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FLIGHT READINESS REVIEW 
FRR Summary Report 

 

 

 

 

 

 

Launch Vehicle Summary  

Size of Rocket: 132 inches 

Motor: Aerotech L1300 

Rail Size: 10 Feet by 1.5 x 1.5 

Recovery: 5 parachutes: 120 Inch diameter parachute (main), 45 Inch (nose 

cone, 45 Inch (robot capsule), 36 Inch (drogue), and 12 Inch (Gumby). 

Payload Summary: Deliver an RPV (remote ï piloted vehicle) from the rocket to 

the ground, while also collecting air speed data and video of the flight. Also the 

rocket will have a Pitot tube to collect the velocity of air fluid as the rocket travels 

to one mile Above Ground Level (AGL).  

School Name:   Saint Andrews Lutheran Church & School  

  

Location :   260 North Northwest Hwy.  

                    Park Ridge, Illinois    60068  

   

  

Team Project Manager :  Lt. Leonard Johnson  

                                            NAR # 83767  

                                            NAR Level 2 Certified  

  

Team Lead Mentor :         Kenneth Herrick  

                                            NAR # 76169              TRA # 07664  

                                            NAR & TRA Level 3 Certified  

  

Mentors :éééééééNick Cinquino  

                                            Jim Williamson  

                                            Arnold Witzke  

                                            NAR # 16724             TRA # 11593  

                                            NAR & TRA Level 1 Certified  
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Added Bonus: Gumby as Mission Commander!   

 

 

 

 
II) Changes made since CDR  

Highlight all changes made since PDR and the reason for those changes. 

Changes made to Vehicle Criteria 

After many discussions of integrating the camera into the altimeter bay, a team 

member suggested moving it to the nosecone. Team Orion agreed this method 

would be much simpler to implement. The following CAD drawing shows the 

updated position of the camera. 
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Deployment of the drogue will be done by black powder charges.  The forward 

section deployment has been changed to CO2 system.  The system had been 

provided by Rouse-Tech. Team Orion has chosen to use two 38 gram CO2 

cartridges based on static testing results. 

 

Changes made to Payload Criteria 

The video camera has been securely attached to the bulk plate that holds the Pitot tube 

circuitry, but on the aft side.  A Ĳò hole is drilled into the shoulder of the nosecone, and a 

corresponding hole added to the upper body tube.  Team Orion actually ran the camera 

during the static test firing of the CO2 system. The camera successfully collected video 

during the entire test.  Additionally, a Gumby figure, who is a renowned world traveler 

has been added as an honor from NASA into the payload bay and will be housed 

comfortably and have a safe ride.  Wood blocking is secured to the floor of the capsule   

behind the robot to support the back part of the frame to protect the rear drive motors 

which are fragile during flight.  A remote controlled device will be used to release the 
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capsule door latch holding the robot in the payload bay so the robot is safe during flight 

and can easily leave the rocket when it is on the ground. The Rocket Hunter frequency 

that will be used is a 219.719 MHz transmitter and it is in the Wi-Fi band. The Pitot tube 

circuit will be recalibrated so that it will collect accurate data on the day of flight. 

 

The length of the altimeter bay is 13 inches. Note one end has the BP ejection 

charges; the other end has the CO2 ejection system with two 38 gram cartridges. 



 9 

In the CAD picture above shows updated designs to the nosecone Pitot tube 

circuit payload.  Note, camera is positioned just aft of the Pitot circuit on the 

exposed side of the bulk in the shoulder of the nose cone. Note the mirror unit 

just inches from the end of the upper section of the body tube (main airframe). 

This unit has a mirror securely mounted at slightly greater than 45 degrees, so 

the field of view of the camera is downward along the length of the rocket 

 

 

Changes made to Activity Plan 

No changes made since the PDR 
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III) Vehicle Criteria  

Design and Verification of Launch Vehicle 

Design and verification is covered in later sections of this Review, in detail. 
 
 
 
 
Flight Reliability confidence 

Flight reliability evidence will be provided via RockSim analysis later in this 

Review. As evidenced by a statement by Orionôs Mentor, Mr. Herrick who said, ñIt 

is ready for a flight.ò On March 9, 2008, Pitot Cruiser RDV had a successful flight. 

See the flight data appendix 1. 

 

Mission Statement, Requirements, and Mission Success Criteria 

Mission Statement: Team Orionôs mission is to safely and successfully launch 

Pitot Cruiser RDV to an altitude of 5280ô, deploy five parachutes successfully.  In 

addition to landing and deploying a robot vehicle under a piloted control, collect 

Pitot tube pressure data, and collect video of the flight also. 

Requirements: Orionôs design calls for the Team to build a six inch diameter 

rocket with the length of about one-hundred thirty- two inches.  The body is 

fiberglass, plus design and build a payload bay for the robot. It must allow egress 

of the robot on command, when on the ground. Also based on the Team Orionôs 

past experience a Pitot tube pressure measuring circuit has been designed into 

the nose cone.  Finally, an internal section of the noseconeôs shoulder will house 

a digital camera. 

Success Criteria:  Team Orionôs program will be a success when it safely and 

successfully launches the Pitot Cruiser RDV, in a flight in which the drogue chute 

successfully deploys at an apogee of 5280 feet AGL, followed by successful 
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ejection of the robot capsule at 800 feet AGL, along with successful ejection of 

the main parachute. The robot capsule needs to land upright, followed by the 

door being opened by remote control, followed by egress under the pilotôs 

control. Also, the flight will be a 100% success when Team Orion has 

downloaded the Pitotôs airspeed data and video as well. 

Major Milestone Schedule 
 

Outreach Oshkosh Program     July 27, 2007 
 
Establish: OrionProject@yahoo.com     Aug. 13, 2007 
 
(RFP) Request for Proposal     Aug. 15, 2007 
 
First Official Team Meeting      Aug. 27, 2007 
 
Team Members Assigned Duties     Aug. 28, 2007 
 
Payload and Safety Team Meetings    Sept. 2, 2007 
 
Proposal Rough Draft due      Sept. 9, 2007 
 
Proposal Revision       Sept. 10-24, 2007 
 
Team Meeting for Final Proposal     Sept. 23, 2007 
 
Mail Proposal          Sept. 28, 2007 
 
Proposal due        Oct. 1, 2007 
 
Finalize Payload Design      Oct. 20, 2007 
 
NASA SLI Contract Awards Granted    Oct. 22, 2007 
 
Submit Payment Information Form    Oct. 22, 2007 
 
SLI Teams Teleconference     Oct. 23, 2007 
 
Begin 1/2 scale Rocket Design     Oct. 23, 2007 
 
Complete 1/2 scale Rocket Construction    Oct. 29, 2007 
 
NASA Media Announces New 2006-2007 SLI Teams  Oct. 30, 2007 
 
Launch 1/2 scale Rocket Design     Nov. 4, 2007 
 
Web Presence Established for each Team   Nov. 5, 2007 

mailto:OrionProject@yahoo.com
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Assess Launch Results of 1/2 scale Rocket   Nov. 5, 2007 
 
Finalize Rocket Design      Nov. 5, 2007 
 
Complete (PDR) Rough Draft     Nov. 6, 2007 
 
Compile (PDR)       Nov. 7-9, 2007 
 
(PDR) Preliminary Design Revision    Nov. 10, 2007 
 
Order Supplies & Equipment for Final Rocket Construction Nov. 14, 2007 
 
Begin Construction of Rocket     Nov. 24, 2007 
 
Mail (PDR)        Nov. 26, 2007 
 
(PDR) Preliminary Design Review due    Nov. 28, 2007 
 
Complete (CDR) Rough Draft     Dec. 2, 2007 
 
Payload Electronics & Wind Tunnel Testing   Dec. 9, 2007 
 
Begin Construction of Payload Bay    Dec. 15, 2007 
 
Compile (CDR)       Dec. 16-19, 2007 
 
Revise and Finalize (CDR)      Dec. 20, 2007 
 
Begin Recovery Research      Jan. 06, 2008 
 
Propulsion Research Tests     Jan. 06, 2008 
 
(CDR) Report Due                                       Jan. 22, 2008 
 
(CDR) Presentation Slides (Power Point)    Jan. 22, 2008 
 
First test of CO2 Ejection system     Feb. 02, 2008 
 
Review of Ejection test and modifications   Feb. 09, 2008 
 
Work on camera payload begins     Feb. 17, 2008 
 
Payload finished; CO2 and Black Powder Ejection Tests Feb. 24, 2008 
 
Ejection review and last modifications done   March 01, 2008 
 
Maiden Flight of Pitot Cruiser RDV    March 09, 2008 
 
FRR rough draft complete      March 15, 2008 
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Outreach Morton Grove Library                                               March 19, 2008 
 
FRR Revisions       March 22, 2008 
 
FRR Due        March 24, 2008 
 

 
Review the design at a system level: 

For the vehicleôs functional requirements, Team Orion has two altimeters, an 

Ozark ARTS and a Missile Works RRCX2 set as two independent, redundant 

systems to reduce the chance of a failed parachute ejection.  Both have 

independent CO2 System and black powder charges, power supplies and 

switches. The altimeters will be set to eject a small drogue chute, of 

approximately thirty-six inch diameter, at apogee at around 5280 feet AGL. The 

rocket will separate approximately in the center to accomplish this. Each 

altimeter sets off a separate ejection charge to make certain that a specific event 

takes place. The rocket then descends on drogue to 800 feet AGL, where both 

altimeters are programmed to fire and eject the main chute. This separates the 

nose from the upper body. The robot capsule ejects and begins its parachute 

descent, and the large 120ò main chute deploys to bring the rocket down safely. 

Pitot Cruiser RDV will have five parachutes: drogue, capsule, nose cone, main, 

and Gumby. 
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Updated drawings and specifications 
 

 
 

Above is a RockSim analysis of Pitot Cruiser RDV. Note that four of the five 
 
parachutes are shown. Also visible is the Pitot circuit (the first M from the left).  
 
The second M is the robot payload (M is a RockSim symbol for a  
 
mass thatôs been added). The third M is the altimeter payload bay. 
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Analysis results: 
 

 
 

The above RockSim ñPrint Screenò shows several simulations using several 

different motors. Note a motor is shown loaded into the rocket, so the Cg and Cp 

are very close to what can be expected in an actual rocket. Note that RockSim 

says the design is stable. Looking at the Cg and Cp marks it appears to be stable 

with 1.5 caliber stability level. 

 
Test results: 

All systems have been rigorously tested and these systems are integrated into 

the rocket to make sure that nothing goes wrong during or after the flight. Among 
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these tests are two static firings of black powder charges and CO2 charges under 

controlled conditions. The testing of the robot has had its systems tested to 

understand more about how it works and to gain confidence in its driving ability. 

Pitot Cruiser RDV has successfully flown once with a prototype robot to see if it 

could survive the flight to one mile AGL. Along with the prototype robot was a 

digital camera mounted in the shoulder of the nosecone. It works with an external 

mirror outside the body to reflect the image so the camera can record the flight 

from the rockets view of the ground during flight. The ultimate test occurred on 

March 9, 2008 with system expectations being met.   

See Flight Data Appendix 1 for details. 

 

 

Preliminary Motor Selection 

RockSim showed an Aerotech L1300 would send Pitot Cruiser RDV to 5700 feet 

AGL, with a six inch diameter by ten feet nine inch air frame, and estimated 

weight of 45 pounds 10 oz.  Team Orion believed that the Aerotech L1300 motor 

would suit the rocketôs needs to reach the objective altitude of one mile AGL. 

. 

Demonstrate that the design can meet all system level functional 

requirements: 

RockSim was used to test the original design done on TotalCad, Team Orion 

was able to get feedback from RockSim on whether the payloads and parachutes 

would fit inside the rockets design. Adding additional parachutes did necessitate 

stretching the length of the forward body tube a little. The diagram above shows 

everything fits inside the design.  Pitot Cruiser RDV has been packed multiple 

times checking the available space and for static tests. 
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Specify approach to workmanship as it relates to mission success 

This being Team Orionôs 2nd year project, the team has been applying techniques 

learned from the previous yearôs program. Team Orion found that using strong 

fiberglass for body tubes, couplers, nosecone and fins creates a sound rocket. 

Team Orion feels the high structural strength adds to the success of the project.  

The engine mount tube will be secured with three fiberglass motor mount rings. 

Epoxy will be used for all main body joints and fin attachments and fillets. Steel 

hardware, like screws and u-bolts will be used where needed for maximum 

strength. 

 

Discuss planned additional component testing, functional testing, or static 

testing: 

Team Orion is used to using black powder ejection charges for both ends of a 

rocket.  This year Team Orion has chosen a CO2 ejection system for the forward 

section of the rocket project.  Team Orion has never used CO2 before, so the 

approached was to conduct at least one, if not two test firings to make sure this 

system will work safely. This has been accomplished during the month of 

February; two test firings of the CO2 system. 

Status and plans of remaining manufacturing and assembly 

Integrity of design: 

Pitot Cruiser RDVôs design is related to that of Team Orionôs Pitot Cruiser 31 

design in 2007.  Team Orion used RockSim simulations and observed evidence 

showing that the design to be stable.  Again this was seen on the test flight on 

March 9, 2008 the results are available at the end of this review. 

See Flight Data Appendix 1. 
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Suitability of shape, fin style for mission 

Pitot Cruiser RDV is designed for low drag. Team Orion chose an ogive 

nosecone (drawn in Totalcad) for low Cd at subsonic airspeeds.  Team Orion will 

be measuring this data through the nose cone.  The body is a long cylinder, 

which may not be ideal aerodynamics-wise, however, this is a tradeoff in favor of 

strength due to fiberglass being offered in standard tube sizes. The fins are of 

proportional size and shape to help bring the Cp just where it is needed at about 

one and a half body diameters below the Cg. 

 
Proper use of materials in fins, bulkheads, and structural elements 

All body components, like nosecone, fins and airframe, are all heavy wall or thick 

fiberglass, as are bulk plates, coupler tubes and motor mount rings. Hardware 

items like mounting screws, bolts, eyebolts and u-bolts are steel. All five 

parachutes are Ripstop nylon. The shock cords are Tubular Nylon webbing. 

Kevlar tubing is used on the capsules shroud lines to the shock cord, which is a 

polymer material, an Aramid, thatôs known for its high strength.  On the black 

powder ejection side, a Nomex shroud is used to protect the Tubular Nylon 

webbing and drogue parachute. Nomex is another Aramid polymer with very high 

heat resistance.  

 

Proper assembly procedures, proper attachment and alignment of 

elements, solid connection points, load paths: 

Team Orion will be following the large-rocket techniques learned in the 2007 

project, as well as following any advice from Mr. Herrick. Proper attachment is in 

most body elements by a tight friction-fit, which is good to prevent drag induced 
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early separation after motor burnout. This has been seen to happen on a TARC 

flight three years ago; it doesnôt help the rocket much. The load path is almost 

completely down the long axis of the rocket; the fiberglass should be more than 

strong enough for a subsonic flight. 

 

Sufficient motor mounting and retention 

The motor mount tube is also fiberglass, and will be anchored by three motor 

mount rings, cemented down with generous amounts of epoxy for the fillets. The 

rings can be seen in both the RockSim and the Totalcad pictures. Retention will 

be by an aluminum mounting ring. 

 

 

Status of Verification 

Verification, Team Orion has learned from the past itôs important to make certain 

all things are true. In the case of a 10 foot 9 inch rocket, proving that itôll fly safely 

is worth verifying. So far the closest estimated design has been entered into 

RockSim, and the Cg and Cp look to be in good locations, and RockSim lists the 

design as stable, and loading and simulating the flight with several motors has 

shown several possibilities in getting close to the goal of one mile AGL. 

 
 
Safety and failure analysis 

Team Orion has studied the Risk Plot method of managing or controlling risks.  

This will be covered in detail within Appendix 2 at the end of this document. 
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Recovery Subsystem 
 

Again very little change has taken place.  Two altimeters will be used, the 

Ozark ARTS and the Missile Works RRCX2 have been set up as completely 

independent, redundant systems, to reduce the chance of a failed parachute 

ejection to a minimum; both have independent charges, power supplies and 

switches.  The Pitot Cruiser has five parachutes ï the drogue, a separate chute 

for the nosecone, one for the robotôs capsule, one for the upper payload bay and 

sustainer, and  a new addition: Gumby (who has his own parachute)é he needs 

to be safe, too! 

Increases in weight with the rocket and its varying components created 

the need to modify the sizes of the parachutes.  Pitot Cruiser RDV starts out at 

approximately 45 pounds 10 ounces at launch.  Then at apogee the weight drops 

to about 40 pounds 10 ounces (less the propellant) when the 36 inch drogue 

parachute is deployed providing approximately 78.3 feet per second descent 

rate.  The rocket proceeds downward to about 800 feet AGL when the CO2 that 

ejection cartridges eject the remaining science payload, nose cone, and Mission 

Commander Gumby.  Thus the upper and lower section of the rockets mass is 

now 32 pounds.  A120 inch main parachute should give the rocket a safe 

descent rate or 20.8 feet per second.  The nose cone approximately 4.5 pounds 

with a 45 inch parachute and a descent rate of 19.8 feet per second.  The robot 

and capsule are the same as the nose cone about 4.5 pounds, 45 inch parachute 

with a descent rate of 19.8 feet per second.  This leaves Mission Cdr. Gumby 

with a 12 inch parachute and his descent rate is calculated at 28.6 feet per 

second if his weight is 8 ounces. at apogee, giving the rocket a descent rate of 

approximately 78.3 feet per second before the altimeters eject the other chutes. 

Team Orion selected the Rouse ïTech CO2 gas system to be best suited 

to protect he robotic payload from the corrosive gases of Black Powder at time of 

ejection (800 feet AGL).  Two 38 gram cartridges have been tested to confirm 

enough power to eject the nose cone, robot and capsule by the way of a piston 

with the assistance of three Stand Offs bars to push all the contents out of the 

upper airframe for recovery..  
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Team Orion is committed to assure Gumbyôs safety!  He is an essential 

part of the mission, he must be safe, so he has a 12ò parachute!  His stand in did 

a fine job and only took on a little mud. 

All parachutes are still made from Ripstop nylon, and will have a Nomex, 

fire resistant shroud to protect them from the gasses and heat from ejection. 

However, forward payload doesnôt need the protective Nomex shrouds because 

of the nonviolent CO2 charges.  Shock chords are still Tubular Nylon webbing 

and will be secured tightly to eyebolts and U-bolts anchored within bulkheads in 

the rocket. 

Testing and Results 

On February 2, 2008, the first test of the CO2 system commenced.  Team 

Orion saw no problem with the ejection, save for the possibility of inserting a 

second 38 gram CO2 cartridge in place of the primary 24 gram cartridge to 

ensure that all parts of our recovery and payload come out without any problem.  

The second test with this modified system occurred on February 24, 2008, and 

can be viewed on the Teams website, www.orionrocketprojectsli.com.  There 

were no problems observed and also none with the black powder ejection when it 

was tested. 

The confidence level from Team Orion and its mentor was high in all static 

tests.  Therefore, a date was set to test fly the rocket which did take place on 

March 9, 2008.  The launch can be also viewed on the Teams web site.  No 

problems were observed in flight. The flight was considered a success with all 

recovery systems functioning as expected. 

 

 

 

 

 

 

 

 

 

http://www.orionrocketprojectsli.com/
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There was a slight amount of tangling with the nose shock chord and the 

payload and sustainerôs, but it did not affect the descent at all otherwise.  It 

simply made it easier to recover, for they landed in the same place! 

For more details, see Appendix 1. 

 
 
Safety and Failure Analysis  
 
Please see Appendix 2, which contains the Borda Risk Plots. 

 
 
 
Mission Performance Predictions 
  
State the mission performance criteria 

Team Orion predicts that Pitot Cruiser RDV will fly fairly straight up with minimal 

arcing into crosswinds, to an altitude of 5280 feet AGL.  At apogee, the altimeters 

will detect the lessening change in pressure, interpret that as apogee, and fire 

the BP drogue charges. A  Cert Level 3, 36 inch drogue parachute will deploy, 
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controlling the descent down to 800ô AGL. The altimeters will detect 800ô and fire 

the CO2 charge, ejecting the nosecone and parachute, the robot capsule and 

parachute, and the main chute. All will descend at fairly slow rates (about 20 feet 

/sec) to ground level; robot capsule will descend at about 20 feet / second.  

When the robot capsule touches down, the Pilot will use a Radio Control 

transmitter to unlock and open the door. The robot will then emerge under the 

ground Pilotôs command and control, via laptop and on board robot video 

camera.  Later, data from the Pitot tube and camera will be downloaded into a 

laptop PC. If all the above goes smoothly, Pitot Cruiser RDV will have achieved 

all of its performance criteria. 

 

 

Show flight profile simulations, altitude predictions with real vehicle data, 

component weights, and actual motor thrust curve 
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Above is Orionôs most updated flight profile Totalcad drawing. Notice that all 5 

parachutes are shown in use. The drogue is out at apogee, and at 800ô the other 

4 parachutes are seen to deploy. The diagram also shows the robot and its 

capsule descending to the ground, with the final success being the robotôs 

emergence under control of the pilot. Team Orion is exploring an alien planet! 

For altitude prediction results, shown again is a RockSim page which clearly 

shows Pitot Cruiser RDV, several different motors used, and altitudes in the 

general range of one mile AGL.  
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Orion has made its final motor selection: The Aerotech L-1300. The final 

RockSim simulation gave a theoretical altitude of 5700, but when actually flown 

on 3/9/08, Orion got an altitude report of 5216ô, even better than expected! 

Nosecone with circuit installed:                         1474g               52.0 oz 

Each fin:       406g            14.32 oz 

Each centering ring:       62 g              2.19 oz 

Aircraft plywood retention ring:   252 g              8.89 oz 

U-bolt motor mount assembly:     40 g              1.41 oz 

Sustainer fiberglass tube:            2025 g            71.43 oz 

Altimeter bay, unfinished:             1446 g              51.0 oz 

Aluminum motor case:            1530 g            53.97 oz 
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Upper section body tube:            2035 g            71.78 oz 

Robot with capsule, unfinished:            1644 g              58.0 oz 

 

 

Show thoroughness and validity of analysis, drag assessment, scale     

modeling results 

While Team Orion is not yet at the final design due to the complexity of this 

rocket, it can generally say that, for the design as of today, at 6 inch diameter 

and 45 pounds, RockSim shows it as stable. The drag on this rocket will be 

larger than smaller rockets by comparison. Also there is only one area that drag 

can be considered a concern; that area being where the video camera needs a 

right-angle mirror to create the viewing field on the side of the rockets air frame.  

While there may be a slight increase in drag, it doesnôt appear to pose a large 

concern by Team Orion. The ½ scale model performed and flew beautifully; see 

the video of the flight on the Orion website!  All systems worked well. 

 

Show stability margin, actual CP CG relationship and locations 

The RockSim diagram above in this Mission Performance section is the most 

recent analysis. RockSim states that the design is stable, and the Cg and Cp are 

clearly marked, and appear good, with a spacing of about 1.5 body diameters or 

1.5 caliber stability. At present the expectation would be to expect a good flight 

from Pitot Cruiser RDV. 
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Payload Integration  
 
Ease of Robot Integration 

The design had to be easily integrated into the upper air-frame of the 6 inch 

diameter rocket. Initially this was done by hand drawn sketches and then with 

simple CAD drawings. The installation and removal again had to be quick and 

easy for all members of the team to do repeatedly.  The Team has to be able to 

take the capsule in and out as well as deploy it with ease yet not damaging the 

capsule or the robot. The initial designs were based on the inside dimensions of 

the 6 inch airframe of the rocket selected by the team. The container design for 

the robot was based on using a 5.5 inch coupler tube which would best suit the 

size of the robot and associated interior electronic support components. The 

capsule again was built around the size of the robot and the rocket around the 

capsule. 

 

The focal point is to make things quick and easy, because there has to be a 

precision fit for the capsule to move by the ejection charge(s) of the CO2 out of 

the Air Frame of the upper payload bay.  The selection to use CO2 was based on 

the Manufacturer (Surveyor Corporation who became familiar with what the 

Project was about based on the Teams Proposal and PDR through the Team 

Orion Web Site) knowledge of the robot, who was worried that the Black Powder 

ejection gives off hot gases and residue, which could possibly damage the 

electronics of the robot since itôs not in a sealed capsule.  

 

Other parts of the design of the capsule, piston, and stand offs take into account 

G forces that are generated by an L Class motor.  The Surveyor Corporation was 

concerned about the rear motors taking extreme G forces and would render them 

in operative for use upon landing. Also, possibly a second forward force would be 

place against the front of the robot at the time of ejection thus padding would be 

placed between the door and the door.  This meant a need to incorporate a thrust 

block design in the capsule secure to it the capsules body or in this case the 

floor.  

 

The primary components used in the construction for the capsule is fiberglass 

similar to the rockets makeup, some aircraft plywood was used for the thrust 
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block.  For the sliding of the capsule in and out of the Air Frame, ñDelrinò a self 

lubricating plastic, (typically used in refrigeration) was used for the guides were 

secured to the capsuleôs exterior shell. This helps to prevent movement of the 

capsule during launch vibration and in flight. At launch the capsule is expected to 

be compressed to the three balsa standoffs (bars of balsa wood) that are 

secured to the ejection piston which is up against the forward end of the 

permanently mounted altimeter/ejection system payload bay. The end of each 

standoff has a piece Velcro which matches the other side of Velcro on the 

backside of the capsule bulkhead. The simplicity of the payload integration is 

packing the parachutes, shock cords, and sliding the capsule into the airframe for 

flight.  

 

Initial hand drawn sketch of robots capsule inside Main Airframe 
 
 
 


