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Just say what you want to say..

 HyperXis a tool built for stress engineers—by professional software developers, informed by
stress engineers, supporting relevant aerospace programs.

 Our engineering team uses cutting-edge HyperX features and develop custom workflows to solve
problems with HyperX, that other companies may develop in-house tools to solve. HyperX s our
in-house stress tool

* We, HyperX users, are a community that benefits from each other’s use of HyperX. The Collier
Engineering Services team provides value to all HyperX users.
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Even if you don’t contract ES, you benefit

A great ‘for example’ is the enterprise use case, which you’ve already seen..

Defaults
Properties

Library

>

Defaults
Properties?,

Defaults
Properties’

The ‘Enterprise’ workflow

>

Defaults
Properties?,
Library{@9

HYPERX

SOFTWARE

© Copyright 2025 Collier Aerospace Corporation. Confidential Information.



How do we use HyperX?
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Y Sets
> Fwd.Fuse.Floor
> Tail_assm
Vv Structures
> Radome
Ignore
Wing_RH
Wing_RH_Rib
Wing_RH_Spars
Wing_RH_Skins
Wing_LH
Wing_LH_Rib
Wing_LH_Spars
“ Wing_LH_Skins

<

(vv'vvv'll

<

\@ =8 Wing_LH_Skins_Upper

>

Wing_LH_Skins_Lower

> Wing_LH_Outer_Spar_13

> Landing_Gear

> T Fwd_Fuselage

> 7 Mid_Fuselage

-~ T Aft_Fuselage

> T Engine_Mounts

v 7 HTail
> HTail

v 57 VTail
> Rudder
> VTail

v 7 Wing_Interface
> Wingbox.Rib.beams
> Wingbox.Rib.Shells
> Wingbox.Skins

<
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How do we use HyperX?

Search

v Designs - Panel
Vv  Plates
@ Al 2024-T3_QQ-A-250 4_T3, T=0.032
@ Al 2024-T3_QQ-A-250 4_T3, T=0.04
@ Al 7050-T7451_AMS 4050_T7451, T=0.052
@ Al 7050-T7451_AMS 4050 _T7451, T=0.072
@ Al 7050-T7451_AMS 4050_T7451, T=0.942
@ Al 7075-T6_QQ-A-200/11_T6, T=0.052
@ Al 7075-T6_QQ-A-200/11_Te6, T=0.072
Vv Laminates
> @ Laminate - 923
v Stiffened Panel - Open Sections
> I~ Cruciform - 448
> I |Bonded - 924
v Stiffened Panel - Closed Sections
> U Hat Bonded - 926
Vv Designs - Joint

vV vV VV V VYV

Vv Fastened Joints
> 4F Single Shear - Bolted - 927
v Designs - Beam
> Open Sections
Vv Loads
Vv Loads - FEA
¥4 Average - 2
¥4 Default Average
¥s Default Peak Element
¥4 Element Based - 1
¥4 Element Based - Mark
> Loads - User FEA
Analyses
v Library
Metals [28]
Adhesives [1]
Composites [20]
Honeycombs [140]
Foams [4]

v @

* Large, complex models. Lots of organization/structure
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WPF D3D 11_0 - HW 2 fps
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Analysis Properties

Stru cture
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Run
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Result
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How do we use HyperX?

* Global stiffness optimization

Global Stiffness
Requirements

Design meeting strength,
stability, & stiffness
requirements

Zone-based
stiffness properties

HYPERX
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How do we use HyperX?
* FEM & Loads Evaluation

Database Model Structure } Material 1

OaED< Q@

Appearance

e

B [
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Origin Location (in)
Close
102, NF_Vertical_Accel: Torsion
103, NF_Gust: Torsion
]
° 104, NF_Gust_Neg: Torsion
° 105, NF_Transition: Torsion
i 106, NF_Landing: Torsion
° 107, NF_2pt_Landing: Torsion
108, NF_Drift_Landing_Lateral: To
109, NF_Drift_Landing_Forward: T
, GS_Tie_Down; Torsion
110, GS_Tie_Down: Torsi
111, FS_Hover_MotFail_Inbrd: Tor:
112, FS_Hover_MotFail_Outbrd: Tc
2000 4000 6000 8000 113, CR_Crash_Power_Off: Torsion
ShearV(Ib) F2l 444 ~n -~ L -
Close
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How do we use HyperX?

<
Summary,

* Loads model + CAD —> Stress analysis Minimum

MS

l 1000
100

Load Dependent Properties

Axial Force (Ib): -6731.12

0.5
Shear H (Ib): -0.17859

0.25
Shear V (Ib): -5810.54

0.1
Torque (Ib-in): 0.50415
Moment H (Ib-in): 794597 0.02

0

Moment V (lIb-in): -0.37509

Analysis 22 Y

Buckling, Beam, I1 (Ultimate) 7.86
Buckling, Beam, I12 (Ultimate) 2.67
Buckling, Beam, Imin (Ultimate) 2.67
Buckling, Beam, Flex.-Tors. (Ultimate) 2.48
Spar - Shear Web Buckling (shear only) (Ultimate) 1.51
Spar - Shear Web Buckling (bending only) (Ultimate) 0.0994
Spar - Shear Web Buckling (shear/bending interaction) (Ultimate) 0.0399
Spar - Cap Crippling (Top) (Ultimate) 0.418

Tweb (In) 0.095

- Ttop flange

Ttop flange (in) 0.26

© Copyright 2025 Collier Aerospace Corporation. Confidential Information.

Thottom flange (ln) 0.26

‘Hbeam (ln) 8.45

‘Wtop flange (in) 2.6

1

Tbottom flan
| | ge
Wbottom flange

Spar - Cap Crippling (Bottom) (Ultimate) 3.39
Spar - Johnson-Euler (Top) (Ultimate) 0.359
Spar - Johnson-Euler (Bottom) (Ultimate) 0.426

‘Wbottom flange (ln) 2.04
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How do we use HyperX?

e Substructure

> [@8 @‘@‘“

A
Lk
v

W -

h

w0 |

Z
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Composite
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£® How do we use HyperX?

* Carveout buckling FEMs w/applied GPFO FEA

SOL105 Global buckling

/

HYPER X

Export set as buckling carveout model

Results X

TN

*

o

(]
i Size with stiffness constraints to achieve
&) minimum eigenvalue. y
p O uz | . -
O Rotations
; O Magnitude 06
O Rx
i‘ O Ry o 0.5
U By Zone By Joint
ﬁ By Element By Node 04
; By Section Cut By CAD
tﬂ? Units @® Display O FEM -
— ;
- ‘ ‘ Mode: 10 (EV=1.1904) 4
: o 0.2
> 0.1
d ’ Database ‘ Model ‘ Structure ‘ Material 1 Design | Analysis ‘ Run ‘ Result ‘ Composite View I 0
b N N ~N Al ~ = A |
Y z y Database | Mod‘el | ‘Structure‘ | Material | Des‘ign L Analysis | Run | Result Composite View . C) g m Q i O D ﬁ I é gg * I: “f l: ; I jIE @ [[ ‘ [III @ e &
() g ; 9) Q O U ﬁ !égi |; ,;: I I % @ ll i [Ijl @ % e & Appearance Show SR Select Options Help Search
Appearance Show Select Options Help Search

[ g
i~
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~€ How do we use HyperX?

Multi-lap joints (springs in series)
* Spring models for fastened joints and fittings

F ] |
,..-—“"'"L‘
—) Sheet 1
) ‘___,,.....--"""'#’ —) Sheet 2
] :
] | :
= 2 -
.o-'-""'-‘ -
" =
f _,_....-a-—""#f
(7 hant —) Sheet 3
e
..--"'"#-ﬂf ' |
- | | Grid A
| ©
) — I Z CBUSH
| s ®Gids
. Independent Dependent grid
e _ ' X grid(s) @9
=
‘ 7 Database Model Structure te ial Desg Analysis Result Composite )
) 4 - - A -
C)QE!‘)GO l:l\ !ss=-> II@ 'IMI:J @49&-
) Appea iran Sh Se Iect O? ons -lelE) Se?rch
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we use HyperX?

e |nterfaces

Lug Analysis

Based on Bruhn and Niu.These analyses are performed on
HyperX beam zones.

Transverse Axis
A

i Ly —*

Emin,lug (MiNimum edge distance)

Diwg | g ----------------------------- »Main Axis

A— €iug —b' (axial edge distance)

v
Lateral Axis

Geometry

Lug geometry is defined in the analysis settings.

Materials

The lug plugin must be run on designs that use a 5 ply
laminate. Each ply must be an isotropic material. The
material order is:

1. Lug

2. Clevis

3: Pin

4: Lug Bushing
5: Clevis Bushing

Lug and clevis material family are defined in the
analysis settings.

Analysis Watch 1

ﬁ «0 .00
& .00 =0

Analysis

Lug - Clevis A Lateral (Ultimate) (Ultimate)

Lug - Clevis B Lateral (Ultimate) (Ultimate)

Lug - Clevis A Lateral (Yield) (Limit)

Lug - Clevis B Lateral (Yield) (Limit)

Lug - Pin Shear (Ultimate) (Ultimate)

Lug - Clevis A Bushing Compressive (Yield) (Limit)
Lug - Clevis B Bushing Compressive (Yield) (Limit)
Lug - Lug Lateral (Ultimate) (Ultimate)

Lug - Lug Lateral (Yield) (Limit)

Lug - Lug Bushing Compressive (Yield) (Limit)

Lug - Clevis A In-Plane Oblique (Ultimate) (Ultimate)
Lug - Clevis B In-Plane Oblique (Ultimate) (Ultimate)

Lug - Clevis A In-Plane Oblique (Yield) (Limit)
Lug - Clevis B In-Plane Oblique (Yield) (Limit)
Lug - Lug In-Plane Oblique (Ultimate) (Ultimate)
Lug - Lug In-Plane Oblique (Yield) (Limit)

Lug - Pin Bending (Ultimate) (Ultimate)

Lug - Pin Bending (Yield) (Limit)

A
Object T PFejElZEE ¢

Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone

Zones

-0.482
-0.482
-0.367
-0.367
-0.01
0.151
0.151
0.297
0.682
1.75
2.54
2.54
2.9
2.9
4.74
6.45
66.6
94.3

HYPERX
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* Fatigue analysis

Fatigue Failure Mode

Stress Lite Fatigue

How do we use HyperX?

7@?5-TE ALUM Kt=1.B [::::
STRESS RATID

o -1, 8¢

4 -B.40

x B.86

X B.46

< B.74

— RUN-QUT

L s More: stresses e maseo
Criteria p
w i % k3 i :
Lt R R S e s =
= 8.5 - -
Filter... Category  Any o Pl »
5 eetherde e e s
L : B I
B Select all 3 =gl e
Enabled  Criterion Required MS Limit/Ultimate
> E Damage 0 Lirmit W ’“-_-h—ﬂ,,_._____ + ..........
R Bl e B e
> | Soderberg 0O Lirnit b 10’ s
FATIGUE LIFE, CYCLES
2 R Ratio 0 Lirmit b

5 min of taxi & takeoff roll 30 min of climb

1g stress = 8.28 ksi
3 cyc of +/-0.07g
1 cyc of +/-0.110g

1g stress = 9.5 ksi

4 cyc of +/-0.12g Man
2 cyc of +/-0.18g Gust
1 cyc of +/-0.26g Man

nl“n

AL
!

1.07g Max = 8.28+0.07*8.28 = 8.86 ksi
0.93g Min = 8.28-0.07*8.28 = 7.70 ksi

1.11g Max = 8.28+0.11*8.28 = 9.19 ksi
0.89g Max = 8.28-0.11*8.28 = 7.37 ksi

2 hrs of cruise

HHI‘H‘HI H‘IH
11\

|

|

1g stress = 9.0 ksi

14 cyc of +/-0.12g Gust
4 cyc of +/-0.12g Man
3 cyc of +/-0.28g Gust
2 cyc of +/-0.46g Gust

I
|

‘ L

30 min of desc & app

1g stress = 8.5 Kksi

4 cyc of +/-0.14g Man
2 cyc of +/-0.32g Gust
1 cyc of +/-0.51g Man

Touchdown & Landing roll

1g stress = 7.5 ksi
2 cyc of +/-0.10g Ldg Raoll
1 cyc of +/-0.25g Touchdwn

L/

il
i

Ay

y
'.‘.r'..

& COLLIER
‘AEROSPACE

Summary,
PMinimum MS

1000

0.25
0.1

0.02

-0.02

-0.5

HYPERX
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How do we use HyperX?

e Part-based stress reports and data packets

Create Project Bundle X

Archive 0

+/ Database

FEM Input Files
FEM Output Files

Working Folder

Include Load Files e -
Include Plugin Packages &

Include Packages

Options

Remove all other projects from database
[ "] Delete Unused Properties and Materials

Map FEM files to relative paths

Additional Files I L arProject Working

Bundle Close en Database Folde

ﬁb Open Project Bundle

U :
@ Create Project Bundle

: Compare Databases

Database Model iD | Compact Database

HOYOIDY < {IFAEN

Project Import/Export

Folder

en Project Working Folder

r

;ign

Database Settings

Analysis Description

e

S

=

it
A
oty

o
X0
9

b
o ey
"ﬁ'““‘! ‘H ﬁ"n‘.‘
E 5 gh-‘b

I

S
.
o —
e —

i
*‘

’f_"

)

0.02

-0.02

-0.5

0.5
0.25
0.1

Crippling, Composite, MIL-HDBK-17

HME Documentation Crippling HME

Zone Name PCOMP 3193040: Component 3193040 (19)
Zone ID 3001312

Object Bonded_J

Controlling Design Case 110005

Temperature 72.0

Load Property Peak Load

Material Designation IM7/TC380 PW

Margin of Safety 0.00046

Detailed inputs

Loads

Cross sectional applied load (P, sum) |4243.7

Dimensions segmentH

width of individual span segment (b) 4.000

3.000

thickness of individual span segment (t) |0.037

0.074

‘F;:u = (MSstrength + l)gx,applied E_x'f,'

One Free Edge
Yz = 0.5774(Xx5"7%8)
No Edge Free

Y; = 0.9870(Xx5"8484)

1

= E
Afte T

E.\.‘C

Foen = YeFou (), Feen < Fau

Summary Allowables segmentH 1 2 3 4
The critical margin for the upper wing box skins is Crippling, Composite, MIL-HDBK-17. The controlling case at this zone is Design crushing or crippling stress of |44[}1 |14[}14 16847 |N/A psi
110005: CA5PTFA_SMP. individual span segment (F_.,)
The total wing box upper skin weight is 267.5 lbm.
b, t,F
o= m B.= F.A
2 bty
Cross sectional crippling load (P) |4245.7 b
Margin of Safety
MS = E —1
=7 [G00ss]
Zone |D: 3001312 Load: Not Found
Material: IM7/TC380 PW Temp (F): Cannot determine
Object: Bonded_)
Report Title: Collier Stress Report Part Number: #100 Report Title: Collier Stress Report Part Number: #100
" Author: Engineer 1 Revision Date: 6/16/2025 ’._‘ Author: Engineer 1 Revision Date: 6/16/2025
V- Approver: Approver 1 Revision Time: 2:30:00 PM ‘ Approver: Approver 1 Revision Time: 2:30:00 PM
Database Name: Database.hdb3 Database Name: Database.hdb3 50

[

l g

COLLIE

A~
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How do we use HyperX?

* Structural test planning and support

Catabase Maodel Structure

Composite View |

O/EDQ =

L |”
=

D & @ X

Eflight/ €attow

Appearance

LA
=2
=]

HYPERX
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& | How do we use HyperX?

* Loads Processing, Enveloping, & Visualization

Node ID: 42564, Subcase

117, Mode #562, EV: 4.074
Node ID: 3106, Subcase

117, Mode #649, EV: 4.686

Node ID: 420, Subcase
117, Mode #613, EV: 4.443

Node ID: 10002, Subcase
117, Mode #20, EV: 4.025

Node ID: 5848, Subcase
117, Mode #171, EV: 1.549

Node ID: 2594, Subcase
117, Mode #248, EV: 2.052

Node ID: 5488, Subcase
Node ID: 42360, Subcase 117, Mode #102, EV: 1.040

117, Mode #7, EV: 2.156

HYPERX

E SOFTWARE
CONFIDENTIAL AND PROPRIETARY INFORMATION, SEE TITLE SLIDE
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How do we use HyperX?

* Automate customer-sp

ecific workflows using software APIs

WPF D3D 11_0 - HW 4 fps

Zone definition

AN
.I','l'.’;",/ M
','(/f’;///lll‘
DA
( ,’l);

Sizing updates,

W\
AW
\\\\ L
W) AL

Model

inked to CAD entities

Database |

Structure ’ Material ’

Design

Analysis l Run |

Result

‘ Composite I

N N N
* O B E

Appearance

=)

Show

A\
LS o
%
g *

Stress Tools

=t

U 1,

Select

Options

N

Help Search

HYPERX
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Maturation of Capability

HYPERX

SOFTWARE
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Collaboration with our Software & Support Teams

n. Confidential Information.
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£y omer Perspective) Engage with the Collier ES team

O
X

Collier Engineering Services
|

Customer

“I"d like some help...

e Setting up studies

* Running these trades

* Detailed sizing & stress analysis
e Generating stress notes

 Etc”

FEM inspection & organization

eeeeeee

>
& Sizing and margin reporting

HYPERX

E SOFTWARE
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(Customer Perspective) Engage with the Collier ES team

O

Collier Engineering Services

Can we analyze this
feature with HyperX ?

© Copyright 2025 Collier Aerospace Corporation. Confidential Information.
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Collier Engineering Services

(Customer Perspective) Engage with the Collier ES team

Methods research and prototyping analysis criteria and process.

Lug Net Tension Efficiency Factor ‘K,’ lookup curve:

1.0 T ﬁﬁﬁ Table D1.3
" 4 NOTES: 1
E!' . 1 Curve Nomenclature for Axial Loading for Fig. D1.12
i 31 PR A L, LT and ST Indicate Grain in Direction F in Sketch
-8 st jass 3 1. Anadditional M.8. of 0. 15 over and above L. - Longitudinal
vty - . any casting or fittling {actor is appropriate. LT - Long Transverse
—+ } 2. Valuas are for room temperature use only. ST - Short Transverse (Normal)
i o) MATERIALS
2 Curve 1 - 2014-T6 and 7075-T6 Die Forging (L)
—F~ 4130 and 8630 Steel
" 2014-T6 and 7075-T6 Plate < 0.5 (L, LT)
W D 4—- = «—s LOAD 7075-T6 Bar and Extrusion (L) "
-4 -7 2014-T6 Hand Forged Billet = 144 in.” (L)
1 Curve 2 - 2014-T6 and 7075-T6 Plate> 0.5 in. = 1.0 in.
Can we analyze this (L, LT)
7075-T8 Extrusion (LT, ST) o
: .2 .. ' L | 2014-T6 Hand Forged Billet > 144 tnn. (L)
featu re Wlth H erX ? e e B 2014-T6 Hand Forged Billet = 36 in.” (LT)
yp ) 'r 2014-T6 and 7075-T6 Die Forgings (LT)
Curve 3 - 2024-T4, 2024-T2 Extrusion (L, LT, ST)
° Curve 4 - 2014-T6 and 7075-T6 Plate > 1 in. (L, LT)
1.0 .0 s.0 4.0 5.0 2024-T4 Bar (L, LT)
w/p 2024-T3, 2024-T4 Plate (L, LT) _
Curve 5 - 2014-T6 Hand Forged Billet > 36 in.” (LT)
Curve 6 - Aluminum Alloy Plate, Bar, Hand Forged Bill
el Lug and Clevis Plug in and Die Forging (ST). NOTE: For Die Forgin
L Obl St Fig. D1.12 Lug Design Data ST Direction Exists Only at Parting Plane.
4 ug Ique Strei Tension Efficiency Factors fox - 1?5{5?&&,‘;" Kiliny fland Ciing
5 Methodology Lug In-Plane C L f. 3 4 - # >
6 Associated HME [HyperX_HME_ AXia'lly Loaded ugs (Re ’ ) 356-T6 Aluminum Mloy Casting
l  Zone Name LH Lug Fitting : . :
B Zonem 7 Figure 7-3 — Lug Net Tension Efficiency factor [Bruhn]
Il Controlling Design Case User Load (5)
BB Temperature 86 deg F AT gy 1
(¥4 Material Designation 7050, T7451, Plate, Thickness: 3.001 Material Designation 7050, T7451, Plate, Thickness: 3.001-
IE] Margin of Safety 2.73913908 Margin of Safety 1.257007003
14
IE] Detailed inputs Detailed inputs
] Loads Loads
17 Axial Load (P, 1377.6 |lb/in Axial Load (P,,) 1377.6 |Ibfin
18 Tranvserse Load (Pyansyerse) 8627.5|In/in Tranvserse Load (Piansyerse) 8627.5|In/in
19
20 Axial Load (P;) 40299.4 |1b/in Axial Load (P,) 41334.3(Ibfin |wi|,u|<
21 Transverse Load (Py 33032.9 (Ib/in Transverse Load (Py 29777.6 |Ibfin
Variables Variables
24 Yield Factor (C) 1.1 Equations Yield Factor (C) 1.1 Eguations
E_j Joint Fitti-ng Fac-tci-r (JF) 1.15 3 Fty Joint Fitti-ng Fac-tc-‘r (JF) 1.15 Pau — min( KtFtuAt , KbmFmAbr )
26 Net Tension Efficiency Factor (K;) |0.87963 Pay =C F—Pau Net Tension Efficiency Factor (K,) |0.87963
27 Shear-Bearing Efficiency Factor (K| 0.86607 fu Shear-Bearing Efficiency Factor (K. 0.86607 Py = Ky FruApr
28 Transverse Efficiency Factor (Ky) 0.7809 Ptry — KtryFtyAbr Transverse Efficiency Factor (K,) [0.62302 P ,
29 _ laxia
ElY] Dimensions o Poyial Dimensions Rau = P
31 A, 0.7755 |in~2 ay— " p A, 0.7755 |in"2
' A 0.6545 [n"2 o A 0.6545 |in%2 R, = Ltramsverse
Obligue Angle (8) deg Rtry — il Obligue Angle (8) deg Ptr‘u
34 P, try
35 1
EF] Allowables 1 Allowables MSy;: = -1

36 Tensile Strength (Fy,)

Margin of Safety
9 Yield

2.73913908

Ms

yield = p16 16
Ry + Rr,,y

-1

Tensile strength (Fy)

Margin of Safety
Ultimate

1.257007003

RES + RIS

o Pora * Sor Ttu Mor .
2.4 D LOAD
: s
2.2
f L]
2.0 b @ t —_— e s Sy Gmmm wewe SEE NOTE )
e e NOTES - g
84 T 1. Curve A" ls & ewloff to be used for all
e 2 l::-luur - e
. t ong
‘ A - - N gene
1.4 1. Curve "1
’ alumivun
forged b
1.2 grain div
P ORp——— “C*"
o when the
1.0 .. : in o« dire
‘ the girec
0.8 1. leaddnik
curves '
8 Ky, gr
0.8 made Ir
alvem inun
forged ot
0.4 4. Anadduu
any cast!
ste.
. 7 ¢ Viives o
’ only.
0.0 >
$.6.7.8.91.0 1.2 1.4 1.6 1.8 20 22 24 28 28 30 3.2 34 36 3B 4O
o Fig. D1.13 Lug Design Data
ateriz
Margin Shear-Bearing Efficiency Factors for
Detaile Axially Loaded Lugs (Ref. 3, 4)
Deriver
Axial Load (P,..) 1377.6 |Ibfin
Tranvserse Load (Pyapsyerse) 8627.5|Infin 'I—
Moment (M) 1450.31 [Ib/in - in S :
o; 963.354 |psi e
O 11064 (psi
Oy 23111.9 |psi
Variables Eguations
Joint Fitting Factor (JF) 1.15 M= P!atL
Dimensions 6M
Lug Length (L) 166 |in 9% = w2
Lug Width (W) 2.6 |in
Lug Thickness (t) 0.55 [in Pa
Obligue Angle (8) deg Jg = Wt
Allowables 6PWL
Yield Tensile Strength (Fy,) Otr = tWw?2

Margin of Safety
Yield

0.839284778

0y = 05 + 0 + O3

F,
MSyio1q = —2-
yield t){F
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Collier Engineering Services

(Customer Perspective) Engage with the Collier ES team

Methods research and prototyping analysis criteria and process.

4
Here’s method/ process Lug Net Tension Efficiency Factor ‘K;’ lookup curve:

and some prelim results,

. . <y aiizisasasisast Table D1. 3
dO you agree Wlth t hIS sus sses {, FO Curve Nomenclature for Axial Loading for Fig. D1.12
. M 31 PR A L, LT and ST Indicate Grain in Direction F in Sketch
anal SIS a roach ? -8 SR 3 1. Anadditional M. 8. of 0.15 over and above L - Longitudinal
y p p o vty . . any casting or fittling {actor is appropriate. LT - Long Transverse
-+ 2. Valuas are for room temperature use only. ST - Short Transverse (Normal)
t 4 MATERIALS
i < Curve 1 - 2014-T6 and 7075-T6 Die Forging (L)
—F~ 4130 and 8630 Steel
" 2014-T6 and 7075-T6 Plate < 0.5 (L, LT)
W D 4—- = «—s LOAD 7075-T6 Bar and Extrusion (L)
-4 -7 2014-T6 Hand Forged Billet = 144 in.” (L)
That’s pe rfect! Curve 2 - 2014-T6 and 7075-T6 Plate > 0.5 in. < 1.0 in.
’ (L, LT)
o [ 7075-T8 Extrusion (LT, ST) o
No cha nges requl red o i L L ' 2014-T6 Hand Forged Billet > 144 in.® (L)
) 1 1 111 2014-T6 Hand Forged Billet = 36 in.” (LT)
i i 1 T 2014-T6 and 7075-T6 Die Forgings (LT)
You nailed it on the first trv! Curve 3 - 2024-T4, 2024-T2 Extrusion (L, LT, ST)
y ) ¢ Curve 4 - 2014-T6 and 7075-T6 Plate > 1 in. (L, LT)
1.0 .0 s.0 4.0 5.0 2024-T4 Bar (L, LT)
w/p 2024-T3, 2024-T4 Plate (L, LT) _
Curve 5 - 2014-T6 Hand Forged Billet > 36 in.” (LT)
Curve 6 - Aluminum Alloy Plate, Bar, Hand Forged Bill
el Lug and Clevis Plug in and Die Forging (ST). NOTE: For Die Forgin
L Obl St Fig. D1.12 Lug Design Data ST Direction Exists Only at Parting Plane.
4 ug Ique Strei Tension Efficiency Factors fox - 1?5{5?&&,‘;" Kiliny fland Ciing
5 Methodology Lug In-Plane C L f. 3 4 - # >
6 Associated HME [HyperX_HME_ AXia'lly Loaded ugs (Re ’ ) 356-T6 Aluminum Mloy Casting
l  Zone Name LH Lug Fitting : . :
B Zonem 7 Figure 7-3 — Lug Net Tension Efficiency factor [Bruhn]
n u s ry Il Controlling Design Case User Load (5)
BB Temperature 86 deg F AT gy 1
(¥4 Material Designation 7050, T7451, Plate, Thickness: 3.001 Material Designation 7050, T7451, Plate, Thickness: 3.001-
IE] Margin of Safety 2.73913908 Margin of Safety 1.257007003
14
IE] Detailed inputs Detailed inputs
] Loads Loads
17 Axial Load (P,.) 1377.6 |Ibfin Axial Load (P,.) 1377.6 |Ib/fin
18 Tranvserse Load (Pyansyerse) 8627.5|In/in Tranvserse Load (Piansyerse) 8627.5|In/in
19
20 Axial Load (P;) 40299.4 |1b/in Axial Load (P,) 41334.3(Ibfin |wi|,u|<
21 Transverse Load (Py 33032.9 (Ib/in Transverse Load (Py 29777.6 |Ibfin
EE] Variables Variables
24 Yield Factor (C) 1.1 Equations Yield Factor (C) 1.1 Eguations
E_j Joint Fitti-ng Fac-tci-r (JF) 1.15 3 Fty Joint Fitti-ng Fac-tc-‘r (JF) 1.15 Pau — min( KtFtuAt , KbmFmAbr )
26 Net Tension Efficiency Factor (K;) |0.87963 Pay =C F—Pau Net Tension Efficiency Factor (K,) |0.87963
27 Shear-Bearing Efficiency Factor (K| 0.86607 fu Shear-Bearing Efficiency Factor (K| 0.86607 Pou = KeruFeuApr
28 Transverse Efficiency Factor (Ky) 0.7809 Ptry — KtryFtyAbr Transverse Efficiency Factor (K,) 0.62302 P ,
29 _ laxia
ElY] Dimensions o Poyial Dimensions Rau = P
31 A, 0.7755 |in~2 ay— " p A, 0.7755 |in"2
32 By 0.6545 |in"2 P “ Ap 0.6545 |in"2 Ry = Ptransverse
33 Obligue Angle (B) deg Rtry = ST Obligue Angle (B) deg 1y
P,
34 try
EF] Allowables Allowables MS, . = 1 1
36 Tensile Strength (Fy,) MSyip1q = ﬁ_ 1 Tensile Strength (F,) ult — plé 4 RL6
37 = e
Els] Margin of Safety Margin of Safety
39 Yield Ultimate
AQ

11 /
5.6 Pore * ®or Mtu Mor
2.4 D 4 LOAD
'
2.2
f
’.. 1 ‘ v —— — — e A
|y~ . J__]‘L
1.4 T NOTES:
1. Curve A" ls s owtoff to be used for all
1 .' . l::-luur = -
. the long
‘ A — it the gene
1.4 3. Curve "1
i alumisun
forged b
1.2 grain dir
- i o e B CT I
o o AP when the
1.0 ;. : "« dire
. the girec
0.8 1. e agdnk
curves *
8 Ko gr
0.8 made Ir
#lven inun
forgsd ol
0.4 4. Anaddnu
any cast!
L LN
.t 7 $ Valves 8
’ only.
0.0 .

5.6.7. 8910 1.2 1.4

e/D

Fig. D1.13 Lug Design Data

Materiz
Margin
Detaile
Derivec
Axial Load (P,:) 1377.6 |lb/in
Tranvserse Load (Pyapsyerse) 8627.5|In/fin
Moment (M) 1450.31 (Ib/in - in
a, 963.354 | psi
O 11064 (psi
Oy 23111.9 |psi
Variables
Joint Fitting Factor (JF) [[(1s [ ]
Dimensions
Lug Length (L) 1.66 [in
Lug Width (W) 2.6 |in
Lug Thickness (t) 0.55 [in
Obligue Angle (8) deg
Allowables

Yield Tensile Strength (F,,)

Margin of Safety

Yield 0.839284778

Shear-Bearing Efficiency Factors for
Axially Loaded Lugs (Ref. 3, 4)

L
Lateml Axis

Eguations
M = P
6M
“we
Fa
T we

Op

Og

6P L
Itr =2

0y = 05 + 0 + O3

F,
MSyio1q = —2-
yield t){F

iz

L
SEE NOTE 3

1

24 28 28 30 3.2 34 36 38 4O
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(Customer Perspective) Engage with the Collier ES team

Collier Engineering Services
H-Tail
Now we need to run this for many \

locations, for thousands of design cases

oy

Internal hosted equipment

: \

MLG

WTB Joint

NLG

HYPERX

E SOFTWARE
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(What you don’t see) Collaboration between all departments

Collier Engineering Services

We need a new plugin package
and/or automation tools

- db\\s\(\‘\g‘ \
L an

LUG ANALYSIS
MENTATION

VIETHODS DOCU

Methods & Automation Services

We need GUI and API
i updates to support this
request

6. Failure Criteria

6.1. Lug Strength

The following section outlines the strength calculations used to write margi
methods.

for the following analysis

Lug Analysis

Based on Bruhn and Niu.These analyses are performed on
HyperX beam zones.

HyperX Software Dev.

Transverse Axis

© Copyright 2025 Collier Aerospace Corporation. Confidential Information.

— L, >
f Required MS  Limit/Ultimate
Cug Eniniug (Minimum edge distance) °
i R e need testing of the
Wisg Dijug of-=eeeeeeene - Main Axis Ultimate v
i R software updates
@
rrrrrrrrrr v i Ultimate
4— euy —>! (axial edge distance) Limit -
Ultimate T = :
me onsams ons s
e I | Limit v oy pry ey
Contoieg s e Contomey s ose T — ; Cortiog e
Tenprire owr ——— 4y Temprites I oo
e Desgrton e Dergnaton : - e pesran
Lateral Axis Ultimate ™ bt vty I K ity L B L
- P | d P : fam— .
G t — e S [er : = e == e . o
eometry S sezrsleim | [T Traserse 103 ] . ~
_ Momant (M} *
Lug geometry is defined in the analysis settings. e ‘,':Z; i - - =
ey = o O trric ) Hpsticns L ‘
Materials i ry=cE2, AL Paw = WK Foue KaruFeuAer o P icior ) = M= Pl
° e e o e o —— o
. . Yeaeriu orse Efficiincy Factor (K] — learivorss EMicianty Factor L Lt L] O =T
e need user documentation to SRR === T = B T
. . . . pmansions . ymenslons o = T ckness 1 P
laminate. Each ply must be an isotropic material. The —= ol | Rw= rP‘ : —% s | o -l - %=
material order is: - . By - e S
3 A iqua Angle () | Rury = Qbtigua Angla 8] - ru Mlawabloc . )
— - — - Ve Temlesenginiry) [t ] =
explain h@w to use the new features. U R -
. ey ey i
[emamanm | Fi
2. Clevis e v MSyue = 2 7
3: Pin
4: Lug Bushing
5: Clevis Bushing
Lug and clevis material family are defined in the N
. . —
analysis settings. e H Exge 2 L i

~ Apply Close

Customer Support and Documentation

HYPERX

E SOFTWARE




£
-

(What you don’t see) Collaboration between all departments

Collier Engineering Services

Methods & Automation Services

HyperX Software Dev.

Software Testing

Customer Support and Documentation

Lug Failure Mode

Lug_Clevis_pin_analysis

Criteria
Filter...
Select all

Enabled Criterion

Lug - Lug Lateral (Yield)

Lug - Lug Lateral (Ultimate)

Lug - Clevis A Lateral (Yield)

NEERMIAEREE

Settings

Fitter...
v Setup

~ Loading
Use transformed component loads

Oblique Load Angle (deg)
Clevis Load Distribution (%)

Axial Load Percentage
Use Maximum Lateral Load?

Clamp Up Load

Category  Any

Lug - Lug In-Plane Oblique (Yield)

Lug - Lug In-Plane Oblique (Ultimate)

Lug - Clevis A In-Plane Oblique (Yield)

Lug - Clevis A In-Plane Oblique (Ultimate)

Lug - Clevis A Lateral (Ultimate)

Required MS  Limit/Ultimate

0

0

0

30

0.6

10

‘ 100

Limit

Ultimate

Limit

Ultimate

Limit

Ultimate

Limit

Ultimate

Apply

v

Close

Here’s the software + plugin that does what
you need. Verify the analysis results !
Go impress the customer !

. N
Lug Analysis
Based on Bruhn and Niu.These analyses are performed on
HyperX beam zones.
T erse Axi C.
A o
k=
— ng — o
""""""" f -
Cig emin lug (Minimum edge distance) q9
L =
Wisg Dijug B [ - » Main Axis g
: 5
t o°
e qé
_______________ ! : S
—— ewg —» (axial edge distance) o
c
________________ ©
tiug I | E
""" : @)
v o
Lateral Axis 8
o
()
Geometry 8
Lug geometry is defined in the analysis settings. o
o
. )
Materials <
The lug plugin must be run on designs that use a 5 ply é
laminate. Each ply must be an isotropic material. The 8
material order is: "
N
1. Lug 8
2. Clevis b=
3:Pin oo
4: Lug Bushing >
5: Clevis Bushing 8‘
()
Lug and clevis material family are defined in the ©
analysis settings.
v

HYPERX

SOFTWARE
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Sweet, now | can update
CAD and release parts

{

L

~
4’

Collier Engineering Services

Here’s a HyperX DB, with results for all
interfaces & Part-by-part stress reports

(Customer Perspective) Engage with the Collier ES team

Analysis Watch 1

& [ o 8 9

Analysis Y

Lug - Clevis A Lateral (Ultimate) (Ultimate)
Lug - Clevis B Lateral (Ultimate) (Ultimate)
Lug - Clevis A Lateral (Yield) (Limit)

Lug - Clevis B Lateral (Yield) (Limit)

Lug - Pin Shear (Ultimate) (Ultimate)

Lug - Clevis A Bushing Compressive (Yield) (Limit)
Lug - Clevis B Bushing Compressive (Yield) (Limit)
Lug - Lug Lateral (Ultimate) (Ultimate)

Lug - Lug Lateral (Yield) (Limit)

Lug - Lug Bushing Compressive (Yield) (Limit)

Lug - Clevis A In-Plane Oblique (Ultimate) (Ultimate)
Lug - Clevis B In-Plane Oblique (Ultimate) (Ultimate)
Lug - Clevis A In-Plane Oblique (Yield) (Limit)

Lug - Clevis B In-Plane Oblique (Yield) (Limit)

Lug - Lug In-Plane Oblique (Ultimate) (Ultimate)
Lug - Lug In-Plane Oblique (Yield) (Limit)
Lug - Pin Bending (Ultimate) (Ultimate)
Lug - Pin Bending (Yield) (Limit)

I

Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone

10.2
Lug and Clevis Geometry
Transverse Axi
+
— 1, —
kI Yo ) Lo #nd (v Blag
Lug Ciug . . .
ey 0 - Clevis A In-Plane Obligque (Ultimate)
Wi i" - Dis HRAE DOrumant sl Sextion 6.2, Page 14
AEROSP{ :
Cig in o Lonk i ]
Clug in T o Cast o
Eminiug in et owabka
L in i OIS0, TTAS], Pate, Thickmar: 3000 -8.000 i, ANS 4550, B Bans
Siue in Maegm of Sahety [T
A, "2 | g ;
Ay in"2 - I _________ —I:r\-u.f\-:.llf-.‘.\.
. i DI Wi
Collier Stress Report e sl s I O
Clevis A Clevis B Tramveerse Lodd [Pl CEE O
Letevis 1.61 161 in Tranrer Axi
Produced with HyperX v, 2024Woe 3.6 36 in i ik gl dial g [P ) nusTe | .
x yP D, crevie 1 0.81 in_ | - T Wiehd Trardvirie Load 0 [iseamafe | Fau = min K;FrAp , KpeuFrudsr )
Cetevis in
Ccievs 133 133 in f%“ L varatse Peru = KeruFeuApe
€pin Clev 1.33 1.33 in Wil Factar [ O] LOSTE
[ 0.26 0.26 in Waeis - Duaes Soinst Ficting Factor (I} 115
Scte, in * e it Tarupeon EMicipney Factor i) [T T
A, in"2 Cana Hhea-Bearng EMcency Facter () L1167
Ay, 0.26 0.211 in"2 woemie e ’ Trangeersa Efficiency Factor €. O BE453
roprietary Information: The enclosed technaol o tam
Zones repriatery information and Copyright © Collia H — @ @
P ned herein must not be disesminated, transty o . A =
. I its original form or after baing Incorporated [ I _ &, mn
Object hgl 313044 Y vittan parmilsiion from Collier Adrcapnes. | 00 g F------- y
S : Lbpwaneer *
-0.482 - '- _ Tngdy Szrengch [F.) o T - -
Luiediass b
-0.482 -
-0.367 R . Pﬂ.ﬂnr
WL iy ol bty Ay or ey T P
-0.367 .
1 Prransrerse
‘001 ot i | -Rr- ¥arerm — —.P
0.151 QI8T3Y Q33064 fr
. Compoasn L Case Ty <easTypes
0 1 5 1 Analysis Report: Collier Stress Report Part Number: Comgaaen il Tpoeaids Ltz 1]
. ’_‘ Engineer: Executive Summary'lR7  Revision Date: Mlaserial Theckness: 3.001-4.000 n,  [Falere Pode: <fadmode>
0 297 ‘ Checked By: Executive Summary'IR8 Revision Time: Temp [Fi: e
. Database File: MLG_Beam_Clevis_Analysis - Nominal_12-12-2023_20 i
0.682 M5 yiata or uir = R RE 1
1.75
254 Analyiis Report: Collser Siress Report Pasit Masmibier: 1
554 MY e Sachpt Pati Rievision Dute: 5187204
: "‘ Checked By: Ofiwia Scott Reevision Thee: 15:14047
2 9 MUG Beam Chewin_Analyiis - Nomningl 1E-17-10F3 1004, 2. 7 ndbd 27
2.9
4.74
6.45
66.6

Zone
Zone

94.3
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Now we all benefit

Collier Engineering Services

Methods & Automation Services

HyperX Software Dev.

Software Testing

Customer Support and Documentation

)

—

Most useful become native
software features and the
entire user community benefits
from the development, testing
and use.

—
—

xjo[x}e® [x}e

C
X
C
X
C
X

HYPERX

SOFTWARE
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