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Introduction

The Small-scale Educational Rocket Initiative (SERI) is a program, which was introduced to our institution by NASA Wallops Island.  The program was presented to a group of Physics seniors from Salisbury University.  The six students who volunteered for the program are receiving credit as their senior level undergraduate research.  The research is allowing them to participate in an actual engineering/Physics related hands-on project.  Different areas such as project management, teamwork, design, computer simulation and construction were addressed.

The Salisbury University’s Physics Department’s rocket is going to be launched from NASA Wallops Island, Virginia the week of April 26, 2004.

Description of Rocket
The rocket that is being launched is a seven-foot tall extended Aurora rocket.  The motor used in the rocket is a hybrid HyperTEK I130 (www.hypertekhybrids.com).  This motor is a two-part hybrid.  One part is the oxidizer using industrial grade nitrous oxide.  The second part is the fuel which is thermoplastic.  The launch pad is provided by Wallops Island and will accommodate the rocket.  The following is the graph of the thrust vs. time of the I130 motor.
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Engine Delays: 0

Diameter: 54 mm

Length: 544 mm

Initial Mass: 1.051 kg

Propellant Mass: .28 kg

Average Thrust: 119.1 N

Peak Thrust: 222.4 N

Burn Time: 3.95 sec


Figure 1

The rocket is constructed out of a hard PVC type plastic.  The rocket came completely disassembled from the manufacturer, Public Missiles.  The manufacturer also supplied a cardboard tube which allows for the mounting of the payload within the rocket housing.  The diameter of the main rocket housing is four inches.

The following is a plot of rocket altitude, velocity, and acceleration with respect to time.  These plots are marked according to the major events that will occur during flight.  These events include engine burnout, point of apogee, and parachute deployment.  These events are marked across all three plots.
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Figure 2

Extended Aurora Performance Parameters
The following are the specification for the Extended Aurora rocket.
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Figure 3

Payload
The rocket is carrying a payload which consists of an R-DAS flight computer, accelerometer, video camera with 2.4 GHz antenna, and a backup timer.

The R-DAS computer board also comes with a transmitter that emits a signal from the payload down to a Yagi antenna via a 433 MHz signal.  The Yagi antenna is hooked up to the telemetry receiver which is hooked up to a PC.  This allows data to be received real-time along with the data that is recorded on the R-DAS computer.  Additional information and specifications on the R-DAS may be found on their web-site:  http://home.iae.nl/users/aed/rdas/rdas.htm.
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Figure 4
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Figure 5

Recovery System
Our recovery system consists of the following:

1. one parachute

2. R-DAS flight computer

3. backup timer

4. 1.5 gram gunpowder charge

5. 3 separate electric matches attached to the gunpowder charge

6. dynamic deployment piston

7. break coupler

8. shock cord (keeps both halves of the rocket together)

During construction the break coupler was fitted so that the bottom half coupler of the rocket would slide into the top half of the rocket.  This will allow for the split of the rocket so that the parachute will be deployed at the proper time. (see Figure 6)
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Figure 6

Once the rocket is prepared for lift off, two break wires are attached to the launch pad so they will pull of when the rocket lifts off.  The purpose of the break wire is so that at liftoff the break wire breaks a circuit signaling the R-DAS that liftoff has occurred and starting the backup timer’s countdown.  

The R-DAS is going to be set to deploy the parachute at an altitude which is going to depend on the wind conditions at launch. The altitude will be set to approximately 800 feet for deployment.  Then there is a backup timer on the R-DAS system which is set to deploy between approximately 13 to 18 seconds after lift off.  This time will again depend on the wind conditions the day of launch.  For safety precautions, there is a completely separate timer which is set to deploy at the same time as the first timer.  The backup timer is electrically separate from the R-DAS system.  This is done so that if the battery of the R-DAS were to malfunction, the backup timer will work regardless of the R-DAS.  

The electric match is a set of wires, which go from both the R-DAS computer and the backup timer to the gunpowder load.  Once the R-DAS sensor reaches the set altitude, current is sent through the wire and into the gunpowder load.  As a backup, the timer on the R-DAS sends current through a separate wire at a set time, 13 to 18 seconds after lift off which is determined just before launch, which goes to the gunpowder charge.  The additional backup timer, completely electrically separate from the R-DAS, also has an electric match wire which will send current through its own separate wire and into the gunpowder load.  The backup timers are used solely as a safety device.  When the R-DAS senses the proper altitude, it will send a current through the first electric match which will ignite the gunpowder, create a force pushing the dynamic deployment piston downward causing the break coupler to separate and the parachute to be deployed.  The two alternate electric matches will go off after their set time, however since the charge had completely burned off, there is no concern for the current pulse which travels through the two other wires.

Once the deployment piston causes the break couplers to separate, the parachute will be deployed and caught by the wind.  Both pieces of the rocket will be attached to each other by the shock cord.  The parachute is attached to the middle of the shock cord with epoxy so that it will have no chance of sliding along the shock cord.  Launch simulations conducted with RockSim software show predicted altitude of approximately 1,200 feet. Simulation data are shown in Figure 7.
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Figure 7

Pressure Vessel Safety
DO NOT TOUCH THE FLOWING NITROUS OXIDE IN ANY WAY.  
The nitrous oxide is extremely cold and can cause frost bite.  There is a DUMP control which dumps the contents of the motor.  Always use the DUMP control and empty all the contents of the motors tank before approaching the rocket.  If the DUMP control fails, wait a minimum of 20 minutes to allow the remaining nitros oxide to escape through the tank vent.  

Fill Instructions
The nitrous oxide supply tank needs a pressure gauge.  The motor should be filled only when the pressure in the nitrous oxide supply tank is between 600 PSI and 850 PSI.

Install the motor into the rocket.  Align the compression fitting, used for venting, with the vent hole in the rocket housing.  The alignment of the compression fitting with the vent hole is very important because any trapped vent gases may damage parts of the payload which would lead to inaccurate deployment of the recovery system.

Follow NASA Drop-down Launcher procedures to mount rocket on launch rail.

After mounting the rocket on the launch pad, return to the firing control area.  Make sure that the distance is adequate enough so that all proper cables reach, but also so that everyone is a safe distance from the rocket.  For this rocket the distance is 100 feet for the person launching the rocket.  A further distance beyond 100 feet is desired for everyone else.  Start to fill the tank by pressing the fill button.  As the nitrous oxide begins to fill in the motor tank, it will start to vent.  This is the indication that the amount of nitrous oxide in the motor tank is full and ready to be launched.  The two stages of ventilation should be easily distinguishable.  The first sage should be close to a clear vapor.  The change to a thick white vapor cloud is the indication that the direct nitrous oxide vapor is being vented.

Pre-Flight Checklist and Assembly

Every aspect of the rocket needs to be checked and double checked prior to launch.  The ideal time to go through the checklist is just prior to launch.  The following procedure should be followed to setup the rocket before launch.

· Inspect the rocket for any damages.  Visually inspect the fins.  Flex the fins and listen to any noise that may signify cracks in the epoxy.

· Assemble the rocket without the payload module to make sure all parts fit properly.  Make sure the deployment piston slides without binding.  Test the friction between the break coupler, which holds the top section to the bottom.  The section should be very snug, so accidental deployment due to drag separation, does not occur.  Add masking tape if needed.  If it is too tight, lightly sand the coupler.

· Visually inspect the motor mounts for cracks.

· Disassemble the rocket.

· Assemble the motor following the motor build instructions and install the motor into the motor mount.  Friction fit the motor into the rocket.  If it is not tight enough, add masking tape for a good firm fit into the rocket.

· Attach the vent tube to the vent valve and make sure it is not kinked.  Run the vent valve to the outside of the rocket.

· Inspect the nylon cord which holds the parachute and make sure it is tied to the eye-bolt securely. 

· Install the piston and make sure it slides freely.

· Wrap the parachute as recommended by the manufacturer.

· Install the parachute and nylon cord into the upper stage.

· Install the upper stage to the lower stage. Make sure the coupler fits into the upper stage snug.

· Attach RDAS 9V battery.

· Attach backup timer 9V battery

· Attach camera batteries (4xAAA)

· Install electric matches.

· Check all connections on payload

· Install 2 gram gunpowder charge in charge holder.

· Install the payload module through the top of the upper stage. 

· Screw the module to the rocket.

· Install the nose cone.

· Follow NASA Drop-down launcher procedure to install rocket on launch pad.

After installing the rocket on the launch pad

· Check break wires

· Turn RDAS safety arm switch on

· Turn backup timer safety arm switch on

· Turn RDAS power switch on

· Turn backup timer power switch on

· Connect video receiver to VCR

· Check video tape

· Turn on video receiver

· Install telemetry receiver battery

· Connect telemetry receiver to laptop

· Start recording on VCR

· Start monitoring telemetry data

Launch Procedures

· Complete and pass the Mission Readiness Review.

· The launch team will wait for the clearance from Air Traffic Control (ATC).

· The each team member will give a “go”, “no go” for launch.

· The member responsible for launch will go to the launch controller.

· The fill button will be pressed until a steady stream of nitrous oxide is seen venting the rocket.

· Turn the handheld unit from SAFE to ARMED.

· Give a loud 5-4-3-2-1-GO LAUNCH countdown and press and hold the FIRE button.

· The rocket will take off from the launch pad within approximately 3 seconds.

· One team member will follow the rocket with the Yagi antenna that is hooked up to the computer.

· Another team member will monitor the recorded video feedback.

· At a specific altitude, set prior to launch to conform to the current wind conditions, the parachute will deploy and the rocket will safely return to ground.  

· Approach the rocket AFTER it has come to a complete landing.

· The rocket may be hot so do not touch it without letting it cool first.

· Take a picture of the rocket if possible, and take data of the rocket making notes of any damage.

· When you feel it is safe to touch it, have a team member put on heat resistant gloves and disassemble the rocket.

· Have two one team member record the condition of each piece of the rocket as it is being disassembled.

· Combine the pieces of the rocket into a box to transport off the base.
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