
Steel
Lighter tha n

Hybr id Technology.  As a resul t  of  the current  c l imate protect ion debate,  p last ic-

meta l  composi te technology is  more than ever  in  demand in automot ive engineer-

ing.  At  the present t ime, automot ive manufacturers are systemat ical ly  examining

their  new model  designs to ident i fy  possib le appl icat ions for  th is l ightweight

construct ion method, which is  a lso l (nown as hybr id technology.  New polyamide

mater ia ls ta l (e account of th is t rend.

neta ls  contr i l )u lc  d h igh e last ic  nrod!r -
lus,  h ish st rcngrh ind duct i le  brhrv ior .
' Ihe 

main p l in ies uscd i rc  pohnnr id.6
grddcs (PA 6) bc..use dre! are dlnJnri
..llr reN slnrn{ ind harc good iDrPict
resisrdncerl high iDd 1ow ternperNlurcs.
Ahlörid conrponcnt is produc.d !r oüc
opc.at ior .  | i rs l  o f . r l l .  as x fu le.  sc lcrn l
th in wal led,  n.cp dr . rvn Deta l  prof i l .s
nfe phced ovcr l ipp ins in  thc in i€ct ion
hold rnd thcn s.lc.tiyelrreinfor.ed rfith
poh.Dr ide r ibs ( i r ) -Dl td asscmblr  or
I \ lA ptu.$s) .  l i ) .Rate r  dur .b le posi -
t i lc  or  non-P()s i r iYc conne. t ion bcrNccn
rhe nela l  und p lxst ic ,  use is  n[de o1

t||0MAs |.lAIEt(

,rbrid l..hnobgy conbir€s thc
sfcngths of  phsr ic  ind nr . t . ls
such rs stccl!nd alLuniDum. l'hc

opcninss,  bc id ins ind o lerDold i .g- , \ r
tbe sane tine, fLürcti(Ds nrch is nrorDt
itlgs and suidcs crn l)c lrtegrall,v nold
cd i r  the p l .s t ic  Nnrponcnl ,  Nhich is  de-
s. r ibcd as IuD. t rcnr l  in I€grar ion a.d
oteDs up corsidüiL)lc sxviDgs potentirl.
l 'ost  mold f in ish ing is  unnccessar l  -

unl ike \ . i th  a lu inum or  magnesium
pr.snrre die..st onrponenl\, SNIC or
( ; \ lT.  Despire rhc conlb i , r . t ion of  nLo

r .chndlogies,  i .e .  nr jecthD nrndins and
nlcr rl deep d.a\ring. pro.css rclixbilit-r is
h iSh. I tc icct  rates iD ser i r l  pß 'duct ion o l
hrgc, comder fronr cn(ls .re coDsider

Around 4o o/o Weight Reduction

lhc t j rsr  i .dusr . i r l  s . r le  rpf l i . r t ion o i
hrbr id tcchDologr \ fns t ior l  end\ . ln  the
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hsl ten yc.rs, coDsiderrbly more thrn 40
million oithcsc highllstress-resistantvc-
h ic le bod. !  s t ructura l  conponcnts hrvc
been produ.cd tionr sheet steel ind
DurcthaD tlKY J0 H2.0, a glass' fibcr- re'
infor.ed P 6 liom lanress, Le\rrkuscn,
GermanI .  ln  2008 d lone.70 d i l lc rcnr
n!ss produ.lnJn vchiclcs\rerefi tted $ilh
fro.! c.ds nludc from thh mdterial coD
binat ion.Vi  ur l ly . l l i  erD. t ion i lOl lMs
rclvoD h),brld front ends produccd fom
PA 6 and shcrt steel for both long rnd
short produ.riInr n,ns.

No$, I-dn \css, .s the i €ntor.ndpi(!
nccr of hlbrid techn.logl, ha5 \fnlcncd
its rrnge ofrpplication. tsesides conrpo-
ncnts for cir roof lranes, brake pcdals li)r
$nal l  lans l lom vrr ious manut ic lurLrs
are now being t,rcduccd fiom Durethd
BKV 30 H2.0 usirg hybrid technologl
(F iq. i ) .  Conprred wi th i ts  a l l  s teelcoun-
te.pafl, rhc hvbrid componenr a.hicvcs
60kg h igh.r  loadbear ins capaci t \ :  t r
\!eighl redoctidr oaarourd.l0 0i dnd cost
savitres oidl)oul 20 %. Anotber applicr-
lion ior 1ä 6 is the woild's first hlbrü
ped. l  br .ckc l .  lF ig.  2) .  h  cornpar ison { i lh
an a l l -p last i .  corrponcnt ,  i t  is  aroLrnd
10 0 l ,1 ightd.n( l ! lso exhib i ts  du. l i lc  bc-
havior in thc elent oitäilu.e.

ID hvbrid fronr eDds,alumnnünc.rr rl-
sobc uscd insrcrd ofsbeet steel.Thc lirsl
e\anrple ol ihis r{.s iD the Audi TT (Ti-
tle picture). This liont end is around
ls 01,  l ightcr  thxn r  coDlparable dcsign
with sheet stccl. The plastic uscd wrs
rgiin Durethdn liKV l0 H2.0.

On account  of  thei .weighr  saying po-
tentixl, theR'is ctrrrcntlva trend towielj

"lLuninum 
hvbrid lioDt ends. In mdD)

such proiccts, nrti nulicr u rerc arc turn ing
to easdoning P 6 v.rirDts to le\€rag.
<lcsign adrartagesrnd a)so rcduce mate-
r ia l  and prodrct tun cos$.  When hish
coDrponent sLillircss is fequired, glass
til)er reintörccd I,A 6 grndes $ith hish
filler loadings irc rLso used.

New Hybrid Applications
in Demand

As all previous scri,rl applications havc
sho$D, hvbr;d componcnts op€D up gre.t
potential lor wcight L€duction. Atrtomrk-
crs are thef€for€.t prcsent slst.Drnticnl-
h sedrchinglbr n$! ipplicationsand drc
particularlv coDcen t ra I ing on large stnrc-

t u r.1 .omponents for bolh r.hicle interi
ors ard e\te.iors {rig.3).

H) brid front eDds \!it h Lr uilt in pedes
lr n protcction are currcnlly rbout to go
i r to ser ix l  producr  ioü.  lh is  prorecr ion is
(lcsigned to prevent.ccidcDt victins be
irrg drrgged undcr thc crr. (lonside.i!ion
is rlso bcing given .t prcscnt to the idea
of directly io teg.aring rhe cr.rsh rele\?nt
bunrpercarricr into such ironr ends.

Ilrbrid .oncepts ior dooß, tailgates
rDd hoodsare\r r lpronr is iDg.  Bc.auseof
their complexity and thc high crash re'
quircDrcnts theyhdve to nrccl, side dooß
und tailgates are anong the Drosr.hrl
lcngins hybrid applicxtnnrs. A sidc door
prodüced using h),brid tcch nolog,v oftärs
i  nunrbcr  ofadentages.  I l .an bc up to )
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oi carrj.r nodulcs 1br panora.ric roofs
made liorn glass or polycarbonrte. \\brk
is benrg conducted on noduLe .oDccfts
thI lNe p.lt butylene terelhthalate
(PB] ) rather llian PA 6as thc mctalpan-
nel' be.aNe of its better dimensionrl
stabilit),, .nong othcr rcasons.

More Eff icie nt Polyamides

To help these neb'totential afplic.tions
of h)br tcc|nologybeconecsrrblished,
ranxe$ is de\tlopnrg both De$', sp€cill
ly tiilorcd tolratuide ftrLerials ind im

f roved productioD techDologi€s. Cood
€xandcs of  th is  arc the easrnowing
po lyanides D drethr. EF (Easr Flow)rDd
Dufethrn xl (XtreDe |lo\v). \{ith thc
f.asrflo$ range, over 50 0l) lo.ger floi{

pdlhs ca. be a.hieved than ilith compa
rible stand.rd gfades ofDLrrctliaD. f.sfc
c i r l lv  in  Lhe.ase of lxrge h,vbr id conpo
nents, sr.li matcrials oncc agdin pertuiL
lrall thickne$ ard part $'eight to b€ sig

ficantly rcduccd nnd .o. siderdble .ost
sari.gs to be nxde. For €xrmple, the re
placem€Dt of DurethaD BKV 30 H2.0
$.ith Durcthan BKV l0 EF i. the front
eld ofa lan ind s.da! nanutacturcd bv
an  fteri.r. auto materled to far lob'ef
production costs. tsccausc nriccl ion prcs
sftes are reduced by 40 0/0, tool w.af is
lowerand tlicre islcss rish ofcore breal
age, wb i.h . uts tool repair .osts. ln i.ldi
tioD, florv aids ..€ no loDgef ncccssarl:
Othcr silings arc achieved liom lo$'eL
injection teDperdtures ( energy consuDrp

ültjrell new possibilitics f or thc dcsi gn
ofhybrnl parts are oFned up bI highl,v
filledbut earyflosing poh"mides su.h as
60 0/o glass fiber'rcinfbrccd Duterha. DP
BKV 60 El: H2.0. This PA 6 is extreneh,
stiff, iritli a tensil€ modulus of ovcr
20,000 MPa (dry, room te'nperature). lt

cnrbles l\{lce the load le\tl to b€ aclieved
as compared $'ith DurethaD BKV 30 H2.0
(Fis.a l .  H)b, id  components p.odtr .ed
from 60 o/ir glass fiber reinlörccd Dur-
clhan DP BKV 60 Ef H2.0 can therefore
offer higher periorDancc or, it rcqui.c
menrs rre rn.hanged,.an be d€signed.s
thimer i{alled,lighter i{eightslructurcs
Thc high sriliness of rhis näterialillows
th€ plasti. content ofa h,vbrid stN.ture
to be hcreascd, which pays offespeclrlly
in geometricalll complex conrPon€nt ar
cas.This polyamide a lso has h igheL theL
rndl coDductivjtl .Dd, .v.D at elcvitcd
tcnpcrrlurcs,d higb lensile üodoltrs. H,t
brid co inponents produced $'ith this m.
terial c.n thereforebc rcnovcd fiom rhc
inold mu.h soo.er, s'hich shortens cltle
tim€s. l he poteDti.l savings oI1c.cd bv lhc

3,500

2,500

BWm H2.0

20 ll0lighlcr thdn rsheel sleel design and.
throrg| th€ use of frnctional integf ation,
can be directly provided $'ith nountings
for thc locli, airbis,loudspeaker, länen
ers, wn ow lifter mechinisDr aDd sidc

Ther€ is €veD poteDtial lor usirg hybrid
rechnologvrnde. the hood. For exünple,
h)öfid cor.efts 1or Loadbcarins toly
atuide oilsu.lfs Ie beingstudied. These
inust have far higher strucnral rigidit,!
than thc i r  non- loadbcar i .gcounrerpdLs
to ensure forc€ tr.nsnissioD ftomtheb€ll
housing lo the c.gine block. Hoi{ever.
polyamide k not $ffi cieDtll sliif inr this.
The problen ls sohtd wirh a desi8n
.,trick . The poll'imi.le oil suDrp is pro
vtrled $.ith ti!o sDalLhybrid s(.uts,rhlch
|ake over force transnrission but s.arcell
h.r€as. thc ovcrall wcisht of thc assc.1

'l'hc 
cross nic.rbc,, sidc tuembc. änd

rocker panel for the uDd€rbodl structurc
arc fu rt hcr "can didatel' lor hvbrid te.h
nologl They woold be arourd 20 to 30 0./o

lighterand beliave mucli morc favorably
in a c. rsh than.ompirable sreel  so l t r
tioDs. Ihese ä€quentll uDd.rgo localizcd
failure, which could be .ost €ffectivel,t
ovcrconc iD hybrid consl.uclion bI se
le.tnt !hstic renrturcements.

Hl'lrid .onstructjoD .lso off€rs adraD-
tag.s for dashboard ca, rie.s. I1 enables ca
bleand a i rdr . ts ,  inount ingsfor thesteer
ing colrnrn rnd pedal box, and fixiDg
bricltcts for rhcddshboärd tobe inregrat
ed. Another pot.ntirl aIplicalion is thal

Serie5 Newdesiqn

Fis. s. Calculalions showed tharfie lron( end ol a Geman compaci class crr nodelwould he some

38 % lighler il produced wilh highly rcinJorc.d PA6 inslead 0t Durethan BKV 30 H2.0
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glass i lbcr  rc in i i ) rccd pol ramide 6
(Durerhan l lKV l0)  and a h,vbr id beam
conbnr ing s lcc l  shccl  {0.7 mn) * i lh
I )u.c lh iD I IKV 10.  At  the begnrning of
llexural lord ing, thc orsanoshcet h$rid
conrponcnl  is  not  qui le  as st i f f  as the
plastic merrl cotrpositc. Howeve., ir
rbsorbs considerablr oore ene.gy be-
cause i ts  s t rcngth or  mar imum loading
l imi t  is  ncdr ly  twiceas h igh (F iq.6) .  Un
der Ioßionr ls t rcss (F is .7) ,  thc matcr ia l
bond bctwccn thc organosheet  and
polyrnr idc cvcn shows h igher  tors ion. l

The nr , rnut ic tu ing proccss for
organoshccl hyl)rid components bas now
been deleloped to thc point s'hcrc bigh
.nnual  qniDt i l ics c t tn bc economical lv
produccd. ̂l the end of1009,larse scale
productnn ol t1 highly intcgrated, load

0  Z  A  6  3 1 0  1 2  1 4  1 6  1 3  2 0  2 2  2 4  2 6  m m  l 0
Crosshead travel

Fis.6. ftenarinlm loading limit ol tho orsanosheethybrid desiqn lErlangor16$ bs.nli. the
3-poinibendingtesrisn.. yrwic..shigh.srhaiof irssheerh.r.lcounrerysn

ncw PA 6 areshown by tht ti)llowins.Ac
.ord iDg to cr lcu l . t ions by L.nxe$,  the

Production cost\ .rnd wcight of seriallr"
.rantrfactured hl'brid tiort cnds, de
signed to $, i lhst ind h igh nrechani .a l
nrcsses. cän be r€duccd by 30 to ,10 o/o
(Fis .5) .

0rganoSheets for
[arge-scale Production

.\nolher approrch to incr.asing lhc ap-
p l i . i t ion and per tornrdn.c fdtcnt ia l  o f
hrbri<ltcchnology is basccl <ln usnglight-
weight organoshe.ts inst.d(l of sheet steel.
' lhcsc f la t  sheet  semi ' f in ish€d pfoducts
.onsis t  of .  thennopldst i .  nrxt r ix  re in
lifced sith d wover or l.rid fabric nrade
fron glass, carbon or Drircd fibers- The
semi finishcd prcducts are selectivell
p.ovided \Lith pol)'aDidc ribs and $iff
eDnrg in aD injccrion n()ld. The moltetr
r hermoplastic polymer fonns a closc na
terialbond wilh the organosheet.

The mechanic. l  pcr iormance of
orgaDoshcet  h l t r r i t l  .onrponents was

anal)zed i r  J 'point  bending tests wi th
the h-vbrid .omponcnts in the form of
ErhnSer ten bennrs.  Ihe test  beams
studicd rvcrc a hybrid beaD combining
organosheet (2 lr)tr), tepex from Bond-
Laminatcs,  Er i lon,  Gernrany)  wi th

bcarDg body prrt for a 1u\ürl car mod

Full-surface "Hybrid Adhesion"

h.! early dcvclopment phase, tesrs are
b.ing c.rricd out .t l.anxess on a nerv
larianr oi hlbrid techDology in which
steelshc0tscoilcd {ilh an ädhesion pro
tuolef rfc uscd.Aftef shapiDg,lhe shccts
rre prov cd rlirh änd ädhesiveiy bo.d
ed to a polv nridc riti struclurc in an ir-
jcctioD Drold. L;nlike iD con\€ntioDäl
hybrid technology, a full surface bond is
obtained bcllrccn rhc melal dnd phsric
ralhcr lh.D stDt boDds. The qüasi static
simulation oi 3-point bcndins (Erlangcr
tcs l  bc inr)  sho$ed thxt  th is .dhesive
bonding herhod achic'ed a load db
sorption vdhrc nrore thrn tvice th.t ob
tiined whh u 'sh ndrftl bcam" (Fis. 81. ToF
siolNlsriflncss incrcased by40 0/o, flexor

;
E 0.1

s-
Fig. T.Th.rorsionalstill.ass olihe o.qanosheet hyhrid design (Erl!nqeriesthean)in therd6ional
lestistwice as hiqh as thot ol its cou' erpartbasedonsha6th6t!l

-)



i ls r tcD{th b)  rs  nN.h as l :0 , ' . .ndth!
dfn. !Di .  r ic \ur . t l  s l rcnglh rc l . \anr  to
. fxsh behavtuL l , f  l0  to .10,r , , .  Ihese in l
p, i )v .d v i lues rkc l r  p .s \ ib l .  to  dts igf
.o. r foncDrs $ i lh  lh inn.r  f i l )s  ind inr l l
er  dos secrnrN . ! rd i .  rh i \  \ .n  ro \ Ie
nr isht . rnd nr .ücr  i i l .  At  rhf  pr .$r t  r in f .
lh f  . i lcc l l !cn.ss ( )1 ( l i f fcrcrr l  r ( l l rcs iycs is
l ) . in !  s tudied.  lhe rnn i \  to  nrake rhe
rn) tef l icsol  .k lhe5i \c-bon( i . ( l  h \br i ( l
.o rll\r nents .rli u l.rble !r rh.rr pürs .rn
l )c  ( l .s iqned b l  s i r ru l . ,L joD.

[onclusion

Hvtf i(l tcchDo|)gr his continu.rth d.nr
. .sr f i ted i ts  I r ) lc . r i i l  lor  i rhrwejgI l

.onsIru.1!D i r  the.crr r !n i i  l i r lu . t i .D
oi  s t r ! . rür , r l  .onponents ibr  . rük,mo
bi les.  OI t ,o11unir i r .  i i ) r  the usc, , i  rh is
1c.h. . lo8y wi l l  cont i r !c  lo  tn. f . r \c  in
h ' tur€.  Ih is  Ni l lbe rß incd brreNer nr . r
re. i l l5  5u.h rs  h ish l f  J l l le( l  po l f rn)n les,
nei r . . l .u l . ' t ion nrcrhols such rs r t ) l \ r lo
g lopl in i?r l ion of  inr .gr . r r i \ ts iNr  I r l ion,
re$ n i rn l ( )s i1e crr r \ l r ! .1 ion nr thods
{ ,ch .s  o,E.moshc. t  h \ l r r id  te.h. .k ,sr
.ürd t i , . rh . r  impo!( l  r io .ess ins r f . rh
, \ l s .  I . n \ r s s i s d r n i . g r h c s c i  r , !  i o n s
bNlxnl  Ri lh  i ts lo . !  \ l ind inge\ t , . r j .n .e
ol  industr i , , l  f  rodu.r i l , i  pro i . . rs  in \oh
iDg h lh,  ! l  .ompo.cnrs.  Ihe ohie! r i \c  is
i l$ryr  t l re  s im€ nrn)LLv to e\ t r | ] l  the
L i n r i l \ , ) l ( l . s i g n t o s \ i b l  i t ! i . o ( l . r l t ) c \

l ,  srd,g t ,oh rhnl .  in  rn nr ic . l iur  nr , i { l
LDgt ,arr ' r *  \ ! i rh  rh.  hc l t  o f  B, \s l , \  l  l
l r .s inr  d.vr | l )pmcnl  l rs l r !D.n1,  i l  $ .s
posibh l ( )  r .du.eth.  \c i rh l  h !  I  lg  ( in l

t r .cd lo  rhe \ rnrc. r r " toncnt  nr . t le  of
nr€r i l  . r  nr i lestonf  i I  l i rhr \ve ight  . . r
.onsl i  r  . l iur ) .  In  .ddi t l ( f r  lo  $.c iH i r  rc
du. t iod,  !1 . \ . lo !nr . rL j i , . rsed ( ) .  o l )1 i
DruDr r .h i . lc . r .oudj . .  rnd . r idr  s . , tch:
\s  tu.n h! . l i lu . r t f  r . \ r inS,  thf \c  r$o

Iü h. ,nxr t ,  rhe dc\ . lo | . r ,  nr in . rs . l
r ( i  ( l . . r l lv  r . l . , t , t  lhc .o. , t i ) fcn l  to  rhr
.vx l l , rh l .  inst . r l lx t lon +r . . f .  l  ,c  ptNr i l
lnur !n i$ ion r , , i$ l rc .n)  r l \o  lü l l rs .  is l i$
lh.h iLh tcnrp.r .  u i !  rcqu i r fnrrn l5  lh i l  r .
su l (  l t rn  the pn) \ inr i t )  to  rh( .xh.usrs! \
1t . r .  r \ fo th. r  r ( l ! , r r1rgc is  l )c(cr  r .c t .L . r
l ) i l i r \ r  ( lür r iT. .h thus.o. r , ih ! t .s  ro na
rr iD. i l r i l i t r  \ f ' rh  rh is  produ.r  r \  $ .11.

Lightweight and Heavy-Duty
Polyamide.  N.w. ,nr l i . . t ions ror  l ight
i{clght comporents xre tunn,rnLh, beirig
l iür ( l  iD lhc iu to i r {nnc \cr t ( i r .  For  lh .
fißr (inrc, a rr.rrinission rus lre.rD h.\
l ) . . r  hrnur : rdf te( l  or '  t l r .  p lani r
pt  y t rmide Dd us.d is  s t  r r l . r id  in  rhc
ncw l l l \1 \ \  5  $r i . \  cra!  lu . ismo i50i .
I l \  !hoosi .s  rhe r . \ l \  d . \ r l . t ) .d  t t l r r r
nrn l  r \ r \ \ 'Gl0( l l t  insre. ( l  (n , r lunr inum,
it w.rs po$ible 11, r!dtr.e the 'veirht ofrhc
t i r l  h \  :0  'b .  lh f . io$ b. . r r r ,  \ lh jch w.r \
de\ .k) fed br  ( :ont j lech \ i lJ r r r ion ( i r r
t& ' l  ( ;nrbH, t l .üro\ . r ,  c . rn. rn\ ,  n  c lo i .
nr i t ) i r i r ro.  \v i t  '  ü \ l \ {  A( i ,  N1uni .h,
( ic fnr . rnv,  üd lJ ' \SF SE, I  u( l \ ! igshr fen,
C.rnr . !h : ,e.c i \ f ( l  rn  a\ f , rn l  iu5r  i  I i \
drrs.'tlc' st.ürl.',d pfodtr.rn!r oirhe ve
hi . le  (ot  n inc, l :  I i r  thr  InrLrLnr t  Lr lcS, ,
r , r ,  i1  l rnded rh!  j l rs t  p1. . .  I fnoyxr ioD
, \s . ' i r l  ronlcn.r l  h1 rhc l - . ( lcr . I i , ' r  o iRc
nrn! . .d  Pladi . \  i : \ \ 'N) .

l  h(  t r . rnsniss i , ,n . fosbfrnr  .s tnr .
r 'Lr r  . ' ) . r t 'nrcr '1  r lcs lgnc( l  l ( )  \L l lhs l inr l
h i lh  l ( ' id  is  lhc r l i re(  l in l i  lo  t t re eD
ginc- t rxnnnis i . r  t r )ounr  l t . ( inr  Lrr lcs
to th. o\.fill r i!i(lir! oi dr' !(hi.l€ .rnd
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