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Abstract 
 

The results of experimental and numerical analysis of MgCa0.8 magnesium alloy are presented in the paper. Basing 
on experimental tests the flow stress function and the dependencies between ductility strain, triaxiality factor, temperature 
and strain rate were obtained. Experiment was performed on the testing machine Zwick Z250. The algorithm based on the 
inverse method was used to interpret correctly experimental results. The FEM modelling of upsetting and tension tests 
was helpful to obtain conditions of material fracture. The developed models of mechanical properties were implemented 
into the Drawing2d FEM code and simulations of drawing of surgical threads were performed. The introduced approach 
enabled modelling of the drawing process at elevated temperatures, accounting for the material fracture. 
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1. INTRODUCTION 

Magnesium alloys are more often used in aero-
space, automotive, electronics etc. industries. These 
alloys are formed similarly to other metals,  using 
processes of rolling, forging, extrusion, stamping 
and many other technological processes applicable 
at elevated temperatures (Watanebe et al., 2004; 
Ogawa et al., 2002; Swiostek et al., 2006; Cheng, et 
al., 2007). Performed studies by Bach et al.’s (2006), 
Heublein et al.’s (1999); Haferkamp et al.’s (2001), 
Wan et al.’s (2008) have shown that by certain im-
provement of the chemical composition (usually 
adding a small amount of Ca, Li), magnesium alloys 
achieve a high level of biocompatibility with the 
human body and dissolve in the body without signif-
icant medical problems. Several new magnesium 
alloys for biomedical applications (such as MgCa, 
LAE442, MgCa0.8) were developed at the Universi-
ty of Hanover (Bach et al., 2006; Thomann et al., 

2008). Production of surgical threads to integration 
of tissue can be an example of application of these 
types of alloys. These applications requires fine 
wires with diameters from 0.1 mm to 0.9 mm. Due 
to poor formability and limited ductility of magne-
sium alloys in room temperature, drawing process to 
dimension 0.1 mm is difficult.   

Low ductility of the magnesium alloys corre-
sponds to their hexagonal close packed structure. 
Thus, the process of cold forming is practically im-
possible (Eickemeyer et al., 2004). Von Misses 
(1928) writes that the plastic deformation needs 
minimum of 5 independent slip systems. In the case 
of magnesium alloys at room temperature there are 
only 3 independent slip systems. Therefore, it is 
necessary to increase the number of slip systems, for 
instance by raising the temperature. In Bach et al.’s 
work (2005) a new manufacturing technology of 
tubes made of Mg alloys is proposed. In this tech-
nology the metal is heated by a hot die and the proc-
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ess of warm deformation is performed. The theoreti-
cal description of the wire drawing process with a 
heated die is presented by Bach et al. (2007) and 
Milenin and Kustra (2008).  

The model of material ductility is a very impor-
tant part of the FE program for simulation of draw-
ing. Availability of this model enables optimization 
of the process of wire drawing on the basis of the FE 
simulations. Fracture problems for magnesium al-
loys are precisely described in literature (Eicke-
meyer et al., 2004; Milenin & Kustra, 2008; Yo-
shida, 2004). However, these works account for only 
few parameters of drawing, such as the die angle and 
the reduction ratio. Magnesium alloys containing 
aluminum and zinc (such as AZ31) are investigated 
materials, which have a bigger plasticity than Mg-Ca 
alloys. However, the ductility models of Mg-Ca 
alloys are scarse in the literature. The yield stress 
models of the latter alloy for warm deformation are 
not available in the literature, either.  

The purpose of this paper is the development of 
mathematical models of the yield stress and the duc-
tility for the MgCa0.8 alloy, implementation of these 
models into the FE code and simulations of wire 
drawing processes in heated die.  

2. FEM MODEL OF PLASTIC 
DEFORMATION IN DRAWING  

The FE code Drawing2d developed by Milenin 
(2005) is used in the present work. The FE model 
solves a boundary problem considering such phe-
nomena as metal deformation, heat transfer in a die 
and in a wire, metal heating due to deformation and 
friction. Solution of the boundary problem is ob-
tained by using variation principle of rigid-plastic 
theory:  

    
SV V

iiis dSvdVξσdVdtJ
i




 00
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where: i   strain rate, s   yield stress, i   ef-

fective strain, t  temperature, V – volume, 0σ   

mean stress, 0   volumetric strain rate; S – contact 

area between alloy and die,    friction stress, v  

 alloy slip velocity along area of die.  
The friction stress is determined according to 

law:  
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where: trf   friction coefficient, n   normal stress 

on contact between the deformed alloy and the die. 

The stress tensor ij  is calculated on the basis of 

the strain rate tensor ij  according to the following 

equation:   
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The stationary formulation of this task is used in 

the paper. The tensor ij  is calculated by integration 

along the flow lines:  
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where: )( p   time increment, )( p
ij   strain rate 

tensor determined according to equation:  
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where: N  finite element shape functions, ijn   

nodal strain rate tensor for current finite element, nnd 
– number of nodes in element.  

The points of flow lines are determined on the 
basis of the values of the velocity at the point p, 
which are calculated according to the following for-
mula:   

 



ndn

n
inn

p
i vNv

1

)( . (6) 

The calculation of the position of the next point 
(p+1) of flow line is carried out according to the 
equation: 
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3. THE FEM SOLUTION OF THE THERMAL 
PROBLEM IN METAL  

Thermal problem is solved by applying the fol-
lowing method. The passage of the section through 
the zone of deformation is simulated. For this sec-
tion at each time step the non-stationary temperature 
problem is examined:  
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where: isdQ 9.0  – deformation power, c – spe-

cific heat;  – alloy density,  – time,   – thermal 
conductivity coefficient (the following values are 
used for MgCa0.8 alloy: c = 624 J /kgK,  = 1738 
kg /m3,   = 126 J /mK), r - y cylindrical coordi-
nates. Heat exchange between the alloy and the 
die is defined as:  

 

  dieconv ttq    (9) 

 

where: diet  – die temperature,   – heat ex-

change coefficient.  
The generation of heat from friction is 

calculated according to the formula:  
 

  vq fr 9.0 . (10) 

4. FEM SOLUTION OF THERMAL 
PROBLEM IN THE DIE 

The model of temperature distribution in the die 
is based on the solution of Fourier equation in the 
cylindrical coordinate system: 
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where: Qh – power of the heating element.   
The heat Qh is generated in the finite elements, 

which correspond to the position of heating device. 
The boundary problem is solved on the basis of the 
variation formulation of equation (11). For the areas, 
which are in contact with the metal, the temperature 
of the alloy is obtained from the solution of the 
thermal problem for the metal.  

5. DUCTILITY MODEL  

The key parameter, which presents fracture, was 
named ductility function. This parameter is deter-
mined by the following formula: 

   1
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
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 , (12) 

where: k – triaxility factor, sk  /0 .  

Critical deformation function  ip tk  ,,  is ob-

tained and is based on experimental studies. In the 
Drawing2d FEM code equation (12) was imple-
mented as a following integral: 
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where:    time of deformation, )(m   current 

time increment, )(m
i   values of the strain rate in 

the current time, m –index number of time step dur-
ing numerical integration along the flow line.  

Critical deformation function  ip tk  ,,  can be 

obtain on the basis of experimental results for the 
upsetting and tension tests at different values of 

itk ,, .  

6. EXPERIMENTAL STUDIES 

MgCa0.8 magnesium alloy was used as a testing 
material. Figure 1 shows the dimensions and shape 
of samples for upsetting and tensile tests. Upsetting 
tests were used to determine the flow stress model. 
Both upsetting and tensile tests were used to calcu-
late coefficients of critical deformation function. The 
material tests were performed in a Zwick Z250 test-
ing machine at the AGH University of Science and 
Technology in Krakow, Poland. Results and condi-
tions of all the tests are presented in tables 1 and 2. 
The range of temperature and strain rate changes in 
the experiments was selected in accordance with the 
conditions for the deformation of metal during wire 
drawing in the heated dies. 
 

      
(a) 
 

 
 (b) 

Fig. 1. Shape and dimension of samples for upsetting test (a) 
and tensile test (b). 



 

C
O

M
P
U

T
E
R
 M

E
T
H

O
D

S
 I
N

 M
A

T
E
R
IA

L
S
 S

C
IE

N
C

E
 

IN

7

p

w

s

q

t

T

*

 

m
P
o
s
d
a
q
in

NFO

7. 

prop

whe

stra

que

ion

Tabl

Te
Nr

1

2

3

4

5

6

7

8

*The

min
Piet
obje
squ
dict
are 
que
n th

ORMA

YI

Yi

pos

ere

Ex

ain 

entl

n (1
 

le 1

st  
r. 

 

2 

 

4 

 

6 

7 

8 

e de

Th
ned
trzy
ecti

uare
ted 
he

entl
he 

ATYK

IEL

ield

sed

: A

xpe

rat

ly, 

14).

1. Co

t,  
°C 

300 

300 

250 

250 

200 

200 

100 

20 

estru

he 
d u
yk,
ive

e d
lo

ate
ly, t
mo

KA W

LD

d st

d as

, m

erim

e in

the

.  

ond

 mm

ucti

coe
usin
 20

e fu
diff
oad
ed t
the

ode

W TE

D ST

tres

s a m

m1–m

men

n lo

e ex

ditio

v,  
m/m

60 

600

60 

600

60 

600

60 

10 

ion 

effi
ng 
007
unc
fere
s. I
tog
e va
el is

ECHN

TR

ss 

mo

m9 

nt s

ow 

xpr

ons a

min  

0 

0 

0 

of t

ficie
th

7) w
tion

enc
In 

geth
alu
s in

NOL

RES

mo

odif

– e

show

tem

ress

and

dH
mm

5.8

5.6

6.1

4.7

3.0

2.3

1.8

1.5

the s

ent
he 
wit
n w
e b
the

her 
e o

nsig

LOG

SS 

ode

fied

emp

ws 

mp

sion

d res

H,  
m  

d

8 

6 

1 

7 

0 

3 

8 

5 

sam

ts i
in

th t
was
bet
e m
wi

of th
gnif

II M

MO

el 
d H

piri

th

pera

n 



sults

Cri
defo

ti

1
(wit
cra

1
(wit
cra

1

0.

0.

0.

0.

0.0

mple

in 
nver
the 
s fo
twe
mac
ith 
he 
fica

MATE

OD

s  

Han

ical

at 
atur

28

2t


 

s of 

itica
orma
ion  

.3* 

thou
ack)

.2* 

thou
ack)

1.8 

.96 

.45 

.31 

.23 

085

e did

equ
rse 
le

orm
een 
chin
the
gra

ant

ERIA

DEL

fo

nsel

l co

s
re (

0

20
m





f ups

l 
a-

ut 
 

ut 
  

d no

uat
a

ast
mula

ex
ne 
e d
adi
. It

AŁÓW

L  

or a

l-Sp

oef

 is

(be
6m

 w

setti

k

-0.6

-0.7

-1.1

-0.6

-0.5

-0.5

-0.4

-0.4

ot oc

tion
app
t sq
ate
xpe
Zw
efo
ent

t ma

W 

anal

pitt

ffic

s in

elow

was

ing 

S

68 

72 

13 

61 

51 

51 

47 

40 0

ccur

n (
roa

qua
d a
erim
wic
orm
t of
ake

lyz

tel 

ien

ndep

w 2

s a

test

Stra
rate
1/s

0.49

4.43

0.5

3.7

0.22

1.7

0.1

0.02

r.  

(14
ach
ares
as t
men
ck Z
ming
f th
es p

zed 

equ

nts. 

pen

200

adde

ts of

in 
e, 
s  

9 

3 

8 

7 

2 

7 

5 

21 

) w
h (
s m
the 
nta
Z25
g to
he t
pos

all

uati

 

nde

0°C

ed 

f M

S
s

af

wer
(Sz

meth
roo

al a
50 
ool
tem
ssib

loy

ion

 

ent 

C), c

to 

MgCa

Shap
samp
fter t

re 
elig
hod
ot-m
and
sa

l. C
mpe
ble 

ys w

n: 

(

of 

con

eq

a0.8

e of
ples 
tests

det
ga 
d. T
me
d p
amp
Con
erat
to 

was

14)

the

nse-

qua-

8. 

f 
 

s  

 

ter-
&

The
ean-
pre-
ples
nse-
ture
use

– 7

s 

) 

e 

-

-

-
& 
e 
-
-
s 
-
e 
e 

72 – 

a
th
sh
fu
e
ti
a

F
sa
(b
li

an e
he 
how
unc
qua
ion

are s

Fig. 
amp
b) te
ine –

eng
inv

wn 
ctio
atio

n (1
sho

2. F
ple) 
est 
– ex

gine
ver
in

on 
on 
14) 
own

Forc
in 
num

xper

eeri
rse 
n fig

wa
(14
fo

n in

ce v
ups
mbe
rime

ing
an

gur
as 
4) a
r d
n fi

vers
settin
er 2,
ent)

g m
naly
re 2
0.0
are
diff
igur

sus d
ng t
,4,6
). 

mod
ysi
2. A

055
 pr

fere
re 3

disp
test

6 fro

del 
s.
A r
. T

rese
ent 
3. 

plac
t: (a)
om 

of 
Re
rela

The
ente
tem

(

(

ceme
a) te
tab

the
esul
ativ
e v
ed 
mp

(a)

 

(b)

ent 
est n
ble 1

e p
lts 
ve 

valu
in 

pera

of t
num
1, (t

roc
of

err
ues 
tab

atur

the t
mber
(thin

cess
f th
ror 

of
ble 
res 

tool
r 1,3
n lin

s o
his 
in 

f c
3. 
an

l (de
3,5,
ne –

of u
an

th
oef
Pl

nd 

efor
7,8 

– mo

ups
nal
e o
ffic
ots
stra

rma
fro

ode

etti
lysi
obje
cien
s of
ain

ation
m ta

eling

ing
is 
ect
nts 
f re

n ra

 

 

n of 
able
g, th

g in
are
ive
of

ela-
ates

f the
e 1;
hick

n 
e 
e 
f 
-
s 

e 
; 
k 



 

 

T

 

T

 

8

m
an
d
th
a 

 

w

p

ti
F
eq
ad

(u
p
g
ex

Table

Table

. 

D
mati
nd 

defo
his 
fun

whe
T

ara

ion
Flow
qua
dop

2
ups
era
inn
xpe

Tes

4

e 2.

e 3.

CR

Da
ion
va

orm
fa

nct

ere:
Th

ame
1. 
s o
w s
atio
pte
2. 
sett
atur
ning
erim

st Nr

1 

2 

3 

4 

5 

8 

A
447

 Co

  

 Co

RIT

ata 
n is
alue
mati
act 
tion

 d1

e fo
eter
Us

of a
stre
on 
d. 
Pe

ting
re, 
g o
men

r. 

A 
7.4 

ondi

oeffi

TIC

in 
s de
e of
ion
the

n of



 - d
follo
rs o
sing
all e
ess 
(14

erfo
g an
str

of th
nt.

T,

3

3

2

2

2

2

ition

ficien

CA

tab
epe
f k

n is 
e f
f st

p 

d4 –
ow
of e
g F
exp
mo

4) a

orm
nd 
rain
he 

,  °C

300 

300 

250 

250 

200 

20 

0.0

ns a

nts 

AL D

ble 
end
k co

hi
follo
trai

d

– em
wing
equ
Forg
peri
ode
and

med
ten

n ra
tes

C 

m
000

and 

of y

DE

1 
dent
oeff
ighe
ow
in l

1 ed

mpi
g al
uati
ge 
ime
el w
d th

d n
nsil
ate 
st u

mm

6

6

6

6

6

1

m1 
754

resu

yield

EFO

and
t o
fici
er, 

wing
imi

xp

iric
lgo
ion 
so

ent
was
he c

num
le) 

an
unti

V,  
m /mi

60 

600 

60 

600 

60 

10 

42 

ults

d str

OR

d 2
n t
ient
tha

g r
it: 

 d

cal 
orith

(15
ftw
tal 
s im
coe

meri
to 

nd 
il th

in 

s of 

ress

RMA

2 sh
the 
t (i
an 
ela

2kd

coe
hm
5): 

ware
tes
mpl
effic

ical
de
k c
he 

m

2

1

m
0.44

tens

s eq

AT

how
tem

in u
in 

atio

ek

effi
m is 

e th
ts h
lem
cie

l m
term
coe
ma

dL, 
mm

22.5

16 

14 

8.5

7.5

1.55

m2 
485

sile 

quat

TIO

ws 
mp
ups
ten
nsh

exp

ficie
pro

he 
hav

men
ents

mod
min

effi
ater

m 

5 

5 

5 

tes

tion 

ON 

tha
pera
sett
nsil
hip

 3p d

ent
opo

nu
ve b
nted
s fr

del
ne 
cie
rial

de

ts of

(14

FU

at c
atur
ting
le t
 is

3t 

s.  
ose

ume
bee
d in
rom

ling
ch

ent 
l cr

C
eform

m
0.2

of M

4) 

UN

crit
re, 
g te
test

s pr

4d
i

 
ed t

eric
en 
n th

m ta

g o
ang
fro

rack

Criti
mati

3.

2.3

0.7

0.4

0.3

0.0

m3 
2867

MgCa

NCT

tica
str

ests
ts).
rop

, 

to c

cal 
per
he 

able

of 
ges
om 
kin

ical 
ion s

8 

38 

76 

41 

32 

65

7 

a0.8

TIO

al d
rain
s cr
. D
pos

calc

sim
rfor
for

e 3 

all 
s in

th
ng i

 
strai

-0

8.  

ON

def
n r
riti

Due 
ed 

(1

cul

mu
rme
rm 
we

te
n te
he b
in t

in 

m
0.00

–

N 

for-
ate
cal
to
as

15)

ate

ula-
ed.
of

ere

ests
em-
be-
the

St

m4 
0018

– 7

-
e 
l 
o 
s 

) 

e 

-
 

f 
e 

s 
-
-
e 

train
1/

0.6

5.

0.1

0.6

0.0

0.00

899

73 –

n rate
/s  

60 

4 

11 

66 

041

067

9 -

– 

tio
it 
a
si
in
w
lo
am
fi
fi
up
at
(d
rim

 

e, 

m
-0.0

3
on 
wa
cor

ile c
ng 

was
ocat
mp
gur
gur
pse
ted,
dev
me

0

0

0

0

0

0

m5

0093

3. B
of 
as 
rne
cra
of 
do

tion
le 
res
res
ettin
, so

velo
ents

k 

0.85

0.45

0.45

0.34

0.34

0.35

392

Bas
cra
obs

er o
acki
the

one
n o
of
. 4 
. 6
ng 
o th
ope
s 

5 

5 

5 

4 

4 

5 

sin
ack
serv
of t
ing
e p
 in

of t
re
- 5

-7 
tes

his 
ed m

1

g o
k in
ved
the 
g be
proc
n th
the 
esul
5 fo
for

sts
da

mo
1). 

m6

2 

on 
nitia
d th
sa

egin
ces
hes

fo
lts 
or t
r th
nu

ata 
del

6 

INF

the
atio
hat 

amp
ns 
s d
e p
rm
of 

the
he t
umb

wa
l (1

FORM

e an
on w

cr
ple 
in 

data
poin

matio
f th
e te
test

ber 
as u
15)

Sha

0

MAT

nal
was
rack
(fi
the
a fr
nts
on 

he c
st n
t n
1 

use
) sh

ape 

m7

0.83

TYKA

lysi
s fo
k n
igur
e ax
from
, w
of 
cal
num

num
and
d o

hou

of s

7 
18 

A W 

is o
oun

nucl
re 
xis 
m F
whi
f th
lcul
mb

mbe
d 2
only
uld 

samp

TEC

of 
nd. 
lea
4 (
of 

FEM
ch 
e m
lati
er 

er 1
2 cr
y to
giv

ples 

-0.0

CHNO

sam
Fo

ation
(b))
f the
M 
co

mat
ion
3 f

1 in
rac
o v
ve 

afte

m
000

OLO

mp
or u
n t
), w
e s
mo

orre
teri
s a

from
n ta
ck w
veri
for

er tes

8 
0435

OGII M

les
upse
take
whi
am
ode
espo
ial 
are 
m t
able
was
ify 
r th

sts 

59

MA

, th
etti
es p
ile 

mple
els 
ond
cra
sh

tabl
e 2
s n
the

hos

0

ATERI

he
ing
pla
the

e. R
of 

d to
ack
how
le 1
2. I
not 
e m
se e

m
.007

RIAŁÓ

loc
g tes
ace 
e te
Rea

tes
o t

k. E
wn 
1 a
n t
ini

mod
exp

 

 

 

 

 

 

m9 
796

ÓW 

ca-
sts 
in 

en-
ad-
sts 
the 
Ex-

in 
and 
the
iti-
del 
pe-

2 

C
O

M
P
U

T
E
R

M
E
T
H

O
D

S
IN

M
A

T
E
R
IA

L
S

S
C

IE
N

C
E

C
O

M
P
U

T
E
R
 M

E
T
H

O
D

S
 I
N

 M
A

T
E
R
IA

L
S
 S

C
IE

N
C

E
 



C
O

M
P
U

T
E
R
 M

E
T
H

O
D

S
 I
N

 M
A

T
E
R
IA

L
S
 S

C
IE

N
C

E
 

INFORMATYKA W TECHNOLOGII MATERIAŁÓW 

 – 74 – 

 
(a) 

 
(b) 

 

 
(c) 

 

 
(d) 

Fig. 3. Stress strain curves of MgCa0.8 magnesium alloy for 
temperatures (a) – 300 °C, (b) – 250 °C, (c) – 200 °C, (d) – 
150 °C and strain rates 0.1, 1.0, 2.5 and 10 s-1. 

 

         
(a)  
 

 
      
   (b) 

Fig. 4. Simulation result: distribution of effective strain for test 
3 from table 1 (a), shape of the sample after the test 3 with 
marked location of crack (b).  

 
4. The sets of parameter k, strain rate and tem-

perature of the tensile and compression tests were 
used to develop coefficients d1 - d4 of the function 
(15). Coefficients were calculated using the least 
squares method. Change of   was described by 

equation (13). The sum of squares of difference be-

tween calc
m  and 1.0 for strain, which corresponds to 

the crack observed in the experiment, was used as 
a goal function for the current test:  

    
testm

m

calc
m

2
1 .  (16) 

In the process of minimization of the function 
(16) the following parameters of equation (15) were 
obtained: d1 = 0.01530; d2 = 0.1287; d3 = 0.01575;  
d4 = -0.2353. The average relative error of approxi-
mation is 0.04. The dependences of critical deforma-
tion function on the strain rate and temperature are 
shown in figure 8. 
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(a) 

 

 
(b) 

 
(c) 

 
 (d) 

Fig. 5. The result of simulation the test number 3 from table 1 
for the area marked in fig 4(a): (a) – change of the value k, (b) – 
temperature, (c) – effective strain and (d) – yield stress.  

     
(a) (b) 

 

  
  (c) (d) 

Fig. 6. The result of simulation of the test number 1 from table 
2: distribution of effective strain (a), shape of sample after test 
(b), distribution of the main stress (c) and shape of the sample 
neck after the test (d).  
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(a) 

 
 (b) 

 
(c) 

    
 (d) 

Fig. 7. The result of simulation of the test number 1 from table 2 
for the center point of the sample: (a) – change in the value k, 
(b) – temperature, (c) – effective strain and (d) –yield stress.     

9. ANALYSIS OF THE WIRE DRAWING 
PROCESS  

Developed models of the flow stress (14) 
and the ductility (15) were implemented into the 
Drawing2d software. For the analysis of damage 
of the material three variants of drawing process 
were analyzed. General data given for all 3 va-
riants (common data) are: coefficient of heat 
exchange with the environment 4000 W/m2C; 
die temperature tc = 350°C, the temperature of 
the wire at the entrance to the valley of strain t0 

= 100°C; initial wire diameter d0 = 0.5 mm, 
drawing angle  = 4°; length of the calibration 
part of die L2 = 0.1 mm; radius of the transition 
from the conical part of the calibration r = 
0.05 mm, coefficient of friction f = 0.03; draw-
ing angle  = 4°. 

 

 
Fig. 8. Dependence of the critical deformation function on the 
effective strain for k = -0.33 (dotted line) and k = 0.33 (solid 
line) in temperatures 20 °C, 100 °C, 200 °C, 250 °C and 300 °C.   

The following numerical analyses were per-
formed: 
Variant 1. Final diameter d1 = 0.38 mm; v = 0.05 m /s; 
Variant 2. Final diameter d1 = 0.46 mm; v = 0.05 m /s; 
Variant 3. Final diameter d1 = 0.46 mm; v = 0.02 m /s. 

The simulation results are shown in figure 9. 
Variant 1 corresponds to the elongation factor 1.73. 
The experimental knowledge based on drawing of 
Mg alloys shows that with such a large elongation 
factor, a break of the wire should be observed. The 
analysis of strain distribution (figure 9a) makes it 
possible to assert that the deformation is localized in 
the place of the application of force of wire drawing. 
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This indicates the break of wire at the output from 
the zone of deformation. Parameter  takes the max-
imum value (max = 1.16) in the same place, which 
means that the ductility function allows to predict 
not only the fracture in the deformation zone, but 
also outside of the die (figure 9b).  

The second variant of the simulations was per-
formed for a smaller elongation factor (1.18). In this 
case also fracture in drawn wire is predicted (max = 
1.01), but the location of max is in the axis of drawn 
wire in the deformation zone.  

In the third version of simulation the speed of 
wire drawing was lowered. This led to an increase in 
the temperature of metal and consequently, the 
amount of critical deformation. As a result max = 
0.86 and the fracture of metal did not occur.  
 

(a)   

(b)  

  

(c)     
 

 (d)    

 

 (e)      
 

(f)  

       

Fig. 9. Results of simulation: (a), (c), (e) – distribution of effective strain, (b), (d), (f) – distribution of   parameters for simulations 
variant 1: (a), (b); variant 2: (c), (d); variant 3: (e), (f). 
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9. CONCLUSIONS  

Studies dedicated to the fracture of material at 
different values of temperature, strain rate and the 
triaxility factors showed that the ductility of 
MgCa0.8 magnesium alloy is strongly dependent on 
temperature and strain rate. Therefore, the developed 
yield stress models and ductility functions take into 
account the border effect of strain rate and the tem-
perature. Research performed for the upsetting tests 
and the inverse method were helpful to determine 
the coefficients of the yield stress model. Studies for 
the upsetting and tensile tests were used to calculate 
the coefficients of ductility function. The developed 
yield stress model and ductility function were im-
plemented into the Drawing2d software. 

Additionally, the analysis shows that: 
1. The FE model of magnesium alloy MgCa0.8 

wire drawing process, model of yield stress and 
ductility model in the temperature range 20 - 
300°C were developed. 

2. Experimental - theoretical methodology to cal-
culate the parameters of empirical yield stress 
and ductility models of MgCa0.8 magnesium al-
loy was developed.  

3. Following the developed methodology the expe-
rimental studies were performed, which are ne-
cessary to obtain the parameters of the yield 
stress and ductility models of the material.  

4. The FE simulations show examples of different 
mechanisms of material fracture during drawing: 
break of the wire at the exit from the zone of de-
formation and exhaustion of the plasticity of the 
material deformation in the zone of deformation.  
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MATEMATYCZNY MODEL CIĄGNIENIA NA  

CIEPŁO STOPU MGCA0.8 UWZGLĘDNIAJĄCY 
PLASTYCZNOŚĆ MATERIAŁU 

Streszczenie 
 
W niniejszej pracy przedstawiono wyniki badań stopu ma-

gnezu MgCa0.8. Bazując na wynikach eksperymentu opracowa-
no modeli naprężenia uplastyczniającego oraz utraty spójności 
materiału w zależności od prędkości odkształcenia i temperatu-
ry. Eksperyment wykonano na maszynie wytrzymałościowej 
Zwick Z250. Do analizy wyników wykorzystano metodę inver-
se. Modele numeryczne testów na spęczanie i rozciąganie po-
mogły w określeniu warunków utraty spójności analizowanego 
materiału. Opracowane modele materiału zaimplementowano do 
autorskiego oprogramowania Drawing2d bazującego na meto-
dzie elementów skończonych. Takie podejście pozwoli na anali-
zę procesu ciągnienia w podgrzewanych ciągadłach z uwzględ-
nieniem kryterium utraty spójności materiału. 
 
 

Received: March 31, 2010 
Received in a revised form: May 8, 2010 

Accepted: May 17, 2010 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


