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I’'m Chris Munson from Rockdale (TRA #09654) and the Labrador with the
spiffy orange shoes is Duke. Rags has put a lot of effort into our website, and
I’m honored to be able to contribute towards it.

| attend most of the AARG launches, but rarely fly anything and this is why.




“Tumbleweed Connection”

Tripoli Rocketry Association Level 111

Construction, Simulation & Flight Documentation

Chris Munson TRA #09654

Part 1: A Galaxy, Far, Far Away (The Eastern Slope of the Sierra Nevada -
Mojave Desert)

“Tumbleweed Connection” is the Tripoli Rocketry Association Level 111 project | began
in 2007, shortly after | certified Level 1l.

“Tumbleweed Connection” is based on a Performance Rocketry “Intimidator 5 all
fiberglass, five inch diameter airframe kit. When | ordered the kit from Curtiss Turner, two
changes to the stock kit were requested and received: an additional one foot length of airframe
tubing and a two foot length of coupler tubing, rather than the customary one foot length.

| planned on cutting six inches from the coupler tubing to use as material to build a
“piston” for main parachute deployment in customary two event recovery fashion. The
additional six inches of coupler length at its center, was to allow room for camera/avionics
equipment at the airframe junction.

The extra airframe tubing was to be cut exactly in half. One piece would be finished
“slick” for covering the center of the airframe coupler, and the other would be an alternate, used
for whatever windows and fairings the camera would require, should that design develop.

Intimidator 5

Econoline Kit
Performance Rocketry
Kit includes:
5" Fiberglass
5" G10 Fibel
5" G10 Fi

Dgive Nosecone
Airframe 48 inches
Airframe 48 inches

5" G10 Fiberglass Coupler 12 inches

98mm Motor Mount G 10 Fiberglass 24 Inches
3 GI10 Fiberglass 3/16" Thick Beveled Fins
G10 Fiberglass Centering Rings

G 10 Fiberglass Bulk Plates

This kit Features

Router beveled fin edges

Preci ed fin slots

Flies on anything from an K to an N
Weight 12 Lbs

Over 10 Foot Tall

All Fiberglass design

The kit as ordered and received

The kit as advertised



Nothing out of the ordinary was planned for recovery. This involved dual redundant
altimeters providing a small drogue and streamer apogee deployment and a main parachute at a
reasonable altitude, 1100 feet with an 800 foot back-up. As I had an amateur radio “technician”
license, | purchased a Big Red Bee beacon for radio locating after landing. Since then, | have
added an “EggFinder” GPS telemetry unit, so now have two trackers.

Karl Baumann and Mark “Dok” Hanson were my TAPs at this stage of the build, with
significant additional mentoring by my Prefect (Tripoli Mojave Desert), Kevin Metzler.

In preparation for the build, I made some adhesive samples using scrap G-10 and the
Hysol 9395 high temperature adhesive | planned to use for the fin can assembly. At the same
time, | fabricated a “fin jig” to ensure proper fin alignment while the 98 millimeter motor mount
and fins adhesive joints cured.

Adhesive Sample

“Fin Jig”

The adhesive samples demonstrated remarkable strength, after slicing the samples into
smaller pieces, the butt joints basically couldn’t be snapped using our bare hands.

The fixture was checked for “squareness” and assembly began.

Measurements were made and the motor mount marked for centering ring, fins, and
launch rail guide locations. After the centering ring adhesive cured, it was time to attach the fins.
An interesting thing about Hysol 9395’s cure time. It’s several days at room temperature and 1
hour at 150 degrees F. | chose the elevated temperature cure.



First Fin Third Fin

After ensuring that the fin adhesive was thoroughly cured, the joints and surrounding fin
and motor mount areas were scuffed —up with 60 grit sandpaper in preparation for a
reinforcement of Kevlar cloth tape, laminated with Aeropoxy brand epoxy. Like the Hysol
adhesive, the Aeropoxy was chosen for its superior strength at elevated temperature. The Kevlar
tape was applied using “Peel-Ply”.

RS

Kevlar Tape Reinforcement to Fin Can

After the Kevlar tape reinforcement was cured and the ‘“Peel-Ply” removed, it was time to
bond the rail guide backing reinforcement block to the motor mount tube. The block had been
fabricated by laminating multiple layers of 1/32”” hobby plywood together so that the half inch
space between the motor mount tube and the inside of the airframe tube was filled. The
curvature of the block was accomplished by clamping the multiple layers of 1/32” plywood
between surrogate motor mount and airframe tubes.



Plywood Clamp Finished Backing Block

After the rail guide backing block was finished with “Tee Nuts” installed, it was carefully
bonded to the fin can assembly showing care for the fin can centerline and location requirements
of an aft centering ring.

Bonding the Backing Block Backing Block Attached

At this point in construction, it was necessary to open the pre-slotted airframe so that the
now assembled fin can could be slid into place. Clearances were checked and additional material
was removed so the Kevlar tape on the fins would clear the airframe slots.

It was here that | switched to West Systems 105/209 adhesive and fillers for the
remainder of construction.

A five inch hose clamp was used with one of the kit’s G-10 centering rings for fixturing
the fin can so that it’s forward ring could be bonded to the inside of the aft airframe section.
After curing, the temporary aft ring was replaced with an inch thick, aircraft plywood centering



ring that had “Tee Nuts” installed to fit the hole pattern of an Aero Pack 98 millimeter motor
retainer.

Temporary Clamping for Forward Plood Aft Centering Ring with
Centering Ring Bonding Aero Pack Motor Retainer

After the aft centering ring bonding had cured, the exposed open fin slots on the aft centering
ring were “dovetailed” and filled with West System 105/209 mixed with chopped fiberglass
filler. Then it was time to reinforce the fin / airframe joints with two layers of fiberglass cloth
tape.per side. First a filet of West Systems 105/209 mixed with West System 407 “micro
balloons” was applied.after 60 grit “scuffing of the joint area. The Kevlar tape from the fin can
that extended through the airframe fin slot was “captured” in the filet. After curing, the entire
fin/airframe/joint area was “scuffed-up” again, and the reinforcing glass tape applied using
“Peel-Ply”.

Fin/Airframe Joint Filet Younger Old Guy “Glassing” Fin Joints

This is pretty much where the project “stalled”... I became heavily involved with the
Friends of Amateur Rocketry and the adventure involved with navigating the California State
Fire Marshall bureaucracy’s Cal Pyro licensing process (to legally fly “high-power”), retired, and
moved to Central Texas, dragging a half-finished, Level 111 project with me.



Part 2: A Slow Start to a New Beginning (How in the Heck Can Grass and Weeds
Grow This Fast?)

One of the many things | had promised myself when | had settled in Texas, was to buy
some machine tools, primarily to do research rocketry. Sometime in 2011 or 2012, | ended up
paying too much for an estate sale bundle of Chinese machinery, primarily a Harbor Freight
Mill/Drill and a Harbor Freight 12” x 36” lathe.

| had started going to Austin Area Rocketry Groups (AARG) launches and some
meetings and since | now had the previously mentioned machinery, | decided to put it to use by
machining the avionics section/coupler end caps/ejection charge holders. At the time, it was
more of an exercise in machining than any conscious formal restart to the Level 111 build.

I was proud of how the end caps turned out... “0” ring grooves and the lay-out of heavy
duty screw terminal strips for charge initiators. Already having the design for the avionics
section/coupler in my head, | ordered a 0.6” OD/0.1” wall carbon fiber tube for
reinforcing/stiffening the coupler (bonded to the inner wall in three equally spaced locations)
since | would be cutting openings in its center to accommodate any possible cameras. 1 also
ordered high strength, %4 “all-thread” to travel through the center of the carbon tubes, clamping
the end-caps to the coupler.

At this point | would occasionally speak to Stu Barrett about “my Level III project” and
he would encourage me and let me know that he would be there when | was ready to start. Then
| disappeared into Central Texas to deal with goats, fences that kept washing out, and farm
maintenance | could never seem to stay caught up on, occasionally showing up at AARG and
Tripoli Houston launches, mostly to watch.

Sometime in late 2018 I realized that the task of bonding the carbon fiber tubes inside of
the coupler/avionics section was not only intimidating me, it was also what was keeping the
project from progressing any further.

I made multiple measurements, drew guide lines all over the coupler and the carbon fiber
tubes, “scuffed the coupler locations and the tubes, then finally “tacked” them in place at the
ends with cyanoacrylate glue. Once | was satisfied with all the locations, | finished bonding the
carbon fiber tubes with West System 105/209 thickened with West System’s 406 Colloidal Silica
filler. I was pleased with the results.

Although one of the altimeters is WiFi controlled, all altimeters are physically
switched... the master power disconnect switches will be Jolo Industries OS-120 screw
switches, purchased from Aerocon. The switches will be mounted in a block of %4 thick G-10
fiberglass that I milled to match the inner radius of the coupler/av bay. The block itself will be
centrally located in the “camera compartment” and bonded to the coupler’s inner wall. The
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switches will be soldered, “through-hole” style to a piece of prototype printed circuit board,
which in turn will be attached to the previously described G-10 block with screws. This is to
allow removal should repairs or upgrades ever occur. The prototype board allows the 20 gauge
Teflon insulated interconnect wiring to be securely soldered in series with the switches.

There will be four master power switches. One will be strictly a “spare”, wired, but not
connected, and the other three go to redundant altimeters. One of the altimeters will be an
“Eggtimer Rocketry” WiFi controlled “Proton” with separate deployment power (two switches).
The other will be a “Perfectflite Stratologger”. The Stratologger is the primary altimeter, drogue
at apogee and main at 1100 feet. The Proton is the back-up, drogue at apogee +2 to 3 seconds
and main at 800 feet.

All the electronics will be in the forward one-third of the coupler with the switch wiring
being twisted into twisted-pairs. Likewise, the fore to aft interconnect wiring will also be twisted
pairs. The wire bundles will be bonded to the inner coupler wall with “5 minute” epoxy. “5
minute” epoxy is easily removed with a heat gun and solder pick should repairs ever be needed.

The coupler/av bay will be separated into thirds, lengthwise, using half inch thick
bulkheads made of aerospace aluminum honeycomb composite panel material that Kevin
Metzler was kind enough to give me.

Lastly, the switch band cover to the coupler/av bay and the rocket’s forward airframe will
be secured to the coupler/av bay using 100 degree 6-32 flathead screws, “Tinnerman” aircraft
panel washers, and inner bonded “nut plates”. The second center cover is built with a 38
millimeter diameter optical window from Edmund Optics, and the camera fairing on the
opposite side is a 3D printed unit from Additive Aerospace. The Additive Aerospace fairing
houses a Mobius Maxi aft looking camera and the Edmund Optics window is for a GoPro Hero
5 Session, mounted for a horizontal view.

R e S
N

Coupler/Av Bay with End Cap Removed ) Cou/Av ay Intelo



Master Power Switch Block
And

08S-120 Master Power Switch

Honeycomb Aluminum/Fiberglass
Bulkhead

Part 3: Let’s Get This Done and Flown

It is now January of 2022 and what was written before, in the “future tense”, is now
finished. Jim Jarvis and Stu Barrett of the Austin Area Rocketry Group (AARG) are my official
TAPs. The rocket is finished and full up ejection testing and avionics function/interference
testing has been successfully accomplished.

At this point | will do my best to accurately describe the finished airframe and recovery
system, explain the reasoning behind particularly significant elements of the design and build,
provide RockSim based flight simulations, and include those “check lists” to be used for pre-
launch assembly and final arming once on the rail.

The original plan was to use two Public Missiles (PML) 1515 sized Linear Rail Guides to
mate with the launch rail... one at the far aft of the booster section and one as far forward as
wouldn’t interfere with the Avionics Bay/Coupler. Both TAPs pointed out the disadvantages of
aligning rail guides as opposed to rail buttons when sliding the rocket onto the launch rail, and
the potential for damage and aborting the launch for repairs. It was also strongly recommended
that the forward button be installed roughly two feet from the aft end of the booster, rather than
almost three and a half feet forward. This was to allow the rocket to gain a bit more launch rail
speed before losing the support of the forward button. Lab Rat Rocketry provided me with a 3D
printed, conformal backing-nut that allowed me to install a rail button at the two foot point, with
no more modification than to drill a hole for the rail button screw. I’'m leaving the original third
forward button in place for additional support with the option of removing it and installing a low
profile screw in its place, should alignment become a problem.

Having found out the hard way that Central Texas has the potential for rockets to sink in
farmer’s water “tanks” (stock ponds), I designed the nosecone to contain the GPS and radio
trackers as a sealed unit. The EggFinder GPS and the BigRedBee 70 cm tracker are contained in
a polyethylene unit made from a commercially available “pool noodle”. That in turn is attached
to four fiberglass rods connected to an aft nosecone bulkhead. The bulkhead and nosecone are
connected together with ten 6-32 machine screws and nutplates, sandwiching a rubber gasket in
between to make the nosecone water tight and able to float. Hopefully it won’t be necessary.
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Tracker Housing / Nosecone Bulkhead Nosecone / Bulkhead Mount

After the two honeycomb bulkheads had been securely bonded to the inside of the
Avionics Bay / Coupler, and the Master Power Switch block bonded centrally on the inner wall
of the coupler, the Switch Assembly was mounted to the block and the eight wires as a cable
routed through the forward inner bulkhead, into the altimeter area.

The wiring for the aft aluminum end cap was soldered to the appropriate terminal block
connections, and after careful cleaning and inspection, “potted” using 5 — minute epoxy. Once
cured, “o — rings” were installed on the end cap and the wiring, as a cable, was routed through
the two honeycomb inner bulkheads, into the altimeter area.

Altimeter area with routed Master Power
and aft end cap terminal block cables



The aft one third of the coupler is essentially empty except for the the drogue ejection
cable running the length of the coupler. The middle one third houses the power switches and the
mount for the GoPro camera. As previously mentioned, the “Switch Band” cover has access
holes for the power switches, a window for the GoPro, and a shroud for the Mobius Maxi
camera.

GoPro Mount Switch Band / Camera Cover
(Power Switches and Aft End Cap Cable in
Background)

The forward one-third of the coupler houses the two altimeters and batteries, mounted on
a three piece G-10 “sled” that folds into a triangle to save space. As previously mentioned, the
Proton is configured to use two “switched” batteries as a safety feature (eliminating the chance
of the deployment computer “browning out” from the load of firing the apogee charge). As an
after-thought, TE Connectivity brand 1.3 ohm 3 watt “fusible” resistors were connected in series
in all four deployment firing lines. Should a short occur during a charge firing, the altimeter
won’t end up damaged.

Three evenly spaced 5/32” holes lead into the altimeter housing, through the upper
airframe and coupler wall for air pressure monitoring.

The forward aluminum end cap is removable, though requiring care due to the main
charge wiring that connects to a terminal strip on the altimeter sled. That same wiring is
soldered to the “outside” terminal block, and like the aft aluminum bulkhead, is “potted” using 5
— minute epoxy. Also like the aft end cap, it has a 3/8” forged eye-bolt for recovery harness
attachment screwed into it, backed up with a lock nut and cotter pin and covered with heat-shrink
tubing to protect fingers and any loose wires. Again, like the aft end cap, two machined
aluminum “charge wells” are attached to the outside wall. These are for the deployment and
redundant deployment charges.
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654321

Altimeter “Sled” Back

Forward Aluminum End Cap

Altimeter Sled (folded & installed)

When everything has been installed, “o-rings” are placed over each end of the three
lengths of “all-thread”, nuts and lock-nuts tightened to close the assembly.

The following are the interconnect diagrams for the wiring in the avionics compartment.
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The eyebolts on the end caps of the Av Bay / Coupler will be connected to eyebolts on
the motor and the forward airframe piston with OneBadHawk Kevlar recovery harnesses. Both
are 7/16” with the aft harness being a three loop, 30 feet long, and the forward harness being a
two loop, 25 feet long. Using the pre-sewn loop in the two harnesses, they will be attached to the
Av Bay / Coupler’s eye bolts using “Lark’s Head Knots”... no fastening hardware required. The
forward loop of the forward harness will be attached to the piston the same way, as the piston
uses a forged eyebolt and forged eye nut which can be disassembled at pre-launch.

The third loop on the aft harness will be located closer to the Av Bay / Coupler for
attachment to a one foot Kevlar Rocketman drogue as this rocket is not a “zipperless” design.
The drogue will have a 6” x 10’ streamer attached to it’s top loop and rolled around it as a flame
shield.

With the exception of the drogue to streamer link and the previously mentioned “Lark’s
Head Knots”, all recovery interconnections will use “lifting grade” screw pin shackles. Once
tightened, the pins will be safety tied using 1/8” Kevlar through the pin hole. The streamer to
drogue connection will use a small “quick link” that has had Vibra Tite thread locker applied to
it. The eye bolt/eye nut connection at the piston will also use Vibra Tite for security, and an
additional lock nut.

Both Kevlar harnesses will have a Kevlar “sock™ covered cushion secured to the harness
where the harness contacts the airframe under tension. The cushion is meant to protect the
airframe from a “zipper” during a extreme recovery deployment.

Both Kevlar harnesses will be “Z-Folded” and masking taped to help bleed-off
deployment shock and protect the airframe.

Between the nose cone and the piston, the recovery harnesses are made of nylon
webbing, attached and “safetied” with “lifting grade” screw pin shackles. The main parachute is
a 14 foot diameter Rocketman standard parabolic, deployed out of a Rocketman deployment bag
that uses a 3 foot pilot chute.

The nose cone is attached to a separate harness from the main parachute in a “V”
configuration off the piston, preventing the two from entangling. The nosecone harness will be
moderately “Z-Folded” and taped to cushion it from an abrupt shock at the end of it’s harness.

Page 10 makes mention of the 5/32” altimeter vent holes... in addition; there is a 5/32”
pressure bleed hole in the aft airframe section, just aft of the forward rail button, and, one in the
forward airframe section, just aft of the nosecone shoulder. A 5/64” hole is through the piston
stop, between the piston and the Av Bay / Coupler.

After researching the use of “shear pins” in High Power Rocketry, and building a test
fixture to actually obtain values, | decided on two 0.060” red Deutsch connector sealing pins for
the aft section to AvBay / Coupler junction, and three 4-40 screws for the nose cone.

“Sear-Pin” Tst Fixture
(Three pins shown for clarity... not for actual testing)
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The measurement was made using my neighbor’s digital deer scale by fixturing
everything between the table and base of my drill press, recording with a video camera to capture
the exact value when the test pin sheared, and using the drill press table adjustment crank to
“load” the pin and fixture. Since the pins sheared at two points with the fixture, the actual value
was shear load/2.

The red Deutsch connector sealing pins have an average shear value of 20.15 pounds, so
40.3 pounds for the two and the black nylon 4-40 screws break at 42.5 pounds average, or 127.5
pounds total.

Full-up ground ejection testing was conducted on the grass in our back yard. | consulted
the online calculators and being as | was coming up with quantities of black power that had me
concerned | would destroy my Level 3 project, on the ground, without it ever flying, | decided |
would start very conservatively... less than 2 grams of 4F.

Before starting the actual testing, | wanted to make sure the way | had my charge
canisters configured was safe. | was using the same type of plastic caps that AeroTech uses on
their 29 and 38 millimeter RMS forward closures for motor ejection. | loaded three grams of 4F
with a “Firewire Initiater”, secured it with an orange plastic cap, suspended it over a five gallon
plastic bucket, and fired it with a wireless system I “cobbled together”. After blowing a hole
through the bottom of the bucket, | decided to switch to air conditioning aluminum tape to seal
up the charge canisters.

Good deployments were achieved for drogue and main deployment using 2.6 grams (40
grains) and 2.125 grams (32.8 grains), respectively. 3.24 grams (50 grains) and 2.6 grams (40
grains) was settled on as the respective back-up charges after consulting with my TAPs.

Once deployment testing was finished, the rocket got it’s paint job. Between the narrow
Texas humidity/temperature “window” and the skill level of the painter (me), it actually turned
out quite well.

“Tumbleweed Connection” will fly on a 75 millimeter, 4 grain, Cesaroni M motor. It’s a
“C-Star”, M1830 rated as slightly less than a 10% full M. It will use an AeroPac 75mm to
98mm motor adapter to fit in “Tumbleweed Connection’s” 98mm motor mount.

Pro75 5604M1830-P

Motor Data

Brandname Pro75 5604M18320-P Manufacturer Cesaroni Technology
Man. Designation Se04M1830-P CAR Designation CTI S5604-M18320-C5-P
Test Date 471372012

Single-Use/Reload Reloadable Motor Dimensions mm 75.00 x 621.00 mm
JHybrid (2.93 x 24.43 in)
Loaded Weight 2542 g Total Impulse 5603.7 N-5 (1259.8 |b.5)
Propellant Weight 2542 g Maximum Thrust 2342.2 N (526.6 |b)
Burnout Weight 1858 g Awvg Thrust 1826.5 N (410.6 |b)
Delays Tested plugged ISP 224.8 5

Samples per second 1000 Burntime 2.07 s

Notes 9.4% M

15



5604-M1830-CS-P

2500 —
Pro75-4G
500
2000
400
1500
g 00 g
E E
= i
1000 é
00
500 Total Impulse: 3603,7 N-5 |1259.81b.5)
Action Time: 3.07 seconds 1o
Average Thrust: 1826.5M [410.61b)
Maximum Thrust:; 2342.3 N [526.61b)
Classification: 9.4% M
0 0
0.0 0.5 1.0 15 2.0 25 30
Seconds
£ 2012 Canadian #ssoclation of Rocketry - Association canadienne de fuséalogie
www, CanadianRocketry.org Test Date: 15-“31’-2{'12
. A

With the motor installed, ready for launch, “Tumbleweed Connection” weighs very close
t0 42-1/2 pounds. Maximum launch “Thrust-to-Weight” ratio works out to 12.39 to 1 and
average “Thrust-to Weight” will be a dynamic 9.66 to 1, approximately.

A big part of the Level 3 process was learning how badly | had assumed that by building
a “kit”, I really didn’t need to concern myself with monitoring stability while building, as long as
the “center-of-gravity” was a respectable distance forward of the “center-of-pressure”.

Once finished, Rocksim showed that “As Built”, with motor installed, ready for launch,
“Margin-of-Stability” was almost 3-1/2 to 1, which it “flagged” as “overstable”.

level 3 5inch
Length: 127.3750 In., Diameter: 5.0000 In., Span diameter: 20.5000 In.
Mass 18996.400 g , Selected stage mass 18996.400 g (User specified)
CG: 86.3116 In., CP: 103.7457 In., Margin: 3.49 Overstable

Engines: [M1830CS-0}-

- | - | H =

“Overstable” Original Build

After discussing this with my TAPs, Jim Jarvis recommended that | trim the fin tips after
simulating the change to the fin “semi-span” in Rocksim. Although the idea was painful
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considering how the rocket had a nice paint job, | ended up trimming 1-5/16” from the tips. This
left a “semi-span” of 5-1/2”... safely larger than the airframe diameter of 5.

I built a fixture that safely allowed me to cut the G-10 fin tips with a fine toothed
hacksaw, and then clean up the rough edge with a sanding block. A little touch-up paint on the
cuts, and no one would be the wiser.

Removed Fin Tips and Fixture

Re-running the Rocksim simulation brought me good news. With the M1830 motor, the
“Margin-0f-Stability” had decreased to 1.97 and simulating for a possible future launch with an
Aero Tech M2500, getting a value of 1.25. In both cases the rocket simulates as “Stable”.

level 3 Sinch

Length: 127.3750 In., Diameter: 5.0000 In., Span diameter: 16.0000 In.
Mass 18996.400 g, Selected stage mass 18996.400 g (User specified)
CG: 86.3116 In., CP: 96.1542 In., Margin: 1.97

Engines: [M1830CS-0}—
—— : I ' 1 =

Stability Margin with Trimmed Fins — M1830

level 3 5inch

Length: 127.3750 In., Diameter: 5.0000 In., Span diameter: 16.0000 In.
Mass 22536.4008. Selected stage mass 22536.400 g (User specified)
CG: 89.8866 In., CP: 96.1542 In., Margin: 1.25

Engines: [M2500T-0}—
e - [ - | .

Stability Margin with Trimmed Fins — M2500

Lastly, the flight simulation showed good numbers for altitude, velocity, and

acceleration. At an approximate apogee of 7500 feet, we were safely lower than the club’s FAA
waiver.

Max. altitude Max. velocity Max. acceleratior ocity at deploym 3t launch guide d
Feet Miles / Hour Gees Miles / Hour Miles / Hour

o @ [M1830CS-0) 1752 7474.51 581.05 1.2 2.8 4855 Safe

M1830 Flight Simulation

Simulati Result Enginesloaded  Optimal delay

WeatherCocking
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Due to the number of avionics devices transmitting at launch, Stu Barrett strongly
recommended that | perform a full-up RF interference test. The six instruments are a EggFinder
GPS telemetry unit in the nosecone transmitting at 923 MHz and a BigRedBee 70cm beacon set
to transmit at 433.95 MHz, also in the nosecone. Approximately 4 feet aft of the nosecone is a
Perfectflite Stratologger altimeter, a EggTimer Proton altimeter controlled with WiFi commands,
a GoPro Hero 5 Session camera, remotely controlled in the WiFi part of the spectrum, and finally
a Mobius Maxi camera which is WiFi “capable”, but will be manually controlled.

The Lithium Polymer (LiPo) batteries powering the altimeters, the GPS and beacon were
charged to approximately 70% of full charge (for safety reasons) and the two cameras fully
charged. Four Aerocon e-match heads (primary and redundant), soldered to 6” leads, but with no
pyrogen, were first checked with an ohm meter and then connected to the apogee and main
terminal strips at the ends of the AvBay / Coupler. All the potential vacuum leaks were sealed,
all the electronics were energized, and a vacuum cleaner applied to a single port. Although not
much altitude was achieved, everything behaved with no sign of interference, and all e-matches
fired.

Confident that no RF interference exists, a final test using just the AvBay / Coupler and
the actual Firewire Initiators to be flown was performed. All four Initiators fired... quite
spectacularly.

It was pointed out that the entire recovery process has been somewhat “glossed over”, so
it’s reasonably easy to sum it up in three drawings, the first of which is probably familiar to those
in the aerospace disciplines:

| THINK YOU
SHM,DBSEMORE

3
23
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The following two deal with the issue more seriously...
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A0 X 7AET TUBULAR KEWLAR RECOVERY HARMESE

" X 10 FOOT ESTRESHER

hE FOOT KEYLAE IROGE CHITE

FORWV&RT AIRFRANE E

APPROG 5 AT OF FwD AIRFRENE

TR& LEWEL IIT ATTEMPT (03554}

AFOGEE DEFLOYMEWT ELOCK DIAGRAM

SCALEY NAA DATE 2022-02-04

DR&WM Evr CHRIZ MUMEOM SHEET #1
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NOTE:

This recovery configuration iz bosed
on i Jarvls's techrlque os he
descrlbes Ih his NARCON wldeo on
fouTuhe,

thttps/Syvoutube Y4 FacfFITo

Z PILODT CHUTE

AWTI-TIFPER CUEHITH

DEFLOTHENT EAG W 147 CHUTE
¥ MYLON HARKESE

£0 NYLM HARMEZE
4 FORWASRD ATRF RAHE
toormectad to aft alrfrramed &" FIZTON

SHACKLE
™y I '

\ | )
\ 25" KEVLAR HARNEZE

~1B! COUPLERS~2" IMTO FWw'D AIRFRANE TUEE

5 NYLOM HARNEZS

SHACKLE

A1 NYLOW HARMESE

CONMECTED TO AFT AIRFRAME CSEE APOGEE DEFLOYMENT ELOCK DIACGRAM
NOSECONE

TR& LEWEL IIT ATTEMPT {09554} MAIN DEFLOYMENT ELOCK DIAGRAM
SCALED NAA DATEr 20ze-02-04 DEAWH BYr CHRIE MUNWSON SHEET #1

At this point, assuming TAP concurrence, “Tumbleweed Connection” is ready for flight.
What follows is an appendix consisting of Cesaroni motor assembly instructions, product notes,
AND Aerotech grain bonding instructions (as the Cesaroni documents as included in this
document are particularly illegible, the entire appendix will also be attached as separate files).
Following those are three checklists. First is the home pre-launch preparation checklist. Second
is the launch site assembly/preparation checklist. Third and final is the pad checklist.

Appendix Follows
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Pro75 High-Power Reloadable Rocket Motor Systems

FOR USE ONLY BY CERTIFIED HIGH-POWER ROCKETRY USERS 18 YEARS OF AGE OR OLDER
FLAMBARIT MATIRIAL = KFTR AWAY FROM BTN FLAMT, CIGARTTTFS R AR TIFAT SONRITS AT Al TIVES

USE VATHIN 1 YEQR OF MANUFACTURING DATE TEMPERATURE RANGE: -5 to 30°C

Read this BCTOAC you start assembly:

+  fyaukave ary zucstions or require azsistance, pleaze conmatyzurdealzr. fyou orz unable o resolve your questions or
aroblkems then p case contact thx manufacturer dircethy. Azzstance 13 avallable Mor = Fr. 3om = 2:30pr at [304) 8L 230,
azk for Frayx motor peaduzs technizal suppart.

+  Feadallnctractinn: carsfully ana ke sire e fulby uedeserzad fach stea hefore aovceading with maran 2semhly

+  Make sure to also read the Pra75 Praduct Motes for reloac specific instructians. Your reload may require bonding of grains
inta the case liner. ker moonburnar raloads thers are alsa scparats maanburner instructions far gluing the grains.

. NSERLTTN2 COMPSNEATS DT WoUr 18 2ac <IT caretully betore vou start #ssembly. 20 KOT uze any parts thatappear danages ¢
“aulty v any way.

«  Doottamrper with or modify the hardwars or relzac <it czreenents in ary way. hstonly v | this void all prozuct warranty,
it could cousz cotartroph = i vr2 of vour T atar systam £ ad result in F:mage to vour mscket vohicle. launzh ezuipment ord
create a hazare to 3crzons or proparty.

¢ Fwlazd et v anrent: 226 desigaed far ORF USE ONEY, and may aot be rensed Rense o any nf thaca rampanents stald
masalt in mater failure 2 ed will voir pradi. ot waranty.

* Tolluw e selely code ard < llrules and regalations <1 your sport reckely gscoviation. Alsz ensure Lhal you zie ineonpfance
witl all loeal, statefprovivcizl and Nede gl leas o 21l activities involving hizh poaer rsckels 2nd rockel inslors,

balor Casing

»h

(Pro7s

. TIOCkNG SMcke Forwarnd Cosug

Flament

Cevearct InaLcrc

s rg“;u : N-’Of."(l""nsmcka Retcdining RING
Insukator

Fa Grans

- ;
- ol SPOcer oS

Ignier
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Fra?h" herdware com poncts (it used] Reload k't companrrts:

< Aporogriate size of Mot case # [z liner |phenalic tuba|

¥ larward closue = Mezle

¥ Muozele holde + Furwsard insulalor disk

¥ Threzded retaining rings (71 + PR DRK o ring kit]
< PTE T EIT isrroks tracking grainfirsulater & gaitar kiz|
= Prapellant grains [check reload k1t packag: for number and

type regulred fzr vour motar]
Asse=mbly instructions

* e nure Lo ol ow Che coore sl instracsion lor the crand ol rngelon bar dowsare you ere using

*  Alep 1 i thesame Tor solh brands ol b chiares.

# Al peringgs are pre-lubricalsd al The Gaeory whso e regquined.

#  Thriee o-rings are sopplied in Lhe B7E-08K a-ting <. The Lwa larger o-rings are osed wilh bobh Pro?5® anc
AME™ hardware. The smal or o rirgis anly used witt Pro?5¥ Fardwarc.

*  Tonot apply lubricant te bhe grain spacer ©orings, oF ey are “or spacing enly.

*  Zhennlic and pheanlicf paper compar=nks such as the noeele and case liner cube are beistle and ran b= rracked,
arclicn ar stherwise damaged by coccssive force ar imzact, Flease ke carcful duding hondlicg and assembly, 1F
you sLsoect 3 part has koo 1 damazed in amy ey, $STOP anc do not pracecd with aszembzly and cspecially firing
ankll Inzpected snd replaced 17 neceszary.

1. Forvard Clesure Assemily

1.1. aaply = hght zecting of o-nng lubncart or
gr=as= to the inzice of the cavity in the
f ot closare, Incert tha =rska tracking
charge insulatze into this caviky and ensure it
iz scated fulh.

L:i &ppy a hbeoral layer of grocse ar a-nne ng
lubrizanl s one end of e crroke Lracking Grain | Inslater
grair. b= sur= the arti-= face ic coates, |

I
Step 1.2 Step 14 Bep 1.3

L3 Inzert the mroke frocking grein inke ths
er ks tracking chamgs irsulater, czated erd

irsl. Push Lhe graivicn etk sollicient loroe o
o by zedl b ard spread Lhe obricenl sz
shpogen, Tre eacey | abricanl will halp prevenl

gar leakags forward as wall 2= grotecting the
wrrartt chovuie Irom heal ard combastizn
rvdaeies rom the smoke Cacking change.

Yoo may pow praceed ta the remninder af the instructions for yourr brand of motar bardwere,

Step 2 |z for ProF5 hardwore users.

Pro75% Instructions, July 2015 revision
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Step 3 is far RMS™ hardware wsers,
2, Motor Assembly: Pra7s Hardware.

Befare proceeding, Inspeck the external o-rlng groowves on the forward closure and nozzle halder, as
well as Lhe inlemasl groove on lhe noeele bolder. Clesn horoughly if necessary e remove ALL
combustion residue and d=bris. Also ensur= that the inside of the motor case has been thoroughly
cleaned,

2.1, Clreck bzth erds of the paenclic czse [rer to enzur= that 3';&”
Whie irigiie eepde Deew feen chenlersd or debarred, I &
riecl, v @ babbe knile or cosiee saredpare e rerove "'"l'-‘"ﬂiul
1.
Lhe sharp inner edge Lo allow cere ponenls Lo be ireeled I
ey, Siep 2.1 4 23
- Dering In T2 TiL em reches o arie wnd o7 Ure parseohsenolic cese linse Lol
_,-" mrmal granum 1L ey e s s Tl Prask il e velully bl sl sall i enl Geree
W wedl U shaulder e i neele all e oveay inbe L insals Lar
e "
L,
e
g _
/-I — 2.3, Lowale the srealler cering o Lie PPE=2008 a-ning ki TiL Lhe c-ring
o The InT2inal greswe of The mezde hoelder, wzh the nsizle
" T i Izlder o Wb reizes ariil lally =ealed, Agply s dilcng
Mozzlc lubricenl Lo he peccle et secion 0] revessery o lauiilale
Hir | avsembs
A Torsleps 2.5 = 206 weor b willn e noce ofoace liner asserr by ar
T ks 6322 P 20ntally oy sur ok sarrace
Step 2.3 r

I
EfT e progellant arain Ines the fengs g end ot the
vaze Frogr arl puzh il a sl eras ol e Lubez, Fib o
graln sparer o cng ta tha top face of the geoaln,
s ng It si1s flar an tha eard of tha grala. Insart the
sarendd gealn, godh B Inoz sanrk wass, than acdd annathar Gtalh  Cram Spaces
graln Epacer, andl 80 cn UPTI vou Rave losded all
|arpallant areins Ine: the cass lne

Stap 4.5

*5.0. Thara shonld sa suffllant spama afras tha last gealn b= Dvsartadd t2 fit tha last spacar In
Maza an that it 1s flushoor aetanids aaly slightly frean the aan of tha tabe. 1 £ eatar 25

el gy rrsea than 1,75 of Ite swen thickness, tanega it ang do ant wea. Only tals saacar
miay e vl thard ane sl IF neces<ang o fib

6. carafally nstall tha ten largar oorngs into the
ertarnal grnavas af the narzla he dar and foowerd
clrsure. Hanela thasa corapeaants wikh casa fram

- wm
A aetamal yreue

Pro75"

Wotor
thizs polnt or w0 & Aot to damage o eaataainats Canm
tha nerinzs

2.5 PFlare t1a masa nerdnoerle assambly anogone wark

sarfaca wth the 1ar2la end doen, snd =lda the
rmator casa doven rear and Cirst (fod wizh hrase
Hrgh awar tha top of tha lvar tawardds the nerria Maota: a lizht coar of graasa i tha inar Bl
cwtenor w |l aid asser by, discaszmbly ond clecnup! :

su-nlz.a — Htwp 27

2.8, Lay the mator asa assembly down hamzontally, snd push or the nozzle mng until tha
aszarmbly 15 far eauzh o nsica the casa that tha th-asds are parthy axpzsed and g screar
nng can ba thraadad vt tha raar of the cass. et push e the nneelaotself as oo waill
plish i 2t of tha noerle helnar.

2.4, tcrow nothz nozzle retaming nong unng the supalize wrench, pushing the noazlefrozziz
nngdzasc ines csszmbly farward as you procezd. Serese mon ol acen He redoaumng ong s %

Pra?5* Instructions, July 2015 revision
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enocllp even anlf Lhe seol o (Re elor oo - g
ririg ol e ball e g e,

Thiury, back Lrie reLaiving,

217 FIF the frerward Inzilating alsk to tha toponf tha rasa lmes, rharking -ha- tae tap graln eazcar (K naedils =
prepary I place

cLu-:unlaE___.' : Pro ?5“

Pro?5 Insubsting FrofiE Inmulsking
Disk Disk

Btwy Z7F Stwp 210

215, Verify that the inside of the miotor coce s clean ahead of tha lines ascembly before precsecding. Wipe with o clean rag, tissuz or wat-wipe
f reguired. &pp'vy a light coat of silicor z a-rirg lvEriczsrtonto this areo sfer clezning.

2,12, rmisur. Lhe gusemblesd lorsard cosare inbe L Lomo sl Ce miolen case, pashiog il doveer caraie by wills woor Bogens uelil sou car Lhiead ir
e e ining rivg, Tread in the Toraard relainivg ring as o the sreneh, vl vov Desl il take s oa load 2gainst, Ce los o7 the ceoe liner
ALk poind e ring sheold e approgirately Tas seitb Ceeoend <7 L robo cese, or sligaly sabmeged, 00 eeerds ol Lhe chss 2L
his point be more than about sae b2 f 2 turn, check the pozile ead to maks sp-= the ring is not screwed inotoo Far forveare. IF 5o
arsvreer Lhe rpegzle salaingiog cing are e bl Laeeed sores e Larward closare relz i ie Tarthier,

. LobmcuniGreaus

Frnuard
Retnlning
Rl

frep 211 & 212
BQTE i, iw Lol b Do Lhoee Lszrsmrad oz are velain v viveg Hesbeon slighitly salameiged 2ol Pes rogel2 velaining ving pootiaiing by o Lall we o
s, Lhar vice wiersa, There s e e Joe c-ring lecz o gl Lhe mogzle eod, Toees el alwedys be sorps iniree seeiEtice in U englh ol
inb=rmal corrpserenes das Leomdnalzslaring clerdarses,

2,130 i wkiead Lo Sueclion 4, Prellight prepaalizo.

Metor Assembly, RM5™ Hardware,

3.1 Chuck bolh erds of the phens! o case e woosnare ba.
e ivsille wrnds bave Deer chemileiesd wodeqnes 11 pu,

N
l\\t:

dre g bbbl Bl or cowrse sependps per Lo rereve Lhe = Fr
sharp inrer edue Lo alkey compeenls Lo e insenled] &/_,;?-é}
sy, T
Phenolic Couw
3.2, FTthe aozle toane ang of the pEpenmenallc cise e Linar
tdbz v may Beo2osrag Hoo Mush it carsbdlly but with
anflcient faroa te zaat the shauldar en tha neerle &l e Ftep 32

way intotha Irsulator tuba.

2.3, farstaps 24 AR oarowith tha narr afzase linar assarbly ased mioter caza Fasiantally anogour ok arface

Pra?5* Instructions, July 2015 revision
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1.2,

1a.

EEN

3.49.

nsar ana propellant aram s <he forsare ard of the
crae hnar and poshot a sho way inta tha tuka, HiF ane
gran saacer a-nng to the tap face of the grair. coswe-ing
t sts flat on the crd of tho gam. Irsert the scoanc
gran. gush 11 i a shot ways, then céd arathes grar
sfpacar, and 3o on untl you hava lzadad all aropel ant
grairs into tha casz liner.

J1.4.1. therz shzald ba sufficient sazza aftzr thz last
grzin 15 iszred to fit the last spocer in place sa
that it 1= flush ar zxtcnds anly shghtly from thz cnd
of the tubz. If it zxtends aut by rrare than 203 oF
ite own thickness. remave it ard do not us=, Only
thie spzzar may ba amitied and anly if nccossary
to fit.

shidethz complzted hnarfnazzledg-ain assembly into thz
Taiar case vntil the nozzle pratrudes akolt 1597 from
<he ernd of thz casz. Moke: a light coat of greasa =n the
imcr cwtarior will aid assembly,  disaszemble £ad
clearaal

- - -
" \
Gram Adraln
Epocer
Shep S
1B [TSrrum}
=1 1 98w
Marar
L=
Mep =A
P e i -

=17 th= farward 1 solating disk o the 1ep of the case hner, chackine thet <he top

widin spdeer T used] s sl propely in placs,

Mace sne sf the= larg=r pre- vbricates a-rings from the 27507300 kit ints the
“wruszrd and af tha case antil it is seated azainct e foraard inculata-.

Thraad the completes forward zlzsure into the “arvward znf of the moter czsc 1y

mrard un il L s smaled gpa st Lhe cass, NOTL Thers wil
oe zznzi derable -==iciz nce to thr=ading in the clozure ir
she lzzt 178 t3 30167 of trawel. dae t= comarcezian of
e ezerinng.

Il Lhe ez bor werlice 'y or yow- wseork sarface vwilt Lhe
Twiend closure dewnsee s, ard posh dewn on e
feele Lo oenmure L linesfriocele gwseinbly s sealer
“ully fzrwrard.

Buma rerireg
TR A LT

I
[

-
-
—

o
i
[

Brap B0 £ AA44
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. Frosgeed bo Sectlon A, Pretlight preparsthn,

Sap 3T & L0

. Flaca the other idertcal o-41ag ine the greswe In The rozda.

CThredad Ui g chisuee ik Wie vobon sstze anbil 10z seebacl, bz nenriel e e sl gep Jam Ly akaoul
L2057 Lo rerrin betgeer Lhe closare and the ed ol (e cese, gue L orralgoelunieg Lerg nces or
Intarral compasants. Mota: Thara will e canclderable tadatanca ta thrazsiag In tha clocura in tae
last 1R b 301 5Y of fravel suete crmarazsion nf tha neng



4. Preflight Preparation.
A1 Weazre the ewrkats rarcoese sustam, bafora minkar estallatizn f pnek o

4.7, nstall -he metor in ol rockat, arcunng t1at ks sazuraly mountad with & pestrda maans 21 ratentior to prevant it from bising ajantan
during any phase ofthe rachat's fiight

4.3, WFORTAMT: OO NOT IMSTALL THE IGMNITER IM THE MAOTDOR UNTIL YO HAYE THE ROCKET DN THE LAUMCH FAD, OR IN A SAFE AREA
DESISMATED BY THE RANGE SAFETY OFFICEA. Follawr all sulas aned rezuiations of yooar racatry assoclatlan, andfon the katienal Fire
“ratectan Assooation CMERA) Dode 122 5 whera sppheaila.

4.2, nstall the supahand grgar. ansunne thar it tracels forwsend armil s cantact wth 1hs farward closure. Secarely retam thagrater to the
warar neeFle with taps, ardf supp ad) tha plastic zap. roetng the wiras trnugh znaof the want hobkas. Fosura that whatauer mesra ol
1=a provldas & vant For lpnitter gasas ta prevent prematues (gnlsar alectlan.

4.5, aunch tha cackat i accerdance with all Federal, Stasaf@ruincdal, and muricipal lavws a5 well a5 the Safaby Soile of yvour rockety
casacictian, as wall oz MRS Code 1120 witers © aahicalale,

5. Past Flight Claanup.

In Aot -ry te dumount or disassanclla your mator artil it bas tarouek b coo ad doeen sfrar finne. Soma zam ponants such as tka norsla may
ke awtrarneky hat for sz a fima aftar finag

wzry diffizult to removee cfter szueral howrs.

4.1,  Jnthrzzd and remowz the forward and r2c- 2 aseres. Eamnave the nozzlz holder from thz noezle.

4.2, demeova thie phenohz tracking smoka charga insulatar “ram the forward elasu-a.

A, damoea s 2 nngs.

.4, aseord zll redazd ki components watk rzpular househald wasta, ofter thay howe compl atoly zzaled dowen.

3.3, Jsz wet wiacs, or papzr tawels ar regs damr pened wath woter orowinzpar to tharoughly cean all residuz, greose ote. off ol hardware
compoients. Fay close cttzntion ta intzmal cnd cwernal o-rng groowes a catton swab ar small stick of balss 15 an cxcellent taal for
clearing these graocees.

5.4, Apply aligh: coas of greasz or o-rirg lvkricz nt 1o 2l threoded szctions znd reasser Ele threzdee corrponants for ctore zE.

MEANS OF DIsPO%AL: | ke propellant preins, smoke =z<ang cho -z, and the igniter arc zxtremcly lemmakle ard Quenoenth anoirtznse, hot flame.,

A rorr ainder of the cam@anznts arcinert and may be dispased of with hoaschold trash. | o desra
hzlz inthz graunz in = rzrrate area, =
trzching madule inthe hole. |

v the fl ammzble 2o panznts, 21z a shzllow
fram any buildings. trzes. pezple, or any othzr combustiblzs. Place t1e propel ant gras and smake

=l thaignite- ints the care of anc of the prepellant grains 2 nd soowre weith taps. grits o zctrically fromr a minimum
distznen o U5 mraters. Douse ary srraldes ng g2 3er reciduz £ ad disez =3, Ersure taztesu srz not in vis ation af oAy lacal ar state magulations for this
procadara, I in d=alt, cantact your kacsl fime dzpartT ant. Ploase dirz
paec onc 2f this dacumznt.

t ony guastizns regarding scfe dspesc te our tohnical sappzrt numbe- 2n

First Akd: Fingested, incuce somiting. Ourne from flames are ts be treates as regular burms witk normal first 2 d prscedure:, 0 either caze,
rack mzdical zttantion.

Dl . by e
CT1 chall it b b pucgzee e

= Ha

4 esaronl lechralopy Incarporated CCHY cerlil

pe Al ke Pa el vabs ET1 precelue:

AR H N LR
to e defeotes © manufooh s ke date of cnipead puscamse, ko sepsie o peskieemers urde s shis waranky, 3 czas curks
al purvhimss, Frool ol poachae ol be reguned, voar monres on stk rmgs prossle sddivons ngis ol caversd b s wenizibs,

= Thercm i a=n <o al kil

@ e el e, TR 0w Tamdsine board s

L sermis i sl S T e

sunEwed Sora deale

wad S e ceprislaec ] e lenark vl S Tead cocage hocr e s Faowol 8USGANTAZA3, Mibien po oot s peneic g FBlazte o Canscla,
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Tl | CF 2000
IMCORFORATED . (R EEF-E5T

,%/ S b 210
CESARCHI FEE Shurtdla B
TECHMOLOEY 1oy, Zulario

Pro75® Product Notes

Hpasial Inetnuclkone [EUppknas standand Fro /S Mefrucion eneats)

Scope
These rudes sippikroen] He sk Pro? ST oo o ke folowiog oedoes, BFOOD, 1935, 11555, | 1685,
L2200, bA1300, MIEA0, MIGTS, MR020, M207E MA0S0, Ml M2200, ME100. M3T00

Ihiz nobe S50 BXplSNe te propser Use of 1he 110 /4l cesNg Spaer.

Pro75E motors using 'half grains: L35, L1355, L1685, M2075

Ihe LH4S, J1555 ans L1685 Brorhe notere bes hallf gralng. [heze grans ane hat-eagth of the reguiar graln lengtn ot
P75 mctors. Tre pumasa of thess grains is to improve the shapa of the thrust curve and meximza the thrust at 1H-
Al Tuws “Falf aralng wihih b sparer oINS (shacked aermnately) orcupy he same 1Bngtn Irsks the motor 35 a shgle
e crain wii it o-ing spacer.

uien aesembing maoters wikh ‘helf’ greinz ansees thal the short grains ars kkaded ciossst to the foread clsura of the
roniber. Al FRgUIEE gralng Wil o 3 e errke e s il the reguikar ge3ins an o-ng Sescer 15 places befasen s
Jrsin.

The tskle Eekew summarizas tha numbar of rsgular aind Half grairs in the afacksd P75 motors:
2 regular grairs, 2 Talf grains
o F el ipaaes, 4 bl griing

& reqular graire, & balf oraine
2075 3wl mars, 3 ball graing

'_B'l_'n.--".-w B e L B R D A
fasnag i

Azsanriiad {0 et G moior Ann four el grana

ProT 50 motors with stepped grains: M1300 Dual Thrust™ and M2250 C-Star

Ciual Thrust™ maters use bea different prepzlont ypes: o fast burning single grain that creates he cdrn boost at it off
and alower buning grai~s thas bum duning the suatain phese. The fast burning propalant grain csn be recognized by
it i caler snd larga port dismatsr. Tha M2267 C-Ster mador hes the sams sropelant formulation forall grains. bt
uzes = botton [2a98s) araln with = lergar kare.

vben asssmblng moions win a elapped cote, ansure hat the base gral path e @ngee sentar patorsion  boe) &
lozeied at the nozade end of tha metor, |t iz required to bord the grains intha lirer jses nstructons in nexd saction).

™ TR
= e
= :

Aszamblsd Pro@ e85 Dual Thas!™ modor,
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& Page Dot Varzker 1B Aug H

Pro7 32 motors requirng grain bonding:

K20, L3200, M1300, M1545, M16TE MX020, M2060, M2245, MZ250, M3100, M3T00

The ledloweirrg imcdars egaing boreding of b geices in b line: R202CCL3200 Yroee ™, BA1T300 Iras™ Dol Trrust.
W22 C-Star™, ME10HMETO0 Whits Thundar™ , MES2CMIZ4S Irsx ™, M2020 Skidrmarc™ , M1546 Croed'™  and
RAATS Pk ™. Rornding iz gusines in he lioer presseedks presmsalunes bleweoul o Thee grsivs anekes tighe accekeralion oids

or by high cora mess flows, D0 HOT USE EROXY FOR BOMNDIMG.

The prazass tor this |2 a5 tolless:

1. The prsfemad adhssiva is Gonlla Pobusethans Glus or Eimer's Gles-All Marx, (i the whits Glus Maxdy A 2-oz
Lk (g, | o SR RS, of Home Desot SEL SRS | sirticlent faral Smoith metors,

2. &pply adhasiva on ha owlsids (papsr inaer) of the first grain and usa 8 small brush to spread it evenly. Ensurs nc
ailbessiver is apadived on e criin Faces oo b af b gropelanl.

4. Push lhex iradin ine b lnen from the mozzle ond wdiliz beislingg il Twesling e grain while: ieseling @ will progscrnly
distbite “hes achasisa, Sust tahot 17 ke the IRer.

4. Irstall @ grain spazer o-ning.

8. Repewl sleps 24 T all gaing. Cxeess acbiesive -mighl be sosped o7 qooerd The e of e e Thiss i sinphy
b wipad off.

A, Mool inskall o spes oring beleceen T bodleo guain aend e ek,

V. Hednzsal ihe nozzle anc wipa off any exces ad eshe.

8. Hetthe linerigrain assemble upr ght with the nozas: facing down.

#. Pueh the top grain dosen gendly shrough the hole in the foresrd insulator plats.

AT 1 el lher liewerfegraioy sessernibdy rne incam npaighl prsilinn

17, Continua wih te requisr sseambly procsss &5 outlined 0 1he Instrict cne.

Mobes:

1. Donotinssd the bottern grain from the fonwsrd clasurs and of the line-. Most adhesive wil hawvs besn scaped off
when the grain | pushes throwch =l the vway srd 12 reeches the end of the liner.

2. Forthe Pisk™ M1ET0 relose the red grsin should be located at the nozzhe end. (4] other moters usa enticsl
grakie.]

3. The M2245 Irrex™ anc M3700 White Thunder™ matar heva four (4] longer graing and are borded like 0y of the
cifnar i lshad sk

ProT 3 casing spacers

17CF LA caging apscsne aliow e uas ot a elosd kit Mtended for s smaler cs2ng 2ze b 0 Laed Inthe nest caeing
sizz up. Fer cxarmple, a3 grain relead kit can be uses iv a4 grain casing! When assermbling o Pra?5% motar with a
cAEing emacer. el the regular Petructiens provided with the relosd ki snd netall the c@ehg epacer between the
ferward ecsumm and fonwvard cosus rstaning ring a5 shown in the sxamzls bebre. Dz not slids the forward dosane all
the way frio thie norAe end. b s reccmmstcend B spray e bskie of he casing wWith some sliemne soray o prevent
ralling of tha forward dozure o-ring.
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ARRIEEY GRAIN BONDING INSTRUCTIONS

These Instructions Must Be Followed for This Reload Kit

Use a foaming polyurethane glue to bond the grains into the liner. We recommend
a low-foaming polyurethane-based adhesive like “Elmer's Glue-All MAX for this
process. Wear disposable gloves during the bonding process.

1) WIPE THE DUST from the inside of the liner. This can be done with
a dowel and a paper towel.

2) Open all the grain hoxes and packages. DRY FIT THE GRAINS to
verify they fit the liner. If the fit is too tight, peel the outer glassine Fig 1 Wipe any dust from inside of
layer in order to fit the grains into the liner. the liner

3) APPLY A THIN COAT OF GLUE to the outside of the propellant

grain. Avoid getting any glue on the face of the grain or inside of the
core.

4) PUSH THE GRAIN INTO THE LINER from the nozzle end,
TWISTING THE GRAIN as you push it into the liner. Push the grain
in approximately 1" past the end of the liner.

5) INSTALL A GRAIN SPACER O-RING.

6) REPEAT STEPS 4 AND 5 for the remaining propellant grains.

7) REMOVE ANY EXCESS GLUE from the phenolic liner before
inserting the nozzle into the liner. INSERT NOZZLE once liner is free
of glue.

&) SET THE LINER AND GRAIN COMBINATION DOWN RESTING
ON THE NOZZLE. Be sure to support the assembly so that the liner
and grain assembly do not fall over while curing.

9) PUSH THE TOP GRAIN (FORWARD END) DOWN. Wipe off any Fig 4 Insert grain spacer D-ring
remaining glue from both the inside and outside end of the liner.

10) LIGHTLY GREASE the inside of the liner and install the seal disc
assembly.

11) LET THE GRAIN ASSEMBLY CURE for about 12 hours.

12) After the grains are bonded into the liner, assemble the remainder Fig 5 Stand zeembly on nezzie end
of the motor per the motor assembly instructions.

GRAIN BONDING INSTRUCTICMS P/ 20000
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1)

2)

3)

4)

5)

6)

Pre-Launch Preparation Checklist

One week prior to launch day - assemble CTI M1830 motor IAW:

a) TAP and/or motor vendor instructions/suggestions

b) CTI Instructions & Product Notes

c) AeroTech Grain Bonding Instructions

d) Install AeroPac 75mm to 98mm adapter IAW AeroPac instructions
Attach Kevlar harnesses to AvBay/Coupler eye bolts using “Larks Head” knots
a) 3 loop aft harness is installed with third loop closer to AvBay/Coupler
b) Attach “zipper” protection

c) “Z-fold” harnesses with masking tape for shock absorbtion
Assemble recovery items that are forward of piston

a) Parachute attached to/and loaded into deployment bag

b) Pilot chute attached to deployment bag end

c) Double check all nylon harnesses and attachments

d) “Z-fold” and tape harnesses as needed

Two days prior to launch day - charge Lithium Polymer batteries

a) Three altimeter batteries

b) Two GPS tracker batteries (transmitter & receiver)

c) BigRedBee beacon battery

d) Charge 70cm HT

Assemble AvBay/Coupler two days prior to launch day

a) Install charged batteries into altimeter sled

b) Lock nuts for battery holders

c) Secure battery cables and connectors

d) Check all terminal strip screws for tightness

e) Check/replace aft “all thread” “o-rings” & aft masking tape cap seal — install & tighten

nuts/lock nuts

f) Check power switches and install altimeter sled — connect wiring- tighten terminal strip

SCrews

g) Attach forward cap main deployment wiring — tighten terminal strip screws — install

forward cap

h) Install forward cap “all thread” “o-rings” — tighten nuts/lock nuts — apply masking tape

cap seal — install “all thread” forward and aft plastic nut caps
One day prior to launch day, load deployment charges
a) Assemble four “Firewire Initiators” for flight
1) Cut leads to 5 inches — split / strip ends ~ 5/8”
2) Measure resistance: ~ 1.3 ohms (discard if bad — replace)
3) Twist leads with shunt wire loop and crimp into terminal lugs
b) Aft primary drogue charge — from Stratologger
1) Charge container adjacent to #5 & #6 Terminal Block connections
2) 2.6 grams/ 40.0 grains 4F black powder
3) Attach “Firewire” lugs to #5 & #6 and route into black powder
4) Pack wadding above black powder
5) Secure and seal container with aluminum tape
6) Secure “Firewire” leads as needed
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c)

d)

Aft back up drogue charge — from Proton

1) Charge container adjacent to #1 & #2 Terminal Block connections
2) 3.24 grams /50.0 grains 4F black powder

3) Attach “Firewire” lugs to #1 & #2 and route into black powder

4) Repeat steps 4) through 6) (5b above)

Forward primary main charge — from Stratologger

1) Charge container adjacent to #5 & #6 Terminal Block connections
2) 2.125 grams/ 32.8 grains 4F black powder (2.2 Lee Powder Measure)
3) Attach “Firewire” lugs to #5 & #6 and route into black powder

4) Repeat steps 4) through 6) (5b above)

Forward Back-Up main charge — from Proton

1) Charge container adjacent to #1 & #2 Terminal Block connections
2) 2.6 grams/ 40.0 grains 4F black powder

3) Attach “Firewire” lugs to #1 & #2 and route into black powder

4) Repeat steps 4) through 6) (5b above)

7) Charge Mobius Maxi, GoPro, and GoPro Remote control

8) Install Mobius into shroud and GoPro into mount... install switch / camera band with 2
fasteners

9) Store AvBay/Coupler in carrying case

10) Charge electric screwdriver

11) Charge iPhone & iPad

12) Load airframe and support equipment into vehicle except AvBay/Coupler, motor, and
battery powered equipment
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1)

2)

3)

Launch Site Assembly / Preparation Checklist

Assemble trackers and nosecone

a) Monitor 433.95 MHz for frequency usage

b) Energize EggFinder GPS transmitter & receiver — wait for lock

C) Energize BigRedBee

d) Assemble and wrap tracking mount

e) Secure assembly into nosecone

Assemble forward airframe assembly, piston, recovery gear, and AvBay/Coupler
a) Attach piston to Kevlar AvBay/Coupler harness with “Larks Head” knot

b) Secure piston “eye bolt / eye nut” and lock nut

C) Attach parachute / nosecone harness to piston eye nut — secure shackle

d) Ensure blue harness connected to parachute — secure shackle

e) Ensure purple harness connected to nosecone — secure shackle

f) Ensure pilot chute attached to deployment bag — secure

9) Install nosecone and 3 @ black 4-40 shear pins

h) Secure Kevlar harness and zipper cushion to piston eyebolt with tape

)] Clip and remove shunts on main deployment charge initiators

1) Mate forward airframe to AvBay/Coupler and secure with screws & washers
Assemble aft airframe, motor, recovery harness/drogue/streamer, and AvBay/Coupler
a) Remove switch band from AvBay/Coupler, remove GoPro camera, configure for

remote control, turn off with remote, reinstall and secure, install switch band with
screws and washers

b) Secure motor to Kevlar harness with shackle and secure

C) Secure motor with AeroPac retainer

d) Attach Kevlar drogue to harness third loop with shackle and secure

e) Attach streamer to drogue loop and secure

f) Roll streamer inside of drogue for deployment charge protection
9) Clip and remove shunts on drogue deployment charge initiators
h) Install AvBay/Coupler into aft airframe — use temporary shear pins
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1)

2)
3)
4)
5)

6)
7)

Pad Checklist

Load “Tumbleweed Connection” onto rail and raise to recommended launch angle

a) If alignment is an issue, replace forward rail button with button-head screw
b) Once secure, replace temporary aft shear pins with flight shear pins

Start the video cameras recording (remove Mobius lens cover)

Activate switches #1 & #2 for Proton “warm-up” — Connect to Wi-Fi

Activate switch #3 and listen for Stratologger “continuity” audio

Confirm Proton Channel # 1 is Drogue/Apogee +2 seconds, Channel # 2 is Main/800
feet, disable Proton mock Channel #3 (deployment battery SW #2 check) and arm Proton
when ready — confirm arm status — disconnect and listen for “continuity”” audio
Install motor ignitor and connect to firing system — check continuity

Return to firing line and report “ready” status
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