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Calculation of A% and problem connected

The definition of A% (percent elongation) is defined  in ISO 6892. According to this standard you have to compare the final length (Lu) at the end of the test, with the original length(Lo)  ;  then A%=(Lu-Lo)/Lo*100.

Using an extensometer able to read the deformation  and  by  a dedicated software , you can have a good approximation of this value if the algorithm is well done.

First of all it is necessary to define:

[image: image2.png]Lo = original gauge length: the length where we will calculate the elongation.

Lc = parallel length: the length of the calibrated section of sample.

Le = distance between knives of extensometer: the deformation read by the machine is the variation of this length.

These distances in general, can be different each other (see ISO 6892 for limitation).

Of course The best condition for a good evaluation is (naturally) to have Lo=Le and to keep clamped the extensometer onto the sample till rupture. These two conditions can’t always used, because often a clip-on extensometer with a fixed base is used, furthermore the extensometer is often opened before rupture (but after max load) because his stroke is limited, in order to avoid shock or in order to avoid the error generated by the necking if it occur outside the knives.

Note that in case the extensometer is opened before rupture, the deformation register from this point is equal to crosshead stroke. (see ISO 6892).

The way of operation used by software (to operate) can be understood watching the following example:
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In elastic phase, we can suppose that all deformations are proportional, so:

dLe/Le=dLo/Lo=dLc/Lc    this means double length, double elongation, same percent of elongation.

Instead, during phase of the striction  (the necking) , we can suppose that all the deformation is concentrated in one single point. In this condition, the deformation is not proportional to a length but is an absolute value (constant) and is the same of the crosshead stroke,  so:

dLe=dLo=dLc      this means double length, same elongation, half percent elongation

see example:

 in first draw  a)  we have an non deformed  sample with:  Lo=50,  Le=30,  Lc=80

In second draw   b) is shown  the same sample with a uniform percent elongation of 50% so:

dLo=25
Lo+dLo=75
ALo%=50%

dLe=15
Le+dLe=45
ALe%=50%

dLc=40
Lc+dLc=120
ALc%=50%

In last draw c) is represented the same sample with only the plastic deformation  of 25 mm concentrated in the necking (for simplicity we have not considered the elastic deformation),  so :

dLo=25
Lo+dLo=75
ALo%=50%

dLe=25
Le+dLe=55
ALe%=83.3%

dLc=25
Lc+dLc=105
ALc%=31.2%

On this comments is based the “smart” software to calculate A%

Is also for this reason that the value of A% is comparable only on sample with the same proportion (see ISO 6892).

It is important to know that the necking begins normally when the load starts to decrease  from the maximum value load. 

The software considers the beginning of necking  (when is necessary to know it) exactly at max load (for example if the customer have removed the extensometer very early before max load). 

In this way the program is able to calculate the value of A% also in case “not considered” by ISO 6892 with a good precision.

Exist an other way to calculate A% if the “ Le “ is different from “Lo”: the Oliver’s formula. This is an empiric formula based on experience and discussed in ISO 2566/1(carbon steel) and ISO 2566/2(stainless steel). Our software can also uses this formula.

The setting or exclusion of  Oliver’s formula, has to be set method by method;  the system parameter N°39 (in test execution, menu adjusted parameter, parameter for system adjustment) follow this instruction:

Parameter 39=0 ( no use Oliver’s formula (this means to use only the “smart” formula)

Parameter 39=1 ( use Oliver’s formula as shown in ISO 2566/1 (carbon steel)

Parameter 39=2 ( use Oliver’s formula as shown in ISO 2566/2 (stainless steel)

In every case if Lo=Le this formula has no effect.

The parameter is set for default to the value 0.

Remember that whenever you change one or more  parameters in this menu, a local copy of file SUN.PAR (that normally exist only in Graphwork directory) is saved in directory of the method.

The elastic return of sample after break, is always calculate using elastic modulus E. This means that we consider that the material loses part of  the deformation after rupture.

Once acquiring the data of test (point by point) we can start the calculation as shown in flow the chart below:

Legend:

Dop=deformation at the opening extensometer event (=0 if no extensometer is used)

Dbp=deformation at the break poin event (normally the last poin of test, but you can change it)

Dml=deformation at max load (see ISO 6892). Note: you can change the position of this point.

Fbp=Force (load) at the break point event

E=elastic modulus

A=section of sample (initial section)

Lo=original gauge length

Le=distance between knives of extensometer

Lc=parallel length of sample (calibrated length)

Lb=base for calculation (internal variable)

Er=elastic return (negative deformation after break)
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Problems that can often happen and  easy to recognize:

· A% is too much than the expected or incorrect.

· Be sure to have set the correct point to calculate E modulus.

· If you are opening the extensometer, probably you open this too early, check the graphic deformation-crosshead stroke, if you have a corner in that point, you have too keep close more time the extensometer.

· If you are testing a long unmachined bar, be sure to have set the correct Oliver’s formula. In case of  Lc  too big  than  Lo  the error can be consistent.

· A% is not calculated at all.(the cell is empty)

· Be sure to have set a non-zero value of A(section), Le, Lc, Lo and so on.

· Be sure to have set a correct point to calculate E modulus.

· A% in numerical value looks like different from the graphic

· This difference happens when the opening time of extensometer is not according ISO 6892, than if you remove the extensometer before max load or if you are using Oliver’s formula. The algorithm to calculate A% in numerical value is in fact, a very powerful  formula to have a correct value in every case, but in the graphic is shown only the  “ %  elongation” intended as deformation divided by Lo * 100.
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are you setting a value for Lu (final lenght) different from zero in property windows?





In this case, no evaluation is made:


A% is forced to manual value





A%= (Lu-Lo)/Lo*100
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Convert A% according  ISO 2566





Are you using Oliver’s formula?





If  Dop<Dbp<Dml   ( A%=(Dop/Le+(Dbp-Dop)/Lc)*100)-Er 


If  Dop<Dml<Dbp    (A%=(Dop/Le+(Dml-Dop)/Lc+(Dbp-Dml)/Lb)*100-Er





If  Dbp<Dml<Dop  or


     Dbp<Dop<Dml   (A%=Dbp/Le*100-Er





If  Dml<Dop<Dbp  or


     Dml<Dbp<Dop    (A%=(Dml/Le+(Dbp-Dml)/Lb)*100-Er





Set Er=Fbp/E/A*100





Set Lb=Lo





Set  Lb=Le





Are you using Oliver’s formula?





Set Le=Lc








END








Are you using any extensometer?
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