





















































5

FIREHOLE

TECHNOLOGIES

ADVANCED COMPOSITES ANALYSIS

Figure 12: Plate mesh

Click on Model - Edit Keywords = Model-1 from the main toolbar. The Edit keywords dialog
box appears.

Locate the *Hourglass Stiffness keyword and replace the third term with 2584 as shown in
Figure 13. Click OK.

a. The first term is the membrane stiffness parameter, and the third term is the bending
stiffness parameter. For further information, refer to the Abaqus Keywords Reference
Manual in the Abaqus documentation.

b. Note that there is currently a bug in Abaqus version 6.7 that does not allow the hourglass
stiffness to be entered in the Element Type dialog box. As a remedy, the *Hourglass
Stiffness keyword and parameters can be manually added to the keywords editor so that it
appears as shown in Figure 13.

c. Abug in Abaqus 6.7 also prevents Transverse Shear values (Section 1.3, step 13) from
automatically being written to the keywords editor. These values should be manually

entered in the keywords editor as shown in Figure 13.
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M Edit keywords, Model: Model-1 X]

I30. N
** pegion: (Platelayup-1: Generated From Layup), (Controls:EC-1)
*Elset, elset=PlateLayup-1, generate
** Section: PlateLayup-1

*Shell Section, elset=PlateLayup-1, composite, orientation=0ri-1, controls=EC-1, poisson=0.5, thicks
stack direction=3, layup=PlatelLayup

1., 3, IM7_8552, 0., Ply-1

1., 3, IM7_8552, 45., Ply-2

1., 3, IM7_8552, -45., Ply-3

1., 3, IM7_8552, 90., Ply-4

1., 3, IM7_8552, 90., Ply-5

1., 3, IM7_8552, -45., Ply-6

1., 3, IM7_8552, 45., Ply-7

1., 3, IM7_8552, 0., Ply-8

*Transverse Shear
4.42e+06, 3.62e+06, 63300,

*Hourglass Stiffness
3445., , 2584, 0.

*End Part
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Figure 13: Edit keywords dialog box

2.10 Creating and submitting a job

The model is now completely defined and ready to be submitted for analysis. In this step, a job is created
and submitted for analysis.

1.
2.

To create a job, switch to the Job module.
Double click the Jobs icon 2 in the model tree or select Job = Create from the main toolbar.
The Create Job dialog box appears.
Name the job Helius_Tutorial_1 and click Continue. The Edit Job dialog box appears.
Accept the default job selections and click OK.
Select Job > Submit = Helius_Tutorial_1 from the main toolbar.

The analysis time will vary from computer to computer, but should be less than ten

minutes.
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2.11 Viewing and interpreting the results

Helius:MCT generates several state variable outputs. In this step, a key variable (SDV1) is viewed and
discussed. SDV1 is the state variable that keeps track of fiber and matrix failure within an element.

1.

After the job has completed, click Job = Results = Helius_Turotial_1. This will open the
output database file and switch to the Visualization module. The undeformed plate appears in the
viewport.

State variable SDV1 is used to identify the discrete damage state of the composite material. To
plot this variable, select Result = Field Output from the main toolbar. The Field Output dialog
box appears.

Select SDV1 from the list of Output Variables. Click OK.

Choose Contour from the Select Plot State dialog box that appears, then click OK.

The elements will appear to be heavily distorted because the deformation scale factor is set too
high. Adjust the Deformation Scale Factor by selecting Options = Common from the main
toolbar and entering a value of 1 in the Deformation Scale Factor field in the Common Plot
Options dialog box. Click OK.

The default Contour Type is Banded, but the Quilt type is more useful for viewing SDV1 output.
To switch from Banded to Quilt, select Options = Contour from the main toolbar, and select
Quilt as the Contour Type. Click OK. The plot should be similar to the plot shown in Figure 14.
Minor differences are usually the result of mesh variations. Results generated using Abaqus 6.7

will be different because the SC8R element formulation changed from version 6.7 to version 6.8.

The following table lists the three possible values for SDV1 and the corresponding failure state. It can be
helpful to decrease the number of Contour Intervals to 3 and specify user-defined limits so that the
element colors remain consistent. For example, if there are 12 intervals and only matrix failure, Abaqus
will automatically adjust the limits to range from 1 to 2 and red elements will correspond to matrix failure
but when fiber failure occurs, the range will be adjusted to 1-3 so that red elements correspond to fiber
failure instead of matrix failure. By setting the number of Contour Intervals to 3 and specifying
appropriate user-defined limits, the range of values of SDV1 will be always be 1 to 3.

Value of SDV1 Failure State
1 No failure
2 Matrix failure
3 Fiber and matrix failure

Page 21 of 24



FIREHOLE

DVANCED COMPOSITES AMALYSIS

SOl
fraction = -0.875000, Layer = 1

+3.000e+00
+2.333e+00
+1.667e+00
+1.000e+00

Figure 14: Failure plot of ply 1 at the end of the step

Note that the default ply for the contour plot shown in Figure 14 is Ply-1. To view failure in all of the
plies, envelope plots can be used. Envelope plots display the maximum or minimum integration point
value across all of the section points in each element. For example, let Ply-3 of an element be the only
failed ply in that element. The envelope plot for that element will show the element as failed, even though

no other plies in that element have failed.

7. To create an envelope plot, select Result = Section Points from the main toolbar. Select the

Envelope option from the Categories box and click Apply. The plot should be similar to the plot

shown in Figure 15.
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Figure 15: Envelope plot of SDV1 at the end of the step

8. To view the failure state of a single ply, click Plies from the Section Points dialog box. View the
failure in each ply. Note that plies with the same orientation have identical failure states since the

laminate is symmetric. For example, Ply-2 and Ply-7 have the same failure states.

Viewing the progression of failure is often useful for visualizing the way a structure fails.

9. Switch back to the envelope plot.
10. Select Result = Step/Frame from the main toolbar. A list of each increment in the step appears.

K A Tr b on the toolbar can be used.

As an alternative, the step controls
11. Starting at Step Time = 0.000, progress through the step while watching the viewport to
determine when failure initiates and how failure propagates.
a. First matrix failure should occur at Step Time = 0.4500.

b. First fiber failure should occur at Step Time = 0.8500.

Page 23 of 24



$9 FIREHOLE

TECHNOLOGIES

ADVANCED COMPOSITES ANALYSIS

3  Summary

A composite plate with a hole was modeled, and Helius:MCT was used to predict progressive fiber and
matrix failure caused by a displacement controlled load. Five different procedures specific to
Helius:MCT were used:

In section 2.2, the Helius:MCT plug-in was used to generate a user material.

In section 2.3, shell section parameters were defined for the composite layup.

In section 2.5, extrapolation was set to none and solution controls were defined.

In section 2.6, state variable (SDV) output to the database file (.odb) was requested.
In section 2.9, hourglass controls were specified.

agrwdE

After the analysis job was completed, Abaqus Viewer was used to plot fiber and matrix failure in
individual plies, and an envelope contour plot was used to view the maximum damage state that occurred
in the 8-ply laminate.
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