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NASA’s Vision
To improve life,
To extend life to there,
To find life beyond.

NASA’s Mission

To understand and protect our home planet

To explore the Universe and search for life
To inspire the next generation of explorers
.--- as only NASA can,
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Components of the Launch Stack
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The External Tn is manufactured at NASA’s Michoud Assembly Facility
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-1 22 feet |ong and 57 feet hlgh ok
-Each of the three main engines;generate
375,000 to 470,000 Ibs of thrust =~

-The main engines burn 750 and 280 gallons

per second of Hydrogen and Oxygen
respectively
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Damage Assessment
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The NASA Glenn Ballistic Impact Lab Assisted in tl
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1/16 — 16 inch barrels
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Ballistic Research Supporting the Accident Investigation

|

- Built for Foam Tests

- BX250 ET foam specimens

shot at angles of 10, 15, 23, and 90 degrees
on load cells to evaluate foam behavior at 1
psi and atmospheric pressures

- Analysis foam model developed from
these tests
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0 of 90 Degree lm[pacts :

Vacuum 693 ft/sec




Bali_lls'tiq R

esé

arch Suppor
250 External Tar

ing|

¥

i
|

’k Fov»

Vacuum
693 ft/sec




;x-250 External Tank Foam E ' (9
~ High Speed Video of 23 & 15 Begree Impacts -




~ Dyna- explicit finite efefient impact ana
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Dyna is'an industry
standard commerecial finite
élement analy8is code
typically used te model
irﬂ-bact events
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Balllstlc Research Supportmg the Accident Investlgatlon
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Dyna - explicit ﬂnlte element impact analysis

VG89, 23 Deg, 693 fps
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~ Ballistic Research Supporting the Accident Invest
| ~ Ballistic Impact Tests en RCC Coupons
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Ballistic Research Supporting the Accident Investlga ion§
Balllstlc Impact Tests on RCC Coupons
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Ballistic Impact Tests on RCC Coupons

Foam Fractures RCC
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Ba "Stzfic arch Supporting the ACGIdEnt Investigation

col 'kBa”IStIC Impact Tests on RCC Coupdns

RCC 3. (7)‘2). GFM 3, VEL=400FIS

fringe Levels
conlnurs of Maxiamun Prin Stress 2.8500-06
max ipt. vaiue -
min«-3.789560-14, at clems 2390 2.66%0-06
hax«2.96044a - 06, at elems 5694

2.368a 06
2.0720-06 _
1.776e-06

1.1848-06 _
8.681e-07
5.921e-07
2.960e-07
-3.7900-14 _

RCC 3, (7/2) GFM 3., VEL:?OOFIS
Time «

Contours of mxunum Prin Stress ?

max ipt. vaiue :
min~-3.78856e - 14, at eleins 939
Max=5.07902e-06, at elems 5694

-3.7900-14 _

Current RCC Model Predlcts these
tests well
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Ballistic Researchg upporting the Accident Investigat
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Time = 0

Panel 6 Edge Impact Case




RCC 1., GFM3., VELaW;s -

Tane = 0000540

Contours of Eﬂectivs Pastir; fyoin

mer shell surface

min=0.894737, at glems ‘;‘?M :

max=1, at slemas 1

Panel 6 Edge Impact Case RCC Damage

Fringe Levels
1.0008+80 _
9.8950-01
9.78%-01
9.6840-01
9.57%e-01
9.4748-01
9.3688 -01

9.15680-01
9.0530-01 _
8.9470-01 _




Orbiter Leading Edge Full Scale Tests

Tests conducted at Southwest Research [nstitute

Foam Shot at 775’~ffISec
1.67 Ib projectile
22 degree incidence angle
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Orbiter Technicians Check Steps and Gaps on Leading




ing Edge Full Scale Tests




ing

Orbiter Lead

%)
whed
»
@
—
L
©
Q
/p)
=
I
@
o
)
Ll

id
=

RN

i

ed cameras

spe

gh

rnal h

i

O




v

Orbiter Leading Edge Full Scale Tests

. v - . kY

Leading edge panels mounted after camera installation




Orbiter Leading Edge Full Scale Tests

Phantom digital cameras
set up inside of full scale
test article
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High intensity lights required
both in and outside of test
article
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Edge Full Scale Tests




Pre-Test Simulation Results:
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Influence of Plastic Failure Strain
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deformation and dam:
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Comparlson of Measured vs Predicted Dlsplacerhent
~ For SwRI Panel 8 Test at ~ 2.8 ms after Impact

ne SR B Predl'cté’d;«

10 12
Local X~coordinats, in
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Resultant dlsplacement (in.)

From photogrammetry LS-Dyna model
(not-to-scale, see white square on right) (rear inside view)




“Donsity, Ib 5 in#

1.47x103

3x106

Weight, Ib.

22.36

1.67

Nominal length, in.

0.3

0.4

Elements

19,073 shells

23,142 solids
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Analysis Supporting Full Scale Tests

Dyna — explicit finite element impact analysis




Anbbysis Sapperting Full Seale Tests
DPyha - explicit fifiite element imjpact analysis

PANEL 8-9, 9-25-03

Time = 0

Contours of Max principal Strain- infinitesimad 000 -1
wn= -1, 7227 3605, at nodesr 103035 i
max=0.00158162, at nodes 142163

Fringe 1evels

b .00 - 1)

Estest Dyha Pré&diittions Soreilate wikh

Pathel 9 Test
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Barrel View of RCC Panel 8 Test
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Comparison of Damage: SwRI Panel 8 Test

i {
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LS-Dyna model at 6 ms
(showing damage progressing)
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SwRI Panel 8 T

LS-Dyna model at 4 ms |
(numbered elements correspond
to locations of strain gages
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Panel 8, post-test
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Motivation
Address failure
scenarios
involving wing
leading edge and
acreage thermal
protection
system (TPS) tile
damage




Hamilton/LaRC/AB 2/11/03




Rememberin o Columbia STS-107

Www.nasa.gov

www.nasa.gov/columbia



INo pessimist ev er _
discovered the secrets
of the stars.,l

ov sailed to an
unchartered [and...

o7 opened a new
beamn to
tbe Quman smwt g

He[en Ke({er




I only see
wbat remains to be done.

Marie Curie




"Swiooth seas do not
wake ski |
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