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I).
 Summary of FRR Report

“Project Dorothy”


Yough High School Rocketry Team

919 Lowber Road

Herminie, PA 15637

724 – 446 – 5520 ext. 2015

Student Participants

· Bickerstaff, Amy – YHS Senior, Vehicle Design, Team Lead, and Schedule Manager

· Wiley, Ashley – YHS Junior, NAR & FAA Regulations and Flight Control, Payload 

· Abbott, Stephanie – YHS Sophomore, Safety Operations Manager

· Sarosinski, Josh – YHS Sophomore, Hazardous Materials and Environmental Concerns

· Bowser, Alicia – YHS Senior, Assistant – Not participating in the trip to Huntsville

Administrative Staff Members

· Donald L. Gilbert, Jr. – Physics and Gifted Teacher, TARC coordinator

· Phone: (724) 446 – 5520 ext. 2015

· Email: gilbertd@yough.k12.pa.us

Main NAR, TRIPOLI and Other Field Specific Mentors

· Ernest Walters – TRIPOLI Pittsburgh – Level 3 Certified

· Uniontown, PA

· Phone: (724) 439 – 9062

· Eric Haberman – TRIPOLI Pittsburgh – Westinghouse Corporation 

· West Newton, PA

· Phone: (412) 337 – 5799 

· Joe Pscolka – TRIPOLI Pittsburgh – Level 3 Certified 

· Washington, PA

· Phone: (724) 945 – 6605  

Launch Vehicle Summary
· Four Inch fiberglass airframe, 124 inches in length, approximately 530 ounces in mass
· Animal Motor Works L900RR motor to be used
· Dual deployment, dual altimeter with two ejection charges, 18 inch drogue, SkyAngle CERT-3 Large main chute
· 1 ½ inch rail size to be used
Payload Summary
· Crepe paper wrapped paint balls to mimic maple tree seed pods for dispersion
· Electronic data logger with temperature, and relative humidity sensors
II).
Changes made since CDR

Changes to Vehicle Criteria

Based on the proposed weight of the launch vehicle, RockSIM analysis indicates that the Animal Motor Works L900RR would be most appropriate for the application.  The SkyAngle Classic 60 parachute has been replaced with a SkyAngle CERT-3 Large parachute due to the increased mass of Dorothy. 

Changes made to Payload Criteria

A sabot ejection system will be utilized to expend the whirly birds, data logger, and main parachute. Testing with the sabot ejection system has been successful with a few minor issues still being addressed. Two data loggers have been acquired for temperature and relative humidity analysis. One will be a ground station taking samples every 10 seconds; the other will be released with the whirly birds during the main ejection phase with a sample rate of one reading per second.

Changes made to the Activity Plan

The outreach has been modified due to the team being unable to work with the middle school students.  Outreach will now be held in the community with Starhawk rockets being given to children.  A rocket fair will be held on March 29, 2008 regardless of the weather conditions.  Seventy-five Starhawk rockets were distributed during the fundraising events held at Sam’s Club on February 2 and at Giant Eagle on February 10, 2008.  These sales accumulated approximately $700 toward expenses for the rocketry team.
III).
Vehicle Criteria

Proper Use of Materials
For the main airframe, the team has selected four-inch fiberglass G12 tubing. The group chose the four-inch fiberglass tubing because of its functional ability to easily retain the payload and it’s structural rigidity. Bulk plates for the electronics bay are cut from ¼ inch G10 fiberglass to ensure a quality mounting point for the U-bolts which are attached to stainless steel braided wire.  This wire is then attached to the engine mount in the aft section of the airframe.  Kevlar chord attaches the forward compartment with the whirly birds and main parachute.  All the fastening hardware selected is of stainless steel materials so that the structural integrity is maximized and the probability of stress fractures is minimized.  Ball bearing swivel clips attach to any area where entanglement is not desired.  The fins area a through the wall design, constructed of .1875-inch (3/16 inch) G-10 fiberglass. G-10 fiberglass was highly recommended by many of the TRIPOLI high power rocketry members, therefore being an obvious choice for this project due to its high tensile strength and breaking resistance. To ensure proper assembly, local high power rocket mentors, Ernie Walters, Eric Haberman, and Joe Pscolka, will be overseeing the complete building process. Having this supervision enables the team to design, construct and test the rocket and its components properly. 

Assembly of Dorothy II begins with three fin slots being cut into one section of the 48-inch fiberglass tubing.  The motor mount, constructed of a 75-millimeter fiberglass tube, with three G10 centering rings will be inserted and epoxied into the main airframe.  Before the epoxy sets, the fins are inserted into the slots where they will lock into the centering rings of the motor mount.  Epoxy will then be injected into the slots so that the epoxy will be in contact with the motor mount and the interior of the airframe.  Once these parts fit properly, a jig designed to hold the fins in a perfect 120-degree alignment will be placed onto the airframe.  A final bead of epoxy will then be placed along the fin and airframe exterior.  Once the epoxy has dried, a thin layer of PC-7 will be used to smooth the surface between the airframe and the fins to reduce wind resistance as well as improve the appearance of the launch vehicle.

CADD drawings created by Eric Haberman show the Center of Pressure and Center of Gravity as well as locations for vent holes and linear dimensions.  
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The assembly can be seen in multiple sections with the components in view.
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The assembled Dorothy II with the internal parts shown.
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Motor Mount Retention

Eric Haberman has designed a custom built motor mount for application into Dorothy II.  This design allows for both Aerotech and Animal Motor Works systems to be used easily due to a snap ring configuration that prevents the motor from exiting the mount without complete removal of the snap ring.   Various adapters have been constructed to accommodate motor case lengths and enclosure features.  Members of the TRIPLOI Pittsburgh rocketry group have used this design for many years with very high success rates.  At this time, no failure has ever been reported back to Mr. Haberman.
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Assembly Process of Sustainer

Upon completion of the motor mount, fins, and lower airframe, assembly of the sustainer began.  The motor mount was inserted into the airframe partially in order to clear the second centering ring.  Each fin was inserted into the slot made through the airframe.  
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Note that the edges of the fins were roughened to allow the epoxy to have a surface to grab rather than the smooth surface where little adhesion would take place.

[image: image6.jpg]



The rear of each fin has a small notch cut into it to allow for the third centering ring to provide a positive lock.  This prevents the fin from slipping out of the airframe even if the epoxy were to fail.  By extending the fins leading edge into the airframe, the fin cannot dismount without shearing of the G10 fiberglass.  All of these safety features were taken into account after careful analysis of the fin separation in the 2007 SLI crash of Dorothy I.
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Here the fins are shown locked into the rear centering ring.  Notice the rough groove in line with the location of where the airframe tube will meet.  The epoxy will adhere to the surface very well providing a secure bond.
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This close-up view of the motor mount shows how the fins lock into the aft centering ring for a positive connection.
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With the fins inserted into the airframe and locked into position, the Loctite HP-20E Hysol epoxy is injected into the airframe so that epoxy joins the fins to the motor mount.  Then epoxy is used to form a bead along the edge of the airframe and fins where the rough grindings were created to allow a strong bond.  Not shown is the jig made to hold the fins in a perfect 120-degree position.
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To allow for better airflow, PC-7 is applied to the airframe and fins to smooth the epoxy bead and achieve a higher level of appearance as well as functionality.

Previous Analysis to Improve Design

The flight characteristics of Dorothy I from SLI 2007 showed that even in moderate to high wind condition ( 15- 30 mph ), the launch vehicle was able to maintain a nearly vertical flight.  Design improvements for SLI 2008 included the sabot ejection system for the 800-foot deployment, glow plug ignition for powder charges, and the ability to place mass in the nosecone to adjust the center of gravity slightly.

Suitability of Fin Shape

The fin shape of Dorothy II is very suitable for this particular mission.  Due to the length of Dorothy II, fins of a large surface area are not required since the center of gravity is many calibers forward of the center of pressure. Multiple fin shapes were attempted using Rocksim and none seemed to be as aesthetically pleasing while maintaining the desired CP.  The use of three fins also helps Dorothy II to resist weather cocking due to the wind and fly vertically.  This is especially useful for the mission since the objective of Dorothy II is to fly a mile high in the air, where wind speeds can reach higher levels.
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Workmanship and Mission Success

A launch vehicle of this size must be constructed carefully in order to prevent or eliminate malfunctions of the systems vital to safe recovery.  Proper cutting of materials to provide smooth edges and uniform dimensions are a necessity during this process.  Eric Haberman utilizes precise cutting instruments both at his home and at the Westinghouse facility to ensure that all materials are finished in the same manner and alignments are precise.  All epoxy joints are smoothed to allow for proper airflow and reduce drag, which could cause yawing of the vehicle.  Even spacing of the fasteners is taken into account so that rotational failures do not occur.  Smoothing of the airframe prior to painting is also carefully administered so drag is reduced and a mirror perfect finish can be applied.  This not only provides for an aesthetically pleasing design, but also quite functional.

Safety and Failure Analysis – Launch Vehicle

	Failure Modes
	Causes
	Effects
	Restrictive Mitigations

	Dismount of Fins
	Improper attachment of fin to airframe
	Fins detach and fall/flutter to the Earth uncontrollably

Launch Vehicle begins unsafe trajectory
	Proper attachment of fins to the airframe and visual inspection of epoxy cracks

	Engine Misfire
	Faulty Motor

Faulty Igniters

Improper Preparation
	The rocket may not leave the launch pad at a safe velocity

Engine may not burn entirely
	Proper Inspection of igniters

Inspection of proper motor assembly

	Engine Dismount
	Improper installation of motor retaining system
	Engine could slide out of Airframe and free fall to the ground causing injury

Rocket may not reach desired altitude or yaw in an unsafe direction

Engine may propel itself toward the ground and possibly spectators

KATO
	Proper installation of engine retaining system and multiple inspections of the retaining device


Safety and Failure Analysis – Launch Vehicle Continued

	Engine Detonation
	Defective engine from factory
	Motor self destructs, and launch vehicle destruction

KATO
	Inspect motor grain pellets during installation into reloadable motor system

	Premature Ignition
	Accidental ignition from igniter or static electricity
	Vehicle lift off before desired

Onboard electronic devices not enabled causing possible recovery failures
	Proper safety switches

Static Free Environment

	Parachute not deploying
	Deployment charge not igniting

Payload absorbing energy from the ejection charge
	Unsafe Landing
	Bench test and Redundant System Designs

Sabot style ejection system

	Electronics bay malfunction
	Loss of power to electronics

Faulty electronics
	Ejection not occurring
	Bench test and Redundant System Designs

	Parachute Detachment
	Malfunction of shock cords, cables, or attachment points
	Parachute and rocket separation occurring and possibly a dangerous landing situation
	Inspect all parts for damage before installation

Replace as needed

	Shear pins not shearing
	Not enough pressure applied from ejection charge
	Parachute not deploying and possible crash landing
	Bench test and analyze


Recovery Subsystem

According to the data provided by RockSIM, the suitable parachute size for Dorothy II is a SkyAngle CERT-3 Large.  The attachment scheme of Dorothy II’s recovery subsystem is a 3/16 inch Kevlar chord attached to a ball bearing swivel clip which are attached to a 1/8 inch braided stainless steel cable.  The G-Wiz LC800 Deluxe altimeters at an above ground altitude of approximately 1000 – 800 feet, perform deployment of the main parachute.  One altimeter fires a glow plug contained in an aluminum pyrowell holding 1.5 grams of 4Fg black powder.  Altimeter number two will use an e-match inserted into the same pyrowell.  The pressure generated by this charge pushes a piston up the airframe into the sabot containing the whirly birds and main parachute.  The fiberglass sabot then impacts the nosecone, breaking the shear pins allowing the sabot to exit the airframe and release the contents.  The sabot pieces are attached to stainless steel braided cables so that the pieces do not fall to the earth uncontrollably. 

Test results of this system have been quite successful.  Early tests resulted in the bulkhead of the piston separating from the piston body.  The solution to this problem was to create an aluminum piston to replace the fiberglass piece.   It was also noted that the short lengths of cable to secure the sabot sides were too short, resulting in the detachment of the retaining device from the fiberglass sabot.  Lengthening of the cables allowed the sabots pieces to travel further and slow down sufficiently so that excessive forces were not encountered, thus retaining the pieces.  

Deployment Process:  Gunpowder Equations

PSI by Airframe Diameter and Desired Force Airframe

Diameter 
100 Pounds 
150 Pounds 
200 Pounds 
250 Pounds

2.6" 
              19 psi 
   28 psi 
      38 psi 
     47 psi

4.0" 

    8 psi 
   12 psi 
      16 psi 
     20 psi

6.0" 

 3.5 psi 
  5.3 psi 
     7.0 psi 
    8.8 psi

7.5" 

 2.3 psi 
  3.4 psi 
     4.5 psi 
    5.7 psi

The table shows that smaller diameter airframes may need a higher pressure than larger diameter airframes.

Once you've selected a desired force (150, 200 or 250 pounds) on the nose cone, determine the psi that will produce that force. For example, 16 psi will put 200 pounds of force on the nose cone of a 4" diameter rocket.

To determine the amount of black powder (BP) to produce the desired pressure, use the equation as shown below.

C * D * D * L = grams of BP

    * C - one of the values listed below

           0.002 = 5 psi

           0.004 = 10 psi

           0.006 = 15 psi

           0.0072 = 18 psi

           0.008 = 20 psi 

    * D = airframe diameter, in inches

    * L = length of the cavity to be pressurized, in inches 

The Yough Cougar Rocketry team has calculated that Dorothy II will require less than 1.0 grams of black powder to successfully eject the parachute and payload.  However, to unsure airframe separation, 1.5 to 2.0 grams of 4Fg black powder will be used.  Testing with this amount of powder worked quite successfully and did not result in any damage to the airframe or internal parts.

Safety and Failure Analysis – Recovery Subsystem

	Failure Modes
	Causes
	Effects
	Restrictive Mitigations

	Parachute not deploying
	Deployment charge not igniting

Payload absorbing energy from the ejection charge
	Unsafe Landing
	Bench test and Redundant System Designs

Sabot style ejection system

	Electronics bay malfunction
	Loss of power to electronics

Faulty electronics
	Ejection not occurring
	Bench test and Redundant System Designs

	Parachute Detachment
	Malfunction of shock cords, cables, or attachment points
	Parachute and rocket separation occurring and possibly a dangerous landing situation
	Inspect all parts for damage before installation

Replace as needed

	Shear pins not shearing
	Not enough pressure applied from ejection charge
	Parachute not deploying and possible crash landing
	Bench test and analyze


Safety and Failure Analysis - Recovery

In order to prevent a recovery subsystem failure, the following safety precautions will be followed:

Before the rocket launches

1) Arm the ejection charge systems, have safety member verify LCX altimeter ready beeps

2) Ensure that personnel do not drop or damage the launch vehicle which could cause system failures

To mitigate such things from happening 

1) Have more than one person overlooking preparation of recovery subsystem armament

2) Make sure that everyone is in the safety zone before activating recovery altimeters

3) All personnel need to be aware of the surroundings and safety zones

4) Store rocket in a secure location away from travel areas

During the rocket launch

1) Personnel could lose visual contact with the launch vehicle

2) Rocket could have a malfunction resulting in pieces falling dangerously and striking someone 

To mitigate such things from happening

1) Have more than one person watching the rocket and pin-pointing a location for landing

2) Watch the rocket at all times and if debris or shrapnel flies, get to a safe zone with cover 

3) Keep and eye on where any debris has landed in order to recover and pick up to prevent environmental harm

Mission Performance Predictions

The mission of “Project Dorothy” is to construct a launch vehicle containing a scientific payload that will achieve an above ground level altitude of 5280 feet (one mile) and safely deploy the payload as well as return to ground level to be reused.  

The requirements of the launch vehicle are to liftoff from the launch pad without yawing drastically in any wind conditions to ensure nearly vertical flight characteristics with a motor of sufficient thrust to achieve the above ground level altitude of one mile while the G-Wiz LC 800 altimeters fire the drogue parachute charge upon apogee and the main charge at 800 feet above ground level to ensure safe descent rates in order to minimize or prevent any damage to the launch vehicle. 

Success of the launch vehicle mission will be to analyze the altimeter data to verify the above ground level altitude from each of the G-Wiz LC 800 altimeters (2), monitor visually the successful deployment of the drogue and main parachutes at the desired altitudes as well as the firing of the ejection charges, and inspect the launch vehicle for damage upon retrieval to the earths surface.

Dorothy II is designed using the same data from her big sister Dorothy I from SLI 2007.  The extreme length of the launch vehicle is to ensure more than adequate stability characteristics.  Testing of smaller scale rockets, even on low thrust motors showed nearly no yaw (weather cocking) even in moderate to high wind conditions.  The through the wall fin design ensures that the fins will remain in the structure during the entire range of the flight.  Fiberglass tubing was selected for its lightweight and low cost, as well as workability with hand tools and small power equipment.  The G-Wiz LC 800 was selected as the altimeter due to its ease of use and dual deployment features on multiple batteries.  SkyAngle parachutes were chosen due to their proven reliability at other high power rocketry events.  The sizes were determined after discussion with level II and level III Tripoli members.

Altitude Prediction – RockSIM

According to the data provided by RockSIM for the Dorothy II launch vehicle, an above ground altitude of 5617 feet will be achieved.  In previous practice with RockSIM, it was noted that a -10% margin of error was common, thus resulting in a possible altitude of anywhere between 5055 feet to the 5617 feet prediction.
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Component Weights for Dorothy II

The component weights for Dorothy II were measured and entered into RockSIM before assembly.  Additional weight was added to the launch vehicle to account for the epoxy, PC-7 and paint applied to the vehicle.  A measurement of Dorothy II using a bathroom scale shows that the vehicle weighs 21 pounds without paint applied.  The RockSIM estimate of 25 pounds without the motor loaded will be very close to the actual weight once paint is applied.  Therefore, the team believes that the flight simulation data provided by the RockSIM will yield excellent results.  This reaffirms that the selection of the Animal Motor Works L900RR was the correct choice.  

Comparison of mathematical values versus actual

According to the RockSIM program, the Center of Gravity is located 69.8220 inches from the nose of the launch vehicle.  A simple, yet effective test was to place a broom handle under the airframe while members of the team slid the airframe forward and back until the rocket was balanced on the broom.  This test agreed with the RockSIM data to within ½ inch once again verifying the team’s beliefs in the data provided by RockSIM. 

Thrust Analysis of Animal Motor Works L900RR

Thrust for the Animal Motor Works L900RR for the launch vehicle is provided in less than four seconds.  The graph shows this burn time only and does not include the coasting or recovery phases.  The L900RR was selected due to a slightly smoother thrust curve rather than the sharp spike from the L1150.  This was to minimize stress on the internal components while still achieve the desired above ground level altitude.


[image: image13.wmf]Thrust Curve for Animal Motor Works L900RR - Dorothy II - Yough High School

-200

0

200

400

600

800

1000

1200

1400

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Time - seconds

Thrust - Newtons


Rocksim analysis of Dorothy II

Locations for the Center of Pressure and Center of Gravity for Dorothy II were found using Rocksim.  During the construction, component weights were adjusted using the mass override feature so that variations were noted.  During this process, most of the calculated masses by Rocksim were very close to the actual measured values, thus proving that the data in Rocksim was quite accurate.  The two-dimensional drawing from Rocksim is provided below.
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Simulation results for Dorothy II

Engine selection
[L900RR-None] 

Simulation control parameters

· Flight resolution: 800.000000 samples/second 

· Descent resolution: 1.000000 samples/second 

· Method: Explicit Euler 

· End the simulation when the rocket reaches the ground. 

Launch conditions

· Altitude: 0.00000 Ft. 

· Relative humidity: 50.000 % 

· Temperature: 59.000 Deg. F 

· Pressure: 29.9139 In. 

Wind speed model: Breezy (15-25 MPH)

· Low wind speed: 15.0000 MPH 

· High wind speed: 25.0000 MPH 

Wind turbulence: Fairly constant speed (0.01)

· Frequency: 0.010000 rad/second 

· Wind starts at altitude: 0.00000 Ft. 

· Launch guide angle: 0.000 Degrees from vertical 

· Latitude: 0.000 Degrees 

Launch guide data:

· Launch guide length: 120.0000 In. 

· Velocity at launch guide departure: 51.524 ft/s 

· The launch guide was cleared at : 0.251 Seconds 

· User specified minimum velocity for stable flight: 43.9993 ft/s 

· Minimum velocity for stable flight reached at: 90.3595 In. 

Max data values:

· Maximum acceleration:Vertical (y): 471.418 Ft./s/sHorizontal (x): 7.432 Ft./s/sMagnitude: 471.419 Ft./s/s 

· Maximum velocity:Vertical (y): 624.1479 ft/s, Horizontal (x): 24.9221 ft/s, Magnitude: 640.0424 ft/s 

· Maximum range from launch site: 1775.18966 Ft. 

· Maximum altitude: 5374.44574 Ft. 

Recovery system data

· P: Main Parachute Deployed at : 69.724 Seconds 

· Velocity at deployment: 94.3237 ft/s 

· Altitude at deployment: 799.90546 Ft. 

· Range at deployment: -633.87803 Ft. 

· P: Drogue Parachute Deployed at : 18.928 Seconds 

· Velocity at deployment: 99.1190 ft/s 

· Altitude at deployment: 5374.44571 Ft. 

· Range at deployment: -1775.18966 Ft. 

Time data

· Time to burnout: 3.790 Sec. 

· Time to apogee: 18.928 Sec. 

· Optimal ejection delay: 15.138 Sec. 

Landing data

· Successful landing 

· Time to landing: 103.934 Sec. 

· Range at landing: 187.68887 

· Velocity at landing: Vertical: -22.8149 ft/s , Horizontal: 24.9222 ft/s , Magnitude: 33.7881 ft/s 

Competition settings

Competition conditions are not in use for this simulation.

Safety and Failure Analysis – Mission Performance

	Failure Modes
	Causes
	Effects
	Restrictive Mitigations

	Dismount of Fins
	Improper attachment of fin to airframe
	Fins detach and fall/flutter to the Earth uncontrollably

Launch Vehicle begins unsafe trajectory
	Proper attachment of fins to the airframe and visual inspection of epoxy cracks

	Engine Misfire
	Faulty Motor

Faulty Igniters

Improper Preparation
	The rocket may not leave the launch pad at a safe velocity

Engine may not burn entirely
	Proper Inspection of igniters

Inspection of proper motor assembly

	Engine Dismount
	Improper installation of motor retaining system
	Engine could slide out of Airframe and free fall to the ground causing injury

Rocket may not reach desired altitude or yaw in an unsafe direction

Engine may propel itself toward the ground and possibly spectators

KATO
	Proper installation of engine retaining system and multiple inspections of the retaining device

	Engine Detonation
	Defective engine from factory
	Motor self destructs, and launch vehicle destruction

KATO
	Inspect motor grain pellets during installation into reloadable motor system

	Premature Ignition
	Accidental ignition from igniter or static electricity
	Vehicle lift off before desired

Onboard electronic devices not enabled causing possible recovery failures
	Proper safety switches

Static Free Environment


Safety and Failure Analysis – Mission Performance Continued

	Parachute not deploying
	Deployment charge not igniting

Payload absorbing energy from the ejection charge
	Unsafe Landing
	Bench test and Redundant System Designs

Sabot style ejection system

	Electronics bay malfunction
	Loss of power to electronics

Faulty electronics
	Ejection not occurring
	Bench test and Redundant System Designs

	Parachute Detachment
	Malfunction of shock cords, cables, or attachment points
	Parachute and rocket separation occurring and possibly a dangerous landing situation
	Inspect all parts for damage before installation

Replace as needed

	Shear pins not shearing
	Not enough pressure applied from ejection charge
	Parachute not deploying and possible crash landing
	Bench test and analyze

	Parachute not deploying
	Deployment charge not igniting

Payload absorbing energy from the ejection charge
	Unsafe Landing
	Bench test and Redundant System Designs

Sabot style ejection system

	Electronics bay malfunction
	Loss of power to electronics

Faulty electronics
	Ejection not occurring
	Bench test and Redundant System Designs

	Parachute Detachment
	Malfunction of shock cords, cables, or attachment points
	Parachute and rocket separation occurring and possibly a dangerous landing situation
	Inspect all parts for damage before installation

Replace as needed

	Shear pins not shearing
	Not enough pressure applied from ejection charge
	Parachute not deploying and possible crash landing
	Bench test and analyze


Safety and Environment ( Vehicle )

Stephanie Abbott is the Safety Officer for the Yough Cougar Rocketry Team.

Failure of the following launch vehicle items must be addressed to ensure safe flight and recovery of Dorothy II.

Fins: In the event that a rocket fin would fall off, then the rocket could possibly fly uncontrollably in any direction.  To prevent such an event, ensure that the fins are properly epoxied into the airframe and that the fin material is of appropriate strength to withstand the forces encountered.  Attachment of the fins is via a through the wall design with a locking tab on the fin securing it to the third centering ring on the motor mount.  A complete failure of the G10 fiberglass must happen in order to have fin detachment.

Motor: In the event that the motor doesn’t fire properly,

1. the motor may not have enough thrust causing the vehicle to not reach its potential apogee

2. vehicle may not leave the rail with sufficient velocity causing it to follow a horizontal path

3. incomplete motor burn or thrust deviation may result in false triggering of the ejection system

Payload Integration: All the whirly birds and Toto must be placed in the sabot as to not interfere with the recovery system.  The main payload section will be packed as follows from nose to tail.  Nosecone, Kevlar shock cord, SkyAngle CERT-3 Large Parachute, Kevlar shock cord passing through Toto and the whirly birds attaching to the piston.  The sabot surrounds the parachute and whirly birds and is secured to the piston with braided stainless steel cables.  The parachute is placed at the top of the system to catch air quickly and assist in drawing the payload out if the piston does not reach its full displacement.  In order to minimize malfunctions, place the whirly birds as far aft as possible in the sabot.  If excess room is present between the parachute and whirly birds, insert wadding in order to minimize payload shifting.

Recovery System: In the event that the recovery system does not deploy, the launch vehicle could descend to earth in a ballistic style, which may cause serious injury to bystanders.  To prevent this occurrence, several system tests on the ejection system have been and will continue to be performed.  

Personal Hazards and Avoidance Procedures

Fiberglass in the eyes: wear safety goggles

Sawdust in the eyes: wear safety goggles

Cuts from fiberglass or sharp instruments: wear safety gloves and body protectors to cover and protect any area where skin shows

Headaches from fumes of paint: wear a breathing mask to cover the mouth and face to prevent inhalation of fumes, and to also paint in well ventilated area, such as a paint booth


Refer to MSDS sheets from the manufacture for special instructions

Tripping over wires: tape wires down to the ground, and if falling does occur, check for cuts and bruises to be bandaged if necessary. Sanitize all the affected areas with materials from First Aid Kit.

Other First Aid: Be sure to locate first aid kit in a location convenient to all personnel in the working environment in case injury occurs

Ensure that regulations and procedures required by the NAR are observed at all times.  Instructions for all internal devices and deployment systems are to be kept in a binder as well as any MSDS sheets for materials being handled.

Environmental Concerns ( Launch Vehicle )

If the rocket catches on fire then 

1. Wild-fire can occur if grass is dry enough

2. Scorching of area around rocket can occur if grass is a little wet

3. Items that fall off the rocket and are not recovered due to loss of visual tracking or paying attention could possibly be digested by animals causing illness

Things to do to prevent such things from happening

1. Spray the launch area with water prior to launch

2. Have multiple personnel track the vehicle and payload to monitor any loose parts

( Payload )

The whirly birds are constructed of crepe paper and paint balls, both of which are biodegradable.  These pose little to no risk to the environment.  The data logger is constructed of hard plastic and includes a lithium battery.  Recovery of this device is essential to mitigate environmental situations.  A designated spotter will track this device specifically.  A parachute of a high contrast color will be attached to this device so that it is easy to spot both in the air as well as on the ground.

Payload Integration

All the whirly birds and Toto must be placed in the sabot as to not interfere with the recovery system.  The main payload section will be packed as follows from nose to tail.  Nosecone, Kevlar shock cord, SkyAngle CERT-3 Large Parachute, Kevlar shock cord passing through Toto and the whirly birds attaching to the piston.  The sabot surrounds the parachute and whirly birds and is secured to the piston with braided stainless steel cables.  The parachute is placed at the top of the system to catch air quickly and assist in drawing the payload out if the piston does not reach its full displacement.  In order to minimize malfunctions, place the whirly birds as far aft as possible in the sabot.  If excess room is present between the parachute and whirly birds, insert wadding in order to minimize payload shifting.

The fiberglass sabot is compatible with the fiberglass airframe perfectly.  Performance Rocketry manufactured all the fiberglass components to the same tolerances.  The sabot is actually a piece of fiberglass coupler cut in half.  Since some of the material is now missing from the coupler, the fit provides an easily movable section, yet long enough and of proper diameter to prevent binding during ejection.  The parachute, Toto, and whirly birds slide easily in the polished coupler with ease.  The payload housing is the sabot itself.  These fiberglass units are very strong and crush resistance.  During ejection, the piston slams into the sabot forcing it into the nosecone shearing the pins.  The sabot encounters a great deal of force, therefore making fiberglass the best choice for the design.
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	Pictured above is the payload sections and main parachute deployment systems.  The electronics bay houses the Perfectflite LCX flight computers with glow plug ignition pyrowells.  The aluminum piston slides easily through the upper sustainer tube and is attached with a stainless steel cable.  Additional cables attach the sabot halves.  A Kevlar shock cord (not shown) attaches to the piston, through the swivel clip on the SkyAngle parachute and finally to the nose cone.


IV) Payload Criteria

Experiment Concept

The whirly bird part of the scientific payload uses objects that are found in any consumer retail store. The whirly birds are made up of crepe paper and a paintball. Toto, the mechanical whirly bird, is composed of electronic sensors, electronic download devices, and computer hardware, which analyze data from the current weather conditions.  Such hardware and assembly is not available in a “off the shelf” environment and must be purchased and assembled by a knowledgeable person.  Originally the design was to release confetti during the recovery segment of the flight.  However, this would have proven quite difficult to track each piece of material and/or recover to mitigate environmental harm.  Upon further review, programs used by weather gathering researchers conducted similar studies, but on a much more complicated level.  Here the goal was to simplify the study to make the data more available for anyone to study and interpret.

The whirly bird is itself a very unique item that attempts to imitate a common natural phenomenon, the procreation of a maple tree.  Many Americans can identify with the fluttering of a maple tree seedpod from their own backyard.  Who in their right mind would consider placing a man made version of this natural occurrence?  To answer that, you need not look any further than the entangled mind of our team leader, Miss Amy Bickerstaff.  The significance of placing the whirly birds and Toto in a secure pouch enables our team to study the variations of wind patterns and current weather conditions given on the day of flight. 

The suitable level for Amy Bickerstaff, Alicia Bowser, and Ashley Wiley are medium in the challenge level, because this is their third year in rocketry, and second year for a returning team in SLI. Josh Sarosinski and Stephanie Abbott are attempting a medium high challenge level, because they are second year rocketry members and only first year SLI members.  The main challenge for all the members is to take a complex project and simplify it so that anyone can understand its value.  Another issue for the team has been in trying to understand all of the complicated details to writing the Proposal, PDR, CDR, and FRR based on guidelines that seem to duplicate themselves and at times make little to no sense.

Science Value

The objective for the scientific payload is to determine if the predicted values for the dispersal of the whirly birds based on surface level winds is accurate with the actual dispersal after ejection from the launch vehicle. 

The mission will be to recover and mark 75% of the pods for the splatter gram.  The payload deployed with the main parachute will release 100 whirlybird pods. The payload data will then be analyzed using statistical methods to compare the theoretical data before flight and the actual results.  During ejection of the drogue parachute, a large amount of colored chalk dust will be deployed from the parachute protector.  This is to mark the location of the apogee deployment and better track the launch vehicle.  No scientific data analysis will be done on this substance.  It is solely for tracking purposes, as the dust cloud will travel a distance outside of the launch area.

Another payload item that the Cougar Rocketry Team will include in Dorothy II will be an electronic whirly bird to mimic the ones that were used in the movie “Twister.”  Obviously the movie made data pods seemed to gather a large amount of information very quickly.  The data logger that the team is using will include a temperature and relative humidity sensor.  The data logger will fall by means of a parachute along with the other whirly birds at a descent rate similar to or the same as the whirly birds.  This way, data can be gathered from the displacement of the whirly birds and atmospheric data can be determined from the data logger.  The mission success criteria for this payload is to recover the logger, download and view the data from the electronic device.  Information from the data logger could then be used for further missions to conduct comparative analysis.

The main variable is this experiment is precisely what is being tested, the wind.  High wind conditions should result in the whirly birds being carried substantially downrange, therefore providing a wide splatter gram.  Moderate winds will allow for simple recovery of all the pods and a smaller dispersion, whereas low wind conditions will yield less useful results, as the whirly birds will simply land near the launch pad.  Toto, the electronic data logger, will allow for low altitude study of temperature and relative humidity.  Controls for the experiment will include a weather station set up at ground level that will monitor the surface level winds, temperature, and relative humidity.  All devices will be in close proximity to each other before launch to note any difference in base level readings.  The actual readings may not necessarily be used for analysis; rather the changes over time may prove to be more important.


Hypothesis: 
Ground level wind speed is the same from ground level up to 5280 feet above ground level.

Prediction:
Whirly birds dropped from the release point will land within a specific location based on calculations if the wind velocity remains constant during free fall.

Assumptions:
The whirly birds will reach terminal velocity immediately upon ejection from the payload section of the launch vehicle, thus resulting in the elimination of gravity into the equations.


The main variable for this launch is the wind.

Relevance of expected data, accuracy / error analysis:

Flight predictions for the whirly birds are based on the velocity of the winds at approximately 800 feet when the main parachute and payload will be deployed.  Any wind will cause the whirly bird to fly in a trajectory that is not totally vertical, therefore including a horizontal vector.  Establishing this vector using physics equations will allow for comparison to the surface level winds.  It is expected that the whirly birds will travel farther than the prediction based on the surface level wind speeds.  This hypothesis is based on real life occurrences experiences during the Team America Rocketry Challenge finals held in Manassas, Virginia.  The team noticed that the weather balloon station set up on site seemed to always indicate that the wind speed was progressively higher at each successive altitude marker.  To complete the mission, the team is attempting to derive a linear equation that can predict the wind speed at certain altitudes in order to conclude where biological spores could land if released from known altitudes.  Preliminary study was to release whirly birds at apogee and 800 feet.  Having two data gathering points would have allowed for better error analysis to improve the accuracy of the prediction equation.  However, having only one data set from the April, 2008 launch will limit the accuracy values.  Therefore, the Cougar Rocketry Team is going to attempt to compare the data with the April launch to the proposed test flight to be held in February or March of 2008. Low altitude tests with the 66% scale rocket will also be conducted in order to establish a baseline for ejections at 800 feet if the scale version is capable of attaining this altitude.

The data ball, Toto will collect atmospheric data at a proposed rate of one unit per second.  This data rate is established by the manufacture of the devices.  Currently, this data rate is believed to be too slow establish useful information, however, the team plans to keep this payload in place in order to learn more about electronic data gathering.

Refer to Flight Performance Predictions and Possible Graphical Scenarios to view estimated plots and data.

Experiment Process Procedures:
A series of events must occur in order to maximize the potential for success of the payload.  

· All Whirly Birds are to be the same size and approximate mass

· Whirly Birds must be free to release from the airframe without restriction

· Ejection charge must be of sufficient strength to eject entire payload

· Whirly Birds must not become entangled in recovery systems

· Whirly Birds must be physically located for GPS data acquisition

· 75% of the Whirly Birds must be located for reliable results

· Whirly Birds must not be damaged at any time during the flight or descent to Earth

· Data must exhibit a positive or negative mathematical correlation to formulate equation

· Electronic Data Ball “Toto” must sustain the excessive launch forces

· Parachutes must not be damaged upon ejection (burnt or torn)

· Toto must have the same descent rate as the Whirly Birds

· Toto must land in a location capable of retrieval

· Electronic data storage devices must operate correctly to retrieve vital data from flight

· Computer analysis of data should agree with the Whirly Bird data

· An attempt of transmitting real time data during flight is in process

Experiment Design of Payload


Because the whirly birds are not electronically controlled, they require no calibration prior to launch. Since each whirly bird is made by hand, there is an uncertainty in the folding of each individual piece. It is therefore possible that each whirly bird may deviate slightly from others regarding flight characteristics. These deviations are not considered significant because the dispersion of the whirly bird group is expected to cover a radius of approximately 200 yards down to 50 yards based on the significance of the wind velocity.   At the current time, weather conditions have severely hampered any continued measurements for the whirly bird velocity testing.  Once acceptable conditions are available, further testing will be conducted to measure the repeatability of the payload.  Once a determination of descent rate for the whirly birds has been made, the data logger will then be sized with an appropriate parachute to sustain the same descent rate.
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Whirly Birds constructed of a paintball and crepe paper
to mimic the flight of a maple tree seed pod.




The Yough Cougar Rocketry team believes that Dorothy II’s design is highly aerodynamic and well balanced in proportion.  It is believed that this design in Dorothy II will ensure a successful mission when the Range Safety Officer ignites her in Huntsville, Alabama.   

Preliminary analysis of the descent rate of the whirly bird will be determined using a grid sheet marked in feet and inches. A team member will then videotape a whirly bird as it is dropped to measure time and displacement.  

The equation
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 and solving for the acceleration yielded 
[image: image18.wmf]  

a

=

2

y

t

2

.  As the whirly bird dropped, its path could be seen on the video and the time was measured from the camera counter.  This process is the same as is used in the Discovery Channel television show, Mythbusters.

A similar test to find the acceleration of the whirly bird was done by placing a whirly bird inside of the ¼ scale launch vehicle and a paintball without any crepe paper attached.  The rocket was launched and videotaped.  Once again, the camera timer was used to determine the time for the equations.  From the video, the rocket reached apogee at 64 feet.  The paintball can be heard impacting the football field.  The difference in time was 2 seconds, yielding the 64-foot altitude at ejection using 
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 and 32 feet per second squared as the acceleration of gravity.  The whirly bird landed 10 seconds after ejection.  Using  
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 and the 64 feet as the vertical displacement, the acceleration of the whirly bird was found to be 1.28 feet per second squared.  Due to the amount of streamer material for each whirly bird, it has been determined that the payload will reach terminal velocity almost immediately upon ejection.  Therefore, the acceleration of the whirly bird can be considered constant throughout the flight path.

The integrity of the design is solid. During a test of the whirly bird being ejected from a rocket, it was noted that some of the crepe paper became scorched.  It is believed that this may decrease the amount of drag on the whirly bird in flight, but to what extent, the team has been unable to measure since the amount of burnt crepe paper cannot be predicted.  Therefore, it is the goal to provide a flame free environment for the whirly bird at all times to eliminate the scorching effect.  The electronic data logger, Toto, will download information regarding temperature and relative humidity during it descent.

The whirly birds design causes it to open its wings when it is ejected out of the rocket therefore the wings of the whirly bird become untwined and spin like a helicopters blade causing it to flutter down to the ground safely. 

Our workmanship in the creation of the whirly birds is to ensure that the whirly birds are cut to the same length, weigh the same, and consist of the same material.  The electronic whirly birds will be made to fall at the same descent rate as that of the whirly birds.

Flight Performance Predictions and Possible Graphical Scenarios
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Flight Performance Predictions and Possible Graphical Scenarios
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Flight Performance Predictions and Possible Graphical Scenarios
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The scientific hypothesis of our experiment is to determine if the surface level winds are an accurate predictor of wind speed at an altitude of 5,280 feet (1 mile). Using the topographical map and GPS locations, the horizontal distance can be determined. Physics equations can then be utilized to calculate the average wind speed experienced by the whirly bird. These values can then be compared to the predicted values before launch. Statistical calculations will then be compared to determine if there is sufficient evidence to support or refute the hypothesis. 

In order to find the time of the drop for the whirly birds, the altitude at ejection will be retrieved from the altimeter.  This value will then be used to calculate the time using distance = rate * time.  Making the assumption that the payload will be ejected at 5280 feet and 800 feet, the time to reach the ground on a perfectly still day would be 637 seconds and 96 seconds respectively using the descent rate at a constant 8.28 feet per second.  To calculate the horizontal displacement, the use of d = rt is once again utilized.  This time, the rate will be the wind speed measured in MPH then converted to feet / sec for calculations.  The table shows estimated displacements from the launch pad based on varying speeds of the ground level winds.

If the calculated distance differs from the actual distance to the landing of the whirly birds, then the above situations will be examined to determine which is the most feasible for analysis.  Once all data is collected, then the process of interpreting the data can be completed for final analysis and interpretation. 

Estimated Displacement from Launch pad of Whirly Birds

	Wind
	Wind
	Estimated Horizontal Displacement from Apogee
	Estimated Horizontal Displacement from Main Chute Ejection

	MPH
	Feet / sec
	Feet
	Feet

	0.5
	0.733
	467.13
	70.40

	1.0
	1.467
	934.27
	140.80

	1.5
	2.200
	1401.40
	211.20

	2.0
	2.933
	1868.53
	281.60

	2.5
	3.667
	2335.67
	352.00

	3.0
	4.400
	2802.80
	422.40

	3.5
	5.133
	3269.93
	492.80

	4.0
	5.867
	3737.07
	563.20

	4.5
	6.600
	4204.20
	633.60

	5.0
	7.333
	4671.33
	704.00

	5.5
	8.067
	5138.47
	774.40

	6.0
	8.800
	5605.60
	844.80

	6.5
	9.533
	6072.73
	915.20

	7.0
	10.267
	6539.87
	985.60

	7.5
	11.000
	7007.00
	1056.00

	8.0
	11.733
	7474.13
	1126.40

	8.5
	12.467
	7941.27
	1196.80

	9.0
	13.200
	8408.40
	1267.20

	9.5
	13.933
	8875.53
	1337.60

	10.0
	14.667
	9342.67
	1408.00

	10.5
	15.400
	9809.80
	1478.40

	11.0
	16.133
	10276.93
	1548.80

	11.5
	16.867
	10744.07
	1619.20

	12.0
	17.600
	11211.20
	1689.60

	12.5
	18.333
	11678.33
	1760.00

	13.0
	19.067
	12145.47
	1830.40

	13.5
	19.800
	12612.60
	1900.80

	14.0
	20.533
	13079.73
	1971.20

	14.5
	21.267
	13546.87
	2041.60

	15.0
	22.000
	14014.00
	2112.00


The team’s integration plan includes the following known details:

1.
Provide Mr. Eric Haberman with the G10 material to be cut for fins and beveled

2.
Begin construction of the electronics bay

3.
Assemble bulkheads to create electronics bay

4.
Install motor mount assemble provided by Mr. Eric Haberman

5.
Install and epoxy fins upon return from Mr. Walters

6.
Install hardware for attachment of shock cord and parachutes

7.
Attach launch rail buttons

8.
Mask off rail buttons and sand smooth the body tubes

9.
Apply primer and paint launch vehicle

10.
Apply decals

The Instrumentation used in Dorothy includes the G-Wiz LC 800 altimeter.  For the specifications about this device, please refer to the document LC800 in PDF format.

In order for the whirlybirds and Toto, the electronic whirlybird, to follow the mission goals, they need to flutter towards the ground with a similar decent rate. In order for them to perform this function, they are constructed to have the same length of crepe paper and have similar masses since paintballs of the same brand are to be used. Further testing with the decent rate of Toto is to take place to determine the proper parachute size to achieve a similar decent rate to those of the regular whirly birds. The picture below demonstrates how many of the whirly birds will flutter towards the ground after being deployed from Dorothy II upon reaching apogee.

[image: image24.jpg]Whirly Birds falling through the sky.




Repeatability of instrumentation and measurement includes each length of crepe paper being precisely measured and each paintball being weighed in order to give them similar masses as well as similar decent rates.  The team tested the repeatability of the design criteria of the descent rates by dropping twenty whirly birds off of the bleachers of the high school stadium, which is ninety feet tall, and found that each whirly bird hit the ground within a time span of 3.28 seconds.  There is uncertainty as to the exact timing, due to the fact that the whirly birds timing was done with handheld stop watches.  The individual timing the whirly birds descent rate is not exact due to the fact that human reaction time is not always the same during each drop.  It was noted however, that the average time for the drops made was very close to the time that was measured by using the digital video camera and its timestamp.  

The application of engineering for this project is to understand and create a man made synthetic device that can best recreate an object found in nature. Man has always tried to understand natural events and the creation of the whirly bird does such, the flight of a maple tree seed. The functionality of the whirly birds is to mimic the maple seedpods found in nature. The whirly birds feasibility indicate its realistic and simplistic ways for constructing each whirly bird and its ability to easily mimic the helicopter style of falling that maple tree seed pods.

Flight Preparations Procedures

All materials needed for the creation of the whirly birds will be reused from SLI 2007.  Some of the whirly birds were damaged last year, many are still able to be used.  Paintballs were purchased from Wal-Mart and additional crepe paper was acquired at a local party store.  The procedures required for proper payload deployment are to load the whirly birds into the sabot with the paintball in the aft end of the sabot.  This location minimizes shifting during thrust.  The electronic data logger will be the first item into the ejection sabot, followed by the whirly birds, then the SkyAngle CERT-3 parachute.  

Mission success depends on each component working as designed and tested.  The SkyAngle CERT-3 parachute has shown it’s proven reliability for much high power launches.  There are no testing procedures that can be conducted by the team.  A visual inspection will be made to ensure there are no tears in the material or shroud lines.  Safe descent relies on this component, which is why it is the first to eject from the airframe.  In order to yield accurate results for the whirly birds, each one must be created in the same manner and have the same mass.  Attempts to measure the mass of 100 whirly birds proved to be tenuous.  The digital scale being used did not even show a difference from object to object.  Toto’s mission will depend on the sensitivity of the data logger.  Even the company that provided the logger, General Tool, is unsure as to the reaction time of the logger during its descent.  General Tool is awaiting the teams findings in order to analyze the data an possibly make revisions for further products.

Assembly
Whirly Bird Payload Assembly

	Assembly Step
	Assembly Personnel
	Assembly Verification 

	Unpack paintballs from container and count out 100 paintballs 
	Ashley Wiley
	Amy Bickerstaff

	Cut streamer material into six foot lengths
	Ashley Wiley
	Stephanie Abbott

	Place paintball into the center of streamer; fold over and tape into place
	Ashley Wiley
	Amy Bickerstaff



	Neatly roll up streamer material for compact fit into the sabot
	Ashley Wiley
	Stephanie Abbott

	Place whirly birds into the sabot in an organized and neat fashion
	Ashley Wiley
	Josh Sarosinski

	Place sabot carefully into the launch vehicle
	Ashley Wiley
	Eric Haberman 

Josh Sarosinski


The variables for this experiment are time, wind speed, altitude of launch vehicle, and wind direction. The constants will be gravitational acceleration, mass of the whirly birds, and the coefficient of drag encountered by the whirly bird. 
The experiment process procedures include:

Whirly birds

1. Purchase a container of paintballs
2. Separate 100 paintballs
3. Cut forty inches segments of crepe paper 
4. Place one paintball in the center of each piece of crepe paper
5. Secure paintball using a rubber band and/or tape to create a whirly bird
6. Fold and roll crepe paper to within three inches of paintball 
7. Secure whirly bird into a storage container
8. Remove whirly birds from storage container and pack into the sabot
9. Insert sabot into payload section of launch vehicle
10. Payload is now ready for deployment
Toto

1. Remove electronic whirly bird (a.k.a. Toto) from it package

2. Install batteries into electronic whirly bird

3. Connect laptop to electronic whirly bird

4. Enable start time and sample rate for electronic whirly bird

5. Verify clock setting for electronic whirly bird

6. Disconnect laptop from electronic whirly bird

7. Attach parachute to electronic whirly bird

8. Insert electronic whirly bird into sabot with crepe paper whirly birds

9. Payload is now ready for deployment

Safety and Environment ( Payload )

Stephanie Abbott is the Safety Officer for the Yough Cougar Rocketry Team.

Failure of the following launch vehicle items must be addressed to ensure proper ejection and recovery of the payload incased in Dorothy II.

Fins: In the event that a rocket fin would fall off, then the rocket could possibly fly uncontrollably in any direction causing the payload to be damaged or inaccurately released at an altitude not suitable for data analysis.  To prevent such an event, ensure that the fins are properly epoxied into the airframe and that the fin material is of appropriate strength to withstand the forces encountered. 

Motor and Parachute- In the event that the motor doesn’t fire properly,

1) If the motor does not have enough thrust then the rocket might not reach its potential apogee, thus causing the chalk demonstration to yield unsatisfactory results.

2) Rocket could yaw excessively under low or partial thrust causing the payload to be damaged or be destroyed during a high-speed ground impact.

3) If the parachute deployment is altered by motor malfunction, the parachute may not deploy; therefore resulting in the payload failing to deploy from the airframe. 

Sabot and Whirly Birds - in the event of the sabot malfunctioning

1) The payload might not come out causing the parachute to malfunction and not deploy

2) The whirly birds might tangle up in the sabot causing the sabot to lock up and fail to release the whirly birds

3) Sabot may lock up inside of the airframe, causing the whirly birds 

Personal Hazards and Avoidance Procedures

Cuts from sharp instruments, scissors: don’t run with scissors 

Burns from soldering iron: place soldering iron in holder when not in use

Poison risk from paintballs: do not ingest or apply pressure to paintball causing rupture

Static discharge cautions: properly ground oneself before handling electronic devices in data ball

Other First Aid: Locate first aid kit in a location convenient to all personnel in the working environment in case injury occurs

Additional personal hazards that can occur include, 

Before the rocket launches

1.) Failure to arm the ejection charge systems resulting in payload not being deployed

2.) Accidental launch before spectators are at a safe distance causing payload to land in the spectator area

3.) Personnel could drop or damage rocket causing system failures 

To prevent such things from happening 

1.) Have more than one person overlooking preparation of launching and ejection systems

2.) Make sure that everyone is in the safety zone before launch of the rocket

3.) All personnel need to be aware of the surroundings to watch for falling payload items

4.) Store rocket in a secure location to prevent damage to the payload

During the rocket launch

     1.) Personnel could lose visual contact with the launch vehicle and payload

     2.) Rocket could have a malfunction resulting in payload impacting nearby equipment or

          personnel 

To prevent such things from happening

1.) Have more than one person watching the payload and pin-pointing a location for landing

2.) Watch the payload at all times and if payload approaches, seek cover 

3.) Monitor the location of all payload pieces in order to recover and pick up to prevent environmental harm

Environmental Concerns

If the payload is not recovered 

1.) Animals may attempt to ingest crepe paper or paintballs, therefore becoming sick 

2.) Battery from Toto could leak into the Earth and cause contamination of the nearby soil and/or groundwater supply

3.) Electronic boards in Toto could deteriorate if left in an outdoor environment for a prolonged time period, thus resulting in possible contamination of the nearby soil and/or groundwater supply

4.) Plastic encasement for Toto could separate and leave behind sharp plastic material capable of injuring an individual or animal if stepped upon

Things to do to prevent such things from happening

Many of the materials used in the construction of Dorothy II are made of biodegradable substances and designated personnel are to monitor any pieces that may detach from the airframe. 

Ensure that regulations and procedures required by the NAR are observed at all times.  Instructions for all internal devices and deployment systems are to be kept in a binder as well as any MSDS sheets for materials being handled.

Payload

The whirly birds are constructed of crepe paper and paint balls, both of which are biodegradable.  These pose little to no risk to the environment.  The data logger is constructed of hard plastic and includes a lithium battery.  Recovery of this device is essential to mitigate environmental situations.  A designated spotter will track this device specifically.  A parachute of a high contrast color will be attached to this device so that it is easy to spot both in the air as well as on the ground.

V). 
Launch Operation Procedures

Checklist – Launch Vehicle Preparation and Assembly

	Assembly Step
	Assembly Personnel
	Assembly Verification 

	Assemble Animal Motor Works L900RR
	Joe Paskolka 
	Amy Bickerstaff

	Install L900RR into launch vehicle airframe
	Joe Paskolka
	Amy Bickerstaff

	Secure L900RR using latching system
	Joe Paskolka
	Amy Bickerstaff

Donald L. Gilbert, Jr.

	Verify battery levels
	Josh Sarosinski
	Eric Haberman

Donald L. Gilbert, Jr.

	Check that all wiring is secure and undamaged
	Josh Sarosinski
	Joe Paskolka

Eric Haberman

	Verify the systems are UNARMED
	Stephanie Abbott
	Joe Paskolka

	Assemble ejection charge packets
( High Risk – Use Extreme Caution )
	Joe Paskolka

Eric Haberman
	Ashley Wiley

	Place ejection charges into launch vehicle
	Joe Paskolka
	Ashley Wiley

	Run wiring through launch vehicle to electronics bay
	Stephanie Abbott
	Joe Paskolka 

Eric Haberman 

	Verify the ejection systems are UNARMED
	Stephanie Abbott
	Joe Paskolka

Eric Haberman 

	Connect ejection charge wiring to altimeter ejection charge connections
	Josh Sarosinski
	Joe Paskolka

	Insert batteries into holders of the electronics bay
	Josh Sarosinski
	Eric Haberman

	Verify all connections
	Amy Bickerstaff
	Joe Paskolka

Eric Haberman

	Signal the “ALL CLEAR”
	Ashley Wiley 

Amy Bickerstaff
	Range Safety Officer

	Arm ejection systems to verify continuity of systems via LED lights
	Amy Bickerstaff

Joe Paskolka
	Eric Haberman

Donald L. Gilbert, Jr.

	DISARM ejection systems
	Amy Bickerstaff
	Joe Paskolka

	Verify all connections before inserting payload pouches
	Ashley Wiley
	Joe Paskolka 


Final Assembly

	Assembly Step
	Assembly Personnel
	Assembly Verification 

	Attach payload pouches to shock cords
	Ashley Wiley

Amy Bickerstaff
	Stephanie Abbott

	Insert payload pouches into the launch vehicle airframe
	Amy Bickerstaff
	Ashley Wiley 

Earnest Walters

	Verify that payload does not interfere with the ejection charge wiring
	Ashley Wiley
	Joe Paskolka

	Insert electronics bay ( tube coupler ) into lower main body of launch vehicle using QuickLinks
	Josh Sarosinski

Stephanie Abbott
	Earnest Walters

	Insert nose cone into upper payload section of the launch vehicle airframe using QuickLinks 
	Amy Bickerstaff
	Earnest Walters

	Check for any binding of the nose cone or tube coupler that would prevent separation
	Ashley Wiley
	Josh Sarosinski

Earnest Walters

	Perform continuity check of igniter
	Josh Sarosinski
	Earnest Walters

	Insert igniter into L900RR motor
	Joe Paskolka 
	Range Safety Officer


Final Assembly Continued

	Slide launch vehicle onto launch rail
	Amy Bickerstaff

Donald L. Gilbert, Jr.
	Earnest Walters

Range Safety Officer

	General inspection of launch vehicle
	Amy Bickerstaff

Ashley Wiley 

Stephanie Abbott

Josh Sarosinksi
	Earnest Walters

Joe Paskolka

Eric Haberman

Donald L. Gilbert, Jr.

Range Safety Officer

	Obtain permission to connect igniter
	Donald L. Gilbert, Jr.
	Earnest Walters

	Verify all spectators are clear of the launch pad and are at a safe distance
	Amy Bickerstaff

Ashley Wiley
	Stephanie Abbott

	Connect igniter to launch system
	Earnest Walters

Josh Sarosinski
	Donald L. Gilbert, Jr.

Range Safety Officer

	Obtain permission for launch
	Donald L. Gilbert, Jr.
	Earnest Walters

	Signal the intention to launch
	Donald L. Gilbert, Jr.

Amy Bickerstaff
	Earnest Walters

	Verify all spectators are aware of launch countdown 
	Amy Bickerstaff

Stephanie Abbott
	Ashley Wiley

Range Safety Officer

	Continue countdown
	Ashley Wiley
	Eric Haberman

	LAUNCH
	Name drawn from hat
	Range Safety Officer


Recovery Operations

	Recovery Step
	Recovery Personnel
	Recovery Verification 

	Track flight path of launch vehicle to apogee and ejection
	All Team members
	All Team members

	Track whirly bird payload to ground
	Amy Bickerstaff
	Ashley Wiley

	Track Toto to the ground
	Stephanie Abbott
	Josh Sarosinski

	Track flight path of launch vehicle to landing
	Donald L. Gilbert, Jr.
	Joe Paskolka

	Measure locations of whirly bird landing sites using GPS device
	Amy Bickerstaff
	Ashley Wiley 

Stephanie Abbott

Josh Sarosinski

	Recover launch vehicle
	Donald L. Gilbert, Jr.
	Earnest Walters

	Recover any loose parts if necessary
	Donald L. Gilbert, Jr.
	Joe Paskolka


Post Flight Inspection
	While Recovering
	Recovery Personnel
	Recovery Verification

	Ensure that it is safe to approach Dorothy II
	Stephanie Abbott

Amy Bickerstaff
	Ashley Wiley

Donald L. Gilbert, Jr.

	Ensure that all ejection charges were properly fired
	Stephanie Abbott

Amy Bickerstaff
	Ashley Wiley

Earnest Walters

	Ensure that motor was properly fired
	Stephanie Abbott

Ashley Wiley
	Amy Bickerstaff

Earnest Walters

	Ensure that sabot and whirly birds properly ejected
	Josh Sarosinski
	Eric Haberman

Stephanie Abbott

	Collect 75% of crepe paper whirly birds and collect electronic whirly bird
	All Team Members
	Donald L. Gilbert, Jr.

Earnest Walters

Eric Haberman


Post Flight Inspection Continued

	After Recovery
	Recovery Personnel
	Recovery Verification

	Recover any loose shrapnel 
	All Team Members
	Donald L. Gilbert, Jr.

	Safely contain and dispose of shrapnel
	All Team Members
	Eric Haberman

	Scatter plot whirly bird data
	All Team Members
	Donald L. Gilbert, Jr.

Eric Haberman

Earnest Walters

	Return Dorothy II to prep area
	All Team Members
	Donald L. Gilbert, Jr.

Eric Haberman

Earnest Walters

	Remove motor from Dorothy II
	Earnest Walters
	Earnest Walters

	Pack Dorothy II into containment unit
	All Team Members
	Donald L. Gilbert, Jr.

Eric Haberman

Earnest Walters


Safety and Quality Assurance

The risk of any payload particles falling down and making human is unlikely, but in the unfortunate event that a person would be in the proximity of a whirly bird, the lightweight design and low velocity should not result in any bodily damage. There might be a small chance of a paint ball bursting on impact, which would require washing the paint off thoroughly with soap and water. The attached cord that runs through the center of the payload should not break off and do any harm inflictions to the environment, but in case of a major mishap, yell “HEADS UP.”


To ensure the safety of all rocketeers, a checklist listed above has been issued. When handling any materials used to make the rocket dealing with the payload section, mentors have been issued to watch each process
General Launch Operations Procedures as per Tripoli Safety Code

Nose Cone, Couplers – Ensure proper fit of nose cone and payload couplers

Flight Check (Safety Officer)

The data below provides a list demonstrating that the risks are at acceptable levels.

Construction Check – Ensure that the launch vehicle is well constructed with no loose parts

Safety Officer may wish to question any part of the construction with team members

Certification – Check the credentials of the team to certify a level II or greater member

Flight Plan

Check that the motor has sufficient impulse for safe launch

Ensure flight will not exceed the waiver limits issued by the F.A.A.

Verify recovery devices are in place and have been tested

Check that cloud ceilings are above maximum altitude capabilities

Calculate for variation of drift due to wind

Check that the rocket is stable by the locations of the CG and CP

Motor Installation

Verify that the motor is securely mounted in the airframe

Check that the igniters are free from cracks or lack pyrogen tip

Avionics

Arm ejection charge on launch pad ONLY

Check continuity of igniter once all spectators are away from launch pad

Pad Check (RSO or Pad Manager)

Controller – Check and be sure that the rocket is disarmed before approaching launch pad

Launch Pad – Check for stability and adequate size for rocket to be flown

Ensure that spectators are at the minimum safe distance for motor impulse

Launch Rod or Guides – Check that rocket slides freely, clean if necessary

Igniter Clips – Check and clean the leads

Pre Launch Check (RSO)

Avionics – Armed and ready for launch

Look and Listen – Check for aircraft in the launch area.  Stop launch for incoming aircraft

Flight Witnesses and Spotters – Present and made aware prior to launch

Launch (LCO)

Announce Launch

Ensure all spectators are aware of the launch

Provide a LOUD countdown such as 5, 4, 3, 2, 1 … Fire!

Monitor Flight Path – Yell “HEADS UP” for any rocket approaching any area with spectators

Disarm controller, place cap on launch rod after launch

Misfire Procedures (LCO)

Wait a minimum of one minute before approaching launch pad

Disarm launch controller and avionics if present

Remove failed igniter and motor if necessary

Replace igniter and follow launch procedures

Before the rocket launches

1. Eliminate all possibilities by installing devices of importance incorrectly

2. Eliminate all possibilities to accidentally launch before everyone is safely behind safety shield or standing at a safe distance

3. Eliminate all possibilities to have anyone approach the rocket and cause injury to one’s self or the launch vehicle

To prevent such things from happening 

1. Have more than one person overlooking preparation of launch vehicle assembly

2. Make sure that everyone is behind a safety shield or a safe distance from the launch pad as designated by the RSO before someone arms or launches the rocket

3. Ensure that all personnel inside the launch area are aware of all activities and have necessary safety gear and emergency escape routes

4. Have the launch vehicle in a secure area

During the rocket launch

1.
During the launch, the launch vehicle could be lost if no one is tracking its path visually from the ground.

2.
The launch vehicle could break apart or encounter an electronic malfunction resulting in catastrophic system failure causing multiple fiberglass fragments falling downward to the launch or spectator area. 

To prevent such things from happening

1. Have more than one person watching the rocket and pin-pointing a location for landing

2. Watch the rocket at all times if debris falls from the launch vehicle.  The person identifying any debris is to track its path to the ground and recover once the RSO has designated the area safe

Environmental Concerns

If the rocket catches on fire then 

1. Wild-fire can occur if grass is dry enough

2. Scorching of area around rocket can occur if the grass is damp

3. Debris which is not recovered could be ingested by animals 

4. Debris which is not recovered could damage vehicles or machinery traveling through the area

5. Debris which is not recovered could harm the local ecosystem

Things to do to prevent such things from happening

When possible, use biodegradable materials to reduce environmental harm and assign specific personnel to track debris if required.

To ensure that we are not taking any unnecessary risks Eric Haberman and/or Ernest Walters will be overseeing that we follow proper operations for each section of the checklist listed above.

VI).
Activity Plan

Budget Plan

Due to substantial changes in the budget for NASA, the Yough Cougar Rocketry Team has been asked to pay for the expenses incurred for the culminating activity for the NASA SLI 2008 to be held from April 23 – 28, 2008.  The team anticipated the $1250 grant monies would be used to purchase the Quest Starhawk rocketry kits to be used in the outreach.  Currently, that money is being reserved to assist with the transportation costs and lodging for the team.

Below is the proposed budget as outlined in the original proposal

Proposed Budget 

The proposed budget for “The Whirly Bird Experience” will be an ongoing and updated element of the project.  As the design evolves, new materials will need to be added and some removed.

	Part Description
	Manufacture or Supplier
	Cost 

	Nose Cone
	Performance Rocketry
	$ 30.00 each (2)

	Body Tubes
	Performance Rocketry
	$ 18.00 per foot (16)

	Tube Coupler
	Performance Rocketry
	$ 64.00

	MadDog Dual Deploy Kit
	Performance Rocketry
	$ 159.00

	Payload ( paintballs )
	Wal-Mart
	$ 30.00 per 1000

	Parachute ( drogue )
	SkyAngle Cert – 3 
	$26.13

	3/16” G10 Fins
	Performance Rocketry
	$30 per sheet

	Parachute ( main 60” )
	SkyAngle Cert – 3 
	$ 132.05

	Insta-Cure CA Glue
	BSI Adhesives
	$ 3.99 each (4)

	Slow Set Epoxy
	BSI Adhesives
	$ 7.99 each (2)

	Steamer Material
	Wal-Mart
	$ 1.99 per roll (3) 

	Sandpaper Assortment
	Wal-Mart
	$ 6.99

	Space Cad Software
	Rocket Motion
	$ 54.95

	RockSIM Software
	Apogee Components
	$ 99.99

	Altimeter Alt15K/WD
	Perfectflite
	$ 69.95

	LCX Dual Event Alt.
	G-Wiz
	$ 99.95 (2)

	Rail Guides
	Giant Leap Rocketry
	$ 3.29 / pair

	JB Weld
	Wal-Mart
	$ 5.65

	Krylon Paints
	Wal-Mart
	$ 5.97 per can (3)

	PC-7 epoxy
	Lowe’s
	$7.97

	Starhawk Rocket for Outreach
	Quest Education
	$95.00 per 25 rockets (8)

	Motors for Outreach
	Quest Education
	$39.00 per 25 motors (8)

	
	

	Estimated Total Cost of Launch Vehicle and Payload
	$ 2365.69


The ¼ or 66% scale model will be built primarily with Estes products.  Some items are already available to the team with leftover parts from TARC.  Below is an estimate of costs for the scale model.

	Part Description
	Manufacture or Supplier
	Cost 

	Nose Cone BT-80
	Estes
	$ 7.99

	BT – 80 Body Tubes
	Estes
	$ 13.79

	BT – 80 tube couplers
	Estes
	$ 8.99

	Parachutes
	Top Flite Recovery LLC
	$ 12.99

	Insta-Cure CA Glue
	BSI Adhesives
	$ 3.99 each

	Motor ( Aerotech F – 20 )
	Red Arrow Hobbies
	$ 25.95 each – need 3

	Basswood Fin Material
	Midwest ( Tower Hobbies ) 
	$ 2.85 per sheet – need 3

	
	
	

	Estimated Total Cost of Scale Launch Vehicle and Payload
	$ 108.20


The total estimated cost of the materials for both launch vehicles is projected to be $ 2473.89.  This value would be under ideal circumstances.  Since we are constructing such a large-scale rocket and items may change, this budget is only an estimate as some of the materials purchased for the 2007 SLI could be reused.

Funding Sources

Upon acceptance of the proposal, the Yough Rocketry Team will use the funds provided by NASA through the SLI grant as well as outside resources.  The owner of BSI Adhesives, maker of the Quik – Set and Slow – Cure epoxy has already provided products from the company inventory. Westinghouse has already provided a $2000 gift after the 2006 – 2007 NASA SLI was completed in hopes that the funds would be used to reconstruct Dorothy for the 2007 – 2008 SLI.  This was due to the fact that Mr. Eric Haberman, an employee of Westinghouse, fabricated the fiberglass for the original Dorothy.  Mr. Haberman’s name, as well as Westinghouse, was mentioned in several local newspapers, thus showing the commitment to education from the Westinghouse Corporation.   Local businesses have allowed the team to place fundraising materials (lollipops, candy bars, and trail mix snacks) in their establishments to increase the funding availability.  These items provide an average of 90% profit on each item sold.  Individuals are also selling the fundraising items during school hours in room 100, the main office, and in the hallways.  Last year, these sales accounted for an income of approximately $1400, which supplemented the teams meals and souvenirs during the Huntsville trip.  Ashley Wiley’s mother, Donna Montecupo, also solicited funds from local businesses in excess of $300.  With the continued success of the Cougar Rocketry Team, more business establishments are becoming more willing to fund the team’s endeavors.  Some of these businesses have been increasing their donations each year as the Cougar Rocketry Team continues to grow.  State Representative Ted Harhai and Senator Bob Regola also plan to ask the Commonwealth of Pennsylvania for a grant designed specifically for rocketry based projects upon acceptance into the 2007 – 2008 SLI program.

A breakdown of additional expenses is provided below.

	Item Required
	Cost each
	Total Cost
	Paid / Unpaid

	Airline Tickets
	$ 270
	$ 2,700
	Unpaid – $ 400 Deposit sent

	Lodging
	$ 75 per room per night + tax
	$ 2125
	Unpaid

	Meals
	$ 40 per person per day
	$ 2000
	Unpaid

	Rental Van
	$ 600 per week
	$ 600
	Unpaid

	
	
	
	

	Total Cost
	
	$ 7425
	


At the time of the writing of this document, the computer sales have yielded a total income of $4140.  Approximately $2100 has been raised through candy sales thus far.  Other organizations have also been selling similar items, thus cutting into the sales volume once experienced by the teams’ sales.  The Pittsburgh Penguins, Steelers, and Pirates have been donated some items for a Chinese Auction to be held in March or April.  Seven Springs Ski Resort also donated ski passes and tubing tickets.  Some restaurants and stores are also donating gift cards.  The team hoped to earn approximately $2000 from this event, however, the sales from the tickets have resulted in only an income of $800.  

Timeline

The Cougar Rocketry Team plans to use the following timeline for implementation of the mission goals for Project Dorothy.

September 2007;

· 20th – Have the proposal completed in rough draft form

· 24th – Have the proposal in completed form

· 27th – Mail proposal, no later than, September 29th
· 29th – Send e-mail as backup copy

All September Mission Goals Complete

October 2007:

· 1st     – NASA SLI Proposal received at Marshall Space Flight Center, Huntsville, AL 

· 22nd – Await notification of selection

· 22nd – Submit Payment Information Forms

· 23rd – Arrange SLI Team Teleconference/ Video Teleconference

· 25th – Contact News agencies for coverage on the acceptance into the SLI program

· 26th – No School, Teacher in-service day

· 29th – Begin writing the Preliminary Design Review (PDR)

· 30th – Reconstruct the quarter scale rocket

· 30th – Update Website with current information and team data

· 30th – NASA media announces new 2007 – 2008 SLI Teams

· 31st – Halloween

All October Mission Goals Complete

November 2007

· 5th   – Web Presence Established (complete)

· 7th   – Launch of ¼ scale rocket (delayed due to poor weather conditions)

· 12th – No School, Teacher in-service day (complete)

· 13th – Launch of whirly birds to monitor flight characteristics (complete)

· 16th – Have PDR rough draft completed (complete)

· 22nd – Thanksgiving Day (we ate too much)

· 23rd – No School, Holiday Break (shopping was fun)

· 26th – No School, First Day of Deer Season (no animals were harmed by our team)

· 28th – Have PDR final copy completed

· 28th – Submit PDR to Julie Clift and post on Website

All November Mission Goals Completed

December 2007:

· 3rd    – Begin construction of full scale launch vehicle – Dorothy II

· 21st – Construction of Dorothy II complete in unpainted form

· 21st – Last Day of Classes before Christmas Break

· 25th – Christmas Day

· 27th – Team meeting to begin paint preparation

· 31st – New Year’s Eve

Construction of Dorothy II is behind schedule

January 2008:

· 1st    – New Year’s Day

· 2nd  – Classes resume

· 11th – Begin to finalize the Critical Design Review (CDR) and PowerPoint Slides

· 18th – Have CDR Presentation Slides and CDR report completed

· 21st – No School, Teacher in-service day (work day for team on CDR)

· 22nd – Critical Design Review submitted to Julie Clift and posted on Website

· 28th – Critical Design Review Video Teleconference

· 28th – Submit Second Invoice

All January Mission Goals Completed

February 2008:

· 2nd – Chinese Auction and Outreach at Sam’s Club Greensburg

· 4th   – Begin the Flight Readiness Review (FRR) Report

· 19th – Chinese Auction and Outreach at Giant Eagle, West Newton

· 14th – Valentine’s Day

· 18th – No School, teacher in-service day

· 19th – Rough draft of FRR complete

· 20th – Being the PowerPoint slides for the FRR

· 23rd – Possible test flight of Dorothy II at the Tripoli launch site ( launch was cancelled)

February Mission Goals Completed with the exception of test launch

March 2008:

· 10th – No School, teacher in-service day

· 14th – Have the FRR in completed form, both report and PowerPoint

· 17th – St. Patrick’s Day

· 19th – Lama’s Club Outreach

· 20th – No School, Easter Break begins – meeting to review FRR

· 23rd – Easter Day

· 24th – Flight Readiness Review submitted to Julie Clift and posted on Website

· 24th – Last day of Easter Break

· 31st – Submit the Flight Readiness Review invoice 

April 2008:

· 1st – FRR presentation to NASA

· 2nd  – Paint completed on Dorothy II - delayed

· 7th   – Finalized test firings of ejection charge systems

· 15th – Begin the shipping procedures for the full scale rocket 

· 21st – Dorothy II arrives in Huntsville via FedEX ground

· 23rd – Team travels to Huntsville, AL

· 24th – Rocket Fair

· 25th – Yough High School Prom

· 26th – Launch Day

· 27th – Travel back to Pennsylvania

May 2008:

· 5th   – Post – Launch Assessment Review (PLAR) in rough form

· 17th – Team America Rocketry Challenge

· 20th – No School, Snow makeup day

· 23rd – Post – Launch Assessment Review (PLAR) due

· 23rd – Submit final invoice for 2007 – 2008 SLI program

· 26th – Memorial Day, No School

Outreach – Business Involvement and Public Exposure
The YHS Rocketry Team will solicit donations from local businesses in exchange for advertising on the SLI web site.  High power rocketry skills will be acquired from the Pittsburgh Space Command rocketry club and Pittsburgh TRIPOLI chapter.  At least one member of the YHS Team will attend launches in the local area when possible.  Supplies will be sourced from various Internet locations and / or local NAR members.  The local UPS and FedEX shipping warehouse will be contacted to inquire about low cost or free shipping of the ground support and launch vehicle as necessary. WPXI television has already featured the YHS Rocketry Team in an earlier segment for TARC and as time permits for additional follow-up, will continue to monitor the progress of the SLI objective.  KDKA television has also shown an interest in the NASA SLI program; however, breaking news events have prevented news crews from visiting the Yough School District when the students were available.  The Greensburg Tribune-Review ran a feature article about the Cougar Rocketry Team and their accomplishments in April of 2007.  This article provided the much needed exposure to the program.  Editors at the newspaper informed the team that continued coverage would be available.  A reporter from the Pittsburgh Post-Gazette interviewed the team and will be featuring the team in the “local” section of the newspaper.  The Times Sun will once again speak to the team and advertise the rocket fair to be held at the high school on March 29, 2008.

Westinghouse Corporation’s Plasma Research Center located in Madison, Pennsylvania provided the Cougar Rocketry Team with a $2000 cash grant at the completion of the 2007 SLI after learning of the crash landing sustained by Dorothy.  Westinghouse has been an increasing presence in the community with regard to engineering projects, which are being completed in the Yough School District.  It was the intent of the Westinghouse Corporation to assist the team in successfully completing the mission first set forth by Dorothy I in 2007.  Mr. Eric Haberman, an employee of Westinghouse was vital in the construction role and fiberglass cutting for the original Dorothy.  His presence in the project was held in high regard within the Westinghouse community.  As repayment for the assistance of Westinghouse, the team visited the Waltz Mill plant during Engineering Week as student representatives from Yough School District.  Dorothy I and II were on display as well as the payload for the engineers to examine and ask questions.  Response to this event was very positive.

On March 19, 2008, the Cougar Rocketry Team presented a program to the Latrobe Llama’s club, an affiliate of the Freemason’s.  Members Amy Bickerstaff, Ashley Wiley, Stephanie Abbott, and Josh Sarosinski explained the Team America Rocketry Challenge and NASA SLI to approximately 60 individuals.  Chinese auction sales were able to supplement the team with another $120 including a $50 donation from the Llama’s organization.  Many of the Llama’s members are retired and were very much interested in the accomplishments of the team since they could recall where they were when Sputnik made its initial flight around the earth.  

	[image: image25.jpg]welcome Lo Waltz Mill

YOUGH
HIGH SCHOOL

Gilbert Stephanie Abbott
rstaff





	The team members of Alicia Bowser, Amy Bickerstaff, Stephanie Abbott, Josh Sarosinski, along with Donald L. Gilbert, Jr., were greeted Westinghouse representative Kathy Slicz during Engineer’s Week.

	Student Launch Initiative Members Alicia Bowser and Amy Bickerstaff discuss the NASA project with engineers at the Westinghouse Waltz Mill facility located in Madison, Pennsylvania.
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	Stephanie Abbott and Josh Sarosinski take their turn in explaining the various components and systems that make up Dorothy II as her older sister Dorothy I sits in the background.
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	Mr. Eric Haberman, Westinghouse employee and mentor for the Yough Cougar Rocketry Team provides a tour of the Waltz Mill Facility including the training bays where technicians around the world come to learn how to service nuclear reactors for power generation.
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	The Yough Cougar Rocketry Team gathers around Dorothy I, the NASA SLI 2007 launch vehicle, on display with Mr. Eric Haberman.  Completion of Dorothy I and II would not have been possible without the assistance of Mr. Haberman or the cooperation of Westinghouse Plasma Corp.


The team has also been refurbishing computers that were once used in the labs of the schools to provide a service to the community.  These used computers are being sold to students and parents who are unable to afford new computer systems.  Some benefits of these sales are that old computers are not being thrown into the trash and damaging the environment as well as spreading the Cougar Rocketry Team name for beneficially serving the Yough community.  All of the computers were donated to the team by the Yough School District, therefore allowing all proceeds to go directly to the cost of the Huntsville trip in April.

A Chinese Auction has been held in conjunction with the new outreach program.  Items donated will be drawn for from tickets sold for $1, 3 for $2, 7 for $4, 20 for $10.  Minor costs are associated with this event and has earned over $800 thus far.  

Outreach – Younger Student Involvement and Program being sustained 
The student outreach has been highly modified due to the funding issues and restrictions placed on the team by the Yough School District.  The team is unable to conduct an outreach in the middle school science classes as once anticipated.  A new program has been devised to consist of distribution of the Quest Starhawk rocket during the public sales events for the Chinese Auction.  Seventy-five (75)  Starhawk rocket kits were distributed to children and young teens at the Greensburg Sam’s Club, and West Newton Giant Eagle.  Patrons were given a pamphlet including the Cougar Rocketry Team’s website to learn details of a rocket fair to be held at the high school on March 29, 2008.  Those who received and built their Starhawk will be given the opportunity to fly their rocket on a Quest A6-3 or Estes A8-3 motor.  The winners of the Chinese Auction will also be determined that day.

	Example of the rocket kit being built by the students for outreach
	[image: image33.jpg]- —
e
N
e M
e

R T s
- s

B







VII).
Conclusion

The Yough Cougar Rocketry Team is very pleased to have been selected for the 2007 – 2008 Student Launch Initiative as a returning team.  Having completed the criteria during the 2006 – 2007 SLI, the group believes that they have achieved a higher level of understanding of the design process and implementation of a schedule plan.  The lessons learned last year after the disastrous fall of Dorothy has allowed the team to make modifications to the new design in order to possibly eliminate the failure of the recovery systems.  Even though Dorothy II is the same with regard to physical dimensions, the internal workings are totally new.  Dorothy II will even have a new look, sporting a new Wizard of Oz theme.  One of the benefits of the SLI program that the group is looking forward to is reacquainting with old friends from the previous year and meeting new ones this year.  Another goal the team wishes to achieve is to broaden the public eye as to the program and the accomplishments that are being completed within the Yough School District as the other sports overshadow the importance of the SLI program and sport rocketry.  From all of us, to all of you, thank you for another wonderful opportunity.
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		2.9025

		2.95625

		3.01

		3.06375

		3.1175

		3.17125

		3.225

		3.27875

		3.3325

		3.38625

		3.44

		3.49375

		3.5475

		3.60125

		3.655

		3.70875

		3.7625

		3.81625

		3.87

		3.92375

		3.9775



Time - seconds

Thrust - Newtons

Thrust Curve for Animal Motor Works L900RR - Dorothy II - Yough High School

0

637.633125

700.481473

703.833368

718.693393

735.518652

752.343911

769.169169

785.994428

802.819687

822.484672

842.273723

862.062773

881.851824

901.640875

917.694807

930.62018

943.545553

956.470925

969.396298

982.321671

997.898859

1015.615326

1033.331793

1070.212766

1059.845878

1057.355437

1068.699269

1080.0431

1091.386932

1102.302565

1109.461718

1116.620871

1123.780024

1130.939177

1138.098331

1144.758969

1150.429502

1156.100034

1161.770567

1167.4411

1173.111632

1170.52239

1167.223976

1163.925561

1159.525877

1145.932986

1132.340095

1118.747204

1102.325629

1073.138713

1043.951796

1014.76488

985.577964

958.778053

933.106249

907.434444

883.593837

867.078023

850.562208

837.364396

831.339325

822.51189

801.881895

698.323365

550.990349

405.9603

273.452825

170.216126

85.642664

28.000066

0

0

0

0



Dorothy2008Thrust

		Time		Thrust N

		0		0

		0.05375		637.633125

		0.1075		700.481473

		0.16125		703.833368

		0.215		718.693393

		0.26875		735.518652

		0.3225		752.343911

		0.37625		769.169169

		0.43		785.994428

		0.48375		802.819687

		0.5375		822.484672

		0.59125		842.273723

		0.645		862.062773

		0.69875		881.851824

		0.7525		901.640875

		0.80625		917.694807

		0.86		930.62018

		0.91375		943.545553

		0.9675		956.470925

		1.02125		969.396298

		1.075		982.321671

		1.12875		997.898859

		1.1825		1015.615326

		1.23625		1033.331793

		1.29		1070.212766

		1.34375		1059.845878

		1.3975		1057.355437

		1.45125		1068.699269

		1.505		1080.0431

		1.55875		1091.386932

		1.6125		1102.302565

		1.66625		1109.461718

		1.72		1116.620871

		1.77375		1123.780024

		1.8275		1130.939177

		1.88125		1138.098331

		1.935		1144.758969

		1.98875		1150.429502

		2.0425		1156.100034

		2.09625		1161.770567

		2.15		1167.4411

		2.20375		1173.111632

		2.2575		1170.52239

		2.31125		1167.223976

		2.365		1163.925561

		2.41875		1159.525877

		2.4725		1145.932986

		2.52625		1132.340095

		2.58		1118.747204

		2.63375		1102.325629

		2.6875		1073.138713

		2.74125		1043.951796

		2.795		1014.76488

		2.84875		985.577964

		2.9025		958.778053

		2.95625		933.106249

		3.01		907.434444

		3.06375		883.593837

		3.1175		867.078023

		3.17125		850.562208

		3.225		837.364396

		3.27875		831.339325

		3.3325		822.51189

		3.38625		801.881895

		3.44		698.323365

		3.49375		550.990349

		3.5475		405.9603

		3.60125		273.452825

		3.655		170.216126

		3.70875		85.642664

		3.7625		28.000066

		3.81625		0

		3.87		0

		3.92375		0

		3.9775		0

		4.03125		0

		4.085		0

		4.13875		0

		4.1925		0

		4.24625		0

		4.3		0

		4.35375		0

		4.4075		0

		4.46125		0

		4.515		0

		4.56875		0

		4.6225		0

		4.67625		0

		4.73		0

		4.78375		0

		4.8375		0

		4.89125		0

		4.945		0

		4.99875		0

		5.0525		0

		5.10625		0

		5.16		0

		5.21375		0

		5.2675		0

		5.32125		0

		5.375		0

		5.42875		0

		5.4825		0

		5.53625		0

		5.59		0

		5.64375		0

		5.6975		0

		5.75125		0

		5.805		0

		5.85875		0

		5.9125		0

		5.96625		0

		6.02		0

		6.07375		0

		6.1275		0

		6.18125		0

		6.235		0

		6.28875		0

		6.3425		0

		6.39625		0

		6.45		0

		6.50375		0

		6.5575		0

		6.61125		0

		6.665		0

		6.71875		0

		6.7725		0

		6.82625		0

		6.88		0

		6.93375		0

		6.9875		0

		7.04125		0

		7.095		0

		7.14875		0

		7.2025		0

		7.25625		0

		7.31		0

		7.36375		0

		7.4175		0

		7.47125		0

		7.525		0

		7.57875		0

		7.6325		0

		7.68625		0

		7.74		0

		7.79375		0

		7.8475		0

		7.90125		0

		7.955		0

		8.00875		0

		8.0625		0

		8.11625		0

		8.17		0

		8.22375		0

		8.2775		0

		8.33125		0

		8.385		0

		8.43875		0

		8.4925		0

		8.54625		0

		8.6		0

		8.65375		0

		8.7075		0

		8.76125		0

		8.815		0

		8.86875		0

		8.9225		0

		8.97625		0

		9.03		0

		9.08375		0

		9.1375		0

		9.19125		0

		9.245		0

		9.29875		0

		9.3525		0

		9.40625		0

		9.46		0

		9.51375		0

		9.5675		0

		9.62125		0

		9.675		0

		9.72875		0

		9.7825		0

		9.83625		0

		9.89		0

		9.94375		0

		9.9975		0

		10.05125		0

		10.105		0

		10.15875		0

		10.2125		0

		10.26625		0

		10.32		0

		10.37375		0

		10.4275		0

		10.48125		0

		10.535		0

		10.58875		0

		10.6425		0

		10.69625		0

		10.75		0

		10.80375		0

		10.8575		0

		10.91125		0

		10.965		0

		11.01875		0

		11.0725		0

		11.12625		0

		11.18		0

		11.23375		0

		11.2875		0

		11.34125		0

		11.395		0

		11.44875		0

		11.5025		0

		11.55625		0

		11.61		0

		11.66375		0

		11.7175		0

		11.77125		0

		11.825		0

		11.87875		0

		11.9325		0

		11.98625		0

		12.04		0

		12.09375		0

		12.1475		0

		12.20125		0

		12.255		0

		12.30875		0

		12.3625		0

		12.41625		0

		12.47		0

		12.52375		0

		12.5775		0

		12.63125		0

		12.685		0

		12.73875		0

		12.7925		0

		12.84625		0

		12.9		0

		12.95375		0

		13.0075		0

		13.06125		0

		13.115		0

		13.16875		0

		13.2225		0

		13.27625		0

		13.33		0

		13.38375		0

		13.4375		0

		13.49125		0

		13.545		0

		13.59875		0

		13.6525		0

		13.70625		0

		13.76		0

		13.81375		0

		13.8675		0

		13.92125		0

		13.975		0

		14.02875		0

		14.0825		0

		14.13625		0

		14.19		0

		14.24375		0

		14.2975		0

		14.35125		0

		14.405		0

		14.45875		0

		14.5125		0

		14.56625		0

		14.62		0

		14.67375		0

		14.7275		0

		14.78125		0

		14.835		0

		14.88875		0

		14.9425		0

		14.99625		0

		15.05		0

		15.10375		0

		15.1575		0

		15.21125		0

		15.265		0

		15.31875		0

		15.3725		0

		15.42625		0

		15.48		0

		15.53375		0

		15.5875		0

		15.64125		0

		15.695		0

		15.74875		0

		15.8025		0

		15.85625		0

		15.91		0

		15.96375		0

		16.0175		0

		16.07125		0

		16.125		0

		16.17875		0

		16.2325		0

		16.28625		0

		16.34		0

		16.39375		0

		16.4475		0

		16.50125		0

		16.555		0

		16.60875		0

		16.6625		0

		16.71625		0

		16.77		0

		16.82375		0

		16.8775		0

		16.93125		0

		16.985		0

		17.03875		0

		17.0925		0

		17.14625		0

		17.2		0

		17.25375		0

		17.3075		0

		17.36125		0

		17.415		0

		17.46875		0

		17.5225		0

		17.57625		0

		17.63		0

		17.68375		0

		17.7375		0

		17.79125		0

		17.845		0

		17.89875		0

		17.9525		0

		18.00625		0

		18.06		0

		18.11375		0

		18.1675		0

		18.22125		0

		18.275		0

		18.32875		0

		18.3825		0

		18.43625		0

		18.49		0

		18.54375		0

		18.5975		0

		18.65125		0

		18.705		0

		18.75875		0

		18.8125		0

		18.86625		0

		18.92		0

		18.97375		0

		19.0275		0

		19.08125		0

		19.135		0

		19.18875		0

		19.2425		0

		19.29625		0

		19.35		0

		19.40375		0

		19.4575		0

		19.51125		0

		19.565		0

		19.61875		0

		19.6725		0

		19.72625		0

		19.78		0

		19.83375		0

		19.8875		0

		19.94125		0

		19.995		0

		20.04875		0

		20.1025		0

		20.15625		0

		20.21		0

		20.26375		0

		20.3175		0

		20.37125		0

		20.425		0

		20.47875		0

		20.5325		0

		20.58625		0

		20.64		0

		20.69375		0

		20.7475		0

		20.80125		0

		20.855		0

		20.90875		0

		20.9625		0

		21.01625		0

		21.07		0

		21.12375		0

		21.1775		0

		21.23125		0

		21.285		0

		21.33875		0

		21.3925		0

		21.44625		0

		21.5		0

		21.55375		0

		21.6075		0

		21.66125		0

		21.715		0

		21.76875		0

		21.8225		0

		21.87625		0

		21.93		0

		21.98375		0

		22.0375		0

		22.09125		0

		22.145		0

		22.19875		0

		22.2525		0

		22.30625		0

		22.36		0

		22.41375		0

		22.4675		0

		22.52125		0

		22.575		0

		22.62875		0

		22.6825		0

		22.73625		0

		22.79		0

		22.84375		0

		22.8975		0

		22.95125		0

		23.005		0

		23.05875		0

		23.1125		0

		23.16625		0

		23.22		0

		23.27375		0

		23.3275		0

		23.38125		0

		23.435		0

		23.48875		0

		23.5425		0

		23.59625		0

		23.65		0

		23.70375		0

		23.7575		0

		23.81125		0

		23.865		0

		23.91875		0

		23.9725		0

		24.02625		0

		24.08		0

		24.13375		0

		24.1875		0

		24.24125		0

		24.295		0

		24.34875		0

		24.4025		0

		24.45625		0

		24.51		0

		24.56375		0

		24.6175		0

		24.67125		0

		24.725		0

		24.77875		0

		24.8325		0

		24.88625		0

		24.94		0

		24.99375		0

		25.0475		0

		25.10125		0

		25.155		0

		25.20875		0

		25.2625		0

		25.31625		0

		25.37		0

		25.42375		0

		25.4775		0

		25.53125		0

		25.585		0

		25.63875		0

		25.6925		0

		25.74625		0

		25.8		0

		25.85375		0

		25.9075		0

		25.96125		0

		26.015		0

		26.06875		0

		26.1225		0

		26.17625		0

		26.23		0

		26.28375		0

		26.3375		0

		26.39125		0

		26.445		0

		26.49875		0

		26.5525		0

		26.60625		0

		26.66		0

		26.71375		0

		26.7675		0

		26.82125		0

		26.875		0

		26.92875		0

		26.9825		0

		27.03625		0

		27.09		0

		27.14375		0

		27.1975		0

		27.25125		0

		27.305		0

		27.35875		0

		27.4125		0

		27.46625		0

		27.52		0

		27.57375		0

		27.6275		0

		27.68125		0

		27.735		0

		27.78875		0

		27.8425		0

		27.89625		0

		27.95		0

		28.00375		0

		28.0575		0

		28.11125		0

		28.165		0

		28.21875		0

		28.2725		0

		28.32625		0

		28.38		0

		28.43375		0

		28.4875		0

		28.54125		0

		28.595		0

		28.64875		0

		28.7025		0

		28.75625		0

		28.81		0

		28.86375		0

		28.9175		0

		28.97125		0

		29.025		0

		29.07875		0

		29.1325		0

		29.18625		0

		29.24		0

		29.29375		0

		29.3475		0

		29.40125		0

		29.455		0

		29.50875		0

		29.5625		0

		29.61625		0

		29.67		0

		29.72375		0

		29.7775		0

		29.83125		0

		29.885		0

		29.93875		0

		29.9925		0

		30.04625		0

		30.1		0

		30.15375		0

		30.2075		0

		30.26125		0

		30.315		0

		30.36875		0

		30.4225		0

		30.47625		0

		30.53		0

		30.58375		0

		30.6375		0

		30.69125		0

		30.745		0

		30.79875		0

		30.8525		0

		30.90625		0

		30.96		0

		31.01375		0

		31.0675		0

		31.12125		0

		31.175		0

		31.22875		0

		31.2825		0

		31.33625		0

		31.39		0

		31.44375		0

		31.4975		0

		31.55125		0

		31.605		0

		31.65875		0

		31.7125		0

		31.76625		0

		31.82		0

		31.87375		0

		31.9275		0

		31.98125		0

		32.035		0

		32.08875		0

		32.1425		0

		32.19625		0

		32.25		0

		32.30375		0

		32.3575		0

		32.41125		0

		32.465		0

		32.51875		0

		32.5725		0

		32.62625		0

		32.68		0

		32.73375		0

		32.7875		0

		32.84125		0

		32.895		0

		32.94875		0

		33.0025		0

		33.05625		0

		33.11		0

		33.16375		0

		33.2175		0

		33.27125		0

		33.325		0

		33.37875		0

		33.4325		0

		33.48625		0

		33.54		0

		33.59375		0

		33.6475		0

		33.70125		0

		33.755		0

		33.80875		0

		33.8625		0

		33.91625		0

		33.97		0

		34.02375		0

		34.0775		0

		34.13125		0

		34.185		0

		34.23875		0

		34.2925		0

		34.34625		0

		34.4		0

		34.45375		0

		34.5075		0

		34.56125		0

		34.615		0

		34.66875		0

		34.7225		0

		34.77625		0

		34.83		0

		34.88375		0

		34.9375		0

		34.99125		0

		35.045		0

		35.09875		0

		35.1525		0

		35.20625		0

		35.26		0

		35.31375		0

		35.3675		0

		35.42125		0

		35.475		0

		35.52875		0

		35.5825		0

		35.63625		0

		35.69		0

		35.74375		0

		35.7975		0

		35.85125		0

		35.905		0

		35.95875		0

		36.0125		0

		36.06625		0

		36.12		0

		36.17375		0

		36.2275		0

		36.28125		0

		36.335		0

		36.38875		0

		36.4425		0

		36.49625		0

		36.55		0

		36.60375		0

		36.6575		0

		36.71125		0

		36.765		0

		36.81875		0

		36.8725		0

		36.92625		0

		36.98		0

		37.03375		0

		37.0875		0

		37.14125		0

		37.195		0

		37.24875		0

		37.3025		0

		37.35625		0

		37.41		0

		37.46375		0

		37.5175		0

		37.57125		0

		37.625		0

		37.67875		0

		37.7325		0

		37.78625		0

		37.84		0

		37.89375		0

		37.9475		0

		38.00125		0

		38.055		0

		38.10875		0

		38.1625		0

		38.21625		0

		38.27		0

		38.32375		0

		38.3775		0

		38.43125		0

		38.485		0

		38.53875		0

		38.5925		0

		38.64625		0

		38.7		0

		38.75375		0

		38.8075		0

		38.86125		0

		38.915		0

		38.96875		0

		39.0225		0

		39.07625		0

		39.13		0

		39.18375		0

		39.2375		0

		39.29125		0

		39.345		0

		39.39875		0

		39.4525		0

		39.50625		0

		39.56		0

		39.61375		0

		39.6675		0

		39.72125		0

		39.775		0

		39.82875		0

		39.8825		0

		39.93625		0

		39.99		0

		40.04375		0

		40.0975		0

		40.15125		0

		40.205		0

		40.25875		0

		40.3125		0

		40.36625		0

		40.42		0

		40.47375		0

		40.5275		0

		40.58125		0

		40.635		0

		40.68875		0

		40.7425		0

		40.79625		0

		40.85		0

		40.90375		0

		40.9575		0

		41.01125		0

		41.065		0

		41.11875		0

		41.1725		0

		41.22625		0

		41.28		0

		41.33375		0

		41.3875		0

		41.44125		0

		41.495		0

		41.54875		0

		41.6025		0

		41.65625		0

		41.71		0

		41.76375		0

		41.8175		0

		41.87125		0

		41.925		0

		41.97875		0

		42.0325		0

		42.08625		0

		42.14		0

		42.19375		0

		42.2475		0

		42.30125		0

		42.355		0

		42.40875		0
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		42.62375		0
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		42.83875		0
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		43.05375		0

		43.1075		0

		43.16125		0

		43.215		0

		43.26875		0

		43.3225		0

		43.37625		0

		43.43		0

		43.48375		0

		43.5375		0

		43.59125		0

		43.645		0

		43.69875		0

		43.7525		0

		43.80625		0

		43.86		0

		43.91375		0

		43.9675		0

		44.02125		0

		44.075		0

		44.12875		0

		44.1825		0

		44.23625		0

		44.29		0

		44.34375		0

		44.3975		0

		44.45125		0

		44.505		0

		44.55875		0

		44.6125		0

		44.66625		0

		44.72		0

		44.77375		0

		44.8275		0

		44.88125		0

		44.935		0

		44.98875		0

		45.0425		0

		45.09625		0

		45.15		0

		45.20375		0

		45.2575		0

		45.31125		0

		45.365		0

		45.41875		0

		45.4725		0

		45.52625		0

		45.58		0

		45.63375		0

		45.6875		0

		45.74125		0

		45.795		0

		45.84875		0

		45.9025		0

		45.95625		0

		46.01		0

		46.06375		0

		46.1175		0

		46.17125		0

		46.225		0

		46.27875		0

		46.3325		0

		46.38625		0

		46.44		0

		46.49375		0

		46.5475		0

		46.60125		0

		46.655		0

		46.70875		0

		46.7625		0

		46.81625		0

		46.87		0

		46.92375		0

		46.9775		0

		47.03125		0

		47.085		0

		47.13875		0

		47.1925		0

		47.24625		0

		47.3		0

		47.35375		0

		47.4075		0

		47.46125		0

		47.515		0

		47.56875		0

		47.6225		0

		47.67625		0

		47.73		0

		47.78375		0

		47.8375		0

		47.89125		0

		47.945		0

		47.99875		0

		48.0525		0

		48.10625		0

		48.16		0

		48.21375		0

		48.2675		0

		48.32125		0

		48.375		0

		48.42875		0

		48.4825		0

		48.53625		0

		48.59		0

		48.64375		0

		48.6975		0

		48.75125		0

		48.805		0

		48.85875		0

		48.9125		0

		48.96625		0

		49.02		0

		49.07375		0

		49.1275		0

		49.18125		0

		49.235		0

		49.28875		0

		49.3425		0

		49.39625		0

		49.45		0

		49.50375		0

		49.5575		0

		49.61125		0

		49.665		0

		49.71875		0

		49.7725		0

		49.82625		0

		49.88		0

		49.93375		0

		49.9875		0

		50.04125		0

		50.095		0

		50.14875		0

		50.2025		0

		50.25625		0

		50.31		0

		50.36375		0

		50.4175		0

		50.47125		0

		50.525		0

		50.57875		0

		50.6325		0

		50.68625		0

		50.74		0

		50.79375		0

		50.8475		0

		50.90125		0

		50.955		0

		51.00875		0

		51.0625		0

		51.11625		0

		51.17		0

		51.22375		0

		51.2775		0

		51.33125		0

		51.385		0

		51.43875		0

		51.4925		0

		51.54625		0

		51.6		0

		51.65375		0

		51.7075		0

		51.76125		0

		51.815		0

		51.86875		0

		51.9225		0

		51.97625		0

		52.03		0

		52.08375		0

		52.1375		0

		52.19125		0

		52.245		0

		52.29875		0

		52.3525		0

		52.40625		0

		52.46		0

		52.51375		0

		52.5675		0

		52.62125		0

		52.675		0

		52.72875		0

		52.7825		0

		52.83625		0

		52.89		0

		52.94375		0

		52.9975		0

		53.05125		0

		53.105		0

		53.15875		0

		53.2125		0

		53.26625		0

		53.32		0

		53.37375		0

		53.4275		0

		53.48125		0

		53.535		0

		53.58875		0

		53.6425		0

		53.69625		0

		53.75		0

		53.80375		0

		53.8575		0

		53.91125		0

		53.965		0

		54.01875		0

		54.0725		0

		54.12625		0

		54.18		0

		54.23375		0

		54.2875		0

		54.34125		0

		54.395		0

		54.44875		0

		54.5025		0

		54.55625		0

		54.61		0

		54.66375		0

		54.7175		0

		54.77125		0

		54.825		0

		54.87875		0

		54.9325		0

		54.98625		0

		55.04		0

		55.09375		0

		55.1475		0

		55.20125		0

		55.255		0

		55.30875		0

		55.3625		0

		55.41625		0

		55.47		0

		55.52375		0

		55.5775		0

		55.63125		0

		55.685		0

		55.73875		0

		55.7925		0

		55.84625		0

		55.9		0

		55.95375		0

		56.0075		0

		56.06125		0

		56.115		0

		56.16875		0

		56.2225		0

		56.27625		0

		56.33		0

		56.38375		0

		56.4375		0

		56.49125		0

		56.545		0

		56.59875		0

		56.6525		0

		56.70625		0

		56.76		0

		56.81375		0

		56.8675		0

		56.92125		0

		56.975		0

		57.02875		0

		57.0825		0

		57.13625		0

		57.19		0

		57.24375		0

		57.2975		0

		57.35125		0

		57.405		0

		57.45875		0

		57.5125		0

		57.56625		0

		57.62		0

		57.67375		0

		57.7275		0

		57.78125		0

		57.835		0

		57.88875		0

		57.9425		0

		57.99625		0

		58.05		0

		58.10375		0

		58.1575		0

		58.21125		0

		58.265		0

		58.31875		0

		58.3725		0

		58.42625		0

		58.48		0

		58.53375		0

		58.5875		0

		58.64125		0

		58.695		0

		58.74875		0

		58.8025		0

		58.85625		0

		58.91		0

		58.96375		0

		59.0175		0

		59.07125		0

		59.125		0

		59.17875		0

		59.2325		0

		59.28625		0

		59.34		0

		59.39375		0

		59.4475		0

		59.50125		0

		59.555		0

		59.60875		0

		59.6625		0

		59.71625		0

		59.77		0

		59.82375		0

		59.8775		0

		59.93125		0

		59.985		0

		60.03875		0

		60.0925		0

		60.14625		0

		60.2		0

		60.25375		0

		60.3075		0

		60.36125		0

		60.415		0

		60.46875		0

		60.5225		0

		60.57625		0

		60.63		0

		60.68375		0

		60.7375		0

		60.79125		0

		60.845		0

		60.89875		0

		60.9525		0

		61.00625		0

		61.06		0

		61.11375		0

		61.1675		0

		61.22125		0

		61.275		0

		61.32875		0

		61.3825		0

		61.43625		0

		61.49		0

		61.54375		0

		61.5975		0

		61.65125		0

		61.705		0

		61.75875		0

		61.8125		0

		61.86625		0

		61.92		0

		61.97375		0

		62.0275		0

		62.08125		0

		62.135		0

		62.18875		0

		62.2425		0

		62.29625		0

		62.35		0

		62.40375		0

		62.4575		0

		62.51125		0

		62.565		0

		62.61875		0

		62.6725		0

		62.72625		0

		62.78		0

		62.83375		0

		62.8875		0

		62.94125		0

		62.995		0

		63.04875		0

		63.1025		0

		63.15625		0

		63.21		0

		63.26375		0

		63.3175		0

		63.37125		0

		63.425		0

		63.47875		0

		63.5325		0

		63.58625		0

		63.64		0

		63.69375		0

		63.7475		0

		63.80125		0

		63.855		0

		63.90875		0

		63.9625		0

		64.01625		0

		64.07		0

		64.12375		0

		64.1775		0

		64.23125		0

		64.285		0

		64.33875		0

		64.3925		0

		64.44625		0

		64.5		0

		64.55375		0

		64.6075		0

		64.66125		0

		64.715		0

		64.76875		0

		64.8225		0

		64.87625		0

		64.93		0

		64.98375		0

		65.0375		0

		65.09125		0

		65.145		0

		65.19875		0

		65.2525		0

		65.30625		0

		65.36		0

		65.41375		0

		65.4675		0

		65.52125		0

		65.575		0

		65.62875		0

		65.6825		0

		65.73625		0

		65.79		0

		65.84375		0

		65.8975		0

		65.95125		0

		66.005		0

		66.05875		0

		66.1125		0

		66.16625		0

		66.22		0

		66.27375		0

		66.3275		0

		66.38125		0

		66.435		0

		66.48875		0

		66.5425		0

		66.59625		0

		66.65		0

		66.70375		0

		66.7575		0

		66.81125		0

		66.865		0

		66.91875		0

		66.9725		0

		67.02625		0

		67.08		0

		67.13375		0

		67.1875		0

		67.24125		0

		67.295		0

		67.34875		0

		67.4025		0

		67.45625		0

		67.51		0

		67.56375		0

		67.6175		0

		67.67125		0

		67.725		0

		67.77875		0

		67.8325		0

		67.88625		0

		67.94		0

		67.99375		0

		68.0475		0

		68.10125		0

		68.155		0

		68.20875		0

		68.2625		0

		68.31625		0

		68.37		0

		68.42375		0

		68.4775		0

		68.53125		0

		68.585		0

		68.63875		0

		68.6925		0

		68.74625		0

		68.8		0

		68.85375		0

		68.9075		0

		68.96125		0

		69.015		0

		69.06875		0

		69.1225		0

		69.17625		0

		69.23		0

		69.28375		0

		69.3375		0

		69.39125		0

		69.445		0

		69.49875		0

		69.5525		0
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		69.66		0
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		69.82125		0

		69.875		0

		69.92875		0

		69.9825		0
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		70.09		0

		70.14375		0

		70.1975		0

		70.25125		0
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		70.6275		0

		70.68125		0
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		71.00375		0
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		71.165		0

		71.21875		0

		71.2725		0

		71.32625		0

		71.38		0

		71.43375		0
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		71.9175		0

		71.97125		0
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		72.72375		0

		72.7775		0

		72.83125		0
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		74.87375		0

		74.9275		0
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		75.08875		0

		75.1425		0
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		75.51875		0

		75.5725		0
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		75.94875		0
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		76.2175		0

		76.27125		0

		76.325		0
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		76.48625		0

		76.54		0

		76.59375		0

		76.6475		0

		76.70125		0

		76.755		0
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		76.8625		0

		76.91625		0
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		77.02375		0
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		77.77625		0
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		77.9375		0
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		78.3675		0

		78.42125		0
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		83.7425		0

		83.79625		0

		83.85		0

		83.90375		0

		83.9575		0

		84.01125		0

		84.065		0

		84.11875		0

		84.1725		0

		84.22625		0

		84.28		0

		84.33375		0

		84.3875		0

		84.44125		0

		84.495		0

		84.54875		0

		84.6025		0

		84.65625		0

		84.71		0

		84.76375		0

		84.8175		0

		84.87125		0

		84.925		0

		84.97875		0
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		49.71875

		49.7725

		49.82625

		49.88

		49.93375

		49.9875

		50.04125

		50.095

		50.14875

		50.2025

		50.25625

		50.31

		50.36375

		50.4175

		50.47125

		50.525

		50.57875

		50.6325

		50.68625

		50.74

		50.79375

		50.8475

		50.90125

		50.955

		51.00875

		51.0625

		51.11625

		51.17

		51.22375

		51.2775

		51.33125

		51.385

		51.43875

		51.4925

		51.54625

		51.6

		51.65375

		51.7075

		51.76125

		51.815

		51.86875

		51.9225

		51.97625

		52.03

		52.08375

		52.1375

		52.19125

		52.245

		52.29875

		52.3525

		52.40625

		52.46

		52.51375

		52.5675

		52.62125

		52.675

		52.72875

		52.7825

		52.83625

		52.89

		52.94375

		52.9975

		53.05125

		53.105

		53.15875

		53.2125

		53.26625

		53.32

		53.37375

		53.4275

		53.48125

		53.535

		53.58875

		53.6425

		53.69625

		53.75

		53.80375

		53.8575

		53.91125

		53.965

		54.01875

		54.0725

		54.12625

		54.18

		54.23375

		54.2875

		54.34125

		54.395

		54.44875

		54.5025

		54.55625

		54.61

		54.66375

		54.7175

		54.77125

		54.825

		54.87875

		54.9325

		54.98625

		55.04

		55.09375

		55.1475

		55.20125

		55.255

		55.30875

		55.3625

		55.41625

		55.47

		55.52375

		55.5775

		55.63125

		55.685

		55.73875

		55.7925

		55.84625

		55.9

		55.95375

		56.0075

		56.06125

		56.115

		56.16875

		56.2225

		56.27625

		56.33

		56.38375

		56.4375

		56.49125

		56.545

		56.59875

		56.6525

		56.70625

		56.76

		56.81375

		56.8675

		56.92125

		56.975

		57.02875

		57.0825

		57.13625

		57.19

		57.24375

		57.2975

		57.35125

		57.405

		57.45875

		57.5125

		57.56625

		57.62

		57.67375

		57.7275

		57.78125

		57.835

		57.88875

		57.9425

		57.99625

		58.05

		58.10375

		58.1575

		58.21125

		58.265

		58.31875

		58.3725

		58.42625

		58.48

		58.53375

		58.5875

		58.64125

		58.695

		58.74875

		58.8025

		58.85625

		58.91

		58.96375

		59.0175

		59.07125

		59.125

		59.17875

		59.2325

		59.28625

		59.34

		59.39375

		59.4475

		59.50125

		59.555

		59.60875

		59.6625

		59.71625

		59.77

		59.82375

		59.8775

		59.93125

		59.985

		60.03875

		60.0925

		60.14625

		60.2

		60.25375

		60.3075

		60.36125

		60.415

		60.46875

		60.5225

		60.57625

		60.63

		60.68375

		60.7375

		60.79125

		60.845

		60.89875

		60.9525

		61.00625

		61.06

		61.11375

		61.1675

		61.22125

		61.275

		61.32875

		61.3825

		61.43625

		61.49

		61.54375

		61.5975

		61.65125

		61.705

		61.75875

		61.8125

		61.86625

		61.92

		61.97375

		62.0275

		62.08125

		62.135

		62.18875

		62.2425

		62.29625

		62.35

		62.40375

		62.4575

		62.51125

		62.565

		62.61875

		62.6725

		62.72625

		62.78

		62.83375

		62.8875

		62.94125

		62.995

		63.04875

		63.1025

		63.15625

		63.21

		63.26375

		63.3175

		63.37125

		63.425

		63.47875

		63.5325

		63.58625

		63.64

		63.69375

		63.7475

		63.80125

		63.855

		63.90875

		63.9625

		64.01625

		64.07

		64.12375

		64.1775

		64.23125

		64.285

		64.33875

		64.3925

		64.44625

		64.5

		64.55375

		64.6075

		64.66125

		64.715

		64.76875

		64.8225

		64.87625

		64.93

		64.98375

		65.0375

		65.09125

		65.145

		65.19875

		65.2525

		65.30625

		65.36

		65.41375

		65.4675

		65.52125

		65.575

		65.62875

		65.6825

		65.73625

		65.79

		65.84375

		65.8975

		65.95125

		66.005

		66.05875

		66.1125

		66.16625

		66.22

		66.27375

		66.3275

		66.38125

		66.435

		66.48875

		66.5425

		66.59625

		66.65

		66.70375

		66.7575

		66.81125

		66.865

		66.91875

		66.9725

		67.02625

		67.08

		67.13375

		67.1875

		67.24125

		67.295

		67.34875

		67.4025

		67.45625

		67.51

		67.56375

		67.6175

		67.67125

		67.725

		67.77875

		67.8325

		67.88625

		67.94

		67.99375

		68.0475

		68.10125

		68.155

		68.20875

		68.2625

		68.31625

		68.37

		68.42375

		68.4775

		68.53125

		68.585

		68.63875

		68.6925

		68.74625

		68.8

		68.85375

		68.9075

		68.96125

		69.015

		69.06875

		69.1225

		69.17625

		69.23

		69.28375

		69.3375

		69.39125

		69.445

		69.49875

		69.5525

		69.60625

		69.66

		69.71375

		69.7675

		69.82125

		69.875

		69.92875

		69.9825

		70.03625

		70.09

		70.14375

		70.1975

		70.25125

		70.305

		70.35875

		70.4125

		70.46625

		70.52

		70.57375

		70.6275

		70.68125

		70.735

		70.78875

		70.8425

		70.89625

		70.95

		71.00375

		71.0575

		71.11125

		71.165

		71.21875

		71.2725

		71.32625

		71.38

		71.43375

		71.4875

		71.54125

		71.595

		71.64875

		71.7025

		71.75625

		71.81

		71.86375

		71.9175

		71.97125

		72.025

		72.07875

		72.1325

		72.18625

		72.24

		72.29375

		72.3475

		72.40125

		72.455

		72.50875

		72.5625

		72.61625

		72.67

		72.72375

		72.7775

		72.83125

		72.885

		72.93875

		72.9925

		73.04625

		73.1

		73.15375

		73.2075

		73.26125

		73.315

		73.36875

		73.4225

		73.47625

		73.53

		73.58375

		73.6375

		73.69125

		73.745

		73.79875

		73.8525

		73.90625

		73.96

		74.01375

		74.0675

		74.12125

		74.175

		74.22875

		74.2825

		74.33625

		74.39

		74.44375

		74.4975

		74.55125

		74.605

		74.65875

		74.7125

		74.76625

		74.82

		74.87375

		74.9275

		74.98125

		75.035

		75.08875

		75.1425

		75.19625

		75.25

		75.30375

		75.3575

		75.41125

		75.465

		75.51875

		75.5725

		75.62625

		75.68

		75.73375

		75.7875

		75.84125

		75.895

		75.94875

		76.0025

		76.05625

		76.11

		76.16375

		76.2175

		76.27125

		76.325

		76.37875

		76.4325

		76.48625

		76.54

		76.59375

		76.6475

		76.70125

		76.755

		76.80875

		76.8625

		76.91625

		76.97

		77.02375

		77.0775

		77.13125

		77.185

		77.23875

		77.2925

		77.34625

		77.4

		77.45375

		77.5075

		77.56125

		77.615

		77.66875

		77.7225

		77.77625

		77.83

		77.88375

		77.9375

		77.99125

		78.045

		78.09875

		78.1525

		78.20625

		78.26

		78.31375

		78.3675

		78.42125

		78.475

		78.52875

		78.5825

		78.63625

		78.69

		78.74375

		78.7975

		78.85125

		78.905

		78.95875

		79.0125

		79.06625

		79.12

		79.17375

		79.2275

		79.28125

		79.335

		79.38875

		79.4425

		79.49625

		79.55

		79.60375

		79.6575

		79.71125

		79.765

		79.81875

		79.8725

		79.92625

		79.98

		80.03375

		80.0875

		80.14125

		80.195

		80.24875

		80.3025

		80.35625

		80.41

		80.46375

		80.5175

		80.57125

		80.625

		80.67875

		80.7325

		80.78625

		80.84

		80.89375

		80.9475

		81.00125

		81.055

		81.10875

		81.1625

		81.21625

		81.27

		81.32375

		81.3775

		81.43125

		81.485

		81.53875

		81.5925

		81.64625

		81.7

		81.75375

		81.8075

		81.86125

		81.915

		81.96875

		82.0225

		82.07625

		82.13

		82.18375

		82.2375

		82.29125

		82.345

		82.39875

		82.4525

		82.50625

		82.56

		82.61375

		82.6675

		82.72125

		82.775

		82.82875

		82.8825

		82.93625

		82.99

		83.04375

		83.0975

		83.15125

		83.205

		83.25875

		83.3125

		83.36625

		83.42

		83.47375

		83.5275

		83.58125

		83.635

		83.68875

		83.7425

		83.79625

		83.85

		83.90375

		83.9575

		84.01125

		84.065

		84.11875

		84.1725

		84.22625

		84.28

		84.33375

		84.3875

		84.44125

		84.495

		84.54875

		84.6025

		84.65625

		84.71

		84.76375

		84.8175

		84.87125

		84.925

		84.97875

		85.0325

		85.08625

		85.14

		85.19375

		85.2475

		85.30125

		85.355

		85.40875

		85.4625

		85.51625

		85.57

		85.62375

		85.6775

		85.73125

		85.785

		85.83875

		85.8925

		85.94625

		86

		86.05375

		86.1075

		86.16125

		86.215

		86.26875

		86.3225

		86.37625

		86.43

		86.48375

		86.5375

		86.59125

		86.645

		86.69875

		86.7525

		86.80625

		86.86

		86.91375

		86.9675

		87.02125

		87.075

		87.12875

		87.1825

		87.23625

		87.29

		87.34375

		87.3975

		87.45125

		87.505

		87.55875

		87.6125

		87.66625

		87.72

		87.77375

		87.8275

		87.88125

		87.935

		87.98875

		88.0425

		88.09625

		88.15

		88.20375

		88.2575

		88.31125

		88.365

		88.41875

		88.4725

		88.52625

		88.58

		88.63375

		88.6875

		88.74125

		88.795

		88.84875

		88.9025

		88.95625

		89.01

		89.06375

		89.1175

		89.17125

		89.225

		89.27875

		89.3325

		89.38625

		89.44

		89.49375

		89.5475

		89.60125

		89.655

		89.70875

		89.7625

		89.81625

		89.87

		89.92375

		89.9775

		90.03125

		90.085

		90.13875

		90.1925

		90.24625

		90.3

		90.35375

		90.4075

		90.46125

		90.515

		90.56875

		90.6225

		90.67625

		90.73

		90.78375

		90.8375

		90.89125

		90.945

		90.99875

		91.0525

		91.10625

		91.16

		91.21375

		91.2675

		91.32125

		91.375

		91.42875

		91.4825

		91.53625

		91.59

		91.64375

		91.6975

		91.75125

		91.805

		91.85875

		91.9125

		91.96625

		92.02

		92.07375

		92.1275

		92.18125

		92.235

		92.28875

		92.3425

		92.39625

		92.45

		92.50375

		92.5575

		92.61125

		92.665

		92.71875

		92.7725

		92.82625

		92.88

		92.93375

		92.9875

		93.04125

		93.095

		93.14875

		93.2025

		93.25625

		93.31

		93.36375

		93.4175

		93.47125

		93.525

		93.57875

		93.6325

		93.68625

		93.74

		93.79375

		93.8475

		93.90125

		93.955

		94.00875

		94.0625

		94.11625

		94.17

		94.22375

		94.2775

		94.33125

		94.385

		94.43875

		94.4925

		94.54625

		94.6

		94.65375

		94.7075

		94.76125

		94.815

		94.86875

		94.9225

		94.97625

		95.03

		95.08375

		95.1375

		95.19125

		95.245

		95.29875

		95.3525

		95.40625

		95.46

		95.51375

		95.5675

		95.62125

		95.675

		95.72875

		95.7825

		95.83625

		95.89

		95.94375

		95.9975

		96.05125

		96.105

		96.15875

		96.2125

		96.26625

		96.32

		96.37375

		96.4275

		96.48125

		96.535

		96.58875

		96.6425

		96.69625

		96.75

		96.80375

		96.8575

		96.91125

		96.965

		97.01875

		97.0725

		97.12625

		97.18

		97.23375

		97.2875

		97.34125

		97.395

		97.44875

		97.5025

		97.55625

		97.61

		97.66375

		97.7175

		97.77125

		97.825

		97.87875

		97.9325

		97.98625

		98.04

		98.09375

		98.1475

		98.20125

		98.255

		98.30875

		98.3625

		98.41625

		98.47

		98.52375

		98.5775

		98.63125

		98.685

		98.73875

		98.7925

		98.84625

		98.9

		98.95375

		99.0075

		99.06125

		99.115

		99.16875

		99.2225

		99.27625

		99.33

		99.38375

		99.4375

		99.49125

		99.545

		99.59875

		99.6525

		99.70625

		99.76

		99.81375

		99.8675

		99.92125

		99.975

		100.02875

		100.0825

		100.13625

		100.19

		100.24375

		100.2975

		100.35125

		100.405

		100.45875

		100.5125

		100.56625

		100.62

		100.67375

		100.7275

		100.78125

		100.835

		100.88875

		100.9425

		100.99625

		101.05

		101.10375

		101.1575

		101.21125

		101.265

		101.31875

		101.3725

		101.42625

		101.48

		101.53375

		101.5875

		101.64125

		101.695

		101.74875

		101.8025

		101.85625

		101.91

		101.96375

		102.0175

		102.07125

		102.125

		102.17875

		102.2325

		102.28625

		102.34

		102.39375

		102.4475

		102.50125

		102.555

		102.60875

		102.6625

		102.71625

		102.77

		102.82375

		102.8775

		102.93125

		102.985

		103.03875

		103.0925

		103.14625

		103.2

		103.25375

		103.3075

		103.36125

		103.415

		103.46875

		103.5225

		103.57625

		103.63

		103.68375

		103.7375

		103.79125

		103.845

		103.89875

		103.9525

		104.00625

		104.06

		104.11375

		104.1675

		104.22125

		104.275

		104.32875

		104.3825

		104.43625

		104.49

		104.54375

		104.5975

		104.65125

		104.705

		104.75875

		104.8125

		104.86625

		104.92

		104.97375

		105.0275

		105.08125

		105.135

		105.18875

		105.2425

		105.29625

		105.35

		105.40375

		105.4575

		105.51125

		105.565

		105.61875

		105.6725

		105.72625

		105.78

		105.83375

		105.8875

		105.94125

		105.995

		106.04875

		106.1025

		106.15625

		106.21

		106.26375

		106.3175

		106.37125

		106.425

		106.47875



Time - seconds

Altitude - feet

Altitude Prediction for Animal Motor Works L900RR - Dorothy II - Yough High School

0

0.051

0.386

1.072

2.113

3.52

5.304

7.475

10.046

13.028

16.431

20.27

24.558

29.307

34.531

40.244

46.456

53.177

60.415

68.179

76.478

85.322

94.72

104.685

115.23

126.373

138.113

150.449

163.389

176.94

191.109

205.905

221.331

237.394

254.098

271.447

289.446

308.099

327.411

347.384

368.023

389.33

411.308

433.955

457.269

481.246

505.883

531.168

557.092

583.645

610.813

638.575

666.909

695.795

725.211

755.136

785.551

816.436

847.775

879.554

911.76

944.382

977.415

1010.851

1044.666

1078.786

1113.11

1147.533

1181.96

1216.318

1250.548

1284.609

1318.483

1352.17

1385.671

1418.988

1452.12

1485.071

1517.839

1550.428

1582.836

1615.067

1647.12

1678.997

1710.699

1742.226

1773.58

1804.761

1835.771

1866.611

1897.28

1927.782

1958.115

1988.281

2018.282

2048.117

2077.788

2107.296

2136.641

2165.824

2194.846

2223.708

2252.411

2280.955

2309.341

2337.571

2365.644

2393.562

2421.325

2448.934

2476.389

2503.692

2530.844

2557.844

2584.693

2611.393

2637.944

2664.346

2690.601

2716.709

2742.67

2768.485

2794.155

2819.681

2845.063

2870.301

2895.397

2920.351

2945.163

2969.834

2994.365

3018.757

3043.009

3067.122

3091.098

3114.936

3138.637

3162.201

3185.63

3208.923

3232.082

3255.106

3277.996

3300.753

3323.377

3345.869

3368.229

3390.458

3412.556

3434.523

3456.361

3478.069

3499.648

3521.099

3542.421

3563.616

3584.684

3605.625

3626.439

3647.128

3667.691

3688.129

3708.442

3728.631

3748.696

3768.638

3788.457

3808.153

3827.727

3847.179

3866.509

3885.719

3904.807

3923.775

3942.623

3961.352

3979.961

3998.451

4016.823

4035.076

4053.211

4071.229

4089.13

4106.914

4124.581

4142.132

4159.566

4176.886

4194.09

4211.179

4228.153

4245.013

4261.759

4278.391

4294.91

4311.315

4327.608

4343.788

4359.856

4375.811

4391.655

4407.388

4423.009

4438.519

4453.919

4469.208

4484.387

4499.457

4514.416

4529.266

4544.007

4558.64

4573.163

4587.579

4601.886

4616.085

4630.177

4644.161

4658.038

4671.808

4685.471

4699.027

4712.478

4725.822

4739.061

4752.193

4765.221

4778.143

4790.96

4803.672

4816.28

4828.783

4841.182

4853.478

4865.669

4877.756

4889.741

4901.622

4913.399

4925.074

4936.647

4948.116

4959.484

4970.749

4981.912

4992.974

5003.934

5014.792

5025.549

5036.205

5046.76

5057.214

5067.567

5077.82

5087.973

5098.025

5107.977

5117.83

5127.582

5137.235

5146.789

5156.243

5165.598

5174.854

5184.011

5193.069

5202.029

5210.89

5219.653

5228.317

5236.884

5245.352

5253.723

5261.995

5270.17

5278.248

5286.228

5294.111

5301.897

5309.586

5317.177

5324.672

5332.071

5339.372

5346.577

5353.686

5360.698

5367.614

5374.434

5381.158

5387.786

5394.318

5400.755

5407.096

5413.341

5419.491

5425.545

5431.504

5437.368

5443.137

5448.81

5454.389

5459.873

5465.262

5470.556

5475.756

5480.861

5485.871

5490.787

5495.609

5500.336

5504.969

5509.508

5513.953

5518.303

5522.56

5526.722

5530.791

5534.766

5538.647

5542.435

5546.128

5549.729

5553.235

5556.648

5559.968

5563.194

5566.326

5569.366

5572.312

5575.164

5577.924

5580.59

5583.163

5585.643

5588.03

5590.324

5592.525

5594.633

5596.648

5598.569

5600.398

5602.135

5603.778

5605.328

5606.786

5608.151

5609.422

5610.602

5611.688

5612.682

5613.583

5614.391

5615.107

5615.729

5616.26

5616.697

5617.042

5617.294

5617.453

5617.52

5617.494

5617.376

5617.165

5616.861

5616.466

5615.978

5615.398

5614.728

5613.966

5613.114

5612.171

5611.14

5610.019

5608.811

5607.515

5606.132

5604.664

5603.11

5601.473

5599.752

5597.948

5596.064

5594.099

5592.055

5589.933

5587.734

5585.459

5583.109

5580.685

5578.189

5575.622

5572.984

5570.278

5567.505

5564.665

5561.76

5558.791

5555.76

5552.667

5549.514

5546.303

5543.034

5539.708

5536.328

5532.894

5529.407

5525.869

5522.281

5518.644

5514.959

5511.227

5507.451

5503.629

5499.765

5495.858

5491.911

5487.924

5483.897

5479.833

5475.733

5471.596

5467.425

5463.22

5458.982

5454.712

5450.411

5446.08

5441.719

5437.331

5432.914

5428.471

5424.002

5419.508

5414.989

5410.447

5405.882

5401.294

5396.685

5392.055

5387.404

5382.735

5378.046

5373.338

5368.613

5363.871

5359.111

5354.336

5349.545

5344.739

5339.918

5335.083

5330.235

5325.373

5320.498

5315.611

5310.712

5305.802

5300.88

5295.948

5291.005

5286.052

5281.089

5276.117

5271.135

5266.145

5261.147

5256.14

5251.125

5246.103

5241.074

5236.037

5230.994

5225.944

5220.887

5215.825

5210.756

5205.682

5200.602

5195.517

5190.427

5185.332

5180.233

5175.128

5170.02

5164.907

5159.79

5154.669

5149.544

5144.416

5139.284

5134.149

5129.01

5123.869

5118.724

5113.577

5108.426

5103.273

5098.118

5092.96

5087.8

5082.638

5077.473

5072.306

5067.138

5061.967

5056.795

5051.62

5046.445

5041.267

5036.088

5030.908

5025.726

5020.543

5015.358

5010.172

5004.985

4999.798

4994.608

4989.418

4984.227

4979.035

4973.843

4968.649

4963.455

4958.26

4953.064

4947.867

4942.67

4937.472

4932.274

4927.075

4921.876

4916.676

4911.476

4906.276

4901.075

4895.874

4890.672

4885.47

4880.268

4875.066

4869.863

4864.66

4859.457

4854.254

4849.051

4843.848

4838.644

4833.44

4828.237

4823.033

4817.829

4812.626

4807.422

4802.218

4797.015

4791.811

4786.607

4781.404

4776.2

4770.997

4765.794

4760.591

4755.387

4750.185

4744.982

4739.779

4734.577

4729.374

4724.172

4718.97

4713.768

4708.567

4703.366

4698.164

4692.963

4687.763

4682.562

4677.362

4672.162

4666.962

4661.763

4656.564

4651.365

4646.166

4640.967

4635.769

4630.571

4625.374

4620.177

4614.98

4609.783

4604.587

4599.391

4594.195

4588.999

4583.804

4578.609

4573.415

4568.221

4563.027

4557.833

4552.64

4547.447

4542.255

4537.063

4531.871

4526.679

4521.488

4516.297

4511.107

4505.917

4500.727

4495.538

4490.349

4485.16

4479.972

4474.784

4469.596

4464.409

4459.222

4454.036

4448.85

4443.664

4438.479

4433.294

4428.109

4422.925

4417.741

4412.558

4407.374

4402.192

4397.009

4391.827

4386.646

4381.464

4376.284

4371.103

4365.923

4360.743

4355.564

4350.385

4345.207

4340.029

4334.851

4329.673

4324.496

4319.32

4314.144

4308.968

4303.792

4298.617

4293.443

4288.268

4283.094

4277.921

4272.748

4267.575

4262.403

4257.231

4252.059

4246.888

4241.717

4236.547

4231.377

4226.208

4221.038

4215.87

4210.701

4205.533

4200.366

4195.198

4190.032

4184.865

4179.699

4174.533

4169.368

4164.203

4159.039

4153.875

4148.711

4143.548

4138.385

4133.223

4128.061

4122.899

4117.738

4112.577

4107.416

4102.256

4097.096

4091.937

4086.778

4081.62

4076.461

4071.304

4066.146

4060.989

4055.833

4050.677

4045.521

4040.366

4035.211

4030.056

4024.902

4019.748

4014.595

4009.442

4004.289

3999.137

3993.985

3988.834

3983.683

3978.532

3973.382

3968.232

3963.083

3957.934

3952.785

3947.637

3942.489

3937.342

3932.194

3927.048

3921.902

3916.756

3911.61

3906.465

3901.32

3896.176

3891.032

3885.889

3880.746

3875.603

3870.461

3865.319

3860.177

3855.036

3849.895

3844.755

3839.615

3834.475

3829.336

3824.198

3819.059

3813.921

3808.784

3803.646

3798.51

3793.373

3788.237

3783.102

3777.966

3772.832

3767.697

3762.563

3757.429

3752.296

3747.163

3742.031

3736.899

3731.767

3726.636

3721.505

3716.374

3711.244

3706.115

3700.985

3695.856

3690.728

3685.6

3680.472

3675.344

3670.217

3665.091

3659.965

3654.839

3649.713

3644.588

3639.464

3634.34

3629.216

3624.092

3618.969

3613.847

3608.724

3603.602

3598.481

3593.36

3588.239

3583.119

3577.999

3572.879

3567.76

3562.641

3557.523

3552.405

3547.288

3542.17

3537.054

3531.937

3526.821

3521.705

3516.59

3511.475

3506.361

3501.247

3496.133

3491.02

3485.907

3480.794

3475.682

3470.571

3465.459

3460.348

3455.238

3450.128

3445.018

3439.908

3434.799

3429.691

3424.583

3419.475

3414.367

3409.26

3404.153

3399.047

3393.941

3388.836

3383.731

3378.626

3373.522

3368.418

3363.314

3358.211

3353.108

3348.006

3342.904

3337.802

3332.701

3327.6

3322.499

3317.399

3312.3

3307.2

3302.101

3297.003

3291.905

3286.807

3281.71

3276.613

3271.516

3266.42

3261.324

3256.228

3251.133

3246.039

3240.944

3235.851

3230.757

3225.664

3220.571

3215.479

3210.387

3205.295

3200.204

3195.113

3190.023

3184.933

3179.843

3174.754

3169.665

3164.576

3159.488

3154.401

3149.313

3144.226

3139.14

3134.054

3128.968

3123.882

3118.797

3113.713

3108.628

3103.544

3098.461

3093.378

3088.295

3083.213

3078.131

3073.049

3067.968

3062.887

3057.807

3052.727

3047.647

3042.568

3037.489

3032.41

3027.332

3022.254

3017.177

3012.1

3007.023

3001.947

2996.871

2991.796

2986.721

2981.646

2976.572

2971.498

2966.424

2961.351

2956.279

2951.206

2946.134

2941.063

2935.991

2930.92

2925.85

2920.78

2915.71

2910.641

2905.572

2900.503

2895.435

2890.367

2885.3

2880.233

2875.166

2870.1

2865.034

2859.968

2854.903

2849.838

2844.774

2839.71

2834.646

2829.583

2824.52

2819.458

2814.396

2809.334

2804.273

2799.212

2794.151

2789.091

2784.031

2778.972

2773.913

2768.854

2763.796

2758.738

2753.68

2748.623

2743.566

2738.51

2733.454

2728.398

2723.343

2718.288

2713.233

2708.179

2703.126

2698.072

2693.019

2687.967

2682.914

2677.862

2672.811

2667.76

2662.709

2657.659

2652.609

2647.559

2642.51

2637.461

2632.413

2627.365

2622.317

2617.27

2612.223

2607.176

2602.13

2597.084

2592.039

2586.994

2581.949

2576.905

2571.861

2566.817

2561.774

2556.731

2551.689

2546.647

2541.605

2536.564

2531.523

2526.482

2521.442

2516.402

2511.363

2506.324

2501.285

2496.247

2491.209

2486.171

2481.134

2476.097

2471.061

2466.025

2460.989

2455.954

2450.919

2445.884

2440.85

2435.817

2430.783

2425.75

2420.717

2415.685

2410.653

2405.622

2400.59

2395.56

2390.529

2385.499

2380.47

2375.44

2370.411

2365.383

2360.355

2355.327

2350.299

2345.272

2340.246

2335.219

2330.193

2325.168

2320.143

2315.118

2310.094

2305.069

2300.046

2295.022

2290

2284.977

2279.955

2274.933

2269.911

2264.89

2259.87

2254.849

2249.829

2244.81

2239.791

2234.772

2229.753

2224.735

2219.717

2214.7

2209.683

2204.667

2199.65

2194.634

2189.619

2184.604

2179.589

2174.575

2169.561

2164.547

2159.534

2154.521

2149.508

2144.496

2139.484

2134.473

2129.462

2124.451

2119.441

2114.431

2109.421

2104.412

2099.403

2094.395

2089.387

2084.379

2079.372

2074.365

2069.358

2064.352

2059.346

2054.341

2049.336

2044.331

2039.326

2034.322

2029.319

2024.316

2019.313

2014.31

2009.308

2004.306

1999.305

1994.304

1989.303

1984.303

1979.303

1974.303

1969.304

1964.305

1959.307

1954.309

1949.311

1944.313

1939.316

1934.32

1929.324

1924.328

1919.332

1914.337

1909.342

1904.348

1899.354

1894.36

1889.367

1884.374

1879.381

1874.389

1869.397

1864.406

1859.414

1854.424

1849.433

1844.443

1839.454

1834.464

1829.475

1824.487

1819.499

1814.511

1809.523

1804.536

1799.55

1794.563

1789.577

1784.592

1779.606

1774.622

1769.637

1764.653

1759.669

1754.686

1749.703

1744.72

1739.738

1734.756

1729.774

1724.793

1719.812

1714.831

1709.851

1704.872

1699.892

1694.913

1689.934

1684.956

1679.978

1675.001

1670.023

1665.047

1660.07

1655.094

1650.118

1645.143

1640.168

1635.193

1630.219

1625.245

1620.271

1615.298

1610.325

1605.353

1600.381

1595.409

1590.438

1585.467

1580.496

1575.526

1570.556

1565.586

1560.617

1555.648

1550.68

1545.711

1540.744

1535.776

1530.809

1525.843

1520.876

1515.91

1510.945

1505.98

1501.015

1496.05

1491.086

1486.122

1481.159

1476.196

1471.233

1466.271

1461.309

1456.347

1451.386

1446.425

1441.465

1436.505

1431.545

1426.585

1421.626

1416.668

1411.709

1406.751

1401.794

1396.836

1391.88

1386.923

1381.967

1377.011

1372.056

1367.1

1362.146

1357.191

1352.237

1347.284

1342.33

1337.378

1332.425

1327.473

1322.521

1317.569

1312.618

1307.668

1302.717

1297.767

1292.817

1287.868

1282.919

1277.97

1273.022

1268.074

1263.127

1258.18

1253.233

1248.286

1243.34

1238.395

1233.449

1228.504

1223.559

1218.615

1213.671

1208.728

1203.784

1198.842

1193.899

1188.957

1184.015

1179.074

1174.133

1169.192

1164.252

1159.312

1154.372

1149.433

1144.494

1139.555

1134.617

1129.679

1124.742

1119.804

1114.868

1109.931

1104.995

1100.059

1095.124

1090.189

1085.255

1080.32

1075.386

1070.453

1065.52

1060.587

1055.654

1050.722

1045.79

1040.859

1035.928

1030.997

1026.067

1021.137

1016.207

1011.278

1006.349

1001.42

996.492

991.564

986.637

981.71

976.783

971.856

966.93

962.004

957.079

952.154

947.229

942.305

937.381

932.458

927.534

922.611

917.689

912.767

907.845

902.923

898.002

893.082

888.161

883.241

878.321

873.402

868.483

863.564

858.646

853.728

848.811

843.893

838.977

834.06

829.144

824.228

819.313

814.398

809.483

804.568

799.659

795.402

791.946

789.01

786.439

784.132

782.027

780.076

778.248

776.518

774.867

773.281

771.75

770.263

768.813

767.394

766.002

764.632

763.281

761.947

760.625

759.316

758.016

756.725

755.441

754.164

752.891

751.624

750.36

749.1

747.842

746.587

745.335

744.084

742.834

741.586

740.34

739.094

737.849

736.605

735.362

734.119

732.876

731.635

730.393

729.152

727.911

726.67

725.43

724.189

722.949

721.709

720.469

719.23

717.99

716.75

715.511

714.271

713.032

711.793

710.554

709.314

708.075

706.836

705.597

704.358

703.119

701.88

700.641

699.402

698.163

696.925

695.686

694.447

693.208

691.97

690.731

689.492

688.254

687.015

685.776

684.538

683.299

682.061

680.822

679.584

678.345

677.107

675.868

674.63

673.392

672.153

670.915

669.677

668.438

667.2

665.962

664.724

663.485

662.247

661.009

659.771

658.533

657.295

656.057

654.819

653.581

652.343

651.105

649.867

648.629

647.391

646.153

644.915

643.677

642.44

641.202

639.964

638.726

637.489

636.251

635.013

633.776

632.538

631.3

630.063

628.825

627.588

626.35

625.113

623.875

622.638

621.4

620.163

618.926

617.688

616.451

615.214

613.976

612.739

611.502

610.264

609.027

607.79

606.553

605.316

604.079

602.842

601.604

600.367

599.13

597.893

596.656

595.419

594.183

592.946

591.709

590.472

589.235

587.998

586.761

585.525

584.288

583.051

581.814

580.578

579.341

578.104

576.868

575.631

574.394

573.158

571.921

570.685

569.448

568.212

566.975

565.739

564.503

563.266

562.03

560.794

559.557

558.321

557.085

555.848

554.612

553.376

552.14

550.904

549.667

548.431

547.195

545.959

544.723

543.487

542.251

541.015

539.779

538.543

537.307

536.071

534.836

533.6

532.364

531.128

529.892

528.657

527.421

526.185

524.949

523.714

522.478

521.242

520.007

518.771

517.536

516.3

515.065

513.829

512.594

511.358

510.123

508.887

507.652

506.417

505.181

503.946

502.711

501.475

500.24

499.005

497.77

496.534

495.299

494.064

492.829

491.594

490.359

489.124

487.889

486.654

485.419

484.184

482.949

481.714

480.479

479.244

478.009

476.775

475.54

474.305

473.07

471.835

470.601

469.366

468.131

466.897

465.662

464.427

463.193

461.958

460.724

459.489

458.255

457.02

455.786

454.551

453.317

452.083

450.848

449.614

448.38

447.145

445.911

444.677

443.443

442.208

440.974

439.74

438.506

437.272

436.038

434.804

433.569

432.335

431.101

429.867

428.633

427.4

426.166

424.932

423.698

422.464

421.23

419.996

418.763

417.529

416.295

415.061

413.828

412.594

411.36

410.127

408.893

407.659

406.426

405.192

403.959

402.725

401.492

400.258

399.025

397.792

396.558

395.325

394.091

392.858

391.625

390.391

389.158

387.925

386.692

385.459

384.225

382.992

381.759

380.526

379.293

378.06

376.827

375.594

374.361

373.128

371.895

370.662

369.429

368.196

366.963

365.731

364.498

363.265

362.032

360.799

359.567

358.334

357.101

355.869

354.636

353.403

352.171

350.938

349.706

348.473

347.241

346.008

344.776

343.543

342.311

341.078

339.846

338.614

337.381

336.149

334.917

333.684

332.452

331.22

329.988

328.756

327.523

326.291

325.059

323.827

322.595

321.363

320.131

318.899

317.667

316.435

315.203

313.971

312.739

311.507

310.276

309.044

307.812

306.58

305.348

304.117

302.885

301.653

300.422

299.19

297.958

296.727

295.495

294.264

293.032

291.801

290.569

289.338

288.106

286.875

285.643

284.412

283.181

281.949

280.718

279.487

278.255

277.024

275.793

274.562

273.33

272.099

270.868

269.637

268.406

267.175

265.944

264.713

263.482

262.251

261.02

259.789

258.558

257.327

256.096

254.865

253.635

252.404

251.173

249.942

248.711

247.481

246.25

245.019

243.789

242.558

241.327

240.097

238.866

237.636

236.405

235.175

233.944

232.714

231.483

230.253

229.022

227.792

226.562

225.331

224.101

222.871

221.641

220.41

219.18

217.95

216.72

215.49

214.259

213.029

211.799

210.569

209.339

208.109

206.879

205.649

204.419

203.189

201.959

200.729

199.5

198.27

197.04

195.81

194.58

193.351

192.121

190.891

189.661

188.432

187.202

185.973

184.743

183.513

182.284

181.054

179.825

178.595

177.366

176.136

174.907

173.677

172.448

171.219

169.989

168.76

167.531

166.301

165.072

163.843

162.614

161.385

160.155

158.926

157.697

156.468

155.239

154.01

152.781

151.552

150.323

149.094

147.865

146.636

145.407

144.178

142.949

141.721

140.492

139.263

138.034

136.805

135.577

134.348

133.119

131.891

130.662

129.433

128.205

126.976

125.748

124.519

123.291

122.062

120.834

119.605

118.377

117.148

115.92

114.692

113.463

112.235

111.007

109.779

108.55

107.322

106.094

104.866

103.638

102.409

101.181

99.953

98.725

97.497

96.269

95.041

93.813

92.585

91.357

90.129

88.901

87.673

86.446

85.218

83.99

82.762

81.534

80.307

79.079

77.851

76.624

75.396

74.168

72.941

71.713

70.486

69.258

68.03

66.803

65.576

64.348

63.121

61.893

60.666

59.438

58.211

56.984

55.756

54.529

53.302

52.075

50.847

49.62

48.393

47.166

45.939

44.712

43.485

42.258

41.031

39.803

38.576

37.35

36.123

34.896

33.669

32.442

31.215

29.988

28.761

27.534

26.308

25.081

23.854

22.627

21.401

20.174

18.947

17.721

16.494

15.268

14.041

12.815

11.588

10.362

9.135

7.909

6.682

5.456

4.229

3.003

1.777



Dorothy2008L900RR_alt

		Time		Altitude Feet

		0		0

		0.05375		0.051

		0.1075		0.386

		0.16125		1.072

		0.215		2.113

		0.26875		3.52

		0.3225		5.304

		0.37625		7.475

		0.43		10.046

		0.48375		13.028

		0.5375		16.431

		0.59125		20.27

		0.645		24.558

		0.69875		29.307

		0.7525		34.531

		0.80625		40.244

		0.86		46.456

		0.91375		53.177

		0.9675		60.415

		1.02125		68.179

		1.075		76.478

		1.12875		85.322

		1.1825		94.72

		1.23625		104.685

		1.29		115.23

		1.34375		126.373

		1.3975		138.113

		1.45125		150.449

		1.505		163.389

		1.55875		176.94

		1.6125		191.109

		1.66625		205.905

		1.72		221.331

		1.77375		237.394

		1.8275		254.098

		1.88125		271.447

		1.935		289.446

		1.98875		308.099

		2.0425		327.411

		2.09625		347.384

		2.15		368.023

		2.20375		389.33

		2.2575		411.308

		2.31125		433.955

		2.365		457.269

		2.41875		481.246

		2.4725		505.883

		2.52625		531.168

		2.58		557.092

		2.63375		583.645

		2.6875		610.813

		2.74125		638.575

		2.795		666.909

		2.84875		695.795

		2.9025		725.211

		2.95625		755.136

		3.01		785.551

		3.06375		816.436

		3.1175		847.775

		3.17125		879.554

		3.225		911.76

		3.27875		944.382

		3.3325		977.415

		3.38625		1010.851

		3.44		1044.666

		3.49375		1078.786

		3.5475		1113.11

		3.60125		1147.533

		3.655		1181.96

		3.70875		1216.318

		3.7625		1250.548

		3.81625		1284.609

		3.87		1318.483

		3.92375		1352.17

		3.9775		1385.671

		4.03125		1418.988

		4.085		1452.12

		4.13875		1485.071

		4.1925		1517.839

		4.24625		1550.428

		4.3		1582.836

		4.35375		1615.067

		4.4075		1647.12

		4.46125		1678.997

		4.515		1710.699

		4.56875		1742.226

		4.6225		1773.58

		4.67625		1804.761

		4.73		1835.771

		4.78375		1866.611

		4.8375		1897.28

		4.89125		1927.782

		4.945		1958.115

		4.99875		1988.281

		5.0525		2018.282

		5.10625		2048.117

		5.16		2077.788

		5.21375		2107.296

		5.2675		2136.641

		5.32125		2165.824

		5.375		2194.846

		5.42875		2223.708

		5.4825		2252.411

		5.53625		2280.955

		5.59		2309.341

		5.64375		2337.571

		5.6975		2365.644

		5.75125		2393.562

		5.805		2421.325

		5.85875		2448.934

		5.9125		2476.389

		5.96625		2503.692

		6.02		2530.844

		6.07375		2557.844

		6.1275		2584.693

		6.18125		2611.393

		6.235		2637.944

		6.28875		2664.346

		6.3425		2690.601

		6.39625		2716.709

		6.45		2742.67

		6.50375		2768.485

		6.5575		2794.155

		6.61125		2819.681

		6.665		2845.063

		6.71875		2870.301

		6.7725		2895.397

		6.82625		2920.351

		6.88		2945.163

		6.93375		2969.834

		6.9875		2994.365

		7.04125		3018.757

		7.095		3043.009

		7.14875		3067.122

		7.2025		3091.098

		7.25625		3114.936

		7.31		3138.637

		7.36375		3162.201

		7.4175		3185.63

		7.47125		3208.923

		7.525		3232.082

		7.57875		3255.106

		7.6325		3277.996

		7.68625		3300.753

		7.74		3323.377

		7.79375		3345.869

		7.8475		3368.229

		7.90125		3390.458

		7.955		3412.556

		8.00875		3434.523

		8.0625		3456.361

		8.11625		3478.069

		8.17		3499.648

		8.22375		3521.099

		8.2775		3542.421

		8.33125		3563.616

		8.385		3584.684

		8.43875		3605.625

		8.4925		3626.439

		8.54625		3647.128

		8.6		3667.691

		8.65375		3688.129

		8.7075		3708.442

		8.76125		3728.631

		8.815		3748.696

		8.86875		3768.638

		8.9225		3788.457

		8.97625		3808.153

		9.03		3827.727

		9.08375		3847.179

		9.1375		3866.509

		9.19125		3885.719

		9.245		3904.807

		9.29875		3923.775

		9.3525		3942.623

		9.40625		3961.352

		9.46		3979.961

		9.51375		3998.451

		9.5675		4016.823

		9.62125		4035.076

		9.675		4053.211

		9.72875		4071.229

		9.7825		4089.13

		9.83625		4106.914

		9.89		4124.581

		9.94375		4142.132

		9.9975		4159.566

		10.05125		4176.886

		10.105		4194.09

		10.15875		4211.179

		10.2125		4228.153

		10.26625		4245.013

		10.32		4261.759

		10.37375		4278.391

		10.4275		4294.91

		10.48125		4311.315

		10.535		4327.608

		10.58875		4343.788

		10.6425		4359.856

		10.69625		4375.811

		10.75		4391.655

		10.80375		4407.388

		10.8575		4423.009

		10.91125		4438.519

		10.965		4453.919

		11.01875		4469.208

		11.0725		4484.387

		11.12625		4499.457

		11.18		4514.416

		11.23375		4529.266

		11.2875		4544.007

		11.34125		4558.64

		11.395		4573.163

		11.44875		4587.579

		11.5025		4601.886

		11.55625		4616.085

		11.61		4630.177

		11.66375		4644.161

		11.7175		4658.038

		11.77125		4671.808

		11.825		4685.471

		11.87875		4699.027

		11.9325		4712.478

		11.98625		4725.822

		12.04		4739.061

		12.09375		4752.193

		12.1475		4765.221

		12.20125		4778.143

		12.255		4790.96

		12.30875		4803.672

		12.3625		4816.28

		12.41625		4828.783

		12.47		4841.182

		12.52375		4853.478

		12.5775		4865.669

		12.63125		4877.756

		12.685		4889.741

		12.73875		4901.622

		12.7925		4913.399

		12.84625		4925.074

		12.9		4936.647

		12.95375		4948.116

		13.0075		4959.484

		13.06125		4970.749

		13.115		4981.912

		13.16875		4992.974

		13.2225		5003.934

		13.27625		5014.792

		13.33		5025.549

		13.38375		5036.205

		13.4375		5046.76

		13.49125		5057.214

		13.545		5067.567

		13.59875		5077.82

		13.6525		5087.973

		13.70625		5098.025

		13.76		5107.977

		13.81375		5117.83

		13.8675		5127.582

		13.92125		5137.235

		13.975		5146.789

		14.02875		5156.243

		14.0825		5165.598

		14.13625		5174.854

		14.19		5184.011

		14.24375		5193.069

		14.2975		5202.029

		14.35125		5210.89

		14.405		5219.653

		14.45875		5228.317

		14.5125		5236.884

		14.56625		5245.352

		14.62		5253.723

		14.67375		5261.995

		14.7275		5270.17

		14.78125		5278.248

		14.835		5286.228

		14.88875		5294.111

		14.9425		5301.897

		14.99625		5309.586

		15.05		5317.177

		15.10375		5324.672

		15.1575		5332.071

		15.21125		5339.372

		15.265		5346.577

		15.31875		5353.686

		15.3725		5360.698

		15.42625		5367.614

		15.48		5374.434

		15.53375		5381.158

		15.5875		5387.786

		15.64125		5394.318

		15.695		5400.755

		15.74875		5407.096

		15.8025		5413.341

		15.85625		5419.491

		15.91		5425.545

		15.96375		5431.504

		16.0175		5437.368

		16.07125		5443.137

		16.125		5448.81

		16.17875		5454.389

		16.2325		5459.873

		16.28625		5465.262

		16.34		5470.556

		16.39375		5475.756

		16.4475		5480.861

		16.50125		5485.871

		16.555		5490.787

		16.60875		5495.609

		16.6625		5500.336

		16.71625		5504.969

		16.77		5509.508

		16.82375		5513.953

		16.8775		5518.303

		16.93125		5522.56

		16.985		5526.722

		17.03875		5530.791

		17.0925		5534.766

		17.14625		5538.647

		17.2		5542.435

		17.25375		5546.128

		17.3075		5549.729

		17.36125		5553.235

		17.415		5556.648

		17.46875		5559.968

		17.5225		5563.194

		17.57625		5566.326

		17.63		5569.366

		17.68375		5572.312

		17.7375		5575.164

		17.79125		5577.924

		17.845		5580.59

		17.89875		5583.163

		17.9525		5585.643

		18.00625		5588.03

		18.06		5590.324

		18.11375		5592.525

		18.1675		5594.633

		18.22125		5596.648

		18.275		5598.569

		18.32875		5600.398

		18.3825		5602.135

		18.43625		5603.778

		18.49		5605.328

		18.54375		5606.786

		18.5975		5608.151

		18.65125		5609.422

		18.705		5610.602

		18.75875		5611.688

		18.8125		5612.682

		18.86625		5613.583

		18.92		5614.391

		18.97375		5615.107

		19.0275		5615.729

		19.08125		5616.26

		19.135		5616.697

		19.18875		5617.042

		19.2425		5617.294

		19.29625		5617.453

		19.35		5617.52

		19.40375		5617.494

		19.4575		5617.376

		19.51125		5617.165

		19.565		5616.861

		19.61875		5616.466

		19.6725		5615.978

		19.72625		5615.398

		19.78		5614.728

		19.83375		5613.966

		19.8875		5613.114

		19.94125		5612.171

		19.995		5611.14

		20.04875		5610.019

		20.1025		5608.811

		20.15625		5607.515

		20.21		5606.132

		20.26375		5604.664

		20.3175		5603.11

		20.37125		5601.473

		20.425		5599.752

		20.47875		5597.948

		20.5325		5596.064

		20.58625		5594.099

		20.64		5592.055

		20.69375		5589.933

		20.7475		5587.734

		20.80125		5585.459

		20.855		5583.109

		20.90875		5580.685

		20.9625		5578.189

		21.01625		5575.622

		21.07		5572.984

		21.12375		5570.278

		21.1775		5567.505

		21.23125		5564.665

		21.285		5561.76

		21.33875		5558.791

		21.3925		5555.76

		21.44625		5552.667

		21.5		5549.514

		21.55375		5546.303

		21.6075		5543.034

		21.66125		5539.708

		21.715		5536.328

		21.76875		5532.894

		21.8225		5529.407

		21.87625		5525.869

		21.93		5522.281

		21.98375		5518.644

		22.0375		5514.959

		22.09125		5511.227

		22.145		5507.451

		22.19875		5503.629

		22.2525		5499.765

		22.30625		5495.858

		22.36		5491.911

		22.41375		5487.924

		22.4675		5483.897

		22.52125		5479.833

		22.575		5475.733

		22.62875		5471.596

		22.6825		5467.425

		22.73625		5463.22

		22.79		5458.982

		22.84375		5454.712

		22.8975		5450.411

		22.95125		5446.08

		23.005		5441.719

		23.05875		5437.331

		23.1125		5432.914

		23.16625		5428.471

		23.22		5424.002

		23.27375		5419.508

		23.3275		5414.989

		23.38125		5410.447

		23.435		5405.882

		23.48875		5401.294

		23.5425		5396.685

		23.59625		5392.055

		23.65		5387.404

		23.70375		5382.735

		23.7575		5378.046

		23.81125		5373.338

		23.865		5368.613

		23.91875		5363.871

		23.9725		5359.111

		24.02625		5354.336

		24.08		5349.545

		24.13375		5344.739

		24.1875		5339.918

		24.24125		5335.083

		24.295		5330.235

		24.34875		5325.373

		24.4025		5320.498

		24.45625		5315.611

		24.51		5310.712

		24.56375		5305.802

		24.6175		5300.88

		24.67125		5295.948

		24.725		5291.005

		24.77875		5286.052

		24.8325		5281.089

		24.88625		5276.117

		24.94		5271.135

		24.99375		5266.145

		25.0475		5261.147

		25.10125		5256.14

		25.155		5251.125

		25.20875		5246.103

		25.2625		5241.074

		25.31625		5236.037

		25.37		5230.994

		25.42375		5225.944

		25.4775		5220.887

		25.53125		5215.825

		25.585		5210.756

		25.63875		5205.682

		25.6925		5200.602

		25.74625		5195.517

		25.8		5190.427

		25.85375		5185.332

		25.9075		5180.233

		25.96125		5175.128

		26.015		5170.02

		26.06875		5164.907

		26.1225		5159.79

		26.17625		5154.669

		26.23		5149.544

		26.28375		5144.416

		26.3375		5139.284

		26.39125		5134.149

		26.445		5129.01

		26.49875		5123.869

		26.5525		5118.724

		26.60625		5113.577

		26.66		5108.426

		26.71375		5103.273

		26.7675		5098.118

		26.82125		5092.96

		26.875		5087.8

		26.92875		5082.638

		26.9825		5077.473

		27.03625		5072.306

		27.09		5067.138

		27.14375		5061.967

		27.1975		5056.795

		27.25125		5051.62

		27.305		5046.445

		27.35875		5041.267

		27.4125		5036.088

		27.46625		5030.908

		27.52		5025.726

		27.57375		5020.543

		27.6275		5015.358

		27.68125		5010.172

		27.735		5004.985

		27.78875		4999.798

		27.8425		4994.608

		27.89625		4989.418

		27.95		4984.227

		28.00375		4979.035

		28.0575		4973.843

		28.11125		4968.649

		28.165		4963.455

		28.21875		4958.26

		28.2725		4953.064

		28.32625		4947.867

		28.38		4942.67

		28.43375		4937.472

		28.4875		4932.274

		28.54125		4927.075

		28.595		4921.876

		28.64875		4916.676

		28.7025		4911.476

		28.75625		4906.276

		28.81		4901.075

		28.86375		4895.874

		28.9175		4890.672

		28.97125		4885.47

		29.025		4880.268

		29.07875		4875.066

		29.1325		4869.863

		29.18625		4864.66

		29.24		4859.457

		29.29375		4854.254

		29.3475		4849.051

		29.40125		4843.848

		29.455		4838.644

		29.50875		4833.44

		29.5625		4828.237

		29.61625		4823.033

		29.67		4817.829

		29.72375		4812.626

		29.7775		4807.422

		29.83125		4802.218

		29.885		4797.015

		29.93875		4791.811

		29.9925		4786.607

		30.04625		4781.404

		30.1		4776.2

		30.15375		4770.997

		30.2075		4765.794

		30.26125		4760.591

		30.315		4755.387

		30.36875		4750.185

		30.4225		4744.982

		30.47625		4739.779

		30.53		4734.577

		30.58375		4729.374

		30.6375		4724.172

		30.69125		4718.97

		30.745		4713.768

		30.79875		4708.567

		30.8525		4703.366

		30.90625		4698.164

		30.96		4692.963

		31.01375		4687.763

		31.0675		4682.562

		31.12125		4677.362

		31.175		4672.162

		31.22875		4666.962

		31.2825		4661.763

		31.33625		4656.564

		31.39		4651.365

		31.44375		4646.166

		31.4975		4640.967

		31.55125		4635.769

		31.605		4630.571

		31.65875		4625.374

		31.7125		4620.177

		31.76625		4614.98

		31.82		4609.783

		31.87375		4604.587

		31.9275		4599.391

		31.98125		4594.195

		32.035		4588.999

		32.08875		4583.804

		32.1425		4578.609

		32.19625		4573.415

		32.25		4568.221

		32.30375		4563.027

		32.3575		4557.833

		32.41125		4552.64

		32.465		4547.447

		32.51875		4542.255

		32.5725		4537.063

		32.62625		4531.871

		32.68		4526.679

		32.73375		4521.488

		32.7875		4516.297

		32.84125		4511.107

		32.895		4505.917

		32.94875		4500.727

		33.0025		4495.538

		33.05625		4490.349

		33.11		4485.16

		33.16375		4479.972

		33.2175		4474.784

		33.27125		4469.596

		33.325		4464.409

		33.37875		4459.222

		33.4325		4454.036

		33.48625		4448.85

		33.54		4443.664

		33.59375		4438.479

		33.6475		4433.294

		33.70125		4428.109

		33.755		4422.925

		33.80875		4417.741

		33.8625		4412.558

		33.91625		4407.374

		33.97		4402.192

		34.02375		4397.009

		34.0775		4391.827

		34.13125		4386.646

		34.185		4381.464

		34.23875		4376.284

		34.2925		4371.103

		34.34625		4365.923

		34.4		4360.743

		34.45375		4355.564

		34.5075		4350.385

		34.56125		4345.207

		34.615		4340.029

		34.66875		4334.851

		34.7225		4329.673

		34.77625		4324.496

		34.83		4319.32

		34.88375		4314.144

		34.9375		4308.968

		34.99125		4303.792

		35.045		4298.617

		35.09875		4293.443

		35.1525		4288.268

		35.20625		4283.094

		35.26		4277.921

		35.31375		4272.748

		35.3675		4267.575

		35.42125		4262.403

		35.475		4257.231

		35.52875		4252.059

		35.5825		4246.888

		35.63625		4241.717

		35.69		4236.547

		35.74375		4231.377

		35.7975		4226.208

		35.85125		4221.038

		35.905		4215.87

		35.95875		4210.701

		36.0125		4205.533

		36.06625		4200.366

		36.12		4195.198

		36.17375		4190.032

		36.2275		4184.865

		36.28125		4179.699

		36.335		4174.533

		36.38875		4169.368

		36.4425		4164.203

		36.49625		4159.039

		36.55		4153.875

		36.60375		4148.711

		36.6575		4143.548

		36.71125		4138.385

		36.765		4133.223

		36.81875		4128.061

		36.8725		4122.899

		36.92625		4117.738

		36.98		4112.577

		37.03375		4107.416

		37.0875		4102.256

		37.14125		4097.096

		37.195		4091.937

		37.24875		4086.778

		37.3025		4081.62

		37.35625		4076.461

		37.41		4071.304

		37.46375		4066.146

		37.5175		4060.989

		37.57125		4055.833

		37.625		4050.677

		37.67875		4045.521

		37.7325		4040.366

		37.78625		4035.211

		37.84		4030.056

		37.89375		4024.902

		37.9475		4019.748

		38.00125		4014.595

		38.055		4009.442

		38.10875		4004.289

		38.1625		3999.137

		38.21625		3993.985

		38.27		3988.834

		38.32375		3983.683

		38.3775		3978.532

		38.43125		3973.382

		38.485		3968.232

		38.53875		3963.083

		38.5925		3957.934

		38.64625		3952.785

		38.7		3947.637

		38.75375		3942.489

		38.8075		3937.342

		38.86125		3932.194

		38.915		3927.048

		38.96875		3921.902

		39.0225		3916.756

		39.07625		3911.61

		39.13		3906.465

		39.18375		3901.32

		39.2375		3896.176

		39.29125		3891.032

		39.345		3885.889

		39.39875		3880.746

		39.4525		3875.603

		39.50625		3870.461

		39.56		3865.319

		39.61375		3860.177

		39.6675		3855.036

		39.72125		3849.895

		39.775		3844.755

		39.82875		3839.615

		39.8825		3834.475

		39.93625		3829.336

		39.99		3824.198

		40.04375		3819.059

		40.0975		3813.921

		40.15125		3808.784

		40.205		3803.646

		40.25875		3798.51

		40.3125		3793.373

		40.36625		3788.237

		40.42		3783.102

		40.47375		3777.966

		40.5275		3772.832

		40.58125		3767.697

		40.635		3762.563

		40.68875		3757.429

		40.7425		3752.296

		40.79625		3747.163

		40.85		3742.031

		40.90375		3736.899

		40.9575		3731.767

		41.01125		3726.636

		41.065		3721.505

		41.11875		3716.374

		41.1725		3711.244

		41.22625		3706.115

		41.28		3700.985

		41.33375		3695.856

		41.3875		3690.728

		41.44125		3685.6

		41.495		3680.472

		41.54875		3675.344

		41.6025		3670.217

		41.65625		3665.091

		41.71		3659.965

		41.76375		3654.839

		41.8175		3649.713

		41.87125		3644.588

		41.925		3639.464

		41.97875		3634.34

		42.0325		3629.216

		42.08625		3624.092

		42.14		3618.969

		42.19375		3613.847

		42.2475		3608.724

		42.30125		3603.602

		42.355		3598.481

		42.40875		3593.36

		42.4625		3588.239

		42.51625		3583.119

		42.57		3577.999

		42.62375		3572.879

		42.6775		3567.76

		42.73125		3562.641

		42.785		3557.523

		42.83875		3552.405

		42.8925		3547.288

		42.94625		3542.17

		43		3537.054

		43.05375		3531.937

		43.1075		3526.821

		43.16125		3521.705

		43.215		3516.59

		43.26875		3511.475

		43.3225		3506.361

		43.37625		3501.247

		43.43		3496.133

		43.48375		3491.02

		43.5375		3485.907

		43.59125		3480.794

		43.645		3475.682

		43.69875		3470.571

		43.7525		3465.459

		43.80625		3460.348

		43.86		3455.238

		43.91375		3450.128

		43.9675		3445.018

		44.02125		3439.908

		44.075		3434.799

		44.12875		3429.691

		44.1825		3424.583

		44.23625		3419.475

		44.29		3414.367

		44.34375		3409.26

		44.3975		3404.153

		44.45125		3399.047

		44.505		3393.941

		44.55875		3388.836

		44.6125		3383.731

		44.66625		3378.626

		44.72		3373.522

		44.77375		3368.418

		44.8275		3363.314

		44.88125		3358.211

		44.935		3353.108

		44.98875		3348.006

		45.0425		3342.904

		45.09625		3337.802

		45.15		3332.701

		45.20375		3327.6

		45.2575		3322.499

		45.31125		3317.399

		45.365		3312.3

		45.41875		3307.2

		45.4725		3302.101

		45.52625		3297.003

		45.58		3291.905

		45.63375		3286.807

		45.6875		3281.71

		45.74125		3276.613

		45.795		3271.516

		45.84875		3266.42

		45.9025		3261.324

		45.95625		3256.228

		46.01		3251.133

		46.06375		3246.039

		46.1175		3240.944

		46.17125		3235.851

		46.225		3230.757

		46.27875		3225.664

		46.3325		3220.571

		46.38625		3215.479

		46.44		3210.387

		46.49375		3205.295

		46.5475		3200.204

		46.60125		3195.113

		46.655		3190.023

		46.70875		3184.933

		46.7625		3179.843

		46.81625		3174.754

		46.87		3169.665

		46.92375		3164.576

		46.9775		3159.488

		47.03125		3154.401

		47.085		3149.313

		47.13875		3144.226

		47.1925		3139.14

		47.24625		3134.054

		47.3		3128.968

		47.35375		3123.882

		47.4075		3118.797

		47.46125		3113.713

		47.515		3108.628

		47.56875		3103.544

		47.6225		3098.461

		47.67625		3093.378

		47.73		3088.295

		47.78375		3083.213

		47.8375		3078.131

		47.89125		3073.049

		47.945		3067.968

		47.99875		3062.887

		48.0525		3057.807

		48.10625		3052.727

		48.16		3047.647

		48.21375		3042.568

		48.2675		3037.489

		48.32125		3032.41

		48.375		3027.332

		48.42875		3022.254

		48.4825		3017.177

		48.53625		3012.1

		48.59		3007.023

		48.64375		3001.947

		48.6975		2996.871

		48.75125		2991.796

		48.805		2986.721

		48.85875		2981.646

		48.9125		2976.572

		48.96625		2971.498

		49.02		2966.424

		49.07375		2961.351

		49.1275		2956.279

		49.18125		2951.206

		49.235		2946.134

		49.28875		2941.063

		49.3425		2935.991

		49.39625		2930.92

		49.45		2925.85

		49.50375		2920.78

		49.5575		2915.71

		49.61125		2910.641

		49.665		2905.572

		49.71875		2900.503

		49.7725		2895.435

		49.82625		2890.367

		49.88		2885.3

		49.93375		2880.233

		49.9875		2875.166

		50.04125		2870.1

		50.095		2865.034

		50.14875		2859.968

		50.2025		2854.903

		50.25625		2849.838

		50.31		2844.774

		50.36375		2839.71

		50.4175		2834.646

		50.47125		2829.583

		50.525		2824.52

		50.57875		2819.458

		50.6325		2814.396

		50.68625		2809.334

		50.74		2804.273

		50.79375		2799.212

		50.8475		2794.151

		50.90125		2789.091

		50.955		2784.031

		51.00875		2778.972

		51.0625		2773.913

		51.11625		2768.854

		51.17		2763.796

		51.22375		2758.738

		51.2775		2753.68

		51.33125		2748.623

		51.385		2743.566

		51.43875		2738.51

		51.4925		2733.454

		51.54625		2728.398

		51.6		2723.343

		51.65375		2718.288

		51.7075		2713.233

		51.76125		2708.179

		51.815		2703.126

		51.86875		2698.072

		51.9225		2693.019

		51.97625		2687.967

		52.03		2682.914

		52.08375		2677.862

		52.1375		2672.811

		52.19125		2667.76

		52.245		2662.709

		52.29875		2657.659

		52.3525		2652.609

		52.40625		2647.559

		52.46		2642.51

		52.51375		2637.461

		52.5675		2632.413

		52.62125		2627.365

		52.675		2622.317

		52.72875		2617.27

		52.7825		2612.223

		52.83625		2607.176

		52.89		2602.13

		52.94375		2597.084

		52.9975		2592.039

		53.05125		2586.994

		53.105		2581.949

		53.15875		2576.905

		53.2125		2571.861

		53.26625		2566.817

		53.32		2561.774

		53.37375		2556.731

		53.4275		2551.689

		53.48125		2546.647

		53.535		2541.605

		53.58875		2536.564

		53.6425		2531.523

		53.69625		2526.482

		53.75		2521.442

		53.80375		2516.402

		53.8575		2511.363

		53.91125		2506.324

		53.965		2501.285

		54.01875		2496.247

		54.0725		2491.209

		54.12625		2486.171

		54.18		2481.134

		54.23375		2476.097

		54.2875		2471.061

		54.34125		2466.025

		54.395		2460.989

		54.44875		2455.954

		54.5025		2450.919

		54.55625		2445.884

		54.61		2440.85

		54.66375		2435.817

		54.7175		2430.783

		54.77125		2425.75

		54.825		2420.717

		54.87875		2415.685

		54.9325		2410.653

		54.98625		2405.622

		55.04		2400.59

		55.09375		2395.56

		55.1475		2390.529

		55.20125		2385.499

		55.255		2380.47

		55.30875		2375.44

		55.3625		2370.411

		55.41625		2365.383

		55.47		2360.355

		55.52375		2355.327

		55.5775		2350.299

		55.63125		2345.272

		55.685		2340.246

		55.73875		2335.219

		55.7925		2330.193

		55.84625		2325.168

		55.9		2320.143

		55.95375		2315.118

		56.0075		2310.094

		56.06125		2305.069

		56.115		2300.046

		56.16875		2295.022

		56.2225		2290

		56.27625		2284.977

		56.33		2279.955

		56.38375		2274.933

		56.4375		2269.911

		56.49125		2264.89

		56.545		2259.87

		56.59875		2254.849

		56.6525		2249.829

		56.70625		2244.81

		56.76		2239.791

		56.81375		2234.772

		56.8675		2229.753

		56.92125		2224.735

		56.975		2219.717

		57.02875		2214.7

		57.0825		2209.683

		57.13625		2204.667

		57.19		2199.65

		57.24375		2194.634

		57.2975		2189.619

		57.35125		2184.604

		57.405		2179.589

		57.45875		2174.575

		57.5125		2169.561

		57.56625		2164.547

		57.62		2159.534

		57.67375		2154.521

		57.7275		2149.508

		57.78125		2144.496

		57.835		2139.484

		57.88875		2134.473

		57.9425		2129.462

		57.99625		2124.451

		58.05		2119.441

		58.10375		2114.431

		58.1575		2109.421

		58.21125		2104.412

		58.265		2099.403

		58.31875		2094.395

		58.3725		2089.387

		58.42625		2084.379

		58.48		2079.372

		58.53375		2074.365

		58.5875		2069.358

		58.64125		2064.352

		58.695		2059.346

		58.74875		2054.341

		58.8025		2049.336

		58.85625		2044.331

		58.91		2039.326

		58.96375		2034.322

		59.0175		2029.319

		59.07125		2024.316

		59.125		2019.313

		59.17875		2014.31

		59.2325		2009.308

		59.28625		2004.306

		59.34		1999.305

		59.39375		1994.304

		59.4475		1989.303

		59.50125		1984.303

		59.555		1979.303

		59.60875		1974.303

		59.6625		1969.304

		59.71625		1964.305

		59.77		1959.307

		59.82375		1954.309

		59.8775		1949.311

		59.93125		1944.313

		59.985		1939.316

		60.03875		1934.32

		60.0925		1929.324

		60.14625		1924.328

		60.2		1919.332

		60.25375		1914.337

		60.3075		1909.342

		60.36125		1904.348

		60.415		1899.354

		60.46875		1894.36

		60.5225		1889.367

		60.57625		1884.374

		60.63		1879.381

		60.68375		1874.389

		60.7375		1869.397

		60.79125		1864.406

		60.845		1859.414

		60.89875		1854.424

		60.9525		1849.433

		61.00625		1844.443

		61.06		1839.454

		61.11375		1834.464

		61.1675		1829.475

		61.22125		1824.487

		61.275		1819.499

		61.32875		1814.511

		61.3825		1809.523

		61.43625		1804.536

		61.49		1799.55

		61.54375		1794.563

		61.5975		1789.577

		61.65125		1784.592

		61.705		1779.606

		61.75875		1774.622

		61.8125		1769.637

		61.86625		1764.653

		61.92		1759.669

		61.97375		1754.686

		62.0275		1749.703

		62.08125		1744.72

		62.135		1739.738

		62.18875		1734.756

		62.2425		1729.774

		62.29625		1724.793

		62.35		1719.812

		62.40375		1714.831

		62.4575		1709.851

		62.51125		1704.872

		62.565		1699.892

		62.61875		1694.913

		62.6725		1689.934

		62.72625		1684.956

		62.78		1679.978

		62.83375		1675.001

		62.8875		1670.023

		62.94125		1665.047

		62.995		1660.07

		63.04875		1655.094

		63.1025		1650.118

		63.15625		1645.143

		63.21		1640.168

		63.26375		1635.193

		63.3175		1630.219

		63.37125		1625.245

		63.425		1620.271

		63.47875		1615.298

		63.5325		1610.325

		63.58625		1605.353

		63.64		1600.381

		63.69375		1595.409

		63.7475		1590.438

		63.80125		1585.467

		63.855		1580.496

		63.90875		1575.526

		63.9625		1570.556

		64.01625		1565.586

		64.07		1560.617

		64.12375		1555.648

		64.1775		1550.68

		64.23125		1545.711

		64.285		1540.744

		64.33875		1535.776

		64.3925		1530.809

		64.44625		1525.843

		64.5		1520.876

		64.55375		1515.91

		64.6075		1510.945

		64.66125		1505.98

		64.715		1501.015

		64.76875		1496.05

		64.8225		1491.086

		64.87625		1486.122

		64.93		1481.159

		64.98375		1476.196

		65.0375		1471.233

		65.09125		1466.271

		65.145		1461.309

		65.19875		1456.347

		65.2525		1451.386

		65.30625		1446.425

		65.36		1441.465

		65.41375		1436.505

		65.4675		1431.545

		65.52125		1426.585

		65.575		1421.626

		65.62875		1416.668

		65.6825		1411.709

		65.73625		1406.751

		65.79		1401.794

		65.84375		1396.836

		65.8975		1391.88

		65.95125		1386.923

		66.005		1381.967

		66.05875		1377.011

		66.1125		1372.056

		66.16625		1367.1

		66.22		1362.146

		66.27375		1357.191

		66.3275		1352.237

		66.38125		1347.284

		66.435		1342.33

		66.48875		1337.378

		66.5425		1332.425

		66.59625		1327.473

		66.65		1322.521

		66.70375		1317.569

		66.7575		1312.618

		66.81125		1307.668

		66.865		1302.717

		66.91875		1297.767

		66.9725		1292.817

		67.02625		1287.868

		67.08		1282.919

		67.13375		1277.97

		67.1875		1273.022

		67.24125		1268.074

		67.295		1263.127

		67.34875		1258.18

		67.4025		1253.233

		67.45625		1248.286

		67.51		1243.34

		67.56375		1238.395

		67.6175		1233.449

		67.67125		1228.504

		67.725		1223.559

		67.77875		1218.615

		67.8325		1213.671

		67.88625		1208.728

		67.94		1203.784

		67.99375		1198.842

		68.0475		1193.899

		68.10125		1188.957

		68.155		1184.015

		68.20875		1179.074

		68.2625		1174.133

		68.31625		1169.192

		68.37		1164.252

		68.42375		1159.312

		68.4775		1154.372

		68.53125		1149.433

		68.585		1144.494

		68.63875		1139.555

		68.6925		1134.617

		68.74625		1129.679

		68.8		1124.742

		68.85375		1119.804

		68.9075		1114.868

		68.96125		1109.931

		69.015		1104.995

		69.06875		1100.059

		69.1225		1095.124

		69.17625		1090.189

		69.23		1085.255

		69.28375		1080.32

		69.3375		1075.386

		69.39125		1070.453

		69.445		1065.52

		69.49875		1060.587

		69.5525		1055.654

		69.60625		1050.722

		69.66		1045.79

		69.71375		1040.859

		69.7675		1035.928

		69.82125		1030.997

		69.875		1026.067

		69.92875		1021.137

		69.9825		1016.207

		70.03625		1011.278

		70.09		1006.349

		70.14375		1001.42

		70.1975		996.492

		70.25125		991.564

		70.305		986.637

		70.35875		981.71

		70.4125		976.783

		70.46625		971.856

		70.52		966.93

		70.57375		962.004

		70.6275		957.079

		70.68125		952.154

		70.735		947.229

		70.78875		942.305

		70.8425		937.381

		70.89625		932.458

		70.95		927.534

		71.00375		922.611

		71.0575		917.689

		71.11125		912.767

		71.165		907.845

		71.21875		902.923

		71.2725		898.002

		71.32625		893.082

		71.38		888.161

		71.43375		883.241

		71.4875		878.321

		71.54125		873.402

		71.595		868.483

		71.64875		863.564

		71.7025		858.646

		71.75625		853.728

		71.81		848.811

		71.86375		843.893

		71.9175		838.977

		71.97125		834.06

		72.025		829.144

		72.07875		824.228

		72.1325		819.313

		72.18625		814.398

		72.24		809.483

		72.29375		804.568

		72.3475		799.659

		72.40125		795.402

		72.455		791.946

		72.50875		789.01

		72.5625		786.439

		72.61625		784.132

		72.67		782.027

		72.72375		780.076

		72.7775		778.248

		72.83125		776.518

		72.885		774.867

		72.93875		773.281

		72.9925		771.75

		73.04625		770.263

		73.1		768.813

		73.15375		767.394

		73.2075		766.002

		73.26125		764.632

		73.315		763.281

		73.36875		761.947

		73.4225		760.625

		73.47625		759.316

		73.53		758.016

		73.58375		756.725

		73.6375		755.441

		73.69125		754.164

		73.745		752.891

		73.79875		751.624

		73.8525		750.36

		73.90625		749.1

		73.96		747.842

		74.01375		746.587

		74.0675		745.335

		74.12125		744.084

		74.175		742.834

		74.22875		741.586

		74.2825		740.34

		74.33625		739.094

		74.39		737.849

		74.44375		736.605

		74.4975		735.362

		74.55125		734.119

		74.605		732.876

		74.65875		731.635

		74.7125		730.393

		74.76625		729.152

		74.82		727.911

		74.87375		726.67

		74.9275		725.43

		74.98125		724.189

		75.035		722.949

		75.08875		721.709

		75.1425		720.469

		75.19625		719.23

		75.25		717.99

		75.30375		716.75

		75.3575		715.511

		75.41125		714.271

		75.465		713.032

		75.51875		711.793

		75.5725		710.554

		75.62625		709.314

		75.68		708.075

		75.73375		706.836

		75.7875		705.597

		75.84125		704.358

		75.895		703.119

		75.94875		701.88

		76.0025		700.641

		76.05625		699.402

		76.11		698.163

		76.16375		696.925

		76.2175		695.686

		76.27125		694.447

		76.325		693.208

		76.37875		691.97

		76.4325		690.731

		76.48625		689.492

		76.54		688.254

		76.59375		687.015

		76.6475		685.776

		76.70125		684.538

		76.755		683.299

		76.80875		682.061

		76.8625		680.822

		76.91625		679.584

		76.97		678.345

		77.02375		677.107

		77.0775		675.868

		77.13125		674.63

		77.185		673.392

		77.23875		672.153

		77.2925		670.915

		77.34625		669.677

		77.4		668.438

		77.45375		667.2

		77.5075		665.962

		77.56125		664.724

		77.615		663.485

		77.66875		662.247

		77.7225		661.009

		77.77625		659.771

		77.83		658.533

		77.88375		657.295

		77.9375		656.057

		77.99125		654.819

		78.045		653.581

		78.09875		652.343

		78.1525		651.105

		78.20625		649.867

		78.26		648.629

		78.31375		647.391

		78.3675		646.153

		78.42125		644.915

		78.475		643.677

		78.52875		642.44

		78.5825		641.202

		78.63625		639.964

		78.69		638.726

		78.74375		637.489

		78.7975		636.251

		78.85125		635.013

		78.905		633.776

		78.95875		632.538

		79.0125		631.3

		79.06625		630.063

		79.12		628.825

		79.17375		627.588

		79.2275		626.35

		79.28125		625.113

		79.335		623.875

		79.38875		622.638

		79.4425		621.4

		79.49625		620.163

		79.55		618.926

		79.60375		617.688

		79.6575		616.451

		79.71125		615.214

		79.765		613.976

		79.81875		612.739

		79.8725		611.502

		79.92625		610.264

		79.98		609.027

		80.03375		607.79

		80.0875		606.553

		80.14125		605.316

		80.195		604.079

		80.24875		602.842

		80.3025		601.604

		80.35625		600.367

		80.41		599.13

		80.46375		597.893

		80.5175		596.656

		80.57125		595.419

		80.625		594.183

		80.67875		592.946

		80.7325		591.709

		80.78625		590.472

		80.84		589.235

		80.89375		587.998

		80.9475		586.761

		81.00125		585.525

		81.055		584.288

		81.10875		583.051

		81.1625		581.814

		81.21625		580.578

		81.27		579.341

		81.32375		578.104

		81.3775		576.868

		81.43125		575.631

		81.485		574.394

		81.53875		573.158

		81.5925		571.921

		81.64625		570.685

		81.7		569.448

		81.75375		568.212

		81.8075		566.975

		81.86125		565.739

		81.915		564.503

		81.96875		563.266

		82.0225		562.03

		82.07625		560.794

		82.13		559.557

		82.18375		558.321

		82.2375		557.085

		82.29125		555.848

		82.345		554.612

		82.39875		553.376

		82.4525		552.14

		82.50625		550.904

		82.56		549.667

		82.61375		548.431

		82.6675		547.195

		82.72125		545.959

		82.775		544.723

		82.82875		543.487

		82.8825		542.251

		82.93625		541.015

		82.99		539.779

		83.04375		538.543

		83.0975		537.307

		83.15125		536.071

		83.205		534.836

		83.25875		533.6

		83.3125		532.364

		83.36625		531.128

		83.42		529.892

		83.47375		528.657

		83.5275		527.421

		83.58125		526.185

		83.635		524.949

		83.68875		523.714

		83.7425		522.478

		83.79625		521.242

		83.85		520.007

		83.90375		518.771

		83.9575		517.536

		84.01125		516.3

		84.065		515.065

		84.11875		513.829

		84.1725		512.594

		84.22625		511.358

		84.28		510.123

		84.33375		508.887

		84.3875		507.652

		84.44125		506.417

		84.495		505.181

		84.54875		503.946

		84.6025		502.711

		84.65625		501.475

		84.71		500.24

		84.76375		499.005

		84.8175		497.77

		84.87125		496.534

		84.925		495.299

		84.97875		494.064

		85.0325		492.829

		85.08625		491.594

		85.14		490.359

		85.19375		489.124

		85.2475		487.889

		85.30125		486.654

		85.355		485.419

		85.40875		484.184

		85.4625		482.949

		85.51625		481.714

		85.57		480.479

		85.62375		479.244

		85.6775		478.009

		85.73125		476.775

		85.785		475.54

		85.83875		474.305

		85.8925		473.07

		85.94625		471.835

		86		470.601

		86.05375		469.366

		86.1075		468.131

		86.16125		466.897

		86.215		465.662

		86.26875		464.427

		86.3225		463.193

		86.37625		461.958

		86.43		460.724

		86.48375		459.489

		86.5375		458.255

		86.59125		457.02

		86.645		455.786

		86.69875		454.551

		86.7525		453.317

		86.80625		452.083

		86.86		450.848

		86.91375		449.614

		86.9675		448.38

		87.02125		447.145

		87.075		445.911

		87.12875		444.677

		87.1825		443.443

		87.23625		442.208

		87.29		440.974

		87.34375		439.74

		87.3975		438.506

		87.45125		437.272

		87.505		436.038

		87.55875		434.804

		87.6125		433.569

		87.66625		432.335

		87.72		431.101

		87.77375		429.867

		87.8275		428.633

		87.88125		427.4

		87.935		426.166

		87.98875		424.932

		88.0425		423.698

		88.09625		422.464

		88.15		421.23

		88.20375		419.996

		88.2575		418.763

		88.31125		417.529

		88.365		416.295

		88.41875		415.061

		88.4725		413.828

		88.52625		412.594

		88.58		411.36

		88.63375		410.127

		88.6875		408.893

		88.74125		407.659

		88.795		406.426

		88.84875		405.192

		88.9025		403.959

		88.95625		402.725

		89.01		401.492

		89.06375		400.258

		89.1175		399.025

		89.17125		397.792

		89.225		396.558

		89.27875		395.325

		89.3325		394.091

		89.38625		392.858

		89.44		391.625

		89.49375		390.391

		89.5475		389.158

		89.60125		387.925

		89.655		386.692

		89.70875		385.459

		89.7625		384.225

		89.81625		382.992

		89.87		381.759

		89.92375		380.526

		89.9775		379.293

		90.03125		378.06

		90.085		376.827

		90.13875		375.594

		90.1925		374.361

		90.24625		373.128

		90.3		371.895

		90.35375		370.662

		90.4075		369.429

		90.46125		368.196

		90.515		366.963

		90.56875		365.731

		90.6225		364.498

		90.67625		363.265

		90.73		362.032

		90.78375		360.799

		90.8375		359.567

		90.89125		358.334

		90.945		357.101

		90.99875		355.869

		91.0525		354.636

		91.10625		353.403

		91.16		352.171

		91.21375		350.938

		91.2675		349.706

		91.32125		348.473

		91.375		347.241

		91.42875		346.008

		91.4825		344.776

		91.53625		343.543

		91.59		342.311

		91.64375		341.078

		91.6975		339.846

		91.75125		338.614

		91.805		337.381

		91.85875		336.149

		91.9125		334.917

		91.96625		333.684

		92.02		332.452

		92.07375		331.22

		92.1275		329.988

		92.18125		328.756

		92.235		327.523

		92.28875		326.291

		92.3425		325.059

		92.39625		323.827

		92.45		322.595

		92.50375		321.363

		92.5575		320.131

		92.61125		318.899

		92.665		317.667

		92.71875		316.435

		92.7725		315.203

		92.82625		313.971

		92.88		312.739

		92.93375		311.507

		92.9875		310.276

		93.04125		309.044

		93.095		307.812

		93.14875		306.58

		93.2025		305.348

		93.25625		304.117

		93.31		302.885

		93.36375		301.653

		93.4175		300.422

		93.47125		299.19

		93.525		297.958

		93.57875		296.727

		93.6325		295.495

		93.68625		294.264

		93.74		293.032

		93.79375		291.801

		93.8475		290.569

		93.90125		289.338

		93.955		288.106

		94.00875		286.875

		94.0625		285.643

		94.11625		284.412

		94.17		283.181

		94.22375		281.949

		94.2775		280.718

		94.33125		279.487

		94.385		278.255

		94.43875		277.024

		94.4925		275.793

		94.54625		274.562

		94.6		273.33

		94.65375		272.099

		94.7075		270.868

		94.76125		269.637

		94.815		268.406

		94.86875		267.175

		94.9225		265.944

		94.97625		264.713

		95.03		263.482

		95.08375		262.251

		95.1375		261.02

		95.19125		259.789

		95.245		258.558

		95.29875		257.327

		95.3525		256.096

		95.40625		254.865

		95.46		253.635

		95.51375		252.404

		95.5675		251.173

		95.62125		249.942

		95.675		248.711

		95.72875		247.481

		95.7825		246.25

		95.83625		245.019

		95.89		243.789

		95.94375		242.558

		95.9975		241.327

		96.05125		240.097

		96.105		238.866

		96.15875		237.636

		96.2125		236.405

		96.26625		235.175

		96.32		233.944

		96.37375		232.714

		96.4275		231.483

		96.48125		230.253

		96.535		229.022

		96.58875		227.792

		96.6425		226.562

		96.69625		225.331

		96.75		224.101

		96.80375		222.871

		96.8575		221.641

		96.91125		220.41

		96.965		219.18

		97.01875		217.95

		97.0725		216.72

		97.12625		215.49

		97.18		214.259

		97.23375		213.029

		97.2875		211.799

		97.34125		210.569

		97.395		209.339

		97.44875		208.109

		97.5025		206.879

		97.55625		205.649

		97.61		204.419

		97.66375		203.189

		97.7175		201.959

		97.77125		200.729

		97.825		199.5

		97.87875		198.27

		97.9325		197.04

		97.98625		195.81

		98.04		194.58

		98.09375		193.351

		98.1475		192.121

		98.20125		190.891

		98.255		189.661

		98.30875		188.432

		98.3625		187.202

		98.41625		185.973

		98.47		184.743

		98.52375		183.513

		98.5775		182.284

		98.63125		181.054

		98.685		179.825

		98.73875		178.595

		98.7925		177.366

		98.84625		176.136

		98.9		174.907

		98.95375		173.677

		99.0075		172.448

		99.06125		171.219

		99.115		169.989

		99.16875		168.76

		99.2225		167.531

		99.27625		166.301

		99.33		165.072

		99.38375		163.843

		99.4375		162.614

		99.49125		161.385

		99.545		160.155

		99.59875		158.926

		99.6525		157.697

		99.70625		156.468

		99.76		155.239

		99.81375		154.01

		99.8675		152.781

		99.92125		151.552

		99.975		150.323

		100.02875		149.094

		100.0825		147.865

		100.13625		146.636

		100.19		145.407

		100.24375		144.178

		100.2975		142.949

		100.35125		141.721

		100.405		140.492

		100.45875		139.263

		100.5125		138.034

		100.56625		136.805

		100.62		135.577

		100.67375		134.348

		100.7275		133.119

		100.78125		131.891

		100.835		130.662

		100.88875		129.433

		100.9425		128.205

		100.99625		126.976

		101.05		125.748

		101.10375		124.519

		101.1575		123.291

		101.21125		122.062

		101.265		120.834

		101.31875		119.605

		101.3725		118.377

		101.42625		117.148

		101.48		115.92

		101.53375		114.692

		101.5875		113.463

		101.64125		112.235

		101.695		111.007

		101.74875		109.779

		101.8025		108.55

		101.85625		107.322

		101.91		106.094

		101.96375		104.866

		102.0175		103.638

		102.07125		102.409

		102.125		101.181

		102.17875		99.953

		102.2325		98.725

		102.28625		97.497

		102.34		96.269

		102.39375		95.041

		102.4475		93.813

		102.50125		92.585

		102.555		91.357

		102.60875		90.129

		102.6625		88.901

		102.71625		87.673

		102.77		86.446

		102.82375		85.218

		102.8775		83.99

		102.93125		82.762

		102.985		81.534

		103.03875		80.307

		103.0925		79.079

		103.14625		77.851

		103.2		76.624

		103.25375		75.396

		103.3075		74.168

		103.36125		72.941

		103.415		71.713

		103.46875		70.486

		103.5225		69.258

		103.57625		68.03

		103.63		66.803

		103.68375		65.576

		103.7375		64.348

		103.79125		63.121

		103.845		61.893

		103.89875		60.666

		103.9525		59.438

		104.00625		58.211

		104.06		56.984

		104.11375		55.756

		104.1675		54.529

		104.22125		53.302

		104.275		52.075

		104.32875		50.847

		104.3825		49.62

		104.43625		48.393

		104.49		47.166

		104.54375		45.939

		104.5975		44.712

		104.65125		43.485

		104.705		42.258

		104.75875		41.031

		104.8125		39.803

		104.86625		38.576

		104.92		37.35

		104.97375		36.123

		105.0275		34.896

		105.08125		33.669

		105.135		32.442

		105.18875		31.215

		105.2425		29.988

		105.29625		28.761

		105.35		27.534

		105.40375		26.308

		105.4575		25.081

		105.51125		23.854

		105.565		22.627

		105.61875		21.401

		105.6725		20.174

		105.72625		18.947

		105.78		17.721

		105.83375		16.494

		105.8875		15.268

		105.94125		14.041

		105.995		12.815

		106.04875		11.588

		106.1025		10.362

		106.15625		9.135

		106.21		7.909

		106.26375		6.682

		106.3175		5.456

		106.37125		4.229

		106.425		3.003

		106.47875		1.777
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