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Workshop 02: C-Shape Profile Fast Cure Simulation >,-,‘..A,

* In this Workshop, we will model the curing of a C-shape composite profile made
from Carbon fiber prepreg.

* The problem is identical to the one in Workshop 01. The difference is that the fast
instead of the full solution method is used.

A fast solution method is possible for relatively thin laminates (<5 mm thick) where a
uniform temperature distribution can be assumed. In that case the transient thermal
analysis can be executed in three linear steps, directly imported in the Static Structural
Analysis System.

* Using ACCS with a fast cure simulation, in conjunction with ACP, you will predict the
mean process outputs like material state, degree of cure and Glass transition
temperature.

* |n a Static Structural analysis you will forecast the process induced distortions
according to the thermal conditions of the curing cycle that the manufacturer
recommends.
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C-Shape Profile: Problem Description >,.,‘..A,

« During the curing of composite parts, residual stresses develop during the cure
resulting in distorted components

Mismatch between in- Tool-part
plane and through- / interaction

thickness CTE \

Cure gradients,
Cure shrinkage—™™ < i i
variable gelation and

vitrification times

Asymmetry

Enthalpy (exotherm) Understanding the influence of the
process parameters play an important
role in the shape and quality of the
final part.
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Material Characterization

* During curing of thermosetting composites, the resin undergoes cross-linking reactions
that lead to an increase of material density and reduction in volume.

* When monomers link into larger molecules they release energy in the form of heat.
The exothermic heat of polymerization causes huge problems in processing especially
in the case of thick laminates.

* Many thermo-mechanical properties are needed to solve the kinetic models that are
available in ACCS.

e Differential Scanning Calorimetry (DSC)

- Test performed to determine: Glass transition temperature (Tg), curing state (a) Total heat of cure
(HR) and heat capacities (Cp)

- Analytical models are obtained by empirical fitting of the DCS data.
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Workshop 02: C-Shape Profile Fast Cure Simulation >,-,‘.;
This Workshop focuses on the fast cure and distortion simulation of a quarter C-shape made of
[0 90 90 0] AS4-8552 plies.

The material properties needed for the curing simulation are complex and should
be empirically measured. In this case we use a dummy material of the ANSYS material library.

The thermal analysis is not performed on its own but is performed during the mechanical
analysis.

It is considered that every point of the part follows exactly the manufacturer’s recommended
cure cycle.

The spatial and temporal temperature distribution obtain from the thermal analysis is then
used to compute thermal expansion effects, material properties evolution and cure shrinkage.

The mechanical analysis considers that the part is lying inside a cylindrical mould and the
mould-part interface is modelled by a frictionless support condition.

The Support Remover allows simulating the opening of the mould by removing the frictionless
support condition at the last step of the analysis. Additional constraints are added to block any
rigid body motions of the part.
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Opening the Model /J

Start ANSYS Workbench and Open Archive

File lh'iew Tools Units Extensions Jobs Help v A

- !
B =21 Project —

| 2 & EngneeringData v

2 e Reconnect |4 Refresh Project -/ Update Project ACT Start Page
dJ p j ] P J =1 9 3 E Geometry v 4
Toobo e x 4 @ Moge .
5 B setup (4
ACP (Pre)

1. Start ANSYS Workbench and open the archive ACCS <Release>
~WS02 C-Shape Fast Simulation.wbpz
Save the Workbench project
Update the project
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Opening the Model /J

The composite model is already built in. In order to learn how to setup a composite
structure like this, you should do the ACP training course.

1. Because this model is a thin wall composite structure you will use the fast cure
simulation. Drag and drop a “Static Structural” Analysis System to the "Project
schematic".

B ACCS_2020R2_WS01_C-Shape_Fast_Simulation - Workbench
File View Tools Units optiSlang Extensions Jobs Help

g‘ QJ .ﬁ 4. Upgrade ACCS properties ‘M. Homogenize Fibre Matrix properties
=2 I Project ' & x
) Import... Reconnect ﬁ Refresh Project # Update Project ‘ B ® ACT Start Page
-

Modal Acoustics

Random Vibration

Ri '

A s

7]
) Ssteady-st erma
@ ™
= Throughflew
:d Throughflow (BladeGen)
=] Topology Optimization
[z Transient Structural
R Transient Thermal
H Tur omachinery Fluid Flow |
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1. Drag and Drop Setup of "ACP (Pre)“ (cell A5) onto Model of the new Static Structural
Model (cell B4).

2. Select “Transfer Solid Composite Data”.
Right click in the Setup cell of the Static Structural and Update the project.

4. Open the Mechanical model

- A hd B

2 & EngineeringData v 2| @ Model =]
3 B ceometry v 4 3 @ setw B Edit.
S B bl B 4 @ Model 7 4 Qﬂ Solution u Preview Assembled Geometry
4
- - - Edit in Read-Only Mode
1 P ACP (Pre) )l 77  Static Structural s [l setwp v/ 5 | @ Results Edit in Read-Only Mode
AL !

) ) ) ACP (Pre) Static Str 53  Duplicate
2 @ EngineeringData + # Engineering Data + 4
Transfer Data From New »

3 B Geometry v 4 3 @ Geometry T 4

Transfer Data To New b
4 ﬁ Model v 4 4 @ Mod _ _ ] |/ Update |
- : Transfer Solid Composite Data Update Upstream Compenents
5 Setup v 5 @ Set

Transfer Shell Composite Data . Clear Generated Data
ACP (Pre) oler = 4 2] Refresh
=) Reset

? @ RESUlts ::‘FI 4 Rename
Static Structural Properties
Quick Help
Add Note
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Now we set the number of steps and the time steps of the curing cycle

1. Click in “Analysis Settings” and set the Number Of Steps to 3 which are the same as
the no. of steps of the autoclave process.

2. Then in the “Tabular Data” tab, start editing the “End Time” of step 3 to 20640 s, edit
then step 2 to 20400 s and finally step 1 to 15600 s.

3. Let the “Auto Time Stepping” to “Program Controlled”. After solved, you can choose
if you need shorter time steps to capture better the dynamics of the chemical
reactions. :

Details of "Analysis Settings’ * 31 OX
- Step Controls A

Mumber Of Steps 3.

v % O Q@A @@ Seet kModer TR E DR B M W ™ [EClipboard~ [Empty] &@1Ex
Tabular Data

| Steps | End Time |
1]1 |15600
2|2 20400

313 20640

Current Step Number | 3.
Step End Time 20640 s
Auto Time Stepping Program Cantrolled

-/ Solver Controls
Solver Type Program Controlled
Weak Springs Off
Solver Pivot Checking | Program Controlled

Large Deflection Off

Inertia Relief Off

Quasi-Static Solution | Off
+ Rotordynamics Controls
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Environment Display Selection Automation ANSYS Composite Cure Simulatio

The degree of freedom (DOF) should be defined m o B comnnss o | by | @ S | S 1

L =
CLICommen t EESection Flane &, Moment ¥ Frictionless

according to the process. The part is fist e, o Do | "5 0 e S
laminated in a mold and then released from it.

Fix the displacement in Y direction: S S

i ,[E) SOLIDMODEL. 1_ALL_ELEMENTS_BOT(ACP (Pre})
1 A d d [(D . I ) d e, . - ,[B SOLIDMODEL.1_ALL_ELEMENTS_TOP{ACP (Pre]}
i e [0) SOLIDMODEL. 1_BACK_WALL(ACP {Pre))
' a I S p a Ce m e nt CO n It I O n ‘ :lﬁ SOLIDMODEL. 1_BOTTOM_FACE_WALL(ACP (Pre))
[--o[Zi Static Structural (B3)
(Iﬂ] Analysis Settings

2. Scope the Named Selection named U2 s
SOLIDMODEL.1_BOTTOM_FACE_WALL - *:‘2

3. Specify the “Y Component” to O.

Details of "Displacement” * Q1 Ox
-l 5cope

Scoping Method | Mamed Selection
Mamed Selection | SOLIDMODEL1_BOTTOM_FACE_WALL[ACP (Prej)
Type Displacement
Define By Components
Coordinate System | Global Coordinat stem
¥ Component Free
¥ Component |0.m (ramped)
Z Component Free
Suppressed Mo
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Fix the displacement in Z direction:

1.

2.

Add another “Displacement”
condition.

Select the Named Selection named
SOLIDMODEL.1_BACK_ WALL

Specify the “Z Component” to 0.

Details of "Displacement 2" - 1 0Ox
-|| Scope

Scoping Method

Mamed Selection

Named Selection | SOLIDMODEL1_BACK_WALL(ACP (Pre])

- | Definftion
Type Displacement
Define By Components
Coordinate System | Global Coordinate System
¥ Component Free
¥ Component Free

ZComponent |0, m (ramped)

Suppraessed Mo

Environment

A &
i~

Analysis ;

Bl

Display Selection Automation AMSYS Composite Cure Simulation
E* commands (@ images~ A @ @ Force
A
[LJcomment [f@Section Plane &, Moment
il Chart B annotation

Insert

I8 Mamed Selections

------- 5l SOLIDMODEL. 1_ALL_ELEMENTS_BOT{ACP (Pre))

------- 5l SOLIDMODEL. 1_ALL_ELEMENTS_TOP{ACP (Pre))

------- 5l SOLIDMODEL. 1_BACK_WALL{ACP (Pre))

------- (5l SOLIDMODEL. 1_BOTTOM_FACE_WALL(ACP (Pre))
Static Structural (B3)

- 1 Analysis Settings

------- .~ Displacement

------- @ Displacement 2

4% Solution (B4)

- {5} Solution Information
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. . Environmen t Display Selection Automation AMSYS Composite Cure Simulation
NOW We are deflnlng the tOOI Surface. | & E" commands (@images™ S @ B Force @ B Fived
. . L LICommen t E@Section Plane 3 j &, Moment T | @ Frictionless
Since the tool surface has a special £ Anais et Dannotation | M 0305 g o supporthegry
ery Insert Structural

treatment to enable an easy extraction of
the part, the best choice of BCis a S % Named Selectons
friction|ess Support: T--‘,lﬁ SOLIDMODEL. 1_ALL_ELEMENTS_BOT(ACP {Pre))

------- 01 SOLIDMODEL. 1_ALL_ELEMENTS_TOP(ACP (Pre))
------- [0 SOLIDMODEL. 1_BACK_WALL(ACP {Pre))

1. Add 3 ”Frictionless Support” Condition ------- _[F) SOLIDMODEL. 1_BOTTOM_FACE_WALL(ACP (Pre))

9L Static Structural (B3)
------- 1 Analysis Settings

2. Scope the Named Selection named v ol
SOLIDMODEL.1_ALL ELEMENTS BOT b Soution oy 2

f— 2 E‘ Solution Informa

Details of "Frictionless Support” * 1 OX
-|| Scope
Scoping Method | Mamed Selection
SOLIDMODEL1_ALL_ELEMENTS_BOT(ACP (Pre)} ~ |
=|| Definition
Tvpe Frictionless Support
Suppressed Ma
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Now all DOF are selected, but once the
part is removed from the mold in the
last step, the x direction will be
undefined, so it is necessary to define it
for the last step as follow:

1. Add a Named Selection based in
Worksheet

2. specify the vertex at the bottom as
shown in the table and name it
“Vertex_Bottom”

send to Solver Yes
Protected Program Controlled Mote: Internal comparisons of values that have units are done in the CAD Unit System. See help for more information.
Current CAD Unit System: Metric (m, kg, N, 5, V, A)

Details of "Vertex_Bottom” * 1l Ox
-l Scope FY Worksheet -
lScoping Method Worksheet I
Geometry 1 Vertex
=|| Definition Generate |

Visible Yes

Program Controlled Inflation | Exclude | Action | Entity Type | Criterion | Operator | Units Value Lower Bound | Upper Bound | Coordinate System
-] Statistics Add Vertex Location X Equal m -4.8e-002 MN/A MN/A Global Coordinate System
Type Manual Filter Vertex Location Z Range m MNfA Q. 1.e-003 Global Coordinate System
Total Selection 1 Wertex
Suppresse d 0

Used by Mesh Worksheet Mo
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1. Add a “Displacement” and scope it BB Stnsscenen Bt O | g, | @ Srme | g @
e Commen t EESectionPIane i &, Moment T @ Frictionless
to the “Vertex_Bottom” |, ot Do " o oo o5
2. Specify the X component to “0”.
3. Open the Tabular Data tab, select
the first three lines, press the right
click button, and select
“Activate/Deactivate at this step!”.
Details of "Displacement 3" ~ 01 0Ox
-1| Scope i [}
Scoping Method | Mamed Selection 1 _Steps Time [s] |7,'-:[m]
ﬁmed Selection | Vertex_Bottom A
- ey 21 2 E
: 32 ;
E:fine By En:ll;:ncnnentst f 2 20640 Copy Cell
Coardinate System | Global Coordinate System Paste Cell
| ¥ Component |0, m (ramped) | Export
¥ Component Free 2 Activate/Deactivate at this step! 3
Z Component Free
Suppressed Mo
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_-il cle

NOW we are adding the ACCS | E:;E;‘.Hd:] tinaR:te (Ckr amoe;:lt;.lre (C| Time {min)
material models to calculate the e .
effect of the curing in the final oo -
shape of the part. ot 2| o
1. Add the ACCS module C o
2. Select “Fast” in Analysis Type. L
3. Edit the “Cure Cycle” by .

clicking on “Tabular Data”

field, fill-in as illustrated here

and then click on “Apply”

Cure Cydl a
when done. An ACCS Thermal = &= | e o 3
Load will be created. 2 PR - 1,

0.015
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utline +v3OX Q 9} @ Dﬂi C
If you have the temperature profile defined by - T couteswewd
time and temperature (defined cure cycle of = B todel(©) s NI
the resin manufacturer) you can import it as .
following: L

7 [l Analysis Settings

1. Change the “Type of Temperature Profile” £ o

to “Temperature-Time”. An “Open the S, oaptamments

Temperature vs time” file. A window will & e oot

open automatically. ~ 4 souton Informaten — B
2. Open the cure cycle file, in this case the file ECRETE)

is called “AS4-8552 Cure-cycle_Tvst.csv” o | EC =i

Details of "ANSYS Composite Cure Simulw & O X o fseCI = [Ci ‘
]

3. You can edit the data if needed and then i g— -
click “Apply” when done.

15600 [sec] | 180 [C
20400 [sec] 20 [C] v

Time Step 30s
pe of Temperature Profile | Temperature-time,
Cure Cycle Apply | Cancel |

. 3
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Once the cure cycle is defined, we can
define the moment when the part is taken
out of the mold.

1. Inthe ACCS menu, Add Support
Remover

Selection Automation ANSYS Composite Cure Simulation

@ % C--Q Q@@ Select & Mode~ Fadliolalliol Kol B2 [E Clipboard~ [Empty] & Exter

2

2. Select the outer face of the part, the
one that is in touch with the tool, in
this case is the red surface.

3. Select the step no. 3 (the last step of
the curing process)

0.000 0.030 0.060 (m)
L Saa— SS—

0.015 0.045
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O
1. Add the ACCS results: Material

State, Degree of Cure and Glass
Transition Temperature.

2. Add also a “Total Deformation”

_ ® Degree of Cure

Context

-

Home Solution Display Selection Automation AR

*t © oA

Add Cure Copy Analysis Add Support A xtra Add Export
Simulation  Settings Remover

~ Compensated Geometry
Material State

Name &3 Glass Transition Temperature
. . . 0 «@ MeSh "711
3. Run the simulation by clicking the 7 ImportedPles
" " = 8 Named Selections

SO Ive b utton. ) SOLIDMODEL. 1_ALL_ELEMENTS_BOT(ACP (Pre))
,[B) SOLIDMODEL.1_ALL_ELEMENTS_TOP(ACP (Pre))
(L) SOLIDMODEL. 1_BOTTOM_WALL(ACP (Pre))
[B) SOLIDMODEL. 1_BACK_WALL(ACP (Pre))
+[) Vertex_Bottom

[ Static Structural (B3)

Context Multiple Systems - Mechanical [ANSYS Mechanical Enterprise]
Solution Display Selection Automation ANSYS Composite Cure Simulation
1 Comput, é}} B = B commands ®images~ Q @ @ @ @ @
Distribu X [JComment [BSection Plane < o o ¥
Solve Analysis Strain St Damage Linearized Volume
res 2 'V vy I il Chart B Annotation .I > 9 IStves's =
So ™ Insert GZ Total Fsuls
v3Oox Q Q e we "5 O Q@ €®| Dpirectional NRRERD®R
- L ] Total
linate Systems A % Insert a Total Deformation object.
actions L This result provides the magnitude
Q U of displacements on nodes.
ted Plies >
d Selections | (D Press F1 for help.
sient Thermal (B3)

sk A

1 Analysis Settings
@ Displacement
@ Displacement 2
v Frictionless Support
@ Displacement 3
/®) ACCS Thermal Load
/ s ANSYS Composite Cure Simulation
M Support Remover
c| F’* Solution (B4)
25 Solution Information
y G! State

»»»»»
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Result Analysis

As you may noticed, the
deformations occurred in the last
step, when the part is released
from the mold. You can try to
change the curing parameters to
see what has a mayor effect in
the process induced distortions
(PID).

| N
LMAT
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i 5 Messages

No Selection

~ ntext B : Static Structural - Mechanical [ANSYS Mechanical Enterprise] - & X
Home Result Display Selection Automation ANSYS Composite Cure Simul, 2D O
D X %'; [ commands @ images~ . E r J Eprobe Snap —F ' E— B =~
[JcComment CHSection Plane  Scoped Bodies [ Maximum
li Solv Analys - - Gec ry C H Vectors C Views
Dup_”m Q 'Oj N S il Chart B Annotation v Large Vertex Contours "”C'm" onfow Edf" [ Minimum L= — m‘:ﬁﬂﬁv =
Outline Solvery Insert Display
Outline *4Ox QA ew& O~ Q@ @ @ Select " Mode~ = [ Clipboard~ [Empty] &Exend~ 9 Select By~ ¥
Name v -
& et . St Structra
@3k Coordinate Systems ol s
Y o e Type: Total Deformation
%) Connections Unit: m
% Mesh Tirne: 20640
B8 Imported Plies
@ % Named Selections 0.00076695 Max
B, Static Structural (B3) 0.00068173
11l Analysis Settings 0.00059652
/@ Displacement 0.0005113
/@ Displacement 2 0.00042608
/® Frictiorless Support 0,00034087
vfi. Displacement 3 0.00025565
/@ ACCS Thermal Load 0.00017043
o ANSYS Composite Cure Simulation 8.5217e-5
O Support Remover UIMI'I
=% Solution (B4)
5} Solution Information
% Total Deformation
5 state Y
%2 Degree of Cure
™ Glass Transition Temperature .
Details of "Total Deformation ~1Ox '
- Scope
Scoping Method Geometry Selection - 000_ ek 0‘?50(m)
Geometry All Bodies 0m3 0.038
- Definition
Type Total Deformation Graph v 3 O X Tabular Data *40Ox
By Time Animation | >l @ 20 Frames v |2 Sec (Auto - @y Time [s] |[¥ Minimum [m] |[¥ Maximum [m] |[v Average [m]
Display Time Last 1[15600 0. 6.3143e-018 3.4345e-018
Calculate Time History | Yes o tesses 20840 zjowo o 69682005 3.7998e-005
Identifier £ E I 3 |20640 0. 7.6695¢-004 2.741e-004
Suppressed No 0.
0. 4000 000. 12000 16000
- Results
Minimum 0.m [s]
Maximum 7.6695¢-004 m 1 2
Averag 27 0 o

4 Metric (m, ka. N, s, V, A) Deqrees

rad/s Celsius
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esult Analysis

Select the Degree of Cure result to display it. 1 means the part is completely cured.

B~ Context

Home Result Display Sel

a = %

Duplicate Q,  Solve | Analysis £;.

Outline Solvers
Outline
Name v | Sea tline |V _

(T Materials
v 2} Coordinate Systems
(%) Connections
@ Mesh
& Imported Plies
& Named Selections
=l Static Structural (B3)
,/Eﬂ Analysis Settings
+@ Displacement
+@ Displacement 2
-~ Frictionless Support
+®_ Displacement 3
-/} ACCS Thermal Load
- "% ANSYS Composite Cure Simulation
i/ Support Remover
=& Solution (B4)
5] Solution Information
8 Total Deformation
+ state
TP Degree of Cure
TP Glass Transition Temperature

Details of "State" -

B : Static Structural - Mechanical [ANSYS Mechanical Enter - [ X
lection Automation ANSYS Composite Cure Simulation ~ @ 0’
ction E Commands @\mages' uto Scale . I = " [ Probe Snap portional E E:
stem CJComment [HSection Plane  Scoped Bodies - B2 Maximum = Uniform Axi )
il Chart [ Annotation ¥ Large Vertex Contours Gea:nﬂry Confours Ed?es [E® Minimum h |5ocsaue?:(‘:- Vlsws
Insert Display Vector Display
~i1o0x feQ(ee& % Q@ @@ Sehect KMode- FITHREE B E M ® ¢ ® E FCipboard- [Empty] @ Eend~ 9. Select By~ J

0.000

0.035 0.070(rm)

v

*31ox Graph

|-/ Scope
Scoping Method Geometry Selection
Geometry All Bodies
Sub Scope By Layer 315
Layer 1 3.08
Position Top/Bottom
-/ Definition 3
Type User Defined Result 292
Expression = SVAR1
Input Unit System Metric (m, kg, N, 5, V, A) 283
Output Unit No Units o 4000 gooo. 12000 1eeoo
By Time [s]
Display Time

0.018

~ 3 O X Tabular Data >~ 10X
A Animation |4 B EI I ﬂl]_ 20 Frames «|2secavte) ~ BB T | vime [s] | [ Minimum |[¢ Maximum |[+ Average
1

20640

0.053

&5 Messages No Selection 4 Metric (m, kq, N, 5, V, A) Degrees rad/s Celsius

| .
LMAT
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Summary >,‘mr
In this workshop you learned:

* How to analyze the distortions of the curing process in a composite model build in ACP
(Pre) using the fast cure simulation.

e That ACCS solutions use many material properties that can be obtained by a DSC test.

* To set up the curing cycle and the time stepping in a fast cure simulation, either by
writing the data directly or by importing the manufacturer cure cycle in a .csv file.

* To define the DOF so the part is freely to deform ones it is released from the mold.

* Add and understand the function of the “Support remover” Boundary condition.
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