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Utilization of Patran & Laminate Modeler for design of Aerospace Composites
to be manufactured right the first time

MSC A Software




Terma A/S - Aerostructures

Leading Danish supplier of mission critical solutions for
aerospace and defense, radar surveillance, space, air
traffic management and IT services

We Provide Mission Customized Solutions
— Reconnaissance Pods
— Pylon Integrated Countermeasures
— Gun and Test Pods
— Stabilizers, Winglets, Engine Parts, etc.

Aerospace Applications
— Fighters: F-16, Tornado, Gripen, F-35 JSF
— Transport: C-130, C-160, Nimrod
— Helicopters: Apache, Fennec, EH-101, Chinook
— Civil: Gulfstream, Airbus
— Missiles: ESSM

Gaining Competitive Advantage through Engineering Productivity MSC
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Te

rma A/S — Composites History

* In General Terma History is:

— Manufacturing of metallic and composite
aircraft structures

— Development of metallic aircraft substructures

and ad
— (VAR

d on products
‘M development and production

 Civil and Military Aerospace Industry sets

Demano

s for Composite Part Development



Aerospace Industry Demands to Composites

Working to Costumer Specifications
Design Requirements for Ply / Laminate
Further Testing on Materials / Processes
Manufacturing Aspects to Designed Detalls
Manufacturing Tolerances



Costumer Specifications

« Material specification for materials

— Define material composition, ply based
physical and mechanical properties and
orepreg resin life

* General and material specific rules for
— Modelling layup, orientations/ratios, symmetry
and balancing, ply repetition, ply splicing and
overlap/ butt joints

— Production good practices, layup tolerances at
edges and joints, QC rules, inspections, etc.




Preliminary Design - showcase

e Quasl Isotropic properties
e Sizing for strain results and bolt bearing



Preliminary Design - showcase

e Build-up zones and drop stations



Preliminary

e Build-up

Design - showcase

0 stations

zones and dro

Back to [ Net part number: [000-1111-1
Bonded part number: |000-1111-11 | |
Part designation: |MSC VPN Showcase
0
45
Zone
x
2
5 +
Q 2 .g a
= L = 1S
Base [} = o = CTR BH
Ply index Status Ply Detail Angle |All 1] 2| 1] 2|capJToP[BOT] 1] 2[ 1] 2| 2] 3] 4] 1] 2] 3] 4]
48 4 | [ ! L1 |
LSM 0. RM 054: 0
LSM 0. RM 0544 | 0
Glass isolation 80 RM 0564 | 0
Glass isolation 80 RM 056 0
Capping pliy 70 RM 0440 |0
5b__|Filler UD 70 RM0441] 0 I I | O |
5c___|Filler Fabric-tow 70: RM 0440 | 0
Stage 1 0 RM 0420 |0
Stage 1 0. RM 0442 | 45
Stage 1 0 RM 0440 | 0
Stage 2 1 RM 0440 | 45 |
Stage 2 2! RM 0440 45 |
Stage 2 - copy 101 0. RM 0440 | 0
Stage 2 1 RM 0440 | 45
Stage 2 - copy 102 RM 0442 | 45
Stage 3 RM 0440 | 0
Stage 3 4__|RM0440 | 45 |
Stage 3 RM 0440 | 45 |
7 Stage3 RM 0440 | 45
8 Stage3 RM 0440 |
9  Stage3 RM 0440 0
0 Stage3 RM 0440 | 0
1 Stage 3 - copy 101 RM 0420 | 0
22 Stage 4 - copy 123 RM 0440 | 0
23 Stage 4 - copy 115 RM 0420 |0
24 Stage 4 - copy 129 RM 0440 |0
25 Stage 4 - copy 127 128 |RM0440{ 45 [
26 Stage 4 - copy 125 T 126 _|RM0440] 45 |
27 Stage 4 - copy 114 17 RM 0440 | 45 | | [
28 Stage 4 - copy 113 18 |RM0440] 0
29 Stage 4 - copy 102 07 _|RM 0442 45
Stage 4 - copy 112 19  |RMO0440{ 45
Stage 4 - copy 101 __ 105 |RM0440] 0
Stage 5 - copy 121 22 _|RM 0440 45 |
Stage 5 - copy 111 21 RM 0440 45 |
Stage 5 - copy 101 0f RM 0440 0
35 Stage5 - copy 102 0 RM 0442 | 45
36 Stage 5 - copy 101 RM 0440
37 |Tracer 4 RM 0539 | 4
37 |Sacrificial 4 RM 0440 | 4
38 |[Sacrificial 4 RM 0440
39 |[Sacrificial 4 RM 0440 | 4
40 |Sacrificial 4 RM 0440 | 4
Tracer 4 RM 0539
4 Sactificial 4 RM 0440 | 4
4 Sactificial 44 |RM 0440 4
Sacrificial 4 RM 0440
4 Sactificial 4 RM 0440 | 4
ifi 4 RM 0440 |
Sacrificial 4 RM 0440
4 Glass isolation - copy 801 8l RM 0564 |
Glass isolation - copy 802 80 RM 0564 0




Preliminary Design - showcase

Filtered for CT

R BH - visua

pin through

Base CTR BH
Ply index Develop / Status / Info Ply Detail | Material | Angle |All 1 2 3 4
48 146
2 LSM 902 RM 0544 - 0
—t 4 Glass isolation 802 RM 0564 -| 0
Se uence 6 Stage 1 101 |RM0440-| ©
7 Stage 1 "102 RM 0442 -| 45
8 101 RM 0440 - 0
. I Stage 2 111 RM 0440 -| 45
11 Stage 2 - copy 101 103 4440 - 0
etal 12 Stage 2 12 |[RM 0440 -| 45 |
13 Stage 2 - 107 RM 0442 -| 45
1 113 RM 0440 - 0

. — 15 Stage 3 114 %%a——?%
m ate 1 al 19 Stage 3 115_—RW0440 -| 0
21 Stage 3 - copy 101 4 RM 0440 - 0
23 Stage 4 - co 116 RM 0440 - 0
27 St =Copy 114 117 RM 0440 -] 45
. . tage 4 - copy 113 118 RM 0440 - 0
orientationt— stwse«-copy 102 To7 |RM 0442 45
30 Stage 4 - copy 112 119 RM 0440 - 45
31 S 4 - copy 101 105 RM 0440 - 0
Stage 5 - copy 111 120 RM 0440 -| 45 |
t | 34 Stage 5 - copy 101 106 RM 0440 - 0
S ag eS 35 Stage 5 - copy 102 108 RM 0442 -| 45
36 Stage 5 - copy 101 106 RM 0440 - 0
41 Tracer 143 RM 0539 - 45
41 Sacrificial 144 RM 0440 - 45
War /Weft 42 |Sacrificial 144 |RM 0440 -| 45
43 Sacrificial 145 RM 0440 -| 45
44 Sacrificial 145 RM 0440 -] 45
45 Sacrificial 146 RM 0440 -] 45
46 Sacrificial 146 RM 0440 - 45
48 Glass isolation - copy 802 804 RM 0564 - 0




Manufacturing Aspects

e Draping Trials (fabric shear / locking angle)
 Rough manually hand drape of square sample
» Bias extension test
* Picture Frame Test - Trellis



Manufacturing Aspects

 Engineering Net Part extend for bonded part

Tool + EOP

Net + Surplus mesh




Detailed Design - showcase

* Ply Draping examples
00/90 full ply +45/-45 full ply

* Others apply for drop stations and ply type



Detailed Design

 Interfaces — depending on design tolerances

BLUE: Glass isolation ply to be restored after machining
can be footprint+ or full coverage

GREY: Sacrificial plies:

reuse of structural drop stations

RED: Tracer film adhesive

Dashed BLACK: Applied as bottom sacrificial ply

/ Machining Line

BLACK: Structural design plies

Drop Stations: 9 8 7 6 5 4 3 2 1



Detailed Design

 Interfaces — a matter of adjacent components

YELLOW: Smack like sealant

Metallic GREEN: Primer applied on
Component both composite and component surfaces
(corrosion
non-

BLUE: Glass restoration ply

resistant)

==~ ——
Drop Stations: 9 8 7 0 5 4 3 2 1



Laminate Modeler Export

o Separate flat pattern .dxf files
— Through nesting software
— Cut on a ply profiler as a ply kit

 Virtek Projection of
— each flat pattern for 2D
Inspection of shape/size
— layup of plies on tool
Including ply thk offset



Laminate Modeler Export

General regarding draping simulation and
exporting files for production:

Draping simulation is conducted on the ply mesh
Element edges form laid up ply edges (PWL)

Unfolded flat patterns are generated from the
“plane” of ply mesh

Unfolded flat patterns are also exported for Virtek
projection for 2D ply inspection

3D projection of ply edges is offset with input ply
thickness




Manufacturing Aspects

e Thick Laminates

— Increased / decreased flat pattern size for
curved layup tool surfaces

Layup Tool
Surface




Manufacturing Aspects

* Thick Laminates
— Functionality is not available in Patran/LM
— Internal Programming Nodeoffset.exe

— Based on
 Model dump
* Element property thickness from current stage
» Supports CTRIA3 and CQUADA4 shell elements
o Supports MAT1, MATS8, PSHELL and PCOMPG
e ...prepared for extensions



Manufacturing Aspects

— and processes:
o Sorts property sets from resulting thickness
» Sorts Nodes, Elements, and Connectivities

 Generates the node normal vector from associated
elements normal weighted by their respective span

* Nodes offset is average of associated elements
thickness



Manufacturing Aspects

— and output
* Nodal offset in groups with same thickness

e Transition nodes offset individually with avg. thickness
—and

« A complete new Nastran model including the offset
« Ready for import of Laminate Modeler Layup file
 And generate increased/degreased size flat patterns



Manufacturing Aspects

olour coded

* Thick Laminates COUAD4 element ent thickness
CTRIA3 elements



Manufacturing Aspects

e Thick Laminates
— A baseline Is often the ply CPT I.a.w. specs
— A layup prepreqg is up to twice the CPT

— Laid up plies are regularly subjected to vacuum
debulk as being normal practice

— Hot pressure debulk can be utilized to compact
the laid up layers effectively

 ply thickness approaches the CPT




Manufacturing Aspects

e Thick Laminates
— Before a hot pressure debulk

Laid up plies

Layup Tool
Surface




Manufacturing Aspects

e Thick Laminates
— After hot pressure debulk

Compacted Plies
after hot pressure
debulk

Layup Tool
Surface



Manufacturing Aspects

e Thick Laminates

— In general above aspect is only relevant for
curved part structures and thick laminates

— Inaccuracies are often accepted at ply edge
tolerances in surplus areas

— But very critical for tubular structures as the
ply edge must meet up in circumferential
direction

— Tolerances inside net part is an order of
magnitude smaller than outside



Manufacturing Aspects

e Part Detail Angles — Acute or Open
— Filling with tows/narrow plies
— Algorithms for number of tows / ply width

. TOW nom
. Tow

deform

Acute Angle,_
R

R

tool

1st structural ply

—— Narrow
filler plies

Open Angle,
R

tool

R

1st structural ply




Manufacturing Aspects

 Individual Patran Databases for generic
stages

Layup Tool
Lightening Strike Ply
—— Capping Ply
mm Filler tow/ply area
— Structural Plies



Manufacturing Aspects

e Starting Structural plies stagel



Manufacturing Aspects

« Offset for stage 2



Manufacturing Aspects

o Offset for stage 3



Manufacturing Aspects

o Offset for stage 4



Manufacturing Aspects

o Offset for stage 5



Reorganisation of Layup / Plies

From Laminate Modeler Format

— Example Part No: 000-1111-11.db

— Example Layup: 000-1111-11 rev_A.layup

— Example Ply Detail Designation: XXX _designation_of ply
To applicaple format in production — e.g.

— PL0O01_101 thru PLO0O5 105 etc. U Lightening strike plies

— PCO006_201, PC007_202 etc. U Capping plies

— PF008_301, thru PFO09a-f 305 U Filler plies

— P0010 401 thru P143 486 U Structural design plies
— PT144 601 thru PT150 608 U Tracer plies

— PS151 701 thru PS198 U Sacrificial plies

— PG199 901 thru PS206 U Glass isolation plies

Flat pattern .dxf files are sorted into stock code material
groups and further ply type subgroups and thus prepared
for nesting



Reorganisation of Layup / Plies

o Stock Code Groups because plies are Kkittet
and to be cut from same roll of material



Flat Patterns Checks

 Each ply is checked automatically for
numerically anomalies as flickering and loop
throughout the ply circumference

em———T——

/

\




Flat Patterns Checks

Using Virtek 2D inspection file as being an
exact copy of the ply profile .dxf file

Consists of PWL circumference from [0,0,0]
Creating vector with points, vectors, angles
Flickering captured through avg. angle
Loop captured through sum of angles

Closed ply profile area added to laminate
consumption for the respective material
stock code



Flat Patterns Checks

Example : ®-

Stepping through

all ply points (PWL)

Creating vectors o000

between points

Using math features for
— Cross product

— Dot product

— Thus

Angles

« Angle avg. over some poin
Angle sum
Span

Ply area

Angles between vectﬁ/



Flat Patterns 2D FAI Inspection Using Virtek

e [0,0,0] is the ply application point and plies
are angled in ply orientations in XY-plane



Flat Patterns 2D FAI Inspection Using Virtek

e Centering all ply “box”



Flat Patterns 2D FAI Inspection Using Virtek

e Orienting all plies “box” with coordinate axis



Flat Patterns 2D FAI Inspection Using Virtek

* Ply “box” longest edge aligned with X-axis



Flat Patterns 2D FAI Inspection Using Virtek

e Too long ply “box” Is rotation to fit



Flat Patterns 2D FAI Inspection Using Virtek

e Plies are offset to lower left corner for ease



Conclusion

 Why Virtual Product Development...??



Conclusion

5@
» Because it Works... %?gg



It Works...

 Bonding Facility



It Works...

e Layup using the Virtek



It Works...

e Layup using the Virtek



It Works...

e Acute Angles



It Works...

e Curved Structures



It Works...

 Tubular Structure



It Works...

* Drop Stations (structural and sacrificial)



It Works...

e Cured and demoulded part



Conclusion

Path from Virtual Product Development In
Patran/Laminate Modeler to successful
Manufacturing is implemented

Challenging Manufacturing Approaches
have been considered

Gaps between theory and practice can be
countered for

But still further improvements are needed



End of the Presentation

e Questions



EMEA



