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Our Products

» Facilitates Material Qualification, Modeling
and Design Analysis of Advanced Materials

M C Q » Supports Full Breadth of 2D/3D Composite
Architecture
Material Characterization

» Considers Defects: Voids, Fiber Waviness,
& Qualification

Manufacturing Anomalies, Environment
(Moisture & Temperature)

» Augments Commercial Finite Element
Solvers (e.g. Abaqus, Ansys, Lsdyna)

GENOA

Multi-Scale Progressive
Failure Analysis to Assess
Durability and Damage
Tolerance

» Identifies Damage Initiation and Fracture
Evolution

» Determines When, Where and Why Failure
Occurs

» Automated FE Mesh & Model Generator

» Prediction of Delamination and Other
Manufacturing Anomalies

GENOA

IDP SIMULATION
AM Material and Process

Parameter Simulation for
Optimized Build

» Prediction of Mechanical Properties at
Different Temperatures

» Assess Both Material and Process Parameter
Sensitivities
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What Sets MCQ Apart

TATEE+TZ

Utilizes De-Homogenized Approach

Noadhesion betwee
acentroas 8

Independent of FEM (Unit Cell) .y .

38956401

Rapid Assessment of Material Properties L

<N N X

Reduces Testing Resulting in Cost
Savings

AN

Identifies Strength Allowables for
Reliability

v ldentifies Damage Initiation and
Propagation

v ldentifies Damage/Failure Modes

v' Maintains a Validated Material Library

v Consider Defects, Voids, Fiber waviness,
Agglomeration, Manufacturing
Anomalies, and Environment (e.g.
Moisture & Temperature)
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MCQ Utilizes De-Homogenized Approach

- Mori-Tanaka
- Advani-Tucker
-LAA—C.LT.

- Architecture
- Defects

Fabrics (woven, multi-axial, braids)

Micro-Mechanics: Damage/Failure

* \oronoi

it- Fiber/Matrix %
Defects Lim-pell 4 * Delaunay Tessellation

Interface Breakage

ii‘

Architecture

Laminate

_Tl.

No Architecture

No Defects

Constitutive Model
Causes breakage of parts
of the unit-cell

Superior Load-Resistance Predictability

minutes hours
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What Sets GENOA Apart

» Runs Multi-Scale Progressive Failure Analysis — Damage & Fracture
Evolution (Durability & Damage Tolerance Code)

» ldentifies Percentage Contribution of Failure Mechanism (Damage Index)
to Show Where, When and Why Failure Occurs

» Predicts Behavior of Advanced Composite Structures Subject to Static,
Dynamic, Fatigue and Environmental Loads while Considering Defects
and Scatter

N pamage - m} x

LAl Damages =

Fiber Damage Only

Matrix Damage Only

Delamination Damage Only

49.633% - (511C) Longitudinal Compressiv

49.633% - (F11C) Fiber Micro-Buckling

0.774% - (S22T) Transverse Tensile

A" Damages 4.319% - (333C) Normal Compressive
77.058% - (5133) Longitudinal Normal She

49.633% - (MDE) Modified Distortion Energ:

[[] Show All Damage List
Damaged Elements
I_.(_. ————

(@) Percentage of Al Damaged Elements

(") Percentage of All Elements
(") Percentage of Laminate Thickness
[] Show Percentage for Visible Only
Show Calor
Show Labels
[[] 1solate Damage Areas
[] select Damaged Elements
[[] Combine Fiber Matrix/Delamination
NO Damage [[] AND Damage Values Together
[] Show Only Difference
<
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Multi-Scale Progressive Failure Analysis

000000000
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Vehicle Component Laminate Lamina
- 3D Fiber, Weave, Stitch 2D Woven
Traditional FEM Stops Here

GENOA goes to micro scale

FEM results decomposed to
micro scale =
’I/ \“ 2 — —

Decomposition

\ / < L]
g Unit cell
Micro Scale Alt node or
Reduced properties . . Z emeg’F
propagate up to vehicle scale Sliced Unit Cell epending on
solver

MS-PFA takes full-scale FEM and breaks material properties down to microscopic level.
Material properties are updated, reflecting any changes resulting from damage or crack




Work-Flow Solution from Test to Prediction

VERIFICATION

The effective model, based on
effective constituents properties, is
verified, through a FE analysis of
unnotched coupons (UD or mixed lay-
ups).

VALIDATION

The effective model is validated
by comparing the experimental
data from additional ASTM tests
(such as 3-Point Bending, DCB,
and ENF) with the FEA results.

CHARACTERIZATION

The effective properties of the
constituents are reverse-engineered
from the coupon tests, based on
classical laminate theory and several
damage/fracture criteria. All possible
analytical solutions are wused to
prevent from lengthy numerical FE
analysis. MCQ-Composites can also
determine the matrix nonlinearity
from the IPS test. Manufacturipg
defects, such as voids, fiber wavj
microcrack density can be incl
the material modeling procesg

TESTING

In-plane ply properties are obtained
from five basic ASTM mechanical tests
(ASTM D3039 for longitudinal and
transverse tension, ASTM D6641 for
longitudinal and transverse
compression, and ASTM D3518 for in-

plane shear). qs-[p

PREDICTION

Complex laminated parts behavior
(made of mixed standard or
hybrid layups), such as open-haole
or filled-hole plates, and even full
structures, can then be predicted
without the need for any
additional testing.
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MCQ : Material Characterization & Qualification

» Suite of material modeling tools for:

* Polymer Matrix Composite Material
v MCQ-Composites (Continuous Fiber)
v MCQ-Chopped (Chopped Fiber)
v MCQ-Nano (Nano Particles)

s Ceramic Matrix Composite Material
v MCQ-Ceramic

*» Metals
v MCQ-Metals

» Allows Engineers to Characterize and Optimize Material Layouts

while Considering the Effect of Defects
» Delivers Rapid Assessment of Material Properties Needed for FEA
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ﬁ MCQ-Composites - New Project (C\Users\Intern\MCQ-Composites!
Project Analysis View Tools Help

O Z e 3 AN A TR N
M Select Material Mode |Fiberﬂ¢'lat'ix{Micro}

E-S Libraries (2)

= §% Project Library (2)
COMPOSITES % Tutorials (2)

% Tutorial (3)

. E-F% T1-AS4-3501-Tutorial (1)
58] AS4-3501

ﬁ' T2-StrainRate-Tutorial (1)

[ 52 Te St Va | id at i O n Exa m p | es (5% T3-Braid-Toray-7781-2510-Tutorial (1)

ﬁ- Solutions (3)
I=6% Test validations (10)

e 6 Step-by-Step Tutorials et 1)

ﬁ Carbon Fiber (8)

ﬁ' Glass Fiber (2)

TOta I Of 3 7 Exa m p I e s EI..%';;:;z:s;i:lliserD{:s?gn—Failure—Envelnpe
3{ Tape-A54-3501-6

6% Fatigue (2)

----- 34| IM7-9773Fatigue

----- 3| Tape-T800H-2500-Fatigue

Allowables (3)
Architecture (6)

----- 5 Braid-AS4-RSL 1895

e 37 Materials in Library

""" & HexPly-8HS-Glass-Weave-564-1454

---- {4 Plain Weave Fabric Carbon Fiber T700-2510
----- 34| Plain Weave Fiberglass Fabric T7781-2510
""" 3] Triaxial-Braid-GRAF-EPON-ARMY

""" 34, Weave-EGKG-DIONSE00

"§% Chopped (2)

7% Curing (8)

% Environmental-Effect (1)
“-13% 3501-5-Moisture-Content
6% Defects-Waviness (2)
5% Hybrids-Materials (1)
Ejﬁ Isotropic-Materials (1)
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MCQ-Composites Analysis Modules

r — — -
. MCQ-Composites - A54-3501_Complete (C\Users\Renly\AMCQ-Composites\Projects\AS4-350

Project |Analysis| View Tools Help o
; Fiber/Matrix/Ply Calibration

select Architecture/Fiber/Matrix Calibration
Iv Ply Mechanics

Ply Characterization

ER )
FJ Lamina ite Mechanics

Material Mon-Linear; ity

Progressive Failure

Design Failure Envelope

Parametric Carpet Plots

A- & B-Basis Allowables

Manufacturing Defects Mechanics
Manufacturing Defects Characterization

Strain Rate Effect

& Curing
T TNU = 3.538581E-01
i 18T = 7.377970E-+01 Nj{mm | =
¢ ST = 3074159402 Nj{mm,
| S5 = 12787546402 N/(mm
E' Stress Strain Curve
L? Pressure Constant = 1.i
/7] Strain Rate = 0.000000
=0y Py (1)
-1 Honeycomb (0)
E Braid (0)
- Triaxial (0)
D"' Post Damage Degradation (Global
Elg Failure (1)
- Q¥ Failcrit_1
EH Strain Limits (1)
- Sha\nL\m\t
g Laminates (2)
= Laminate_1 (8 Plies) 2,03E+00 mm |
= Laminate_2 (2 Plies) 5.08E-01 ‘
IZ—}-E Analysis =
1@ Fiber[Matrix/Ply Calibration =

x Calibration Input

= @ Analysis Results i

4 LU 3

Standalone GUI with Accessible Menus

Fiber/Matrix/Ply Calibration
Architecture/Fiber/Matrix Calibration
Ply Mechanics

Ply Characterization

Laminate Mechanics

Matenal Non-Lineanty

Progressive Failure

Design Failure Envelope

Parametric Carpet Plots

A- & B-Basis Allowables
Manufacturing Defects Mechanics
Manufacturing Defects Charactenzation
Strain Rate Effect

Curing

Constituent Fatigue Life

Progressive Fatigue Life
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GENOA Addresses Multiple Problems

Stiffened Panels

Rotating Disk

BUCkhng & Crack
Post Buckling Propagation

- A
|

_— Fatrue ~—

0 Burst

!
L

NS

Joints

Engine
Blade Out

Bridges

Fuselage Panel
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>{ | GENOA

44 Step-by-Step Tutorials

31 Test Validation Examples

37 Code Verifications Examples
69 ASTM Models

Total of 181 Examples

37 Materials in Library

Rooos

Project VMiew Tools Help
1 = hi%E

Select Program Mode l [Struct.lres -

-5 Structures Libraries (2)

=-§% Project Library (5)

=% Tutorials (12)

&% 3D Printing (5)
ﬁ' Advanced (4)

% Fatigue (6)

--ﬁ- Filament Winding (2)
ﬁj‘ Fracture (5)

- §% Impact (3)

ﬁ' Importing (2)

ﬁj‘ Orientation Tensor Mapping (2)
ﬁ' Parametric (2)
+-§% Probabilistic (3)
--ﬁ- Static (4)

- §% UMAT (6)

6% Tutorials Solutions (10)
=-E Test validations (4)
5% ANSYS-UMAT (1)
w-§% ASTM (4)

ﬁ Fracture (2)

- §% Static (5)

S-5% ASTM (3)

5% ABAQUS-UMAT (17)
i-§% PFA-ABAQUS (20)
- §% PFA-NASTRAN (20)

B"ﬁ' Code Verifications (4)
-5 ABAQUS-UMAT (1)
5% PFA-ABAQUS (10)
#-§% PFA-MHOST (12)

- §% PFA-NASTRAN (2)
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Modules

GENOA Analysis

Progressive Failure Analysis

F = S
. GENOA - Honeycomb PFA-MHOST (C\Users\Renh\GENOA\Projects\Honeycomb PF

Project |Analysis| View Tools Help
Progressive Failure &nalysis
Select Filament Winding

= E Parametric Carpet Plots
A- & B-Basis Allowables Simulation

Filament Winding

Parametric Carpet Plots

=457 Probabilistic Analysis

3 Parametric Robust Design
Material Non-Linearity
ABAQUS UMAT

ANSYS UMAT

RADIOSS UMAT

LSDYMA UMAT

3D Printing

Orientation Tensar Mapping
Structural Health Manitoring

~§i¥ Nodes (2610)
({8 Elements (1984)
(- | Mesh Tools (4)

4% Laminate Assignments (18)
[ | Properties (4)
£+ 4 Load (1)
B4 Constraints (2)

- {B Boundary Conditions (270)

----- 1# Duplicate Nodes (766)
% | Node Toolset (1)

[ | Element Toolset (2)
(- | Bulk Data (3)

Y@ Materials (7)

£ Fiber (3)
(-4 HSSF
- IM-7
-G WIM7

50 Matrix (3)

| E-YJ 5250

Standalone GUI with Accessible Menus

Update directory does not exist: C:\ASCH
Creating update directory: C:\ASC_Softwe
GENOA Output Display.

Loading libraries ...
Finished loading libraries.

A- & B-Basis Allowables Simulation
Probabilistic Analysis
Parametric Robust Design
Material Mon-Linearity
ABAQUS UMAT

AMSYS LIMAT

RADIOSS UMAT

LSDYMA UMAT

3D Printing

Orientation Tensor Mapping
structural Health Manitaring
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GENOA: Two Ways to Activate

GENOA May be Activated by Direct Integration or
Through User Material (UMAT) Subroutine

UMAT + GENOA GENOA + ALL FEA
GENOA GENOA
Edit Your Input File to Import Your File and
Call GENOA Libraries as Run Analysis
User Subroutine)
Currently Available for Applicable to Most FE
ABAQUS, ANSYS, Solvers: ABAQUS, LSDYNA,
LS DYNA ANSYS, NASTRAN and
MHOST
GENOA GUI tracks GENOA GUI tracks
damage and fracture damage and fracture
(identical for both (identical for both
approaches) approaches)

6 >fIphaSTAR



GENOA

SDP SIMULATION
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GENOA 3DP : Additive Manufacturing Simulation

GENOA

S3DP SIMULATION

Big Area Additive
MA_N__L_JFACTURING

BAAM Print Toaol Path Automated Finite
10D Model Parameters Generation Element Mesh

| L'
e |

3D Finite
Element
Model

Challenge

- Large parts
distort and crack

Process and

= Impact of part 4. Lamigg o i Damage Analysis
geometry & L .
and processing M
conditions '
« Predict thermal s
and stress | i
gradients 14: Laminat

« Identify crack
initiation areas

16 Leminate_16

('IB Laminate_18

‘.-nfr e
>

XOMERE HphaSTAR 55 2057t
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AM Process Simulation: Coupled Thermal/Structural
Stress Buildup Leads to Bracket and Support Warpage

1st Build — Bad Part

Ring Bracket Built on UDRI's ATLAS using Inconel 718 powder

Warping/redidual stresses predicted in simulation

Warping eliminated through simulation DOE: improved support
design and optimized build parameters to reduce residual stresses

3rd Build — Good Part

Optimized build

changes:

1. Mark speed increased

2. Hatch spacing
increased

3. Hatch shifted layer to
layer (avoids overlap)

4. Support thickness

increased

Lower residual stresses |:>

19

Smooth, warp free part
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GENOA 3DP: Software Features

Thermoplastic v
Process Materialrl):’roperties Database (strength, stiffness) v
FE Mesh Generator v Test Validate Thermal Analysis v
model-based layer, scan pattern, and mesh generator Simulated Big Part (Strati Car): Residual stress, deflection, delamination, thershold Y
a) Local (Delaney Grain Model); b)Mapping to Global v crack, Service load performance
Mesh using Surrogate Approach Thermoset v
Adaptive Meshing Strategies v Material Properties Database (Graphene) v
Dynamic Moving Grid Srategy v Multi-Scale Material Modeling (Nano-Micro-Macro) v
Predict AM-Fabricated Material Stress-Strain v Material strength, modulus, Fracture Toughness, wrinkle, delamination Prediction/Test v
ABAQUS FEM v
Coupled Thermal-Structural Analysis v
Integration with Commercial Topology Optimization ! Material Test Validated Database
Allowable Generation (Probabilistic Analysis) v Composite
Potential to Simulate Big Parts v AS4-8552 , AS4-ABS13, PP-LGF20, PBT-GF30, PAS,

Metal Powder GPN-Epoxy

Material Properties Database v Powder
(FI’E'E'CE;’;ZSSP a?gﬁ]r:ttgg Eﬁf@fﬁf&s} :SG '%P(;‘;Z ) x Ti-6Al-4V, Inconel 625, Steel (5420M, $S690QL)
g:ta)sce;rgizagigzz (I\(;easnh(ijn(z;'[?()achnique \’; GENOA has several adaptive meshing
: technique but it has not been used for AM
Intergranular/Transgranular Void Nucleation/Growth 4 process simulation.
Surface Roughness Prediction v [1] Under development
Environmental Effect (e.g. Oxidation) v v Available
Material Fracture Toughness Prediction v * Not Available o
Fatigue Crack Growth Prediction v Q) Available for other application
Fatigue Loading Prediction (S-N) v
Diffusional Creep Prediction (a-N) v

0 >fIphaSTAR



GENOA 3DP: Key Benefits

» Simulation of the AM Build

Prediction of Mechanical Properties at Different Temperatures
Prediction of Delamination and Other Manufacturing Anomalies
Assess Both Material and Process Parameter Sensitivities

YV V VYV V

Prediction of the Residual Strength of the Finished As-Built 3D-
printed Part Subject to Service Loading.

Validated Database for Composites Thermoplastics, Thermoset
and Metal Powder

Y

tandard 3DEXPERIENCE R20 z Frandard 3DEXPERIENCE R20:

z

4 ' 3%
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<+ MCQ:

v’ Delivers Rapid Assessment of Material Properties for FEA

v Supports and Optimizes Composite Material Layups
**GENOA:

v’ Multi-Scale Progressive Failure Analysis: Damage- Fracture Evolution
(Durability and Damage Tolerance)

v' Augments Commercial FEA Solvers

“*GENOA 3DP:

v’ Predicts Quality of AM Manufactured Part Considering Defects and
Scatter

v Enhances Build Quality, Reduces Scrap Rate and Trial & Error
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