


L aBgTracT

This project utilizes the MATLab (Matrix Laboratory)

: program.-to simulate the trajectory of a rocket given initial
- conditions and physrcal parameters. MATLab analysis is
used to simulate the flight of a rocket, mcludlng effects due
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to drag, thrust, mass, and gravity. For purposes of this paper

we empirically studiedthe Saturn V, though the scripts could

be used to theoretlcally predrct the flrght of any rocket
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SACKGroUND

The Saturn V was used in the Apollo program inthe late

bl e

3 1960’s and early 1970’s and was classed as a.“Heavy

Lift Vehicle,” meaning it was very powerful. A total of 13

Saturn - V. rockets weére launched carrying ~Apollo

missions as-well as the-Skylab space station. Every part - | _

of the rocket is used and discarded during the mission,

~ save for the smaII command module at the top WhIChv S

returns to Earth



* The Saturn V rocket was™ 111

meters (363 feet) tall, 60 feet

- taller than the iconic Statue of
'---L|berty 35 x

JThe rocket generated 34. 5 m|II|on ‘
 Newtons (76 million pounds) of_
- thrust at launch, generating more
3 ‘powerthan 85 Hoover Dams. sbd "*"1

HEIGHT = 363 FT, HEIGHT = 305 FT.
APOLLO /SATURN V STATUE OF

3 3 = SFC
- . . SPACE “VEHICLE LIBERTY g e
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simuLation
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INPUTS

[ "

mass_fuel

+ mass_rocket

' burn_time

INSTANTANEOUS MASS
FUNCTION




INPUTS

: thrust

: mass_rocket

: mass_fuel

 burn_time

NOTE: this is a simple rearrangement of
Newton's second law; the instantaneous
acceleration at a given time t must equal the
net forces at that instant divided by the mass
at that instant.

INSTANTANEOUS
ACCELERATION FUNCTION
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acceLeraTion
FLOW -
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INSTANTANEOUS DRAG
FUNCTION

INPUTS

it

ih

: velocity




INSTANTANEOUS THRUST
FUNCTION

INPUTS

S THIUST
T EFLOW

‘CHarT:

-




. RESULTS

“ertical Rocket Trajectory

Maxim

|
100

Taximarm = 17 90.60

Yelocity (m/s)

Ms!lximum = 32.868

Acceleration (m/is?)
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FIGURE 3-2.
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RANGE TIME - SECONDS

ALTITUDE - ASCENT PHASE
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FIGURE 3-5.

VeLOCITY

SPACE-FIXED
VELOCITY

FLIGHT PATH ANGLE - DEGREES

RANGE TIME - SECONDS

SPACE-FIXED VELOCITY AND FLIGHT PATH ANGLE - ASCENT PHASE
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FIGURE 3-6.




compare an

True Value Calculated

Value

Altitude
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D CONTrasT

Abzolute Error Eelative Error



reasons For error
e Phase 1 only

o 3 stages N reai’ity- '
tRel diffe‘ring thrusts .-

° A|r DenS|ty
fe assumed constant

e 2D model vs. 3D model
o vertical only




“CONCLUSION
I\_/iL-JItipIe parameters che.mge duriné .rock.et fI'ig-ht_ i '

- MATLab allows a much easier way to rhodel_ such simulations

The data from our preliminary script gave us fair.l'y accurate results -

Possible error came from tfie fact that we are not NASA

' Yes we' actually did rocket science
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