Deploying HyperX at Scale

Conceptual Design through Part Release
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Background and
Program HyperX Impact

Carey Cross - Engineering Sr. Manager



Mission and Vision
Delta Spaceship
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Feather System Overview

BMI Skins Metallic and BMI Substructure
+  High temperature performance enables * AI'7050 for complex loaded joints _
E}edugtlo%of ba?ellne_ Tth’S ’ . ﬁﬂ!llfg;ggght redquctlon and single composite Design for Manufacturability
i 0o st ness to weight ratio , R + Incorporation of Bell best practices
+ Bellis experienced working with matl system J +  Core pandowns
‘ + Eliminate tool trap
+ Design to minimize assy. spans

Systems Integration

+ Production systems

+ Health monitoring

+ Flight test instrumentation

o

Qty of Parts

@ oesign for Maintainability and Producibility

Major Interfaces + Change from bonded to bolted joints
*+ Wing hinge fittings (4 pl) + Tailor accessibility to bolted joint configuration while
+ Feather actuators (2 pl) minimizing weight impact

+  Tusk lock fittings (2 pl)
+ Flight control actuators (6 pl)
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Feather and Flight Control Surfaces Team

Virgin
Galactic

Design authority
Ship level mass properties

Flight sciences, mech sys, etc.
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BELL

Engineering design

Structural analysis
Subsystem mass properties
BFEM creation / maintenance

7>
A
COLLIER

AEROSPACE
—HYPERX —

Structural analysis
Plugin creation and support
Resource bench strength



Program Phases 6

Preliminary Design Weight Out Challenge Detail Design
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Program Phases 7

Preliminary Design Weight Out Challenge Detail Design

Copyright © 2025 by Bell Textron Inc.




Program Phases 8

Preliminary Design Weight Out Challenge Detail Design
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Integrated Product Team
Perspective

Jorge DelLeon - IPT Manager, Boom and Strake



Analysis Process Planning | Tools

Prelim Design

Nastran 5
ran
S SLvl | o> e
- i
MISION - | 1R
II IA'EROSPACH Hyperworks

—HYPERX —
- Ansys

Python

Excel

Design Engineering Stress Engineering
0o

Nastran  corrier

Patran e
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Analysis Process Planning | Workflow

Prelim Design

Initial Acreage Sizing

Stability Analysis
Bl HyperX
[ OtherTools

Initial Joint Sizing

Final Sizing Review & Stress Notes
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Return of the Weight Targets

Initial projections tracked feather to be heavier than desired

People / Tools / Process / Workflow / Methods
AC Weight =

Weight-Out

C *Schedule « -----

Copyright © 2025 by Bell Textron In



Stress Strikes Back

Hybrid More
Layups Schedule

Weight-Out

L

Machining
Min Gauge

g
i
ICOLLIER

A EROSPACE
—HYPERX —

Orthogrid
Buckling Fixity
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A New Sizing Hope

Implementing New Stress Analysis Process
Sizing Decision Workflow

~

: ~
FEO;?!-'J R COLLIER
——HYPER, o — S::ﬂ::ﬁs
Initial Sizing i .
Weight-Out (Group A) Final Sizing

Review Limit V\I;éT;ILt Adjust Limit
e Valid? Weight
~
4
S o
——HYPER, x—
Weight Out Sizing CO\L’-‘L.IER
(Group B) R P
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Detail Design | Phase 1

Detail Design

N
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Road to Lands Locked

Closure of all weight studies

Sizing of all boom skins

Sizing of all substructure caps

A BellEngineers

A Collier Engineers



Detail Design | Phase 2

d

Collaborate (Disciplines & Companies)

Trust decisions

Qtyo

Follow established processes

Innovate and enjoy the challenge

Time

Design Engineering Stress Engineering
o

£ Nastran @

SRLLER - Patran == x

Detail Design

N
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Leadllll_P a Stress Team
vperX Users

Alessandro "Max" Silva — Stress Lead, Boom and Strake IPT



HyperX Knowledge Ramp Up

HX Knowledge Ramp Up

.z-vm_
I (910 IITIe o

Prelim Design

Tree Windows

- FEM
- Structure
—L - Property
(Graphics Window |

L Training Analysts S

- Selection Wheels

Sizing Parts
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Preliminary Design

Prelim Design HyperX analysis deep dive
Understand HX
@ Start to build a HX Database
T Aligning HX to Bell's Structural Analysis Methods thru Plugins & Scripts

Summary,

Material Data Curves
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Preliminary Design - New FEM

Prelim Design
Tailor the next FEM to maximize the usage of HX

% Refine the mesh to add more details
— Model Fasteners
A1

Transition from Effective Laminates to Laminate Families
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Weight Optimization

HX was extensively Used to do trade studies
Material Change
New composite Ply configurations — 100% Fabric vs Hybrid
New Design Configuration (to improve load path)
Use HX to combine ideas to reduce weight

Weight-Out

. -
» ]
g ’
2
4 08050 SRREETT ol T8 6%
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Detail Design - Final Sizing

Detail Design

N
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If needed
Update FEM New FEM \
Global Strength
BUCkling Sizing
(25%) = (~100%)
Joint analysis /

(85 %)

Stress
ﬁ Report
(70%)
% HX
usage



Working-Level
Perspective

Justin May - Stress Analyst, Boom and Strake IPT



Collier Support

Engineering Services

Dedicated HyperX technical expertise
Comprehensive HyperX training

Custom plugin development and integration
Tailored workflow automation and optimization
Resource bench strength

Structural Analysis
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Preliminary Design

Prelim Design

Training

3e8 308
3e83:8 a,

4 BellEngineers
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Preliminary Design - Enterprise

Prelim Design

| I Defaults

Properties

Library

‘The Integrator’

Company Database

2>

Defaults

Propei

2

Dedaults

Library Defaulls

Proportios

Group Database

Engineer Databases
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Preliminary Design - Enterprise

Prelim Design

Y Mo File Seected
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Level 1 Enterprise
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Weight Out Challenge

Weight-Out

Weight Savings

Time
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Weight Out Challenge

Weight-Out

Weight Savings

————— HyperX Stress Analysis  =====Design/Manufacturability
————— Target Weight Savings ® Actual Weight Savings
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Weight Out Challenge - Stress @ Design 30

Zone Boundaries (.stp

Grid Cell Boundaries (.xml)

Weight-Out
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Weight Out Challenge - Stress @ Design

Structure

core X v (Al &

—9lelw|e|T]w| 3 [=]e]
A 8 < o E F s H l 1 3 " n o P a & s T u v w )
> Set: A 1 Py cell # & # N N " # ¥ ] # u 4 8 N # 8
els
) ) 7 Virtual Sequence Sequence Virtual Py Ply Material Rosette  CORE_13 UPR_R1Z-RFIN RUDD_MID R12A02 R17801 R1ZA01 CORE_21 RUDD_LWR CORE 22 R12C01 R12C02 RI2-RFIN1 LWR_R1Z-RI 0ZD02 SW02003 ROTAD1 CRD
¥~ Boom_Skin_Inbd O 3 seql Piy.1 Orthotropic Mat'l A Rosette. S SF SF SF sF_sF SF SF SF. SF SF. SF_ s sF SF SF
N 4 Seq.2 Piy.2 Orthotropic Mat'l A Rosette.2[x-deg  |x-deg x-deg x-deg |xdeg |wdeg |xdeg |xdeg wdeg |udeg |xdeg |xdeg w-deg wdeg  |ndeg |xdeg |x-de
Boom_Skin_Outbd 5 Seq.3 Piy.3 Orthotropic Mat'l A Rosette.2 (x-deg  |x-de x-deg xdeg |x-deg |xdeg [x-deg |c-deg wdeg  |x-deg |x-deg [x-dey wdeg  J lxdep  |n-deg  |wdeg  [wdeg |xde
> Laminates ® 6 Seqd Piy.d Orthatropic Mat! A Rosette.2 deg x-deg. xdeg_|wdeg /_|xdeg [xdeg  |xdeg  |xdeg |x-de
4o Sandwich ® 7 Seas .5 Orthotropic Mat' A Rosette.? wdea Teden | I x-deg_x-des Tedes |rdeg  ndeg  edeg |woe
andwicnes 8 Seq.6 Piy6 Orthotropic Mat'l A Rosette.2| x-deg adeg | | x-deg |x-deg lwdeg |x-deg  wedeg  |xdeg |x-de
. 9 Seq.7 Orthotropic Mat'l A Rosette.2 u-deg ndeg x-deg |x-deg — wdeg |xdeg |xdeg |xdeg |xde
10 Seq.6 Orthotropic Mat'l A Rosette.2 x-deg wdeg  |xdeg  |wdep [wdeg [xde
CORE_05 (1) [ ] 11 Seq9 Orthotropic Mat1 A Rosette.2 a-dog / wdeg |xdeg |xdeg |xdeg |cde
12 Seq 10 Orthotropic Mat' A Rosetie.? Taden | I I Tdeg |rdeg  ndeg  edeg |woe
CORE_22 (1) ® 14 Seq.12 Orthotropie Mat'l A Rosette.2 xdeg wdeg \cde
15 5eq.13 Orthotropic Mat!l A Rosette.2 x-deg / x-deg x-des
CORE_22(2) 16 Seq.14 Griotropic Mat' A Rosette.2 ey x-dog xedn
. CORE 21 a 17 Seq.15 Orthotropic Mat'l A Rosette.2 Tuder | des [
Weight-Out - 4 18 seqs Orthatrapic Mat A Rosetted| Juode
CORE_21 (1) 19 Seq.17 Orthotropic Mat!l A Rosette.2 e
20 Seq.18 Orthotropic Mat'l A Rosette.2 x-de
CORE_21 (2) ® 21 seq1s Orthotropic Matl A foseto. xin
CORE_21 (3) 22 5eq.20 Orthotropic Mat'| A Rosette.2
23 Seq.21 Orthotropic Mat! A Roselte.|
CORE_21 (4) S Seq.22 Grthotropic Mat' A Rosette.2
CORE 18 25 Orthotropic Mat'l A Rosette. | 1 Il
- 26 Seq.2
CORE_18 (1) 27 5ea2s
28]seq.26 | ;II | | . | C E
CORE 18 (2) Sisea 2 {:} F O R
CORE_20 30 Seq.28 — |
. 31 Seq.2%
CORE_20 (1) ® 32 seq0 3 ARG Mt RoseHE] T
CORE 20 (2) e 33 Seq.31 P31 Orthotropic Mat! A Roselte.2|
- - 34 Seq.32 Piy.32 Orthotropic Mat'l A Rosette.2
—— CORE_20 (3) [ ] 35 Seq.33 33 Orthotropic Mat| A Rosette.2
36 Seq.34 Ply.34 Orthotropic Mat'l A Rosette.2
CORE_20 (4 e 7 ez Pr3S  ObenMatiA ooz
CORE_19 ® 38 Seq.36 Ply. Orthatrapic Mat' A Roseite.2 |
39 Seq.37 Piy.37 Orthotropic Mat'l A Rosette.2
CORE_19 (1) ® 0 seq e P8 OrthouopicMariA Rosete:
CORE_19 (2) @ 41 5eq.39 Piy.39 Orthotropic Mat| A Rosette.2
- 42 Seq.a0 Piy.20 Orthotropic Mat'l A Rosette.2
CORE_08 13 eqat Pyl OrtholopicMatiA Rosetie|
- 44 Seq.42 Piy.42 Orthotropic Mat'l A Rosette.2
CORE_11 L4 45 Seq.a3 .43 Grihotropic Mat' A Rosette.2
CORE_04 ® 45 Seqdd P44 Orthotropic Mat! A Rosette.2 x-deg_|x-dea wdeg  |wdeg [xdeg [xdeg |ndeg |cdeg  [xdeg |xdeg |xdeg |xdeg |xdeg wdeg |wdeg |wdeg |xdep [cdo
47 Seqs P45 Grthotropic Mat! A Rosette.? x-deg_|deg wdeg  |wdeg bcdeg iwdey |wdeg |cdeg  cdeg |xdeg |rdeg odeg e wdeg |wdeg |wdeg |wdeg |xdn
CORE_07 ®
2 o
CORE_17 ® e
CORE_13
CORE_20 (5) ®
CORE_21 (5) @
CORE_22 (3) ® o
FEM
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Detail Design

Detail Design Final Strength and Joint Analysis

U m—
% Part and Assembly Releases
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Detail Design — Layup Alignment 33

Imported Ply Boundaries

Detail Design

N
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Detail Design

Export CAD w/metadata for fastener labeling

CAD
Software

HL10 - 12
20.330-0.375 in

HL10 - 42

©0.330-0.3751n  HL1p . 12

Detail Design

N
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Detail Design — Joint Alignment

Syncing HX fastener name, design property, and CAD geometry

RIS+ ]

Fastened Joints 2 Members
PBUSH 52111015: 110-223-06

poosses

EEELPLER

Fastener Vectors .\

110-223-06

"Viw

w O

v Fastened Joints

4 F Single Shear - 110-223-06

W

Detail Design

N
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Collier Support

HyperX Integration and Engineering Services Overview
« HyperX Deployment, Training, & Technical Expertise

Custom Tool & Plugin Development

Workflow Standardization & Optimization

Design-to-Analysis Integration

Advanced Structural Analysis Support

Deadline-Driven Execution
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Thank You.
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