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National Aeronautics and

       Space Administration

                         Student Launch Initiative
Critical Design Review

1) Summary of CDR report


1 Cheyenne Mountain Charter Academy (The Vanguard School)

2 The Vanguard School

               1605 S. Corona Avenue

              Colorado Springs, Colorado 80905

3 Mentory: Jeff Lane, Ernie Puckett, Steve Madere, Warren Layfield, George Schaffer, Jason Unwin, Ann Conner 

1.2 Launch Vehicle Summary 


1. Size: 95 inches long x 3.9 inches in diameter

2. Motor choice: Animal Motor Works (AMW) K350RR High Power Rocket Motor

3. Rail size :1/4 inch

1.3 Payload Summary

1. We will place a digital camera and GPS in the rocket and a known-length object on the ground, and then we will be able to determine the exact level of accuracy of the altimeter through comparison of GPS data, pixel analysis, and altimeter data

2) Changes made since PDR

a) Vehicle Criteria

i) We have considered adding an adjustable fin to compensate for spin on the rocket. This fin would have a “hinge” made of white glue that we can heat up to adjust.

ii) Other than this, no large changes have been made.

b) Payload Criteria

i) We are considering different methods of mounting the camera in the payload, since the method we have now is not time efficient and is difficult to adjust. The new method that we believe would work best is building a hatch in the wall of the payload bay and sliding the camera inside. This would also eliminate the problem of the camera being aimed incorrectly by making it easily adjustable.

ii) We also are going to make the mirror in the outside of the rocket adjustable, thus being able to change the angle so it aims directly at the ground.

c) Activity Plan

i) The first flight of our scale model occurred January 17, 2009, so we are ahead of schedule since it was originally to be on the twenty-third.

d) Roster changes

i) David Flack, an eighth-grader, has tentatively joined the team, and Colum Ashlun has dropped. 

3)Vehicle Criteria

3.1 Our mission is to build, test, fly, and recover a reusable rocket with a scientific payload with altimeters and cameras and to gather the data to test the accuracy of the altimeters, while inspiring and promoting teenagers to be future scientists and engineers.

If our mission is successful we shall be able to create a smooth curve on a chart and be able to compare with the data from the various altimeters to determine the altimeters accuracy.

3.2 Recovery Subsystem: Suitable parachute size for mass, attachment scheme, deployment process, test results with ejection charge and electronics 

Safety and failure analysis. We will also be using one styrene sheer  pin for the scale down model and three  nylon pins for the full scale model.

3.3
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Full rocket with both parachutes, dual deployment altimeter, and camera and mount

[image: image4.jpg]SLI Prototype#1 - Simulation results

Engine selection
[K350RR-None]

Simulation control parameters

® Flight resolution: 800.000000 samples/second
e Descent resolution: 1.000000 samples/second
e Method: Explicit Euler

Launch conditions

e Altitude: 1200.00000 Ft.
e Relative humidity: 80.000 %
® Temperature: 70.000 Deg. F
® Pressure: 29.9139 In.
Wind speed model: Light (3-7 MPH)
e | ow wind speed: 3.0000 MPH
e High wind speed: 7.9000 MPH
Wind turbulence: Fairly constant speed (0.01)
® Frequency: 0.010000 rad/second
e Wind starts at altitude: 0.00000 Ft.
e Launch guide angle: 0.000 Degrees from vertical
e |atitude: 1.571 Degrees

Launch guide data:

e Launch guide length: 96.0000 In.

e Velocity at launch guide departure: 63.8997 ft/s

® The launch guide was cleared at : 0.329 Seconds

e User specified minimum velocity for stable flight: 43.9993 ft/s
e Minimum velocity for stable flight reached at: 49.0885 In.

Max data values:

e Maximum acceleration:Vertical (y): 371.054 Ft./s/sHorizontal (x): 2.608
Ft./s/sMagnitude: 371.469 Ft./s/s

e Maximum velocity:Vertical (y): 742.1081 ft/sHorizontal (x): 8.5198
ft/sMagnitude: 742.4449 ft/s




[image: image5.jpg]e Maximum range from launch site: 1015.36179 Ft.
e Maximum altitude: 5190.28729 Ft.

Recovery system data

e P: Parachute Deployed at : 17.139 Seconds
e Velocity at deployment: 11.8683 ft/s

e Altitude at deployment: 5190.28727 Ft.

e Range at deployment: -214.89645 Ft.

e P: Parachute Deployed at : 235.846 Seconds
e Velocity at deployment: 0.0000 ft/s

e Altitude at deployment: 0.00000 Ft.

e Range at deployment: 1015.36179 Ft.

Time data

e Time to burnout: 2.660 Sec.
® Time to apogee: 17.139 Sec.
e Optimal ejection delay: 14.479 Sec.

Landing data

e Successful landing

e Time to landing: 235.846 Sec.

e Range at landing: 1015.36179

¢ Velocity at landing: Vertical: -22.9225 ft/s , Horizontal: 8.5198 ft/s ,
Magnitude: 24.4546 ft/s

Competition settings

Competition conditions are not in use for this simulation.




This simulation is for the full sized rocket
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This was the flight for our first scale down model flight

3.4 Payload Integration

(Scale model) The camera slides down into the payload bay on two rails and then two bolts are attached to secure the camera.

To remove just loosen the bolts and slide camera out. To focus the camera you must use a small special tool and to secure it we cut the end off of a small wooden tube to keep it from falling below the camera hole

This method worked well but we might want to think of a better, more permanent way of holding up the camera
This method is very simple

For the full-sized rocket there will be three different payload bays: one for the HD camera, one for the GPS system, and one for the dual-deployment altimeters

3.5 Launch concerns and operation procedures

SLI checklist

__ clean launch rod
__ remove altimeter bay from payload bay

__ remove parachutes from main body (untangle the lines)

__ clip parachutes shroud lines to rear of payload bay

__ put wadding in main body

__ check entire length of shock cord, replace if necessary

__ put talc powder on parachutes, then fold, put in rocket base

__ remove motor retaining screw from back of rocket

__ weigh motor

__ put motor retention screw back in with washer

__ attach the payload bay to the base of the rocket 

__ check camera and GPS and make sure they are on 

__ test camera

__tilt antenna of camera reciever      

__ turn on altimeters 

__ put altimeters into the altimeter bay

__ pack both parachutes

__ put small body tube on altimeter bay string 

__ check rocket screws

__ check rocket “plug in’s”

__ make sure ematch is hooked up

__ put nosecone on rocket

__ tape nosecone on rocket 

__ put igniter into the motor

__ weigh rocket

__ add sheer pins  

__ have igniters               

Recovery preparation
__ remove altimeter bay from payload bay

__ remove parachutes from main body (untangle the lines)

__ clip parachutes shroud lines to rear of payload bay

__ put wadding in main body

__ check entire length of shock cord, replace if necessary

__ put talc powder on parachutes, then fold, put in rocket base

__ remove motor retaining screw from back of rocket

Motor preparation

__ put motor retention screw back in with washer
__ put igniter into the motor
__put motor into rocket               
Igniter installation

__ have igniters    
__ put igniter into the motor

Setup on launcher

__ clean launch rod

__slide rail buttons onto rail

Post flight inspection

__ check camera and GPS and make sure they are on 

__ test camera

__tilt antenna of camera receiver

__ check rocket screws

__ check rocket “plug in’s”

__ make sure ematch is hooked up

3.6 Safety and environment (Vehicle)


Trenton Tulloss is our safety officer


There is no new preliminary analysis

 Model Rocket Safety Code 

1. Materials. I will use only lightweight, non-metal parts for the nose, body, and fins of my rocket. 

2. Motors. I will use only certified, commercially-made model rocket motors, and will not tamper with these motors or use them for any purposes except those recommended by the manufacturer. 

3. Ignition System. I will launch my rockets with an electrical launch system and electrical motor igniters. My launch system will have a safety interlock in series with the launch switch, and will use a launch switch that returns to the "off" position when released. 

4. Misfires. If my rocket does not launch when I press the button of my electrical launch system, I will remove the launcher's safety interlock or disconnect its battery, and will wait 60 seconds after the last launch attempt before allowing anyone to approach the rocket. 

5. Launch Safety. I will use a countdown before launch, and will ensure that everyone is paying attention and is a safe distance of at least 15 feet away when I launch rockets with D motors or smaller, and 30 feet when I launch larger rockets. If I am uncertain about the safety or stability of an untested rocket, I will check the stability before flight and will fly it only after warning spectators and clearing them away to a safe distance. 

6. Launcher. I will launch my rocket from a launch rod, tower, or rail that is pointed to within 30 degrees of the vertical to ensure that the rocket flies nearly straight up, and I will use a blast deflector to prevent the motor's exhaust from hitting the ground. To prevent accidental eye injury, I will place launchers so that the end of the launch rod is above eye level or will cap the end of the rod when it is not in use. 

7. Size. My model rocket will not weigh more than 1,500 grams (53 ounces) at liftoff and will not contain more than 125 grams (4.4 ounces) of propellant or 320 N-sec (71.9 pound-seconds) of total impulse. If my model rocket weighs more than one pound (453 grams) at liftoff or has more than four ounces (113 grams) of propellant, I will check and comply with Federal Aviation Administration regulations before flying. 

8. Flight Safety. I will not launch my rocket at targets, into clouds, or near airplanes, and will not put any flammable or explosive payload in my rocket. 

9. Launch Site. I will launch my rocket outdoors, in an open area at least as large as shown in the accompanying table, and in safe weather conditions with wind speeds no greater than 20 miles per hour. I will ensure that there is no dry grass close to the launch pad, and that the launch site does not present risk of grass fires. 

10. Recovery System. I will use a recovery system such as a streamer or parachute in my rocket so that it returns safely and undamaged and can be flown again, and I will use only flame-resistant or fireproof recovery system wadding in my rocket. 

11. Recovery Safety. I will not attempt to recover my rocket from power lines, tall trees, or other dangerous places.
	LAUNCH SITE DIMENSIONS

	Installed Total Impulse (N-sec)
	Equivalent Motor Type
	Minimum Site Dimensions (ft.)

	0.00--1.25
	1/4A, 1/2A
	50

	1.26--2.50
	A
	100

	2.51--5.00
	B
	200

	5.01--10.00
	C
	400

	10.01--20.00
	D
	500

	20.01--40.00
	E
	1,000

	40.01--80.00
	F
	1,000

	80.01--160.00
	G
	1,000

	160.01--320.00
	Two Gs
	1,500


 

 

High Power Rocket Safety Code 

1. Certification. I will only fly high power rockets or possess high power rocket motors that are within the scope of my user certification and required licensing. 

2. Materials. I will use only lightweight materials such as paper, wood, rubber, plastic, fiberglass, or when necessary ductile metal, for the construction of my rocket. 

3. Motors. I will use only certified, commercially made rocket motors, and will not tamper with these motors or use them for any purposes except those recommended by the manufacturer. I will not allow smoking, open flames, nor heat sources within 25 feet of these motors. 

4. Ignition System. I will launch my rockets with an electrical launch system, and with electrical motor igniters that are installed in the motor only after my rocket is at the launch pad or in a designated prepping area. My launch system will have a safety interlock that is in series with the launch switch that is not installed until my rocket is ready for launch, and will use a launch switch that returns to the "off" position when released. If my rocket has onboard ignition systems for motors or recovery devices, these will have safety interlocks that interrupt the current path until the rocket is at the launch pad. 

5. Misfires. If my rocket does not launch when I press the button of my electrical launch system, I will remove the launcher's safety interlock or disconnect its battery, and will wait 60 seconds after the last launch attempt before allowing anyone to approach the rocket. 

6. Launch Safety. I will use a 5-second countdown before launch. I will ensure that no person is closer to the launch pad than allowed by the accompanying Minimum Distance Table, and that a means is available to warn participants and spectators in the event of a problem. I will check the stability of my rocket before flight and will not fly it if it cannot be determined to be stable. 

7. Launcher. I will launch my rocket from a stable device that provides rigid guidance until the rocket has attained a speed that ensures a stable flight, and that is pointed to within 20 degrees of vertical. If the wind speed exceeds 5 miles per hour I will use a launcher length that permits the rocket to attain a safe velocity before separation from the launcher. I will use a blast deflector to prevent the motor's exhaust from hitting the ground. I will ensure that dry grass is cleared around each launch pad in accordance with the accompanying Minimum Distance table, and will increase this distance by a factor of 1.5 if the rocket motor being launched uses titanium sponge in the propellant. 

8. Size. My rocket will not contain any combination of motors that total more than 40,960 N-sec (9208 pound-seconds) of total impulse. My rocket will not weigh more at liftoff than one-third of the certified average thrust of the high power rocket motor(s) intended to be ignited at launch. 

9. Flight Safety. I will not launch my rocket at targets, into clouds, near airplanes, nor on trajectories that take it directly over the heads of spectators or beyond the boundaries of the launch site, and will not put any flammable or explosive payload in my rocket. I will not launch my rockets if wind speeds exceed 20 miles per hour. I will comply with Federal Aviation Administration airspace regulations when flying, and will ensure that my rocket will not exceed any applicable altitude limit in effect at that launch site. 

10. Launch Site. I will launch my rocket outdoors, in an open area where trees, power lines, buildings, and persons not involved in the launch do not present a hazard, and that is at least as large on its smallest dimension as one-half of the maximum altitude to which rockets are allowed to be flown at that site or 1500 feet, whichever is greater. 

11. Launcher Location. My launcher will be 1500 feet from any inhabited building or from any public highway on which traffic flow exceeds 10 vehicles per hour, not including traffic flow related to the launch. It will also be no closer than the appropriate Minimum Personnel Distance from the accompanying table from any boundary of the launch site. 

12. Recovery System. I will use a recovery system such as a parachute in my rocket so that all parts of my rocket return safely and undamaged and can be flown again, and I will use only flame-resistant or fireproof recovery system wadding in my rocket. 

13. Recovery Safety. I will not attempt to recover my rocket from power lines, tall trees, or other dangerous places, fly it under conditions where it is likely to recover in spectator areas or outside the launch site, nor attempt to catch it as it approaches the ground. 

	MINIMUM DISTANCE TABLE

	Installed Total Impulse (Newton-Seconds) 
	Equivalent High Power Motor Type
	Minimum Diameter of Cleared Area (ft.)
	Minimum Personnel Distance (ft.)
	Minimum Personnel Distance (Complex Rocket) (ft.)

	0 -- 320.00
	H or smaller
	50
	100
	200

	320.01 -- 640.00
	I
	50
	100
	200

	640.01 -- 1,280.00
	J
	50
	100
	200

	1,280.01 -- 2,560.00
	K
	75
	200
	300

	2,560.01 -- 5,120.00
	L
	100
	300
	500

	5,120.01 -- 10,240.00
	M
	125
	500
	1000

	10,240.01 -- 20,480.00
	N
	125
	1000
	1500

	20,480.01 -- 40,960.00
	O
	125
	1500
	2000


We have no environmental concerns

4)Payload criteria


4.1 Testing and design of payload experiment
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Rocksim model of our rocket
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Picture of camera and mount and payload bay
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Back of camera and camera hook up
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Dual deployment altimeter

Since we flew our scale model without GPS, we don’t have a GPS bay yet, so no problems or changes.
 We are going to purchase the camera, and then we will be able to specifically solve problems such as adjustability, calibration, aligning the camera lens with the hole, and aiming it correctly at the ground.

The design will have a 4 inch body tube so it can hold the camera, it will be rigid enough to hold the camera steady, there will be a suitable hole in the body tube for the camera’s lens, and the mirror will be at an appropriate angle.

We are going to perform test launches with the scale model.

We still need to construct the final rocket as well as the final payload bays.

We are going to construct separate bays for the altimeter, the camera, and the GPS, which will then be mounted appropriately. 

The camera should have repeatable results as long as it does not malfunction, and we are testing the precision and accuracy of the camera.

If the rocket crashes, we will take the proper safety precautions. 

4.2 Payload concept features and definition

This is very creative and also very original because no one has done it before.

Our project is unique, and it is significant because it will hopefully show how accurate and precise altimeters are. 

There is some challenging math as well as some difficult issues to solve.

4.3 Science value

Instrumentation test to determine if altimeters are as accurate and precise are made out to be but comparing its results with those of a camera and a GPS.

If the camera successfully gives a fairly accurate representation of the altitude of the rocket at a given point in time, the project will be deemed successful.

There seems to be significant variation in barometric altimeters, so we want to find the true degree of accuracy of the altimeters. We will use additional instrumentation, namely, digital and pixel analysis, as a more accurate form of measurement.

We will use altimeter readings, GPS data, and pixel analysis to measure the altitude of the rocket. Several variables exist, such as the possibility that the rocket will veer off course and no targets will be in view for reference. However, we will try to limit variables concerning the rocket.

The expected data will show how accurate our altimeter is. The camera data will become less accurate the higher it gets, but we will be able to still draw accurate conclusions.

We will launch the rocket, the data will be collected, then we will analyze the data to determine the accuracy of the altimeters
4.4 Safety and environment(payload)


See safety and environment(vehicle)


We have no environmental concerns

5) Activity plan

5.1 Show status of activities and schedule


Budget: 2009 NASA Student Launch Project and Travel
Rocket & Scientific Payload


B—3.900 (98mm) 48” x 2” @$62.95


$  125.90


Plastic ogive nosecone – Pinnacle 3.90”

$    19.95


MMT-2.152 (54mm) 18” 0.062”


$      7.03


¼” Nomex Honeycomb w/fiberglass


      sandwich, $12.76 per sq. ft. x 2’


$    25.52


¼” plywood,  





$    10.00


3/90” tube coupler, 48” 0.062”


$    22.99


24” parachute, TAC-1




$    24.83


60” parachute, TAC-1




$    85.89

Parachute protector, $11.29 x2



$    22.58

Tubular KEVLAR, ½” x 15’



$    23.50

Tubular KEVLAR, ½” x 20’



$    29.99

Various hardware




$    15.00

GPS Package





$1,226.75

miniAlt/WD logging dual event altimeter

$    99.95

miniAlt/WD logging dual event altimeter

$    19.95

PICO-AA2





$   120.00

USB connection cable




$     25.00

KODAK Zi6 Pocket Video Camera


$   179.95

SDHC High-Speed Card, 8 GB


$     69.95

AMW 54-K350-RR motor reload


$     99.99

AMW 54 54-1400 54mm case



$   145.95

Plastic ogive nosecone 2.56”



$    13.06

B-2560 36” 0.062” $12.37 x 2



$    24.74

2.56” tube coupler  36.5” 0.062”


$    12.68

1/8” plywood





$    10.00

Shock cord





$      8.00

Parachute protectors




$    15.98

Drogue parachute 12”




$      6.28

Main Parachute 48”




$    21.84

Various Hardware




$    10.00

Booster Vision Mini Gear Cam


$    69.95  

Glue, Paint, etc...




$    30.00

AMW RR-H120 motor reload



$    31.95

2 Grain 38mm Casing




$    32.99
Subtotal for Rocket and Payload 


$2,687.80

Fundraising and Outreach



Model Rocket kit, Semroc SLS Aero-Dart



$51.63 x 4





$   206.52



Printing for Sponsor Drive, Fundraisers,



              and Outreach




$     40.00



Postage, Federal Express PDR



$     56.56



Film for Santa Pics Fundraiser



$     15.00


Subtotal for Fundraising & Outreach

$   318.08

Travel



Hotel, 5 rooms for 7 nights, $145.00 per night

$5,075.00



Airfare for 2 mentors & 7 students, Roundtrip



Colorado Springs to Huntsville, Alabama

$4,221.00

2 SUVs or Mini Vans, Rental, 8 days


$1,400.00

Fuel






$   200.00

Food, $30 per day, per person (9) x 8


$2,160.00

Subtotal for Travel



          $13,056.00








------------
Grand Total for SLI Project and Travel
           $16,061.88


Timeline
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Outreach Summary: We completed an outreach event on 12/4/08 in which we introduced approximately 40 teen students to the SLI program. In addition, we handed out printed contact information to 14 individuals. The event was the Third Annual Cherry Creek Association for Gifted and Talented (ChCAGT) Math and Science Career Fair at Cherry Creek High School in Denver.

COSROCS is having a rocketry class with SLI help and promotion of NASA this Saturday, Dec. 6th.  During the first half of all of our classes (1:00 – 2:30), we teach a subject relating to model rocketry. Last time, we talked about the history of rocketry.  This month we are discussing the agencies that govern model rocketry, go over definitions of rocketeers and model rocketry skill levels, and talk about the different types of model rockets. 

 

The second half of the class (2:30 – 4:00) we have the kids work on their model rockets. Most of the kids have never built a model rocket before. Some of the kids are also 4-H members taking model rocketry as their 4-H project for the  year.  Most of the kids participating in the class range in ages from 12- to 14-years old. 

We will document the number of SLI outreach contacts we make.

6)Conclusion


We learned a lot about the payload during our test flight like camera mounting .We are very confident in the veracity of the airframe. 

