7010 HyperXpert's Role in Trade Studies on BWB Aircraft

Logan Thomas



Trade Study Overview jelzero

Objective
=  Determine weight efficient wing-to-center body load path that
satisfies producibility and manufacturing requirements. /\

Two Configurations

1. Load Path 1 y.
2. Load Path 2
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Trade Study Scope

FEM Model
= Portion of LHS center body and wing section

Includes leading edge and trailing edge structure
=  Symmetric Boundary Conditions at BLO
= Model Statistics

# Elements > 95k

# Nodes > 80k

| oads
= Flight + Cabin Pressure Loads (
= Design Load Cases = ~2k e

/
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Trade Study Sizing Workflow

Create FEM

Prepare Surface
Geometry

v

Mesh Geometry

v

Apply BCs/Loads

v

Perform FEM
Validation Checks

v

Run NASTRAN
SOL101

v

Perform VMT Checks

e

_/ZE0

A 4

Anchor Point Sizing
(EA)

A 4

Import FEM into
HyperX

Producibility Sizing
(EP)

v

Apply load and
analysis properties

Run HyperExpert
using EA Design
Properties

v

v

Review Pareto
Frontier Plots

Define Anchor Point
(EA) Design
Properties

v

v

Define Producibility
(EP) Design
Properties

Run HyperFEA

v

v

Run HyperFEA

Review Sizing Results

v

Review Sizing Results

Step 1

—

Step 2
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Step 3

FEM Pre/Post Processor

HyperX




HyperX Analysis Technique

Jelzero

a Smeared Mesh
Analysis & Sizing Uses
Smeared Mesh Rpproach

( FEM with Stiffeners Modelled as i \

. GFEM - Smeared stiffener properties

FEM with Stiffeners Modelled as

a Discrete Mesh

o

PCOMP PBAR or PBARL
PBAR Cap Beam/Flanae
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Both FEMs are “1” stiffened panels



HyperX Failure Modes etzero

Laminate Strength Panel Buckling

Web Crippling Web Buckling

©2025 JetZero, inc. All rights reserved. Confidential & proprietary information - do not disclose.



Anchor Point Sizing

Anchor Point Sizing

= Unique "optimum” design for every zone
Lightest Weight
+ Margins of Safety
Least Producible

Anchor Point Design Properties
When?

Preliminary design phase when trading numerous
variables

What?
Coarse Step Sizes
Effective Laminates
Large Number of Candidate Designs
Runtime vs # Design Variables
Why?

Obtains new FEA startinﬁ point with updated stiffness
for producibility sizing with HyperXpert (Step 3)
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Jelzero

Panel Design Property
Anchor Point Design Property

Modeling Technique

Smeared v

Advanced W

Zones Assigned:

Zones Selected:

Sizing

Dimension
Ticn (plies) v
Tuse (plies) v
Tizer (in)

Tercwn (i)
Hzittanar (in)
Spacing (in)
Angle [)
Wiezes (in)
Wergun (in)
Haana (in)
Huss (in)

Wagsn (in)

Overrides

x
7140000,7140008,7140027,7140052,7140070,7140136, =i o
T4 AN0OT TA1ANONT T4 ANANAD TA1ANNID 71 ANNIE T1 ANNAN
7140000,7140008,7140027,7140052,7140070,7140136, asign IRV
T1AADOT T1AAOAT T1AANAD T1AANDID T1AAANIE T1 AANAN .
Analysis [ Metal Composite
v ‘¥ Detailed Sizing v SetVariables T 4 & 1T
M'-;‘,;m Min  Max Steps SicP  Material
O
O
D ined by the web variable’s ial)
{Dr ined by the web s
O
O
O
O
(Dependent variabie)
(Dependent variabie)
(Dependent variabie)
Req.Designs 3 | # Candidates 73728
Apply Close

Example Anchor Point Design Property



Producibility (EP) Sizing jelzero

Wing Skins
= Splitinto three (3) zones for producibility /\
Zone A (FWD) '

Zone B (MID)
Zone C (AFT)

= Producibility Assumptions JLLERTSS
Stringer Stiffened Wing Skins e

All zones have same stringer tooling mandrel shape .

Hstifener = CONstant ¢ Pt N

All zones may have different stiffener spacings 7 ! .
* Spacing # Constant
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Producibility Sizing jelzero

H\/DEFXDEI'J[ HyperXpert Run Sets X
= \Nhat7 Search...
Runs full-factorial DOE solution based on in put Name # Designs  # Analysis Properties # Load Properties # Structures # Sets
design property variables Run Set Name 7 6 1 18 52
= Why?
Determine most weight efficient and more
producible combination of design variables across e e S— .
any number of sets or structures i — |  ——
= \When? | | I LI
Optimum design variables that yield a producible » 2,128 Possible Design Solutions!
design are unknown Other 1
Sets
= How? .
Run using anchor point design properties on HyperX :
model using updated stiffness properties and 3
internal loads from anchor point sizing results B

HyperXpert Viewer of Effective Laminate Producibility Results
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Producibility Sizing

HyperXpert Pareto Frontier Plot for Wing Skin Sets

| | |

Weight (Ibm)

Design Variability (# variables)

\
! Identified Constants

1 @ Set: Zone A
@ set: -Zone B
® Set: - Zone C

218 Possible Design Solutions for,

Wing Skin——

6 7 8 9

More Producible — Less Producible
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Anchor Point
Sizing Results
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Producibility Sizing

Wing Skin Set — Sorted by Spacing

Jelzero

v Panel

Display: E ® = :: X axis: Spacing

v Stiffener
v Spacing(in)
Spacing A ®
Spacing B
SpacingC
SpacingD

Plot By: Set v

Plot Options: e

V' Hattened(in)
Height A
Height B
Height C

v Angle(®)
Angle A

v Werowalin)
Width A

Weight (Ibm)

Width B ‘

Width C 00 Lo

v Wicar(in) .. - I

Width A o b,

(®) Design variables points O Manufacturing variability points o
Displayed: 154 Collected: 2125 Possible: €672

Identified Constants
@ Set: Zone A

@ Set: Zone B
@ Set: Zone C

%% ot

A Y N

Yego2

Tesin(in) o
Tv«ebﬁn)

T!oot(in) 0 L ’

WOV NV

Terown(in)

Spacing(in) (Corrugated)

Lower Spacing
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Producibility Sizing jelzero

Wing Skin Set — Sorted by Hgyifoper

v Panel Display: E ® 8 I X axis:  Husttener ~ Plot By: Set v Plot Options: o (® Design variables points O Manufacturing variability points ()
v Stiffener Displayed: 27 Collected: 2125 FPossible: 6672

. . I ‘ Identified Constants
v Spacing(in) - i
® Spacing: C, Set: Zone A
Spacing: C , Set: Zone B
@ Spacing: C, Set: Zone C

SpacingC I

v Hatitfener(in)
Height A
Height B
Height C

v Angle(®)
Angle A

v Werown(in)
Width A

Weight (Ibm)
[ ]
L

Width B
Width C
v Wioa(in)
Width A
Texin(in)
Twes(in)
Tioe(in) -

T:rmn(in) 0

®
3
| J
y

Y
oe ©

e

Hsiffener(in)

Lower Hstitrener Higher Hsitrener
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Producibility Sizing

v Panel
v Stiffener
v Spacing(in)

SpacingC
v H:lrﬂmer(in)

Height B

v Angle(%)
Angle A

v wﬂwn(in)
Width A

Width B
Width C
v Wicat(in)
Width A
Taxin(in)
Twes(in)
Tsoer(in)
Terowalin)

N . 4
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Wing Skin Set — Sorted by W,

Jelzero

Display: |é ® B 3 X axis: Werown Plot By: Set v Plot Options: ' (®) Design variables points O Manufacturing variability points ()
Displayed: 3 Collected: 2128 Possible: 8672
I | Identified Constants

@ Spacing: C, Hustiener: B, Set: Zone A
Spacing: T, Hasttenert B, Set: Zone B
@ Spacing: C, Hustiener: B, Set: Zone C

E

s —

: e r

= *

1

L

=

L L 2 ]
0
Worgwn(in)
Lower Werown Higher W,
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Producibility Sizing

Weight [Ibs]

Spacing
SetName

mB-
mB-
mB-

Wtrown
M

H Stiffener

|
N W > Mm @

mC-

Wing Skin - Weight By Zone

Anchor Point

\f Weight

=
0
Q
I mi w3
A~ B C - A B C - A B C
Zone A Zone B Zone C
) . 0
Weight Data by Spacing and Zone Weom . A B C A
Hstiffener  _ B C
Spacing  _ A

Anchor Point Weight A = +5.5%
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Wing Skin - Overall Weight

Most Producible
& Lowest Weight

A

r

B
B

C

A

C

B C A B

B

-- |

= —

~ o I

M
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Compare Trade Study Results via HyperX Dashboard

HyperX Dashboard Upload

HyperX Dashboard Database

HyperX Cloud Uploader
Upload Set Company JetZero v
Tags = Type to add... o Program v

Name | Logan Thomas

ﬁ Active Load Cases

Database Project

Structure Information ~ User Notes
Structure A
Design Property Design Type
<
Structure B
Design Property Design Type

Structure C

Design Property Design Type

HyperX Cloud Dashboard

Zones
>
Zones
>
Zones
>

Upload Close
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= HYPERX

Uploaded After

Uploaded Before

User

. Logan Thomas

Company

ez

Program

Filters x

Count 22 Filters 1

Upload Sets E

Load Path 2 — LP, Matl. 2 (Step 4)

uploaded by Logan Thomas on 4/14/2025 T:35 AM
There are no tags associated with this set

Load Path 1 - LP, Matl. 2 (Step 4)
uploaded by Logan Thomas on 4/11/2025 8:37 AM

There are no tags associated with tf

uploaded by Logan Thomas on 4/10/2025 7:49 AM

There are no tags associated w

h this set

uploaded by Logan Thomas on 4/3/2025 7:53 AM
There are no tags associated with this set

Load Path 2 — LP, Matl. 1 (Step 4)
uploaded by Logan Thamas on 4/7/2025 12:40 PM
There are no tags associated with this set

Load Path 1 - LP, Matl. 1 (Step 4)
uploaded by Logan Thomas on 4/4/2025 10:38 AM

There are no tags associated with this set

Load Path 1 - EP (Step 3)
uploaded by Logan Thomas on 4/2/2025 8:53 AM

There are no tags associated with this set

Jelzero

[0} & Logan Thomas ~
[x]
Databases 5 Projects 19 Structures 33 Designs 144 Zones 2158
Graph Sets B -
Root » I
. .
a

3 upload sets

Load Path 1

4 upload sets

3 upload sets

Load Path 2

6 upload sets

3 upload sets

Load Path 1 8- -8

Load Path 1 — EA (Step 2)
uploaded by Logan Thomas on 4/2/2025 8:50 AM

There are no tags associated with this set

Load Path 1 — EP (Step 3)
uploaded by Logan Thomas on 4/2/2025 853 AM

There are no tags associated with this set

Load Path 1 — LP, Material System 1 (Step 4)
uploaded by Logan Thomas on 4/4/2025 10:38 AM

There are no tags associated with this set

Load Path 1 — LP, Material System 2 (Step 4)
uploaded by Logan Thomas on 4/11/2025 8:37 AM

There are no tags associated with this set

Quickly Graph HyperX Sizing Results for Comparisons
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Compare Trade Study Results via HyperX Dashboard jetzero

© Total Weight vs Display Set Folder

MNote: Some data has been filtered out.

0 - Full Wing + CB 1 - Full Wing 2-Full CB

Upload Set Name
M load Path 1 — EA (Step 2)
mLoad Path 1 - EP(Step 3)
W Load Path 1 - LP, Matl. 1 (Step 4)
Load Path 1 — LP, Matl. 2 (Step 4)
mLoad Path 2 — EA (Step 2)
mload Path 2 — EP (Step 3)
Load Path 2 — LP, Matl. 1 (Step &)
mload Path 2 - LP, Matl. 2 (Step 4)

Total Weight {Ib)

Display Set Folder Name

Compare Total Weight between Trade Study Configurations
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Compare Trade Study Results via HyperX Dashboard

jelzero

Controlling Criterion vs Display Set. Load Path 1 - LP, Material System 1

Mote: Some data has been filtered out.

Controlling Criterion
n
90% o
n
80%
70%
60%
—
=
c
o
@ 50%
=
=
o
2

40%

30%

20%

10%

0% -
Zone C

Zone B
Display Set Name

Zone A

Total Weight {Ib)

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0% -

Controlling Criterion vs Display Set: Load Path 1 - LP, Material System 2

Mote: Some data has been filtered out.

Controlling Criterion
L]

Zone B Zone C

Display Set Name

Zone A

Compare % Controlling Criterion between Different Material Systems
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—— . ' ‘
Key Takeaways ‘ | ~4
Objective L ~
= Determine weight efficient wing-to-center body load Bath that L

satisfies producibility and manufacturing requirements

\
A\
utcomes 5

HyperXpert allowed for optimization of both trade "0y, vy
“study configurations without needing to make additional reSsURS

activities
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