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Average Analysts Have Little Background Using
Increasingly Popular Composite Materials

e Composite materials are made from
two or more constituent materials

* These materials have different physical
or chemical properties

* When combined they produce a
material with characteristics different
from the individual components

* As more industries and applications g O
begln to use CompOSItesl maore Disassemble composite fuselage of a Boeing Dreamliner.
analysis is being done by analysts of  (Seurce: Wikipedia)
varying backgrounds




A 2012 PLM World Presentation Highlighted The
Challenges Of Composite Analysis

* Analysis of composites can be extremely time consuming

* There is often a lack of material (stiffness and strength) data from
testing or manufacturing

* There are many failure modes to study

* The selection of element types is specialized for analysis

* Failure often may happen thru the thickness, but plates or layered PCOMP
may not capture that well

* High stresses in bonds or joints are often at singular locations

* Refining the mesh increases the stress as the mesh gets smaller and smaller

» Stresses obtained may not be meaningful without normalization to element size or
testing
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Agenda

Review of Typical Composite Modeling Techniques
* Shell elements with PSHELL/PCOMP properties
* 3D elements with PSOLID properties
* 3D elements with PCOMPS properties

Closed Form Verification

Representative Test Cases
e Single-Lap-Joint (ASTM 1002)
* Peel Resistance (ASTM 1876)

Summary and Observations




Composite Modeling Techniques (1 of 3)
2D Elements with PSHELL or PCOMP properties

 The PSHELL method can be used to “directly input
membrane, bending, membrane-bending coupling,
and transverse shear constitutive relationships”

* Good for defining simpler composites but quickly gets ‘
complex with more detailed laminates 7

* You can only directly recover smeared element data
(post-recovery can be used for ply-by-ply results)

* The PCOMP/PCOMPG method can be used to X
define the laminate via a ply-by-ply method and the
software will compute the equivalent PSHELL and ‘
MAT2 entries. This method uses classical lamination 4

theory.

* The user defines thickness, orientation, and the material
properties for each lamina

* Can be applied to CQUAD4, CQUADS8, CQUADR,
CTRIA3, CTRIAR and CTRIA6 elements
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Composite Modeling Techniques (2 of 3)
3D Elements with PCOMPS properties

e Similar to the PCOMP method, the

PCOMPS method uses ply-by-ply Y
properties but applies them to 3D L
elements (CHEXA and CPENTA) z

* |t is not based on classical lamination
theory so is useful for modeling thick
laminates where interlaminar and normal

X
stresses may be important ‘

 The user defines thickness, orientation,
and the material properties for each lamina

e Note: The MAT11 card is a newer
material definition for Orthotropic Solid
Materials
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Composite Modeling Techniques (3 of 3)

3D Elements with linear bricks
- L
X

S=s=—110

* A final method is to model your lamina with
individual layers of linear bricks with the
appropriate material data and directionality




For Closed Form Verification Can Look at a

Simply Supported Cantilever Beam With Point Load

W=10N

e Simple closed
form example

* Using
properties for
aluminum (AL
2024 T3)

* We will compare the element types with this simple test case first

* Note, we are starting with isotropic so that we can compare element
formulations without material orientation as an additional variable

X

]

O

80 mm
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The Exact Solutions for Displacement, Axial Stress, &
Axial-Normal Shear Stress Can All Be Found

X
4

Neutral
AXis

< b >
Omax At top/bottom surface

Tmax at neutral axis

Z

X W=10N

10N Applied 80 mm from Simply Supported End

Displacemnet (mm)

20 40 B0 80 100 120 140 160 180
Distance from Simply Supported End (mm)

#PLMCONX
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Axial Stress {MPa)

Axial-Normal Shear Stress (MPa)
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10N Applied 80 mm from Simply Supported End
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Example Model Using CQUAD4 Elements

IIIIIII \ Using Linear Elements - '\I/Y
IIIII 80, CQUAD4 or CHEXAS |
m Basic
Coordinate
Simply System
Supported in
Basic X

10N Distributed Load

Applied in Basic X Fixed in

all DOF

Nodes and Element Used for

Comparison to Closed From Solution :

vt




Example of Ply Layups for a CQUAD4 Element

A Ply 9

Ply 8

Ply 7

Ply 6

7 I 1 mm 1mm | Ply 5
Ply 4

Ply 3

Ply 2

v P|¥ 1

Example of a 1 Ply Model Example of an 8 Ply Model Example of a 9 Ply Model
Single ply is 1 mm Each ply is 0.125 mm Each inner ply is 0.13 mm
Each outer ply is 0.045 mm




The closed form solution is used as the benchmark for
displacement and axial stress comparisons

Displacement Axial Stress Axial-Normal Shear Stress
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt
Property| Through Element Centroidal Centroidal
Type [Thickness (mm) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff)]| (MPa) | (% Diff) [ (MPa) | (% Diff)
Closed Form Solution 5.41 86.4 0.36
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- --
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- --
PCOMP 1 1 537 | 0.7% -- -- 0.0 | 100% -- -- 0.00 | 100%
PCOMP 1 8 537 | 0.7% -- -- 73.8 15% -- -- 0.28 1%
PCOMP 1 9 537 0.7% -- -- 80.5 7% -- -- 0.28 5%
PSOLID 1 -- 537 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36%
PCOMPS 1 1 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 8 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PSOLID 8 -- 536 | 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 53| 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 | 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 1%
H#PLMCONX

Closed form solution and
PBEAM model are within
1% agreement for
displacement and axial
stress.
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The PBEAM estimate is used as the benchmark for axial-
normal shear comparison

Displacement Axial Stress Axial-Normal Shear Stress
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt
Property| Through Element Centroidal Centroidal
Type |Thickness (mm) | (% Diff)| (MPa) [ (% Diff) [ (MPa) | (% Diff)| (MPa) | (% Diff) | (MPa) | (% Diff)
Closed Form Solution 5.41 86.4 0.36
-- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- --
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- --
PCOMP 1 1 537 0.7% -- -- 0.0 | 100% -- -- 0.00 | 100%
PCOMP 1 8 537 0.7% -- -- 73.8 | 15% -- -- 0.28 4%
PCOMP 1 9 537 0.7% -- -- 80.5 7% -- -- 0.28 5%
PSOLID 1 -- 537 | 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36%
PCOMPS 1 1 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 8 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 537 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PSOLID 8 -- 536 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 536 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 4%
H#PLMCONX

Closed form solution
assumes axial-normal
shear stress is uniform
across the width of the
beam

Exact analysis shows that
shear stress varies across
the width with max
intensity occurring at
ends of neutral axis for a
rectangular cross section
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Results are enveloped through the thickness over all
elements and plies

Displacement Axial Stress Axial-Normal Shear Stress
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt
Property| Through Element Centroidal Centroidal
Type [Thickness (mm) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff)]| (MPa) | (% Diff) [ (MPa) | (% Diff)
Closed Form Solution 5.41 86.4 0.36
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- --
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- --
PCOMP 1 1 537 | 0.7% -- -- 0.0 | 100% -- -- 0.00 | 100%
PCOMP 1 8 537 | 0.7% -- -- 73.8 15% -- -- 0.28 1%
PCOMP 1 9 537 0.7% -- -- 80.5 7% -- -- 0.28 5%
PSOLID 1 -- 537 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36%
PCOMPS 1 1 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 8 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PSOLID 8 -- 536 | 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 53| 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 | 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 1%
H#PLMCONX

Exclude results near
the applied boundary
conditions

For axial-normal shear
also exclude results
near the applied load
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2D Element Ply results are located at the element
centroid only

Displacement Axial Stress Axial-Normal Shear Stress
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt
Property| Through Element Centroidal Centroidal
Type |Thickness (mm) | (% Diff)| (MPa) [ (% Diff) [ (MPa) | (% Diff)| (MPa) | (% Diff) | (MPa) | (% Diff)
Closed Form Solution 5.41 86.4 0.36
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- --
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- --
PCOMP 1 1 537 0.7% -- -- 0.0 | 100% -- -- 0.00 | 100%
PCOMP 1 8 537 0.7% -- -- 73.8 | 15% -- -- 0.28 4%
PCOMP 1 9 537 0.7% -- -- 80.5 7% -- -- 0.28 5%
PSOLID 1 -- 537 | 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36%
PCOMPS 1 1 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 8 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 537 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PSOLID 8 -- 536 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 536 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 4%
H#PLMCONX
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2D Element ply results are reported at the middle of the
ply

Displacement Axial Stress Axial-Normal Shear Stress
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt
Property| Through Element Centroidal Centroidal
Type |Thickness (mm) | (% Diff)| (MPa) [ (% Diff) [ (MPa) | (% Diff)| (MPa) | (% Diff) | (MPa) | (% Diff)
Closed Form Solution 5.41 86.4 0.36
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- --
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- --
PCOMP 1 1 537 0.7% -- -- 0.0 | 100% -- -- 0.00 | 100%
PCOMP 1 8 537 0.7% -- -- 73.8 | 15% -- -- 0.28 4%
PCOMP 1 9 537 0.7% -- -- 80.5 7% -- -- 0.28 5%
PSOLID 1 -- 537 | 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36%
PCOMPS 1 1 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 8 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 537 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PSOLID 8 -- 536 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 536 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 4%
H#PLMCONX

X
L <—I
X Ply 1
1 Ply Model
X Ply 8
Ply 7
[
[ J
[ ]
Ply 2
Ply 1
8 Ply Model
X Ply 9
° Ply 8
[
[ ]
Ply 2
9 Ply Model  Ply1
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2D Element ply results are reported at the middle of the
ply

Displacement Axial Stress Axial-Normal Shear Stress
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt
Property| Through Element Centroidal Centroidal
Type |Thickness (mm) | (% Diff)| (MPa) [ (% Diff) [ (MPa) | (% Diff)| (MPa) | (% Diff) | (MPa) | (% Diff)
Closed Form Solution 5.41 86.4 0.36
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- --
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- --
PCOMP 1 1 537 0.7% -- -- 0.0 | 100% -- -- 0.00 | 100%
PCOMP 1 8 537 0.7% -- -- 73.8 | 15% -- -- 0.28 4%
PCOMP 1 9 537 0.7% -- -- 80.5 7% -- -- 0.28 5%
PSOLID 1 -- 537 | 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36%
PCOMPS 1 1 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 8 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 537 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PSOLID 8 -- 536 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 536 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 4%
H#PLMCONX

Axial stress is maximum
at the outer surface

2D element ply results
are reported at the
middle of the ply

High inaccuracy
estimating axial stress
using a single ply

Potential inaccuracies
using thick plies
Improvement in axial
stress accuracy with
more plies/thinner outer

ply
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2D Element interlaminar results are reported at the top
of the ply

Displacement Axial Stress Axial-Normal Shear Stress
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt
Property| Through Element Centroidal Centroidal
Type |Thickness (mm) | (% Diff)| (MPa) [ (% Diff) [ (MPa) | (% Diff)| (MPa) | (% Diff) | (MPa) | (% Diff)
Closed Form Solution 5.41 86.4 0.36
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- --
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- --
PCOMP 1 1 537 0.7% -- -- 0.0 | 100% -- -- 0.00 | 100%
PCOMP 1 8 537 0.7% -- -- 73.8 | 15% -- -- 0.28 4%
PCOMP 1 9 537 0.7% -- -- 80.5 7% -- -- 0.28 5%
PSOLID 1 -- 537 | 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36%
PCOMPS 1 1 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 8 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 537 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PSOLID 8 -- 536 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 536 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 4%
H#PLMCONX

X
L 4—1
X
Ply 1
1 Ply Model
| . | Plys
X
Ply 4
Ply 3
Ply 2
Ply 1
8 Ply Model
s Ply 9
X
Ply 4
Ply 3
Ply 2
Ply 1
9 Ply Model
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2D Element interlaminar results are reported at the top
of the ply

Displacement Axial Stress Axial-Normal Shear Stress
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt
Property| Through Element Centroidal Centroidal
Type |Thickness (mm) | (% Diff)| (MPa) [ (% Diff) [ (MPa) | (% Diff)| (MPa) | (% Diff) | (MPa) | (% Diff)
Closed Form Solution 5.41 86.4 0.36
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- --
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- --
PCOMP 1 1 537 0.7% -- -- 0.0 | 100% -- -- 0.00 | 100%
PCOMP 1 8 537 0.7% -- -- 73.8 | 15% -- -- 0.28 4%
PCOMP 1 9 537 0.7% -- -- 80.5 7% -- -- 0.28 5%
PSOLID 1 -- 537 | 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36%
PCOMPS 1 1 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 8 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 537 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PSOLID 8 -- 536 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 536 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 4%
H#PLMCONX

Axial-normal shear stress
is maximum at the
neutral axis

2D element interlaminar
results are reported at
the top of the ply

High inaccuracy
estimating axial-normal
shear stress using a single

ply

Improvement in axial-
normal shear stress
accuracy dependent on
recovery location
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3D Element Ply results are located at the element
centroid and at the element nodes (if requested)

{3 structural Output Requestsl EE
Name [ Structural Cutput Requests] ]
Label [2 |
Displacement Axial Stress Axial-Normal Shear Stress Properties A
Description ][m
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt [ enable |
Property| Through Centroidal Centroidal [oisavieat |
) Element - - X ; X . —
Type |Thickness (mm)| (% Diff)| (MPa) | (% Diff) | (MPa) | (% Diff)| (MPa) | (% Diff) | (MPa) | (% DIff)| | | i oo, et v
Closed Form Solution 5.41 86.4 0.36 P e K e
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- -- "R T [ 5
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- -- Output Medium [penT puncH ~)
PCOMP 1 1 537 0.7% | -- -~ | 00 | 100% | - -- | 0.00 | 100% . o~ =
PCOMP 1 8 |[537] 07% | -- - | 738 15% | -- - 028 4% oer [rones i
PCOMP 1 9 5.37 0.7% -- -- 80.5 7% -- -- 0.28 5% CD“"’_“‘teS°“d."'\’°“"’“‘ |§LGJ;IGCE
PSOLID 1 -- 537 | 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36% Emwy (Grou 2
PCOMPS 1 1 537 | 0.8% || 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36% ¥ croup elen12omm-s:fg o]
PCOMPS 1 8 537 | 0.8% || 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 5.37| 0.8% || 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PSOLID 8 -- 536 | 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 53| 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 | 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 1% vvv
21
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There are multiple options for reporting 3D Element Ply

results
Displacement Axial Stress Axial-Normal Shear Stress

Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt
Property| Through Element Centroidal Centroidal

Type |Thickness (mm) | (% Diff)| (MPa) [ (% Diff) [ (MPa) | (% Diff)| (MPa) | (% Diff) | (MPa) | (% Diff)

Closed Form Solution 5.41 86.4 0.36
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- --
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- --
PCOMP 1 1 537 | 0.7% -- -- 0.0 | 100% -- -- 0.00 | 100%
PCOMP 1 8 537 | 0.7% -- -- 73.8 15% -- -- 0.28 1%
PCOMP 1 9 537 0.7% -- -- 80.5 7% -- -- 0.28 5%
PSOLID 1 -- 537 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36%
PCOMPS 1 1 537 | 0.8% || 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 8 537 | 0.8% || 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 537 0.8% || 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PSOLID 8 -- 536 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 53| 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 | 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 1%
H#PLMCONX

3D Element Ply results
can be reported at:
1. middle of the ply
2. the top and bottom
of the ply
3. the top, middle,
and bottom of the
ply
Results are shown using
option (3) leading to high
accuracy in axial stress
estimate

Each
Ply

K XK
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There are multiple options for reporting 3D Element Ply
results

3| structural Output Requestsl ljﬁ
Name [ Structural Qutput Requests] ]
Label [2 |
Displacement Axial Stress Axial-Normal Shear Stress Properties A
Descri ption ][E]
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt [“enable i |
Property| Through Centroidal Centroidal [orsablet |
) Element - - X ; X — ——
Type |Thickness (mm) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff)| || sezien | Spefear | fniomrace | fneicstenr
Closed Form Solution 5.41 86.4 0.36 e e o R
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- -- et ST [ 5
PSHELL 1 - 5.37 0.7% 84.0 3% 84.3 2% -- -- - -- Output Medium [PRINT PUNCH kv
pcomp| 1 1 [s37]om | - [ -~ [oo[1o0%| - | - |oo00]| 100% — e -
PCOMP 1 8 537 07% | -- - | 38| 15% | -- - 1028 4% petn = 5
PCOMP 1 9 5.37 | 0.7% -- -- 80.5 7% -- -- 0.28 5% Conposte sy ot __[oeft ¥
PSOLID 1 -- 5.37| 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36% Emwy T
PCOMPS 1 1 5.37| 0.8% || 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36% ¥ cros .
PCOMPS 1 8 537 | 0.8% || 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 5.37| 0.8% || 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
—
PSOLID 8 -- 536 | 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 53| 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 | 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 1% vvv
23
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3D Element Interlaminar results are reported at the top

and bottom of the ply

Displacement Axial Stress Axial-Normal Shear Stress
Physical | Elements Plies Per Nodal Nodal Peak EIeme.nt Nodal Peak EIeme'nt
Property| Through Element Centroidal Centroidal
Type |Thickness (mm) | (% Diff)| (MPa) [ (% Diff) [ (MPa) | (% Diff)| (MPa) | (% Diff) | (MPa) | (% Diff)
Closed Form Solution 5.41 86.4 0.36
PBEAM -- -- 541 | 0.0% | 86.4 0% -- -- 0.29 -- --
PSHELL 1 -- 537 | 0.7% | 84.0 3% 84.3 2% -- -- -- --
PCOMP 1 1 537 0.7% -- -- 0.0 | 100% -- -- 0.00 | 100%
PCOMP 1 8 537 0.7% -- -- 73.8 | 15% -- -- 0.28 4%
PCOMP 1 9 537 0.7% -- -- 80.5 7% -- -- 0.28 5%
PSOLID 1 -- 537 | 0.8% | 83.9 3% 0.0 | 100% | 0.19 | 36% | 0.19 | 36%
PCOMPS 1 1 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 8 537 | 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 | 36%
PCOMPS 1 9 537 0.8% | 84.3 2% 84.3 2% 019 | 36% | 0.19 [ 36%
PSOLID 8 -- 536 0.9% | 83.9 3% 73.7 | 15% | 0.27 7% 0.28 5%
PCOMPS 8 1 536 0.9% | 84.3 2% 84.3 2% 0.28 5% 0.28 5%
PSOLID 16 -- 536 0.9% | 84.3 2% 79.3 8% 0.28 4% 0.28 4%
H#PLMCONX

3D Element interlaminar
results are reported at
the top and bottom of
the ply

Each
Ply

Observe no
improvement in
accuracy using layered
composite element than
with single solid
element
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First Representative Test Case is the Single-Lap-Joint

 ASTM 1002 — Single-Lap-Joint

* This test method covers the
determination of the apparent shear
strengths of adhesives for bonding
metals

* Bonded lap joint under tensile loading

* The specimens are placed in the grips
of the testing machine so that the
outer ends are in contact with the
jaw

* The long axis of the test specimen
coincides with the direction of
applied pull through the center line
of the grip assembly

#PLMCONX

1.6 mm — GLUE LINE
(0.064")
1
VY
— T - 3 SHEAR
254mm F3 \\\‘W{ ) “FFA
I s AW ;
S .
{254 o L* - 2548 Lpea
AREA -63.5 mm- - 63.5mm =~ NN
IN- o TEST
TEST = 27+ L mm - GRIPS
GRIPS -~ ——— | 77.8 + Lmm e

FIG. 1 Form and Dimensions of Test Specimen

ASTM 1002 - Standard Test Method for Apparent Shear Strength of
Single-Lap-Joint Adhesively Bonded Metal Specimens by Tension Loading
(Metal-to-Metal)
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Single-Lap-Joint Test Will Use an Adhesive and Two
Different Adherands

* Adhesive: Hysol EA 9394 (5383 ToLuE Line
Y
 Common two-part structural paste — — 3 SHEAR
adhesive 72?,4;-nm 5 W /’L
. t fosa. I 254 ,oea
* Adherand 1: AL 2024 T3 (because this  area ™ -e3smm-  -e3smm- ™" N~

is what the tests for Hysol EA 9394 use) o=:t T ETeLmmoT oS GRies

GRIPS - [ 7T7.8 + Lmm

° At 770F/250C the fallure stress IS 28 9 Mpa FIG. 1 Form and Dimensions of Test Spemmen
JAN ASTM 1002 - Standard Test Method for Apparent Shear Strength of

* A 254 m.m X 162 mm = 41148 mm 2 Single-Lap-Joint Adhesively Bonded Metal Specimens by Tension Loading

* Force at failure = stress*area = 28.9 x 1E6 (Metal-to-Metal)

Pa*4.1148E-5 m"2=1,189 N
* Adherand 2: T300 Uniaxial Tape

* Use the same load and boundary
conditions

2
#PLMCONX 0
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Dimensions Used Were Exactly The Same For the 2D
and 3D Models

* The elements were set to ~“2 mm in length and width

* For shell element connections the adhesive was modeled with springs

* Connected with constraint elements to coincident springs per the FEMCI
method™* of modeling adhesive in a bonded joint

* The springs have varying stiffness based on material properties of adhesive,
element areas, and adhesive thickness

X
Y 4’

gid VA i ¥
elements - 4’_\_905 mre i ?
| spring [ P e SRR R -
| clemerts oy ids « o

Tpeel ¢ <— e -

RN T Load inZ
7 | .J’b\,b‘ o Fixed in 123456 Adhesive Connection Fixed in 12456

. . 27
*See source in appendix #PLMCONX el



Axial and In-Plane Shear Stress Match Well Between
PSHELL and PSOLID Models

* Interested in the axial stress and the in-  [oasi.
plane shear ||
* For shear looking at elements near the PSHELL

78.66

center to avoid boundary condition effects | .. gl

56.75

* The 14 element through the thickness

34.84

model is likely to provide the most Max Axial “ Max In-Plane Shear

12.94 -5.89

accurate results and we will use this as the © (zZzabsolute) Stress: “ (2 absolute) Stress:

baseline hoe. 111.52 MP3 v 11.78 MPa

Units = N/mm*2(MPa)

Min : -19.92, Max : 111.52, Units = N/mm*2(MPa)

147
prese:

STM_D1002_r1_psolid_1e_sim1 : d1002_psolid_1e Result ASTM_D1002_r1_psolid_1e_sim1 : _psol It ASTM _D1002 r1_psclid_14e_sim1 : d1002_psolid_14e Result ASTM_D1002_r1_psolid_14e_sim1 : d1002_psolid_14e Result
[Subcase - Static Loads 1, Static Step 1 Subcase - Static Loads 1, Static Step 1 Subcase - Static Loads 1, Static Step 1 Subcase - Static Loads 1, Static Step 1
Stress - Element-Nodal, Unaveraged, ZZ Stress - Element-Nodal, Unaveraged, YZ Stress - Element-Nodal, Unaveraged, ZZ Stress - Element-Nodal, Unaveraged, YZ
[Min : -53.36, Max : 111.66, Units = N/mm*2(MPa) Min : -11.04, Max : 11.04, Units = N/mm*2(MPa) Min - -53.13, Max : 117.94, Units = Nfmm*2(MPa) Min : -11.80, Max : 11.80, Units = N/mmA2(MPa)
[Deformation : Displacement - Nodal Magnitude Deformation : Di 1t - Nodal Deformation : Displacement - Nodal Magnitude Deformation : Displacement - Nodal Magnitude
111.66 11.04 117.94 11.80
l"“" PSOLID 1 element I“" 10360 Ig'“
M oe10 M 7 o -«  PSOLID 14 elements M s
70.41 5.52 SEES S 5.90
56.65 . 3.68 3.93
42,90 Lo 184 £ - 1.97
-0.00 0.00

15 —— .- @ Sl @0 N
29.15 5

et Max Axial .. MaxIn-Plane Shear |  Max Axial i Max In-Plane Shear
“* (ZZ absolute) Stress: ' (ZY absolute) Stress:[f “*  (ZZ absolute) Stress: - (ZY absolute) Stress:

117.94 MPa L 11.80 MPa Baseline

4
Units = N/mm*2(MPa Units‘ = N/mm*2(MPa)

42 111.66 MPa 2+ 11.04 MPa

Units = N/mm*2(MPa) Units AN/mmA2(MPa)




PCOMP With 14 Plies Is Close To The Baseline

. ‘v; l Nodal Magnitude .
PCOMP with 1 ply, 1.62
mm thick
22.05 ' > \
o Max Axial

(11 Native) Stress:
4. 34.66 MPa

. B

A ISR e
P e

i -0.25¢

** (12 native) Stress:

= 0.506 MPa

' Max In-Plane Shear | "

I;j (11 Native) Stress:
e 'A)105.63 MPa

I. maio nt - Nodal Magnitude .
“*  PCOMP with 14 ply, 1.62
s mm thick total
Max Axial

Max In-Plane Shear

(12 native) Stress:

-9.19

2 11.03 MP

- . d
Units'= N'mm*2(MPa)

e Stress is recovered for both stress results at the mid plane of each ply, not at
the top or bottom

* Cannot request nodal-elemental values for PCOMP results so must look at

elemental (centroid)

* One way to address the poor results for the 1 ply (or improve the 14 ply
results) is to request shell resultants, then NXLC can compute ply stresses at
the outer fiber of 2d elements

#PLMCONX
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Modeling layers using PCOMPS vyields a slight error
compared to modeling all the layers explicitly

Coord sys : Native
111.09

|I 97.39

I 83.68

69.98 ¢

56..

42.
28.86
15.16

1.46
-12.25
-26.95

-39.66

L

Coord sys : Native

117.34
|| 103.13
= 88.93

74.72

Deformation : Displacement - Nodal,

UnIlS'Z N/mmA*2(MPa)
1 _r1_pcomps_14e_1p_sim1 : d1002_pcomps_14e_1p Resuit

Subcase - Static Loads 1, Static Step 1

Ply Stress - Element-Nodal, Unaveraged, 11, Ply 1 Top

Min : -53.13, Max : 117.34, Units = N/mm*2(MPa)

4
Units = N/mm*2(MPa)

[ASTM_D1002 _r1_pcomps_1e_1p_sim1:d1002 pcomps_1e_1p Result
Subcase - Static Loads 1, Static Step 1

Ply Stress - Element-Nodal, Unaveraged, 11, Ply 1 Top

Min : -53.36, Max : 111.09, Units = N/mm*2(MPa)

PCOMPS with 1 element,

ply, 1.62 mm thick

Max Axial, Ply 1, TOP
(11 Native) Stress:
111.09 MPa

ASTM_D1002 r1_pcomps_1e_1p_sim1:d1002_pcomps_1e_1p Result
Subcase - Static Loads 1, Static Step 1

Ply Stress - Element-Nodal, Unaveraged, 12, Ply 1 Bot

Min : -11.04, Max : 11.04, Units = N/mm*2(MPa)

Coord sys : Native

Deformation : Displacement - Nodal Magnitude

*  Stress: 11.04 MPa

Yasg

JASTM_D1002 r1_pcomps_1e_14p_sim1:d1002_pcomps_1e_14p Result
- Static Loads 1, Static Step 1

Ply Stress - Element-Nodal, Unaveraged, 11, Ply 1 Top

Min : -53.36, Max : 111.09, Units = N/mm*2(MPa)

Coord sys : Native

[Deformation : Displacement - Nodal Magnitude

= Max In-Plane Shear, Ply 1 | ==
920 BOTTOM (12 native) 3066

L .111.09 MPa

ASTM_D1002_r1_pcomps_1e_14p_sim1 : d1002_pcomps_1e_14p Result
Subcase - Static Loads 1, Static Step 1

Ply Stress - Element-Nodal, Unaveraged, 12, Ply 14 Bot

Min : -11.09, Max : 11.09, Units = N/mm"2(MPa)

Coord sys : Native

Delarm%téon : Displacement - Nodal Magnitude

1
I 924

PCOMPS with 1 element, 14
oly;-1.62 mm thick total

Max Axial, Ply 1, TOP .. MaxIn-Plane Shear, Ply
(11 Native) Stress: " 14,BOTTOM (12 Native)
e Stress: 11.09 MPa

Units'= NimmA2(Pa)

Deformation : Displacement - Nodal Magnitude

PCOMPS with 14 elements, 1
1.62 mm thick total

Max Axial, Ply 1, TOP
(11 Native) Stress:
117.34 MPa

ASTM_D1002_r1_pcomps_14e_1p_sim1:d1002 pcomps_14e_1p Result
Subcase - Static Loads 1, Static Step 1

Ply Stress - Element-Nodal, Unaveraged, 12, Ply 1 Bot [

Min : -11.80, Max : 11.80, Units = N/mm*2(MPa)
Coord sys : Native

DeIormg&(l)on : Displacement - Nodal Magnitude
1"

9.83

-7.86

9.83

" Stress: 11.80 MPa

1, BOTTOM (12 native)

PCOMPS

Modeling layers with the same material usinﬁ A
the

ields a slight error compared to modeling a
ayers explicitly with CHEXAs (PSOLID)

Error of PCOMPS Model With 14 Plies On A Single
Ié?yer Is Small Compared to PSOLID Model With 14
ements

Have To Be Extremely Careful With Data Requests and
Comparison



All Displacements Across Physical Property Types Match

Within 4%

* All results in the table are being compared relative to the PSOLID
with 14 elements through the thickness, nodal-peak results

Displacement Normal - ZZ/11 Stress (MPa) In Plane Shear - ZY/12 Stress (MPa)

Physical |Elements| . Nodal Nodal Peak Element Nodal Peak Element
Property| Through Element Centroidal Centroidal

Type [Thickness (mm) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff)
PSOLID 14 0.289 | 0.00% | 117.94 | 0.00% | 110.21 | 6.55% | 11.8 | 0.00% | 10.7 | 9.32%
PSHELL 1 -- 0.278 | 3.81% | 111.52 | 5.44% | 1115 | 544% | 11.8 | 0.17% | 11.8 | 0.17%
PCOMP 1 1 0.278 | 3.81% -- -- 34.7 |70.61% - - 0.5 |95.71%
PCOMP 1 14 0.278 | 3.81% -- -- 105.6 |10.44% -- -- 11.0 | 6.53%
PCOMPS 1 1 0.29 |-0.35%| 111.1 | 5.81% | 111.1 | 5.81% | 11.0 | 6.44% | 11.0 | 6.44%
PCOMPS 1 14 0.29 |-0.35% ) 111.1 | 5.81% | 111.1 | 5.81% 11.1 6.02% 11.1 6.02%
PCOMPS| 14 1 0.289 | 0.00% | 117.3 | 0.51% | 117.3 | 0.51% [ 11.8 | 0.00% | 11.8 | 0.08%
PSOLID 1 -- 0.29 |[-0.35%| 111.66 | 5.32% | 34.8 [70.47%| 11.0 | 6.44% 5.7 [51.48%

H#PLMCONX

All Displacements
match within 4%
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Stress Error For PCOMPS With 1 Element Through The
Thickness Compared To Layered PSOLID Is Within 7%

* All results in the table are being compared relative to the PSOLID with
14 elements through the thickness, nodal-peak results

Normal - ZZ/11 Stress (MPa)

Displacement

In Plane Shear - ZY/12 Stress (MPa)

Physical |Elements . o Nodal Nodal Peak Element Nodal Peak Element
Property| Through Element Centroidal Centroidal
Type ([Thickness (mm) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff)
PSOLID 14 -- 0.289 | 0.00% [ 117.94 | 0.00% | 110.21 | 6.55% | 11.8 | 0.00% | 10.7 | 9.32%
PSHELL 1 - 0.278 | 3.81% [111.52 | 5.44% | 1115 | 544% | 118 | 0.17% | 11.8 | 0.17%
PCOMP 1 1 0.278 | 3.81% - - 34.7 [70.61% -- -- 0.5 |95.71%
PCOMP 1 14 0.278 | 3.81% -- -- 105.6 |10.44% -- -- 11.0 | 6.53%
PCOMPS 1 1 0.29 |-0.35% | 111.1 | 5.81% | 111.1 | 5.81% | 11.0 | 6.44% | 11.0 | 6.44%
PCOMPS 1 14 0.29 [-0.35% ] 111.1 | 5.81% | 111.1 | 581% | 11.1 | 6.02% | 11.1 | 6.02%
PCOMPS 14 1 0.289 | 0.00% | 117.3 | 0.51% | 117.3 | 0.51% | 11.8 | 0.00% | 11.8 | 0.08%
PSOLID 1 - 0.29 |-0.35% | 111.66 | 532% | 348 |7047%| 11.0 | 6.44% 5.7 |51.48%

e Stress error in particular might be prob

* Loading, number of layers, materials, etc

#PLMCONX

* Using PCOMPS with
1 element through
the thickness and 14
plies displacement
matches within 1%

em dependent
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To Get Most Accurate Through-the-Thickness Results
Need to Model All of the Layers Explicitly With Elements

* All results in the table are being compared relative to the PSOLID with
14 elements through the thickness, nodal-peak results

Displacement Normal - ZZ/11 Stress (MPa) In Plane Shear - ZY/12 Stress (MPa)

Physical |Elements . o Nodal Nodal Peak Element Nodal Peak Element
Property| Through Element Centroidal Centroidal

Type [Thickness (mm) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff)
PSOLID 14 0.289 | 0.00% | 117.94 | 0.00% | 110.21 | 6.55% | 11.8 | 0.00% | 10.7 | 9.32%
PSHELL 1 -- 0.278 | 3.81% | 111.52 | 5.44% | 1115 | 544% | 11.8 | 0.17% | 11.8 | 0.17%
PCOMP 1 1 0.278 | 3.81% -- -- 34.7 |70.61% - - 0.5 |95.71%
PCOMP 1 14 0.278 | 3.81% -- -- 105.6 |10.44% -- -- 11.0 | 6.53%
PCOMPS 1 1 0.29 |-0.35% | 111.1 | 5.81% | 111.1 | 5.81% | 11.0 | 6.44% | 11.0 | 6.44%
PCOMPS 1 14 0.29 |-0.35% | 111.1 | 5.81% | 111.1 | 5.81% 11.1 6.02% 11.1 6.02%
PCOMPS 14 1 0.289 | 0.00% | 117.3 | 0.51% | 117.3 | 0.51% [ 11.8 | 0.00% | 11.8 | 0.08%
PSOLID 1 -- 0.29 |-0.35% | 111.66 | 5.32% | 34.8 [70.47%| 11.0 | 6.44% 5.7 [51.48%

H#PLMCONX

If modeling every layer
explicitly is computationally or
“modeling time” prohibitive, a
closer approximation can be
still be had by modeling at
least a few element layers

3 elements: axial stress is
115.30 MPa and shear stress
is 11.50 MPa

5 elements: axial stress is
116.89 MPa and shearis 11.62
MPa
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Moving to Composites: Using T300 Uniaxial Tape

* As an example we chose 14 layers of
T300 uniaxial tape at [0, 90, 0, 90, 0, 90,
0, 0, 90, 0, 90, 0, 90, 0]

* PCOMP with 14 plies

* PCOMPS with 1 element, 14 plies

* PCOMPS with 14 elements, 1 ply each
e PSOLID with 14 elements

* Each layeris 1.62 mm/14 plies =
0.11571 mm which is close to the actual
thickness of the tape

)r CHEXA mesh with 14 elements in each
- adherand. is O degrees, pinkis 90
degrees, crey is adhesive




Both PCOMP and PCOMPS With 1 Element Through The
Thickness Underestimate Max Axial Stress

JASTM_D1002_r1_pcomp_1e_14p _t300_sim1:d1002_pcomp_1e_14p_t300 Result
[Subcase - Static Loads 1, Static Step 1

Ply Stress - Elemental, 11, Ply 14 Mid

[Min : -16.80, Max : 162.74, Units = N/mm"2(MPa)

[Coord sys : Native

ASTM_D1002_r1_pcomp_1e_14p t300_sim1:d1002_pcomp_1e_14p_t300 Result
Subcase - Static Loads 1, Static Step 1

Ply Stress - Elemental, 12, Ply 14 Mid

Min : -0.993, Max : 0.993, Units = N/mm"2(MPa)

Coord sys : Native

JASTM_D1002_r1_pcomps_1e_14p_t300_sim1 : d1002_pcomps_1e_14p_t300 Result
[Subcase - Static Loads 1, Static Step 1

Ply Stress - Element-Nodal, Unaveraged, 11, Ply 14 Bot

Min : -74.57, Max : 173.47, Units = Nimm*2(MPa)

Coord sys : Native

[Deformation - Displacement - Nodal Magnitude

ASTM_D1002_r1_pcomps_1e_14p_t300_sim1 : d1002_pcomps_1e_14p t300 Result

Subcase - Static Loads 1, Static Step 1

Ply Stress - Element-Nodal, Unaveraged, 12, Ply 1 Top

Min : -0.991, Max : 0.991, Units = N/mm*2(MPa)

Coord sys : Native

Deformation : Displacement - Nodal Magnitude
0.274
0.228

i 0.183
0.137
0.091
0.046
-0.000

-0.046

-0.091

-0.137

Max In-Plane Shear,
. Ply 1, TOP (12 Native)
. Stress: 0.274 MPa

-0.183

-0.228

g . " PCOMPS with 1 element, 14
PCOMP with 1 element, v, 1.62 mm thick total !
N 132.82 . B 0.237 13213 . I
11785 14 ply, 1.62 mm thick e P
72.97' -o..ooo 49.45
58.01 -0.059 28.78
. Max Axial e Max In-Plane Shear |° Max Axial, Ply 14, BOTTOM
(11 Native) Stress: (12 native) Stress:  [f** (11 Native) Stress:
184 -0.296 53.90
theo 162.74 MPa j’s\ 0.355 MPa Y 173.47 MPa
ASTM: D1002Ar1 pc:r‘nps 14e_1p_t300_sim1 : d1002_pcomps_14e_1p_t300 Result ASTM 1;1;:0_2 r:mzzorrfps Wa‘)le Tp.1300_Sim1 - G002 pcomps. 14e. 1p. 1300 Resul Iigt‘ls':/li‘g\;zz;'\jf:ipsolidj4e_tBOO_sim1 : d1002_psolid_14e_t300 Result
Subcase - Static Loads 1, Static Step 1 . sll;b;?;: ?Zg;:zi’:\f&ﬁi:zf::gld‘ Bt S:)bcaseE»’ Slallc( I;\‘cya‘;:t'sI 1, Static Stedp 1ZZ
T S e “PCOMPS with 14 o 10, - N2 77 o v 0875, - W 208
o matr s ficia e I e m e nts 1 I e a C h o mal 3 - Nodal Mag Deh:(r)n;l;(;n Displacement - Nodal Magnitude .
- - PY g we  PSOLID with 14 elements, 1
.. 1.62 mm thick total ", ] 15056 -
| *“  ply each, 1.62 mm thick total
135.76 0.175 134.95 -~
112.42 0.116 111.34 | A |
89.07 0.058 | 87.73 <
65.73 -0.000 64.11
42.39 -0.058 40.50
19.04 . -0.117 16.89 M
.« MaxAxial, Ply 1, BOTTOM | ... Max In-Plane Shear, Ply 1, Max Axial
“* (11 Native) Stress: " BOTTOM (12 native) (ZZ absolute) Stress:
Umzﬁ;meMZOS .79 MPa Um;:"ﬁf’;‘m§$!'ess: 0.349 MPa 205.79 MPa

ASTM_D1002_r1_psolid_14e_t300_sim1 : d1002_psolid_14e_t300 Result
Subcase - Static Loads 1, Static Step 1

Stress - Element-Nodal, Unaveraged, YZ

Min : -1.026, Max : 1.026, Units = N/mm*2(MPa)

Deformation : Displacement - Nodal Magnitude

0.349
0.291
0.233
0.175
0.117
= 0.058
0.000

-0.058
-0.116

Max In-Plane Shear
(ZY absolute) Stress:
0.349 MPa

-0.175
-0.233

-0.291

daus.




Stress Error For the PCOMPS Results With 1 Element
Through The Thickness Is Higher In Composite Example

* PCOMPS with 14 element layers matches the PSOLID 14 element
results

* PCOMPS with 1 element but 14 plies is off by at least 16% for axial
stress and more for the in-plane shear

Displacement Axial - ZZ/11 Stress (MPa) In Plane Shear - ZY/12 Stress (MPa)
Physical | Elements Plies Per Nodal Nodal Peak EIemgnt Nodal Peak EIemgnt
Property| Through Element Centroidal Centroidal
Type [Thickness (mm) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff) | (MPa) | (% Diff)
PSOLID 14 -- 0.261 | 0.00% | 205.79 | 0.00% 100.00%| 0.349 | 0.00% 100.00%
PCOMP 1 14 0.227 | 13.03% -- -- 162.7 | 20.92% -- -- 0.355 | -1.72%
PCOMPS 1 14 0.252 | 3.45% | 173.5 |15.71% | 173.1 [{15.89% | 0.274 |21.49% | 0.274 |21.49%
PCOMPS 14 1 0.261 | 0.00% | 205.8 | 0.00% | 205.8 | 0.01% | 0.349 | 0.00% | 0.343 | 1.72%
36
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Second Representative Test Case is Peel Resistance

e ASTM 1876 — Peel Resistance

* This test method is primarily intended for =
determining the relative peel resistance of 55
adhesive bonds between flexible adherends

* Two bonded, flexible adherends are 2w seifiven oh
progressively separated R

mm

) The I,:)ent' unbonded en.ds Of the teSt ASTM 1876—Stand-ardTest Method for Peel Resistance of
specimen are clamped in the grips of the = Adnesives (r-peel Test)
tension testing machine

* Aload at a constant head speed is applied
* Goal of this test often is to establish

an adhesive stress allowable (via
normalization to specific mesh sizing)

37
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Peel Test Will Use an Adhesive and an Adherand

* Adhesive: Hysol EA 9394

TEST PANEL

¢ Common two-part structural paste adhesive > T
e Adherand 1: AL 2024 T3 (per test spec for  s—r " we o T 1
HySO| EA 9394) \‘:g SPECIMEN pull\{[
e At 77°F/25°C the failure occurs at 22.2 N/25 P T
mm ASTM 1876 — StaF :;a1 r::;;;\';:;‘;::;j ;ee:r;;sista nce of
o W — 25 mm Adhesives (T-Peel Test)
* Force at failure = W * Failure Force =22.2 N/25
mm *25mm=22.2 N
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Dimensions Used Were Exactly The Same For the 2D
and 3D Models

* The elements were set to ~¥2 mm in length and width

* Adhesive is modeled with CHEXA elements for both 2D and 3D models (for
the adherands)

* To simplify this test FEM even more we looked at only the bonded flat region

* Interested in the peel stress (XX, through the thickness) stress




Properties All Match

_peel_r1_pshell_Te_sim1:T_peel_r1_pshell_Te Result
[Subcase - Static Loads 1, Static Step 1
[Displacement - Nodal, Magnitude
[Min : 0.0000, Max : 0.0866, Units = mm
D tion : D - Nodal

T_peel_r1_psolid_1e_sim1: T_Peel_r1_psolid_1e Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0799, Units = mm
Deformation : Displacement - Nodal Magnitud

0.0799
|I 0.0733
- 0.0666

0.0599

0.0866

0.0794

=~ 0.0721

0.0649

0.0577

- 0.0533

0.0505 0.0466

0.0433 0.0400

0.0361 0.0333

0.0289 0.0266

000 PSOLID 1 element 0.81

0.0216

PSHELL 0.81 mm thick,

- Umm thick, Max Def:
.o@ Max Def: 0.0866 mm 10.0799 mm

0.0783
I 0.0718
0.0653

0.0588
= 0.0522
0.0457
0.0392
0.0326
0.0261
0.0196
0.0131
0.0065
ol
-

Units = mm

T_peel_r1_psolid_7e_sim1 : T_Peel_r1_psolid_7e Res
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0783, Units = mm
Deformation : Displacement - Nodal Maga

Maximum Deflection Varies With Mesh Type, 2D

PSOLID 7 elements, total
0.81 mm thick, Max Def:
0.0783 mm

T _peel_r1_pcomp_1e_7p_sim1: T_peel_r1_pcomp_1e_7p Result T_peel_r1_pcomps_1e_1p_sim1 : T_Peel_r1_pcomps_1e_1p Res
Subcase - Static Loads 1, Static Step 1 Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude Displacement - Nodal, Magnitude
Min : 0.0000, Max : 0.0866, Units = mm Min : 0.0000, Max : 0.0799, Units = mm
D i Di 1t - Nodal Magnitud Deformation : Displacement - Nodal Magnitude
0.0866 0.0799
I 0.0794 I 0.0733
1 00721 0.0666
0.0649 — 0.0599
00577 ~ 0.0533
0.0505 0.0466
0.0433 0.0400
0.0361 c 0.0333 I
00289 N 0.0266 1 element
s PCOMP with 7 plies each |pe= throug thickness, 1
0.0144 . 0.0133 § .
w. 0.116 mm thick, Max Def: |§f ... ply, 0.81 mm thick, Max
= 0.0866 mm ‘#  Def: 0.0799 mm

pits = mm

T_peel_r1_pcomps_1e_7p_sim1: T_Peel r1_pcomps_1e_7p &
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0799, Units = mm

Deformation : Displacement - Nodal Magnit

0.0799
' 0.0732
~ 0.0666

0.0599
~ 0.0533
0.0466
0.0400
0.0333
0.0266

0.0200

0.0133

0.0067

S

Units = mm

PCON
through the thickness, 7
ply, 0.81 mm thick, Max
Def: 0.0799 mm

wvith 1 element

_peel_r1_pcomp_1e_Tp_sim1: |_peel r1_pcomp_1e_1p Resul
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude
Min : 0.0000, Max : 0.0866, Units = mm
Deformation : Displacement - Nodal Magnitude

0.0866
I 0.0794
0.0721

— 0.0649

= 0.0577
0.0505
0.0433
0.0361

0.0289

1 ply

e 0.81 mm thick, Max

0.0072

.

Units = mm
_peel_r1_pcomps_7e_1p_sim1:T_Peel_r1_pcomps_7¢g
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude
Min : 0.0000, Max : 0.0783, Units = mm
Deformation : Displacement - Nodal Magni

Def: 0.0866 mm

0.0783
0.0718
0.0653
0.0588
0.0522
0.0457

0.0392

elements
throtg ickness, 1
ply, 0.81 mm thick, Max
Def: 0.0783 mm

0.0326
0.0261
0.0196
0.0131
0.0065
ofiooo
==

Units = mm




Maximum Deflection Varies With Mesh Type, 3D Elements
With 1 Element Through-the-Thickness All Match

[T_peel_r1_pshell_Te_sim1:T_peel_r1_pshell_1e Result
Subcase - Static Loads 1, Static Step 1

Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0866, Units = mm

Deformation : Displacement - Nodal Magnitude

0.0866
|! 0.0794
0.0721

T _peel_r1_psolid_1e_sim1: T_Peel_r1_psolid_1e Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0799, Units = mm
Deformation : Displacement - Nodal Magnitud

0.0799
|l 0.0733
0.0666

g _ =.PSOLID 1 element 0.81
Z:;‘Z PSHELL 0.81 mm th'Ck, ZZ;:mm th'Ck, MaX Def:
.@ Max Def: 0.0866 mm 0.0799 mm

T_peel_r1_pcomp_1e_7p_sim1 : T_peel_r1_pcomp_1e_7p Result
Subcase - Static Loads 1, Static Step 1

Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0866, Units = mm

Dy ion : Displ

0.0866
! 0.0794
0.0721

0.0649

1t - Nodal Magnitud

0.0577
0.0505
0.0433

0.0361

w2s PCOMP with 7 plies each
e

Units = mm

0.0866 mm

0.116 mm thick, Max Def:

T_peel_r1_pcomps_1e_1p_sim1 : T_Peel_r1_pcomps_1e_1p Res
Subcase - Static Loads 1, Static Step 1

Displacement - Nodal, Magnitude

[Min : 0.0000, Max : 0.0799, Units = mm

[Deformation : Displacement - Nodal Magnitude

0.0799
l 0.0733
0.0666

— 0.0599

[ 0.0533
0.0466
0.0400

0.0333

1 element
throug thickness, 1
ply, 0.81 mm thick, Max
Def: 0.0799 mm

0.0266
0.0200
0.0133
0.0067

i

T_peel_r1_psolid_7e_sim1 : T_Peel_r1_psolid_7e Res
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0783, Units = mm
Deformation : Displacement - Nodal Maga

0.0783
I 0.0718
~ 0.0653

0.0261 o.ozsg 1 ply

wm  POLID7 elfements, totalf g7 o, 81 mm thick, Max

Z;:Z: 0.81 mm thick, Max Def: o;y Def: 0.0866 mm
v 0.0783 mm U%

T_peel_r1_pcomp_1e_1p_sim1: T_peel r1_pcomp_1e_1p Result
Subcase - Static Loads 1, Static Step 1

Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0866, Units = mm

Deformation : Displacement - Nodal Magnitude

0.0866
l 0.0794
0.0721

T_peel_r1_pcomps_1e_7p_sim1:T_Peel r1_pcomps_1e_7p
Subcase - Static Loads 1, Static Step 1

Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0799, Units = mm

Deformation : Displacement - Nodal Magnit

0.0799
l 0.0732
0.0666

0.0599
0.0533
0.0466
0.0400

0.0333

PCO ith 1 element
through the thickness, 7
ply, 0.81 mm thick, Max
Def: 0.0799 mm

0.0266
0.0200
0.0133
0.0067
s

Units = mm

T_peel_r1_pcomps_7e_1p_sim1:T_Peel_r1_pcomps_7e
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0783, Units = mm
Deformation : Displacement - Nodal Magni|

0.0783
l 0.0718
~ 0.0653

0.0588

0.0522
0.0457

0.0392

elements
ickness, 1
ply, O. 81 mm thick, Max
Def: 0.0783 mm

0.0326

0.0261

Units = mm



Maximum Deflection Varies With Mesh Type, 3D Elements
With 7 Element Through-the-Thickness All Match

[T_peel_r1_pshell_Te_sim1:T_peel_r1_pshell_1e Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0866, Units = mm
Deformation : Displacement - Nodal Magnitude

0.0866
|! 0.0794
0.0721

— 0.0649

— 00577

wos PSHELL 0.81 mm thick,

0.0072

ol Max Def: 0.0866 mm

Units = mm

T_peel_r1_psolid_1e_sim1: T_Peel_r1_psolid_1e Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0799, Units = mm
Deformation : Displacement - Nodal Magnitud

0.0799
l 0.0733
0.0666

0.0599

- 0.0533
0.0466
0.0400
0.0333

0.0266

00 PSOLID 1 element 0.81
“=mm thick, Max Def:

0.0067

Units = mm

T_peel_r1_pcomp_1e_7p_sim1 : T_peel_r1_pcomp_1e_7p Result
Subcase - Static Loads 1, Static Step 1

Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0866, Units = mm

D tion : Displ: 1t - Nodal Magnitud

0.0866
! 0.0794
0.0721

0.0649

0.0577
0.0505
0.0433

0.0361 2]

0.0289

ozs - PCOMP with 7 plies each

0.0144

w2 0.116 mm thick, Max Def:
= 0.0866 mm

T_peel_r1_pcomps_1e_1p_sim1 : T_Peel_r1_pcomps_1e_1p Res
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0799, Units = mm
Deformation : Displacement - Nodal Magnitude

0.0799
l 0.0733
0.0666

— 0.0599
~ 0.0533
0.0466
0.0400

0.0333

1 element
oo througMe@e thickness, 1

0.0133

v ply, 0.81 mm thick, Max
& Def: 0.0799 mm

0.0783
I 0.0718
~ 0.0653

00588
~ 00522
0.0457
00392
0.0326
00261
00196
00131
0.0065
opioo
-

Units = mm

0.0799
l 0.0732
0.0666

0.0599
0.0533
0.0466
0.0400
0.0333
0.0266
0.0200
0.0133

0.0067

s

Units = mm

T_peel_r1_psolid_7e_sim1 : T_Peel_r1_psolid_7e Res
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0783, Units = mm
Deformation : Displacement - Nodal Maga

PSOLID 7 elements, total
0.81 mm thick, Max Def:
0.0783 mm

T_peel_r1_pcomps_1e_7p_sim1:T_Peel_r1_pcomps_1e_7p 8
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0799, Units = mm
Deformation : Displacement - Nodal Magnit

ith 1 element
through the thickness, 7
ply, 0.81 mm thick, Max
Def: 0.0799 mm

T_peel_r1_pcomp_1e_1p_sim1: T_peel r1_pcomp_1e_1p Result
Subcase - Static Loads 1, Static Step 1

Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0866, Units = mm

Deformation : Displacement - Nodal Magnitude

0.0866
l 0.0794
0.0721

— 0.0649

— 00577
0.0505
0.0433

0.0361

0.0289 . ) 1 ply
e 0.81 mm thick, Max

°§°’2 Def: 0.0866 mm
'

T_peel_r1_pcomps_7e_1p_sim1 : T_Peel_r1_pcomps_T7g

Subca;e - Static Loads 1, Static Step 1

Displacement - Nodal, Magnitude
Min : 0.0000, Max : 0.0783, Units = mm
Deformation : Displacement - Nodal Magni|

elements
ickness, 1
hick, Max
oo Def: 0.0783 mm




Adhesive Solid Stress Varies As Expected Based On

T_peel_r1_pshell_1e_sim1: T_peel r1_pshell_1e Res
Subcase - Static Loads 1, Static Step 1
Stress - Element-Nodal, Unaveraged, XX
Shell Section : Top
Min : -6.46, Max : 8.77, Units = N/m
Deformation : Displacement - Nod
8.77

“  Max Normal Stress
= (XX absolute):

. 877MPa .

-5.19

646

_peel_r1_pcomp_Te_fp_sim1:T_peel_r1_pcomp_1e_/p Result
[Subcase - Static Loads 1, Static Step 1
[Stress - Element-Nodal, Unaveraged, XX
[Shell Section : Top
in : -6.46, Max : 8.77, Units = Nimm*2(MPa)
D afuérr;;ﬁan : Displacement - Nodal Magnitude

750

PCO

Max Normal Stress
(XX absolute):
8.77 MPa

T_peel_r1_psolid_1e_sim1:T_Peel_r1_psolid_1e Result
Subcase - Static Loads 1, Static Step 1

Stress - Element-Nodal, Unaveraged, XX

Min : -7.81, Max : 9.98, Units = N/mm*2(MPa)
Deformation : Displacement - Nodal Magni

9.98
8.50

—~
—, . .
—
~.

1.08
-0.40

-1.88

== Max Normal Stress
.- (XX absolute): 9.98

T_peel_r1_psolid_7e_sim1:T_Peel r1_psolid_7e,
Subcase - Static Loads 1, Static Step 1

Stress - Element-Nodal, Unaveraged, X

Min : -17.12, Max : 17.04, Units = N/t
Deformation : Displacement - Nod;

997
849
7.01
553
4.05
257
1.09
-0.39

-1.87

" Max Normal Stress
= (XX absolute): 9.97

-6.31

Differences In Displacements Due To Different Adherands

T e ——— R
ISubcase - Static Loads 1, Static Step 1

[Stress - Element-Nodal, Unaveraged, XX

[Shell Section : Top

Min - -6.46, Max - 8.77, Units = N/mm*2(MPa

Dafnén;%ﬁun : Displacement - Nodal Mg

Max Normal Stress
(XX absolute):
8.77 MPa

™ MPa

T_peel_r1_pcomps_1e_1p_sim1: T_Peel_r1_p;
Subcase - Static Loads 1, Static Step 1
Stress - Element-Nodal, Unaveraged
Min : -7.81, Max : 9.98, Units = N/g
Deformation : Displacement -

9.98 <

>
850 % @
»Y D C
7.01 P C ) °

>

S “’ %
— 553 1 -~ ~\~
— 405 p -~ \

257

-\

.. Max Normal Stress

(XX absolute): 9.98
Pa

Units = Nimm*2(MPa

Stress - Element-Nodal, Unavera
Min : -7.82, Max : 9.99, Units =,

Max Normal Stress
(XX absolute): 9.99

Units = NImm*2(MPa) N

Nimm*2(MPa)

Subcase - Static Loads 1, Static Step 1
Stress - Element-Nodal, Unaveraged, XX

Min : -7.79, Max : 9.97, Units = Nimm"2(MPa)
Deformation : Displacement - Nodal Magnitude

9.97
849

7.01

.+ Max Normal Stress
.. (XX absolute): 9.97
MPa |

.
\ =

: <

Units = N/mm*"2(MPa) <




Adhesive Solid Stress Varies As Expected Based On
Differences In D|splaceents Due To Different Adherands

_peel_r1_psold 7e_sim1: |_Peel ri_psolid_/e peel_r1_pcomp_Te_1p_sim1: 1 peel r1_pcomp_le_71p Resu

Subcase - Static Loads 1, Static Step 1 Subcase - Static Loads 1, Static Step 1
" Stress - Element-Nodal, Unaveraged, XX
Shell Section : Top
Min : -6.46, Max - 8.77, Units = N/mm*2(MPa
Deformation : Displacement - Nodal Mg

877
I 750
6.23 P

— 49

T_peel_r1_pshell_1e_sim1: T_peel r1_pshell_1e Res

Subcase - Static Loads 1, Static Step 1

Stress - Element-Nodal, Unaveraged, XX

Shell Section : Top

Min : -6.46, Max : 8.77, Units = N/m

Deformation : Displacement - Nod
8.77

| 7.50
6.23

Stress - Element-Nodal, Unaveraged, X
Min : -17.12, Max : 17.04, Units = N/t
Deformation : Displacement - Nod;

997
I 849
7.01

~ 553

Stress - Element-Nodal, Unaveraged, XX
Min : -7.81, Max : 9.98, Units = N/mm*2(MPa)
Deformation : Displacement - Nodal Magni

9.98
I 8.50
7.01

— 553

369

Max Normal Stress

(XX absolute): = Max Normal Stress ' Max Normal Stress

L, | , XX absolute):
«w 8.77 MP : = : “= (XX absolute): 9.97 (
8 d | = (XX absoluté). 9.98 a1 ( \,E) 8.77 MPa

he > < v ~
e Units = NIMMB d i iz Nimm*2(MPe)

[T_peel_r1_pcomp_1e_7p_sim1:T_peel_r1_pcomp_1e_7p Result “peel_r1_pcomps_1e_1p_sim1:1_Peel r1_p _peel_r1_pcomps_/e_lp_sim1 - |_°eel_r1_pcomps_/€e_1p Rest
[Subcase - Static Loads 1, Static Step 1 Subcase - Static Loads 1, Static Step 1 Subcase - Static Loads 1, Static Step 1
Stress - Element-Nodal, Unaveraged, XX Stress - Element-Nodal, Unaveraged, I\Sdlnas7-7Esler"vl|wnt-r;ogd;l.uUnaverr:ged.A);):nF'
[Shell Section : Top Min : -7.81, Max : 9.98, Units = N/a in : -7.79, Max : 9.97, Units = N/mm"2(MPa)
IMin : -6.46, Max : 8.77, Units = Nimm"2(MPa) Deformation : Displacement - Deformation : Displacement - Nodal Magnitude
Deformation : Displacement - Nodal Magnitude

877 9.98 < 9.99

>

“s

Max Normal Stress

Subcase - Static Loads 1, Static Step 1

Stress - Element-Nodal, Unaverage
Min : -7.82, Max : 9.99, Units =,
Deformation : Displacemep

P C o ~ “‘ > “v .
' A ’\'% ONIF "'s
1 I N e : 7 | <

S,
S~ : 5

Max Normal Stress Max Normal Stress Max Normal Stress Max Normal Stress
(XX absolute): “ (XX absolute): 9.98 . (XX absolute): 9.99 .. (XX absolute): 9.97
8.77 MPa ®  MPa . ' MPa Lempa o

Units = N/mm*2(MPa Units = NImm*2(MPa)




2D Models Differ From The Baseline Through The
Thickness By As Much As 12%

* The 2D adherand elements fail to match displacement or elemental-
nodal normal stress compared to that predicted by the full 3D models

Displacement Normal - XX/33 Stress (MPa)
Physical |[Elements Nodal Elemental-Nodal Elemental

Property| Through Plies per o o A o/ M
Type [Thickness Element| (mm) |(% Diff) [ (MPa) | (% Diff) | (MPa) | (% Diff)
PSOLID 7 -- 0.0783 -- 9.97 -- 3.606 --
PSHELL 1 -- 0.0866 [-10.60%| 8.77 |12.04% | 3.454 | 4.22%
PCOMP 1 1 0.0866 [-10.60%| 8.77 |12.04% | 3.454 | 4.22%
PCOMP 1 7 0.0866 [-10.60%| 8.77 |12.04% | 3.454 | 4.22%
PCOMPS 1 1 0.0799 | -2.04% | 9.980 | -0.10% | 3.656 | -1.39%
PCOMPS 1 7 0.0799 | -2.04% [ 9.990 |-0.20% | 3.657 | -1.41%
PCOMPS 7 1 0.0783 | 0.00% | 9.970 | 0.00% | 3.606 | 0.00%
PSOLID 1 -- 0.0799 | -2.04% | 9.980 | -0.10% | 3.656 | -1.39%
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Recall Stresses Obtained May Not Be Meaningful
Without Normalization To Element Size And Testing

* As a quick test the 3D PSOLID mesh with 7 elements through the thickness
was re-meshed with elements that were one half of the size (1 mm x 1 mm)

* The displacement is similar

(within 7%) but not exact e o i oo
° Th|s |ndlcates a mesh reflnement Defc;rrr.lation..emenlt-NodaI Magnitude Defc;rma;cion,:Disp;lacz.em e
may be necessary to gain A Y NN
accurate results 0.0767 1281
* The stress on the other
hand scales inversely with o ZZ
element size
* It increased by 60%! o o
* Itis important to normalize  jj*= bisplacement, full model | |
your limit stresses to test oo 00837 mm N >1<;< gtlrijl; Adhesive,
. . . d
data and element size - By
46
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Composite Modeling Application: How Do You Choose
Element & Property Type?

* Have to pICk Interest Application/Needs Common Property Types
e|ement & Displacements Global modeling of test displacements  PSHELL,
PCOMP/PCOMPG,
property type for PCOMPS, PSOLID
your SpECIfIC Smeared In Failure due to axial or bending loads, PSHELL, PSOLID
a pp|ication Plane Stresses lots of layers but they are not

important, honeycomb, dynamics

* Solids are the models (not detailed layered stresses)

most general but

Ply-by-Ply In Driven by in-plane ply theory, want to PCOMP/PCOMPG,
also the most Plane Stresses compute ply failure indices PCOMPS
time consuming
Interlaminar Peel Behavior (Flatwise Tension) Near PCOMPS, PSOLID
Stresses Bond, Accurate interlaminar stress
required
47
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Summary: Composite Modeling Requires Tracking Of
Many Details & Good Knowledge Of The End Goal

* Make sure you recover stress where the high stress is going to occur
(or recover at all points if you are not sure)
* You can request elemental-nodal results for PCOMPS properties
* You can request bottom, mid, or top for PCOMPS properties

* All stress results improve via more elements through the thickness

* But depending on your stress states of interest (ie, axial in a simple beam
bending problem) the error may be acceptable with less elements through
the thickness

* Normalization to element size and testing is recommended
* This allows establishment of allowables that relate to your specific mesh density
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