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Abstract Various parts for automotive, appliance and oil industry are pro- 
duced from tubes that are assembled and welded. For gaining the best weight 
savings, durability and cost reasons (energy saving, production cost, etc) the 
formability of the tubular materials is very important. The overall success of 
deformation process heavily depends on the incoming tubular material proper- 
ties. In this work, formability of tubular steels is experimentally characterized 
and with the development of a numerical model the effect of biaxial stress state 
has been investigated. An experimental method has been developed to 
characterize the importance of multi-axial stress state on the formability of 
tubes. This requires the deformation in form of flaring of the tubular samples 
through a conical die. Damage strains are determined with the help of Hill-Swift 
Sheet Metal Forming Criteria and a plot of main strains occurring during the 
tube flaring test, after variation of the die-angle and friction coefficient has 
been resulted. Experimental results were then entered into the damage models 
of finite element program DEFORMTM-PC PRO and used to calibrate the 
damage model for formability so that a sizable variation of range of multiaxial 
state of stress could be produced. The results showed that with increasing the 
stress multiaxiality of tubular steels, the damage strain was reduced. This 
indicates that the proposed method could be used of benefit in quality control 
in the production of tubes specially in the monitoring and controlling of tubes 
production such as tube rolling, welding and annealing. 
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1 Introduction 

 
 Tube formability material properties are required for the accurate 
design   of components used in a wide range of applications such as steering 
wheel columns, spacecraft landing gear, brakes in trains and elevators and 
automotive crash tests. Tube formability may also be used in industrial 
applications such as tube reduction/expansion or pipe connectors. [1] One of 
the most important factors that affect the formability is the state of stress. Most 
of the resulting stresses subjected on engineering components are complex and 
it is not possible to experiment with each individual state of stress, therefore it 
is necessary to reduce these to one or two types which control plastic 
deformation. One of these states is measured through formability tests which 
cannot be defined by a single material property, but are a complex combination 
of several metallurgical and metal-forming parameters. "Formability" may be 
defined as the relative ease with which a metal can be shaped through plastic 
deformation before damage occurs. It is clear that the formability properties of 
tubes which are used in the design of the manufacturing process of tubular 
components are slightly different than the flat sheet from which a tube is rolled. 
This is because during roll forming and welding of tubes some of the 
formability of the tube blank sheet is consumed, thus the formability is different 
in comparison to the original sheet. Taking the advantage of the physical 
modelling, estimations are carried out, validated with damage criteria included 
in the finite element code as well as contours of multiaxiality and Load-stroke 
graphs of the upper-die during experimental forming of the tubes. Generally, 
the damage critical value can be defined by microscopic observation and 
mathematical methods as Normalized C&L, McClintock and Rice & Tracy [4]. 

The rest of this paper is organized that the theoretical background and the 
experimental method for the deformation of the tubes are the subject of 
sections 1 and 2. Experimental setup are discussed thoroughly in section 3 and 
section 4 represent the results of experiments. The Finite Element modeling 
results along with the experiments discover the Forming Limit Diagram used 
for analyzing the tube deformation path in Section 5.  

Finally in section 6 the effect of different stress states on the deformation of 
the tubes are summarized and the results are compared and possible further 
work on this topic will be discussed. 

 
 

2 Theoretical Background 

 

Basically, ductile failure results from too severe plastic deformation. 
Damage may be interpreted on the microscale as breaking of atomic bonds and 
plastic enlargement of microcavities. On the macroscale the number of 
microcavities may be approximated by introducing a scalar parameter, say D, 
to quantify the material damage process. [7]  

In the past several different approaches were developed and applied to the 
analysis of ductile fracture. However, the connection between failure and 
deformation is complicated. An important connecting mechanism is seen to be 
the development of internal damage, the local loss of coherency due to voids, 
etc.: large plastic deformation causes internal damage and a critical amount of 
internal damage is necessary to represent a micro-crack. Thereby, the local 
internal damage may affect the overall flow behavior of the material. This, as 
well as its possible technical application in predicting crack-initiation has been 
studied extensively. The concept of a critical amount of some accumulative 
quantity, like internal damage, results in a number of empirical failure criteria. 
The most quoted ones are that by Cockcroft and Latham and that by Oyane, as 
presented in the literature. [4, 5, 8, 11, 14, 15, 18] 
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All these criteria state some quantity to have a constant value at failure, 
independent of the triaxiality path. 
 The data presented on the table 1 shows that the Cockcroft and Latham 
criterion was not satisfying, with respect to its invariancy. With respect to the 
three critical density criteria showed above, only the one with an exponential 
relationship between void growth rate and triaxiality is applicable. The first 
one is a modification of the specific plastic work criterion. The second criterion 
belongs to a class that states that failure occurs after a critical density change 
such as void growth equation of Rice and Tracey proposed by Lemaitre. 
 

Table 1 Comparison of several damage criteria [17] 

Criteria 
Invariancy of 

constant C 
(experiment) 

Equation Comment 

Cockcroft and 
Latham 

Not satisfying 
 

𝐶1 = ∫ 𝜎1�̄�𝜀𝑓
0 𝑑𝜀̄ Modification 

of plastic work 

Oyane 

Underestimate 
the effect of high 

triaxiality 
 

𝐶2 = ∫ (1 + 𝐴𝜎𝑚𝜎𝑓 )𝑑𝜀𝜀𝑓
0  

Critical 
density 
change 

Rice and 
Tracey 

Satisfying over 
whole range of 

tests 
𝐶3 = ∫ 𝑒𝑥𝑝(𝛼 𝜎𝑚�̄� )𝜀𝑓

0 𝑑𝜀̄ Critical 
density 
change 

Lemaitre 
Restricted to the 

ferro metals ( 𝛴𝜎𝑦)2 + 2𝑓𝑣 𝑐𝑜𝑠ℎ(32𝛴𝑚𝜎𝑦 ) − (1 + 𝑓2) = 0 

Critical 
density 
change 

 
 

According to the Rice and Tracey, proved to be reasonably satisfying over 
the whole range of multiaxiality ratio as well as all the metal which has been 
tested. This provided that the criterion is optimized, with respect to the 

invariancy of 𝐶3 in 𝐶3 = ∫ 𝑒𝑥𝑝( 𝛼 𝜎𝑚�̄� )𝜀𝑓0 𝑑𝜀 ̄ (1) 

by varying the parameter α. The optimal value for α is quite similar for low 
carbon steels 1045, 1022 and non-ferrous metals. It suggests that the value of 
3/2 for the factor in the exponential term is too large. Indeed, a lower value of 
1.03 provides better results and indicates a similarity in the effect of the 
multiaxiality on the failure behavior of these steels. [17] 

 
2.1 Rice & Tracey Damage Criteria 

 

According to the criteria Rice and Tracey shown in Table 2 having applied 
the uniaxial case results.  

 𝜎1 ≠ 0, 𝜎2 = 𝜎3 = 0.− 32 𝜎𝑚�̄� = − 12 , 𝑒𝑥𝑝 (− 12) = 11.65 (2) 

One can now define the constant value and calculate the damage strain in 
the triaxial case which is related to the critical strain„ in a uniaxial case as 
follows: 𝜀𝑓 = 1.65𝜀0 𝑒𝑥𝑝 (− 32 𝜎𝑚�̄� ) (3) 

 

Analyzing the comments on damage criteria which have been proposed it 
appears to be much more justified to apply the damage model whose results 
are more reliable and in addition are comparable with damage micromechanics  

as detailed in the work of Rice and Tracey. [4] 

The critical values at fracture 𝐶𝑖 are usually obtained for each ductile fracture 
criterion directly from the strain paths, can be define as a function of the 
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material. It must be noted that the integration of the left-hand side of each 
criterion is the damage which the material has during plastic deformation 
(refer to Table 1). Obviously, different critical values at fracture,𝐶𝑖, are found 
for each ductile fracture criterion. [8] 
For getting a good and reliable results damage values calculated in modeling 
are compared with the distribution of damage-value at the location of the 
fracture in tube sample. Then if the maximum values are located at the crack 
area this could be taken as critical values of damage. Finding out the critical 
damage value, different stress states can be evaluated for the same material. 
Previous chapters showed some concepts concerning damage models in 
general and in the next chapters the effect of stress state on metal failures more 
specifically are shown and the constitutive relationships between stress state 
and damage strain are theoretically analyzed. 
 

2.2 Relationship of fracture limits and multiaxiality 
 
Multiaxiality can result in tubes by application of the plane-stress state on tube 
specimens(𝜎3 = 0). These could be studied via a combination of compression 
and tension during tube deformations. Therefore, material data for tube 
formability must be obtained by deforming tubular samples under a biaxial 
state of stress. Process simulations are used for a reverse analysis method in 
which experimental results are input into the simulations and the required 
materials property such as the relation between flow stress and strain (flow 
curve), the friction coefficient µ  and the strain hardening exponent, n, must be 
accurate. 
In order to present the plot of forming limits as a function of multiaxiality, 
different multiaxial stress states are required which allow the 𝜑  -value 
(multiaxiality) to vary differently. It should be noted that the 𝜑 -value is the 
ratio of the hydrostatic stress (𝜎𝑚) to the equivalent stress (�̄�) as shown in 
equation 4. 𝜑 = 𝜎𝑚�̄�   (4) 

The multiaxiality ratio plays a very important role in the rupture of materials 
and makes materials brittle as it increases [7]. Considering the plane stress the 
following equation is attained. [𝜎] = [𝜎1 0 00 𝜎2 00 0 0] (5) 

from the plastic incompressible condition, it follows that:  
 [𝜀] = [𝜀1 0 00 𝜀2 00 0 −(𝜀1 + 𝜀2)] (6) 

rupture plastic strain 𝑃𝑅  may be calculated as a function of the strain 
components, then: 𝑃𝑅 = (23 𝜀𝑖𝑗𝜀𝑖𝑗)1 2⁄ = 2√3 (𝜀12 + 𝜀22 + 𝜀1𝜀2)1 2⁄ . (7) 

From the master curve of ductile fracture in the case of plane stresses, 
neglecting elastic strain and assuming proportional loading gives the result: 𝑃𝑅 = 𝜀𝑅 [23 (1 + 𝜈) + 3(1 − 2𝜈) (𝜎𝑚�̄� )2]−1 (8) 

where 𝜈 =Poisson Ratio and 𝜀𝑅 = rupture strain. 
Plastic deformation is mainly related to the slip process which does not depend 
on the hydrostatic stress. It is clear from equation (8) that damage is influenced 
by hydrostatic stress or the multiaxiality ratio. Furthermore, assuming no 
kinematical hardening and proportional loading, it is straightforward to show 
the proportionality between strain and components of the deviatoric stress: 𝜀1𝜀2 = 𝜎2𝐷𝜎1𝐷 (9) 

where 𝜎1𝐷 and 𝜎2𝐷 are deviatoric stresses. 
from which it follows that: 𝜎𝑚�̄� = 𝜀2𝜀1+1√3[(𝜀2𝜀1)2+𝜀2𝜀1+1]1 2⁄  (10) 

Replacing 𝜀1  and 𝜀2  from experiment results of the ring expanding test in 
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equation 7, 8 and 10 we can calculate the interdependence of state of stress (
𝜎𝑚�̄� )  

and rupture strain (𝜀𝑅).  
 𝜀𝑅 = 2√3 (𝜀12 + 𝜀22 + 𝜀1𝜀2)1 2⁄ [23 (1 + 𝜈) + 3(1 − 2𝜈) (𝜎𝑚�̄� )2] (11) 

 
 

3 Tube Flaring Experimental Setup  
 
 This is a designed experiment to determine the effect of multiaxiality 
on the formability of tubular materials (referred to as tube expansion). This 
tube expansion test has been originally taken from European standard Ref.-Nr. 
EN 10236: 1993 D[23] and allows formability tests on the tubes. 
 

 
Figure 1. Tool’s set of ring expanding test 

 
 A cone-shaped punch is undertaken for enlarging a cylindrical ring to 
its open side. The ring samples are supported on the opposite side with a 
thicker tube. As the punch presses into the ring, along the axis of rotational 
symmetry, the tube walls are forced to expand in the circumferential direction 
and for fulfilling the volume conservation in plastic deformation, the plastic 
straining in the circumferential direction has to be consumed for by a reduction 
of the wall thickness and a retraction of the material in axial direction. The 
material retraction causes the expanded section of the cylinder to be shorter 
than any simple bending deformation mode [18]. This continues until a crack 
initiates and propagates thoroughly that are used to determine the limits of 
tubular material. 
 The experiments were carried out using a 1000 KN computer-
controlled hydraulic press with a slow strain rate which has a velocity of 7 
mm/s. Referring to Fig. 1, the tools consists of a set of conical punch with angles 
of α=45º and α=30º , punch holder plate, tube fixing plate so that the ring and 
supporting tube can be placed on them, switches for turning off/on and 
controlling the direction of ram movement and PC controller with a interface 
to the press load cell to record and store the measured data.  
 In order to allow load recording during experiments, the force was 
applied to the punch and was measured by a single load cell under the fixing 
plate. A PC-based data logging system which is connected to the AD-DA 
transducer of the load cell was used to record and store loads and 
displacements so that it could be analyzed later on. For gaining better results 
comparable with the simulation and with several possible friction coefficients, 
the samples were lubricated with PTFE Teflon, automobile grease and deep 
drawing lubricant on the inner side of the tube and the outer surface of dies. 
 The upper conical die was turned from a CK45 steel rod and hardened 
at 820˚C for ¾ hour and quenched in 75˚C oil to reach 54 HRC. It was also 
held by the upper plate with four M24 standard screws which was fixed to the 



6 Buchmayr and Omidvar 
 

center axis of upper ram of the press. On the lower side the ring support and 
the ring specimen are fixed in place between a ring with diameter equal to the 
inner diameter of the tube and a plate called fixing plate with a hole in its center 
equal to the outer tube diameter. As the oil pressure reached steady state, the 
holder began to push the upper ram into the tube to perform the tube flaring 
process. For evaluating the mechanical behavior of tubes, it is supposed that 
the experiment should be continued until the whole tube length was consumed 
by progressive buckling or necking. 
All samples are measured in the end length and diameter so that the strain 
limits could be derived. The graphs of tool stroke depth versus the force driving 
the tool are also resulted that are later used for finite element simulation. Both 
data are investigated by means of finite element method. Several samples were 
cut from 6 m long tube of structural steel St 52-3 and stainless steel 316. The 
samples have a thickness of 2.5 mm and 2 mm and outer radius of 35 mm and 
38.1 mm. In practice these short cylinders had to be supported by a thicker tube 
for an effective constraint in axial direction. For every single test both a tube 
and support were needed. One should minimize the buckling effect in order to 
gain the forming limits of tube expansion. for preventing the buckling of tubes, 
the length-to-diameter ratio was reduced from 1.5 to 0.5.  
Afterward the rupture strain namely in the circumferential and longitudinal 
directions were measured. Using this as a reference the damage model of the 
Simulation could be calibrated. In the simulation the critical value of damage 
can now be predicted with higher accuracy. 
This means that the Finite Element simulation for the tube expansion with the 
same friction and geometry conditions will be conducted until the 
circumferential strain of the measured value from the experimental data is 
reached.  
Finally, the location of the maximum damage value can be compared with the 
fracture site. If the maximum damage value location is at the same position of 
the fracture site, the results are reliable and good, so then the maximum 
damage value at the fracture point will be the critical damage value 𝐷𝑐of testing 
tube material. Otherwise, the applied ductile fracture criterion is inaccurate. 
 
Even though the tension test was not suitable for the tube application, material 
data obtained from tensile test can still determine the flow curves of tubular 
material as the results are used later in the modeling of tests. For this reason, 
standard samples similar to the standard DIN EN 10002-1 B have been 
prepared. The maximum load was 250 kN and the ram velocity varied between 
0.0005 and 600 mm/min. Both were controlled with a computer interface. To 
get better results from four specimens, two specimens were annealed at 820ºc 
for 45 min and cooled in the air. Measured thickness and length of the samples 
with the data gained from a displacement sensor and load cell were imported 
into Zweck 250 software and imported for further analysis. 
 
The mechanical properties of tube wall material are listed in table 2.  
 
Table 2. Mechanical properties of st-52 tubes                               

Sample 
status 

E 
(GPa) 

UTS 
(MPa) 

𝝈𝒚 

(MPa) 
%RA K (MPa) * n** 

as received 14.7 436.69 359.40 0.173 668.4 0.19 
Annealed 14.1 403.57 296.00 0.329 877.2 0.40 

*k Stiffness coefficient **n Work hardening coefficient 

  
The value 3/2 for 𝑘 is mostly too high and for getting good results should 
be replaced with the value driven by the experimental results. These 
values listed in Table 2 and additional mechanical properties of tubular 
material were used for the estimation of Rice and Tracey coefficient which was 
defined theoretically 1.5 as well as direct application of the flow curves in the 
modeling in Deform program.  
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4 Results 

 
  The process of flaring of a tubular sample over a cone-shaped die is 
influenced by several parameters including angle of die, coefficient of friction 
between the die and the tube interface, geometrical parameters of the tube 
namely thickness and diameter, mechanical properties of the tube material and 
the velocity of the punch ram. Of the said parameters, the effect of die angle 
and the friction between the tube and die interface on the force-displacement 
or energy absorbing capacity of the flared tubes have been studies. 
The results of the experiments were in the form of the Force-stroke diagram, 
forming limits of tubes and stress-strain relationship. Table 3 shows the 
experimental method which were used to vary the process parameters. 

Table 3 Designed Experimental parameters for St 52 Tube Flaring Test 

Item 
number 

Die 
angle/Lubri

cation 

Support 
(mm) 

Length 
(mm) 

Diameter 
(mm) 

3/1 30 / Grease 70 35 70 

4/1 45 / Grease 70 35 70 

4/2 
45 / without 

lubricant 
70 

35 70 

4/3 45 / PTFE 70 35 70 

 
A clear characteristic of the force-displacement diagram for the tube flaring 
experiment can be observed in figures 2. Between the elastic limit load and a 
displacement of 10 mm of the die, the driving force remains constant in 15 kN. 
This regime of higher value of 71.6 mm when no lubricant has been applied and 
decreased to 60.6 mm in the case of grease lubricant. 
But the difference here within is that the instability points of the diagram 
changes to the lower value in the form of fracture rather than buckling or 
distortion. 

 

Fig 3 Effect of the friction and Die Angle on the force-stroke diagram (Item 4/1 Grease, Item 4/2 without 
lubricant, Item 3/1 α=30º, Item 4/1 α=45º) 

 
The increasing of the die angle caused the force-displacement curves to shift 
slightly upward and left. Therefore, it can be argued that the deformation of 
the tube with the die profile is more easily obtained when the die angle is 
smaller and vice-versa. The following graph (Figure 4) has been used to 
estimate the friction coefficient which will be later applicable to Finite Element 
Method. Accordingly, the best curve for which fitted to the results obtaining by 
experiment was 𝜇 = 0.1 for lubricant PTFE (blue curve),  𝜇 = 0.3 when applied 
without lubricant (green curve). 
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Figure 4 Data calibration for the estimating of friction coefficient 

 
 For gaining the FLD of tubular material hill and swift necking criteria 
for different multiaxiality ratio applied. Table 4 shows the measured and 
calculated value of strain limits in main directions: 
 
Table 4. Forming limits of tubular materials * first four item distorted 

Item 
numbe

r 

Peak Stroke 
(mm) 

End 
Diameter 

(mm) 

End 
Length 
(mm) 

𝜺𝟏 𝜺𝟐 𝜺𝟑 

m
e

a
s

u
r
e

d
 

c
o

m
p

u
te

d
 

m
e

a
s

u
r
e

d
 

c
o

m
p

u
te

d
 

m
e

a
s

u
r
e

d
 

c
o

m
p

u
te

d
 

3/1 99.82 
111 28.5 0.39 0.427 

-0.18 -0.227 -0.21 
-

0.200 

4/1 70.74 
113 29.2 0.48 0.471 

-0.18 -0.230 -0.30 -0.241 

4/2 60.61 
108 30.3 0.43 0.410 

-0.14 -0.204 -0.29 
-

0.206 

4/3 74.65 
114 27 0.49 0.493 

-0.23 -0.241 -0.26 -0.252 

 
The results presented hereby with the deformation paths accordingly. The 
strain hardening exponent and sheet anisotropy were gained from tensile test 
and were used into the models. 
 
 

 
Figure 5. Forming Limit Diagram and related Simulated Deformation Path  
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Table 5 shows the values of strains for different deformation path. These values 
gained directly from the calculation from FEM software Deform. The graphical 
representation of the deformation scheme along with the forming limit 
diagram path are shown in figure 5.  
 

Table 5. Deformation path until the material rupture of St 52-3 
Stroke (mm) PTFE, α=45º Grease, α=45º Dry, α=45º Grease, α=30º 

 𝜺𝟏 𝜺𝟐 𝜺𝟏 𝜺𝟐 𝜺𝟏 𝜺𝟐 𝜺𝟏 𝜺𝟐 

0 0 0 0 0 0 0 0 0 

5 0.033 -0.021 0.048 -0.022 0.04 -0.018 0.027 -0.016 

10 0.093 -0.052 0.098 -0.042 0.1 -0.048 0.067 -0.036 

15 0.113 -0.072 0.148 -0.067 0.14 -0.068 0.102 -0.046 

20 0.153 -0.089 0.178 -0.087 0.18 -0.089 0.131 -0.066 

25 0.233 -0.107 0.218 -0.107 0.23 -0.106 0.161 -0.079 

30 0.253 -0.122 0.253 -0.122 0.25 -0.123 0.187 -0.091 

35 0.293 -0.137 0.283 -0.139 0.285 -0.14 0.213 -0.105 

40 0.313 -0.152 0.318 -0.155 0.315 -0.154 0.237 -0.117 

45 0.353 -0.167 0.343 -0.169 0.34 -0.168 0.26 -0.127 

55 0.373 -0.182 0.373 -0.183 0.364 -0.182 0.283 -0.139 

60 0.413 -0.196 0.397 -0.195 0.387 -0.192 0.305 -0.151 

65 0.443 -0.208 0.418 -0.208 0.41 -0.204 0.326 -0.161 

70 0.453 -0.22 0.45 -0.22   0.345 -0.17 

75 0.473 -0.232 0.471 -0.23   0.364 -0.179 

80 0.493 -0.241     0.383 -0.19 

85       0.405 -0.198 

90       0.416 -0.206 

95       0.427 -0.221 𝑫𝒄 1.25 1.19 1.04 1.08 𝜺𝒇 0.50 0.50 0.41 0.43 

 
The profile of 𝜎𝑚 and �̄� for tube are shown in figure 6 that in the both case the 
maximum value of multiaxility-value occurs at the left corner of the ring (line 
K in profile) in which supposed that the crack are propagated from this 
location.  

 
Figure 6. Profile of effective and mean stress 

 

Furthermore the 𝜑 = 200600 = 13 multiaxial ratio are resulted which are constant in 

the all the simulation steps. The aggregated amount of triaxiality are shown in  

Table 4 with the effect of die angle and friction in which the value of  𝜑 = 13 still 

remains unchanged if it is repeated. On the other hand, the damage critical 
value resulting from the experiment (Section 3) and constant k (Material 
Constant) calculated from section 4was substituted in the damage model Rice 
and Tracey of program. These data had a good agreement with the work of 
Rammerstorfer [18] and numerical results. 
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5 Discussion 

 
 Throughout this work, formability experiments have been used to 
describe the metal forming process whereby the tubes were formed into conical 
shapes with a die using a hydraulic press in which the variation of die angle, 
tubular materials and lubricant has been considered. Different manufacturing 
options namely seamless stainless steel and welded structural tubes were 
tested and the fundamental theoretical and numerical investigations on the 
instability of thin-walled cylinders were performed to find the bursting force.  
It was presented that greater the angle of die, the greater the fracture strain in 
the circumferential and axial directions. With die of semi angle of 30º it was 
resulted to fracture strain of 0.4 as with the same metal forming condition with 
45º die angle a fracture strain of 0.5 was resulted. 
Seamless stainless-steel tubes showed a better formability as welded structural 
steel when the length of the tubes was short enough to avoid the buckling and 
distortion of the tubes. In addition, the experimentation of different lubricants 
was carried out. In case of insufficient lubricant, low fracture strain of 0.4 were 
obtained. With proper lubrication, PTFE or grease, it was observed that the 
fracture strain increased to value 0.5. 
 At last, a numerical study carried out assuming that the materials 
behave anisotropic. As result the deformation path, convenient damage model 
and calibration of coefficient of friction obtained. Comparison of numerical 
and experimental results indicated good agreement when stress-strain 
properties of tubular material obtained from simple tensile test were used in 
calculations. A note on calibration of the damage model of Rice and Tracey has 
been used and the graph of force-displacement showed a good agreement 
between FEM results and experiment. This calibration which has been applied 
resulted to estimation of the k-value. As result the relation between 
multiaxiality and damage effective strain (Stenger diagram) of tubular material 
obtained. With increasing the value of multiaxiality the deformabilty decreased 
exponentially. This results to determination of FLD of tubes. For gaining the 
FLD of tubular material hill and swift necking criteria for different 
multiaxiality ratio applied. The results presented hereby with the deformation 
paths accordingly. The strain hardening exponent and sheet anisotropy were 
gained from tensile test and were used into the models.  
Finally, it should be noted that the prediction of accurate results in the area of 
formability in term of producibility can now obtain with the help of new 
technology of FEM and usage of high-tech instrumentation for controlling of 
process parameters. 
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