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Background

B During ascent of the STS-107 STS-107 ET208 Video Fields
mission (T+82 sec), the port side .
External Tank (ET) bipod ramp
broke off from the tank and struck
the wing leading edge of the
Orbiter

Estimated dimensions of the foam
debris: 20” x 12” x 6”

16:15:40:21.692 to .858 UTC
. Unable to track debris in two fields (.775 & .792)
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Background

B Photo summary input:
= Size: 15+3 x 24+3 x 5+1 inches ET Bi-Pod Ramp
= Source of debris: bi-pod ramp
= Velocity 610-840 ft/sec

= Multiple debris, but only one piece strikes
the wing

= Orientation indeterminate
= Chunks of material in debris field
= Location of impact RCC panels 5-7

= Specific location of impact varies greatly on
the panel

¥ \\ing Leading Edge
ET Bi-Pod Ramp RCC Panels 5-7
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Orbiter Thermal Protection System (TPS): Tile and RCC

HRSI Tiles -
Black RCG Coating

LRS! Tile -

Al D E Step Densified

S0l ML Sutace | €=TPS tile consists of
Koropan- y a porous substrate of
Frimned : “1: -
SHuCiLE i ; silica fibers coated

with glass

e ATY

Tile

CDaﬁﬂg Temmninator Craze Crack in Coating

/ Substrate Porosity

Reinforced carbon-carbon = J,
(RCC) is a pyrolyzed carbon
fiber-carbon matrix composite.
The inner and outer surfaces
are silicon carbide produced by
consuming a portion of the
substrate
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Impact Response of Materials

STS-107
ascent impact
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Impact Test Articles

T-35 : Return to Fllght MLGD thermal barrier : Return to Flight

i .
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Compressed Gas Guns

Fast Acting Valve Valve Air
Used to fire the gun Supply Tank
A, /

W o
=
-
b

Gun

Barrel Controls

iy
! |.

Pressure Tank
with Nitrogen or Helium
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Large Compressed Gas Gun (500 Gallon Tank)

Used to launch ET Foam (800 — 2000 fps)
35 and 40-foot Steel or Aluminum Barrels with rectangular cross sections

Car/bus lift used for vertical adjustment : tant!
Air bearings for lateral and yaw adjustment mportant

~ 8 ’
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Columbia Accident Investigation: Full Scale RCC Tests

RCC Panel 10L =

B RCC Panel 6L
= Material: BX 250 foam
= Dimensions: 5.63” x 11.56” x 21855

> Volume: 1391.5 in3 RCC Panel 9L >
= Mass: 763.8 g (1.68 Ib)
= Launch velocity: 768 ft/sec RCC Panel 8L >

= CG angle of impact: 20.6°

B RCC Panel 8L
< Material: BX 250 foam < REC Panel 7L

Panel 6L

= Dimensions: 5.63” x 11.5” x 22.56% (_ RC
= Volume: 1,460.6 in3 | \ s
> Mass: 762.9 g (1.68 Ib) © L\ € ReCPanel SL

= Launch velocity: 777 ft/sec
= CG angle of impact: 25°
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Full Scale RCC Tests: Aim Point Procedure

m Given:
= Impact point on target
= Projectile size, orientation & initial contact point

B Need.:
= Two aim point locations for gas gun orientation

B Procedure:
= Field survey
= Verify model integrity relative to test article
= Establish “benchmark” points between model & test article
= Insert projectile - orient roll, pitch & yaw
= Establish “flight line” through forward and aft faces of projectile
= Aim point #1: create point at intersection of flight line and target surface
= Aim point #2
= Project flight line along normal to benchmark surface (line A)
= Create line B normal to benchmark surface originating at end of line A
= Create aim point #2 at intersection of line B & flight line

‘ L
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Procedure — Field Survey

Verify
location of
“benchmark”

Verify orientation of test
article relative to ground

: L
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Procedure —Projectile Orientation

€ View of foam projectile relative to the LESS test
article. Roll, Pitch & Yaw angles of the projectile are
specified in the orbiter coordinate system which was
correlated the test article in the previous step.

Roll: Clocking angle
Pitch:a angle
Yaw: 3 angle

12
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Projectile Orientation
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Procedure — Aim Point #1

4

Aim Point #1
@ intersection
of flight line &
model surface

Flight Line

14 ’
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Procedure — Aim Point #2

Flight Line

“— Offset

%ijem

,f" Tangent Curve

@ Blend Fillet

& Surface Intersection

& lso Curve
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Benchmark
upper surface

Project flight line along a normal
to benchmark upper surface

: >
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Procedure — Aim Point #2

Aim Point #2
@ intersection of
flight line & line B

: L
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Full Scale RCC Tests: Aim Point Example

Aim point #2 fixture

(out of position in this picture)
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Panel 8L Test: Aim Point #1
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Panel 8L Test: Aim Point #2

: L
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Panel 8L Test: Results

01-reed-testl chunk_1.mpg

; L
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Panel 8L Test: Results
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Panel 8L Test: Results

stl_chunk_1.mpg
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Panel 8L Test: Results
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T-35 Test #1: General Layout

gas gun barrel
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T-35 Test #1: Aim Point Fixture

; L
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T-35 Test
Article

aim point #1

T-35 Test #1: I-deas Layout

foam projectile

trajectory

aim point #2
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T-35 Test
Article

T-35 Test #1: I-deas Layout

initial impact point

=~ aim point #1

NASA Johnson Space Center
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T-35 Test #1: Results
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Results

T-35 Test #1
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Summary

B A small number of full scale impact tests on the LESS article
were conducted for the Columbia accident investigation.
Numerous tests were conducted on other articles during the
Return to Flight phase. There were no bad shots due to
Inaccurate trajectory points.

B Impact tests conducted February-July 2003 allowed the
Columbia Accident Investigation Board and NASA to determine
the direct cause of the Shuttle Columbia disaster.

B Test results were communicated to the Shuttle program and
used in decision making for component redesign, element
debris allowables and for the development of damage models.

B RCC panel response data (strains and accelerations) were
delivered to the LS-DYNA team for use in their RCC modeling
efforts.

;i L
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Reference: Impact Testing Data Archive

http://hitf.jsc.nasa.gov/hitfpub/archive/home.cfm
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http://hitf.jsc.nasa.gov/hitfpub/archive/

Reference: Columbia Accident Investigation Board Final Report

http://www.nasa.qgov/columbia/Zcaib/html/start.html

COLUMBIA
CCIDENT INVESTIGATION BOARD

Volume 1: The Repori

Volume 2: CAIB Technical Documents Cited in the Report

Volume 3: Other Technical Documents

Volume 4: Other Technical Documents

Volume 5: Other Significant Documents

Volume 6: Transcripts of Board Public Hearings
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Hypervelocity Impact Technology Facility

NASA/JSC BUMPER-II Meteoroid/Debris Threat Assessment Code

Spacecraft COnI'Igumllon (I-DEAS Finite Element Model) Met id & Debris Envir (GEOMETRY)
= Describes spatial » Threat directions sl
» Defines spacecraft orientation tvelocay and zenith directions) * Valocity distribution 3 ] )

» Dafinas M/CD shiold regions = Shadowing TeseiEwmerny

— http://hitf.jsc.nasa.gov

\ !.% Shuttle Impact Risk from Orbital Debris >3mm Diameter
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Two stage
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