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Superplastic Sheet Shaped Components

Superplastic
Sheet Shaped
Components

Source: Superform Metals Ltd.

Superplastic Sheet Shaped Components 3801.00.01

Figure 3801.00.01 gives some examples of superplastically formed aluminium parts of
the company Superform Metals Ltd., England. The complex components shown are all
fabricated in alow series production. Examples of superplastically formed parts are side
panels of aeroplanes, facade elements, heat exchangers, gear boxes, fuel tanks, reflectors
etc.
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The superplastically formed reflector shown in Figure 3801.01.01 has very large
differences in drawing depths, making it difficult to produce the part with conventional
sheet forming methods. Furthermore, the part has reentrant form segments at the
circumference and a convex base, which can only be produced with additional sets of
tooling with standard sheet forming processes.

Superplastically
Formed Reflector

Source: Superform Metals Ltd.
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Superplastically Formed Reflector 3801.01.01

Figure 3801.01.02 shows superplastically formed building facade parts with a design
which makes it extremely difficult to produce using conventional fabrication methods.
The part on the left has two tilted surfaces ending in transverse ribs. A complicated
material flow occurs at the transition zone. The extreme stretch forming process
occurring here causes problems during cold forming. The high ribs prevent or hinder the
transverse flow of material, which is further complicated by the sharp radii.

Superplastically Formed Facade Parts

Source: Superform Metals Ltd.

Superplastically Formed Facade Parts 3801.01.02
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Large differences in drawing depth, reentrant corners and slanting body forms lead to
problems during manufacturing with cold forming methods. The superplastically formed
tank shown in Figure 3801.01.03 is a good example of very complex sheet shaped
parts.

Superplastically
Formed
Fuel Tank

Superplastically Formed Fuel Tank 3801.01.03

Definition of Superplastic Forming

The technical definition of superplastic forming as given in Figure 3801.01.04 has been
obtained from existing literature. It must be noted here that failure occurs due to a break
up of the grain structure and not due to local necking as observed during tensile testing.

Technical Definition of Superplastic Forming

Superplasticity is that property of materials which makes
it possible to obtain extremely large uniform and rupture

elongations under pure tension loading.

Technical Definition of Superplastic Forming 3801.01.04
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Fundamentals of Super plastic Behaviour

Figure 3801.01.05 shows the grain structure of the alloy AA 5083 in its conventional
form and in the superplastic variation. Superplastic quality requires homogeneity,
isotropy and extreme fineness of the grain structure, which is not normally achievablein
standard sheet metal production

Comparison: Conventional - Superplastic
of AA 5083 SPF
Grain WL T
Structure RS IE LT R
u oy Vel dabees,
] e
— —
100 ym _ 100 pm
Source: Superform Metals Ltd. Grain size: p > 100 ym Grain size: | < 100 ym
e Grain Structure Comparison:
TALAT Conventional - Superplastic 3801.01.05

The metallurgical requirements of materials for superplastic forming are listed in
Figure 3801.01.06. The material must have a high resistance to grain growth and
formation of pores. The stability of the grains, i.e. a high resistance to grain growth, is
an essential material requirement, since the superplastic forming process for aluminium
alloys is carried out at elevated temperatures and thus constitutes a thermally activated
process.

Metallurgical Requirements of Materials
for Superplastic Forming

« Very fine grains: 2 <d <10 (20) ym
« High resistance to grain growth

« Strain rate has a very pronounced effect
on the flow stress k;

« High resistance to formation of pores

The basic process requirements for superplastic forming are summarized in
Figure 3801.01.07. These requirements indicate the economical problems associated

‘ Metallurgical Requirements of Materials for

Superplastic Formina | 3801.01.06 ‘
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with the superplastic forming process. The extremely low straining rate leads to
production times extending from about 5 minutesto afew hours.

Process Requirements for
Superplastic Forming

Constant forming temperature | T, > 0,5 Tg

Ty = forming temperature
Ts = melting temperature

Low strain rates| 102> d> 10°1/s

Process Requirements for Superplastic Forming 3801.01.07

TALATE:

Figure 3801.01.08 underlines the advantages and special technological properties of
superplastic materials. Since the flow stress values are low, small forming forces are
required which lead to low tool stresses. The potential of large uniform elongation
properties provides optimum performance under severe stretch forming conditions.

Technological Advantages of
Superplastic Materials during Forming
Uniform elongation and rupture Extremely small
elongation in uniaxial flow stress
tensile test of during forming
100 - 800 % ki = (4 -70) N/mm?
Large straining capacity Low forming forces,
during stretch forming Low tool stresses
TALAT Technological Advantages of Superplastic 3801.01.08
Materials during Forming -

Figure 3801.01.09 describes the general material law for plastic deformation according
to Ludwik. The Ludwik materia law gives the flow stress as a function of the
logarithmic value of strain (or true strain), the strain hardening exponent, the log. strain
rate and the rate coefficient. It is worth mentioning the fact that amost no strain
hardening occurs during warm forming, i.e. the flow stress during superplastic forming
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is not affected by the degree of plastic strain. The equation is then reduced to
k, =C [§¥h, which is given in Figure 3801.01.10. Here, the importance of the exponent
m for the superplastic forming behaviour of materials becomes obvious. The flow stress
depends on the logarithmic strain rate and the strain rate exponent m. If the logarithmic
strain rate is kept constant for a forming process, then the flow stress required depends
only on the strain rate exponent m. The following figure depicts the principle of the
effect on the material flow behaviour.

Material Law according to Ludwik

ki=C ¢" "

k; flow stress ¢ logarithmic strain rate
C material constant n strain hardening coefficient
¢ logarithmic strain m rate exponent

Material Law according to Ludwik 3801.01.09

Flow Stress according to Ludwik

Ke=C ¢™

k; flow stress ¢ logarithmic strain rate

C material constant m rate exponent

Flow Stress according to Ludwik 3801.01.10

Figure 3801.01.11 shows the momentary state of a tensile specimen under constant
strain rate. When the local necking starts, different rate conditions become valid. In the
necked region 2, the instantaneous local logarithmic strain rate is larger than in the
region 1 without necking. Since the logarithmic strain rate is the differential of the
logarithmic strain with respect to time, the strain in region 2 is greater than in region 1.
The flow stress k¢, as explained in Figur e 3801.01.10, depends on the logarithmic strain
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rate. In the case of superplastic forming, this leads to an increase of flow stress in the
necked region. The material flow is, therefore, displaced to the regions outside the
necked region. This strain-rate-hardening effect in the necked region baances the
necking tendency.

Influence of the Start of Necking on the
Flow Stress during the Tensile Test
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Influence of the Start of Necking on the Flow Stress
TQALAT during the Tensile Test 3801.01.11

Besides the logarithmic strain rate ¢ the strain rate exponent m is the second value

which governs the flow stress in the Ludwik equation. The strain rate exponent depends
on various factors listed in Figure 3801.01.12. Each alloy has its own characteristic m-
value behaviour. Other factors which play an important role are the average grain size,
the forming temperature and the logarithmic strain.

A number of methods are available for measuring the rate exponent m. In principle,
however, all these methods are based on the tensile test. Figure 3801.01.13
schematically indicates the influence of a sudden increase in drawing rate on the
measured drawing force. A specimen is elongated with a drawing rate of v, till a certain
maximum stress is obtained, after which stationary flow begins. Once a defined
specimen elongation is reached, the drawing rate is suddenly increased (or decreased) to
the value v,. The change ratio vi/v, lies between 2 to 2,5. Due to the increase in straining
rate, a different drawing force level is attained. The points A and B are locations with
similar elongations of logarithmic strains, so that these can be related to each other. It is
obvious, that the influence of the logarithmic strain is only of minor importance. In this
manner, a measuring point m = f(¢#) can be determined for each tensile test. The force
Fa is determined by extrapolating the load diagram for the rate v;. According to
Backofen, the rate exponent m can be calculated using the equation
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m :In(iJ / In(V—ZJ
FB Vl

Factors Influencing the Value of m

Grain size Alloy

Logarithmic
strain rate

Forming
temperature

Factors Influencing the Value of m 3801.01.12

Effect of Increasing Drawing Rate
on Drawing Force

Drawing Force

Time

TALATm Effect of Increasing Drawing Rate on Drawing Force 3801.01.13
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Methods of Deter mining the Strain Rate Exponent m

Further calculating methods for determining m have been developed in order to
overcome the inaccuracy of the extrapolation method according to Backofen (see
Figure 3801.01.13). The calculating points for the m values used in the various
calculation methods are defined in the detailed force-time diagram, see Figure
3801.01.14, for sudden changes in the logarithmic strain rate from vy to v, or Vs to va.

Methods of Determining the Rate Exponent m

Drawing force

Time

Methods of Determining the Rate Exponent m 3801.01.14

Training in Aluminium Application Technologies

Different Methods for Calculating
the Rate Exponent m

According to MORRISON
In ( ka / ka) In ( ka’ / ka)

m=——  or m =
In (be / da )

In ($al dc)

According to HEDWORTH and STOWELL

In(Fpr /Fer ) In(Fe/Fp)
m=-— or ==

T (v /vy) TN (va/vy)

According to CUTLER

In (Kia / kio )
m: . .
In (/1)

Different Methods for Calculating the Rate Exponent | 3801.01.15

Based on Figure 3801.01.14, the equations for the individual calculation methods are
shown in Figure 3801.01.15. According to Morrison, the m value is calculated as the
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guotient of the logarithmic ratios of the flow stresses at the points A and C and the local
logarithmic strain rates. According to Hedworth and Stowell, m can be calculated from
the logarithmic ratios of the force values determined at the points D and E and their
drawing rates. It is assumed here that the specimen cross-section immediately before
and after the sudden strain rate jump is the same. According to Cutler, the m value is
calculated from the logarithmic ratio of the flow stresses at the points A and D and the
average strain rate before and after the rate jump.

FactorsInfluencing the Strain Rate Exponent m

The m value is shown qualitatively as a function of the logarithmic strain rate ¢in
Figure 3801.01.16. The parameters are the forming temperature and the average grain
size. Reducing grain size and increasing forming temperatures give more favourable m
values.

Effect of Forming Temperature and Grain Size
on the Rate Exponent m
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Logarithmic strain rate
Grain size Forming temperature
d1>d2>d3 T1<T2<T3
Effect of Forming Temperature and Grain Size
on the Rate Exponent m 3801.01.16

Figure 3801.01.17 shows the rate of cross-sectional area change dA/dt as a function of
the cross-sectional area A for the m values of 1, 0.75, 0.5 and 0.25. For m = 1
(Newtonian flow), dA/dt is independent of A. Thus, an uncontrolled necking in the
specimen cross-section does not occur even at high elongations and small specimen
cross-sectional areas. The notch sensitivity of the specimen increases with decreasing m
values. The effect of m on the flow resistance decreases, the logarithmic strain is locally
concentrated and necking starts.
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Effect of Material Cross-Section on the Rate of
Cross-Sectional Area Decrease

Rate of cross-sectional
area decreases dA/dt

Cross section A

Effect of Material Cross-Section on the Rate of

Craoss-Sectional Area Decrease

3801.01.17

Figure 3801.01.18 clearly depicts the correlations between the m value, logarithmic
strain rate and rupture elongation. The logarithmic strain rate has a very strong effect on
flow stressin zone I1. Both elongation at rupture and the m value also have their maxima
in this zone. The zone | is rate insensitive, so that m and the attainable rupture
elongation have their minimum values here. Similar conditions exist in zonellll, i.e. low
gradient of the flow stress curve with increasing strain rate. The m value also decreases
in this zone. In summary, superplastic forming behaviour does only occur in the region
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Behaviour of Flow Stress, m Value and Fracture
Elongation within the Three Rate Zones

3801.01.18
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Figure 3801.01.19 lists the m values obtained from literature for different forming
temperature ranges. It is to be noted here, that the flow stress is almost independent of
the strain rate at room temperature and increases with increasing temperature. The
maximum values for m are obtained in the temperature range for superplastic forming.

Rate Exponent and Forming Temperature

RT ca. 200°C ca. 350°C ca. 550°C

A
|

— | Coldto half |Warm forming| Superplastic

o warm forming forming N
& S \
> |
€
— [0.01<m<0.15 | 0.15<m<0.3 m>0.3
0.5 5
_ S\
N
_ N ) N
Q \
1D N\
Temperature
Rate Exponent and Forming Temperature 3801.01.19
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