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Schmieden der Mg-Legierungen AZ31 und AZE0
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Ma-wrought alloys recently became an engineer material of con-
Stantly Bl g nterest. The mechanical progertics ol extruded
dstock of llh’- allovs AZS0 amd AZ31 indicaic their suitabil-
o i pplications in Forny of hizh-guality forpines,
Tharelore a LILt.il ed mmﬂ s:dge about the forming behaviour is
ol partculac iport W eotnpare mechamcal propertics

atlable My- (o > COMPIession sty al oo -
perature bave heen cavied ovt hy applying batches of AZ31- and
Ad80-feedstock. Cylindrical specimens were made out of received
continuously casted as well as extruded AL3T- and AZB0 - rods. A
quantitative analysis of Mg-feedstock’s microsmructure has been
carried out. The characterization of the deformability of apphied
Mg-feedstock under hot working conditions could be perfonmed
by nans of uuiasial pinm steai upscliing Losts al lemperaluies be-
tween 300 and 450°C as well as b thisde steain rates of 1074 1
and H0s7' 1t iy shown ?.m( the chosen parameter range ensures an
cuhanced deformability of continuously as well as extruded Mg-
i'c't:dstnch.. I'he subsequently cwried out determination of micro-
seructural evolution could be related to obtained flow smess curves
of applied hatches of Mo-feedsioek. Furthermore, FYMFEM-sya-
tems have been employed in order to design a simplified geometry
of heated forging dies suitable For forging tests. Lhe tests have been
carried out by means of o hydraulic press. During the testy their
mnch velocity has been varied between | and 40 mun/s, Henee nu-
merically simulated results could be confirmed by practical tests.
Eacmplary forgings ol a siplificd shage were made out of all ap-
baiches of Me-leedstoch. No romakable faituges have b
detected.
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Das Interesse an Mg-Knetlegterungen als Konstruktionswerk-
siofl bir aviomobile Anwendueig 18U jeagster Zest stark gewach-
s, Dahier Ist o detaillions Keantnis der optimalen Paramcicy fiir
die Massivum{onnuong von besenderer Redeotung. In Jder Absichr
cinen Vergleich der mechanischen Eigenschaften des Mg-Aus-
sals des Typs AZ3) wnd AZS0O wu crmdglichen, wurden
ersuche hei Ruumtemperatur durchgefiihre. PYe Proben hier-
fiir sind sowohl strangaegossenem als auch stranggepresstem Aus-
pangsmaterial beider Legierungen entnommen worden. Die Cha-
rakterisierung der Ausgangsmikrosiukiur erfolgte mittels einer
quantitativen Clefiigeanalyse. Die Charalcerizierung der Uform-
harkeit heider Legierungen erfolgte durch Zylinderstauchversuche
bei "mpcrdlurcn von 3U() bis 450°C und Umformgeschwindigkei-
en von 107, 1 und 10sh Es konnte geecigh werden, dass dic be-
DA I’armua:lcr cinen Schmicdeproecss [Ur alle verwendeten
Tvpen an Ausganssmaterinl ermdelichen. Der Einfluss der Uim-
fonmparameter auf das Ver- und Entfestigungsverhalten des ver-
wendeten Ausgangsmaterials st herausgearbeitet worden. Unier
Verwendung eines FEM/FVM - Simulationssystens wurde eine
Gieavur fiir etn izotherm beheizres Gesenlc ausgelegt. Minals einer
hydraulischen Presse sind Schmniedeversuche bei eingestellten StG-
beigeschwindigkeiten vou 1 bis d0nus durchgelfihit worden.
Schmiedestiicke einer vereinfachten Geometrie konnten ausgehend

vom AZ31- und AZS0-Auseangsmaterial im steanzgesossenen und
stranggepressten Zustand obne Auftreten fublerer Fehler hergestelit
werden.

Schitisselwirter: Mg-Legiorung, AZSO, AZ
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1 introduction

Although the application of Mg-alloys oifers puwnliuh for
a welght reduction in automstive part design, their use is still
lmited. In comparison o Lumpcm" lght-werght materials,
such as aluminium atlove, they are of rmall importance. In
particular the applicaton of Mg- \wrought alloys represents
asmall parcof indusirial consumpton for auamnative pare pro-
uumur L] \UL}H‘OUT. ;cmp'mcntﬁ o of Mg-wrought
& tages of Mg-ma-
I, ﬂl“h as srmll \pt“vfu‘ we ight, excetlent rnaclmmhilnh
nearly unlimited raw material resources as well as goad recye-
abibiy, further outsanding propesics. inciuding higher yield-

foie proprerti ‘ -
tigation is, 10 complete and extend the existing technological
ki\lelLd“(‘ concerping the value-added chain far components,
made of \fg‘dl oys AZ31 and AZ80. The exigencies of the
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lormulaiion of addivonal know-how’s Jor the production ol
bugh-quality Mg-forgings is accommodated in form ol inves-
tgaticms concerning in partcutar the forging process. The
further intention is, to evaluate possibilities fur the implemen-
tation of a production of Mg—forun:;s ol AZ31- and AZS0-
loys, excluding the commonly employed exirusion process.
This sholl ensure the opening of new potentials [or cost suv-
ings in the value-added chain of Me-forpings and requires the
supplement of a fine-prained Mg-feedstock as resulr of the
continuous casung process. The tests have to indicats orienta-
dons [or further developments as well as polentials Tor im-
provements of mechanical properties L.F forged components.
The o oF the

kT

of confinuousiy casted and ¢
have w be determined.

2 Chaz‘acter:stecs of Mg -Feedstock

The churactensucs ob recetved Mg-leedstock are of vl |
importance Tor the delormation induced hadening- and soli-
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Table 1. Mechanical properties ol received Mg-fredstock
Tabeile £, Mechanische Eigenschaften des Mg-Ausgangsinaterials

Material oy UCs [KIFal El [%]

AZ3) - coni. casled 384 2635 2hs

AZSO — cont. casted 89.6 268.8 10,6

AZ3] — extruded L LT L LT L LT
as received 04.7 56.3 397.0 278.0 1.8 158
solution heat weated 737 52.6 376.8 280 11.5 16.6
artifical aged 75.1 48.5 3938 2633 12,6 142
ATS0 — exuuded . T 1. [ I. T
as reecived 1593 1168 4313 3529 114 12.8
solution heat treated 1043 82,0 420.1 3662 12,5 18.5
artificial aged 1542 126.7 457.6 373.6 10.5 11.7

ening hehaviour under hot working condition as well as for
achievable mechanical properties of AZ31- and AY80-for-
gings. Thus in particular the initial grain-size and already ex-
isting strain values strongly influence the specific waterial be-
haviour during plastic deformation. In addition, the determi-
nation of Myg-Teedstock properties leads 1o indications for
achievable swtic properties of forgings to be manufactared
in several tests.

The examination of mechanical properties by means of
compressian tests led w the results displayed in Tob T in or-
der o carry out these tests. cylindrical specimens of dimen-
sions of G2.5mm x 20 mm have been machined out of 1e-
coived foadstock (continuously casted as woll as exuuded).
The arientadon of the specimens of extruded foedstock, avail-
ahle in form of a round rod, has heen varied paraflel and per-
pendicular to the extusion direction. In arder to estimate the
influence of heat treagment on mechanical praperties of pri-
marily deformed Mg-feedstock, the compression tests have
been carried out by applving several heat treatment tempers
as there are B, T4 and T6. The solution treatment of AZ31-
feadstock was carried out at 390°C and a dwell time of 12
hours. For the AZR(Heedstock a temperature of 410°C was
applied for 12 hours. The subsequent artificial aging was car-
ried out at temperatures of 150°C and 170°C respectively 12
hours.

A strong dependence of applied solution treatment condi-
tion on mechanical properties has heen clearly found for
AZR(-feedstock. Variances in compressive strength values
and compressive strains ac failore are obvious. Tt is confirmed.
that in particalar plastic deformation of AZE( material has to
be carried out by wking ima accaunt the actual conditions of
applied feedswock. Because of the solvus-teroperature of the
AZR(-allay, located in the range of applicable forming tem-
peratures, the accelerated creation of precipitations may be
caused during the primary deformation process and subse-
guent forging steps. Thus the efficiency ol a precipitation
hardening treatrment after the forsing process is direedy influ-
enced by heat treaiment conditions of received extruded feed-
stock and applied jorging parameters. The displayed values
Lor the compressive yield strength, corpressive stiengih as
well ay achievable compressive sirains at failure converge
to the characteristics of the hear weatment condition TS in

case of application af a relatvely fow forming temperature.
Basically. both of the Mg-alloys dispose of the constitutional
assumption for the precipiation hardening process, although a
technically useful enhancement of strength values is achiev-
able for the AZ80-alloy in particular. An enhancement of
notch sensitivicy must he taken into account [4L

The mechanical properties give further indications for tech-
nical necessities of forming-processes suitable for Mg-
wronght allaoys. Whereas displayed strength properties of con-
tinuously casied Mg-feedstack are assumed as to be nearly
isotrapic. the processing of Mg-feedstack by extrusion causes
thetr pronounced fibre exture. While plastic deformation oc-
curs slip is preferred on (V001)-basal plancs. Lhis fact subse-
quently leads o their preferred basal—planc arientation in flow
direction {5}. Tn cansegquence of this pre-orientation of the ele-
mentary celis the activation of different deformation mechan-
isms is caused in dependence on employed forming tempera-
tares and foading directions. These. tor hep - metals typicatly
inherent property, leads 10 less isotropic strength- and strain to
failure values. Compressive loads of specitoens, orientated
perpendicutar o the extrusion direction of extruded feedstock.,
enable eased slip movements in numerous pre-orientated ba-
sal planes. Published values in literatare exhibit by far higher
values for the renstle yield suength than for the offset yield
strength in case of the orientation paraliel to the extrusion di-
rection. These differences may bhe explained by the ereation of
deformation twins in {10312 }-second order pyramidal planes.
In this case the chosen load acts paralel ta the preferred basal-
plane onientation. The comparison of tensile and compressive
yield strenpth values in perpendicolar orientation of extruded
feadstock does not show such significant varieties [6. 7]. Fi-.
natly the erystal arientation and the microstrucrural fexoure in
form of elongated grains and precipitation hands. mainly
caused by the extrusion process. inlluence the lorming behav-
wour o AZ31- and AZS0-feedsiock in diflerent dirsctions.

With regaud 1o the production process of My-forgings it has
to be reasoned that their requirements on the toading direction
in service should be aligned with the concrete conditions of
material flow inside (the lorming die. The forging of primarily
delomed bawches of Mg-feedstock by avoiding the recrystal-
lisation process, what vsually provides an enbancement ol
serength properties, in particular in case of application of

2 1. Viehweger, AL Kavahet, 8 Ditring, and 1. Schaeffer
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3 Determination of Flow Stress Curves

lhn determination of Mow siress curves megls VAo 7e-
Phey mainly seove as daga-buasis h 33 nurm‘ri\:ai‘

simuiniion of furmiog process
s, Furthermore, the achieve E“'Nf.i}r‘ff:»:«‘h.‘-{? sumin al mh..m
attzined by means of uniaxial upseiring tests, should pro
first indications with rospect 1o the materials deformability
eritical rross section arens of the {orging's geomewy. A sab-
sequent metatiogralical analysis was smployed for the deter
minadon ol microstruetural evolution. cavsed by warnn for-
ing gt wemperatues betvern 300 - aﬁii"‘i“ tn this goniexy e
determination ol the orit u al pont for rou Hisaton in de-
i fate aod

e
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Sie
\
.

TS

feradstonk o

Abb, L

Geli

H md ; .}.i &
asted and exir dd

pose, vilindrical specameis of

Coting.
L HI and -
enck™ was applicd uui =Y
1 ::am.f cm'. (hc deform he velocity bas heen fept
xrii}’!mic steain rates of 131, L ond 18
mmwn Se ,L;; v flow stress curves of extiuded Mg-
A31 and AZST at the mmperaiues af
yrates of 1 e
and seflening behaviour of ex-
SLOUK W I.J\l plastic deformation basically
miches the refetence valuos in vatous publications {8, 9,
L1 Boih hinds of Ma-alloys exhibil a prior handening effect
up o plastic strain mil s of G415, The hurdening effect is ac-
commpaniad by dyna sfiening, that becomoes more impar
tant as plastic d irnm.w Wit prow The eritical pomc ol -
iinl recrystathisaiion is x.h;} wlerised by softening as a resull
of nucleation proc This leads 10 sudde zd\' decreasing
flow suress valucs, as much as sullcoing overlays the harden-
et hn.}llg as shown i he flow steess achicves
steady-state” conditon where hordening and softening-
s represent i cquilibrium staie.

i1 is remarkable. that achievable compressive Strins QR mi-
nor for AZ3 1 thae for obtained values far AZS0, This, for the
seneral understanding of AZ-atoys uniypleal fact. may be
wausod by the existence of large, in extnmsion direction clon
wated prains i apphied AZ3L feedsiock. Several heat treat-
ments, appticd on AZ3-feedstock. did not result in atiertions
in oicrostucture. With regard 1w the geain size distribution,
the CXLEUSION PIOCEss ul AZRY altoy is less eritical fo
AR than for A¥31 {11 In addiion W this the AZRO-peci-
mens huve been guench ed i water discetly afier the solution
treatmenl. Phis Goally results in high cooling raies, which
avoid the creation of y-phiase procipiiaions. The avhievement
of higher compressive strains ai fatiure will be §

Fig. 2. w‘i'rug aphs of  eatruded
AA3L e AZBY tright, (ira
&b 2,
materialy AL

anggrepresston Ma-Aus g
)/ AZAD qrechin), (transversal)
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4 Analysis of Microsbructure after
Deformation
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Tenation proveeds deformation twms become more abyvious
ag well as the recrvatallisation process s inttiated doe 1o the

: oirespanding micrography
du not show any delonnadon twins s @ sesuln of proceediag
sation. I companison e tis, i s remarkable that at
aplastie stizin of T L and o deforipion temperature of 300°C
deformation twins appear in smadler dimensions as already
eaplaned for o fonmsg wmperature of 400°C (121
I 1 wion behaviour of specimens, machined out
of reccived AZE sdstovk, has been examdned fo the same
way. At forming emperatuies of 40070 deforeed specimens
du not extubit any twinning (fig. 51 In fact primary recrysal-
{isation seerns o donunate the material’s saftening behaviour
dircedy afier the defosmadon process stasts. Flow stess cur-
ves deterinined from specinens that have been cut in an o
ientation radial Lo the extrusion direction of reccivesd rods,
conlirm, at dosing plaste defenmadon even at small logza-
rithmic suain vatues the eguilibrivm srate of hardends
and solicning mechuntsios is achieved. The sofientng behav-
iour of AZSG-aloys ar forming temperaiures of 3007°C s char-
acterived by twinging. Primary reoryatablisation becomes ob-
vious when the | ihmic plastic deforaation execeds the
value of 4.5

The analysts of AZ3 Lspechinen deformed up © the Lo
rithmic plastic strain ol 1.0 by the applicaton of forming
peratises of MK aad 4007C demonsuaies thar thely micro-
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1t s lacking prior bard-
v influceces teeir foraing behaviow. A analk:iixh: cha-
istic s the in relation o the goin volume smaller percea-
tage of graie boundary areas resalts w decreased nm!s:;m(m
The rucleation bi course grained material is lessrandomly d
teibuted wnd ocvwrs mainly v foin of a rypieal voecklace™-
sture. For the AZM alloy tis ean %ac vvmé'\rv“;:d for all
temperatures acconding te fig. 7 I muvﬂmiiu‘mf
g boundary areas shear moveme nts are e u,u(mir'
Ry mntlmuie 1o the soltening behavios
tion proceeds. T addidon o this, these shear weas may be
pointed o as 3 reason for further sucleation activities. Com-
monly prhlished mguments for the dc'acripliun ol mfiuenees
of the initial srain size on the deformaton behaviow alse to-
chude the fact that stored energy ends (o inerease with a do-
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amtecatly in

st s assuimed,
SSSER can conti-

im‘ 1o the marenial’s seltening, However, the d-_‘,zbi'mu{iun Al
compa ey clevated teraperatures of 350 and 400°C 4

characterised by a fine-gramed microstruciie, \&hu sag the
already C‘\’ ;lum::d dependence -.ai reesyst:

5 FYIM/FEM - Simulation /

Sample Geomeiries

The

1 ATl
the AY31

conlimmation of e wor
and -‘fbﬁ JLL(inU\.

has been do
repading U
ously casted amd ext ddu; !
curves have been implemes
order to enable 2 hasic unders
provess real die peos
detaited nndersiandi

yess
EM- and FVNV-models. In
g ol the ntonded forg
wededling, A
: ni rhc t *czsl :E:- irihuf.ium e‘l' c.c;\u\

otries were used

plastic straios and cquiv
been eoabled by o
racchanical calenla

@ strain £ o=

ts uidler
) : i proper-
$LEMPOTALTL - de p‘:nrh ru Jensity, .\pcu fic heat and
ricrinal conductivity, were taken lom various publications
VEGL b4 e order mpmciucc friction conditons between
die-surface and work plece as well as possible. supplementary
plane stzain ring coraprossion tess by derailed paramerer va-
riation have been realized. Exemplurily shown screenshots in
iy 9 docwment that veloctties of H0mnys resull in an effeg-
tive strain tate of more than 30 &' Effcctve strains {v. Mises)
could be determined with maimom values of 1.5,
i g rial fias beew con-
; smaall simplified die
seomelries. Thos (‘Iidl‘l"‘s Jaa, p@w&nhn of a comparison of
nuraericaity calevlated forces, available as resulee of the
FEM /FVM simudution tasks, and obtained values taken
from a load cell implemented in the applied die. For the form-
2 wsts a hydravlic press bas been applied. Comparaive
neh veloocities i the sasge of L oand 40mm/sce have
been setup. A graphite-suspeasion in ol sorved as a lubricani.
tdemonstrably provides a good perforinance with tespect (o
the fiiction behaviour. The l'orming iemyperatures have been
varivd Asan exemplary result it has been showan, that iurvmv
was usity o realize Tor all applied kinds of Mg-feedsiock
fatbures at cruicat poinis of the geometry were detected {/ig
1)

8§ Conclusion

In the range of presented investigations the typical 1'umlis‘sg
}’H()pu‘!- s of continuously casted and extouded My-feedsiook,
stoys AZ3L and AZBO, have been determoned and comy
The mechanical properies, derermined by means of plain

red.
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lesipned and applied for the ng toats, W bas been shown,
tad <imphiliad shapes could be fonmed o of all Kinds of Mg-
Teeds

sk l' \.t.u At LII!H iy ].ag*! 1HL11L.]! \’Lil}\.[lhh o i’a\]-uli.h
wicre dotes i

sity ol Techpobogy, lmerdisciplinary Rese

tees

AT Kamener, Magnesjum
‘)l.i t:i.i.'u i "'(I(li} i
3 ik VAL Maseriabwissenselaf wiad Werk-

. Alininuine-Zentale,

:\‘. Jemdliunely 1956, 47, 107,
4 cnbuch, Aduminiune Zomraie,
3. .{u's:.u.cs}l.-;-!l ar FSATA - Matevials Lo Fa-
2 - E_'I
£,
1 :
wimn A'iin_-. B ;mal'l hetr Applications,
243 433
H Lo Wi
erks w:!’,rf. ] ”Ni RARES
9. N, Zhane, X Ruan, K. Osabada, Trans, Nowferrous Mer, Sac.
MR, 12 AAZ.
i sy, ML Abousidouane, Zelischeift fiir Mewatliande 2001,

22,1231
H. Swicstek ctal., presented at 8 Inernational Conference - Ma-
rensiut Alloys and Their Apphoations. Wolfsburg, Germany.
2044, 178
12 F ) Hl.-u]phn:y M., Haherly, Rearystatlisotion and Relaed
Anuealing Phenomenn, Oxford 1995,
P3N Ogawa, M. Shiomi. K. Oselads, Guesnarional Joarind of
Maihine Toois & Mumfocure 002, 4, T
L4 ML ML Avedesian, W Baker ASM Speciality Handbaok: Ma-
sim and Magnesiun Adky aicrials Puck OFLI999 1135,

-

v
el

Currespondence: Prof. Dr-lag, B, Viehweger, Brandenbueg Univey-
ach Centre For Light-

Aonrsd-Wachsiaanas-Allee 17,

weight Materdals “Panta fhei”,

(3046 Corbus,  Germsany,  Teb:  +A0(07355/60.7108, Fax

A= OSSI6G-3110, c-mail: viehweger @kl tu-coirbus.de

Received in final form: 122264 IT 836]
Mat-wiss, wo WerkstolTiech, 2005, Jo, No, 3 Forging of Mg-Alloys AZ3) and AZEO i)

# ATETE S WILEY-VOH / ML 7 Artiket T 858

Black 04.02.2005 t/3b2Muw/Fatnon/TB563d psi 7



