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Presentation

In the excel tool there are 3 sheets:

3. Calculation sheet
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2. Material sheet

PLA_HM
PLA_HM
PLA_HM

PLA_HM PLA_LM

Carbon (HT)
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Presentation
1. Overview sheet

The overview sheet is where the user makes selection:

A

NB! If the user wishes to use the materials already suggested in the material menu, then the
user does not need to use the other excel sheet!

The materials used in the composite : self reinforced PLA is available through data
generated in the Bio4Self project, but any combination of fiber reinforced polymers can be
entered into the tool.

The composite lay up : the number of layers used in the composite, the thickness of the
individual layers and how the fibres are oriented in the different layers. NB! Here in the first
version of the excel, one layer of fabric material oriented in 0 / 90 will be described as 2
individual layers in the excel: one layer oriented in the O direction followed by a layer
oriented in the 90 direction (it has been discussed to take the waviness of the fabric into
consideration by adding a factor, this will be implemented in the next version).

The loading: by inputting a value the generated laminate can be loaded in
tension/compression/shear, in the two main orientations, as well as bending. The resulting
stress state can be seen in three graphs. A # graph can simulate a tensile test. The

i nstructions for thi g0-ucsaend0 bsee cftoiuonnd. I n t he

The overview sheet also supplies theequivalent composite properties obtained
with the composite described by the inputs.




Presentation

2.

Material sheet

A

The material sheet shows 3 different boxes:composite, reinforcement and matrix
properties .

In the composite box, the composite properties are calculated based on the reinforcement
and matrix properties and the fibre volume fraction selected.

The composite properties described here correspond to the properties of a composite
made of 1 single layer .

The properties of this 1 layer composite are then used in the construction of a composite
containing several layers in the Overview sheet.

It is possible to add new materials, if for example new PLAfibres are produced with new

materi al properties. This will oRe Maplkai aé
Material sheet Overview sheet
Properties of a composite Properties of a composite
made of one single layer made of severallayers

Assembling several layers with
different fibre orientation to
construct the final composite in
the overview sheet.




Presentation
3. Calculation sheet

A This is where the calculation of the laminate theory are made.
A Here the user does not need to provide any information.
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How to use
1. Overview sheet

Describe composite: material, thickness of individual layer, fibre angle.
Read the stiffness properties

Select the loading

Read the results

a bk Wbk

Simulate a tensile test




How to use
1. Overview sheet

1. Describe composite: material, thickness of individual layer, fibre angle.

A The first step is to describe the composite material of interest.

A Select material, by clicking on the oMaterial o cell , s
interest.
2 Layer no. |Material Thickness [mm] Angle{"]l
3 PLA 55 - 0,125 nl
3 -] 0,125 90,
PLA_35
: PLA_45 @ 0,125 45
6 PLA_55 0,125 45
User Defined
B User Defined 0,125 45
8 User Defined 0,125 45
9 User Defined I 0125 90,
10 PLA 55 0,125 0
11
12
A For each |l ayer a fibre direction needs to be given. Th

A For an angle of 0, the fibres are aligned along the x direction.

A For an angle of 90, the fibres are aligned along the y direction.




How to use
1. Overview sheet

1. Describe composite: material, thickness of individual layer, fibre angle.

An example of typical composites produced in Bio4self are unidirectional fibre with 50% fibre volume fraction. This type of
composite can be described as follow.

\4

PLA_50
PLA_50

Total thickness 0.00250 m




How to use
1. Overview sheet

1. Describe composite: material, thickness of individual layer, fibre angle.

In the case of afabric material , as mention in slide #4 this first version of the excel tool describes 1 layer of fabric made
of as many fibres oriented in the 0 and the 90 direction by 2 single layers. One layer oriented in the O direction and 1
layer oriented in the 90 direction.

Modelling of 1 layer of fabric with fibres oriented in the 0 —and 90 direction




How to use
1. Overview sheet

1. Describe composite: material, thickness of individual layer, fibre angle.

As an example, a typical composite produced in Bio4self is made of 2 layers of fabrics (with fibre direction 0/90, with as
many fibres in both direction) where the fibre volume fraction per layer is equal to 50%.

In this first version of the excel, this is describe by 4 layers, see image.

As the total fibre volume fraction in one fabric layer is 50%, in the excel one single layer contains 50% of fibres.

PLA 50refersto a
composite layer with a
fibre volume fraction of
50%.
To create your own
composite layer see
section O0Bow t

Material she
Layer no. |Material Thickness [m] Angle (7)
PLA_50 0.00125 0
PLA_50 0.00125 90
PLA_50 0.00125 0
PLA_50 0.00125 90

Total thickness 0.00500 m




How to use
1. Overview sheet

Describe composite: material, thickness of individual layer, fibre angle.
Read the stiffness properties

Before applying load, elastic properties such as stiffness canbe seenin he box named OEqui valent
E_xxstands for the stiffness inthe X or 0 direction

E_yystands for the transversestiffness in the y or 90 direction

v_xystandsforMaj or Poi ssonds ratio

v_yx stands forMinor Poi ssonds ratio

o> B > B >N e

G_xy stands for Shear modulus xy




How to use
1. Overview sheet

Describe composite: material, thickness of individual layer, fibre angle.
Read the stiffness properties

Select the loading
The unit of loading is N/m (force divided by the width)

> > W N e

Example of loading cases:
A Static tensile load in the 0~ or the x direction is described by setting a loading value in the N_x box.

A Static tensile load in the 90~ or the y direction is described by setting a loading value in the N_y box.

A N_xy correspond to shear loading and M are the equivalent loads applied as moments.

55000

O O O o o




How to use
1. Overview sheet

Describe composite: material, thickness of individual layer, fibre angle.
Read the stiffness properties
Select the loading

h e

Read the results

Stress in X-direction Shear stress XY When a load igntered the

03 four graphs will visualize the

02 I resulting stress in the
composite layup, as designed.

" Every point on the three stress

graphs indicate the transition

from one layer to the next.
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Stress in Y-direction Simulated Tensile Test will Y'eld an e_Stlm_ate C?f When
03 120 the first ply will fail. This is

done using the Tsalill failure
criterion, and assuming linear
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How to use
1. Overview sheet

Describe composite: material, thickness of individual layer, fibre angle.
Read the stiffness properties

Select the loading

Read the results

a bk Wbk

Simulate a tensile test

A This process has to be conducted semimanually and involves inputting incrementally increasing load values only for
N_x(cell: G6). Because materials can fail at very different load levels it is recommended to try with a logarithmic
approach (ie.: 10, 100, 1073, 10”4, 10”5 and 1076, only very few materials will stand a load of 10"6N/m)

55000 Simulated Tensile Test
120

\

Stress [MPa]

A At some load level a red dotted line will

/

appear, indicating the first ply failure, according 40
to the Tsai-Hill criterion (assuming linear elastic /

20
behaviour). The load level can then be finetuned

to produce a graph with a nice representation. 0,0% 0,5% 1,0% 1,5% 2,0%
Strain [%)]




How to use
1. Overview sheet

Describe composite: material, thickness of individual layer, fibre angle.
Read the stiffness properties

Select the loading

Read the results

a bk Wbk

Simulate a tensile test

A When first failure has been reached, the values corresponding to the red-dotted line can be read from the Tsai-Hill
failure prediction table. Since first-ply failure may involve several layers simultaneously, the cell G23 is made as a
drop down menu. No adjustments are made to the stiffness of the composite after first -failure, since this would
require scripting in VBA, and make the tool:

A Less userfriendly Simulated Tensile Test

A Less stable

120
Tsai-Hill failure prediction 100 /
Stress @ First failure [MPa]
Strain @ First failure [%) 80

First layer(s) to fai

\

Stress [MPa]

) /
40 /
20

0,0% 0,5% 1,0% 1,5% 2,0%
Strain [%)]
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How to use

2. Material sheet
Describe a new o0one | ayer 6 composite
2. Input new fibre and matrix properties

Material sheet
Properties of a composite
made of one single layer

Assembling several layers with
different fibre orientation to
construct the final composite in
the overview sheet.

Overview sheet
Properties of a composite
made of several layers

>,‘.

\J




How to use
2. Material sheet

1. Descri be a new oone | ayer 6 composite

Step 1 - Givea name to the new one layer composite createdint he o Mat er i al nameod box

Composite Materials

* |Reinforcement | Matrix Vol _f [E_11 E_22 v 12 G_12 alpha_1 alpha_2

UD CFRP Prepreg Carbon Epoxy 65% 1.572E+11 7.797E+09 0.25 3.063E+09 | -1.000E-06 | 1.000E-05
E-Glass VI E-Glass Polyester  55% 4073E+10 [ 53296+09 [ 027 [ 2542E+09 | 4.000E-06 | 1.250E-05

436 Steel A36 Steel 2000E+11 [ 2000E+11 [ 032 [ 7576E+10 5.600E-06 | 6.GDDE-06
6061 Aluminum 6061 Aluminum 6.890E+10 [ 6.890E+10 [ 035 [ 2552E+10 | 1.310E-05 | 1.310E-05

PVC Foam PVC Foam 1400E+0B [ 1400E+08 [ 045 [ 4.828E+07

PLA_40 PLA_HM 3 5.320E+09 [ 3.600E+09 | 025 [ 3.000E+09

PLA_50 PLA_HM 3 5750E+09 [ 3600E+09 | 025 [ 3.000E+09

PLA_GD PLA_HM 3 6.180E+09 [ 3600E+09 [ 025 [ 3.000E+09

PLA_25 PLA_HM 46756+09 [ 3600E+09 [ 025 [ 3.000E+09

User Defined #NSA m o an/a M oan/e [ #n/a

Step 1




Describe a new o0one | ayer 6 composite
Step 1 0 Give a name to the new one layer composite created int he o Mat er i al nameod box

Step 2 0 Select the type of Reinforcement

NB! If the material you are looking for is not in the list, then you can create it, see from Slide #24.

Composite Materials

*l|Reinforcement Vol _f [E_11 E_22 v 12 G_12 alpha_1l alpha_2
UD CFRP Prepreg | arbon |l Epoxy 65% 1572E+11 7.797E+09 0.25 3.063E+09 | -1.000E-06 | 1.000E-05
E-Glass VI : Jlyester  55% 40736+10 [ 5329e+09 [ 0327 [ 25426+09 | 4000E-06 | 1.250E-05
436 Steel 2000E+11 [ 2000E+11 [ 032 [ 7.576E+10 | 6.600E-06 | 6.500E-06
6061 Aluminum glﬁ;":'efi"f'd 6.890E+10 [ 6.890E+10 [ 035 [ 2552E+10 | 1.3106-05 | 1.310E-05
PVC Foam Keular 1400E+08 [ 1400E+08 [ 045 [ 4828E+07
PLA_40 £u36 Steel 5320609 [ 3600E+09 [ 0325 [ 3.000E+09
EQET Aluminum - - -
PLA_50 5.750E+09 3.600E+09 0.25 3.000E+09
PLA_BO 61B0E+09 [ 3600E+09 [ 0325 [ 3.000E+09
PLA_25 45756408 [ 3600E+08 [ 025 [ 3.000E+09
User Defined #NSA M an/A Moan/n [ #n/a
TR = LRI Pa F LRI Ta Founiin F LR Ta

PLA_HM stands for High
Tm PLA fibres




How to use
2. Material sheet

1. Descri be a new oO0one |l ayer o composite
Step 1 0 Give aname to the new one layer composite createdint he o Mat er i al nameod box
Step 2 0 Select the type of Reinforcement
Step 3 0 Select the type of Matrix

NB! If the material you are looking for is not in the list, then you can create it, see from Slide #24.

Step

PLA_ LM stands for Low Tm
PLA fibres




