gauge I

Hoth LULSAL cinors sechitil siaie-oithe-ar Imeral stifness compared (o the berchmarked fameless doors, 1 sgrifcandy mduced mass. Tast resulls further confimmed a doge
desion & nol sensifve to slruchesl pedormance in the (esisd mnge when changing the materisl thidensss {07 mm BH260 to 0.6 mm DPE00L

Allof Lhe npdnoformed culer panels weis thinner than their stamped counterparts, yel displeyed ssseniilly the same denl resisiance becmss of the increased work handening
trat cecumed during hydnolorming

D tast 1m0 wang;
B Oussi-stab incemedinl

b Dyniamic incemenlal
B Dynaric high soeed

Quasl-Static incremental - Critical Dent Load for 0.1 mm Dent Lab 1a - Dynamic High Speed - Dent Depth (Gmm, 0.88 g bullet)
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Oil Canning Performance |/ —m——

LILSAE doom alao wes evalualed R off aaming. For Soors wilh stamped outer penele, thoss with 0.7 mm BH 250 alesl ouler parel axhibibed Lhe bes! parormancs,
with sligitl od carning in tha mid mgion that would mest cumant oepectations.

{H carning perormance in shest lycrclormed owter paneis wass significanty imprmsed over the bebarior of doors with stamped putors. Ldmaiely, (08 mm DF 80 sieel shoot
tadrlormed ouler mere chissen 10 manufaciues the demoneralion Pandwan shosn hes becaes Emm-mtfmrﬁ'q pefformance and aedalan] Gen] resislsros.



ULSAC Results: Lightweight, Safe,
Affordable Structural Performance
Upper and Lower Lateral Stiffness

Bow UL3AC coors gxhiti sale-o-le-ar linenal sifiness comparsd to the
tenchmarked frameless doors, al significarily reciced mass. Tes] resulis

Lrthar confimed The door design is not ssnsive fo stiches ULSACDH | ULSACDH
performance in the tesied mnge when changing the material frickness Stamped Shis|
{07 em BHZE0 1 0.6 mem DRE00) ot | s || g Outsr | Hydroformed
Panel | Ouler Panel
Upper Torsion Nmideg | 352 17 B | M Mz
Liwwer Tiwgion Mimidag 467 ;g B | = 203

SLLTRELN |

Comgared |0 berched marspd emakees doon, ULSAC doofe pertom sardaly 1o
thasa in ourent producion o siohily reduced mass: Tha test monfmed

inad the afect of matanial hickness changs & regigisi 1o thi door 630 pedrrance

Illl'rl'-l':mllfl.j Hm
Doar & Dear B Digar © Oulee Hydred "
Panal Dubar Pl
| Nms A 150 487 167 1] |

Lightweight, Safe Performance at Affordable Costs I

LILRALTS deliad coml model eslimatias manufaciuring costs and comparss K 1D a
siate-of-the-art generc door

The: resuls of the economic analysis prove fai a steel door siuciuee with significant

| saveng can ba bull al sfoeskatia costa. With furhar development 1o reducs
:u?immﬂulmmmmpmﬂmuum used fo achizws addiioeal Stamped Sheat Hyoroformed | e o et e
weaigh! reduiction over P already signilcant actievements of the ULSAC door wil Outer Outar Genaric Dosr
stamped outer paneds. mﬂu mm LHERH Duer

Parts fabricaticn $78 s a1

Materal Lz e 44

Smping $15 % 1k

Tadurad Eiana Sarmpng §i2 §12 20

Tubular Hytheloming §15 §15 $o

Purchased Paris ) a §r

Azsemibdy §54 54 Ll

Total Cosi of Doars (5 $133 Sia §138

Quasi-Static Intrusion Testing

[ g e L ]

To kst e dode strudluee o side infrusion prodeclion, & quas-salc sde plusion
a5t Bimiar o LS PSS 24, inwiich a door is lested in A bl vehicls, was
performed on doors with stameed culsr panelks.

T benchedmarked kampless door wene aft lssted o anakyes how LLSAG
parforme companad toodeors thal had Eaen presously tesled in A ful wehich. e
mEgumed that bry schisving similar resuils s e benchmaries. ULSAC would also

maet FMVES £ moumnmants. Test resulis show thal the ULSAC door aciually
parforme befiar than e compansen door
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ULTRALIGHT STEEL AUTO CLOSURES (ULSAC)
A Success Story in Producing Lightweight, Safe and Affordable STEEL Closures I

Program Objective
Damgnalrats e afecthe use of sieal Iy paoducing Fghbweighl, sircciurally smund sloes aulemobds coscne panals el are mandiaciureiis 0 lags volimas s sfondabla

Program Backg rownd

ULBAC s a companion tn e UbraLight Stesl Auin Body [ULSAR) study selsasad in 1908 and the recently oomplelad [May, 2000} LitraLigh! Stesl Auto Suspensions (LILSAS) sludy. The
ULESAC progmm was commissionad by an isterational consorium of sheal sleal producess 1o assis] teir adomotfen custnmors wih viable bghhesighing steel sollons. The Consortiam
canttracied Forsche Ergnesieg Serios Inc i svide design and enginesting ranagement for beth the Concep asd vabdation Prasss of he rogie=,

Concapt Phasa
Tre Concepl Phase was a shady of nulomaotive closures, which included: doons, hoods, decklids and hatchbacks, This Phase encompassed benchmarking. langet setting and concephal design,
and inciudad FEA caloulstion snd cost anakss. Thi essall of this phasa wias tha eataction of & framedess donr 5 the: design aeampli for validation.

Validation Phase
Tre \Validalion Prass includes addiionsl banchmerkong. addiionsl design, and e buldng of demonstrabon handwsens o vaidale (he design conoepls. This indudes maraging delsiad

caveigpment and lesing.

ULSAC Frameless Door - Up to 46% Lighter I

4

The ULSAC study also demonstrated similar weight savings in:
P Hoods- 32% lighter than the benchmarked average

P Deckiids- 23% lighter than the benchmarked average
| Hatchbacks- up to 32% lighter than the benchmarked average

The Steel Industry...We're putting your great ideas on the road. The MNew Steel *-0-
For acditionsl information, vs American Aenerican Iran and Sheel insttute

The AlS| websile 8t www aulasisel ang,

2000 Town Cenbar, Sube 320
iy Iron and Steel

I“ﬂtltm Sauthfiedd, MI 48075-1155
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