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Columbia STS-107




Shuttle Columbia: April 12, 1981
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Shuttle Columbia: January 16, 2003
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Shuttle Columbia: STS-107




Shuttle Columbia: STS-107




Shuttle Columbia: STS-107




Shuttle Columbia: STS-107




Recovery

Mach 18 at an altitude of 208,000
feet at time of break-up

The size of the debris field was
645 miles long and 10 miles wide

Each piece of debris was
photographed, analyzed for
potential hazards, given a unique
identification

Each piece’s location was noted
and a preliminary identification
was attempted

Debris sent to one of several
staging locations, then to the
Kennedy Space Center
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Recovery




Recovery
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Reconstruction
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Nemotodes (round worms) Experiment




Columbia Recovery and
Reconstruction Statistics

1 Over 16,000 people at recovery sites

1 1.5 million hours expended in search and recovery
effort

1 150,000 hours expended in reconstruction phase

1 Aj
] Aj
I'cC

bproximately 84,000 pieces retrieved
pproximately 85,000 lbs of debris retrieved,

presenting approximately 38% of the Orbiter’s dry

welight

I Debris Reconstruction Team at KSC — 150 people




M&P Engineering Team

M&P Team
NASA
Unites Space Alliance
Boeing

Support Laboratories:

NASA JSC
NASA KSC
NASA MSFC
NASA LaRC
NASA GRC

USA
Boeing FL

Boeing H. B.

Reconstruction Engineering

Hardware Forensics Team
(HFT)

(DAWG)

Debris Assessment Working Group

Orbiter Vehicle Engineering Working Group

(OVEWG)

Columbia Accident Investigation Board

(CAIB)




The M&P Team gratefully acknowledges
the talents and contributions of the
following individuals:

NASA-GRC

Herb Garlick

Leslie Greenbauer-Seng

David Hull
Nathan Jacobson
Elizibeth Opila
James Smialek

NASA-JSC

Jay Bennett

Glenn Ecord

John Figert

Julie Henkener
Julie Kramer-White

NASA-KSC

Larry Batterson
Virginia Cummings
Dionne Jackson
Thad Johnson
Hae Soo Kim
Sandra Loucks
Peter Marciniak
Wayne Marshall
Orlando Melendez
Scott H. Murray
Jaime Palou
Donald Parker
Victoria Salazar
Eric Thaxton

Stan Young

NASA-LaRC

1 Robert BErry

1 Stephen Smith

1 William Winfree

James ( oston
Greg Steele

Boeing
Rodger Capps
Tab Crooks
Jeff Hausken
Stephanie Hopper
Mark Hudson
Dave Lubas
Robert Perez
Keith Pope
Janet Ruberto
Keith Pope
Jim Stewart

Cathy Clayton
Stanley Schultz
Bryan Tucker

CAIB
1 Dr. Gregory T. A.
I\'mucs
. Mark tanner




: 2-04-03

Hangar

=
O
B
Q
=
)
=
=
Q
L
o




Reconstruction Hangar: 2-07-03
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Reconstruction Hangar: 03-20-03




econstruction Hangar: 03-26-03




econstruction Hangar: 04-17-03
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Reconstruction Hangar: 05-22-03




Reconstruction




econstruction: From Left Wing




Reconstruction: Right Wing




Reconstruction: Tiles




Reconstruction: Tiles




[eft Outboard Main Tire




LH Landing Gear Trunnion




Debris

Main Landing Gear Uplock Roller
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Carrier Panel Tiles

2257

Facing Spar

Spar

ool ¢ : ) Plug/Insert
Plug/Insert RCC View Looking up

SO

"Slag" deposits




Mating LH RCC #8 Fragments

LH RCC #8 fragment (2 views)




Leading Edge Representation

N RCC I 'nconel-
|3 Atuminum Dynaflex

RCC Panel Numbers




STS-107 Reconstruction Hangar

.

Initially, analysis was
restricted to visual and
macroscopic examination
of debris in the hangar.




Analytical Techniques

Technique Purpose Benefit

Fourier Transform Infra-Red | Qualitative organic [f organic, aid in identification
- FTIR composition

ESCA/XPS Identify inorganic & organic | Aid in tracking of oxidation states, such al oxide;
compounds compound identification

Inductively coupled plasma - | Quantitative elemental Elements present, Quantify bulk composition of
ICAP composition sample

NDE Inspections- :
) &4 I , identify defects
Ultrasonics




Typical EDS, XPS, and XRD results: EDS

i Elements Detected (Approximate Weight %) via SEM/EDS
XRD

[Femple ldem if leation: otinimm

e = " Na Mg Al Si Ca Ti Cr Fe Ni
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Region 4
Region 5

Region 6
ESCA/XPS
1 X 10" torr

Region 7

Pressure:

Conditions: Magnesium X-rays at 15KV and 12 mA
Position, Mass
Element| Binding Energy | Possible Compound(s) |  Concentration .
(eV) (weight %)
O1s | 532.050 58.29 |
Al2p 75050 ALO3, minor Aluminum | 22.29 R
silicate o
Fe2p | 710.050 FeO and Fe;0; 247 1
Cr2p | 575.750 Cr0; 7.61 |
Cu2p |932.850 Cumetal 2.20
Si2p | 102550 Al silicate 5.23 il
N1s  ]399.150 1.91




SEM/EDS

DVISION Mag= 16X  200pm EHT = 26.00 kv Dai

KSC-MSL-2003-0143-01
RDS 184771 Sample E2 Dot Map H WD= 19 mm  Time :18:16:47




Deposit types via Micro-Probe

Cerachrome+Aluminum+Inconel+Alumina

Carbon-Carbon

Typical

Spheroidal

Type A Coating
SiC

Carbon-Carbon

Alumina

- Aluminum
+Alumina
+Inconel

Cerachrome + Type A Coating

SiC
Carbon-Carbon

Globular

Tubular

: Mming +»In'conel i

Cerachrome + Type A Coating
SiC

Carbon-Carbon
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3D Reconstruction: Panels 8, 9, 10




3D Reconstruction

Port Wing RCC Panels 5-10




3D Reconstruction




3D Reconstruction Left Wing




Failure Sequence

’ E{i Wirng I;eéding Edg'eﬁ

RCC Panel Numbers

!
Flow Exiting through RCC 8 on to
lower Carrier Panel 9 tiles

*Melting and vaporization of the Inconel 601 foil-
covered cerachrome insulation blankets
*Slumping of the wing carrier panel tile
immediately aft of the breach

*Erosion of the RCC adjacent to, and downstream
of, the breach

*Melting and/or weakening of the Inconel 718 and
A286 leading edge attach hardware

*Destruction of adjacent instrumentation and wire
bundles

*Penetration of the aluminum wing leading edge
spar
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Vehicle Assembly Building
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