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St. Andrews

Orion Projec  tll

) Summary of PDR report

Team summary

School name: St . Andrewds Church & School

Location: Park Ridge, lllinois

Teachers/Mentors: Ken Herrick, Len Johnson

Launch Vehicle Summary

Size: 980 | e n gliarheter, Zopourtdsi t e r
Motor Choice: Please see page 5 for Motor Choice Information

Recovery system: Black powder, or possibly upgrading to CO,. Rip Stop Nylon
parachutes

(Three parachutes total). See recovery system report.

PDR Major Changes

Vehicle Criteria:

Team Orion solved major problems with Pitot Cruiser RDV-1. We initially noticed
that the robot we chose as our Payload was t oo b idigmeterairfranaze, sé we
are now g o idametevairtrame. aVe @re going with a similar, but longer ogive
shape nose cone as the 40 version for
bulkheads for the inside of the nose cone. Team Orion will create a special payload for

the nose cone that will continue Air-Density studies via pitot-tube. Our coupler length
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will have to change dimension for added strength to such a wide rocket to fit inside the
airframe. Six 60 spare bul kheads will fit

coupler and the rest will be used for building the altimeter bay.

Revised PDR : Pitot Cruiser-RDV 1




Propulsion Criteria :

Since we will be widening the airframe of our vehicle, its weight will dramatically

increase, and in this case the motor size and total impulse must change for a successful

and safe flight. Quite a few motors we researched and tested and one struck us as

perfect, anL 1500 APCP. l'tds a 98 mmcemeringringstoube t h
secure it to tbet A8O06 aifffdmlecamgamr Ori onds <cal cul
date predict that by | oading an L1500 APCP mo
25 pounds (11,350 grams) should accomplish an apogee of 5,280 feet AGL. Total

Impulse produced by this motor shall provide 3,616 Newton/seconds. An alternate

motor for the same vehicle would be an L850W. In the latter case; Pitot Cruiser-RDV 1

would accomplish an apogee of 5,370 feet AGL while producing a Total-Impulse of

3,694 Newton/seconds.

Pitotcruiser RDV
Pitotcruiser RDY Engine Selection, 8", 25Lb

eng alt imp
K1050W 3622 2522 8000
K1100T 2089 1618
L850W 5370 3694 7000
L925W 7286 5097 G000
L1120W 6672 4922
L1500 5111 3616
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Altitude vs. Impulse, PC RDY, 6", 25Lb
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Altitude Prediction Results

Pitotcruiser RDV

Launch mass = 11350.0 g Diameter = 152.4 millimeters, Initial Cd = 0.750
Engine: "Aerotech L850W ", Total Impulse = 3694.98 Newseconds
Ejection 20 seconds after launch. Parachute diameter = 1524 millimeters.
Laund site altitude = 250 meters MSL.

The time (horizontal) axis runs to 200.0 seconds. Each tick mark is 20.0 s
The blue trace is altitude. Full scale is 2000 meters. Each tick is 200 m
Burnout, apogee, and ejection are marked with black dots.

The green traeis airspeed. Full scale is 2000 meters per second. Each tick is 200.0 m/s
The red trace is thrust. Full scale is 3000 Newtons. Each tick is 200.0 N
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Flight duration 169.2 seconds.

Max altitude = 1637.07 meters (5370.9 ft) at 16.7 seconds.
Peak speed = 230.53 meters per second (515.7 MPH).
Maximum acceleration = 9.68 g.

Turn over at 16.7 seconds

Chute deployment at 31.45 m/S, shock = 7.22 g.

Impact at 10.2 m/s.

Payload Summary

Deliver an RPV (remote-piloted vehicle) from the rocket to the ground, while also
collecting airspeed data and possibly video of the flight as well. May attempt to

add temperature of the outside of the nosecone also.

) Changes made since proposal

Changes made to vehicle criteria

1) Rocket diameter increased to 60.

Mor e
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2) Motor selection changed to make up for increased diameter (drag) and weight.
Change to an L-engine, see motor selection section.

3) Weight estimate to reflect increased amount of fiberglass area and larger motor.

Changes made to payload criteria

1) Larger robot pod for easier access, easier egress of robot
2) We have chosen the Surveyor SRV-1 as the best possible robot available for the
target goals.
3) Pitot tube circuit: no change, just increa
4) Possible additional project: Video recording of the flight and small external pod to

hold camera.

Changes made to activity plan

No significant changes.

ll)  Vehicle Criteria

Selection, design and verification of launch vehicle

Mission statement, requirements, and mission success criteria

1) Mi ssion Statement: Team Orion06s mission is
andrecoverPi t ot Crui ser RDV to an altitude of
successfully, | and and deploy a robot vehi

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



2) Requirements: Team Orion must design and b
at |l east 900 Il ength, all of fiberglass, an
robot. It must allow egress of the robot on command, when on the ground. Also,

a pitot tube pressure measuring circuit must be designed into the nose cone, like
last year. Finally, an external pod for a camera must be added.

3) Mi ssion Success Criteria: Orionodotlyamdogr am
successfully launch, at least once, Pitot Cruiser RDV, in a flight in which the
drogue chute successfully deploys at an ap
foll owed by successful ejection of the rob
ejection of the main chute. The robot pod must land upright, followed by lock
release, followed by egress under the pilo
be a 100% success if Orion also can download Pitot airspeed data, and video the

entire flight as well.

Review the design at a system level, going through functional requirements

For the vehicl ebs fQriondhdsitwo altaneters, @amPuarkiARRTS nt s ,

and a Missileworks RRCX2 set up as completely independent, redundant systems, to

reduce the chance of a failed parachute ejection to as low as possible. Both have

independent charges, power supplies and switches.

The altimeters will be setto ejectasmal | drogue chute, of approxi
at apogee at around 528006. The rocket will sp
accomplish this. Each altimeter sets off a separate charge to make certain that this

event takes place. Then the rocketdescend s on drogue to 8006, wher



are programmed to fire the main chute. This separates the nose from the upper body.
The robot pod ejects and begins i1its parachute
deploys to bring the rocket down safely.

Pitot Cruiser will therefore have three parachutes: Drogue, Pod and Main.

Describe subsystems required to accomplish mission success

The Vehicle subsystems are as follows:
1) Fiberglass Nosecone with integrated pitot circuit
2) Upper body, containing main chute and Robot pod. Fiberglass.
3) Alti meter payload bay, wi tbolts,IFiberglassds, 2 bul
coupler tube.
4) Lower body, containing drogue chute. Fiberglass
5) Shock cord tying upper and lower sections to the altimeter bay
6) Fiberglass Fins, dimensioned to achieve good CP placement
7) Fiberglass Motor tube (98mm) and at least 3 motor mount rings
8) Nomex shields front and rear to protect parachutes

9) External video cam pod

For the Pitot Airspeed payload:
1) Pitot tube and hose
2) Freescale pressure sensor
3) Power supply with regulator and switch
4) Data Logger with jack, cables

5) Laptop devoted to downloading data

1C



6) Fiberglass nosecone with bulkhead
For the deploying altimeter(s) payload:
1) Ozark AARTS deploying altimeter with separate power and switch.
2) Missileworks deploying altimeter with separate power and switch.
3)10 steel support threaded rods (x2)
4) Plywood or fiberglass bulkheads

5110 I ength of 60 coupler tube

Describe performance characteristics of system and subsystems/evaluation,

verification metrics

The evaluation and verification of the robot is being done by actually piloting it to see
how it runs, how fast the video transfers, how maneuverable it is.
For the Pitot circuit, we will be using identical hardware, so Orion feels confident that the

calibration is the same as it was last year, as shown:

Volts vs tunnel airspeed(nose pitot)

0.27

0.26 >

0.25
u 0.24
©

0.22

0.21 +

0.2
0 50 100 150 200 250
airspeed mph
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Describe verification plan and its status

For the robot, verification is in progress, involving having the designated pilot and
backup pilot practice operating the vehicle remotely, via the transmitted video. All parts
are going well; Orion has a laptop with the software installed, and the robot is operable.

Here is a photo of the Surveyor SRV-1:
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For the Pitot tube circuit and hardwar e, Orio

carefully as possible, thus allowing us to use the calibration data from last year, since all

hardware will be identical (tube, sensor, circuit, logger, etc.)

Define the risks and the plans for reducing risk. A risk plot is highly encouraged

There are a tremendous variety of risks of all sorts with HPR rocket flights. These
include electrical, chemical (propellants, ejection charges), mechanical, and other
mal functions. Team Orion | ooked up ARi sk Pl ot

examples were found, so we wanted to make one for our mission also.
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To be able to plot the results, the estimated data was entered into Excel, shown below:

RISKS Frequency est %  Severity est. %
In-flight failure from bad design 0.001 90
Defective part or component of airframe 0.005 75
Defective engine, CATO 0.05 90
One altimeter failure 0.05 5
Two altimeters failure 0.0025 95
Robot payload failure 0.06 0
Pitot tube circuit failure 0.01 0
Misfire of engine 0.05 0
Insufficient ejection charge 0.01 95
Excessive ejection charge 0.01 5
Failure of rocket due to construction error 0.001 80
Parachute descent into unrecoverable area 0.002 0
Collision with other aircraft in-flight 0.0000001 100
Poor Parachute deployment 0.05 5
Optional video cam failure 0.01 0

Mitigation steps
Clear the design with Mr. Herrick
Inspect the components before assembly!
Can't do much about that one
Know how to use altimeter properly
Know how to use altimeter properly
Know how to operate pod and robot
Know how to initialize and download logger
Recycle via safety checklist
Let Mr. Herrick determine & install charge
Let Mr. Herrick check & install charge
Use good engineering practices, inspect!
Unlikely at Redstone, no lakes
Clear area pre-launch, follow checklist
Pack the parachute per the checklist
Know how to set up video

Next, we wanted to plot the data in a similar way to the Risk Plots seen on the NASA

website. Unfortunately, Orion could not find an Excel chart option that looked anything

like the NASA risk plots. So the data was charted as columns, as follows:

Frequency est %
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Severity est. %

B Severity est. %
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Failure Mode

Team Orion understandst he val ue of Risk Plotséat a quick
identify the risks with the greatest severity. Those are obviously the ones that need the

greatest attention, the ones that need preventing at all costs!

Another interesting thing Orion noticed from the data from our estimates is that results

seem to fall toward both extremes; failures tend to be either very severe, or of only

mi nor effect. Thereds not nguocuhderstandtheet ween! Or

A

significance of that, or even whether thatos

Demonstrate planning of manufacturing, verification and integration

T e am O marufactusng techniqgue worked very well last year, so we plan to follow

that method exactly, which means choosing and building an all-fiberglass kit that fits our
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final plans as closely as possible, and make any modifications needed for our missions.
Last year, our Level 3 Mentor, Mr. Herrick, observed our manufacturing technique and
approved all work. As additional verification of a quality construction, all Team Orion

members are now NAR | evel 1 HPR ceinaur f

construction abilities. The planning has involved brainstorming of the mission, followed

by lots of internet searching for the best robot, followed by paper sketching, then Total

cad diagrams, and last before construction: verification by Rocksim. When everything

looks good, ordering the kit and constructing it will begin.

Confidence and maturity of design

ed, S0

Since Orionisalll e v e | 1 HPR certified, and wedbve been

rockets for TARC and SLI, Team Orion is very confident we can successfully construct

our proposed vehicle and payloads as originally planned.

Include dimensional drawings

EX TotalCAD 1.0 - [perdv 11 dimd] &) =]
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Recovery Subsystem (Critical)

From | ast year6s successful | aunch and rec
similar system of recovery. Two altimeters, an Ozark AARTS and a Missileworks
RRCX2 will be 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.
Team Orionés rocket, this year, 1is |l arger
T approximately 25 pounds - and will need a larger main parachute to assure a safe
recovery. However, we now have a separated payload to assure the safety of, as well
as the rocketds, so there wildl noiwadboguet hr ee p
and main chute within the rochktet, and the rob
In the rocket, the Team calculated diameter of the main and drogue chutes by
means of the Descent Rate Equation, shown below, using our previously estimated,

safe descent rate of 25-30 feet per second.

/ _8xmxg
V =\ PixpxCdxD?

In which:

m = mass in Kilograms

g = force of gravity in meters per second squared
Pi=3.1416

p = air density in Kilograms per cubic meter

Cd = coefficient of drag

D (squared) = parachute diameter in meters squared

A drogue parachute, mentioned several times above, will be necessary to keep
the fragile electrical components within the rocket, from being knocked too heavily
around when the main deploys and catches air. Estimating an acceptable descent rate

for the drogue to be around 90 feetpersecond, t he Team has chosen a ¢

to be ejected at apogee i 5,280 feet i to slow the rocket before the main is deployed.

16



To accomplish the drogue ejection, the rocket will be split at, approximately, the center.

The main parachute, which the Team has agreedtousinga60 06 par achut e,
according to the descent rate equation, will be deployed at 800 feet AGL, separating the
nose payload from the rest of the rocket, bringing the vehicle to a slow, safe landing.

T h e rsepddavil Be separated during the main ejection, and will have a
parachute of 3 6. drhis gives, according to the equation, a slow descent rate of 21 feet
per second that will assure the safety of the fragile payload.

All parachutes are made from ripstop nylon, and will have a Nomex, fire resistant
shroud to protect them from the gasses and heat from ejection. Our shock chords will
be Kevlar, which is also flame-resistant, and will be secured tightly to eyebolts and U-
bolts anchored within bulkheads in the rocket.

Parachutes and robot payload will be ejected using E-match black powder
charges, wired into the Ozark and Missleworks altimeters; the drogue deploying at
apogee, and the main, as well as the robot section, deploying at 800 feet.

The amount of black powder will be determined by another equation below:

Wp=dP*V/R*T

Where:

dP is the ejection charge pressure in psi.

R is the combustion gas constant, 22.16 (ft- Ibf/lom R) for FFFF black powder.
(Multiply by 12 in/ft to get in terms of inches.)

T is the combustion gas temperature, 3307 degrees R for black powder.

V is the free volume in cubic inches. Volume of a cylinder is cross section area

times length L, or from diameter D, V =L * pi * D2/4

Wp is the charge weight (mass, actually) in pounds. (Multiply by 454 gm/lb to get

grams.)

Therefore, according to this equation, we will use about two grams of black
powder in the deployment of the drogue, and about two grams for the robot payload and
main chute.

There is, however, a very large possibility of using specialized charges of

17



pressurized CO, to separate the robotic payload (and, therefore, the main chute, as
well) from the rocket. This is mainly in relation to the electrical components of the robot
being very sensitive, and the possibility of damage to the circuit boards by the heat
and/or burnt residue from the E-match charges. However, since the robot is in an
enclosed payload bay, there is much speculation if the team should use the CO»
charges, or if we should use what we already have handled and are used to i the E-

matches.

Demonstrate that analysis has bequn for size, mass, attachment, ejection, electronics

Orion has an estimate of all parachute sizes needed for all 3 of the planned parachutes
to be used in Pitot Cruiser RDV. To try to keep all the data together and in a form that
could be charted, an Excel sheet was made with the information. The values of descent
rate were calculated on an online site that offered values for specific Skyangle

parachutes, which are commercially made units. Here is the data:

chute desc
pounds chute type size desc rt mph
pounds at launch 25
Pounds at burnout 21
pounds at apogee eject 21
pounds at 800 21 skyangle classic 60 60 21.9 14.9
Pounds robot + pod 4 skyangle classic 20 20 93 63.8
pounds remainder
rocket 17 skyangle classic 36 36 20.8 14.2

As can be seen, with three parachutes things get complicated. Following is a chart of

the weight, parachute size and descent rate for all three systems:

18



Chutes, Weights, Descent rates

100

M Desc rate ft/sec

Desc rate ft/sec

21lbs, Skyangle 20 4lbs, Skyangle 36 17Ibs, Skyangle 60
Weight, Chute

Let us break this down into three individual descents:

At launch, Orion estimates a 25 pound rocket weight as of 11/23/07. At burnout, the
weight is estimated to be down to 21 pounds. Pitot Cruiser continues climbing to
apogee, at 5280 feet, still weighing 21 pounds. At apogee, 2 of 4 ejection charges fire,
splitting the rocket at its midpoint, and releasing the Skyangle 20 drogue chute. The
vehicle descends from 5280 down to 800 feet at a rate of 93 ft/sec. It would therefore
take 48.1 seconds to drop from 5280 to 800. The drogue is to keep the descent under

control, and not letting the nose and tail strike each other in tumbling.

At 80006, t he s ec on dre blonong @i tleemdsecona, and bjecting e s f
the robot pod and its chut e, and the rocketds
estimates a 4 pound weight. Wi th a Skyangle 3

to ground. This will take 38.4 seconds, or 86.5 seconds from ejection to robot pod

touchdown.
For the remainder of the rocket , at 8006, it

weighs 17 pounds. A Skyangle 60 chute is ejec

19



vehicle descends at 21.9 ft/secfrom 8 0006 to ground. This wil|l
84.62 seconds from ejection to vehicle touchdown.

Team Orion wants the payload pod to stay relatively close to the rocket vehicle, but not

so close that they tangle up with each other, so the difference of 2 seconds in descent

time should keep them increasingly away from each other.

For attachment, Orion knows to use very strong hardware. As can be seen in the

foll owi ng cad d-boitsmarensgd for shock sotd ata¢hmdut. From last

y e ar 0 s, wé Wnhowghatta failure here is extremely unlikely.
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As can be seen, the altimeter bay is very solidly constructed of fiberglass tube, thick
plywood bulkheads, and steelrodsandu-b ol t s . Il n the center 1is

the two altimeters (see altimeter info) and independent battery power supplies.
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Mission performance predictions (Critical)

State mission performance criteria

Please see vehicle and payload criteria sections for details on the performance of the
payloads and vehicle.

Show flight profile, altitude predictions, weights, thrust curve

Please see the Orion proposal for complete detail of the flight profile. Nothing has
changed in our planned flight profile since the proposal was written. For altitude
predictions please go to page 7. For weight estimates that are up to date please see

page 6 for specific detail. Lastly see following for RockSim thrust curve.

| Simulation Plot _ ||
Pitot Cruiser RDV

Launched with [E325-0 ]

i -
% -
‘E 100
£ o f
= B fﬂ_____:—-—fi
- I E——

5000 /
= -
& - ]
£ 2500 al
£ C
§ = BurnoutEjection Appges

o1 / :
0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0
Time

imSlall”J ﬁ I“_;.f] I |J|\r'ir rocksim - perdvd Document‘l -Microsofl\-\-"or:l ||a<ﬂ§°@ 4:29 P
Here is the Rocksim thrust curve plot, for the 25 pound Pit ot Cr ui ser RDV, at
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diameter, and flown in this case with a K-325 engine. Note altitude of just under 5000
feet. Note the time to apogee of 22 seconds. Adding this to the descent times calculated

in the recovery section of the report, we now have a total flight time of 107 seconds.

Show stability, CG, CP

mcksim - pcrdvd =] x]

File Edit “iew PRocket Simulation Help
Dles(E| =2l 8l Bl 4l ol el |

Fockst design attributes | FRocket desian components | Mass override  Flioht simulations I

Sim # | Results | Engines loaded | Max. Altitude | Max. Velocity | Max. Acceleration | Time to apogee | Velocity at deployment | Altitude at deployment Dpﬂ
Feet Fest / Sec Feetisec sen Seconds Fest / Sec Fest |

9 ] [L1500-0 ] 1737.28 115212 888.94 0.0o0 1109.54 1737.28 [

10 @ [L1500-0 ] 8379.85 110318 83489 20,36 0.00 8373.85 1

1 @ [L1500-0 ] 8379.85 1109.18 834.89 20,38 0.00 8379.85 1

12 @ [K325-0 ] BO15.44 5B9.35 14910 21.01 0.0 B015.44 1

13 v [L1700BL-0 1 | 7509.81 968.49 515,68 20.08 0.00 7h09.81 1

14 @ L7500 ] Ta15.34 TE0.23 51217 2027 0.0z 7215.34 1

15 @ L2500 ] 416.40 157.13 168.44 5.58 4498 A41E.40 ¥

= K350 ) B014.69 B014.69

S| ] ||| 22| 2]
Pitot Cruiser RDY¥ Scale: 1113
Rocket length: 106.375 In., diameter: 6.000 In., span diameter: 15.861 In.

Rocket mass 330.847 oz. , Selected stage mass 330.847 oz.
Engines: [K325-0 ]

|
NEE G |
—
Method CGlIn. CPIn. CMNa  Static margin Analysis
RockSim 70.257 81.062 9.982 1.80 The rocket is stable.
Faor Help, press F1 l_ LIk
M“ @ 5 e |J|"if rocksim - perdv4 @] Document] -Microsoleorcl ||a<ﬂgo@ 478 PM

Here is the latest Rocksim version of Pitot Cruiser RDV, with an engine installed. At the
top are visible several simulated flights. The CG and CP look ideal at this point, about
1.25 to 1.5 caliber stability. Flight simulations looked straight; Pitot Cruiser RDV appears
to be a very stable design. Rocksim al so

calculation method.
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Payload Integration

Describe integration showing payload must be co developed with vehicle re:

stress and simplicity.

o
n

For all payl oads, Orion follows our Mentor
payl oado.
Following that, the largest payload, and therefore the one that determinesth e r ocket 6s

body diameter, is the robot payload. From examining the actual robot along with looking

at the manufacturerés specifications, Orion f
into is a 50 tube. But, Or i depodyancto gvdthe he r obo
team a |ittle extra working room, we moved th
maxi mum body tube size would be 60. This seem

size should eject well from the larger body tube with very low chance of sticking or

dragging too much.

Launch operations procedures

Determine what type of launch system and platform to be used

Like last year, Orion anticipates that we will be using the launch system and tower made
available by NASA at Redstone Arsenal or another location. Orion believes the ignition
system is 12VDC, just like our TARC system, only with a bigger battery and several

hundred feet of control line.
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Develop outline of final assembly and launch procedures

1) Test robot video and control through software.

2) Test robot hatch actuating system.

3) Pack main chute, then robot, then robot chute.

4) Connect nose to upper body. Add shear pins if required.

5) Pack the drogue chute. Connect upper body to lower body.
6) Mentor installs charges, engine, does final inspection

7) Mount rocket on rail when cleared.

8) Power up and initialize the pitot circuit and logger.

9) Power up both altimeters, check by audio signals.

10) Move clear of the rocket, prepare for launch.

Safety and Environment (vehicle)

Our Team Safety Officer A.J. Witzke will continue in this role.

Preliminary Analysis and Failure Mode

If any failure modes of the design of the rocket occur it may be during construction,
transportation, or setup for launch. The launch checklists which are included in Launch
Operation Procedures with our checklists will be used to mitigate the possibility of any
failure modes. Payload integration is part of the procedures and checklists

List of personal and safety hazards

See previous Risk and Mitigation table on page 13. As for MSD Sheets and NAR

regulations are addressed in the proposal.
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Environmental concerns

Some of the environmental concerns include, possible CATO at launch, during flight,
and or recovery. To protect the environment we will follow the NAR HPR Safety Code
for launch mitigation the other safety issues will have to be addressed at recovery by

the removal of the rocket from the ground.

II) Payload Criteria

Selection, design and verification of payload experiment

Review design at system level

For the robot, the unit must be easily controllable at a long range (atleast500-1 00 06 o u't
doors). The designated pilot and backup pilot are scheduled to receive several hours of
training operating the robot. The team has so
simple homemade combination of R/C car with a wireless camera strapped on top. The

pod needs to have a remotely controlled door, which will keep the robot locked in until

ités safe for the robot to egress. This door
released it will spring down to the open position, and stay there. The parachute rigging

needs to be done such that the pod rides down right-side-up, and will upon landing,

tend to always roll right side up and stop. For the Pitot circuit, Orion wants to preserve

the exact calibration from | ast yeards rocket
and length of rubber tubing, and same type and size of metal Pitot tube. If we do all that,

the voltage should be accurately representative of the airspeed. The only major change

to the Pitot setup is that Orion must remount the circuit onto a larger bulkhead in the

bi g g easecéns.
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Describe payload subsystems (Robot payload)
1) Robot system
2) hatch actuator
3) parachute rig
4) shock absorbing material, foam rubber
5) Base station laptop computer with software
6) Fi berglass tube fApodo, 5.50
7) Hatch spring and release mechanism and control
For the Pitot Airspeed payload:
8) Pitot tube and hose
9) Freescale pressure sensor
10)Power supply with regulator and switch
11)Data Logger with jack, cables
12)Laptop devoted to downloading data

13)Fiberglass nosecone with bulkhead

For the deploying altimeter(s) payload:
14)Ozark AARTS deploying altimeter with separate power and switch.
151 0 steel support threaded rods (x2)
16)Plywood or fiberglass bulkheads
17110 | ength of 60 coupler tube
18)2 x 9v batteries

19)2 x screw switches
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Describe performance characteristics

The performance of the robot is perfect for our application; it is remotely controllable

over a distance of about 10006 (tested at a p
frequency is 2.4 GHz, which means itds in the
thismeansi t 60 s voégites Trées ar leuildings may decrease the range. Video

feedback lets the pilot see where to go, and maybe more importantly, where not to go.

The robot has tracks, so it can handle many different kinds of terrain. Orion tested it on

smallr ocks, big (1.50 approximately) rocks, dirt
well on all. The grass surprisingly gave the most problems since sometimes the grass

would get pinched between the wheel and track, causing dragging.

For the nosecone payload, the performance characteristics are known; we used the

same circuit last year. Calibration of temperature and pressure (and therefore airspeed)

have been shown to be very good.

For the altimeter bay, Orion knows how to use both altimeters since both were used last

year, very successfully. Our original Pitot Cruiser 31 flew 4 times total, and the

altimeters performed their critical function perfectly each time.

Describe verification and its status

For the robot, verification is in progress, involving having the designated pilot and
backup pilot practice operating the vehicle remotely, via the transmitted video. All parts

are going well; Orion has a laptop with the software installed, and the robot is operable.
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For the Pitot tube circuit and hardware, Orion wi I | rely on duplicati ni
carefully as possible, thus allowing us to use the calibration data from last year, since all

hardware will be identical (tube, sensor, circuit, logger, etc.)

Pictures of Henri Pitot, creator of the Pitot tube and namesake of our rocket, Pitot

Cruiser RPV, are very hard to find, online or otherwise! But Orion found another painting

of Henri. Here it is:

You can see that this is the real Henri, si mi
doesexistwithhi s pi ctures online; wedve seen online

that were definitely not him.
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Payload Concept Features and Definition

Describe science payload objectives

For the robot: What effects do the acceleration have on the mechanical and electrical

functions of the robot? Can we design and build a delivery system that will work over

any terrain typical of Redstone Arsenal ? Can
Pl anet 0???

For the nosecone Pitot: Can Orion remake the identical circuit in a bigger nosecone?

Will the calibration be the same? We will test that either by leaf blower or wind tunnel.

State the payload success criteria

Team Orion will consider the payload portion of the flight of Pitot Cruiser RDV a success

if 1) the robot lands upright, 2) the hatch opens on command, unlocking the robot, 3) the

robot is able to fiegresso under the command o
maneuver around. For the nosecone payload, the mission will be a success if we

successfully collect accurate pitot pressure data, that we can convert into miles per hour

airspeed, and if we use the temperature sensor, to successfully collect nosecone

temperature data, this time outside, not inside like last year.

Describe experimental logic, approach, and method

Forthenosecone | ogic, if our pitot tube/ sensor/ d
|l ast year, and if we use exactly the same par
should be just as accurate. But Orion will double check this with tests using a leaf

blower to make sure that the calibration is good in the new nosecone.

Robotics logic: Orion knew that the selection or construction of the robot would be
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critical to the success of the mission, so the internet was searched a lot for the perfect
unit. If the terrain could be very variable (rocks, grass, dirt, steel pieces, etc at
Redstone) we would need a traction system that could handle rough terrain. Therefore,
Orion knew early on that we would want a tracked robot. And we found it in Surveyor
SRV-1. The specifications of the robot seemed to fit our logic perfectly, such as control
range: 100006, good at Redstone.

Describe test and measurement, variables and control.

The robot is being tested frequently, by using it and controlling it through a laptop
computer with the receiver and software installed. The only measurement we have
identified so far that needs to be made on the robot is radio reception range, and it was
foundtobe about 10006 max in an open field.
For the nosecone, the measurements of circuit performance were done last year. Orion
is trying to duplicate the setup as exactly as possible. When this is done, Orion will
double check the accuracy by measuring airspeed from a leaf blower (known since last
year) versus volts from our sensor (also known from last year). The values will then be

compared.
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Safety and Environment (payload)

This section is similar to Safety and Environment (Vehicle). The Team Safety Officer is
A.J. Witzke.

Preliminary Analysis and Failure Mode

If any failure modes of the design of the payload occur it may be during construction,
transportation, or loading for launch. The launch checklists which are included in
Launch Operation Procedures with our checklists will be used to mitigate the possibility
of any failure modes. Payload integration is part of the procedures and checklists

List of personal and safety hazards

See previous Risk and Mitigation table on page 13. As for MSD Sheets and NAR
regulations are addressed in the proposal.

Environmental concerns

Some of the environmental concerns include, possible CATO at launch, during flight,

and or recovery. To protect the environment we will follow the NAR HPR Safety Code
for launch mitigation the other safety issues will have to be addressed at recovery by

the removal of the rocket from the ground.

IV)  Activity Plan

Show Status of activities and schedule

Budget plan: No changes since the proposal.
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NASA SLI Orion Project Il Major Milestones and Timeline: 2007-2008

Outreach Oshkosh Program

Establish: OrionProject@yahoo.com

(RFP) Request for Proposal

First Official Team Meeting

Team Members Assigned Duties

Payload and Safety Team Meetings
Proposal Rough Draft due

Proposal Revision

Team Meeting for Final Proposal

Mail Proposal

Proposal due

Finalize Payload Design

iHobby Show Outreach

NASA SLI Contract Awards Granted
Submit Payment Information Form

SLI Teams Teleconference

Begin 1/2 scale Rocket Design

Complete 1/2 scale Rocket Construction
NASA Media Announces New 2006-2007 SLI Teams
Web Presence Established for each Team
Complete (PDR) Rough Draft

Compile (PDR)
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July 27, 2007
Aug. 13, 2007
Aug. 15, 2007
Aug. 27, 2007
Aug. 28, 2007
Sept. 2, 2007
Sept. 9, 2007
Sept. 10-24, 2007
Sept. 23, 2007
Sept. 28, 2007
Oct. 1, 2007
Oct. 20, 2007
Oct. 21, 2007
Oct. 22, 2007
Oct. 22, 2007
Oct. 23, 2007
Oct. 23, 2007
Oct. 29, 2007
Oct. 30, 2007
Nov. 5, 2007
Nov. 6, 2007

Nov. 7-9, 2007


mailto:OrionProject@yahoo.com

(PDR) Preliminary Design Revision

Launch 1/2 scale Rocket Design

Assess Launch Results of 1/2 scale Rocket
Finalize Rocket Design

Order Supplies & Equipment for Final Rocket Construction
Begin Construction of Rocket

(PDR) Preliminary Design Review due
Complete (CDR) Rough Draft

Payload Electronics & Wind Tunnel Testing
Begin Construction of Payload Bay
Compile (CDR)

Revise and Finalize (CDR)

Begin Recovery Research

Propulsion Research Tests

Mail (CDR) Report

(CDR) Presentation Slides (Power Point)
(CDR) Report due

Secure Launch Tower

(CDR) tentative: Submit Invoice

Complete Final Rocket Construction

Wind Tunnel Test of Rocket

First Launch of SLI Rocket

Launch Assessment

33

Nov.

Nov.

Nov.

Nov.

Nov.

Nov.

Nov.

Dec.

Dec.

Dec.

Dec.

Dec.

Jan.

Jan.

Jan.

Jan.

Jan.

Jan.

Jan.

Feb.

Feb.

Feb.

Feb.

10, 2007
11, 2007
12, 2007
13, 2007
14, 2007
24, 2007
28, 2007
2, 2007
9, 2007
15, 2007
16-19, 2007
20, 2007
06, 2008
06, 2008
15, 2008
22,2008
22,2008
28, 2008
28, 2008
03, 2008
04, 2008
17,2008

18, 2008



Second Launch

Third Launch

Launch Assessment

Complete (FRR) Rough Dratft
Compile (FRR)

(FRR) Revision

Mail (FRR)

(FRR) Flight Readiness Review due
(FRR) Presentation Slides (Power Point)
(FRR) tentative: Submit Invoice
Travel to Huntsville

Rocket Fair

Launch Day

Travel Home

(PLAR) Post Launch Assessment Review)

34

Feb.

Mar.

Mar.

Mar.

Mar.

Mar.

Mar.

Mar.

Mar.

Mar.

24,2008
03, 2008
04, 2008
05, 2008
06-09, 2008
12, 2008
14, 2008
24,2008
24,2008

31, 2008

April 23, 2008

April 24, 2008

April 26, 2008

April 27, 2008

May 23, 2008



Outreach:
Oriondés outreach began this past August.
Oshkosh Air show. Team Orion gave a presentation on the Hero Stage at Kid Venture,

detailing our rocketry programs. Following is a photo from Oshkosh:

ReD BARON

SQUADROT

“———

Team Orion on Hero Stage at Kid Venture EAA Oshkosh 2007 Airshow

KIS



Another outreach project that team Orion participated was the iHobby Show at
the Rosemont Stephens convention center. Orion volunteered to instruct hundreds of
children of all ages and backgrounds over the two day weekend period, in the Make-N-

Take rocket construction area.

Team Orion helping children and adults in the construction of model rockets
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Team Orion received a thank you letter from iHobby show organizer, Mr. Tom

Grossman, which is displayed below.

MODILS-TKAINS-I{C-CARS'BOATS-PLANiS & MORE!
PO Box 315 ButlerNJ 07405-0315 073-283-45690 wviw.ihobbyexpo.com

Leonard Johnson

St. Andrews Rocket Team
720 S. Lincoln Ave.

Park Ridge, IL. 60063

November 20, 2007
Dear Mr. Johnson,

On behalf of the Hobby Manufacturers Association, | wish to thank you for your
participation in the Make-N-Take Program at the iHobby Expo 2007 this past
October in Rosemont, IL.

The 2007 iHobby Expo had increased attendance both on the two trade days and
the two consumer days. Despite the great weather over the weekend, lots of
people crowded the halls to see the latest and greatest from manufacturers in
every hobby category.

The Saint Andrew's Rocket Team did an exemplary job of helping kids discover
the excitement of rocketry at the iHobby Rocket Make-N-Take. With crowds
topping 50,000 on both days of the weekend, all of the 400 rockets donated by
Sunward Aerospace were constructed with the help of your team. I'm sure we
could have built more! The "Bug Me Not" kit was a beginner level rocket that will
hopefully inspire the participants to build and launch more rockets. | am sure the
excitement of the members of your team for the hobby was infectious. The
success of the event was due in part to the enthusiasm of the Saint Andrew’s
Team members.

Thanks again for supporting the effort and helping to continue the hobby of
model rocketry in the next generation. | look forward to working with you again
next year.

Sincerely,

R

(em J'LM@N———
Tom Grossman

iHobby Make-N-take Coordinator
vif719-268-9848 tomtag@ pcisys.net
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t he

kits.

Team Orion also received a thank you letter from Mr. Angelo Castellano, who is

president of SunWard Aerospace Group

Sunward Acrospace Group Limited

9 Rooksgrove Place

Toronto, ON  M6M 2W3 Canada
416-953-1847 Fax 416-245-7985
www sunwardl.com

" LrmiTED

Tuesday. November 27, 2007
St. Andrews
720 8. Lincoln Ave.

Park Ridge, IL 60068
United States

Attn: Mr. Leonard Johnson ~ Orion Team Leader

Re: iHobby Expo 2007 Make and Take

To Whom It May Concern:

Sunward Aerospace was i sponsor of the Rocket Make and Take held during iHobby Expo 2007
Sunward supplied Bug Me Not! kits with other sponsors providing other build materials. The
Rocket Make and Take was held during the consumer days of the trade show, which ran from
October 18 to October 21, 2007,

Ihe members of St. Andrews helped with the running of the Rocket Make and Take. The
students, along with Mr. Johnson, assisted in helping members of the public build the rockets
kits. The students helped in providing technical assistance and helpful tips for the building of the

kits,

All helpers during the Rocket Make and Take ran the event with very little help from Sunward
and from the show organizers.

Their assistance was greatly appreciated.
Should you have any questions, please do not hesitate to contact me.
Sincerely,

COory

Angelo Castellano
President
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V) Conclusion

Team Orionb6bs 2008 NASA SLI project, Pitot Cr
The mission is very well defined, e.g. land and operate a remotely piloted vehicle

(Surveyor SRV-1), while also simultaneously collecting airspeed pitot pressure data

and recording onboard video of vehicles flight profile. As time and space permit, the

additional mission of outer temperature study throughout vehicle airframe may be

added.

The calibration and verification of both of the main missions is progressing very well;

the robot has been remotely operated at rang
will be checked with known high velocity airflow from a leaf-blower, once the circuit

is inside the nosecone. For the nosecone external temperature sensing experiment,

the data | ogger has a known accuracy of itds
calibrated once it is inside the nosecone.

The rocket is also progressing very well, on paper (or rather inside a computer via

cad and simulation). We know our target diameter, a length estimate, a weight

estimate, and from these estimates, an engine selection that would take the rocket

to the one mile target altitude. The next step is to find a kit, made specifically from

strong fiberglass, order it, and begin the modification and construction process. The

safety and environmental issues have carried over smoothly from last year since we

plan to use the same materials and tools that were used last year.
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€éé.. Above ground | evel
éeéeéeAmmoni um Perchl orate Composite
eéééCyanoacryl ate

eéeée. . Critical Design Review

eéeée. Center of Gravity

eéeée. Center of Pressure

€eéé. . Exper i mkssodiatidn Ai rcr aft
eééeééeElectronically I gnited Matches
ééeé. . Federal Aviation Administratio
€eéé. Fire Department

€ éé. FIight Readiness Review
eééeé. |l Il linois Society of Amateur RO
é é elnside Dianeter

ée€é Material Safety Data Sheets
eéé. .. Marshall Space Flight Center
eéé. . Mean Sea Level

eéé. . National Association of Rocket
eéeé. Nati onal Aeronautics and Spac
e e é. . N®&cteanx ana Atmospheric Administration

eeé. . Preliminary Design Review

€ é ééPost AsteasmencReview
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APPENDI X 1: TEAM ORI ONGS | ON MOTOR MOL

A lot of information is available on the Dawn Mission to the asteroids, and Team

Orion was very interested in the ion propulsion info that is online on several

NASA websites. Orion read that the noble gas, xenon, is used to propel

spacecraft with ion propulsion. Basically, the xenon gets ionized by collision with
electrons, and a charged plate repels the ionized xenon so strongly that thrust is
created. |l tds a weak thrust, but neverthel ess
spacecraft is moving at a very high velocity!

T he t e actndniss mentoeasked us: could a small tabletop version be built? Orion
looked online and there are several examples of do-it-yourself ion motors, so our
answer was yes! L e tntale one!!

The online research showed that, to make an ion motor model, we needed a high
voltage source, such as a Tesla coil, Van DeGraaf generator, Wimhurst, or other. The

high voltage will ionize the air and create the repulsion effect.

o)

o~
-

-

Nikola Tesla, creator of the Tesla Coil.

Our mentor supplied us with a very big and heavy 120VAC to 12VAC transformer
(heavy because it could supply a huge current or Amperage) and a filter that changes

the 12VAC into 12VDC. The 12VDC is used to power a small Solid State Tesla Caoil.
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These Tesla Coils are cool, everyone on the team likes that a lot ! ltds a resonan
transformer, meaning the high voltage coil has to get a very specific high frequency of

12VDC power to make the high voltage AC. The output of the Tesla coil is estimated to

be in the range of 4000 to ZXTOupfosediywheansiss AC. Th
somewhat safer, since the current will flow on the outside of a conductor. We were

shown how to safely manipulate the working circuit. In the photo below, just below and

to the right of my hand is the big transformer. Just in front of that is the filter network. In

front of that is the Tesla coil circuit, and in front of that, mounted on a glass jar, is our

ion motor.
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While the Teslac o i | i s everyoneo6s-mbuatedoon indtoeis part, t he
the heart of the experiment. A small thumbtack was epoxied down to the glass jar. Next,

a rotor or armature (spinning thing) was made from a piece of bare copper wire, bent

into an S shape. The shape is important since the corona (ionized air) will be present

especially at the tips of the S, and those are pointed to create thrust in the circular

direction we want.

The following picture shows a close-up of the rotor or armature of our motor. It took a
long time to shape that rotor! It had to be very delicately balanced on the thumbtack tip,
without tipping to either side, or twisting. Then the center of the armature is flattened
with a hammer, then a tap with a nail makes the bearing for the rotor. Of course, the
bearing never ends up at exactly the CG, so a little trimming and bending of the ends

was necessary until perfect balance was achieved.

All of these photos were taken from a video we made. The video, showing the ion

44



motor running, should be available on the web
be made into a slide show.
When running, the rotor starts turning very slowly, but after maybe 30 seconds, is

spinning at a significant RPM. The thing make

noticeable in the air, and it smells good, like a thunderstorm!

After running the ion motor and getting the video, Orion was shown how to use the
Tesla coil to draw arcs, like miniature lightning. This is fun! The purple color of the arc,
we found out, is from the emission spectrum of the gasses in air. The high-pitched

whine that the coil makes is the resonant frequency of the coil.
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Ball lightning made in a laboratory!
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