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Motivation

—oAScientific Balloon ISS Analysis & Design
— Simple structure
— Becoming complex
¢ Lightweight
¢ Longer flight duration
¢ Optimization — maintain integrity’ off science
— Example using ‘04 CREAM campaign

» WEE Mechanical Systems Branch (Code 548)

— Broad suppert services In the areas of:
¢ Structural analysis
+» Mechanical design
¢ hermal engineenrng
¢ \Vateralsy researchrandidevelopment
& Assemly; Integratien andl testing

— Balleens Program Ofiice
(prucos LAWWNENEE plelsEl clov/—caclag20 /)

—  pIEEos AAWNLEEE plEisEL clov/Elg oL E/eElgE o] Tl eSO ¢




Scientific Balloons

¢ Volume: 89,57V mecl

o \Werghit: 4505519

¢ Eleat Alnttdes 125Kt
9 Payiead: 45155119

o EllmE 20:82um) (0. 8mil)
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— Assembled set of mechanical components that
provide the primary load path to support the
welght and inertial leads of the

# sclence payload
+ balleoncraft support systems

¢ Ihe Natiomal Scientific Balleon Eacility,
(INSBE);, Palestine, X
— Speciiies leading cConaditions

— Respensikhle fer HIght WertiinESS Certification
of theresalleenerait

 — Responsible for flight operations
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CREAM ISS Initial Design

Cable clevis
iInterface

/075 corner gusset

Radiator panels bolt to top
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¢ oading Condition

— Jfransient
— Applied analyticallys as a static loa

— |mparted to structure at termlnatw"
& End ofi scientific experiments

¢ Balleencrait & flight tram separate o Nk
vehicle LI

—

¢ Balloon free-falls to earth
¢ Rest of ballooncraft free-falls also
¢ Sheck lead at parachuierdeployment

I‘.‘ll



ISS — LLoading Condition

¢ The ISS design Is such that all load-carrying structural members are
capable of withstanding the NSBF prescribed conditions without

O Fixed point

10G body
load

M

Assumes the ISS falls
straight down and is
caught by the parachute.

5xWeight of ISS
() sin(70°)

y N

5x safety factor standard for
overhead lifting with cables.
The load path through the ISS
should be as strong as the
cable.
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y7- \ Case B

Assumes that the ISS rotates
45° as it falls and is caught by
only one or two cables.

Assumes that all components
attached to the 1SS wiill
remain attached in the event
that the ISS rotates as it is
caught by the parachute and
inertial side loads are applied
to components attached to
the ISS




TDRSS +82% &

CREAM ISS Evolution

red to WEFE
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EnglishUnits
(in/lb/s)

odd o \ANIC T

2003 ISS

2004 1SS

Mass

13.524

13.387

X

cg

2.592

-1.387

Y
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¢ Problem #1 - Big

—Viassive fastener failure




Interaction Curve
1/4-28 A-286 Bolt

1/4-28 A286
- = = .5/16-24 A286
® FEA Data

Post -Pallet
‘. Close-Out Pins

A S
AY
A

—~
O
=
e
b
(@)
c
o
S
+—
n
5)
0
c
o
|_

o a®. o T
00 © Go» o © 0e®
<4

. o,
2085 e % &

A, @
q@» @ e o ®
CCX X )] ® 00 @ <@0) 0

0@7SHe® 0100

3000 4000

Shear Strength (Ib)




Firs will not peretrate this ange bradet,

bt will go through the cuciform and the
cuter wdls of the upper TRD.

ion for shear
r, l-irline

topmoat fos ne
with flat head screw)

¢ Fasteners
Inaccessible for
replacement

Section of Corner of Upper TRD Assembly




¢ Solution
— Add shear pins

Interaction Curve
1/4-20 18-8 Cruciform Bolt (66in-Ib Preload Torque)

1/4-20 18-8 CRUX Fastener
- = =:1/4-28 A286
FEA Data w/out Fixes
FEA Data - 1 Shear Pin Added
FEA Dafta - Plus Another Inboard Pin
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¢ Problem #2 - Bigger
— Single point failure
— FElight tested

— Conflict: Elight experience with p
EEA data

| .\ v— Bench Test Dat }:—Oﬂflrmegr
FEA Results: 2 = '

& Possibility/ et fastener
yielding

,m..

Lower Tri-Plate




ISS Design & Analysis Challenges

o \What failure criteria to apply?
— Yield/ultimate

¢ Quick turn-around flight

Re-flight > aboerted primary flight
Re-flight > opportunity,

Pest yield & poest buckling analyses

¢ Sy stem| Constraints
—ULPB Vs [CIDB mIssiens
—|SS helundaR, conditicons

¥y Leadine Condition
— Better definition of termination loads







CREAM ISS - Images

o Exﬁerc,i{ses _




CREAM Flight Data: Trajectory
Covering period frorn: 2004-12-15 23:22:56 to 2005-01-27 02:00:31

Balloon

rajectory

Current Speed: 17.2 knots !

Current Course: 128.1° Current Altitude: 13828.7402 feet
Current Lat: -71*17°3.727 Current MET: 41 days 21 hrs 31 mins 30.783 sec since launch
Current Lon: 157527547 Current Time: 2005-01-27 02:00:31 UTC




CREAM ISS - Images

Landing & Recovery




