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1. Project Overview T Su—

* X-59 designed to demonstrate reduction in
Sonic Boom signhature.

* Nose structure helps divert air flow while
providing controlled aerodynamic pressure
distribution.

* Design, Substantiate and Manufacture the
Nose Structure

* Critical to maintain dimensional stability.

e Use FEM analysis and physical testing for
certification.

X-B9 CONFIGURATION

Max Design Gross Weight. ... 23,000 Lbs
Empty Weight .. e 14,990 DS
O B ) | |1 [ |
Payload ... e eemanecenneeeeeeeas OO0 DS
Design Mach. ..o L
(s 11T | T SOOI ) o I | =
ENQINE. .o eeeeee |RFG14-GE-100
Landing Gear.........oceeeeeee e = 16 BLK2S NLG

F-156 Blk25 MLG
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2. Design Criteria B Su—

* Pressure Capability
* Pressure Dimensional Stability
* Impact Pressure Capability Requirements

* Temperature Capability Requirements

* Mass Properties

e Center of Mass
e Useful Life

e Operational Service Life

Swift Engineering Inc. Approved for Public Release / Distribution Statement A: Approved for Public Release. However, this can not be distributed to anyone without consent from Swift
Engineering. ©2022 Swift Engineering Inc. All Rights Reserved.



3. Loads and FEM Models Y Ju—

GFEM

Loads
Z (Nastran) GFEM + DFEM DFEM
L Sizing Analysis Sizing
|~ (Optistruct) Optimization

Hiperdizer

* Global finite element model (GFEM) developed by LMA. v "
* A detailed finite element model (DFEM) was developed by Swift for sizing using HyperSizer.
* DFEM consists of Cored Composite Panels, Metallics, Composite Bulkheads, Fasteners and Adhesive Bonds
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3. Loads and FEM Models

* Loads mapping correlation:

Relative Tip Deflection Comparison

e GFEM e DFEM Displacement

10100
. 3
15400 1.200 10200 Contour Plot Contour Plot
13300 10300 Displacement(Mag) Displacement(Mag)
Analysis system Analysis system
13200 10400 Scaled Scaled
1.000 2.857E+00 2.553E+00
13100 10500 2.500E+00 2.500E+00
—— 2.143E+00 —— 2.143E+00
0.800 — 1.786E+00 — 1.786E+00
13000 10600 =— 1.429E+00 = 1.429E+00
= 1.071E+00 = 1.071E+00 -
0.600 = 7.M43E01 = 7.M43E01
12900 . 10700 3.571E01 3.571E01
t 0.000E+00 0.000E+00 D F E IVI
3.571E01 3.571E01
0.400
12800 10800 z
3§ 3 &
0.200 o il ox
12700 10900 Contour Plot Contour Plot
Composite Strains(Von Mises Strain, Max) Composite Strains(Von Mises Strain, Max)
0.000 Scaled Scaled
: 5.714E05 1.425E04
12600 . 11000 5.000E05 5.000E.05
— 4.286E-05 T — 4.286E05
(/‘ — 3.571E05 — 3.571E05
— 2.857E05 — 2.857E05
12500 11100 —— 2.143E05 —— 2.143E05
— 1.429E05 — 1.429E05
7.143E06 7.143E06
0.000E+00 0.000E+00
12400 11200 7.143E96 G F E 7.143E06 D F E M
12300 11300 z z
wox v
12200 11400 St .
12100 11500
12000 11600
11900 11700
11800

Select Loadcases
LMA GFEM v. Swift DFEM
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4. Analysis and Sizing N Ju—

* Process Flow

Objective was to minimize mass whilst meeting
stiffness and strength criteria.

Static/Modal l

Analysis
OptiStruct®

Swift DFEM
(Hypermesh®)

Sizing Analysis

Substantiation Linear Static Analysis CAD Update
Report (HyperSizer®) (OptiStruct®) (Catia®)

i)
147 page MS Word
substantiation report

Swift Engineering Inc. Approved for Public Release / Distribution Statement A: Approved for Public Release. However, this can not be distributed to anyone without consent from Swift

Engineering. ©2022 Swift Engineering Inc. All Rights Reserved. 11



4. Analysis and Sizing N Ju—

e Sizing Analysis (HyperSizer®)

Metallic Failure Criteria Composite Failure Criteria
Isotropic Strength, Ultimare, Von Composite Strength, Laminate, Compression, Open Hole
Mises-Hill Criterion (OHC)

Isotropic Strength, Fatigue, Tension | |Composite Strength, Laminate, Tension, Filled Hole (OHT)

Metalic Bearing - Discrete Composite Strength, Hoffman Interaction

Fastener Metallic Shear Out Composite Strenght, Interlaminar Shear

Fastener Matellic Pull-Through Composite Strength, Interlaminar Tension

Sizing 70nes Fastener Metallic Net Section Wrinkling, Eqn 1, Isotropic or_Honeycomb Core, X, Y &
Crippling Interaction

Intercell Dimpling, X, Y & Interaction
Shear Crimpling, Min X, Y (Hexcel)
Ramp Core Shear

1. Assemblies, parts and features organized into individual

optimization sizing variables/zones (spreadsheet). Ramp ILT + ILS Interaction Check 2
2. Effective laminates are used initially to determine Ramp ILS

overall ply percentages and laminate thicknesses. Selih, Bl Sl e HO'A"“ BeaSI”g' CEmPEEe LEREES
3. Discrete laminates used for margin calculations and ply e Bear;\glyiass Discrete

orientations. Fastener Laminate Shear Out
4. Designs iterated until all margins are positive for each Fastener Laminate Pull-Through

p|y and metallic. Fastener Laminate Net Section

Crippling
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4. Analysis and Sizing

Sandwich Panel, Core Ramp Shear

Lowest Margin of Safety for Each
Analysis by Component

Component Concept / Object| MS |Load Case| Lim/Ult | AID Analysis . = . /___...«"""

80000101 Top Stack 2.25| 14380 |Ultimate| 144 Composite Strength, Hoffman Interaction wx Nyt ===
0.65| 10904 |[Ultimate| 203 Composite Strength, Interlaminar Shear T Y { mmmml‘H|I““|““|“H
465 | 500001 |Ultimate| 204 Composite Strength, Interlaminar Tension :
1.65| 500001 |[Ultimate| 223 [Composite Strength, Laminate, Compression, Open Hole (OHC) ]
2.2 14416 |Ultimate| 229 Composite Strength, Laminate, Tension, Filled Hole (FHT) Figure 9.6, Core Shear Interaction (Configuration 1 Shawr)

Margen of safety written agamst the core shear strength at the ramp:

80000102 Top Stack 2.15| 14380 |Ultimate| 144 Composite Strength, Hoffman Interaction
0.34| 14380 |[Ultimate| 203 Composite Strength, Interlaminar Shear s= 39
155 | 500000 |Ultimate| 204 Composite Strength, Interlaminar Tension

1.15| 14380 |Ultimate| 223 |Composite Strength, Laminate, Compression, Open Hole (OHC)
2.5 14344 |Ultimate| 229 Composite Strength, Laminate, Tension, Filled Hole (FHT)

Transverse shear stresses at location x;°

P sotal
Frzan =g (40
Wrinkling, Eqn 1, Isotropic or Honeycomb Core, X, Y & q”
80000103 Top Face 3.95| 14380 |Ultimate| 90 Interaction Tyz :H'.I’;Jl @y
22.5| 10776 |Ultimate| 94 Intracell Dimpling, X, Y & Interaction - )
. N N N Effisctive height at location x; (wser input)
1.45| 500001 |Ultimate| 223 |Composite Strength, Laminate, Compression, Open Hole (OHC)
3.75| 14452 |Ultimate| 229 Composite Strength, Laminate, Tension, Filled Hole (FHT) Hypa =x,mne,w+r°-‘“—:r-'-“ 42
Core 1.15| 14380 |Ultimate| 105 Shear Crimping, Min X, Y {Hexcel} S by the sy plugin e e of st for cone chear
al ol 5t5 U user constants 3 VELS to compute margun ¥ come
Wrinkling, Eqn 1, Isotropic or Honeycomb Core, X, Y & interaction. e i "’
Bottom Face 3.4 14380 |Ultimate| 90 Interaction Table 9-10, Core Shoar Intsraction User Constants
115 | 14380 |Ultimate| 94 Intracell Dimpling, X, Y & Interaction o Variable Deseription -
1.8 | 14380 |Ultimate| 223 [Composite Strength, Laminate, Compression, Open Hole (OHC) tag, Iones mold-line faceshect thackness (in) 0.066
™ Outer mold-line facesheet thickness (in) 0.066
4.75| 14380 |Ultimate| 229 Composite Strength, Laminate, Tension, Filled Hole (FHT) . Famp Taper Angle (degrees) 0
[ — Ramp Direction (between 0 and 90 degrees) 0
. e o n Nx Load Ratio 0.3
Example of HyperSizer Sizing Spreadsheet Output Report: oy | Cor 13 o S lwbic |0
Fox Core 2.3 Shear Stress Allowable (ks1) 168
xl Dhistance from End of Ramp (in) 0.5
Wi thermal Additional thermal loads, Nx (Th/fin) 0
Ny thermal Additional thermal loads, Ny (Ib/m) 0
Confi 1on | Changes how the free body loads are computed 1

HyperSizer Core Ramp Analysis:

Swift Engineering Inc. Approved for Public Release / Distribution Statement A: Approved for Public Release. However, this can not be distributed to anyone without consent from Swift
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4. Analysis and Sizing N Ju—

Example of Automated MS Word Sizing Report:

Analysis ID = 223 = Composite Strength, Laminate, Compression, Open Hole (OHC) The strains at the laminate mid-plane and bottom and top fibers are:
Variable Midplane Bottom Quter Fiber Top Outer Fiber
Assembly FS333.0 il - -
CD]IIIIDIIIEI]‘ 1D: 20000119 £1 Q925 T 1 1704. T 1 2812 T 1
Load Case: 14308 £ -2839. un/in | -3642. un'in -2036. un'in
gl;;n[?: f}'lf:f::k 12 189.3 pin‘in | 208.2 pin‘in 170.5 pin‘in

Note: The outer fiber strains include a bending correction factor of 1.3.

Panel Loads

N Ny M., My My o Q, Strains and Laminate Allowables in -45° Analvsis Direction

(Ib/in) (Ibfin) (lbin/in) (Ibinfin) (Ibinfin) (Ibfin) (Ib/in)

Strength Loads | -117.0 | -1515. | 48.82 | 3.8557 |-5.3504 | 0.09593 |35.79 |-1.4363 Thﬂpﬂfﬂﬂﬂ%ﬂqﬂ;ﬁ_ﬂfpﬁgzﬁﬂﬁs analysis direction are:
1857 .

45° Plies: 40.0
90° Plies: 30.0

Object Loads:
Ny Ny M, My M, T TT Grad

Ib/in) (b/in) (b/in) (hin/in) (Ibin/in) (Ibinfin) (°F) (°Ffin)
Suengtthads -117.01 -1519. | 48.82 | 3.8557 -5.3504 0.09593 [ 2000 ] 0.

The stress allowable, interpolated from the "Laminate Based Strain Allowables" plots 1s:
Material: LMA -IM7 MTM45 FAB 200W (#B Basis Fabric, From Lwr Bound Interpolation File)

Laminate Base Percentages of Plies and Strains in the X direction] Method: ) S Y0455
Value for this Analysis Direction: 40.0
Strain Allowable. gopr: 4195 un'in

The applied strains transformed mnto analysis direction as:
fs. 88 =1{-1173, -864 8. 5345} un'in (@ Bottom Outer Fiber

The Margin-of-Safety 1s,

Variable Allowable Strain Applied Strain MS
E0HC 4195 pin‘in -1173. un'im 3.0096

Swift Engineering Inc. Approved for Public Release / Distribution Statement A: Approved for Public Release. However, this can not be distributed to anyone without consent from Swift
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4. Analysis and Sizing N Ju—

e Joint Analysis

Bulkhead Margin Summary
Joint Failure Criteria Analysis MS | Load Case | Lim/Ult Comp. Object
Joint, Bolted, Single Hole, Bearing, Composite Laminate Allowable 15.0 10776 Ultimate 80001346 Top Stack
Composite Bearing-Bypass - Discrete 15.0 15141 Ultimate 80001039 Top Stack
Fastener Laminate Shear Out 12.2 10764 Ultimate | 80000122 Fastener80309018 Top Stack
Fastener Laminate Pull-Through High 10768 Ultimate | 80000122 Fastener80309010 [ Top Stack
\;}/(\d \ - Fastener Laminate Net Section 84.4 10764 Ultimate 80000122 Fastener80309018 Top Stack

& Example of Joint Analysis Results from HyperSizer®

s ===

@ c B 8 2

= o 9 = © " w

. . e 2 @ ) w S o =<8

Credits: Collier HyperSizer 5 =) s ] & £ » < 2 TEQ
3 B o w | o || 8] 8 s | e | £ 2 S ERe £2 8.,
S 2 S | 3| 515|&|3-]| 23 |25]| 3 - - |EFE| 2| EXES
() S = 7] ] = ] © 2 c (] = © s + 2 (-4 oM WF
D = =] z s s <) T 3 ] « 2 2 1228 og £ a

D | by < (= n n I~ = o = = S w2 @ el

) - o o ] = =< 5 - “w IsT g &35

_— e T— = £ < a2 ch o
Q - = < i £ o o

g S | & 2 g3 g Xxd

o [
(T
w @ o o=
t
- 0.444
0.2578 1.25

g . r' ™\ SEI DFEM 14380 80305079 92 1001 202 3/16 . 1400 2300 1021 Compression 1.25 0.0107 0

Boom
FTBOO1 0.451
e + Long Aero 80312015 188 1039 -8 3/16 0.2578 1400 2300 1039 6.43 1.21 0.1345 6 1.15
Fitisar t Probe

[ — Boom

T Short F;IZ(:(())I 80312015 188 1042 -8 3/16 0.2578 1400 2300 1042 6.44 1.21 0.1344 0'253 1.14
Probe
—_— .
. P Example of Fastener Analysis Results
Swift Engineering Inc. Approved for Public Release / Distribution Statement A: Approved for Public Release. However, this can not be distributed to anyone without consent from Swift 16
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4. Analysis and Sizing N Ju—

 Modal, Buckling and Crippling

- E————]

[laqnlfled Displaeemems] [laqniﬁed Dlsplacemenls]
. ‘ PR L g
o= e — e
[Magnmed thhcemenls] [Uagnmed Dbplawmen!s]
e : = — B - 2 A
— L
[Inqnillod thlocomunls] [.nqnmcd thlawmunls]

* Linear Buckling analysis performed on Nose assembly for each loadcase
* Crippling check performed on each assembly and part.

Swift Engineering Inc. Approved for Public Release / Distribution Statement A: Approved for Public Release. However, this can not be distributed to anyone without consent from Swift

Engineering. ©2022 Swift Engineering Inc. All Rights Reserved. 17



4. Analysis and Sizing N Ju—

 Dimensional Stability

0 o 0.0 .05 -0 40740
0,006 0.004- i
(L% L.ps L0 T mu_mr UT f
| i
| I |
ams ook achs oode ochs gods o nods .nunﬂﬂlz._u.::mr.ds _{I..I:I].L.’lilli .0 aok nod oo

Example

JrigaL s e L0 Qo A

Al il |
1 0l oo 0 i nooo 000 000 [ungn 00a0 O il Lo 0 00l oo ooon i
U | I L
i
1 £
-

Dimensional stability measurement locations (Cruise Level Flight Loadcase)
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4. Analysis and Sizing

Swift Engineering Inc.

[ ) M g I f S f y Scaled | Load
a r I n O a et Composite Failure Criteria MS Case [Lim/Ult| Comp. |Object
Composite Strength, Laminate, Compression,
s folsss i dbicord M At e (OHC) 1.28| 10960 |Ultimate | 80001591 |Top Stack
S Composite Strength, Laminate, Tension, (OHT) 420 10764 |Ultimate| 80000140 |Top Stack
— Composite Strength, Hoffman Interaction 3.80] 10960 |Ultimate| 80001591 |Top Stack
: ﬁ‘%” = Composite Strenght, Interlaminar Shear 1.24| 14380 |Ultimate | 80000102 |Top Stack
TR Composite Strength, Interlaminar Tension 100.00] 10904 |Ultimate| 80000140 |Top Stack
Wrinkling, Eqn 1Honeycomb Core, X, Y &
Interaction 12.80| 14380 |Ultimate| 80000103 |Btm Face
Intercell Dimpling, X, Y & Interaction 45.00[ 10778 |Ultimate| 80000103 |Top Face
Shear Crimpling, Min X, Y (Hexcel) 4.60| 14380 |Ultimate| 80000103 | Core
Ramp Core Shear 0.90| 10764 |Ultimate| 80000129 |Top Stack
Ramp ILT + ILS Interaction Check 2 0.40| 14452 |Ultimate| 80000129 |Top Stack
Ramp ILS 7.20| 500000 | Ultimate | 80000130 |Top Stack
Joint, Bolted, Single Hole, Bearing, Composite
Laminate Allowable 0.55| 10904 |Ultimate | 80001450 |Top Stack
Composite Bearing-Bypass - Discrete 0.26] 10904 |Ultimate| 80001450 |Top Stack
. 80000101 Fstnr.
Fastener Laminate Shear Out 15.67| 14752 |Ultimate| 80306025 |Top Stack
. 8000101 Fstnr
Fastener Laminate Pull-Through 0.16| 14380 |Ultimate| 80305079 |Top Stack
1 1 1 80000102 Fst
* Slngle margln plOt ShOWS IOWGSt marglns Of any SeIECtEd Fastener Laminate Net Section 3.23| 14380 |Ultimate 8031152; " Top Stack
i 1 i i 1 101 80000101 Fst
failure criteria for each laminate, honeycomb, metallic or joint. Crippling Los 14380 | Uttimate]| " oo stack
» Sized for Stiffness and Strength with
Example of HyperSizer® Sizing Results
Swift Engineering Inc. Approved for Public Release / Distribution Statement A: Approved for Public Release. However, this can not be distributed to anyone without consent from Swift 20
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5. Test and Calibration S r—

RN & A
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5. Test and Calibration g

Static Test

Full airframe proof test with only / , A
forward fuselage jacks engaged | 1 A ‘ i v 1 —rﬁjﬁmdm.ml
to match integrated forces and V| | b (] = 4 g, ﬁ; "‘j’_’?ﬁ,-‘,ff*";
moments. . | :
Series of strain gauges (uni-axial

and rosettes) placed along the

length of the Nose positioned at

__ iy e

top, side and bottom outer o . T s N T Wk wv rx' ¥

surface of the Nose.
Nosecone tested to four
independent proof loadcases.

Credits: Lockheed Martin / NASA

Swift Engineering Inc. Approved for Public Release / Distribution Statement A: Approved for Public Release. However, this can not be distributed to anyone without consent from Swift
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5. Test and Correlation " J——

e Test Transducer Deflection and Strain Data Calibration
Test Strain Data and Calibration

Max Vertical Nosecone Bending Moment
Test vs Predicted

Test vs Predicted

200 7
/ B “‘5 g
7
\’/ﬁ, ,‘_.,\.*
W W
// 7 '.4;‘_,)/ "'.
Py A
“ /’ {".,’
7
/_//
¢4 S
-100 / 100 I Y 7
: +100. Predicted 100 &
Approach follows LMA and USAF Structures Bulletin EZ-SB-11-001 Rev. A P4
Max Lateral Nosecone Bending Moment /
Test vs Predicted ?w?:n 100 0 100 200
Predicted

Station 1 Gauges
1. GFEM overpredicted strains and deflections and is therefore

conservative.
2. All of the measured deflections are below the max allowable

and strains are below the max allowable proof strain.

"""""""""""" ><

/ 3. Tests show acceptable correlation to GFEM with minor updates
id .

w0 L to account for NLG lateral constraint.

Swift Engineering Inc. Approved for Public Release / Distribution Statement A: Approved for Public Release. However, this can not be distributed to anyone without consent from Swift 24
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6. Conclusions s ..

 Composite Sizing using HyperSizer enabled a mass optimum design.

 Manufactured Nose assembly and delivered to LMA on time with full structural substantiation
report.

» GFEM+DFEM Strain and deflection predictions were conservative compared with static proof tests.

 FEA models were calibrated and path to flight certification established.

i

s i
\N i

[\

b\

Credits: Lockheed Martin / NASA
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