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Overview The Columbia Accident:
loss of Orliiter and Crew upon Reentry on Feliruary 1, 2003

Part 1 The Cause

- Estimating Foam Debris size Using Ratios :
- Calculating Mass and Speed for Kinetic Energy hehind the collision

Part 2- The Search for the Flight Dala Recorder

Calculating a Parabolic Trajectory with a Drag Coefficient

" : : " "How can we stop it



PART 1 Determining Foam Size by SCALING,
and calculating Mass from known
Density.

Frame 4914

Frame 4924

Background:
Shortly after Iaunch,

the shuttle ‘ran into”

a chunk of foam from the
External Tank.



When the Columbia and External Tank were both traveling at
1568 mph, a piece of foam separated from the External 1ank.

0.1671seconds later. the foam had slowed (o 1022 mph, while the
Columbia and External Tank continued along at about 1568 mph.

- The difference in speeds is 545 mph.

Essentially, the shuttle ‘ran into” the foam at 545 mph.



‘Should we be worried about damage to the Columbia?”

= Piece of lightweight
insulating foam breaks

- How big was the
piece of foam?

- Foam hits left wing
and disintegrates

How dense was it?

External Solid rocket
e "“':Af“““ How fast was it going?
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What would you have thought at the time?



Frame 4913

initial shedding,
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Frame 4914




How big was

D e Piece
, | of foam?

SRB Diameter = 12 Feet



Frame 4914




spches Foam’s Actual Width W 1s unknown.

_144 : . :
L 1H nknown.
12§ \ D.‘amexeﬂ WFoam s Actual Height His u an

(Acw? »

 amete! Foam’s Apparent height h 1s 0.119 inches.
Appateﬂ apm Foam’s Apparent width w is 0.072 inches.

We can use the known relationship (proportion) between
the Actual Diameter of the SRB and the apparent diameter
as seen in the image to find the Actual Width and Height of
the Foam seen in this image.

_



Frame 4914




4 inches Foam’s Actual Width W is unknown.
12 L= 142 efer) Foam’s Actual Height H 1s unknown.

meter Foam’s Apparent height h 1s 0.119 inches.

Appafe“t gra{)m Foam’s Apparent width w is 0.072 inches.
' 0
(::‘?9 _pches

144 _ H 144 W

0.9 0.119 0.9 0.072

(cross multiply) (cross multiply)

144 x0.119=09H 144 x 0.072 =0.9W
H = 19 inches W =11.5 inches




What about the thickness of the FOB
I1's known to be applied 5.5 inches thick.
@Th times width times helgh’r\

..S0 its volume |sj
Density is given in Ibs/cubic ft,

so let's convert from inches to feet:
5.5  11.5 _0.696 {13
{ 12 12
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..and we know the Foam's densuty is 2.4 Ib/ft3
~ so its mass is:

696 ft3 x 241b = 1.671b

TN

13 /Cs that a lot?

hmm, we'll need to know the Foam's spee]

R

Lookmg at how far it traveled

N in one frame of film,

£

11.5”

its speed can be determined to be
About 545 miles per hour.
_ P

1999




To determine
Kinetic Energy,

™~
let's go metric: (trust me) N | ~ o~
Mass: 1.67 Ib / 2.2 = .76 kg | /
Distance: |
545 miles * 1609.4 = 877,123 meters
1 hr = 3600 sec
.76 kg traveling 877,123 meters in 3600 sec

(.76 kg traveling at 243.7 m/sec)
5 x .76 x 59363.0
=22,558.0 Joules. One joule is the energy you feel if an apple

is dropped on you from a meter above.




22,558 joules

For comparison, a 9mm gun ﬁres a bullet with a muzzle energy
of about 500 joules.

Some of that energy went into the foam as it disintegrated at impact.
Some of that energy went into Columbia’s left wing.

Many engineers were concerned about this impact before
Columbia returned to earth, but organizational issues
allowed them to be ignored.



PART2 The search for the Flight Data Recorder:
Where did it come down?

+ Pine Bluff

+ El Dorado

) + Monroe

~ Ly , + Alexand a
Lufkin p A4 - . O .

.-




Texas

Louisiana

he Debri s Field stretched for hundreds of miles.



LOS: Loss of Signal

38 miles<
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If the Flight Data Recorder ., '-aml':il'_'s silt)e of
separated from the Columbia ™., E::or:t;
sometime around LOS, \

where would it land?

Can we re-create its path
mathematically?



R = Range

v, = initial horizontal velocity
h = height (altitude)

C p= Drag Coefficient

Given: C =2.75

Vo = 12,385 mph

h = 38 miles
~...what 1s the Range?



answer:
Range = 310 miles



PART 3: Using Trigonometry o determine Allitude of a Rocket

Materials: (Instructions provided separately)
Paper Rocket
Rocket Launcher built from PVC pipe
Inclinometer made from a Protractor

Note: Part 3 does not feature any information from United Space Alliance
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