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1.Summary

Team Name: Space Raiders

Team Address: 3710 Erskine St. Apt 336, Lubbock, TX 79415
Mentor/Certification Level: Bill Balash/TRA-L3
Educator/Certification Level: Barre Wheatley/TRA-L3
Director: Davis Hall

1.1 Team Summary

Vehicle Team:
e Edward Hieb: Vehicle Team Lead

e Reid Yentzen: Team Member
e Daniel Lee: Team Member

e Hans Teilmann: Team Member
e Hector Ruiz: Team Member

Recovery Team:
e Matt Rowe: Recovery Team Lead

e Jericho Rosas: Team Member

e Braden Nelson: Team Member

Payload Team:
e Jacob Hinojos: Payload Team Lead

e Tyler Eyre: Team Member
e David Hilbun: Team Member
e Hance Clark: Team Member

e Jacob Steckbeck: Team Member

Safety Team:
e Derrick Slatton: Safety Team Lead

e Brianna Mares: Team Member

e Zoe Smith: Team Member

Special Thanks:
e Fred Schneider

e Bill Balah
e Barre Wheatly



Page |6

Fig 1-1 Fred helping us repair our airframe

1.2 Launch Vehicle Summary
o Size and Mass: 6 inch Diameter | 44lbs | 10.37 feet
o Launch Day Motor: Cesaroni L1395-BS
o Recovery System: 16 foot Main | 2 foot Drogue
o Rail Size: 1515 | 12 feet
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1.3 Payload Summary
Payload Title: Rover R.I.C.K.
Payload Description
e Upon vehicle landing, a rover containing solar panels will be deployed from the
separated nose cone. In order to ensure that our payload will exit the rocket in a correct
orientation, the rover will be housed in a bearing housing that will allow the rover to
exit in an upright position. The rover will use an ultrasonic guidance system to avoid
obstacles.
e Nose separation charges will separate the nose cone from the rest of the rocket body.
e The pins holding the bearing housing fixed will release and the housing will rotate to
orient the rover in an upright position.

e The rover will then deploy from the vehicle and travel a distance of at least 5 feet.
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2. Changes Since PDR
2.1 Vehicle Changes

Reinforced Phenolic Airframe Payload and E-Bay
The airframe will be getting upgraded with a carbon fiber and kevlar composite wrapped
phenolic tube to allow larger charges without allowing catastrophic failure during separation
that occurred during testing. This change resulted in a slight increase in length.

Polycarbonate Nose Cone
The design of the nose cone is only going to change with respect to the material selection.
Selecting polycarbonate for the replacement nose cone was decided based off the readily
available filament material and it will provide higher impact and flexural strength compared to
the originally proposed ABS filament.

2.2 Recovery Changes

Ejection Charge resizing
After testing the different sections we realized that our previous ejection charge estimations
were off so these charge amounts have since been reduced to ensure the safety of the rocket.

Nose Cone Attachment
The full-scale test brought up the issue of how the nosecone was attached and we will be
moving up to 6 nylon shear pins to 8-32.

Black Powder Charge Wiring
As requested we have revisited the wiring of our ejection charges and refrained from using a
cluster of charges and will be using black powder packed into the finger of a Nitril glove.

Eyebolt Concerns
As per requested, we will be welding our eye bolts shut to ensure they do not open when the
parachute is deployed. We will also be going with the next size up due to yielding during the
full scale test.

Pilot Parachute
We have added a pilot parachute connected to the top of the main parachute to aid in

successful deployment of the main parachute.
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Higher Deployment Apogee
We will be deploying our main parachute at 1000 feet instead of 800 feet to help give the
main parachute more time to fully deploy as it comes out of the deployment bag.

Shock Cord Revision
We will be using two separate shock cords spliced together with a quick link to achieve the
40 feet length that was decided on during the Critical Design Review.

Bundle Sizes
We are increasing the amount of material used to bundle the main shock cord to help reduce
the amount of forcing traveling through the vehicle.

Bulkhead Material Selection
We are having to rebuild certain bulkheads due to damage during testing and will be making
them thicker or out of G10 fiberglass were they will see substantially higher pressure.

2.3 Payload Changes

Axles changed from smooth pins to threaded screw design.

Motor mounting method reversed based on received parts
Radio transmissions now occur in series based on received parts

Decreased number of solar panels based on received parts

Bayonet joint changed to winch style wire to pull the bearing pin

Servo mounted on bayonet bearing instead of back plate

Used threaded fasteners for counterweight and housing to prevent failure of connections
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3. Vehicle Criteria

3.1 Design and Construction of Vehicle

3.1.1

As the project evolves, so does the complexity of problems at hand. The design has
undergone continuous evolution, with optimization every step of the way. The goal is to
develop a reusable, modular launch vehicle, that will allow integration of various
mission-specific payloads and the TTU Space Raiders team has been working around the

clock to make this goal into a reality.

Addressing the Changes
The design of the rocket stayed primarily the same except for a few key changes. We
have made changes to the E-bay, nose cone, and also to a section of the rocket to address

safety issues that arose during both ground and flight testing.

3.1.1.1 Nose Cone

Due to issues with the full-scale flight, there is a need to fabricate a replacement nose
cone with a stronger polycarbonate additional details analyzing alternate materials and

issue propagation are outlined below.

Why this change is necessary- During our test launch the shear pins failed when the
main parachute deployed, opened, and the cord pulled tight. According to data, the
vehicle in this moment pulled approximately 60 G’s and the shear pins failed causing the
nose cone to fall approximately 600 feet and subsequently causing the nose cone to crack
along lamination lines in the 3D print. The print cracked in two places and separated into
four pieces. Because of these cracks in the lamination we are sourcing a lab to print this
material. We own the material and we are searching for a lab to assist us in printing the
nose cone with the polycarbonate material. If we can not find a lab to assist with printing

this material we will result back to ABS.

Materials comparison between ABS and Polycarbonate- Polycarbonate material

compared to our current ABS material nose cone has about a three times higher impact
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strength than ABS (15.0ft-Ibs/in compared to ABS’ 5.51ft-Ibs/in) and polycarbonate has
a tensile strength of 8500psi compared to ABS tensile strength 6500psi. The ABS

mechanical properties table from the data sheet and the polycarbonate mechanical

properties table from the data sheet are both placed below. The ABS data sheet is the

table directly below this and the polycarbonate data sheet is below that.

ABS Data Sheet:

Mechanical Properties

Hardness, Rockwell R 103 -112 103 -112
Tensile Strength, Yield 425-448 MPa 6160 - 6500 psi
Elongation at Break 23-25% 23-25%
Flexural Modulus 2.25-2.28 GPa 326 - 331 ksi
Flexural Yield Strength 60.6 - 73.1 MPa 8790 - 10600 psi
|Izod Impact, Notched 2.46 -2.94 J/cm 4.61 - 5.51 ft-Ib/in
Fig 3-1
Polycarbonate Data Sheet:
MECHANICAL
Impact Strength, lzod
notched 1/8 in (3.2 mm) section 15.0 ft-Ibs/in 801 J/m
unnotched 1/8 in (3.2 mm) section No Break No Break
Tensile Strength 8500 psi 59 MPa
Tensile Elongation >10.0 % >10.0 %
Tensile Modulus 0.32 x 106 psi 2206 MPa
Flexural Strength 13500 psi 93 MPa
Flexural Modulus 0.34 x 1076 psi 2344 MPa
Fig 3-2

3.1.1.2 Sections of Airframe

We replaced the section of airframe that is directly associated with the main parachute

bay of the rocket due to the testing failure (explained in further depth in the Testing

section) and are in the process of replacing the payload bay with the new airframe.

E-bay - We added six inches of length to the E-bay to increase the volume of the

parachute bay. It is hypothesized that the reason of our black powder testing failure was
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due to the lack of space in the parachute bay, resulting in a failure in our blue tube. To
avoid this problem in the future, we added six inches of airframe to the E-bay section.
The CDR length of the E-bay was 24 inches and now it is currently 30 inches. This

allows a level of convenience in space and safety to the vehicle and any team member

with hands in this vicinity.

Why this change is necessary - Because of the testing failure resulting in the destruction
of the parachute bay and the fact we didn’t have a replacement Blue Tube we had to
search and find a replacement tube very fast. We happened to find a six-inch tube on
campus that we could use. It is a phenolic tube coated in a layer of carbon fiber and
outside of that there is a Kevlar sock over resulting in a much stronger tube. A stronger
airframe in this area of the rocket is necessary because we learned in the test launch that
our shear pins failed in the payload area during main parachute ejection. We will need
larger shear pins (and therefore more black powder in order to purposefully fail said shear
pins) that will not fail when encountering the G forces of the main parachute opening but
instead fail on the ground allowing the rover to exit the rocket. This new section of
airframe will allow larger shear pins and a larger amount of black powder to be utilized
without having to risk airframe failure upon black powder charge ignition. The new
section of tube is shown below with a diagram explaining the layers of the tube. This new

section of airframe is monumental to the success of our flight.

Fig 3-3 Top view picture of the wall of the new section of airframe.
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A: Phenolic
B: Carbon Fiber
C: Kevlar

Fig 3-4
In this diagram of the new section of airframe, each- layer is imagined to be peeled back

to see the underlying layer. The layer labeled, “A”, is the base phenolic tube that is a 6-
inch diameter tube. The layer labeled, “B”, is a small layer of carbon fiber which is
wrapped around the phenolic tubing, making it more resilient to shattering and cracking.
The layer labeled, “C”, is a Kevlar sock wrap that goes over both layers, “A”, and “C”.
All of these layers combined create a much stronger tube that is more resistant to

shattering and cracking.

3.2 Key Elements for Launch and Recovery

3.2.1

The key elements for launch and recovery have been broken down into two different
sections: Structural and Electrical elements. Components that play a contributing role in

these topics are discussed in detail in the following section.

Structural Elements

Eyebolts: Eyebolts are one of the keys to the recovery of our rocket. They connect the
drogue and main parachute to the main airframe via bulkheads. After our test launch we
realized the eyebolts that the drogue parachute had attached to had yielded slightly and
we realized we needed to increase the size of the eye bolts slightly. They were one-
quarter inch eye bolts and we are increasing them to three-eight inch eye bolts to ensure
that this doesn’t happen again. Even though the eye bolts didn’t fail we want full rocket
reusability and we don’t want any yielding that could lead to failure. These eyebolts help

to ensure a safe recovery of our rocket.
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Bulkheads: Bulkheads are vital to the recovery of our rocket and the safety of the launch.
Bulkheads are the attachment of the eyebolts, and parachutes to the airframe. We have

several different bulkhead types listed in the section 3.2.2.

Motor Mount System: The motor mount system is integral to the safety of the launch,
the people in the vicinity of the launch, and recovery of the vehicle. It allows the energy
of the motor to be placed not inside of the rocket onto bulkheads but instead on the actual
airframe of the rocket making it much more reliable and safe during the launching and
recovering process. This motor mount system that we have also doesn’t allow the motor
to fall out of the rear of the rocket when parachutes deploy ensuring the safety of the
people around the launch site, the recovery of the rocket and the reusability of the rocket.
If you would like to see the diagram of the motor mounting system, look to section 3.2.2.

Centering Rings: The centering rings are crucial to the safety and success of the launch.
The centering rings are present to ensure that there is no side to side movement of the
motor. This is to ensure a flight that is completely vertical in terms of the motor (not

factoring in wind).

Electrical Elements

All on-board electronic systems that contribute to the flight profile in a way that aids in
descent, locating, or apogee correction are considered a part of the recovery system or the
DACS alternate payload. The only other on-board electrical systems are discussed in
depth in the payload section. External electrical elements are the electrically activated
ignitor. The ignitor is an E-match that is coated in a highly combustible material that

ignites the grain when the circuit is activated.

3.3 Drawings and Schematics of the built Launch Vehicle

Computer aided design was employed very heavily when designing the launch vehicle and

its aspects. Everything from the nosecone to the fins have been modeled and detailed
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drawings were derived to gain additional understanding/ perspective of certain assemblies or

providing instructions on machining parts. These drawings are displayed below.

2 ¢' 1
1. See BOM for parts list and details of individual parts Raider 2 USLI Launch Vehicle -
2. Airframe interface for modular payload By: Edward Hieb
3. Compaitble with 75mm solid propellent class (L) motor i ity
4. Equipped with a dual deployment recovery system Property of Raider Aerospace Sodety: S P A C E A I D E R S

Space Raiders

Fig 3-5
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¥

1. Detailed dimensions can be found in
respective CAD file or drawing.

2. Materials listed under "Description".

3. Qutfitted with mini Electroics bay and
isolated with EM shielding.

4. To be equipped with black powder charge
for ejection.

Nose Cone Assembly
By: Edward Hieb
Property of R.A.S. : Space Raiders

-—

SPACERAIDERS

B
B
A PARTS LIST
ITEM QrY PART NUMBER DESCRIPTION
1 1 NoseConeBottomV4 3D printed
2 1 NoseConeTopV4 3D printed
3 1 Part Slide 3D printed
4 1 Bulkhead_6in 16 inch G10
5 1 Nose_Coupler Bluetube coupler
6 1 Blast_Plug Sliding bulkhead
2 4} 1
Fig 3-6
2 A4 1
1. Compatible with standard 75mm 4-grain motor MOtOI’ MOU nt -
2. Encapsulating foam included in aft centering By: Edward Hieb
ring cavity , y ; SPACE-RAIDERS
3. Materials called out in "Description"” Property of: R-A.S. Space Raiders
4. Fins are to be beveled to create air-foil profile
B
+
®
PARTS LIST
A ITEM QTY PART NUMBER DESCRIPTION
1 1 Coupler_6in [*Not required in assem
2 1 Inner tube Fiberglass
3 1 Aft_Section Blue tube Airframe
4 4 |Fin 1 inch G10
5 3 Centering ring # inch plywood
6 1 thrustplate 6061 Aluminum
7 1 Retaining ring 6061 Aluminum
2 Q 1

Fig 3-7
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2 ¥ 1
1. All dimensions in millimeters Fins —
3 -
2. Material: 76 G10 By: Edward Hieb SPACE-RAIDERS
3. Tab holes for encapsulating foam Property of R.A.S.: Space Raiders
retainment
4. Leading, upper, and tail edge to have
10 degree chamfer for airfoil
B
90.00 110.00 30.00
-
(=]
o o
=] <
E g
A
o
O O O 2
5
1
230.00
F] 7. ) T
Fig 3-8
2 ¥ 1
r=-.3819 —= =—.1875
.18757*"- [-— 7419
¢.1375\ i 1875
3008 110 R.1250 i f
. 1T .2500
T - [ R0 o | 1 ' 8125 .
1 —— — g1 i
T T T T T
—-t HEH HEH I . r
1.8750
| | .6250* 1875
1 1 i
- —.1795
R2.9724
R2.7849 q_
4765
A

Dacs Main Bulkhead
Material: 6061
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3.4 Flight Reliability Confidence

Safely and successfully launch the rocket: We believe in our ability to successfully launch our
rocket based on our simulations and build likeness to this simulation. We have a stability margin
of 2.39 which makes it very difficult for our rocket to be affected by outside forces. Our
OpenRocket file says that we are going 5944 feet at apogee and our test launch had an apogee of
6065 feet (shown in meters in the figure below). Even though this is an astounding difference in
height from what we aim to achieve, we have still surpassed one mile in height and we have an
altitude control system at our disposal (the DACS system). We also have estimated the amount
of ballast weight needed to correct this error down to a 2% margin. We have full confidence that
we can keep our rocket as close to a mile as possible with the DACS and an added ballast

weight.

Recover the Rocket: We have confidence in our ability to recover our rocket in a reusable
condition because of what we have learned from our test launch and its results. Because we are
updating the shear pins on the payload bay to withstand the forces of our test launch recovery
(about 60 G’s, the increase in vertical acceleration is shown in the graph below) we are confident

in the rockets ability to withstand these forces and be recovered in a reusable condition.

3.5 Fabrication and documentation of Raider 11
Raider 1l embodies the teamwork, dedication, and pinnacle of engineering design that the
Raider Aerospace Society has to offer. It is a physical example of creative problem solving
and overcoming challenges as the outcome of countless hours of research into a new field of
study; High Powered Rocketry. Dive into the fabrication with the construction manual

below.

Facilities: The Raider aerospace is lucky to have facilities that utilize advanced fabrication
machinery at our disposal. These facilities have played a pivotal role in sparking innovation

and ensuring precision in the manufacturing of the custom parts that make up the Raider II.
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The generosity, time, and mentorship that was provided by the technicians of these
workspaces are beyond commendable and the launch vehicle could not have been built to

the same caliber without them.

Fig 3-10

The Advanced Vehicle Engineering Facility was home base for the Raider 11 throughout
the lengthy fabrication process. It is located at the Reese Technology Center for Research
and is also the home of the TTU robotics club, Solar Car club, and Raider Aerospace
Society. All precision machined parts were products of the Mechanical Engineering
machine shop. This shop provided a place to employ advanced fabrication techniques
such as DMLS 3D printing, FDM 3D printing, CNC mills, and manual tools. Under the
guidance of senior technicians, members of the team gained firsthand experience with
manufacturing processes and even sparked interest and opened up new possibilities that

apply directly to the future careers of the respective members.
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Nose cone: While the design for every part of the Raider Il began on a whiteboard, most

parts were transferred to CAD and then made by hand or some means of automation

3D Printing: The Nose cone is a prime example of additive manufacturing using DFM
3D printing. Additive manufacturing is excellent for providing means of rapidly
producing the complicated part out of multiple types of filament if there is a desire for
alternate material properties. Preparing the part for printing is a process that starts with
converting the 3 CAD files (top, bottom, and part slide) to STL files, and then slicing
them in a software called’ “Catalyst” to generate support material placement and the tool
paths that are in the form of GMZ files. The GMZ files were then sent to a Stratasys 3D
printer to build the parts.
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Nose Cone 3D print Statistics

Model Material (in”3)

(22.3+31.87+1.97) =57.14

Support Material (in”3)

(4.47+1.87+0) = 6.34

Build Time (Hours)

(27.5+36.33+3.18) = 67.01

Post Work: After the Nose cone was printed, the parts were then removed and placed
into bath of solution for at least 12 hours to dissolve the residual support material that
could not be removed by hand. After the parts had gone through the bath, they were
manually sanded with P60-P500 grit sandpaper with steps of 60-100 in between each
sanding. This sanding process was tested on the Raider 1 and implemented to remove the
ridges left behind by the 3D printer and create a uniform rough surface to prep for

painting.

Part Integration: The next step in assembling the nose cone is integrating the other
components such as the coupler, bulkhead, electronics, blast isolator, and 8-40 hardware.
Most of this part of the process was completed in Bill’s workshop. Holes were marked
and drilled in the bulkhead for posts and the eyebolt and both sections of the nose cone
for the 8-40 nuts and bolts. Terminal connectors are being used to mount the wires to the
posts with connectors attached to the other end to allow for the electronics slide to be

removable from the nose cone . After applying G5000 epoxy to the bulkheads and
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coupler, the assembly was left in a small room with heaters to create an isolated

environment that aided in the curing stage of the epoxy.

Paint Paint was then applied to the nose cone in layers using thin coats of conventional
spray paint. First, three coats of gray primer were applied to cover up the color difference
of the two main sections and establishing an ideal surface to paint on. Next, glossy red
was applied over the primer in 2 coats. The Nose cone is shown in the paint booth in fig
3-13 below
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Payload interface: The payload interface was designed to be modular and utilizes a
standard six-inch diameter Blue Tube coupler as the housing. The coupler was then

modified to suit the needs of the specific payload that was included in the flight profile.

Airframe Positioning/Mounting: First this coupler was cut to length, as specified in the
design, and then positioned inside of the airframe where it will be mounted during flight.

Once the housing is in position axially, it is secured, and 4 holes are drilled at 90 degrees

apart from each other, around the airframe.

Payload Specific Modification: For this mission, the rover was selected as the payload,
and thus the interface was heavily modified to suit the needs of storing a vehicle in flight,
as well as ensuring correct orientation to allow for deployment at landing. Because nose
cone ejection is necessary for rover deployment, an isolator plug is used to contain the
explosion. For the blast plug to be pulled out, vent holes must be incorporated behind the

plug to release the vacuum that resists the plug’s ejection.

Airframe: The airframe that the launch vehicle is made of is Blue Tube 2.0, more details
about this material can be found in the section that discusses the design and material
justification of this document, as well as the CDR. While the material comes pre-
fabricated, there are many steps that were taken to create a functional airframe. These
steps include, cutting the blue tube to lengths for each section, filling the spiral grooves
with epoxy, mounting bulkheads, mounting hardware for fixing sections together, and

drilling holes for internal pressure stabilization.
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Fig 3-14

Initial Modification: The lengths of the sections were measured, and masking tape was
used to mark where each section was to be cut on a band saw. After the tube was cut,
files were used to de-burr the edges of the tube the grooves were filled in with G5000 to
create a smooth uniform surface along the airframe. The epoxy was initially applied and
then the sections were placed in a warm room to cure. Once cured it was sanded down by

hand to prepare for painting.

Slotting and Cutting: Before painting certain sections were cut, slotted, and modified
with windows or pressure stabilization holes. The placement of the slots were determined
by using custom tooling, that was a 3D printed jig with slits that are exactly 90 degrees
apart and in the proper placement from the bottom of the airframe (seen in the
background of fig 3-15) After the lines were transferred, a Dremel tool was used to cut

the slot out very carefully and then a hand file to finish and de-burr the tube.
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Fig 3-15

Furthermore, the DACS requires windows for the control arms to and hinges to control
the external drag flaps. Airframe modification was also done to create the openings for
the DACS by using a similar method of transferring a pattern using a 3D printed jig.
After the jig was lined up 45 degrees from the fins, the window was transferred and a
Dremel was used to cut the windows, following finish work with a hand file. The jig can

be seen on the airframe in figure 3-16
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Fig 3-16

Reinforcement: While reinforcing the airframe was planned on some sections of the
launch, vehicle, some were not, and only determined necessary after testing. These
sections that required reinforcement include; the DACS interface, E-Bay to Main chute

section, and Payload section.

Payload. composite airframe DACS Section G10 ribs

E-Bay/Main composite airframe

Fig 3-17
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The DACS section ribs are made from 1/16" inch thick G10 with holes at the top for
attaching to the main aluminum bulkhead. The four G10 fins are 90 degrees apart from
each other, and 45 degrees from the cut-out windows. Because the orientation of these
ribs is crucial and must be precise, we cut out a scaffolding with leftover-over 2.6mm
plywood on the CNC router and then assembled an inserted as a unit before setting in
epoxy. The assembled rib-scaffolding unit is shown in the figure below.

Fig3-18
After insertion into the airframe, the ribs were epoxied with 1/8fillets to the internal wall
of the blue tube. After the epoxy has set on all ribs, the thin wooden scaffolding was

broken and removed, leaving the ribs in proper orientation for the finishing epoxy work.
The inserted unit is shown in figure 3-19 below:
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Fig 3-19

During ground testing, it was discovered that the blue tube airframe alone could not stand
up to the larger black powder charges used in the recovery system. Because we had over
pressurization, resulting in de-lamination, emergency re-design went on during the
damage control response period. Implementing the upgraded airframe design was
relatively simple, as the team had sourced a section of the pre-fabricated phenolic
airframe that is reinforced with carbon fiber and Kevlar from our Tripoli Level 3 informal

advisor, Fred Schneider.

For the first full-scale test flight we had only repaired the E-bay/Main chute section, due
to the approaching deadline, and are in the process of reinforcing the payload section and
will finish before the next test flight. The first step the repair was splicing the E-bay
section, which entailed cutting off the dead wood, or the shredded section left over from
testing. This was done with supervision by Fred on an industrial band saw in the
Industrial Manufacturing and Systems Education machine shop on TTU campus. This

process is shown in the figure below.
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Fig 3-20

After the old tube has been cut, we cut a 6in longer section of the carbon and Kevlar tube
and used a blue tube coupler that was originally intended for the payload integration
housing as an internal splice. This piece was epoxied in and fastened with size 6-32
button head screws. After the coupler was installed, the newly cut piece of the composite
tube was epoxied in and fastened in the same manner. The splice is shown in the figure

below.
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After the epoxy has set and the hardware was installed, holes for shear pins were drilled

out and then counter-sunk into the new composite section of airframe.

Bulkheads: The bulkheads are vital components of the launch vehicle due to the shock
chords connecting directly to them, transferring all the momentum of the falling rocket
being stopped by the parachutes. Due to the strength that these bulkheads must have, they
have been made from composite materials, or aluminum, depending on the application.
The composite bulkheads are made from sheets of 2.6mm plywood and sheets of
fiberglass. These were made by cutting 6-inch circles out of wood on the CNC router,
and then 7-inch squares of fiberglass using a large paper shear. After the fiberglass sheets
were cut, the thin-set epoxy was applied to both the bulkhead face and the cloth of each
component that is to be bonded, and then clamped to harden. The clamped bulkheads are

shown in fig 3-22.

Fig 3-22

The other bulkheads that are not the fiberglass composites, are either made out of

aluminum or G10. The G10 bulkheads will be replacing the fiberglass wood nose cone
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bulkhead, and the blast plug bulkhead. The aluminum bulkhead was machined out of
6061 AL in the TTU machine shop and started from a piece of stock material. Next it was
turned on an industrial lathe, moved to a CNC mill, and finished on a manual end mill.

The aluminum bulkhead is shown getting slotted on the Bridgeport mill in figure 3-23.

E-Bay: The electronics bay is made up of two plywood bulkheads, one on each end of a
1/8th-inch support rack. The support rack was epoxied to two threaded rods that connect
the bulkheads. The electronic equipment consists of two altimeters, two batteries, and
two switches accessible from the exterior of the airframe. Two of each component for
redundancy and cross-referencing purposes. The batteries power the altimeters and the
switches allow us to activate the devices at the launch pad. We chose the StratologgerCF
altimeters from ©PerfectFlite for its versatile data collection methods. The devices record
flight altitude, temperature, and velocity; As well as allows programming for parachute
deployment. The devices output peak altitude and maximum velocity in a series of

audible beeps and provide USB connections to download data.
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Recovery System: The recovery system is comprised of three parachutes; a drogue, pilot,
and main chute. The drogue chute has a 2ft diameter and was manufactured using 1.9
ripstop nylon. The drogue is connected to the rocket with a 15ft shock chord. The drogue
chute is to be deployed at apogee to slow the freefall speed and minimize drift. The main
and pilot chutes are 16ft and 4ft in diameter respectively. Manufactured with 1.1 Ripstop
nylon and connected in tandem with a 40ft shock chord. The main chute sits within a

NOMEX deployment bag to protect from the blast charges.

Motor Mount: The Motor Mount System is essential for housing the motor and
providing structural support for the fins. The system is comprised of a fiberglass tube,
three centering rings, two-part encapsulating foam, thrust plate, and retaining cap. The
three centering rings were CNC routed. The forward two rings are 1/8" inch thick and the
aft rings is comprised of three 1/8" rings laminated with G5000 epoxy. The aft centering

ring includes three concentric nuts for securing the thrust plate with machine screws.

Fig 3-24
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Two-part missile work encapsulating foam was filled between back and middle centering
ring to form around the fins and create extra bonding to the motor mount. The 2-part
epoxy is the same as was used on the sub-scale build and it was measured in equal parts
by weight and then additional drops of water was added to lower the density. After the
foam has set, the rear cavity had to be carved out to fit the aft-most centering ring and
thrust plate shown in figure 3-26 and the centering ring can be seen inserted in figure 3-
27.
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Fig 3-27

Following centering fixation, the thrust plate was installed. A series small socket head
screws fastens the retaining ring bracket to thrust plate and the ring itself is threaded onto
the bracket. The thrust plate is shown in position in figure 3-28 below.
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Fig 3-28

Fins: The fins are an integral part of a successful rocket system due to the stabilization
and the effect on the center of pressure of the rocket. For the fabrication of our fins, we
chose to use G10 fiberglass; a heat compressed fiberglass/resin composite material. We
began with 3/16™ inch sheets of G10 and cut them to shape with a CNC router. We added
a 10-degree bevel to the fin edges with a table saw to enhance the aerodynamic properties
by reducing the drag. After initial cutting, the edge was finished on a hand-held belt
sander, with care taken to wear proper PPE such as respirators and gloves during the

process. Routing and initial edge-forming is shown in figure 3-29 below.
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Fig 3-29
After fin formation, they were inserted into the slotted airframe, and epoxied into place. To

ensure a 90-degree offset of each fin, a wooden guide was routed out to hold them in position

while setting the initial internal epoxy fillet. The wooden guides are shown during the curing
process in figure 3-30 below:
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After the initial internal fillets, placed on the tabs where there is direct contact with the motor
mount tube, have dried, the external % inch fillets were created by masking off parts of the
airframe and fins and then applying the G5000 with large popsicle sticks. These fillets are shown
in figure 3-31 below.

3.6 Recovery System
For this rocket the recovery system will contain both a main and a Drogue parachute
along with two completely independent altimeters that will each be connected to a set of
ejection charges to aid in the deployment of the main and drogue parachutes. The
requirements of this competition have led us to go with a sixteen foot main parachute and
a two foot drogue parachute.

Along with the main electronics bay there will be a GPS tracker in the nosecone along
with a transmitter receiver combination that will aid in the deployment of the rover. Once
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the rover lands a remote signal will be sent to the nose cone jettisoning the nose cone and

leaving a path for the rover to freely drive out of the rocket.

Design Justification and Defense

One of the biggest concerns for the rocket and overall in the project is the safety of not
only the participants but also the safety of the launch vehicle itself. With recovery being
one of the most important aspects of vehicle safety, that being returning the rocket safely
to the ground after launch. With safety being such high precedence we will be utilizing 2
completely separate altimeters that will each control an ejection charge for the main and
drogue parachute. These 2 altimeters will act as a main and backup recovery system with
the back up being delayed by 1 second for drogue deployment and the main parachute
deployment will be deployed 100 feet lower than the main recovery system. The backup
recovery system will be NASA’s dedicated altimeter while still functioning as part of the
recovery system. These two recovery systems mirror each other in design and
construction only differing in ejection charge size with the backup system holding 1.25

times as much black powder.

The fact that we will be using two complete separate systems just works to increase the
likelihood of successful system deployment. With a single recovery system, or single
altimeter, we could easily have a discontinuity from the ejection charges to the altimeter
itself which would cause no separation at that respective stage in flight. By using two
recovery systems there is a greater chance to have continuity through at least one of the
ejection charges. With both ejection charges being large enough to separate the different

sections this redundancy will help ensure deployment of the different parachute

Structural Elements

Most of the forces that act on the recovery system will be seen when the main parachute
fully deploys as the entire system will experience 64g’s once the parachute is fully open.
With this massive deceleration all of the forces seen by the system will be greatly

increased and hence the construction of each component will have to be ample enough to
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withstand these increased loads. The five main structural components for the recovery
system are the bulkheads, shock cords, connection hardware, 550 Paracord, and

Nosecone attachment.

3.6.2.1 Hardware Connections
Working from the top down, as soon as the parachute deploys the first structural
component will be a 5/16th inch thick Stainless Steel quick link. These quick links are
rated to withstand a total force of 2400 Ibf. Now to prove that this is a sufficient and
robust design we need to fully understand all the forces that are going to be acting on the
quick link and how they will be acting on this specific component. When the main
parachute deploys the quick link will essentially have two separate forces acting on it, the
force of the parachute pulling straight up and then the force from deceleration of the

entire rocket acting straight down. This can be seen in fig R-1below:

Frocket

Figure R-1

Where the F,, ;i and Fy,qxe: are calculated below:

mass of rocket (Myocketr) = 17582 g or 17.582 kg
m
deccloration (a) = 631.19 52
F =Ma

F = (17.582 kg)(631.19 ;n—z)
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F =11097.6 N or 2494.9 lbf
Now that we have the total force acting on this component we can calculate the factor of
safety as seen below:
Maximum Strength = 2400 lbf
Force Applied = 2494.9 Ibf

Maximum Strength

n= Force Applied

2400 Ibf
"= 24949 bf

n = 0.96
Here we can see that this component will not fail as the factor of safety is 0.96. Now this
might be a little concerning seeing how it is below 1.00 that it might not seem like a
robust design but we have to consider the fact that this is the worst case possible and the
safe working load not the breaking strength when the main parachute deploys so in
actuality the factor of safety would be greater than the above value. We will be upgrading
this parachute quick link to a 3/8th inch thick one because the safe working load is 3900
Ibf which will give us a factor of safety of 1.56 which is more than ample to withstand

the impulse from parachute deployment.

Following the same logic we calculated the safety factor for each component for the main
parachute connections. Before we dive into calculations we have to fully understand how
the system is put together. The construction process and built design is talked about in
detail later in the document. In summary the electronics bay has a cross woven on the
bulkhead through four separate ¥ inch eye bolts where the shock cord is connected
through a 3/8th inch quick link. The 30 foot shock cord is then spliced in the middle
where the parachute is attached along with the 10 foot shock cord before it funs to the
bulkhead directly above the D.A.C.S system. The 550 Paracord, being the weakest point,
will be wrapped multiple times to increase the effective strength of this connection to
have a safety factor above 2.00. The following tables, figure R-2 and fig R-3, calculate
the force due to deceleration of each independent section and then the safety factor for

each for each induvial component respectively:
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Section m (g) a(m/s/s) | F=ma(N) F (Ibf)
Payload 2823.00 631.19 1781.85 400.58
E-Bay 5029.00 631.19 3174.25 713.60
Motor 8118.00 631.19 5124.00 1151.92
Total | 15970.00 10080.10 2266.10

Figure R-2 (Independent Section Deceleration Force)

Component Tot?l Force Component Multiplier Safety Factor
Acting (Ibf) Strength (Ibf)

Main Parachute Connection Quick Link 2266.10 2400.00 1.00 1.06
Main Motor Connection Quick Link 1151.92 2400.00 1.00 2.08
Main E-Bay Connection Quick Link 1114.18 2400.00 1.00 2.15
Main Motor Shock Cord 1" Nylon 1151.92 4200.00 1.00 3.65
Main E-Bay Shock Cord 1" Nylon 1114.18 4200.00 1.00 3.77
8x Main Motor Paracord 550 1151.92 550.00 8.00 3.82
10x Main E-Bay Paracord 550 1114.18 550.00 10.00 4.94

Figure R-3 (Main Parachute Component Safety Factor)
Seeing how all of these calculations were done under assumptions that would make them
the worst possible case and the fact that all the factors of safety are well above 1.00 I can
confidently say that the constructed design is not only functional but it is quite robust.
During the full scale test launch we further confirmed that each component of the vehicle

recovery system functioned just as designed.

With the biggest concern being the amount of energy that is being transferred through the
vehicle from main chute deployment we must strive to reduce this energy at every chance
possible. To do this we are using the 550 Paracord that was looked at above along seeing
how it’s decently elastic and will act as a shock absorber reducing the impulse past that
point of connection. We will also be bundling the shock cord in one foot sections spaced
six inches apart and securing each section with a warping of tape. For our full scale test
we used a single wrapping of making tape that, when tested, absorbed 0.75 Ibf on average
for each bundle. With a total of 15 bundles we effectively reduced the force being applied
to the forward section by 11.25 Ibf. This is pretty much negligible when looking at the

total forces as seen in figure R-3. For our next launch we will be increasing the amount of
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material used to bundle each one foot section and conduct further testing to further reduce

the forces acting on the vehicle.

3.6.2.2 Bulkheads
The next thing we will be looking at is the structural integrity of the different bulkheads.
There are a total of four bulkheads that are included as part of the recovery system and
they are labeled and positioned as follows:
e Payload — Directly behind the payload housing and connected to the drogue
parachute.
e Drogue E-Bay — The forward portion of the electronics bay and connected to the
drogue parachute.
e Main E-Bay — The aft portion of the electronics bay and connected to the main
parachute.
e DACS - Directly above the DACS system in the aft most section of the rocket

and connected to the main parachute.

Both bulkheads that that are connected to the drogue parachute will be made from a in-
house composite consisting of single ply plywood encasing double layered fiber glass
sheets. The Main E-Bay bulkhead will be made of the same material as both drogue
bulkheads but it will be almost double in thickness as both drogue bulkheads. The DACS
bulkhead will machined out of aluminum and connected directly to the airframe from the

inside of the rocket and the outside.

Looking at both drogue bulkheads they are made from a wood-fiberglass composite that
is layered in an alternating fashion with the fiberglass sheets being doubled up for added
strength. In total both bulkheads have three layers of single ply-wood and two layers of
doubled up fiberglass sheet. These layers were secured together by epoxy and then
clamped together for maximum strength when curing. The following drawings show the
design of both drogue chute bulkheads, payload and drogue E-Bay, shown in figure R-
4and figure R-5 respectively.
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Fig’s R-6
The main E-Bay bulkhead was made out of the same composite material as both drogue
bulkheads are and also made in the same fashion. With this bulkhead seeing much more
force than the other two composite bulkheads it was made with five layers of ply-wood
and three layers of fiber glass and again bonded together with epoxy before getting
clamped together during the cuing process. In figure R-6 below the dimensions for this

bulkhead can be seen.
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Fig R-7
With no efficient way of calculating the strength of this composite our biggest prove to its
robustness was the full scale test. In the full scale test it held up well with no signs of
deformation and or delamination. From this we can safely say that this bulkhead is robust

enough to withstand multiple flights.

Last we have the DACS bulkhead which will be experiencing the most force in comparison
to the other bulkheads. With this bulkhead see roughly 1200 Ibf we needed to make sure
there was little to no deformation along with assurance that I would not be ripped out of
the airframe. In order to insure success of the recovery system we deiced to go with
aluminum for our final design. Another concern we had was the fact that it could be
removed so we wanted to make sure we could attach it on the inside of the airframe to the
reinforcing ribs that run along the length of this section of airframe. The final design is

shown in figure R-8 below:
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Figure R-8

As seen in the drawing above the upright flanges will work to mechanically fasten the
bulkhead to the inside of the airframe by four 6-32 machine screws. To connect the
bulkhead from the outside of the airframe we will use four 8-32 button head machine
screws. The point of having 8 points of connection was to help reduce the overall stress
from concentrating in a specific area and ultimately increase the likelihood of success

upon main deployment.

Seeing how the design has not changed from the CDR the previous stress analysis still
applied and we have a calculated factor of safety of 2.14. This is quite adequate for the

current application in the rocket as it has little to no displacement under this loading.
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With this bulkhead seeing the largest load along it is a good reflection of the system as a
whole and seeing how it can safely handle the lading it is subject too | am comfortable
saying he structural design of the recovery system is robust enough for this rocket and the
successful recovery of the rocket.

3.6.2.3 Electrical Elements

Within the recovery system all of the vital electronics are housed within the electronics
bay. There are two completely independent recovery system within the electronics bay;
the primary recovery system which is our dedicated system and the backup recovery
system which will be used as NASA’s dedicated recovery system. These two systems
will be a mirror copy of each other and each control and ejection charge for both main

and drogue parachute deployment. They will be wired as seen in figure **** as seen

below:

Figure R -9



Page |48

The use of two independent recovery systems will help make sure that there is a

successful recovery system deployment. By adding another recovery system we greatly

reduce the risk of charges not going off properly and help add a safety net by have two

sets of charges. All in all the dual system will aid in making the entire recovery system

more robust by adding a safety net to separation and parachute deployment.

3.6.2.4 Transmitters and GPS

For our rocket we are using a both a GPS tracker and transmitter. The GPS tracker is a

Missile Works T3 GPS Tracking System and our transmitter will be a SenMod Long

Distance 2 Channel Transmitter. Both of these components will be housed on the part

sled inside of the nose cone as they will only be activated after the rocket has landed.

These two systems will be housed in the same compartment but they will be independent

from on another due to the operational voltage required for each component. The

SenMod transmitter has the following technical specifications as seen in figure R-10

below:
Remote Distance 1000 m
Operating Frequency 433 MHz
Wattage <% watt
Code Learning(Non-Latched)

Receiver Sensitivity

-105dBm

Operation Way Inching, Self Locking
Number of Channels 2
Operation Voltage 12v

Figure R-10

For the GPS Tracker the technical specifications can be seen in figure R-11 below:

Range

Up to 9 miles

Operational Frequencies

902 to 928 MHz
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Wattage 7 watt
Weight .680z/195¢
GPS Operational Range Altitude 50,000 m / 160,042 ft
Velocity 500 m/sec / 1640 ft/sec
Operation Voltage 31to7.4v

Fig R-11

3.6.2.5 EM Shielding

3.6.3

With the transmitter and the GPS tracker being in close proximity to two relatively large
ejection charges it is important that both of these systems do not pick up stray signals that
could cause the electric match to light. In order to prevent this from happening we will be
shield the base of the bulkhead inside the nose cone with a layer of brass mesh. The main
concern is the SenMod transmitter picking up stray signals seeing how it directly controls
both the primary and backup ejection charge. In order to prevent this from happening the
transmitter itself has a handshake with the receiver so it cannot be falsely activated. This
with the EM shielding should prevent any premature ejection charge detonation and aid
in successful deployment of the rover.

Testing Results

In addition to testing the compartments, we tested nitrile gloves tips as an alternative to
the centrifuge and metal casing. The charge packets were packed and wired, as specified
in the recovery section, and then tested by placing a plywood board on top of the charge
in order to contain it. The charges were then manually detonated from a safe location.

The test charge proved to provide a safer, omnidirectional, softer, low velocity explosion.

3.6.3.1 Nose Cone Ejection Charge Testing

Ground testing done for the nose cone ejection charge was done by packing a canister
charge, laying the airframe down on its side with the nose cone’s aft half affixed via
shear pins, and detonating the charge manually. The charge was wired and ran to a safe
location where they were affixed to a switch which would allow for remote detonation.
The test setup is pictured below.
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The size of the charge tested was 2.5 grams. This charge size was a slightly energetic of a

detonation, which separated the nose cone from the airframe with considerable distance
between the ends. This can be easily attributed to the lack of shear pins during this test
trial. The charge was safe in terms of explosive power and will not compromise either the

airframe or the nose cone.

With the results from our full-scale test and our ground testing in mind, particularly with
the nose cone issue, moving up the number of shear pins will not significantly change the
required charge size.

3.6.3.2 Drogue Separation Testing
Ground testing done for the drogue parachute’s ejection charge was done by packing the
parachute and canister charge, laying the airframe down on its side and simply detonating
the charge manually. The airframe was laid flat on the ground for this test. The charges
were then wired to a switch and ran to a safe location where they were remotely

detonated. The setup can be seen in the photo below.
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The size of the initial charge tested was 1 gram. This proved to be an effectively sized
charge, providing sufficient separation of the compartment. The second charge tested was
the 1.5 gram secondary backup charge, which proved to be a safely sized charge which

would not compromise the airframe.

3.6.3.3 Initial Main Ejection Charge
Ground testing done for the main parachute’s ejection charge was conducted by packing
the parachute and charge, laying the airframe down on its side and manually detonating
the charge, similar to the drogue testing method. The parachute was packed in a manner
that a void rested forward of it, with a smaller cavity aft of the chute. A canister &
centrifuge charge was placed in the forward void, above the parachute bag. The initial

test setup is pictured below.

The charge was originally calculated using the entire volume of the section and to 15 psi
(per our mentor’s advice). The specified charge size in the CDR was 7.7559 grams, and
after our prior ground tests, it was determined that charge size would be too large to
safely detonate. We recalculated the charge size, using the same volume, for 7 psi and

found our new charge size to be approximately 3.5 grams.

During our initial test, the charge size proved to be too large and caused our airframe to
rupture, as seen in the photo below. After speaking with several experts and reaching out
to our mentor and other high-powered rocketry specialists, we proceeded with analysis of
the test.
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The damage from this test is pictured in the photos below.

Preliminary forensic analysis has been conducted on the failed piece of airframe, with the
current working theory being that the parachute compressed, thus created a pressure seal
which created significant back pressure. This compression and sealing reduced the
volume of our pressurized compartment from 500.9222 in3, as previously calculated, to
about 140 in3 and potentially even lower. With a reduction in volume of about 360 in3,

this created a significantly higher pressure than expected.

In addition, we suspect that because of the charge’s metal housing and its lack of securing

mechanisms, it acted as shape charge against the inner wall of our airframe. This effect is
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suspected of causing a weakening effect, which when coupled with the over

pressurization of the vessel, caused a failure due to hoop and lateral stresses.

Back of the envelope calculations using thin-walled pressure vessel assumptions are
conducted in the following lines to provide further insight, particularly as it relates to
stress within the walls of the airframe, into the nature of the failure. Certain material
properties could not be provided to us by the manufacturer, so material properties are
estimated using similar materials and their corresponding properties. The airframe is

represented as a spiral wound and welded cylinder as seen in the diagram below.

B
\ : -
M
Given:
Veff =140 il’l3
Preq/* V., g
massgp(grams) = - ;el‘;)f 22 * (454 W)
(266W> « (3307 R)

Rearranging to solve for pressure yields:

massgp(grams) * (266 mlzrl:f) * (3307 R)

Poctuar =

(4'54' %) * Vforward void

Pactuar = 48.5 psi
Given:
Inner Diameter = 1.D.= 5.973"
Outer Diameter = 0.D = 6.097"
thickness of wall =t =0.D.—1.D.= .106"
angle of spiral = p = 15°
Substituting this pressure into thin-walled pressure vessel equations yields:

_pd _48.5psi*5.973"
%hoop = 4 = T 2% 106"

= 1366.465 psi = 9.42 MPa = o,
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_pd _ 48.5psi*5973"
Tlong = 4¢ =7 4+ 106"
Calculating for normal and shear stresses along the airframe seams:

= 683.232 psi = 4.71 MPa = o,

Oweldnormal = = Ox €0S* B + 0y, sin* B = 728.887 psi = 5.03 MPa
Oweld,shear = —(0x — 0y) sin B cos B = 170.782 psi = 1.18MPa
While the specifics of our Blue Tube airframe’s material properties aren’t available, it is
hypothesized that the airframe was compromised by the initial heat and expansion of the
charge and then finally torn apart by the resulting pressure wave represented by the above
calculations. The initial rupture, which started in between the seam lines which were

reinforced with epoxy resin, then carried through the airframe, separating the body at the

glued seams.

3.6.3.4 Second Main Ejection Test

After repairing and reinforcing our airframe as detailed in the launch vehicle section, we
went back to testing the ejection charges. The methodology was the similar to the initial
test, differing only in the implementation of a roller which angled the airframe upward
and reduced friction during the test. We used our effective volume of 140 in3 for
calculating the size of the charges. In order to ensure safe charge sizes, we started testing
at 1 gram of black powder and tested up to 2 grams. The charges used during this test

were the nitrile packet charges. The test setup is pictured below.




3.6.4

Page |55

We observed little difference between the 2 gram and 1.5 gram charge in terms of the
deployment of the shock cords and parachute bag. With that in mind, we determined that
1.5 grams was a safe and effective charge size for our main charge, pressurizing the
compartment to about 20 psi. 20 psi proved to be reasonably effective in separating the 2
sections and providing sufficient deployment of the shock cord. 2 grams will be our

larger secondary backup charge.

Kinetic Energy

Kinetic energy calculations were run again to ensure that our slight changes to airframe
weight and chute deployment altitude would not adversely affect or put the airframe in
danger. The drogue deployment section of the tables below represents the average kinetic
energies that the airframe will experience after deployment of the drogue. The main
deployment section represents the same quantities but for the main parachute
deployment. Furthermore, these quantitates will represent the energy the airframe will

experience at touch down.

Kinetic energy was calculated using

By, = 2 mv?
k—zmv

and was calculated for the average terminal velocities during drogue and main

deployment. These values were taken from OpenRocket simulations.

The kinetic energy for the CDR was provided prior the FRR kinetic energy table for
referencing purposes.

Kinetic Energy *CDR*

Drogue Deployment

Section 1 (Forward) Section 2 (Aft)
Mass () 4804.000 g 13483.700 g
Mass (Ibm) 10.591 Ib 29.726 Ib
Velocity (m/s) 36.623 m/s 36.623 m/s
Velocity (ft/s) 120.154 ft/s 120.154 ft/s
Kinetic Energy (J) 3221.668 J 9042.467 J
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Kinetic Energy *FRR*

Drogue Deployment

Section 1 (Forward) Section 2 (Aft)
Mass (g) 4451 ¢ 13129 ¢
Mass (lbm) 9.8131b 28.944 Ib
Velocity (m/s) 38.082 m/s 38.082 m/s
Velocity (ft/s) 124.941 ft/s 124.941 ft/s
Kinetic Energy (J) 3227.506 J 9520.092 J
Kinetic Energy (ft-Ib) | 2380.462 ft-1b 7021.660 ft-Ib

Main Deployment & Touchdown

Section 1 (Forward)

Section 2 (E-Bay) Section 3 (Middle)

Mass (g) 4451 ¢ 3752 ¢ 8100 g
Mass (Ibm) 9.813 Ib 8.2721b 17.857 Ib
Velocity (m/s) 4.532 m/s 4.532 m/s 4.532 m/s
Velocity (ft/s) 14.869 ft/s 14.869 ft/s 14.869 ft/s
Kinetic Energy (J) 45.710J 38.531J 83.183J
Kinetic Energy (ft-1b) 33.714 ft-Ib 28.419 ft-Ib 61.353 ft:Ib
Kinetic Energy (ft-1b) | 2376.180 ft-lb | 6669.380 ft-Ib

Main Deployment & Touchdown

Section 1 (Forward)

Section 2 (E-Bay) Section 3 (Aft)

Mass (g) 4804 ¢ 2385.700 ¢ 9821 ¢
Mass (Ibm) 10.591 Ib 5.260 Ib 21.652 Ib
Velocity (m/s) 3.9627 m/s 3.9627 m/s 3.9627 m/s
Velocity (ft/s) 13 ft/s 13 ft/s 13 ft/s
Kinetic Energy (J) 37.719 1 18.731J) 77.1101
Kinetic Energy (ft-1b) 27.820 ft-Ib 13.816 ft:1b 56.873 ft:Ib

Comparing the kinetic energy from the CDR to the FRR, the only section to see a

significant increase was the E-bay section at touchdown. It saw an increase of about
100% increase in the kinetic energy going from 13.8 ft:1b to 28.4 ft-1b. While this is

relatively large increase in KE, it does not constitute a worry and the airframe should

remain within the maximum allowable kinetic energy at touchdown.

The increase in Kinetic energy across the board can be attributed to a general increase in

the vehicle’s mass, particularly after the change made to the E-bay compartment after

ground testing. The safety of these kinetic energies has been verified through full scale

testing. The airframe has remained in airworthy shape after touchdown during testing.
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One additional concern, apart from kinetic energy at touchdown, is the impulse
experienced at main chute deployment. The acceleration felt during our full scale test was

approximately 65 g’s. Impulse is calculated through the following equation.
)

impulse = | nain chute = f Fdt = mv, —mv,
t1

The initial and final velocities were pulled from simulation data as well and can be
approximated as the difference in descent velocities used above. The mass of concern, as
determined from full scale testing, is that of the forward section containing the rover and
nosecone.
This yield:

Jimain chute = Mgorward section(Vmain = Varogue) = 149.331N - s
It therefore follows that the nosecone and payload section should be able to sustain an

impulse energy of at least 150 N-s or 33.57 Ibf-s.

Drift

Drift was calculated again to ensure that changes made since the critical design review,
and to verify that expected drift has remained within 2500 ft of the launch site. Drift was
calculated using the same equations as in the preliminary design review and critical
design review, given below.

h = change in altitude after chute deployment
v = descent rate
W = velocity of wind acting horizontally

Dri t—h w
—
rif v

Using simulation data from OpenRocket, the change in altitude and descent rates were
found. Wind speed was calculated across the gamut of potential wind speeds on launch
day, with the maximum wind speed being 20 mph, the maximum windspeed for which
Tripoli Rocket Association recommends for safe launch conditions. Expected wind speed
is within the range 9-12 mph.

For the sake of calculating drift in nominal flight conditions, average descent velocity,

given by vavg,drogue and vavg,main, is used to calculate nominal drift, assuming
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nominal deployment of the chutes. The descent distance found from simulation data is

denoted by hdrogue and hmain

m
Vavgdrogue = 31.9317—

m
Vavgmain = 10.1386 —

harogue = 1514.58 m
h main = 287.31m

The values for drift were then calculated for these descent rates and descent distances and

then tabulated below.

Nominal Drift (2 ft drogue and 16 ft main)

Wind Speeds

Wind Speed (mph) | 0 mph | 5 mph 10 mph 15 mph 20 mph
Wind Speed (ft/s) |0 ft/s | 7.33333 ft/s 14.6667 ft/s 22 ft/s 29.3333 ft/s
Wind Speed (m/s) | 0 ft/s | 2.2352 m/s 4.4704 m/s 6.7056 m/s | 8.9408 m/s
Drogue Drift

Drift (ft) 0 ft 347.8360 ft 695.6719 ft 1043.5079 ft | 1391.3438 ft
Drift (m) 0om 106.0204 m 212.0408 m 318.0612 m | 424.0816 m
Main Drift

Drift (ft) 0 ft 207.8137 ft 415.6274 ft 623.4411 ft | 831.2548 ft
Drift (m) 0Om 63.3416 m 126.6832 m 190.0248 m | 253.3665 m
Total Drift (ft) 0 ft 555.6496 ft 1111.2992 ft 1666.9488 ft | 2222.5988 ft
Total Drift (m) 0Om 169.3620 m 338.7240 m 508.086 m 677.4481 m

These calculations neglect potential crosswinds at altitude and provide rough

approximations. Whilst rough, these approximations do a reasonable job at estimating

actual drift.

Provided below is a satellite image of the test launch area, with a line denoting the

distance between the Launchpad and touchdown. The drift distance according to the

satellite image is approximately 920 feet.




Measure distance
Click on the map to add to your path

Total distance: 921.29 ft (280.81 m)
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With an approximate wind speed of about 7 mph at our test launch, we were able to

linearly interpolate from our table and estimate a nominal drift of about 780 ft. Find the

difference between the two values and dividing by the actual drift distance yields a

percent error of about 15%. After considering the potential error in meteorological data, it

proves to be a reasonable estimate of drift. Assuming an error of +15%, our maximum

drift remains under 2500 ft, which occurs at the maximum allowable wind speeds, which

we do not expect to be actual launch conditions in Huntsville.

3.6.6 Parachute Size and Decent Rate

Parachute sizes are detailed in the table below. No changes have been to parachute sizes

since the

Parachute Sizes

Drogue Deployment

Pilot Parachute

Drogue Parachute

Main Parachute

Size (ft)

2 ft

4 ft

16 ft
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Descent rates have been extracted from simulation data from OpenRocket. Average
descent rate was calculated by averaging the decent velocity during the drogue stage and

main parachute stage and are denoted below as vavg,drogue and vavg,main.

m
Vavgdrogue = 31.9317—

m
Vavgmain = 10.1386 —

Descent rates for the drogue stage, main parachute stage, and both stages vs time is

plotted below. The plotted data was simulated in OpenRocket.
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Descent rates for the drogue stage involves the acceleration from roughly 0 ft/s to, at
apogee, to the terminal velocity of the system with the chute deployed. Descent rates for
the main stage involves the deceleration from that terminal velocity to the final velocity.
Note the immediate change in velocity, or rapid deceleration, that occurs at main

deployment. This acceleration is addressed in the Kinetic energy calculations.
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3.7 Mission Performance Predictions

Rocket
Length 316 cm, max. diameter 17.1 cm
Mass with motors 19964 g

Throughout the course of this project, Open Rocket has been our main source of accurate
simulation data for Raider | and Raider II. As in the PDR and CDR, our team had to
validate the results of our Open Rocket simulation in the following section of the FRR.
Though changes to Raider 11 were made in the days leading up to the actual launch,

simulation data was continually updated as modifications were made.

Apogee: 1750m
Max. veloctty: 209 mis (Mach 0.62)
Max. acceleration: 79.1 m/s*

3.7.1

3.7.2

Fig 3-32
Flight Profile
The desired flight profile of the Raider 2 follows a flight profile that is very typical for
high powered rockets, with an added stage for apogee correction. This is laid out in the
bullets below:
e Safe motor ignition
e  Motor burnout
e Dynamic apogee control
e Apogee and drogue deployment (5280 feet AGL)
e Main deployment (1000 feet AGL)
e Touchdown
e Nose cone separation

e Rover deployment

Drag Characteristics
From data received in Open Rocket, the drag coefficient for Raider Il came out to be 0.41
after the updates made to the rocket in the days leading up to the FRR. Each component

of Raider Il was simulated to find the total drag coefficient of the full rocket. From this
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we were able to make the table listed below from Open Rocket of each section and the

rocket as a whole. The equation that the program used was:

Acomponent
o, = (A—f "o

Stability Drag characteristics Roll dynamics

Component Pressure CD Base CD Friction C,:> Total CD
Nose cone 0.02 (5%) 0.00 (0%) 0.03 (8%) 0.05 (13%)
Transition 0.00 (0%) 0.00 (0%) 0.00 (1%) 0.00 (1%)
Payload Section 0.00 (0%) 0.00 (0%) 0.05 (11%) 0.05 (11%)
E-Bay Section 0.00 (0%) 0.00 (0%) 0.06 (14%) 0.06 (14%)
Aft Section 0.00 (0%) 0.11 (26%) 0.09 (23%) 0.20 (49%)
Freeform fin set 0.01(3%) 0.00 (0%) 0.03 (7%) 0.04 (10%)
Launch lug 0.00 (1%) 0.00 (0%) 0.00 (0%) 0.00 (1%)
Launch lug 0.00 (1%) 0.00 (0%) 0.00 (0%) 0.00 (1%)
Total 0.04 (9%) 0.11 (26%) 0.27 (65%) 0.41 (100%)
Fig 3-33

When looking deeper into the methods Open Rocket used to calculate the coefficient of
drag, a problem was noticed that could affect our mission predictions if not addressed or
acknowledged. The software does not allow for the different material properties affecting
drag to be included. Knowing our surfaces were not the idealized versions that Open
Rocket had assumed, our team ran simulations of for the coefficient of drag using our full
assembly AutoDesk Inventor file with the material properties used in each section
included.

A supplemental program titled AutoDesk Flow Design allowed the Raider 1l model to be

placed directly into a simulated wind tunnel where plots of the coefficient of drag were

plotted over time. The settings in the program did not allow for a fluid speed over 150 %
the be modeled. To confirm that our coefficient of drag at 200 ? would be similar to the
one at 150 % multiple plots of drag were done at different speeds to test for convergence

with respect to the Reynolds number. The plots at 100 =, 125 =, and 150 =~ are shown

below.
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Fig 3-34

Fig 3-35
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Fig 3-36

From the results of these plots, it can be inferred that the coefficient drag does indeed

coverage at speeds over 125 ? At 100? the coefficients of drag came out to be 0.87,

but at both 125 ? and 150? the coefficients of drag came out to be 0.57. After more

simulations, our team felt comfortable in inferring a linear relationship after reaching a

speed of 125 % So, at 200 ? our coefficient of drag predicted in AutoDesk Inventor

comes out to be 0.57.

There are other methods such as altitude backtracking that could have been used to
confirm the results above. Since tools to do these other methods were not available to our
team at the current moment, the most accurate prediction of what our coefficient of drag
will actually be is an average of Open Rocket and AutoDesk Inventor. Our final estimate

of the actual drag is:

Open Rocket + AutoDesk
D —_—
2
_041+057

= 04
Cp > 0.49
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3.7.3 Simulation Data

The Open Rocket simulation data for Raider 11 was plotted on the graph in figure *****

below. The predicted apogee shown came out to be 1806 m without the Dynamic Apogee

Control System activated. Maximum acceleration comes out to be 79.1?2 and the

maximum velocity achieved will be Mach 0.62 (195 ?). This velocity falls under the

maximum allowable given the mission profile of Mach 1.
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Fig 3-37

The Center of Pressure (C,) and the Center of Gravity (C;) were also predicted in Open

Rocket. Utilizing the Barrowmen Equations shown below, our team was able to find that

Raider Il will be stable even with the changes done since CDR.

d = diameter

Cp —Cg

Stability Factor = 7
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Fig 3-38

The thrust to weight ratio was calculated for Raider 11 by the equation listed below. The
previous calculation done for this in the CDR of 7.66 was updated due to the changes
made for the FRR. The new thrust to weight ratio is calculated below.

Average Thrust
Weight

) , 1395 N
Thrust to Weight Ratio = =7.12

19.96 kg * 9.81 Sﬂz

Thrust to Weight Ratio =

To meet all the mission requirements, rail exit velocity as well was calculated in Open
Rocket. Our shown rail exit velocity came out to be 63.65 fps which is above our needed
52 fps. All together our simulations show that all of mission requirements will be reached
by Raider II.

Additional simulations have been run using weather data modelling Huntsville AL to
compare the flight characteristics to that of the local Boy’s Ranch launch site and
determine the amount of ballast weight that is required to bring the apogee down to 1650
meters, or, 5,400 feet in Huntsville. The predicted apogee of the launch vehicle in the
same configuration that was launched for the first test, is 1754m, 5754 feet, in Huntsville

AL. Updating this Huntsville specific simulation file to 5,400 feet at apogee predicts a
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necessary ballast weight of 2.67 Ibf which puts overall weight on the pad at 46.76
pounds. 5,400 feet is the desired apogee because it is below the FAA waiver ceiling of
5,600 feet, and still above the 1-mile target. This leaves the on dynamic apogee control
system (DACS) room to correct the actual apogee and ensures the rocket does not exceed
the limit. The simulated data for 2.67 pounds of ballast weight in AL is shown in the

graph figure 3-39 below:
Huntsville
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Fig 3-39

3.7.4 Modeling and Scaling Factors:
As shown in the CDR, comparing our subscale and full-scale rockets already assumes a
distorted model. This means that not every variable will be accounted for or scaled when
predicting the flight outcomes of our full-scale rocket. For example, our team could not
scale the density of air or gravitational acceleration. Acknowledging that this is a
distorted model simply means that we should expect some level of error in our similitude
equation’s results. Even with this build in error, the predicted outcomes for the full-scale
were in shockingly close to our simulation in open rocket. These results will be shown

after a quick refresher on how these similitude equations were written.
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In transforming all the geometries form the full scale to the subscale, each length was

transformed by a factor of three. This translated to having a scaling factor of:

k==
3

For the powered flight portion of our rocket launch, the equation generally used for

acceleration is:

With T being the thrust of the engine, D being the drag force, m being the mass of the
rocket, and g being acceleration due to gravity. Both our subscale and full scale use this

acceleration equation with the thrust and drag force equations listed below.

T = [peVeZ]Ac

1
D = ECDPVZA

If the density and velocity at the exit of our engines comes out to be similar, it can be
inferred that our area is proportional to thrust. This same principle can be applied to the
drag force too as it is also proportional to area. Both k factors in the previous two
equations come from the fact that area is just a length squared. Since k is a length
relation, it would have to be squared for similitude to translate. The equations of

similitude for thrust and drag force comes out to be:

TSS = kZTfS
DSS = kZTfS

For the mass relation between the full and sub scales, it was important to realize that
mass is dependent on volume and not area. Placing this principle into math, the equation

of similitude for the mass come out to be:
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Now we are left with three equations for the variables in our previous acceleration
equation. It is now possible to relate the acceleration during the powered portion of our

flight between our subscale and our full scale.

k(T — D
_ (fs fs)_g

SS k 3mfs

Performing a bit of algebra, we are left with the following similitude equation:

_ l(Tfs — DfS) _
SS T k mfs g

The next step of our analysis is extremely interesting but is entirely dependent on our
subscale and full-scale rockets both having the same fuel chemistry. The first equation
listed below is the similitude equation for the mass of the fuel for each engine. This is the
same equation which was used for total mass above, but for the next step in the analysis
this mass will be referring to total fuel mass. Moving forward with the assumption that
the motors do have the same or a negligible difference in chemistry, the mass flow rate

for the full scale would come out to be the second equation listed below.

mgs = k3mygs (total fuel mass)

mfs = peVeAfs

A similitude equation for the subscale can also be derived from the logic used in the
thrust similitude equation above. Since the velocity and fuel density of the two engines is
assumed to be similar, the equation can again be seen to depend only on area and a k

squared similitude equation for the mass flow rate can be derived as seen below.
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The final step in this analysis is using the similitude equations for total fuel mass and
mass flow rate to create a similitude equation for the time of engine burnout. By dividing
the total mass by the mass flow rate, our time of burn of can be calculated for the large

scale and by similitude to the subscale model.

m
fs
(tb t) =
urnout/fs mfs
k3mfs
(tburnout)ss = kszs

(tburnout)ss = k(tburnout)fs

The final phase of this analysis comes in the coasting phase. The velocity at the time of
burn out for the both scales should come out to be the same in this idealized model. This
conclusion derives itself in the fact that the acceleration due to thrust of each engine is so
much greater than the acceleration due to gravity that the gravity term can be neglected.
After the gravity term is canceled out, multiplying the acceleration of the rocket and the
time of burn out cancels out the scaling factor thus the velocity of the subscale and full-

scale should be the same at time of burnout.

Trs — Dys

> g
mfs

1
ass = E Qs

1
Vss = Qgstss = (E afs) (ktfs) = st

(Vss)bo = (st)bo

The heights at burnout are very different for the subscale and the large scale. From the
first equation below, the initial velocity of zero for both the full and sub scale. This
causes the equation to become just the acceleration part and transforms it into the

following equation.

1
Ah =Vt + Eatz
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1
(hbo)fs = E afs(tbo)]zfs
1/1
(hpo)ss = E (E afs) (ktbo)]zfs
1 2
(hbo)ss =k E (afs)(tbo)fs

The last two steps of this the analysis comes from the combining the terminal velocity of
the rocket body during the coasting phase with an equation for the apogee of the full scale

and the subscale. This final equation gives a way in which height and engine data from

the scale model test can be used to determine the coefficient of drag for the full scale.

2mg
Vierm = pAC,
Vtzerm Vo 2
h —h In(1 ( )
apogee bo T+ 29 n + Vo
L m Vit p(Ca) s Arsk
h = k= £ )2 fs Inl1 bo fsffs
( apogee)ss 2 (@) (Eoo)fs + kpAgs(Ca) s ! 2mssg

This final equation had to be transformed in order to switch the input data from full scale
to small scale. Allowing for the recorded data from our small-scale test to be plugged into
the equation to predict our full-scale performance. After transformation, the resulting

equation came out to be:

1
_ - 2
(hapogee)fs ok (ass) (tpo)ss + pAs(Cy)ss n 2mgegk

zmssk ] <1 (Vbo)gsp(cd)ssAss>

Utilizing a simple Matlab code listing the recorded data from the sub-scale launch and the
equation shown above, the predicted apogee of the full-scale rocket is shown in figure 3-
40 below.
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Fig 3-40
Error between the similitude equations and the predicted results in Open Rocket was
small considering how idealized the similitude equations had to be. With an open rocket

predicted apogee of 1806 m, the percent error came out to be:

Open Rocket Value — Similitude Value
* 100%

% E =
%o Error | Open Rocket Value

1806 m — 1619.32m
% Error = | 1806 * 100% = 10.34%

Before the events which lead to changes in our body tube and nose cone, the percent error
was just over 1%. If the rocket hadn’t had these changes, our similitude equation would
have been spot on for predicting our real-world apogee. Due to the fact that final
geometry of Raider Il had differed from the simulated geometry of Raider I the similitude
equation was not able to as accurately predict the apogee of Raider Il. All-in-all the
percent error was in an exciting range for our team to see. It is low enough that our team

can trust the results of this equation and our Open Rocket apogee.

3.8 Full Scale Flight
The Launch Raider Il was carried out on March 3rd, 2018 roughly forty-eight hours after
recovering from a catastrophic failure during ground testing. The test was ran in the last
possible launch window after being delayed a week and two days due to high winds and
unforeseen adversities. The primary motive of the test launch was to gather flight data,
ensure stability, and determine the overall altitude cap possible of the launch vehicle as-
constructed to optimize the design and determine the amount of additional weight to add

as ballast.
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Fig 3-41 Pretty Picture



3.8.1 Launch Day Conditions
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Weather condition table

Temperature (F) 39
Altitude (ft) 3400
Wind (mph) 6
Wind Direction SW
Condition Clear
Visibility (mi) 10

3.8.2 Preform an Analysis of the Full Scale Flight
The flight profile of this test flight was simpler than the final test, and thus there are plans

for a second test launch in the coming month before final launch in Alabama to test on-

board systems and payload integration. Overall, all events; Ignition, liftoff, burnout, drogue

deployment, main deployment, and touchdown were carried out successfully. There was

only one issue that is being addressed, concerning the mounting of the nose cone to the

airframe. Due to payload simulation mass sliding against the cone coupler during main

deployment, the shear pins were pre-maturely broken. More information on this testing

issue can be found in the Testing section of the document. Nevertheless, the vehicle was

successfully recovered and is being upgraded with systems and reinforcements in

preparation for the next flight.

3.8.2.1 Compare the Predicted Flight Model to Actual Data

The results of the full-scale flight and the simulation data are very similar, with 2%

margin of error, which was shown in the sub-scale launch as well. This was determined

by comparing the achieved altitude of 6065 feet, and the estimated 5944 feet. The data

and plotted altitude given from the simulation can be found in the mission predictions

section, while the plotted graph with altitude data was extracted from the Strato-logger

on-board altimeter is found in figure 3-42.
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Fig 3-43

3.8.2.2 Comparison between Full-Scale and Sub-Scale

The two launches showed relationships in more ways than just one. While the most obvious

similarity is the 1/3 geometric scaling of the fins, nose cone, and airframe diameter, there

was also correlations that are reflected in the recovery system, test procedures, and flight

plan. The non-conventional recovery system orientation of having the drogue chute in the

front and main in the rear was tested in the sub-scale and proven to work and thus

implemented in the large scale. The flight plan was identical as well, with only greater

altitudes at events to account for in the large-scale flight. Everything from the building

process to data acquisition has been done before with the sub-scale and it has been a great

benefit to have that experience going into the full-scale phase of the project.
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4. Payload Criteria
4.1 Changes Since CDR

Axles changed from smooth pins to threaded screw design.
e After discovering the difficulty of tolerancing 3D printed plastic, a threaded insert was
placed in the axle-holes in the chassis, where the axle was screwed into. This provided
the ability to remove axles and wheels for adjustments.

Motor mounting method reversed based on received parts
e Upon receiving the wheel motors, it was discovered that they rotated in an unexpected
way. The entire shell of the motor rotates instead of just the shaft. As a result, the
mounting plates to the rover chassis were redesigned.

Radio transmissions now occur in series based on received parts
e Upon receiving the radio receivers and transmitters from CDR, the dimensions were
twice those provided in documentation, resulting in a receiver that was effectively four
times the footprint of what was expected. As a result, the original radio receiver would
not fit on the rover. The Arduino now powers a short range transmitter between the rear

payload and the rover.

Decreased number of solar panels based on received parts
e Solar panels received were significantly thicker than anticipated. To fit other required
electrical components, the rotating plates that hold the solar panels were decreased to one

solar panel each.

Bayonet joint changed to winch style wire to pull the bearing pin
e Tolerances on 3D printing made rigid connections of the type for the bearing pin release
assembly extremely ineffective. Instead, the bayonet rotates and "winds up™ a plastic

wire, similar to a winch. This wire then pulls down the bearing pin to release the bearing.

Servo mounted on bayonet bearing instead of back plate.
e The decision to mount the bayonet servo on the centering weight rather than the rotating
portion of the back bearing was an oversight in the design process, which was revealed
during fabrication. If the bayonet was mounted to the centering weight, the bearing would
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rotate in relation to the bayonet after release, possibly relocking the rover within the
housing. By mounting the bayonet and servo to the bearing, these parts rotate with the

bearing, allowing the rover to release.

Used threaded fasteners for counterweight and housing to prevent failure of connections

Counterweight is now mounted to the housing platform with screws to prevent any
motion and increase safety. In addition, the housing is mounted to the coupler and

airframe via screws because it will be experiencing thrust loads.

4.2 Unique Features of Payload

4.2.1

4.2.2

Rover Housing

The payload team constructed the rotating bearing housing with a cross-section exit. The
rotating bearing housing provides a way for the rover to deploy in any orientation. The
rover is constrained to the inside of the rotating bearing by a bayonet pin as well as the
ramp, which is flush with the blast plug, and the back plate of the bearing. After landing,
the inner races of the bearings will be released from the bayonet pins and will be free to
rotate. A counterweight underneath the rover provides the torque required to rotate the
bearings to the correct orientation. The rover will rotate with the inner races of the
bearings and drive out of the cross-sectional exit after landing.

Rover Chassis

The rover chassis will consist of seven different pieces that will be secured together by
utilizing a system of “tabs” which allow the use of 2-56 screws and threaded inserts to
join the pieces. Each piece of the chassis will be 3-D printed and will be made off ABS
plastic. This method of joining the pieces can be visualized in figure 4-1, which shows
the chassis put together (not including the top or back panel of the chassis). This chassis
will be driven by four brushless motors that will be attached to the left and right side
walls respectively (C1 and C2), and will use an ultrasonic sensor, attached to the front
plate (C6), in order to efficiently detect and avoid obstacles as the rover comes upon
them. The top panel (C3) will act as a cover for all of the electronics, as well as support

the solar panel deployment system and the receiver small holes will be drilled into the top
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panel to allow for wiring. The Arduino microcontroller will also be on the top of the
rover, connected between the left and right side walls (C1 and C2). The ESC is
constrained within the body of the chassis. The battery for the electronics and motors is
constrained by the bottom panel. Electronic components are secured to the chassis either
by the shape of the chassis itself, or by screws that were provided by manufacturers. The
back plate of the chassis (C7) will be used to secure the bayonet fitting, which will be
explained in detail in later sections, preventing the rover and bearings from rotating
during flight to avoid destabilization. The axles of the rover extend past the wheels and
will slide along the rails of the housing that will act as constraints during flight and

guiderails after landing.

Figure 4-1: Rover Chassis
4.2.3 Rover Drivetrain Method

The drivetrain system is required to have control over the rover velocity and be able to climb
over small dirt hills. The use of brushless motors requires an alternating current to be
supplied. Since Arduino microcontrollers can only output DC, an electronic speed controller
is used. The electronic speed controller allows a great deal of control over the throttle and

response of the motors. Specifically, properties such as start-up power, maximum and
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minimum throttle, and motor direction were edited through the ESC. After the ESC
provides power to the motor, the motors transmit power through a 4:1 gear reduction to the
wheels. The motors are attached to the undercarriage of the rover. Each wheel contains a
large spur gear inside of it and acts as a cover, protecting the gears from interference from
dirt and dust as shown by Figure 4-2. Each wheel contains a bearing allowing it to rotate
freely around the axle pin. The axles are screwed into the chassis of the rover, and do not

rotate with the wheels.

Fig 4-2: The drivetrain for the front right wheel is show inside of the wheel
4.2.4 Rover Steering Methods

The limited space inside the rocket limited the options for a steering system. The motors
can only turn in one direction, so the rover steers by alternately powering both left motors
or both right motors. The rover cannot make a zero-point turn with this method, but still

has a sufficiently small turning radius to be able to avoid obstacles.
4.2.5 Wheel Design

The wheels (C10) for the rover serve two purposes, to provide the rover with traction and
house the drive train. The wheels are designed to rotate around a stationary axel pin (C8)
by using two ball bearings placed in the center of the wheel. The 2.25 in diameter of the
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wheels adds to the rover’s power to transverse uneven terrain. The elevated chevron
tread pattern yielded the best results in tests by giving the rover the most traction in loose
soil. The team added a slight chamfer to allow the wheel to be able to fit inside the rover
housing.

The wheels each house an individual drive train connected to its own motor. The spur
gear (C11) attached to the inside of the wheel seen on the right of Figure 4-3. Each wheel
was 3-D printed out of high-density ABS plastic with dissolvable supports. Two different
versions of the wheel were created (C9 and C10) to account for tread pattern on the left

and right sides of the rover.

Figure 4-3: Front and back surfaces of the wheels.

4.2.6 Solar Panel Deployment
The solar panel deployment takes place using two servos. Each servo controls one solar
panel, which are mounted on hinges. Since servos are low speed and high torque, they
are ideal for this style of solar panel deployment. The chosen servos (GoolRC Micro

3.7g servo) have 0.65 kg*cm torque capacity, which is more than enough to deploy an
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individual solar panel. This has been confirmed in both analysis and testing. The solar

panels attached to the rover can be seen in Figure 4-4, which shows one deployed solar

panel and one undeployed solar panel.

Figure 4-4: Rover Solar Panels

4.2.7 Bayonet Fitting
The bayonet fitting was mounted to the Bayonet Bearing, and can be seen in Figure 4-5
Its purpose is to hold the inner and outer races of the Bayonet Bearing (and by extension,
the Exit Bearing) in the same orientation during launch. After the rocket has landed, a
signal from an Arduino on the Rear Payload Assembly will command the Bayonet Servo
to pull the pins from the outer race. At this point, the counterweight will cause the inner
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races of the bearings to rotate towards the correct orientation for rover deployment. The
Bayonet Servo rotates with the inner race, and the extra slack in the wires prevents the

servo from impeding the motion of the bearings.

Figure 4-5: Bayonet Fitting Rear View

4.2.8 Rear Payload Assembly
The rear payload assembly contains many of the electronic components required for the
transmission of a remote signal from the spectator zone to the landing zone. This
assembly can be seen in Figure 4-6. A wiring diagram can be seen in Figure 4-7. The
team will send a 433MHz long-range radio transmission from a remote control. This
radio transmission is linked to a long-range receiver in the rear payload assembly. The
radio receiver will only pick up transmissions from the specific remote control that it is
linked to. The radio receiver is powered by a 12V battery, and a resistor circuit that
provides a location for the Arduino to read a voltage from. When the radio receiver
sends a signal, the Arduino picks it up and sends a password transmission to the 315MHz
transmitter. The password is transmitted to a short-range radio receiver on the rover,
which compares the password to its stored value. If they are the same, the rover pauses
for a four second delay before it begins driving. During this pause, the Arduino in the

rear payload assembly provides a signal for the Bayonet Servo to disengage from the
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outer race of the Bayonet Bearing. The housing bearings take less than one second to
rotate to the correct orientation, so the rover will not begin driving until it is in the correct

orientation.

Figure 4-6: Rear Payload Assembly
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Figure 4-7: Rear Payload Assembly Schematic

4.3 Payload Construction Documentation

43.1

Construction of the payload consisted of three main assemblies: the rover, the housing,
and the back assembly. Construction of the rover required mechanical assembly of the
body and wheel assemblies, mounting of electronics, and electrical wiring. The housing
was an almost entirely mechanical assembly and required 3D printing of the components
and mechanical assembly. The back assembly consisted of primarily electrical
components, with only one structural part, and therefore its construction was mostly

wiring and mounting those components.

Rover Construction

Most of the parts on the rover, including the 7 body components and the four wheels,
were 3D printed out of ABS plastic. After printing the body components, brass threaded
inserts were pressed into the connection holes to provide threads for the #2-56 connecting
screws. Figure 4-8 below shows the side panel of the rover body with several threaded

inserts pressed into the plastic holes.

Figure 4-8 - #2-56 brass threaded inserts pressed into the plastic of a rover side panel
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The axles were machined on a manual lathe and consisted of a shaft with one threaded
end and a shoulder on the other end. The threaded end screws into larger threaded inserts
on the rover body, and the shoulder holds the wheels in place laterally. After pressing the
bearings into the 3D printed wheels, the wheel assemblies could be assembled with the

integrated spur gear within the wheel housing.

To assemble the rover, the four drive motors were attached to the central chassis. The top
and side panels of the body were attached, as well as the servos for the solar panels. The
solar panel servos were attached to the solar panel plates, which are located on hinges on
the top panel. This forms a "body" of the rover, similar to that of a motor vehicle, which
drops down over the chassis. The inner geometry of this "body" is shown in an upside-

down configuration in Figure 4-9 below.

Figure 4-9 — Upside-down view of the "body" of the rover, which drops down over the

rover chassis
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After assembling the rover body, the wheel assemblies were screwed into the body,
meshing with the gears on the drive motors. Wires were run from the various electrical
components, including the front ultrasonic sensor, the two panel servos, the short-range
receiver, and the Arduino Micro at the rear of the rover. The front and back plates were
the last components attached to the rover, and completed the assembly of this portion of
the payload. The wiring diagram and the fully assembled rover are shown in Figures 4-10
and 4-12.

Figure 4-10 — Fully constructed and assembled rover
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Figure 4-11 — Wiring diagram of the fully constructed rover

4.3.2 Housing Construction
The critical components of the payload housing are the front and back bearings. These
bearings are what allow for the rover to orient itself upright after landing. The four rings
of these two bearings were 3D printed, then manually sanded both two fine-tune the size
of the bearing races and to remove the rough surfaces from the inaccuracies of the 3D
printer. After sanding, the bearings could be assembled with the Delrin balls and the
bearing cages. Figure 4-12 shows a fully constructed front bearing with the balls and

cage.
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Figure 4-12 — Fully constructed front bearing with Delrin balls and 3D printed ABS cage

The other parts of the housing, which consisted of rails for the rover axles, and a bottom
panel for the rover wheels to rest on during flight, were also 3D printed. After printing,
these parts were adhered together using ABS Acetone welding, in which acetone partially
dissolves the ABS on both parts, and the parts are pressed together.

The counterweight, which is attached below the bottom platform of the housing and
provides the torque to orient the rover upright upon landing, was machined using a
manual mill, and was tapped with four holes to be screwed into the bottom platform.
Figure 4-13 below shows the counterweight attached to the bottom platform with the four

#8-32 screws.
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Figure 4-13 — Counterweight attached via #8-32 screws to the bottom platform of the
payload housing

After attaching the 3D printed locking pin and bayonet to the back of the payload
housing, the final payload housing, shown in Figure 4-14 below, was completed.

Figure 4-14 — Completed payload housing with front and back bearings, bottom panel, and axle

rails
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4.3.3 Back Assembly Construction
The purpose of the back assembly is to drive the bayonet servo, which releases the rover
after landing, and to house the long-range receiver and short range transmitter, which
receive the signal from the operators and transmit the activation signal to the rover.
Assembly and construction of the back assembly started with test wiring the various
electrical components. After testing, these components were permanently soldered or
attached via a breadboard. The centering weight, which pulls the offset center of mass
back to nearly-concentric with the rocket's centerline, was 3D printed after construction
of the rest of the payload, when accurate mass and center of mass measurements could be
taken. Most of the electrical components were mounted to this centering mass, which is

shown within the vehicle integration coupler in Figure 4-15.

Figure 4-15 — Back payload assembly within the vehicle integration coupler

The complete construction integrates the rover, housing and rear assembly. However,
these three components cannot be seen together within the coupler. Figure 4-16 below
shows the rover integrated with the housing, with the rear assembly omitted.
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Figure 4-16 — Final integration of the fully constructed rover and payload housing
4.4 Testing

4.4.1 Rover Egress Testing

Test Description

Result

No platform surface modification

Rover spins out from lack of
friction. Rover doesn’t exit the
housing

One strip of duct type under each
wheel

Motor experienced a gear jam.
Slow forward movement till
exiting the housing after 3
reputations of 1100 rpms at 1
second.

Two strips of duct tape under each
wheel

No wheel movement due to
friction with rails. Rover does
not exit the housing

One strip of electrical tape

No wheel movement due to
friction with rails. Rover does
not exit the housing

One strip of duct tape without motor
jam.

Rover Successfully exits the
rover. Repeatability fails with
increasing difficulty

One strip of duct tape with sanded
rails

Success. Repeatability is
achieved
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Test Description
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Result

Only password transmission system.

Long range Receiver connected to
Arduino with short range transmitter
all components to 12v battery
Removed voltage, power Arduino
independently

Password transmission from long
range receiver to short range
transmitter to Arduino

4.4.3 Environment Tests

Success. Passphrase is
transmitted from one Arduino
to another

Failure. A capacitor reduced the
voltage across the regulator
preventing it from functioning.
Success. no time-variation on
voltage arcos the receive and all
functions are proper

Success. Passphrase was
transmitted by each system.

Tests 1 -12 were conducted in a dry fine-grained sandy environment used to simulate worst-case

environmental conditions. All test after 12 were conducted in an area that simulated tilled farm

land.

Test Description

Result

Two wheels turning using throttle
between 10% and 50%

Forward test. Four wheels turning at
1100 microseconds 1.2 seconds .
Forward test. 4 wheels turn at 1200
microseconds for 1.2 seconds delay
1.2 seconds

Right turn. Both left wheels at 1200
microseconds for 2 seconds delay
repeat.

Right turn. Both left wheels at 1200
microseconds for 2 seconds delay
repeat.

Right turn. Both left wheels at 1300
microseconds both right wheel at

At low throttle wheels don’t
spin. At medium throttle the
two power wheels loose
traction with the dirt.
Successful forward motion,
wheel lock ups are common.
Success forward motion
without wheel lock ups.
Approximately 4ft of forward
motion

Front left and back right turn.
No forward movement

At low throttle wheels don’t
spin. At medium throttle the
two power wheels loose
traction with the dirt.
Successful turn. Approximately
1 ft diameter.



10

11

12

13

1100 microseconds for 2 seconds
delay repeat.

Attempted forward motion 4 wheels
turn at 1200 microseconds for 1.2
seconds delay 1.2 seconds. Shift
terrain to thick grass

Attempted forward motion 4 wheels
turn at 1200 microseconds for 1.2
seconds 1.2 seconds. Shift terrain to
thin grass

Attempted forward motion 4 wheels
turn at 1200 microseconds for 1.2
seconds delay 1.2 seconds.

Burst to 1500 microseconds for .3
seconds, return to 1200 microsecond
for 1 sec

1200 microseconds for 2.5 seconds

Burst to 1700 microseconds for .3
seconds retain to 1200 microseconds
for 2.5

Start up power 0.5 from .25, all
wheels at 1200 microseconds for 2
seconds

4.4.4 Non Loaded Motor Testing

Test description
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Spun out. Tearing up grass.

Lack of delay results in rover
exiting testing area at high
speeds. Pursuit and capture of
rover after short chase.
Successful forward motion.
Approximately 5 feet.

Successful movement on first
iteration. Failure on the second.

One wheel movement. Other 3
wheels no movement
One wheel movement. Other 3
wheels no movement

Successful forward movement.
All four wheels turning.

Result

No modification

Tightened Front right motor
Removed Material from Front left
wheel

Tightened Front left motor
Removed material from Back right
wheel

Removed material from back left
wheel

Front right wheel running and
Back Right wheel running
inconsistently.

Front right wheel running and
back right wheel running
inconsistently

Front wheels running and back
right wheel running
inconsistently

Front wheels running and Back
Right wheel running

Front wheels running and Back
Right wheel running

Front wheels running and Back
Right wheel running
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4.5 Schematics of as Built Payload

8 ] 7 ] 6 ] 5 ) 4 ] 3 ] 2 ] 1
PARTS LIST
PART
b ITEM |QTY| NUMBER DESCRIPTION
1 1 [Exit Exit Bearing
Bearing
2 1 [RH2 Rover Platform
3 1 RH1 Exit Ramp
_] 4 2 |RH4 Housing Rails ||
5 1 [RH.CW [Counterweight
6 1 RH.BB  Bayonet
Bearing
C C
-5 -
B B
A A
8 I 7 I 6 I 5 [ q I 3 I 2 I 1

Figure 4-17
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Chassis Right Side Wall
Chassis Back Plate

Chassis Left Side Wall

Motor x4-Wheel Spur Gear x4

Chassis Front Plate

Figure 4-18
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\ Solar Panel, Plate, Hinges

Chassis Top Plate

Chassis Back Plate

Chassis Right Side wall

Chassis Bottom Plate

[Chassis Left Side Wall

Chassis Front Plate and Ultrasonic Sensor

Figure 4-19
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5. Safety

5.1 General Team Safety

5.1.1 Vehicle
G10 Fiberglass will be utilized for the fins and the Dynamic Apogee Control System

(DACS) flaps. When cutting, or shaving down this material certain safety precautions
will be taken since it is deadly when shavings are inhaled. Everyone in the proximity
MUST wear the proper PPE: disposable coveralls, respirators, gloves, and safety goggles.
The area will be removed of any shavings before removing PPE and continuing any other

work.

Blue Tube 2.0 will be utilized for airframe with G10 reinforcement ribs if needed with
holes drill for inserts and screws for alignment and securing of couplers and E-bay. When
drilling into or cutting this material certain safety precautions will be taken similarly to
the G10 fiberglass. Everyone in the proximity MUST wear the proper PPE of disposable
coveralls, respirators, gloves, and safety goggles to avoid any possible shavings being
inhaled or cutting oneself on a sharp un-sanded edge of the newly cut blue tube. The

couplers will also be from Blue Tube 2.0 material.

When handling any adhesives such as Epoxy, proper PPE will be provided on site and
worn by those within a 6-foot radius. Epoxy will be used only for bonding parts together
for the USLI rocket and will be given the appropriate time to dry. Epoxy will be stored on
the bottom shelf of the flammable cabinet to compensate for any falling damage. Proper
PPE consists of but not limited to: disposable coveralls and gloves.

Regarding rocket motors, they will be stored in the appropriate container and locked
away in the flammable cabinet. These motors will only be used for our USLI rocket
scaled down model and full-scale model. Lastly, these motors will be disposed of in the

proper fashion.
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E-matches will be used for ignition to ensure appropriate distance of personnel from the
launch pad. They will be secured and locked away in the appropriate container in the

flammable cabinet. E-match's will be tested and properly fixed into the rocket motor.

Recovery

E-bay: The E-bay is comprised of a battery, altimeter, and wires leading to the pyro
charge. When handling the altimeter, failure to use an anti-static band could result in
grounding the electronics of the altimeter resulting in electrostatic discharge and short
circuiting. If the solder is loose, it could result in interruptions in the connection and
complete disconnection and therefore, failure to deploy ejection charges and parachutes.
Properly securing the Altimeter will prevent the solder from failing and vibrations from
damaging or disrupting the altimeter. Failure to store or operate electronics of the

altimeter from water could result in short circuiting and permanent damage.

Shock cord: The shock cord will be attached to an eye bolt on a bulkhead with a secured
and tight knot. When attaching the eye bolt to bulkhead, the proper PPE is required when
drilling into bulkhead such as disposable coveralls, respirators, gloves, and safety goggles

to avoid any possible shavings being inhaled.

Black powder: Will be utilized for the separation stages and the following safety measure
will be followed by Space Raiders personnel. The flammable cabinet will be used for all
black powder products of which will be ensured are sealed tightly. The cabinet will be
securely locked inspected daily to upkeep cleanliness. When handling the black powder,
the proper PPE will be provided and worn by all those within a 6-foot radius: disposable
coveralls, gloves, safety glasses, fire hydrant, fire-blanket, and a first aid kit. Quantities
will be tested before implementing into the rocket itself. Tests will be executed safely by
following these procedures: e-match ignition, all personnel at least 30 yards away,

notified fire marshal and appropriate remote testing location.
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Packing procedures: Only the safety officer and the Recovery Team Lead are permitted
to pack the black powder discharging stages of the rocket. Appropriate PPE will be

provided and worn. All other personnel will remain at least 30 yards away.

Payload

Battery use and storage — Among the batteries we're considering, all of them are Lipo-
batteries. Lipo-batteries must always be stored at a storage charge and never completely
discharged during use. For this reason, we will check our batteries at the beginning of
every design period to ensure the battery condition is maintained. A battery voltage
checker will always be on site, which confirms the voltage across each cell and if they are

balanced.

ESC use — The Electronic Speed Control is dependent upon what current the motors
require to function at a given voltage. Otherwise, the ESC would shut off at a given value
pre-programmed or overheat causing an electrical fire. Clearly, to avoid overheating is
desired, so many cross referencing and testing our connections will be executed to
guarantee proper implementations. The ESC will be stored away from any exposure to

water to avoid short circuiting.

Electric Motor — Our motor is the control when considering purchasing electronics. When
selecting a motor, we concern ourselves with the kv value and required current to
perform at certain voltages. This current is then cross referenced with other electronics to
avoid any overheating resulting in electrical fires. Electric Motors will always be stored

in its provided casing in order to avoid dust collection and exposure to water.

Wiring: When wiring any electronics together, it is important that you do not cause the
circuit to short circuit or fry. When stripping wires, make sure that any exposed wires do
not become interfered with due to being loosely secured could short circuit the
connection. Adhesive: When handling any adhesives such as Epoxy, proper PPE will be
provided on site and worn by those within a 6-foot radius. Epoxy will be used only for

bonding parts together for the USLI rocket and will be given the appropriate time to dry.
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Epoxy will be stored on the bottom shelf of the flammable cabinet to compensate for any
falling damage. Proper PPE consists of but not limited to: disposable coveralls and

gloves.
All PPE Necessary

Eye Goggles

Safety Glasses
Wool/Nylon Fire Blanket
Disposable Coveralls
ABC Class Fire Extinguisher
Disposable Gloves
Leather Gloves

First Aid Kit

Plastic Tarp

Breathing Mask
Anti-Static Band

5.2 General Assembly Safety

When assembling the launch vehicle together, the following safety from construction still

applies:

Blue Tube 2.0 will be utilized for airframe with G10 reinforcement ribs if needed with
holes drill for inserts and screws for alignment and securing of couplers and E-bay. When
drilling into or cutting this material certain safety precautions will be taken similarly to
the G10 fiberglass. Everyone in the proximity MUST wear the proper PPE of disposable
coveralls, respirators, gloves, and safety goggles to avoid any possible shavings being
inhaled or cutting oneself on a sharp un-sanded edge of the newly cut blue tube. The

couplers will also be from Blue Tube 2.0 material.

When handling any adhesives such as Epoxy, proper PPE will be provided on site and
worn by those within a 6-foot radius. Epoxy will be used only for bonding parts together
for the USLI rocket and will be given the appropriate time to dry. Epoxy will be stored on
the bottom shelf of the flammable cabinet to compensate for any falling damage. Proper
PPE consists of but not limited to: disposable coveralls and gloves.
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Regarding rocket motors, they will be stored in the appropriate container and locked
away in the flammable cabinet. These motors will only be used for our USLI rocket
scaled down model and full-scale model. Lastly, these motors will be disposed of in the

proper fashion.

E-matches will be used for ignition to ensure appropriate distance of personnel from the
launch pad. They will be secured and locked away in the appropriate container in the
flammable cabinet. E-match's will be tested and properly fixed into the rocket motor.

E-bay: The E-bay is comprised of a battery, altimeter, and wires leading to the pyro
charge. When handling the altimeter, failure to use an anti-static band could result in
grounding the electronics of the altimeter resulting in electrostatic discharge and short
circuiting. If the solder is loose, it could result in interruptions in the connection and
complete disconnection and therefore, failure to deploy ejection charges and parachutes.
Properly securing the Altimeter will prevent the solder from failing and vibrations from
damaging or disrupting the altimeter. Failure to store or operate electronics of the
altimeter from water could result in short circuiting and permanent damage. Also it is

important to shield the altimeter from any pyro charge.

Shock cord: The shock cord will be attached to an eye bolt on a bulkhead with a secured
and tight knot. When attaching the eye bolt to bulkhead, the proper PPE is required when
drilling into bulkhead such as disposable coveralls, respirators, gloves, and safety goggles

to avoid any possible shavings being inhaled.

Parachutes: When packing the parachutes, it is important that they are placed away from

any pyro charge.

Battery use and storage — Among the batteries we're considering, all of them are Lipo-
batteries. Lipo-batteries must always be stored at a storage charge and never completely
discharged during use. For this reason, we will check our batteries at the beginning of

every design period to ensure the battery condition is maintained. A battery voltage



Page |105

checker will always be on site, which confirms the voltage across each cell and if they are

balanced.

ESC use — The Electronic Speed Control is dependent upon what current the motors
require to function at a given voltage. Otherwise, the ESC would shut off at a given value
pre-programmed or overheat causing an electrical fire. Clearly, to avoid overheating is
desired, so many cross referencing and testing our connections will be executed to
guarantee proper implementations. The ESC will be stored away from any exposure to

water to avoid short circuiting.

Electric Motor — Our motor is the control when considering purchasing electronics. When
selecting a motor, we concern ourselves with the kv value and required current to
perform at certain voltages. This current is then cross referenced with other electronics to
avoid any overheating resulting in electrical fires. Electric Motors will always be stored

in its provided casing in order to avoid dust collection and exposure to water.

Wiring: When wiring any electronics together, it is important that you do not cause the
circuit to short circuit or fry. When stripping wires, make sure that any exposed wires do
not become interfered with due to being loosely secured could short circuit the
connection. Adhesive: When handling any adhesives such as Epoxy, proper PPE will be
provided on site and worn by those within a 6-foot radius. Epoxy will be used only for
bonding parts together for the USLI rocket and will be given the appropriate time to dry.
Epoxy will be stored on the bottom shelf of the flammable cabinet to compensate for any
falling damage. Proper PPE consists of but not limited to: disposable coveralls and

gloves.

Screws: With inserting screws into any material to evenly distribute the screws. Also
when inserting a screw into a surface like Blue Tube or plywood, it is important that
when you drill the hole that you wear the proper PPE required of disposable coveralls,

respirators, gloves, and safety goggles to avoid any possible shavings being inhaled .
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5.3 Environmental Concerns

Fire Marshall is always notified of testing or launching and on the site with our area
currently in a fire ban

* All waste materials will be disposed of using proper trash receptacles
* Biodegradable and flame resistant recovery wadding will be used
* Flame resistant/explosive storage containers will be used

* Solid rocket motor manufacturers’ instructions will be followed when disposing of any
rocket motor parts

* Consideration of environmental ramifications will be made regarding applicable
activities

* Proper blast shields on the launch pad will be used to prevent direct infringement of
rocket motor exhaust on the ground

» Waste receptacles (trash bags) will be available for use around the prep area to
encourage proper disposal of waste from rocket prep activities

* The following list of materials have been identified as potentially hazardous:
a. G5000 Rocket Epoxy
b. Expanding density foam
c. FFFFG Black Powder
See Appendix A for complete MSDS specifications on these materials.
5.4 Hazards Recognitions
5.4.1 General Hazards
54.1.1 Always ask and Knowledgeable Member

Equipment

Tools

Procedures
Materials Handling
Other concerns

5.4.2 Chemical Hazards

e The following are risks of chemical handling:
o lIrritation of skin, eyes, and respiratory system from contact and/or inhalation of
hazardous fumes.
o Secondary exposure from chemical spills
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Destruction of lab space

Ways to mitigate these risks:

o

O O O O O

©)

Whenever using chemicals, refer to MSDS sheets for proper handling
Always wear appropriate safety gear

Keep work stations clean

Keep ventilation pathways clear

Always wear appropriate clothing

Always label containers

Immediately return equipment and clear workspace before leaving

Hazardous Equipment and Tools

The following are risks of equipment and tool handling:

@)
@)
@)

Cuts
Burning
General injury

Ways to mitigate these risks:

©)
®)
®)
®)

Always wear appropriate clothing, such as closed-toed shoes.
Always wear appropriate safety equipment

Always ask if unsure

Always unplug electronics when not in use

Hazardous Composite Safety

Carbon fiber, fiberglass, epoxy, and other composite materials require special care when
handling.

The following are risks composites handling:

©)
@)
©)
@)
©)

Respiratory irritation
Skin irritation

Eye irritation
Splinters

Secondary exposure

Ways to mitigate these risks:

@)
©)
@)

o

Always wear face masks/respirators when sanding, cutting, or grinding
Always wear gloves when handling pre-cured composites

Always wear puncture-resistant gloves when handling potentially sharp
composites

Immediately clean area after handling to prevent further exposure

No carbon fiber will be handled
Hazardous Motor Handling and Inspection

What to look for when inspecting motor

o

Any air bubbles such as pictured in the figure below. Where there is one defect,
more may follow
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Vehicle Hazards

Centering Rings: If poorly secured and bonded, the centering rings could result in failure
anytime during combustion allowing the center of thrust to fall out of alignment with the
center axis line through the center of the rocket.

Encapsulating Foam: If too much foam is used during the expansion process, it could
result in overflow into the area for motor and centering ring placement. Also if applied
while coupler is not centered, the center of thrust would be stuck in a position offset from
the alignment with the center axis line through the center of the rocket.

Thrust Plate and Retaining Ring: Since both are secured by screws and both are
responsible for securing the rocket motor from moving, if the tension of these screws are
axially symmetric placement, it could result in an unstable rocket motor and center of
thrust.

Motor: If motor is stored in the incorrect environment could result in hazardous motor
performance. If motor is assembled incorrectly,

Motor Mount: If there is no snug fit between the casing and inner tube during
construction, it could result in undesired vibration and variation from a constant center of
thrust. Also, if motor is improperly installed into the motor mount, it could prove
extremely hazardous. Finally, if improperly installed closures and retaining rings, it
would alter the ability to contain the static position of the motor during ignition.

Fins: If fins are improperly expoxied to the airframe, it would result in potential fin flutter
and the separation of a fin from the airframe. Also if fins are not separated by an equal
distance from one another, the flight of the rocket would be very erratic.

Screws: Failure to evenly distribute the screws, which prevent undesired separation,
could result in material failure under stress. With the holes in the vehicle in such a close
proximity, failure analysis proves this could be an area of weakness. Incorrectly placing
the screws could result in completely defeating the purpose of the screws if it secured the
wrong or no two sections of the rocket together. In the event screws of an inadequately
small diameter were used, this could prove to be a problem if the ejection charges
provided a force that exceeded that of the screws. The process in which the screws are



Page |109

secured along the walls of the rocket is done with placing threads for the screws to hold
on to. Failure to provide these screws would result in the screws simply falling out during
flight and prematurely separating during ascension.

4.4.7 Recovery Hazards
Parachute: If parachute is folded improperly or entanglement of cords occurs, it can result
in delayed or no deployment at all. Also, incomplete coverage of parachute with Kevlar
fire cloth could result in minor to major burn damage to parachute or cords. Finally, if the
cords during construction or packing become frayed, it could affect the performance of
the drogue or main parachutes causing the rocket to fall at an undesired accelerated rate.
Bulkheads: If there is an improper tolerance between inner dimension wall of airframe
and the bulkhead, it will result in loss in pressure and potentially failure to separate. If
there is an improper application of adhesives of bulkhead to the airframe, it could result
in loss of pressure and potentially failure to separate.
Nylon Recovery Harness: If the harness is tied incorrectly or too loose, the knot could
come undone under the heavy weight resulting in disconnection between the main
parachute and bulkhead. If frayed during storage or packing, the nylon rope would
possess a location of weakness promoting failure to withstand high tension forces
Eye Bolts and Washers: In the event the nut has become loose and was not included in
the checklist, heavy vibrations could further loosen the seal between the nut and | bolt
and potentially disconnect. Any washer other than a fender washer could provide a less
than adequate area to distribute stress. Not including the washer completely would ensure
the pre-load is applied to a smaller area and totally on the airframe which could result in
damaging the airframe.
Altimeter: When handling the altimeter, failure to use an anti-static band could result in
grounding the electronics of the altimeter resulting in electrostatic discharge and short
circuiting. If the solder is loose, it could result in interruptions in the connection and
complete disconnection and therefore, failure to deploy ejection charges and parachutes.
Properly securing the Altimeter will prevent the solder from failing and vibrations from
damaging or disrupting the altimeter. Failure to store or operate electronics of the
altimeter from water could result in short circuiting and permanent damage.
Battery: Failure to store batteries within the recommended range of temperature and
prevent impact damage could result in hazardous battery performance. Failure to secure
the battery to the sled of E-bay could cause disconnection to the altimeter and possibly
battery damage. Loose soldering to the battery and incorrect polarity would prevent
proper connections and failure to complete electronic circuit.
E-Bay: With the corrosive by-products of FFFFG ejection charges, allowing these gases
to flow into the low-pressure chamber of the E-bay could potentially damage any
electronics. Failure to follow the specified directions for required quantity and hole
diameters for the given altimeter performance could result in poor data produced and
improper trigger of ejection charges. Failure to create complete seal and bond of
bulkheads to the ends of the E-bay to the coupler could not only allow corrosive gases to
enter the E-bay, but could distribute the pressure of the ejection charges improperly and
damage the electronics. Any damage to the sled prior or during flight will result in heavy
vibrations to electronics and potentially disconnected seal along soldered points.
Wires: When stripping wires, inability to ensure any exposed wires doesn’t become
interfered with due to being loosely secured could short circuit the connection. Inability
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to securely tighten any connections between wires and conductive materials would cause
a disruption in the performance of the altimeter during flight and potentially failure to
deploy ejection charges or parachutes.

Soldering: If the solder is loose, it could result in interruptions in the connection and
complete disconnection and therefore, failure to deploy ejection charges and parachutes.
Shear Pins: Shear pins that aren't secured tightly could come loose during flight and
result in the portions of the rocket partially deploying earlier than intended ending in
many complications during flight. Shear pins that fail to shear due to too thick of a gauge
would prevent separation forcing the rocket to go ballistic and damage the internal
components with trapped heat. In the event the shear pins are not evenly distributed, the
combined resistance to any shear force could prevent the pins from shearing and allowing
the vehicle to separate. Incorrect placement of the shear pins along the body of the rocket
could bypass the whole purpose of the shear pins to prevent the rocket from separating
pre-maturely.

4.5 Procedures
4.5.1Construction Procedures and Checklist

When cutting or shaving a material, you MUST wear disposable coveralls, respirators,
gloves, and safety goggles to prevent inhaling shavings or getting in your eye. Also clean
up area BEFORE continuing work
When handling adhesives such as Epoxy, you MUST wear gloves. Make sure the Epoxy
does not get on any unwanted surface.
Regarding the rocket motors, they MUST be stored in the appropriate container and
locked away from sight until ready to be placed inside rocket and for launches.
Regarding E-matches, they MUST be stored in the appropriate container and locked
away from sight until ready to be placed inside motor for launches.
When working on any electronics, you MUST have anti-static band on and ground
yourself BEFORE touching any electronic such as altimeter.
Regarding the Reese Technology Center, you MUST follow all rules provided to you and
wear proper PPE when needed.

4.5.2 Assembly Procedures and Checklist
When cutting or shaving a material, you MUST wear disposable coveralls, respirators,
gloves, and safety goggles to prevent inhaling shavings or getting in your eye. Also clean
up area BEFORE continuing work
When handling adhesives such as Epoxy, you MUST wear gloves. Make sure the Epoxy
does not get on any unwanted surface.
Regarding the rocket motors, they MUST be stored in the appropriate container and
locked away from sight until ready to be placed inside rocket and for launches.
Regarding E-matches, they MUST be stored in the appropriate container and locked
away from sight until ready to be placed inside motor for launches.
When working on any electronics, you MUST have anti-static band on and ground
yourself BEFORE touching any electronic such as altimeter.
Regarding the Wind Tunnel and Reese Technology Center, you MUST follow all rules
provided to you and wear proper PPE when needed
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1 When launch vehicle is fully assembled and being transported, be aware of your
surroundings

A When going to a launch, you MUST bring the following PPE: Wool/Nylon fire blanket,
ABC Class fire extinguisher, first aid kit, anti-static band, safety glasses, plastic tarp, and
gloves in case of repairs needed at launch site

4.6 Testing of systems
4.6.1 DACS system
We will be doing wind tunnel testing on our sub and full scale Dynamic Apogee Control
System (DACS) at the National Wind Institute at Reese Air Park. We will be gathering data on
drag forces varying with wind speed using the load cells that the facility has. We will test how
different angles of DACS flap deployment will affect the amount of drag on the launch vehicle.
We will then use this data to determine how DACS deployment angle effects the launch vehicles
drag coefficient. This will allow us to accurately regulate our desired apogee.
4.6.2 Drag Testing
We complete aerodynamic drag testing on both sub and full scale using the wind tunnel
at the National Wind Institute located in Reese Airpark. Using load cells, we will conduct tests
on the drag forces created by out launch vehicles to then extrapolate drag coefficients
4.6.3 DACS Control Arms
The control arms used to extend the flaps as a part of the Dynamic Apogee Control
System will have to withstand large compressive forces. To be able to handle the large stresses
that these four control arms will undergo, we have decided to make them out stainless steel. In
order to ensure they can handle such stresses we will perform an ultimate failure analysis in the
Texas Tech Mechanical Engineering Department’s machine shop. The results from this test will
show us the maximum strength of these control arms
4.6.4 Separation Charge
Before large-scale testing, we did two separate tests to ensure that our separation charges
were adequate to separate the sections of the launch vehicle. We tested the main parachute
ejection charge and the drogue parachute ejection charge as well as nose cone separation for
rover deployment. In this case both main and drogue chute charges successfully separated with
1.5g of 4F black powder and the nose cone successfully separated from body with 2g of 4F black
powder.
4.6.5 Shock Cord Bundle
Part of our procedure for packing the shock cord is to fold it every 5.5 inches until 15
bundles is achieved. Each bundle will then be taped in the center with one layer of electrical
tape. We will do this continually throughout the length of the shock cord. This will allow for
greater energy absorption. While the shock cord is unraveling. We will test this principle by
dropping a weight connected to this bundle while connected to a fish scale to record the force
experienced during the drop. This could shed some light onto how much force it takes to pop the
tape on each bundle and whether or not it provides adequate shock absorption.
4.6.6 Rover Payload
Testing the bearing housing system
The test and analysis for the bearing housing system will be conducted with full size
models and computer simulations. The bearing system full-size models will be stress tested with
mock rovers with similar weights. All possible landing orientations will be tested with mock
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rovers to ensure functionality. These tests must be conducted prior to any test launches aboard
the vehicle.
4.6.7 Payload Interface
The payload interface system includes the bayonet fitting and the axles and tracks. The
axles and tracks will be tested with full sized models of both the rover and payload housing.
Stress simulations will be run on the bayonet fitting prior to creating full scale models. All the
tests for scale models will be run in cognition with the testing of the payload housing.
4.6.8 Electrical Systems
The electrical systems include all electrical components outside of pre-fabricated sensors
and motors. The heart of the Electrical system and the rover itself, the control board will be
inspected for any faults before installation and after any test of the rover. All sensors will
undergo calibration testing in controlled environments to ensure accuracy. Voltage and amperage
will be measured across the system to ensure all levels are within a safe range specified in our
safety sheets.
4.6.9 Drivetrain and Steering
Drivetrain and steering systems are defined as systems responsible for the movement and
the automated steering of the rover. All motors will be tested prior to installation to ensure all
they are able to meet the required minimum forces. The steering system will undergo testing in
controlled environments to ensure all sensors are accurate and the system will respond to
obstacles as planned. The team will conduct a full-scale test in corn or cotton fields to simulate
the expected performance environment.
4.6.10 Solar Panel Deployment
Solar panel deployment system consists of the panel housing, the deployment gear
assembly, and the deployment motor. The entire system will undergo computer simulated stress
testing prior before any scale models are constructed. The motor output will be tested and
measured to ensure it meets projected forces

4.7 Pre-launch procedures:
4.7.1 Recovery prep

Parachute packed correctly
Drogue chute packed correctly
Shock cords are secured to bulkheads by a strong and sturdy knot
Parachute and drogue chute secured inside the rocket correctly and protected against pyro
charges
Shock cords are not tangled when packed inside the rocket
Inspect wiring of E-bays to make sure there is no exposed wire or break
Check program of both altimeters
Altimeters are set to deploy drogue chute when the launch vehicle reaches apogee
Altimeters are set to deploy main chute when the launch vehicle reaches 700 ft during
descent
E-bays are secured and protected against pyro charges
Each altimeter is properly armed by an on/off switch which is accessed from outside the
rocket
Inspect to make sure the altimeter goes through the beeping sequence when the switch is
flipped on repeating 3 beeps different pitches
Rail buttons are secured to bulkheads by screw and tightened

U U UU pduoudo oodod
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Rail buttons are lined up with each other vertically
Securely tighten all screws as final check of rail buttons

4.7.2 Motor Assembly
Apply Axle grease to threads on casing and closures (To be able to remove after burn
Inspect compartments (Tracking smoke module and ignitor kit for smoke liner)
Line forward closure cavity with highest temp axle grease and insert smoke grain, cover
smoke grain face with grease (forward face unexposed)
Wipe grease from open face
Remove nozzle from liner and inspect for chamfer and deburring of liner
Locate smaller O-ring in bas and insert into the inner groove of nozzle holder/rear closure
Push nozzle holder over the nozzle with O-ring side in the rear. Use grease to help
fitment
Inspect grains for cracks and bubbles. (If possible, weigh for consistent mass)
Fit one grain from the top and follow with grain O-ring
Install dry grains with spacer O-rings (End with one spacer O-ring on top)
Install O-ring onto forward closure and nozzle carrier exteriors
Insert loaded liner into motor casing. (Push in via nozzle holder all the way in)
Insert the rear closure and screw in until flush with back of cases, then back out a half
turn
Apply O-ring lube (or axle grease) to top of O-ring/spacer (Ensure the area is clean)
Insert black plastic ring above grain
Insert forward retaining ring with exactly flush or slightly inlaid (If not flush, back out
nozzle end and re-tighten)

4.7.3 Vehicle prep

Inspect configuration of launch vehicle
Nose cone fits secure
Inspect airframe for any structural failures
Inspect to make sure there is no epoxy drying
Inspect to make sure everything is secured both inside and outside the launch vehicle
DACS is properly secured and working functionally
Rectangular flaps move on DACS
Recognize readiness alarm/light for launch

4.7.4 Rover payload prep
Rover is assembled correctly
The motors on the rover are working properly to move the rover
The motor on the rover is working properly to deploy the solar panels
Rover is ready for deployment
Recognize readiness light/beeping for payload ejection charges
Recognize readiness light/beeping for solar panel deployment
Rover is stored securely in launch vehicle away from pyro charges

4.7.5 Pre-Launch Safety Checklist

Ensure there is no exposed wire of the electrical systems
Ensure that the drogue parachute is protected from the pyro charge
Ensure that the main parachute is protected from the pyro charge
Ensure that the E-bay is protected from the pyro charge
Ensure that the rover is protected from the pyro charge
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Ensure that BEFORE you check the arming of the altimeters that there is no black
powder inside the rocket

Ensure that the shock cord and parachute is folded and placed inside the launch vehicle
correctly so that no tangling occurs when recovery system is deployed

Ensure that it is safe and cleared by the RSO to go onto launch pad

Ensure that before launch, everyone is a safe distance away and only certified people are
allowed on the launch pad.

Ensure that before launch, the sky is clear from wildlife, clouds, or planes.

Ensure that everyone has full attention on the rocket during its full flight (launch to
landing)

4.8 Launch Procedures and Checklist

Wait for approval from RSO and event staff to walk to pad with rocket
Turn on rover to run program and wait for landing command
Pack rover back in rocket and secure rover
Nose cone is fitted snug and screws tightened
Set up launch pad
The launch pad will be notified when lowering or raising the launch rail. Launch pad will
be notified when doing any of the following:

e Connecting ejection charges
Turning altimeters on
Loading shear pins
Sealing any section with screws
Loading rocket motor
Loading motor igniter
Connecting motor igniter to electrical leads
Activating rover

e Running through all electrical light and beeping signals.
Tip pad over to lower rail.
Check rail and rail buttons to make sure everything is in perfect condition
Slide the rocket all the way onto the rail
Tip pad up to raise rail and rocket
Arm first altimeter
Listen for the correct series of beeps
Arm second altimeter
Listen for the correct series of beeps
Connect ELS to battery
Clear the launch area
Wait for approval from the event administration for launch
Do final check for range being clear and clear sky Do not launch with wildlife in sky,
airplanes, or into clouds
Insert key into ELS
Start countdown from 5
Launch
Remove key from ELS
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Disconnect ELS from battery
Recover rocket and the rover

4.9Recovery Procedure/Post flight inspection:
4.9.1 Recovery Procedures
The Director, Safety Officer, and all three team leads (vehicle, recovery, and payload)
will be approaching rocket for recovery
Wait for all clear from RSO to retrieve rocket
Approach the rocket. We will be bringing a magnetic platform and necessary storage
compartments for smaller parts.
Upon reaching rocket, inspect to make sure no pyro charges are live
Collect data from altimeters through series of beeps
In event of a contingency occurring such as parachute failing to deploy or no sign of
separation charge for rover, we will adjust plans in regards to the safety of our team
members with pyrotechnic safety.
4.9.2 Payload deployment checklist
Activate 1st channel via transmitter to activate payload ejection charge
In the event of failed ejection, immediately activate the 2nd channel via transmitter and
activate the backup ejection charge
Activate the 3rd channel via transmitter to activate removing the pin to release the
bearing for correct orientation
Activate the 4th channel to engage the rover to drive out of the Rocket
4.9.3 Post flight inspection
Did it leave launch pad:
Altitude:
How far high/below was the altitude from 5280 ft:
Drogue parachute deployment successful:
Main parachute deployment successful:
Velocity at landing:
Separation charge successful:
Rover exited launch vehicle:
Rover travelled 5 ft minimum away from launch vehicle:
Rover deploy solar panels:
Airframe in tact:
Motor damaged:
Any sign of damage on launch vehicle:
Can it be launched again if required:
O 4.10 Failure Mode Assessment Chart

Identificat Descriptio  Failure Cause of Effect On  Safeguar RIis
ion n Modes Failure The d and k, 1-
Mode Mission Mitigatio 10
n
Shock Absorbs the ¢ Shock * Main * Failure to * Mentor
Cord shock from  Cord Parachute  fully inspection 1

vehicle Fails to deploy
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5

Deployme
nt Bag

Quick Link

Paracord

Eyebolt

separation
and secures
sections

Flame
retardant
bag which
protects the
parachute
from
harmful
ejection
charge
flames

Connects
shock cord
to the
paracord
with quick
removabilit
y

Shock
absorbing
cord
member

Creates
connection
between the
bulkhead

Entanglemen

t

* Shock
Cord
Twisting

Deployment

Bag Failure

* Section is
no longer
connected
and fails to
decelerate

upon landing

*Weak
paracord
wraps
causing the
system to
unwrap and
come apart

* Eye bolts

threaded end

could get

severed from

bulkhead

Deploy
properly or
at all

* Parachute
Damaged in
stage
separation

 Vibrations
during
flight

* Loose
fitting
regarding
threaded
end

*Thermal
Fatigues-
Improper
knot

* Vibrations
during
flight

parachute
and land
within the
safe
velocity
range

* Failure to
deploy
main
parachute
and safely
recover
flight
vehicle

* Failure to
connect
the shock
cord and
paracord
resulting
in
freefalling
damaged
sections

* Failure to
fully
deploy
parachute
and land
within the
safe
velocity
range

* Failure to
recover
undamage

Page |116

before
launching

* Correct
orientatio
n of
deployme
nt bag

e Correct
packing

* Inspects
and
torque
down
before
flight

Inspectio
n for
compromi
sed
portion
and
correct
knot

* Inspect
for
yielding
and
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E-Match

Nose Cone

Shear Pin

and shock
cord

Receives
electrical
signal to
ignite
ejection
charges

Creates
efficient
drag
coefficient
and secures
Payload
experiment
equipment

Prevents
premature
separation
due to low
force
engine
shutoff and
high force

and lose the
parachute or
vehicle

section upon
deployment

* Prevention
to ignite
ejection
charges

* Failure to
deploy and
separate

* Nose Cone
Damage

¢ Premature
shear and
separation

¢ Failure to
shear and
separate

» Loose
Fitting with
bulkhead

Connection
to the

wrong leads

ejecting
unintended
charges

*Complicati
on with the
shear pins
installed

* Adjacent
section
premature
deployment

would cause

unpredicted
damage

* The shear
pins would
already be
sheared
prior to
launch of
the rocket

d vehicle
sections

* Failure to
separate
sections
and deploy
recovery
systems

e Failure to
detach will
prevent
successful
deploymen
t of the
rover

* Damage
to
nosecone
would
affect the
nosecone
performan
ce or
payload
continuity.

Premature
separation
would
allow
undesired
forces on
separated
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proper
welds

Continuit
y check
before
flight

* Safe
Placemen
t within
vehicle

* In the
event the
nosecone
is
separated
from the
vehicle
recovery
system, a
backup
parachute
has been
installed

e Larger
shear pins
installed
and will
be tested

» Larger
shear pins
in nose
cone area
to be
tested
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Electronic
Wires

Battery

Pilot Chute

parachute
deployment

Transmits
electric
signals to
ejection
charge,
receiver,
ESC, and
electric
motors.

Stores
voltage for
mobile
electric
supply to
deploy
payload,
record data,
and operate
altimeter

Deploymen
t chute that
assists in
the
deployment

* Failure to

send/receive

signals

* Battery
Failure

* Failure to
deploy

* Incorrect
number or
gauge of

shear pins

* Improper
securement
of

Electronics

Electronics
could be

damaged on

launch or
parachute
deployment
which
would not
allow them
to operate

or their data

be
recovered

* Water
damage

* Voltage
discharge

* Impact
damage

* Damage
during
ejection
charge

* Poorly
packed and

sections
causing
functionali
ty
complicati
ons

* No
ejection,
altimeter,
and
payload
would lose
connection
and would
no longer
function

* Would
cause the
altimeters
to not turn
on or
function at
all.

* Would
cause the
main
parachute
to not
deploy
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Placemen
t

Verificati
on of
solder
connectio
ns

* Replace
and
secure
battery
before
flight
with pull
test

* Tightly
wrapped
fire
blanket

* Ensure
Mentor
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15

Bulkhead

EM
Shielding

Altimeters

Centering
Rings

of the main
chute

Creates
fixed
volume for
ejection
charge
deployment

Prevents
any early
ejection by
blocking
unpredicted
electronic
signals

Verifies
continuity
for all
ejection
charges,
records
flight data,
and
initiates
ejection
charge
ignition
Ensures
axial thrust
vector

* Failure to
deploy

* Failure to
block
undesired
electronic
signals

e Poor
connection

* Poorly
secured to

rigid surface

¢ Motor
thrust line
deviates
from axial
line

failure to
deploy

* Impulse
from
parachute
deployment

* Failure to
properly
shield the
ejection
charges
from the
transmitter
signal

* A short
circuit or
buildup of
static
charge

* Flight
vibrations
and
disconnecti
ons

* Poorly
secured
when
bonded to

the airframe

* Causing
a different
section of
the rocket
to become
separated.

Nosecone
could
deploy
either in
the air or
on the
launch pad

* Stage
deploymen
t when
arming the
rocket on
the launch
pad

*Unaligne
d thrust
vector,
sending
the vehicle
off course
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packs
pilot
chute

Inspectio
n before
installatio
nto
determine
any
defects

* Properly
install

EM
shielding

* Test
verified
functional

ity

* Minor
forces
experienc
ed
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Encapsulat
ing Foam

Thrust
Place and
Retaining

Ring

Motor

Fins

Seals an
airtight and
structural
bond
between the
motor
mount and
airframe

Secures the
rocket
motor from
moving out
of a static
position

Creates
thrust and
propels the
vehicle and
payload off
of the
ground

Creates a
center of
pressure at
the cost of
drag in
order to

e Failure to
install motor
and
centering
rings

» Material
failure and
improper
installment

* Improper
storage and
installment

* Explosive
fuel grain

* Fin flutter
and poor
guidance

* During
filling
process,
foam could
expand
uncontrolla
bly into
undesired
areas

* Thrust
plate or
retaining
ring could
allow rocket
motor to
fall out

* Failure to
follow
Reese
storage and
Motor
Assembly
Procedures

e Air
bubbles in
fuel grain
accelerates
ignition past
a burn and
into an
explosion

* Poor
Epoxy
application
and
unbalanced
placement
distance

* Presents
complicati
ons during
constructio
n costing
the team a
necessary
replaceme
nt

» Unstable
rocket
motor and
center of
thrust

* Could
result in
failure to
propel
vehicle or
improper
ignition

Unpredicta
ble flight
path and
even
erratic
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* Minor
forces
experienc
ed

* 66
aluminum
thickness
offers
high
factor of
safety

* Inspect
fuel grain
for air
bubbles
and take
the
appropriat
e
measures

e Fins are
secured
via fillets
centered
on the
motor
mount,
G10
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Setup on
Launcher

Black
Powder
Charge

Electrical
Tape

ESC

guide the
vehicle

Point at
which
ignition

connections

are made

and vehicle

is armed

Creates a
small
ejection
force to
deploy
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6. Launch Operations Procedures

6.1 Testing

Ground Charge Testing
In addition to testing the compartments, we tested nitrile gloves tips as an alternative to the

centrifuge and metal casing. The charge packets were packed and wired, as specified in the
recovery section, and then tested by placing a plywood board on top of the charge in order to
contain it. The charges were then manually detonated from a safe location. The test charge proved
to provide a safer, omnidirectional, softer, low velocity explosion.

Initial and Second Nose Cone Ejection Charge Test
Ground testing done for the nose cone ejection charge was done by packing a canister charge,

laying the airframe down on its side with the nose cone’s aft half affixed via shear pins, and
detonating the charge manually. The charge was wired and ran to a safe location where they were

affixed to a switch which would allow for remote detonation. The test setup is pictured below.

The size of the charge tested was 2.5 grams. This charge size was a slightly energetic of a
detonation, which separated the nose cone from the airframe with considerable distance between
the ends. This can be easily attributed to the lack of shear pins during this test trial. The charge

was safe in terms of explosive power and will not compromise either the airframe or the nose cone.
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With the results from our full-scale test and our ground testing in mind, particularly with the nose
cone issue, moving up the number of shear pins will not significantly change the required charge
size.

Initial and Second Drogue Chute Ejection Charge Test
Ground testing done for the drogue parachute’s ejection charge was done by packing the parachute

and canister charge, laying the airframe down on its side and simply detonating the charge
manually. The airframe was laid flat on the ground for this test. The charges were then wired to a
switch and ran to a safe location where they were remotely detonated. The setup can be seen in the
photo below.

The size of the initial charge tested was 1 gram. This proved to be an effectively sized charge,
providing sufficient separation of the compartment. The second charge tested was the 1.5 gram
secondary backup charge, which proved to be a safely sized charge which would not compromise
the airframe.

Initial Main Chute Ejection Charge Test
Ground testing done for the main parachute’s ejection charge was conducted by packing the

parachute and charge, laying the airframe down on its side and manually detonating the charge,
similar to the drogue testing method. The parachute was packed in a manner that a void rested
forward of it, with a smaller cavity aft of the chute. A canister & centrifuge charge was placed in

the forward void, above the parachute bag. The initial test setup is pictured below.
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The charge was originally calculated using the entire volume of the section and to 15 psi (per our
mentor’s advice). The specified charge size in the CDR was 7.7559 grams, and after our prior
ground tests, it was determined that charge size would be too large to safely detonate. We
recalculated the charge size, using the same volume, for 7 psi and found our new charge size to be
approximately 3.5 grams.

During our initial test, the charge size proved to be too large and caused our airframe to rupture,
as seen in the photo below. After speaking with several experts and reaching out to our mentor and
other high-powered rocketry specialists, we proceeded with analysis of the test.

The damage from this test is pictured in the photos below.
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Preliminary forensic analysis has been conducted on the failed piece of airframe, with the current
working theory being that the parachute compressed, thus created a pressure seal which created
significant back pressure. This compression and sealing reduced the volume of our pressurized
compartment from 500.9222 in®, as previously calculated, to about 140 in® and potentially even
lower. With a reduction in volume of about 360 in®, this created a significantly higher pressure
than expected.

In addition, we suspect that because of the charge’s metal housing and its lack of securing
mechanisms, it acted as shape charge against the inner wall of our airframe. This effect is suspected
of causing a weakening effect, which when coupled with the over pressurization of the vessel,
caused a failure due to hoop and lateral stresses.

Back of the envelope calculations using thin-walled pressure vessel assumptions are conducted in

the following lines to provide further insight, particularly as it relates to stress within the walls of
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the airframe, into the nature of the failure. Certain material properties could not be provided to us
by the manufacturer, so material properties are estimated using similar materials and their
corresponding properties. The airframe is represented as a spiral wound and welded cylinder as
seen in the diagram below.

B,

Given:
Veff = 140 il’l3
req/* Veff g
massgp(grams) = « Ibf * (454 lbf)
(266 b > (3307 R)

Rearranging to solve for pressure yields:

massgp(grams) * (266ml;;lbf) * (3307 R)

Poctuar =

(454 %) * Veorward void

Pactuar = 48.5 psi
Given:
Inner Diameter = 1.D.= 5.973"
Outer Diameter = 0.D = 6.097"
thickness of wall =t =0.D.—1.D.= .106"
angle of spiral = B = 15°
Substituting this pressure into thin-walled pressure vessel equations yields:
pd 48.5psi*5.973"

=—= =1 4 | = 9.42 MPa =
Ohoop = 77 >+ 106" 366.465 psi =9 a=o,

_pd 485psi*5973" €83.232 psi = 471 MPg =
Olong = 77 = 2+ 106" = : psi = 4. a = oy

Calculating for normal and shear stresses along the airframe seams:
Oweldnormal= = Ox C0S* B + 0, sin? B =728.887 psi = 5.03 MPa
Oweld,shear = —(0x — 0y) sin B cos B = 170.782 psi = 1.18MPa
While the specifics of our Blue Tube airframe’s material properties aren’t available, it is

hypothesized that the airframe was compromised by the initial heat and expansion of the charge
and then finally torn apart by the resulting pressure wave represented by the above calculations.
The initial rupture, which started in between the seam lines which were reinforced with epoxy
resin, then carried through the airframe, separating the body at the glued seams.

Second Main Chute Ejection Charge Test
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After repairing and reinforcing our airframe as detailed in the launch vehicle section, we went back
to testing the ejection charges. The methodology was the similar to the initial test, differing only
in the implementation of a roller which angled the airframe upward and reduced friction during
the testF. We used our effective volume of 140 in® for calculating the size of the charges. In order
to ensure safe charge sizes, we started testing at 1 gram of black powder and tested up to 2 grams.

The charges used during this test were the nitrile packet charges. The test setup is pictured below.

We observed little difference between the 2 gram and 1.5 gram charge in terms of the deployment
of the shock cords and parachute bag. With that in mind, we determined that 1.5 grams was a safe
and effective charge size for our main charge, pressurizing the compartment to about 20 psi. 20
psi proved to be reasonably effective in separating the 2 sections and providing sufficient
deployment of the shock cord. 2 grams will be our larger secondary backup charge.

6.1.1 Post-Flight Inspection

7.Project Plan

7.1 Budget

Budgeting

Raider Aerospace Society (RAS) within Texas Tech University will acquire all funding. Space
Raiders, functioning as a subsidiary of Raider Aerospace Society will be funded by the parent
company (RAS). The society’s treasurer, Russell Curlee, will continue seeking funding and
budgeting for RAS. Space Raiders funding will be spearheaded by Hector Ruiz. A line item
budget with parts and prices are detailed below. All prices are subject to an 8.25% sales tax
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unless otherwise noted. Furthermore, income will be separated into three categories: Funding,
Material acquisition, and Facilities/services.

Expenses Income
Recovery Parts $740.00 RAS $2,250.00
Vehicle Parts $1,320.00 Top Tier $1,200.00
DACS Parts $130.00 Sponsor 1 $750.00
Payload Parts $310.00 ME Dept. $1,000.00
Travel $2,650.00 Eng. College | $1,200.00
Freight $350.00 Sponsor 2 $500.00
Sponsor investment,  $1,001.00 Sponsor 3 $250.00
Miscellaneous $500.00 Sponsor 4 $250.00
Safety $269.00 Sponsor 5 $250.00
Scale Model $550 Sponsor 6 $500.00
$7,820.00 $8,150.00

All values rounded to highest dollar
10% + accounted for spare parts

Taxes and Shipping accounted for

|
Fig. 6.1
*See figure 6.3, 6.4, 6.5, and 6.6 for Recovery, Vehicle, DACS, and Payload parts respectively.

Funding:
Top Tier- Texas Tech University uses Top Tier catering services. Each member will
participate in a 10-hour shift which will incur $100 per shift to the organization. The
organization has not had available slots for the team to work; however, the situation is
still developing.
The Texas Tech Mechanical Engineering department has had a history of matching
funds, dollar-dollar, an organization can fundraise on its own. The organization must
demonstrate the funds are to be used for goals aligning with the department’s mission,
ethics, and standards.
Rush Enterprises has demonstrated interest in sponsoring the project to support the
caliber of engineering students graduating from the university. Approval is pending.
Chik-fil-a and Amazon have also expressed interest in sponsoring the project. Approval
from management is still pending and negotiations are underway.
Raider Aerospace Society has allocated $2000 towards Space Raider’s mission in
NASA’s university student launch initiative.
Local businesses popular with the university will be offered a presence in the
organization’s literature as well as potential company logos on the rocket’s body which
will appear in local news channels. Further negotiations with local businesses will seek a
mutually beneficial relationship. All businesses who contribute to the organization’s
mission will also receive tax exemption credits. See figure 6.2.
A Gofundme account has been created to further acquire funds as the organization grows
and gains supporters. This has raised over $500 so far. The organization received
approval to function as a non-profit from the Internal Revenue Service. With the EIN of a
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non-profit the organization can now guarantee tax break vouchers for sponsor companies.
This is detailed in the contract created for sponsorship agreements between the sponsor
and the organization.

Additionally, the team had some unexpected complications and was forced to buy new
parts. Thankfully, faculty donated a few parts and our budget was set back no more than
$200 in new parts.

Sample Fundraising Portfolio:

Material Acquisition:
The following institutions would serve as sources for materials taken as donations. Some
might require purchasing and will later on be refunded once materials are demonstrated
to be used for collegiate project purposes.
-Texas Tech Industrial, Manufacturing, & Systems Engineering Department
-Home Depot
-Progressive automotive
-MarkForged

Facilities:
The following institutions will serve as facilities for either manufacturing, testing, or
modeling

-CB&I Advanced manufacturing and prototyping facility

-Texas Tech IE machine shop
-National Wind Institute
-Reese Technology Center

Recovery Parts List
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## Name Quanity |(Price Total Price |Store
1 16 ft 1.1 Ripstope Nylon 1 $170.00 $170.00 |http://www.the-rocketmar
2 2 ft 1.9 Ripstop Nylon 1 $33.00 $33.00 |http://www.the-rocketmar
3 15 ft Kevlar Covered Tubular Nylon Webbing 1 $40.00 $40.00 |http://www.the-rocketmar
4 40 ft Kevlar Covered Tubular Nylon Webbing 1 $65.00 $65.00 |http://www.the-rocketmar
5 9in NOMEX Blankets 1 $7.00 $7.00 http://cart.amwprox.com/i
6 30in NOMEX Blankets 1 $18.00 $18.00 http://cart.amwprox.com/i
7 3/8in Eyebolt 14 $0.85 $11.90 Hardware Store
8 AN Nuts 14 $0.85 $11.90 |Hardware Store
9 Paracord 100ft 1 $8.29 $8.29 https://paracord.com/colle
10 |T3 GPS Tracking System 1 $149.45 $149.45 |https://www.missileworks.
11 |9 volt Bttery 4 pack 1 $14.95 $14.95 |Hardware Store
12 Perfect Flight StratologerCF 2 $54.95 $109.90 |http://www.perfectflite.co
13  |Switch 3 $2.95 $8.85 Hardware Store
. . . . https://www.amazon.com
14 Long Distance RF Switch Transmitters & Receiver: 2 $11.99 $23.98
/dp/B01G8BIPR8/ref=asc
15 E-Match 6 $0.05 $0.30 Mentor
16  |Centerfuge Tube 20 $0.01 $0.20 Mentor
17 |Black Powder 50 $0.02 $1.00 Mentor
Total $673.72
Fig. 6.3
Vehicle Parts List
Part Material |Size Qty Cost (ind) [Source Total
Fins G10 3ftx1ft 3/16in 1 53.000 | http://www.eplastics. 53.00
Motor Retainer ring AL 75mm 1 53.000|https://www.apogeer 53.00
Body Tube Blue Tube |6in diam 4 ft 2 66.000 |https://www.apogeer 132.00
Nose Cone ABS 6.25inx20in 1 0.000|Mechanical Engineerir 0.00
Mounting Screws Steel 1/8in 24 0.100|Hardware Store 2.40
Mounting Nuts Steel 1/8in 24 0.100|Hardware Store 2.40
Thrust Plate AL 6in 1 65.000 | https://www.apogeer 65.00
Inner Tube Fiberglass |75mm 1 0.000|Bill's surplus 0.00
Epoxy G5000 2pints 1 0.000|Previous expense 0.00
Foam 2 Part mix |Pub Missles 1 0.000|Bill's surplus 0.00
Fuel Grain AP 75m 4 grain 2| 247.000 https://csrocketry.con]  494.00
Motor Casing Aluminum |75mm 1| 331.000| https://www.apogeer 331.00
Rail Buttons Delrin 1515 2 0.000|Surplus 0.00
Coupler Blue Tube |4 feet 1 66.000|https://www.apogeer 66.00
Total $1,199
Fig. 6.4

DACS Parts List
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Part Cost P/N Source Total
Pressure sensor $15 |SparkFun Altitude/Pressure S|https://www.sparkfun.com/products/11084
SparkFun Triple Axis
Accelerometer Breakout -

Accelerometer 510.49 |IMMAB8452Q (with Headers) |https://www.sparkfun.com/products/13926

Linear Actuator $75 |PA-14P https://www.progressiveautomations.com/linear-actuatc
Control Arms S0 |Custom DMLS ME shop

G10 Flaps S0 |G10 Fiberglass Surplus

G10 Ribs S0 |G10 Fiberglass Surplus

Removable Bulkhead S0 |Aluminum (milled) ME shop

Fixed Bulkhead S0 |Plywood Surplus

Hinges SO |Aluminum (milled) ME shop

Crown SO |Aluminum (milled) ME shop

Battery s? Lithium

Pins SO |Stainless steel (milled) ME shop

Arduino UNO SO |Microcontroller Surplus

Total| $100.49

Fig. 6.5
Payload Parts List

Item Descriptions Price Qty |Total Price Part No Link

General

125" Plastic Stock 12" x 12" $4.23 1 $4.23 8619K441 https://www.mcmaster.c
25" Plastic Stock 6" x 12" $4.62 1 $4.62 8619K751 https://www.mcmaster.c
.5" Plastic Stock 12" x 12" $7.46 1 $7.46 8619K461  |https://www.mcmaster.ci
1" Plastic Stock 6" x6" $13.23 1 $13.23 8619K614 https://www.mcmaster.c
3D Printing Materials - $0.00 1 $0.00 https://www.depts.ttu.ed
3D Printing Machine Time |- $0.00 1 $0.00 https://www.depts.ttu.ed
Bearing Housing

Motor for Bayonet Servo $13.99 $13.99 900-00008 |https://www.alliedelec.cc
Spring for Bayonet .2 0D, .36" CL, .49 LB $0.61 $0.61 965K46 https://www.mcmaster.c
Rover

Raspberry Pi 3 Model B $34.90 1 $34.90 https://www.amazon.con
Pressure/Altitude/Temp. |MPL3115A2 - 12C $9.95 1 $9.95 MPL3115A2 |https://www.adafruit.con
Temp & Humidity Sensor  |Adafruit Si7021 $6.95 1 $6.95 Si7021 https://www.adafruit.con
ZIPPY Compact Battery $10.56 2 $21.12 9067000018-{https://hobbyking.com/er
Step-DownRegulater $3.95 1 $3.95 2098 | https://www.pololu.com/
Wires 80 pc set $5.99 1 $5.99 4330587431 |https://www.amazon.con
Breadhoard Solderable Breadboard $4.95 1 $4.95 PRT-12070 |https://www.sparkfun.coi
Ultrasonic sensor $3.95 2 $7.90 474-SEN-1399https://www.mouser.comr
Solar Panel 53X30mm $0.59 3 $1.77 https://www.aliexpress.ct
Panel Deployment Servo  |1.3"x1.2"x0.5" servo $7.50 2 $15.00 2442 https://www.adafruit.con
Torsion Springs 1 in-lb torque, 6 pk. $6.41 1 $6.41 9271K31 https://www.mcmaster.c
Wheel Bracket Pins 1/16" x 3" Shaft $2.70 1 $2.70 1327K83 https://www.mcmaster.c
Wheel Extension Motor Brushed motor 256:1 1 $4.96 2 $9.92 225000049-0|https://hobbvking.com/et
Wheel Extension Screw ASTM A193 Steel ACM $8.98 2 $17.96 93420A881 |https://www.mcmaster.ct
Drive Motor 4 pk $13.99 4 $55.96 RV2306 https://www.hobby-wing
ESC BLHeli Series, 30Amp $13.00 2 $26.00 XT60 https://store.flitetest.corr

Total $275.57




Fig. 6.6
Safety Parts List
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Eye Goggles 14 $1.20 $16.80 [ds&id=29471]
Safety Glasses 12 $1.85 $22.20 fds&id=40789
Disposable Gloves 200 $0.06 $12.00 |https://www.
Disposable Coveralls 25 S1.24 $31.00 |[d=CjwKCAjwh
Breathing Mask 20 S0.60 $12.00 ppe=pla&id=S-
Wool/Nylon Fire Blanket 1 S55.50 S$55.50 YUMO3AAAAQ
Poly Plastic Tarp 4 $2.80 $11.20 liwAx2nhlLovM
First Aid Kit 1 $25.00 $25.00 P93&gclid=Cjw|
ABC Class Fire Extinguisher 1 $60.00 $60.00 £5-9873&gclid
224270 Fig. 6.7
[ Flight Readiness Review Timeline: vehicle
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7.2 Requirement Compliance



7.2.1 Sectionl

Requirement

Students on the team will do
100% of the project, including
design, construction, written
reports, presentations, and
flight preparation with the
exception of assembling the
motors and handling black
powder or any variant of
ejection charges, or preparing
and installing electric matches
(to be done by the team’s
mentor).

The team will provide and
maintain a project plan to
include, but not limited to the
following items: project
milestones, budget and
community support, checklists,
personnel assigned, educational
engagement events,

and risks and mitigations.
Foreign National (FN) team
members must be identified by
the Preliminary Design Review
(PDR) and may or may not
have access to certain activities
during launch week due to
security restrictions. In
addition, FN’s may be
separated from their team
during these activities.

The team must identify all team
members

attending launch week activities
by the Critical Design Review
(CDR). Team members will
include: Students actively
engaged in the project
throughout the entire year;
One mentor (see requirement
1.14); No more than two adult
educators.
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Verification

Verify the students on the team have done 100% of the
project, including design, construction, written reports,
presentations, and flight preparation with the exception of
assembling the motors and handling black powder or any
variant of ejection charges, or preparing and installing
electric matches (to be done by the team’s mentor).

Verify the has maintained and will provide a project plan
to include, but not limited to the following items: project
milestones, budget and community support, checklists,
personnel assigned, educational engagement events,

and risks and mitigations.

Verify all Foreign National (FN) team members have
been identified in the Preliminary Design Review (PDR)
and are aware they may be separated from their team
during launch week activities.

Verify all team members have been identified in the
Critical Design Review (CDR). Team members will
include: Students actively engaged in the project
throughout the entire year; One mentor (see requirement
1.14); No more than two adult educators.



The team will engage a
minimum of 200 participants
in educational, hands-on
science, technology,
engineering, and mathematics
(STEM) activities, as defined in
the Educational Engagement
Activity Report, by FRR. An
educational engagement
activity report will be
completed and submitted
within two weeks after
completion of an event. A
sample of the educational
engagement activity report can
be found on page 31 of the
handbook. To satisfy this
requirement, all events must
occur between project
acceptance and the FRR due
date.

The team will develop and host
a Web site for project
documentation.

Teams will post, and make
available for download, the
required deliverables to the
team Web site by the due dates

specified in the project timeline.

All deliverables must be in PDF
format.

In every report, teams will
provide a table of contents
including major sections and
their respective sub-section.
The team will provide any
computer equipment necessary
to perform a video
teleconference with the review
panel. This includes, but is not
limited to, a computer system,
video camera, speaker
telephone, and a broadband
Internet connection. Cellular
phones can be used for
speakerphone
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Verify the team has engaged at least 200 participants in
educational, hands-on science, technology, engineering,
and mathematics (STEM) activities, as defined in the
Educational Engagement Activity Report, by FRR.
Verify an educational engagement activity report will be
completed and submitted within two weeks after
completion of an event

Verify the team has developed and is hosting a Web site
for project documentation.

Verify all required deliverables have been uploaded to
the team Web site by the due dates specified in the
project timeline.

Verify all deliverables are in PDF format.

Verify a table of contents, including major sections and
their respective sub-section, has been included in every
report.

Verify the team has any computer equipment necessary
to perform a video teleconference with the review panel.
Verify the team has at least one cell phone as a last
resort.



capability only as a last resort.
All teams will be required to
use the launch pads provided
by Student Launch’s launch
service provider. No custom
pads will be permitted on the
launch field. Launch services
will have 8 ft. 1010 rails, and 8
and 12 ft. 1515 rails available
for use.

Teams must implement the
Architectural and
Transportation Barriers
Compliance Board Electronic
and Information Technology
(EIT) Accessibility Standards
(36 CFR Part 1194)

Each team must identify a
“mentor.” A mentor is defined
as an adult who is included as a
team member, who will be
supporting the team (or
multiple teams) throughout the
project year, and may or may
not be affiliated with the school,

institution, or organization. The

mentor must maintain a
current certification, and be in
good standing, through the
National Association of
Rocketry (NAR) or Tripoli

Rocketry Association (TRA) for

the motor impulse of the launch
vehicle and must have flown
and successfully recovered
(using electronic, staged
recovery) a minimum of 2
flights in this or a higher
impulse class, prior to PDR.
The mentor is designated as the
individual owner of the rocket
for liability

purposes and must travel with
the team to launch week. One
travel stipend will be provided
per mentor regardless of the
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Verify the rocket design will be able to use the launch
pads provided by Student Launch’s launch service
provider.

Verify the team has implemented the Accessibility
Standards of 36 CFR Part 1194.

Verify the team has identified a mentor, who has
supported the team throughout the project year in the
reports. Verify said mentor maintains a current
certification, and is in good standing, through the
National Association of Rocketry (NAR) or Tripoli
Rocketry Association (TRA) for the motor impulse of the
launch vehicle and must have flown and successfully
recovered (using electronic, staged recovery) a minimum
of 2 flights in this or a higher impulse class, prior to
PDR.



number of teams he or she
supports. The stipend will only
be provided if the team passes
FRR and the team and mentor
attends launch week in April.

7.2.2 Section 2

Requirement

The vehicle will deliver the
payload to an apogee altitude of
5,280 feet above ground level
(AGL).

The vehicle will carry one
commercially available,
barometric altimeter for
recording the official altitude
used in determining the altitude
award winner. Teams will
receive the maximum number
of altitude points (5,280) if the
official scoring altimeter reads
a value of exactly 5280 feet
AGL. The team will lose one
point for every foot above or
below the required altitude.
Each altimeter will be armed
by a dedicated arming switch
that is accessible from the
exterior of the rocket airframe
when the rocket is in the launch
configuration on the launch
pad.

Each altimeter will have a
dedicated power supply.

Each arming switch will be
capable of being

locked in the ON position for
launch (i.e. cannot be disarmed
due to flight forces).

The launch vehicle will be
designed to be recoverable and
reusable. Reusable is defined as
being able to launch again on
the same day without repairs or
modifications
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Verify
Verify the vehicle traveled 5,280 feet above ground level
with the onboard barometric altimeter.

Verify the commercially available, barometric altimeter
is secured within the vehicle.

Verify the mechanism is present to arm the altimeter
through the exterior of the rocket airframe when the
rocket is in the launch configuration on the launch pad.

Verify the dedicated power supply is present within the
vehicle for the altimeter.

Verify the arming switch is capable of being locked in the
ON position for launch.

Verify visually and within the reports, the launch vehicle
has been designed to be recoverable and reusable.



The launch vehicle will be
limited to a single stage.

The launch vehicle will be
capable of being prepared for
flight at the launch site within
3 hours of the time the Federal
Aviation

Administration flight waiver
opens.

The launch vehicle will be
capable of remaining in launch-
ready configuration at the pad
for a minimum of 1 hour
without

losing the functionality of any
critical

on-board components.

The launch vehicle will be
capable of being launched by a
standard 12-volt direct current
firing system. The firing system
will be provided by the NASA-
designated Range Services
Provider.

The launch vehicle will require
no external circuitry or special
ground support equipment to
initiate launch (other than what
is provided

by Range Services).

The launch vehicle will use a
commercially

available solid motor
propulsion system

using ammonium perchlorate
composite propellant (APCP)
which is approved and certified
by the National Association of
Rocketry (NAR), Tripoli
Rocketry Association (TRA),
and/or the Canadian
Association of Rocketry (CAR).
Final motor choices must be
made
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Verify visually and in the reports the launch vehicle is
only using a single stage.

Verify the launch vehicle has been designed to be
completely assembled and ready for launch within a 3-
hour time frame.

Verify in the reports the launch vehicle has been designed
to stay in launch-ready configuration at the pad for a
minimum of 1 hour, this includes all batteries having the
capacity to hold enough energy for launch after sitting for
1 hour.

Verify within the calculations the launch vehicle has been
designed to be launched by a standard 12-volt direct
current firing system.

Verify the launch vehicle can be launched without any
external circuitry or special ground support equipment.

Verify through the motor’s manufacturer it uses
ammonium perchlorate composite propellant (APCP).

Verify the motor in the launch vehicle is the same one
chosen in the CDR.



by the Critical Design Review
(CDR).

Any motor changes after CDR
must be approved by the NASA
Range Safety Officer (RSO),
and will only be approved if the
change is for the sole purpose
of increasing the safety margin.
The total impulse provided by a
College and/or University
launch vehicle will not exceed
5,120 Newton-seconds (L-class).
The launch vehicle will have a
minimum

static stability margin of 2.0 at
the point of rail exit. Rail exit is
defined at the point where the
forward rail button loses
contact with the rail

The launch vehicle will
accelerate to a minimum
velocity of 52 fps at rail exit.
All teams will successfully
launch and recover a subscale
model of their rocket prior to
CDR. Subscales are not
required to be high power
rockets.

The subscale model should
resemble and perform as
similarly as possible to the full-
scale model, however, the full
-scale will not be used as the
subscale

The subscale model will carry
an altimeter capable of
reporting the model’s apogee
altitude.

All teams will successfully
launch and recover their full-
scale rocket prior to FRR in its
final flight configuration. The
rocket flown at FRR must be
the same rocket to be flown on
launch day. The purpose of the
full-scale demonstration flight
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If the motor is different from the one chosen in the CDR
verify it has been approved by the NASA Range Safety
Officer (RSO).

Verify the calculations show the impulse will be no
greater than 5,120 Newton-seconds.

Verify with calculations the launch vehicle will have a
minimum static stability margin of 2.0 at the point of rail
exit.

Verify with calculation the launch vehicle will accelerate
to a minimum velocity of 52 fps at rail exit.

Verify the team has launched a subscale rocket before
CDR.

Verify the subscale model resembles and performs as
similarly as possible to the full-scale model using
dimensional analysis.

Verify the subscale model has an altimeter on board.

Verify the team has successfully launched and recovered
the full-scale rocket prior to the FRR in its final flight
configuration. This full-scale rocket must be the same
one used on launch day.
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Is to demonstrate the launch

vehicle’s stability, structural

integrity, recovery systems, and

the team’s ability to prepare

the launch vehicle for flight. A

successful flight is defined as a

launch in which all hardware is

functioning properly (i.e.

drogue chute at apogee, main

chute at a lower altitude,

functioning tracking devices,

etc.). The following criteria

must be met during the full-

scale demonstration flight.

If the payload is not flown, Verify the mass simulator was used to simulate the
mass simulators will be used to  payload mass at the full-scale launch.
simulate the payload mass

The mass simulators will be Verify visually the mass simulator was housed in the
located in the same same approximate location as the missing payload mass.
approximate location on the

rocket

as the missing payload mass.

If the payload changes the Verify if any part of the payload changes the external
external surfaces surfaces of the rocket they are present for the full-scale
of the rocket (such as with launch.

camera housings or external
probes) or manages the total
energy of the vehicle, those
systems will be active during
the full-scale demonstration

flight.
The full-scale motor does not Verify the full-scale launch is either the same one
have to be flown during the intended for launch day or closely simulates the motor to

full-scale test flight. However, be used on launch day.
it is recommended that the full-
scale motor be used to
demonstrate full flight
readiness and altitude
verification.

If the full- scale motor is not
flown during

The full-scale flight, it is
desired that the

motor simulates, as closely as
possible, the predicted



maximum velocity and
maximum

acceleration of the launch day
flight.

The vehicle must be flown in its
fully ballasted configuration
during the full-scale test flight.
Fully ballasted refers to the
same amount of ballast that will
be flown during the launch day
flight. Additional ballast may
not be added without a re-flight
of the full-scale launch vehicle.
After successfully completing
the full-scale demonstration
flight, the launch vehicle

or any of its components will
not be modified without the
concurrence of the NASA
Range Safety Officer (RSO).
Full scale flights must be
completed by the start of FRRs
(March 6th, 2018). If the
Student Launch office
determines that a re-flight is
necessary, then an extension to
March 28th, 2018will be
granted. This extension is only
valid for re-flights; not first-
time flights

Any structural protuberance on
the rocket

will be located aft of the
burnout center of gravity

The launch vehicle will not
utilize forward canards.

The launch vehicle will not
utilize forward firing motors.
The launch vehicle will not
utilize motors that expel
titanium sponges (Sparky,
Skidmark,

MetalStorm, etc.).

The launch vehicle will not
utilize hybrid motors.
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Verify at the full-scale launch test flight the vehicle is in
its fully ballasted configuration for launch day.

Verify the vehicle used during full-scale launch is
designed to not be modified and will not be modified
before launch day without the concurrence of the NASA
Range Safety Officer (RSO).

Verify the full-scale launch is completed before March
6™, 2018.

Verify any structural protuberance on the rocket is
designed to be located aft of the burnout center of
gravity.

Verify the launch vehicle will not utilize forward canards.
Verify the launch vehicle will not utilize forward firing
motors.

Verify the launch vehicle will not utilize motors that
expel titanium sponges.

Verify the launch vehicle will not utilize hybrid motors.



The launch vehicle will not
utilize a cluster of motors.
The launch vehicle will not
utilize friction fitting for
motors.

The launch vehicle will not
exceed Mach 1 at any point
during flight.

Vehicle ballast will not exceed
10% of the total weight of the
rock.

7.2.3 Section 3

The launch vehicle will stage
the

deployment of its recovery
devices, where a drogue
parachute is deployed at apogee
and a main parachute is
deployed at a lower altitude.
Tumble or streamer recovery
from apogee to main parachute
deployment is also

permissible, provided that
kinetic energy during drogue-
stage descent is reasonable, as
deemed by the RSO.

Each team must perform a
successful ground ejection test
for both the drogue and main
parachutes. This must be done
prior to the initial subscale and
full-scale launch.

At landing, each independent
sections of the launch vehicle
will have a maximum kinetic
energy of 75 ft-1bf.

The recovery system electrical
circuits

will be completely independent
of any payload electrical
circuits.
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Verify the launch vehicle will not utilize a cluster of
motors.

Verify the launch vehicle will not utilize friction fitting
for motors.

Verify the launch vehicle will not exceed Mach 1 at any
point during flight.

Verify the vehicle ballast will not exceed 10% of the total
weight of the rock.

Verify the launch vehicle is staged where drogue
parachute is deployed at apogee and a main
parachute is deployed at a lower altitude. Or the
RSO has allowed for tumble or streamer recovery.

Verify a successful ground ejection test has been
performed prior to the initial subscale and full-scale
launch.

Verify through calculations the maximum kinetic energy
will be 75 ft-1bf at landing.

Verify all the circuits for recovery are independent of the
circuits used in payload.



All recovery electronics will be
powered by commercially
available batteries.

The recovery system will
contain redundant,
commercially available
altimeters. The term
“altimeters” includes both
simple altimeters and more
sophisticated flight computers.
Motor ejection is not a
permissible form of primary or
secondary deployment.
Removable shear pins will be
used for both the main
parachute compartment and
the drogue parachute
compartment.

Recovery area will be limited to
a 2500 ft. radius from the
launch pads.

An electronic tracking device
will be installed in the launch
vehicle and will transmit the
position of the tethered vehicle
or any independent section to a
ground receiver.

Any rocket section, or payload
component, which lands
untethered to the launch
vehicle,

Will also carry an active
electronic tracking device.

The electronic tracking device
will be fully functional during
the official flight on launch day.
The recovery system altimeters
will be physically located in a
separate compartment

within the vehicle from any
other radio frequency
transmitting device and/or
magnetic wave producing
device.
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Verify all the electronic components are running off of
commercially available batteries.

Visually verify the recovery system contains redundant,
commercially available altimeters.

Verify the motor’s not designed to eject as primary or
secondary deployment.

Verify removeable shear pins are being used for both the
main parachute compartment and the drogue parachute
compartment.

Verify the recovery section is designed to land within a
2500ft radius from the launch pads.

Verify the electronic tracking device is installed in the
launch vehicle.

Verify the recovery is designed where any rocket section,
or payload component, which lands untethered to the
launch vehicle, will also carry an active electronic
tracking device.

Verify the electronic tracking device will be fully
functional during the official flight on launch day.

Verify visually the recovery system altimeters will be
physically located in a separate compartment

within the vehicle from any other radio frequency
transmitting device and/or magnetic wave producing
device.



The recovery system electronics
will be shielded from all
onboard transmitting devices,
to avoid inadvertent excitation
of the recovery system
electronics.

The recovery system electronics
will be shielded from all
onboard devices which may
generate magnetic waves (such
as generators, solenoid valves,
and Tesla coils) to avoid
inadvertent excitation of the
recovery system.

7.2.4 Section 4

Requirement

Each team will choose one
design experiment option from
the following list.

Additional experiments (limit
of 1) are allowed, and may be
flown, but they will not
contribute

to scoring.

If the team chooses to fly
additional experiments, they
will provide the appropriate
documentation in all design
reports, so experiments may be
reviewed for flight safety.
Teams will design a custom
rover that will deploy from the
internal structure of the launch
Vehicle.

At landing, the team will
remotely activate a trigger to
deploy the rover from the
rocket.

After deployment, the rover
will autonomously move at least
5 ft. (in any direction) from the
launch vehicle.
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Verify the recovery system electronics will be shielded
from all onboard transmitting devices, to avoid
inadvertent excitation of the recovery system electronics.

Verify the recovery system electronics will be shielded
from all onboard devices which may generate magnetic
waves (such as generators, solenoid valves, and Tesla
coils) to avoid inadvertent excitation of the recovery
system.

Verification
Verify in the reports we have chosen Option 3, the
deployable rover.

Read through the reports we have not added any
experiments beyond the deployable rover.

Read through all the reports and verify no additional
experiment is present in the payload section

Visually verify the rover is custom and the housing will
allow it to deploy.

Visually verify the equipment is present for the rover to
be remotely activated from the maximum distance
possible.

Visually verify the rover has driven at least 5ft from the
landing autonomously.



Once the rover has reached its
final destination, it will deploy
a set of foldable solar cell
panels.

7.2.5 Section5

Requirement

Each team will use a launch
and safety checklist. The final
checklists will be included in
the FRR report and used
during the Launch Readiness
Review (LRR) and any launch
day operations.

Each team must identify a
student safety officer who will
be responsible for all items in
section 5.3.

Safety officer will monitor team
activities with an emphasis on
Safety during the design of
vehicle and payload.

Safety officer will monitor team
activities with an emphasis on
Safety during the construction
of vehicle and payload.

Safety officer will monitor team
activities with an emphasis on
Safety during the assembly of
vehicle and payload.

Safety officer will monitor team
activities with an emphasis on
Safety during the ground
testing of vehicle and payload.
Safety officer will monitor team
activities with an emphasis on
Safety during the sub-scale
launch test(s).

Safety officer will monitor team
activities with an emphasis on
Safety during the full-scale
launch test.
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Visually verify the servos have deployed the solar panels
once the rover stops.

Verification
Verify the final checklist is included and completed in the
FRR report.

Verify we have chosen a student safety officer on our
team roster.

Verify the safety officer has been involved and has
complete knowledge of the payload and vehicle designs.

Verify the safety officer has been involved and has
complete knowledge on the construction process of
vehicle and payload.

Verify the safety officer has been involved and has
complete knowledge on the assembling of vehicle and
payload.

Verify the safety officer has been involved and has
complete knowledge in the ground testing of vehicle and
payload.

Verify the safety officer has been involved and has

complete knowledge on the sub-scale launch test.

Verify the safety officer has been involved and has
complete knowledge on the full-scale launch test.



Safety officer will monitor team
activities with an emphasis on
Safety during the launch day.
Safety officer will monitor team
activities with an emphasis on
Safety during the recovery
activities.

Safety officer will monitor team
activities with an emphasis on
Safety during the educational
engagement activities.

Safety officer will implement
procedures developed by the
team for construction,
assembly, launch, and recovery
activities.

Safety officer will manage and
maintain current revisions of
the team’s hazard analyses,
failure modes analyses,
procedures, and
MSDS/chemical inventory data.
Safety officer will assist in the
writing and development of the
team’s hazard analyses, failure
modes analyses, and
procedures.

During test flights, teams will
abide by the rules and guidance
of the local rocketry club’s
RSO. The allowance of certain
vehicle configurations and/or
payloads at the NASA Student
Launch Initiative does not give
explicit or implicit authority for
teams to fly those certain
vehicle configurations and/or
payloads at other club
launches. Teams should
communicate their intentions to
the local club’s President or
Prefect and RSO before
attending any NAR or TRA
launch.

Teams will abide by all rules set
forth by the FAA.
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Verify the safety officer is going to be involved and will
have complete knowledge over all activities on launch
day.

Verify the safety officer has been involved and has
complete knowledge over the recovery activities.

Verify the safety officer has been involved and has
complete knowledge over the educational engagement
activities.

Verify all procedures have been created by the safety
officer for construction, assembly, launch, and recovery
activities.

Verify the safety officer has all current revisions
organized for the team’s hazard analyses, failure modes
analyses, procedures, and MSDS/chemical inventory data.

Verify the safety officer has helped develop and write the
team’s hazard analyses, failure modes analyses, and
procedures.

Verify the team is abiding by the rules and guidance of
the local rocketry club’s RSO. Verify the team will
receive authority to fly the vehicle at any club launches
outside of the NASA Student Launch Initiative, from the
local club’s President or Prefect and RSO before
attending any NAR or TRA launch.

Verify the team’s activities follow all rules set forth by
the FAA.



Page |146

8. Dynamic Apogee Control System

8.1 Design outline and functionality
The DACS is a second experimental payload that will be incorporated in this project. The
interface of the DACS will be directly mounted to the airframe of the launch vehicle, directly
above the motor. This system will serve the purpose of adjusting the flight path by influencing
the total drag that is acting upon the Raider 2. It will be programmed with a predictive code
that will be able to determine the angle of flap opening to reach a target apogee, granted the

rocket will overshoot the target.

4 ] 3 ¥ 2 1 1

Dynamic Apogee
Control System

PARTS LIST

PART NUMBER DESCRIPTION

3
£
)
=

BodyTube_6in Blue Tube

Bulkhead_6in Plywood

Fin_Flap_G10 G10 {Control Surface)

Hinge Aluminum

m Linear Actuator Arm
body Linear Actuator Body

DACS_Sleeve ABS Sleeve

Crown_for_newlLinAct Aluminum

CurvedForkLinkLatticeV4 Metal 3D printed

I ES FN I P N S [ P

G10_Rib G10 Reinforcment rib

DACS Bulkhead With Flange | Aluminum Bulkhead

[N I G R B (R S

1

8.1.1 Changes made since CDR
The drag flap construction has changed by the addition of a new component as the
hinge. The previously selected material for the flap was G10 itself and due to the

nature of the hinge, the thin wall surrounding the pin hole is a trouble spot and
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would be subject to breakage and flap separation from the airframe. Because this is a
situation that would destabilize the rocket, it directly jeopardizes safety of the launch
vehicle, and environment, thus is a change that must be made. The solution is to use
an aluminum hinge piece that is directly mounted to the flap. This part is shown in

the rendering below.

8.1.2 Fabrication and installation
The DACS is a complex system, requiring many custom machined parts and
specialty hardware and electronics. Members of the group have shop experience and
are becoming more familiar with precision machining instruments such as the
Bridgeport and CNC end mill, as well as the Lathe in order to fabricate parts such as
the control arms, central crowns and hinges. These parts have undergone critical
design reviews with consideration towards geometry, material selection, cost, and
complexity of the mechanism/design. Fabrication of the DACS was an on-going
process, as the goal was to create and install all mechanical components by the first
full-scale launch. After logging countless hours in the ME shop learning how to use
precision machinery and fine tune components it was installed and launched in the
full-scale flight test, as a simulation mass, and was intended to not actively correct

the apogee.
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The section below is a collection of images with brief descriptions following the

parts fabrication in the Mechanical Engineering Machine Shop.

Direct metal laser sintering powder sifter
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Direct Metal Laser Sintering the control arms

Post work grinding on the control arms
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B

Tapping 5-40 threads
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Finished crown
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Installation of hinges and flaps
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Wiring DACS sensors for microcontroller testing

Installed system
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Electrical Design
Introduction to DACS:
The main goal of the Dynamic Apogee Control System is to increase the precision of the

projected apogee by using real-time flight data collected by an accelerometer and
pressure sensor. The communication protocol, physical circuitry, and control logic are

vital components to the execution of the system. Each aspect is described below in depth.

Communication protocol:
An Inter-Integrated Circuit (12C) communication interface will be used for DACS

between the Arduino and each sensor. Using multiple devices to one serial port has the
potential for trouble when communicating data simultaneously. The main advantage of
using 12C protocol lies in what is referred to as a two-wire bus. Numerous devices, or
slaves, are connected to shared serial data and serial clock lines leading to a master
device. An Arduino Uno is used as the master for the braking system. This method
drastically reduces the concern of bus contention when data is transmitted from multiple
sensor data lines to one port. Each device is assigned a unique address that the Arduino

utilizes to communicate and transmit data that is collected during flight.

Physical Control System Circuitry:
An accelerometer and pressure sensor will be used to collect data as system inputs. Each

sensor operates on 3.3 Volts while the microcontroller, an Arduino Uno, acts as a source
of 5 Volts. A logic level converter will be used to safely relay connection from the
Arduino to each device. The level shifter eliminates the need for using physical resistors
in the circuitry. This is implemented to prevent damage to either sensor during testing or
a full-scale launch. Serial data and clock lines are run from each sensor, to the level

shifter, and then to the Arduino to form a complete connection of the system inputs.

Once data is processed, a linear actuator is used as the system’s output. A two-way relay
is wired between the Arduino and the actuator. This allows for the vehicle’s brake panels
to be adjusted in either direction; decreasing or increasing the vehicle’s overall drag
coefficient. The linear actuator requires a 12 Volt power source that will be provided by
an external battery directly connected to the actuator. The diagram below depicts the

complete circuit created to control the system.



Page |155

Control logic:
During a full-scale launch, data will be collected in real-time by each sensor and

transmitted to the Arduino. Flight criteria programmed into Arduino software will
process the input and predict if the vehicle will overshoot an apogee of a mile. If it is
determined the vehicle will overshoot, an output signal is communicated to a two-way
relay controlling the positioning of the linear actuator and the external brake panels. The
output signal will be based on aerodynamic calculations to correct the vehicle’s projected
apogee. Brake panels will be rotated outward at a specific angle with respect to the
airframe’s vertical alignment increasing the overall coefficient of drag. This slows the

vehicle therefore increasing the precision of the projected apogee.

If it is determined that the vehicle will undershoot due to any external variables such as
wind resistance, then no action will be taken. An emergency protocol will be
programmed to fully open if a percent overshoot is detected and cannot be corrected
dynamically. At such a high velocity vertically, a fully open feature will still provide an
increase in precision of the predicted apogee without exerting an extreme impulse due to

the drastic slowing of the vehicle.
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9. Appendix A




7
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OWEN
COMPUANCE Material Safety Data Sheet
7 SERVICES, INC. (MSDS-BP)
PRODUCT IDENTIFICATION '
Product Name BLACK POWDER | |
e i
| ManufacturerDistributor | GOEX, inc. (Dowine, LA) & various intemational sources |
Transportation Emergency 800-255-3924 (24 hrs — CHEM - TEL) |

PREVENTION OF ACCIDENTS IN THE USE OF EXPLOSIVES

The prevention of accidents in the use of explosives is a result of careful planning and observance of the
best known practices. The explosives user must remember that he is dealing with a powerful force and
that vanious devices and methods have been developed to assist him in directing this force. He should
realize that this force, if misdirected, may either kill or injure both him and his fellow workers.

WARNING

All explosives are dangerous and must be carefully handled and used following approved
safety procedures either by or under the direction of competent, expenenced persons in accordance
with all applicable federal, state, and local laws, regulations, or ordinances. If you have any questions or
doubts as to how to use any explosive product, DO NOT USE IT before consulting with your
supervisor, or the manufacturer, if you do not have a supervisor. If your supervisor has any questions or
doubts, he should consult the manufacturer before use.

MSDS-BP PAGE 1 Issued 12/08/83 Revised 12112105
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# Tecrmatrsy Pro150 Rocket Motor Reload Kit Pae  tafd
HNOLOSY Vewen: 201 /EN
by dlnd SAFETY DATA SHEET R Dute:  2017-08:23
1.0 PRODUCT / COMPANY IDENTIFICATION
11 Product identifer
Product Name: Pro150 Rocket Motor Reload Kit
Synonyms: Rocket Motor, Hobby Rocket Motor, HPR Reload KI, Solki Rocket Fuel
Part Numbers: Reload kit P1S0R-Y-¥G-XX
Where: Y = reload type (A = adjustabie delay, C - C-slot)
# = number of grains, &
XX = propeiiant type
12 Relevant identified Uses
Product Uss Solld fuel motor for propedling rockets
13 Detalts of the Supplier of the SDS
Manufacturer / Supplier: Cesaronl Technoiogy Inc
P.O. Box 245
2561 Stoumville Ra.
Gormiey, Ont.
Canada LOH 1G0
Emak  equgloneBcasarnlngl
14 Emergency Tetephone Numbers
Telephone Numbers:
Product Information: Tel: +1-905-837-2370 Fax: +1-905-857-2375
24 Hour Emergency Telephone Number: Tel: +1-613-996-6666 (CANUTEC)

20 HAZARDS IDENTIFICATION

21 Ciassincation

Ciassincation: Articie - Division 1.3 (UN GHS — ST-8G-AC10-30-Reviel
(WHMIS 2015 — Carachs, HusCom 2012 - USA, Risgelaion (EC) Ne. 12720008 [CLP) - EL|, STSASEEC o 10084SEC - EL)

22 Label Elementa
Signal Word: Danger GHS Pictogram:

Hazard Statement: H203 Expiosive; Fire, Blast or Projection Hazard
Precautionary Statementa
P210 Keep away from heatlaparksiopen famea/mot surfaces. No smoking
P250 Do not to grinding/shock/Triction.
P370+P380 In case of fire: Evacuats Area.
risk In case of fire.

DO NOT fight fire when fire reaches explosives.
Store In accordancs with localireglonal/national regulations.

23 Hazards

g § BE33
g
|
|
E

These articies contain cyfinders of ammonium perchiorate composite propeliant, encased In Inert plastic parts.
The SRM 3.0 rocket motors are ciassified 35 expiosives, and may cause sefious Injury, Inciuding death If used
Improperty. All explosives are dangerous and must be handied carefully and used folowing approved safety
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MATERIAL SAFETY DATA SHEET Acculam™ Epoxyglas
You Know Accurate Plastics, Inc.
It's Rig ,*, - 18 Morris Place
RS < o S Yonkers, New York 10705-1929
When It's Phone (914) 476-0700
FAX (914) 476-0527
Accura te www.acculam.com

Section 1. Chemical Product and Company Identification

Product name Trade Name

Acculam™ Epoxyglas NEMA Grades G10, G11, FR4, FR 5
Manuyfacturer IN CASE OF EMERGENCT:

Accurate Plastics, Inc.

18 Morms Place Tel: 914-476-0700

Yonkers, NY 10705-1929

Chemtrec:

Date of Preparation: 1129/07 Replaces: 1020104
Preparers Name KJ Soltys

Section 2. Composition, Information on Ingredients

Chemical Name CAS# TLV, TWA ACGIH OSHA PEL, TWA
Fiberglass 65997-17-3 10 mg/m” (dust) 15 mg/m’ (total dust)
5 mg/m’ (respirable)
Epoxy Resin 25036-25-3 NA NA

Dust generated during grinding, cutting, or drilling fiber glass reinforced plastic contams respirable fiber shaped plastic
(organic) particles which has an OSHA PEL of 5 mg/m’ and nonrespirsble fibrous glass dust regulated by OSHA as noted
above. Bromine may be an integral part of the polymer matrices of some laminate grades.

N/A =Not Applicable

Section 3. Hazards Identification

Mgmmmddmmgmthgmdgmﬁngopummmcmskmummmmmmmw
irmitate eyes, nose, and throat. Minimize operator exposure to dust and fumes.

Routes of Exposure | Svmptoms

Inhalation Inhalation of dust during machining and grinding operations may cause moderate irmitation to
52 mucous membranes and i
| Skin Contact with dust may cause moderate uritation.
Eyes Contact with dust may cause moderate eye Imitation itching and redness.
1 Not determined B
Cancer OSHA: N/A IARC:N/A NTP: N/A

Dustgmaamddmmggnndmg.mnmg,ocdrﬂlmgﬁ)aghssmmfmcedphsncpmdxe
Chrom respirable fiber shaped plastic (organic) particles whose concentration increases
with dust concentration. These particles are not classified as carcinogenic by IARC or NTP.

However, prolonged inhalation of dust can produce hung disease.

Acculam™ Epoxyglas -1- Date of Issue: 11/29/2007
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CARBON COMPOSITES, INC.

MATERIAL SAFETY DATA SHEET

SECTION 1 - PRODUCT IDENTIFICATION |

Manufacture’s Name Emergency Telephone No.
Carbon Composites, Inc. (978) 840-0707

Address

12 Jytek Park (978) 840-0707

Leominster, MA 01453-5932

Product Name Date Prepared

Rigidized Carbon Felt Insulation January, 2002

Carbon Fiber Composite Updated December 4, 2009
Synonyms

Carbon/Graphite Felt Insulation
Graphite Foil Laminate
Carbon Fiber Composite Laminate, CFC, Carbon/Carbon

SECTION 2 - INGREDIENTS (INERT & HAZARDOUS) |

Composition % CAS# OSHAPEL ACGIHTLV
Carbon/Synthetic Graphite 99.9+ 7440440 15mg/m® 10 mgim®
7782425

SECTION 3 — PHYSICAL / CHEMICAL DATA |

Boiling Point N/A Melting Point N/A
Evaporation Rate (Butyl Acetate =1) N/A Solubility in Water Negligible
Vapor Pressure (mm Hg) N/A Vapor Density (Air=1) N/A

Specific Gravity (H,O = 1) 0.13-0.25 Volatiles by Weight Negligible @ RT
Carbon Fiber Composite 1.3-15glcc

Appearance and Odor
Gray solid laminate, Gray-black fibrous felt; negligible odor

SECTION 4 - FIRE AND EXPLOSION HAZARD DATA |

Flash Point N/A Flammable Limits LEL —N/A; UEL — N/A
Extinguishing Media Water, CO;, Sand Extinguishing Media to Avoid N/A
Special Fire Fighting Procedures N/A, Difficult to Ignite

Unusual Fire and Explosion Data
Graphite and carbon dusts are normally not explosive, but these may weakly contribute if the event is

initiated by another explosive dust or gas. Graphite and carbon dusts are electrically conductive; dust
accumulations may cause electrical short circuits or other electrical malfunctions.
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I hil™ ~eke cnptizing:

MATERIAL SAFETY DATA SHEET
according to Regulation (EU) No. 1907/2006

Innofil3D ABS

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE COMPANY /

UNDERTAKING
Product information
Trade name . Innofil3D ABS
Chemical name . Acrylonitrile Butadiene Styrene
Chemical family : Themmoplastic Copolymers
Use - Monofilament for 3D printing
Company > Innofil3D BV.
Eerste Bokslootweg 17
7821 AT Emmen
Telephone : +31(0)591 69 2117
Telefax : +31(0)591 69 3456

2. HAZARDS IDENTIFICATION

a. Classification of substance or mixture
Classification —- REGULATION (EC) No 1272/2008
This product is not classified as dangerous according to EC criteria.
Classification according to EU Directive 67/548/EEC or 1999/45/EC
This product is not classified as dangerous according to EC criteria.

b. Label elements
Labelling — REGULATION (EC) No 1272/2008
This product is not classified as dangerous according to EC criteria.

c. Other hazards
No information available

Page1of7

www.innofil3d.com | info@innofil3d.com
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SLENRARC

INDUSTRIES ING,
2001 S. BLUE ISLAND AVE.
CHICAGO, Il 60508
PHONE  312-243-0800
FAX 312243 4670
TOLL FREE B00-323-5350
wwuw.glenmarc.com

RATASHEET: G000 HICH STRENCTH _EPOXY

Description: G5000 is a two component filled epoxy with high strength bonds for joining fiberglass
and carbon fiber composites with extremely high shear strengths. It also has excellent adhesion to
metals, plastics, woods, and ceramics as well. Cures to a very high strength bond that is also non-
brittle to eliminate flexing cracks. Easy to mix 1 to 1 ratio by weight and volume. Mixes to a smooth
creamy paste that when applied eliminates drips, sagging, or runoff. Does not require any thickening
or strength additives as epoxy is ready to use as supplied. The adhesive cures relatively quickly and
can be handled within a few hours. Cures to an easy to paint off white color but pigment can be easily
added to provide almost any color desired.

It has excellent mechanical properties, high shear and peel strength, great adhesion, good chemical
and environmental resistance, good thermal shock resistance and very low shrinkage. It has low
exotherm during cure for filling large mass voids.

Uses: Joining and bonded fiberglass, carbon fiber, composites, any where a high strength non-brittle
bond is needed. Great for attaching composite rocket fins, bulk plates, nose cone hardware and
especially for professional grade fin fillets.

Mixing and Cure Instructions:
Ratio by weight: Resin 100 Hardener 100

Ratio by volume: Resin 100 Hardener 100
Pot life (100 gram mass at 72°F) = 30 to 40 minutes ASTM D2471

Handling time = 3to4 hours

Full cure = 61to8 hours

Physical P ies (@ 72°F/ 22°C:

Color Off white but can be pigmented to black or any color.
Shore “D” hardness 85 ASTM D2240
Viscosity Resin Paste

Viscosity Hardener Paste

Viscosity Mixed Paste

Specific gravity, Resin 1.52

Specific gravity, Hardener 148

Specific gravity mixed 1.50

Tensile strength 7,600 psi ASTM D638
Compression strength 14,800 psi ASTM D695
Elongation at break % 6.3% ASTM D638
Typical operating temperature -50°F to 175°F

Maximum use temperature 225°F (107°C)

Deflection temperature 150°F (66°C) ASTM D648
Shelf Life 1-1/2 Years

Notice: This information is presented to assist the user in determining whether our products are suitable for his intended use.
The user assumes all risks and liability in connection therewith. No warranty or representation express or imphed shall apply
to these products. Seller’s only obligation shall be to replace quantity of this product which has proven to not substantially
comply with the data presented. Seller shall not be responsible for property loss or damage direct or consequential arising
out of use of this product(s) or nability to use this product(s). See maternal safety data sheet before using.
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ultratec

Safety Data Sheet special affects inc.

[Section 1: Identification

Product Name: Electric Match (ALL)
including but not limited to; BGZD, Flash, Shock Tube igniter, igniters

Recommended use: Electric ignition

Professional Use only by a qualified Pyrotechnician in a Theatrical
Entertainment Application or in Professional Training Applications.

Manufacturer Uliratec Special Effects, Inc.

and Distributor's 148 Moon drive

Name and Address: Onwens Cross Roads, AL 35763
United States
Telephone Number: (256) 725-4224
o yitratecho com

Emergency Telephone Number: 800-255-3924 - ChemTel

[Section 2: Hazard Identification

Chemicals have been withheld for trade secret and proprietary information purposes.

WARNING

O D @

Bum, eye, skin, respiratory imtation, ingestion, acute or chronic exposure
BURM: Wash affected area.

EYE: Flush eyes with water for several minutes.

SKIM: Wash with soap and water

RESPIRATORY: Mowve to fresh air and consult physician.

INGESTION: DO NOT INDUCE VOMITING, Contact poison control
ACUTE OR CHROMIC EXPOSURE: Seek medical attention immediatehy
SEEK MEDICAL ATTENTION IF ¥OU FEEL UMWELL

Keep away from heat, sparks and open flame, hot surfaces-

NO SMOKING

Store in a cool dry approved area

Dispose of content/container in accordance with localregionalinational
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: Lithium Polymer Battery
W=RmiNA Safety Data Sheet

YVENOM-SROUWP.COM
Wersion: 2.0

SECTION 1. Product and Company identification

Product Mame : Li-Polymer Battery
Symonyms : LiPo - [See APPEMDIX A]
Use of the substance/preparation - Lithium polymer rechargeable cells
Company idenfification o Vertical Partners West
14028 Morth Chio Street

Rathdrum, ID 83858
Telephone number for information : 1-800-705-D620 (USA)

24 hour emegency contact : Chemtrec 1-800-424-3300

SECTIOMN 2. Hazards identification

2.1. O5HA Regulatory Status

The batteries are hermitically sealed articles under normal conditions of use. The products referenced herein are
exempt articles and are not subject fo O5HA's Hazard Communicafion Standard requirements for preparation of safety
data sheets. This information is provided as a service to our customers.

2.2. Potential health effects

Lithium cobalt oxide: Odoress blue-black powder - cobalt and cobalt compounds are considered to be possible
human carcinogens. By Intermational Agency for Research on Cancer (IARC): May irritate eyes, skin, nose, throat and
respiratory system and may cause allergic skin sensitization.

Carbon: Odoress black powder - no cases of carbon being harmful to humans have been reported. World Health
Organization (WHO), and International Labour Organization (ILO) hawve never verified that carbon causes irrtation of the
skin and mucous membrane, efc.

Electric agent: Black powder {Garlic-Like), Toxicity (Am. Conf. Of Gov. Ind. Hygienists ACGIH 2000 Edition) - Simple
Asphyxiant, Flammability limits im air (STP condifions): 2.4-83vol% (The upper limit could reach 100%)

Bond: Cdoress white powder - inhalation and skin contact are expected to be the primary routes of occupational
exposure fo this material. As a finished product. it is a synthetic, high molecular weight polymer. Due to its chemical and
physical properfies, this material does not require special handing other than the good industrial hygiene and safety
practices employed with any industrial material of this type. Under normal processing condificns this material releases
fume or vapor. Components of these releases may wary with processing fime and temperature. Process releases may
produce eye, skin andirespiratory tract irritation and with repeated or prolonged exposures, nausea, drowsiness,
headache and weakness. Although unlikely under normal handling condifions, if this material is heated in excess of
@00°F (315°C)., hazardous, decomposition products will be produced. Hazardous decomposifion products include
hydrogen fluoride and oxides of carbon, the concentrations of which vary with temperature and heating regimens.

Electrolyte: Coloress liquid - may cause moderate to severe irftation, burning, and dryness of the skin. May cause eye
irritation or burning. Breathing of the mists, vapors or fumes may imitate the nose, throat and lungs. Exposure of
material with areas which contain water may generate hydroflucric acid which can cause immediate bums on skin,
severe eye bums to the mouth and gastrointestinal fract if inhaled. Direct exposure to areas of the body needs fo be
treated immediately fo prevent injury.

2.3. Potential environmental effects
Mo additional information available.

01242018 [EM (English LIZ) M0
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High Temperature Material

MATERTAL SAFETY DATA SHEET

SECTION 1
CHEMICAL PRODUCT AND COMPANY IDENTIFICATION
Product Name: Carbon Fiber
Product Codes: Carbon Fiber Fabmc, 12K
Manufacturer's/Distributor’s Name: Hi Temp Products of Canada, Inc.

Manufacturer's/Distributor’s Address:
Hi Temp Products of Canada, Inc.
16810 — 129 Avenne, NW
Edmonton, AB T3V 112
Ta0-424-1829 (Tel. No. )
Ta0423 4717 (Fax No.)

Emergency Telephone Number: 780-424-15829

SECTION 2
COMPOSITION AND INFOEMATION ON INGEEDIENTS

Ingredient CAS Repistry No. Weight % Expasure Limitz

Carbon fher TH0-44-0 =9 Zea Mot | balow
Raspirahle HShrous mot mot mot

carbon dust aszigmad kmoam* kmoam*

*AMOUNT WILL EE DEFENDENT UPON METHOD OF HANDLING
NE = Mot establizhed
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Material Safety Data Sheet
Polymaker PC-Max

SECTION 1: Hazards identification

A, GHS classification of the substance/mixture
- Not classified

B. GHSlabal elements, including pracautionary statements

Pictogram and symbol Not applicable
Signal word: Not applicable
Hazard statemants: Not applicable
Precautionary statements

Pracaution: Not applicable
Treatment: Not applicable
Storage: Not applicable
Disposals Not applicable

(. Other hazard information not included in hazard classification (NFPA)

Health: Not avalable
Flammability: Not avalable
Reactivity: Not avalable
Muterlal Safety Data Sheet am
Polymaker PC-Max
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German
RepRap

SECTION 2: Composition /information oningredients

Chemical Name |

SECTION 3: First aid measures

A

Comman Name
{Synonyms)

Polycarbonate PC

CAS number ‘ Content (%)

5037450 »T0%

Eye contact

- Seekmedical attention if eye symptoms occur.
- Incase of contact with molten substance, immediately flush eyeswith water for atleast

15 minutes, Seek medical attention immediately.

. Skin contact

- Remove and isolate contaminated clothing and shoes.
- Seekmedical attention f skin syptoms oceur,
- Fbumed by contactwith hat material, cool molten material adhering to skin as quickly as

possible with water, and see a physician for removal of adhering material and treatment of burn,

- Wash contaminated clothing and shoes before reuse.

. Inhalation:

- Mot available

., Ingestion:

- Getmedical attention if substance isingested.

., Indication of immediate medical attention and notes for physician

- (allemergency medical service. Get medical advice/attention if you needed.
- Ensure that medical personnel are aware of the materialls) involved and take precautions to

protect themselves,

- IFbumed by contact with moften material, cool s quickly as possible with water, and then

il

se=a physician for treatment.

Materlal Safefy Data Sheet
Polymaker PC-Max
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SAFETY DATA SHEET

1 CHEMIGAL PRODUCT AND COMPANY IDENTIRCATION

_ WEETSYSTEM® 105 Epoxy Resin

5, 1054, 1058, 105G, 105, C 1054, C 1058, G 105G, © 105E
EpCEy Fesi e,

| Rie=sim for coafings or adheshes

10s-2Ea

EMERGENCYT TELEFHOME WUMEERS (34 HRE|C

CHEMTREG: s e BO0H-32-3300 [WULE.)
Bay Ty, M 257D6, LLEA TO3-5Z7-385T (Intemational)
Prone: BES-S3T-873T or S85-684-T205 Mor-ranspodation
WL WSS PRI OO Podzon HotliRe: ... ... BOo-EE2-1222

2 | HAZARDE IDENTIFCATION

HE15 Couses skin imitation.

H217 May causE an allegic skin rescion.

H315 Causes serious: eye ritation.

H11 Toxic o sguatic e wilh long lastng =feds.

Precautionary Stabsments

Pressntion

P2 Avoid e aining dustiume s Mt apors Soray.

P24 Wash hands. thomougnly aler randing.

P272 Contaminated work dothing should nof be aliowed out of Tz workplace.
PZT3 Awcld relemse to She ervironment.

P 280 Wesr protecive giovesipmiertive clothingéeyes proschion.

P302 + PI5Z |F O ERIN: Wash with plenty of soap and waler.

P30 + F351 + F338 IF IN EYES: Rirse cauticusly with waler for several minuies. Remove ooniact lenses, I pressnt and sy 5o 0.
Corine rrsing-

P323 + F3132 H skin irfiation or msh ocours: Get medoal aentiontadvice.

P33T+ F313 M eye imfiabon persists: et medcal sientonsadvios.

P32 + P34 Take of contamimalsd doiing and wash ¢ befons e-use.

P Coliect spilage.

Lsposs
PELH Disposs Of contentwicontainer i1 Accodanoe with ool nagionsl and inemationsl raguiations.

Crther Hazandc Mot Resuiting In Clacsioation
[T

[ ]
INGREDIENT MAME CALT S CONCENTRATION 5%
Propane, 2.2-bis{p-12, 3-eposypmpory ey, polmers 25085598 E0-100
Benmyd ol ool 1D0-51-6 10-30

Last Rovisad: 13AUGLE
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WEST SYSTEM® 105 Resm

rnmmmmm | 2E0EL-14~4 | o

The exct chemical idertity andior smct peemeniage: feoncenirabion) of each ingredient has been Fesd 25 comidentisl business imbmation (S8,
Refer o Eection 15 for adbonal imformation reganding s O3 o,

4. FRST AID HEABURER

FIRAT AlD FOR EYES. SYMPTORES: Causes sevious ITiation and redness, REEPCMEE: Flush
Il aiedy wit waber for af st 15 minuies. Femoss conbact enses T present and easy odo. Consult a physican 25 precautionany measumne.

FARAT AID FOR SFIH BYMPTORE: Causes shin riEabion. May cause alergic skin reacion and
sersitrabon. REEPOMEE: Remove contaminated ciothing. 'Wipe ewress from skin. Apply waberiess skin ceansr and then wash wish soap and
wabter. Consult a plyysician i effects oorur:

FRAT AID FOR IHHALATION BYRPTORES: Mol & Bedy poule of esposune uncer nomal conditions. of use.
RESPOMEE: Remove io fresh air F respiraiony Imistion coours: and kesp comionnibie for breathing.
FIRST AlD FOR IMGEITION IYRPTORES: Mo anute adverse healf efferts axpected from amounts

Ingested under nornal condibions of use. REEPONEE" Sk medcal afenion & signiScant amount 1= Ingesisd

6. FRE AGHTING MEASUREE

EXTINGLIZHING HEDA: SUIMABLE: Foam, carbon dioxide: (S04, dry chemical. NON-SUTABLE:
Dirsct waler stream.
FIRE AND EXPLOSI0N HAZARDE: During & fire, Scke MEy CONLan the onginal malerias in sodibon i

comibresSion products of vanying mmposition which may be iosc and'or iriating. Combusion products ray inciude, bt are not Hmibed o
phenoics, carbon monowkde, and carbon dioide.

ZPECIAL FIRE FIBHTING PROCEDURES. ..o ear ) sef-rontained breathing apparahis and compiete fSul-body personal
protecive equipment.  Closed montainers may nupiere joee o bulldun of pressues] aien ssposed b erirere feal

8. ACCIDENTAL RELEASE MEAFUREE

PER3C#AL PRECAUTIONSE AND PROTECTIVE EGANPMENT- . Erap unnecessary and unprotecksd personne] from enbering anea_ Lise
appropriate sty and personsl probeciive: equipment 2= indicsbed In Sesclion 8.

MITIZATION AMD CLEAM UP PROCEDAMNRES ... . . Siop leak withowt addiSoral risk. [solabs aea. Dike and absort with inert
material fe.g, sand) and coliert ina suftable, cioesed contsiner. Warm, soogry waber or mon-fammabie, safe soivent may be used oo cesn residusl.

ENVIROHEENTAL PRECAUTICONS: Frevent from eniering inbo s, diches, sewers, waberanys and
roundaster, Bee Section 12 for ervironmenial pact mommation.

ITORAGE TERPERATURE fmilnimanc ). ... A0°F T 120°F (45850

ETORAGE: Sior= In oo, Ory plare.  Store In Hghtly Sesiad) containers o presyssnt
mnishire alsomption and ss of woiafles. Excesshe Feal over omg periods: of Gme will degrace he resin,

HANDLING PRECAUTIONE: Awnid all skim and eye contact. Warsh thoroughly afier Fanding. Launder
contaminated ciofing before reusme. Asodd Inhalaion of vapors from heated product. Precautionan steps showld be Bieen when curing product in

|arpe Quantties, Winen mieed with pory Curing agents. s product CBUSES. 3 EYninenmic, which In ipe Fasses, can produce enough heat o
darmge o ignie sumourding maierials and emit Somes and vapors that vary widely in compos Bon and foicty.

. EXPOSURE CONTROLAFERSONAL PROTECTION

EYE PROTECTION GUIDELINEE: Eafety glacoes with side shislds or chemical spiash gopoies.

EFIH FROTECTION CUIDELINEE - 'ear Iguid-proof, chesmical resistant goves. (nitrie-buty rubber, Neoprene,
bty mubbeer or natural nebber) snd full boady-covering dofhing.

REESPIRATORYIVENTILATION SUIDELIMES:. . sz with adequaie gemeral veriiafion andior local veniiafion b k==p
EXPOSUrFES Do estanlsred s, Winen ventiation cannot b made soecquate sncUghi io keep esposunes: beiow estabiished Ims, w3
HECEH approved respiaior wifh an onganic vapor carridge, or organic wapor Cariridge + P00 paricuisi= fiier, depending on specific workplace
conditions. Comsull Wilsh your rEspirsion and CarTiige suppiler o SfEsUne proper selartion Of nespirator and Carnidge besed on iIngredients |ised In
Secion 3 and speciic workpiace cordibions. Lise and sefect a respimaior acoondng the guidedines estsblished In CSHA 1550132 or ofer
appiicabi: respiratony protecion standsmd

ADDIMORAL PROTECTIVE BEABURER: .. ... Practice poond caution and personal Cieaniiness in svold skin and eye
Doriact. Awnid SKin Conact when FEMOWIng Qioves and other protective squipment. Wash Shonughly afer randing. Genermnly Spesking, workng

Page 2 of 6 Last Boviwed: 15ADGIS
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WEST SYSTEM® 105 Resm

Ceanly and fliosing basic precautionary measures il greatty minimize e pobendsl tor femTl exposure i hils procuct under noral s
conditions.

CCCUPATIONAL EPOEURE LIMITS: Exposure Imis may not be =stabished for his proouct 35 3 whole. 5o
estahilshed exposun: imits of spedlic Rgredients in Shis product, or other avallabie sxposune [ImE Ffomation, refer D She Sbie beiow,
Marme [ Exposune Limit Information

Fropane, 2 2-bisii(2 3-spoamropoey ipnemyil, poiymers
ISOES-S5-8 Ho daby avalable
Scoha D516 110 porm (AIFHAWEEL)
(=9 28054144 Mo daby avalabis
PHYSICAL FORS: Wisrous lguid.
COLORC Coloriess,
OiDOR- Rlid
QIR THRESSGLD: o dain zvalabie
pH o dain valabie
MELTIMNG POENT [ FREEZING POINT o dais val bl
EOLING POINT [TESmmiHgl: = 400°F (ML
FLAZH POINT: >HNI'F (83T Exbmated based on ingredient data.
FLAMMABILITY [co{ide of QEttst) [ ot vl il
AUTD IGHMON TEMPERATURE o dais avaliahie
LOWER EXPLOENE LIMIT {LEL) o dais avaliabie
UPPER EXFLOSIVE LT [UEL) [l okt el il
WAPCH PREZIURE [l okt el e
ORAVITYDERSTY [waker =10, ... 1145
BULE DENEITY. Q6 bl (115 giL)
WAPDH DENZITY jair = 1) Headier than ar. Estimated ased on ingredent dats
EVAPDRATICNN RATE (Butyl Aoebade =11 ... ... ... o dain zval abie
WATER SOLUBILITY % BY WT.) o dain zval abie
FPARTITION COEFRAICIENT, n-CCTANOLWATER (log Powl...... - i it vl iabie
FINEMATIC VIR COSTY: B85S meris 20'C
DECDEPDSMION TEMPERATURE: o dain avaliabie.
% WOLATILE BY WEISHT: ASTM D 235507 wars e o determine the Volale Comtent of mibesd

Epory resin and hardener. Refer b e hamdensr S0 for infrmabion about e folal volatle conlent of the resindardener syshem,

10, ETABILITY AND REACTIVTYT

ATABILITY: Product i stahie st nomal isparalures and DRESSUres.

REACTITTHAZARDOHIE REACTHINE Froouct will not et by tsel & mass of Fone Tan one pound of prooct
ey with 30 aliphatc amine il cause imeyersibis polymertrtion with Signicant feat bulldun . Storg acids, hases, Smines. and MsrTapians oan
CRLE: Doy Srtion.

INCOMPATIBILITIES: Sironeg acids, bases, amines and merrapians Can CaUse pohrmerimion.
Extrrnal healing or sef-healing could resul in rapid iemperaiore incresse and pressune bold up. 1 such a condition wene o ooour in & dum, B
dinem cowid expand and rupture vickemly.

COMDITIONS TO AVOID: Awoid exressive heat

DEGDEPDSMON PRODCTES: Carbom monoside, carbon doxice and pRenclcs may be produced duaring
unconircdied sxsothermmic rescions or when oifenwise henied o deccmposition.

11, TOXICOLOGICAL AND HAZARD ENDPCIMNT INFORMATION

Component Nams CALE 1L Dhss, Ol L Dy Dwwrerial Lﬂ.lmﬁm
| Propans, T Bl LI -Spopropay ey, SEIT Mgy | >0 mpkg T i
| pofymers Z50EE-55-5 irak) [rabibit)
=4.18 mpA
Berey aicchol 100-51-6 1530 mgip W cats 4 h a=msol
ACUTE TORKICITY: Mo speciic ioxldity dabs ewisis fior tis misune. Ciassiication s
based on soubs foaicty ssimation methods using ingredient dais.
Cral ot Clamshen. Does nol mes anube orsl ioscity oiena.
Derral: ot clamsfed, Dossnot mest acute denmal ooty o,
Inhaistion: Mot ciassifled, Does nof mest anube iInhalaton foxidty ofteria. B prodect s

heated, wapors peremie Can CAUse hesinchs, names dreress snd pressibie rEspraiory iiaton Fintaied in Sigh concenrations.

Page 3 of 6 Last Boviwed: 15AUGIS
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WEST SYSTEM® 105 Resm

EHIN CORROINON | IRFITATION: Causes siin Iritaton — Caiegory 2.
EERIDUE EVE DAMAGE | IRFITATION: Causes seiolE Eye imiadon. Category 24,
REEPIRATORYT BENIITIZATION: ot Classiied. Does nob messt e for eapiranry Sensitner.

Repeaind exposure i high vapor conosririons may use irkation of pre-existing ung allsrgles and incresss the chance of
deveinping alergy symptoms. o this produc:.

ZHFIH SENRTIZATION: My couse allespic skin reaction. Calegory 1.

REPRIODUCTIVE TOMICATY: ot classfed. Digiycidyl ether bisphenoi-A, in animal studles, has been
svown ot i Inderiene with reproducion. Dighyoidyd ether bispihenokA did not tuse birth defers or other adverse offecs on the fetus when
pregrant rabbis were saposed by stin contact, the most [ty route o saposure, oF Whesn pregnant mis or bl were ssposed oraly.

MUTAGEMICTY: ot classfard. Dighycidyl ether bisphenoi-A. in animal mutagenicity shales
were pegative. In witro mutagenicty tesls wens negative Insome cxses and posiive In ofhers.

CARCIMOGENICITY: ot classfed. Mo ingredient of this product present at kevels, greater Ghan or
equal o014 s idenified 25 a carcinogen or pobemiial cantinogen by CEHA, MTF or LARC.

Moy shudles heree been conducbed o assess She polentisl cartnogenicly of dighycdyl ether of isphenck-A. Alhough some wealk evidence of
carcirngenicty has been reporied in anials, wihen all of the daty are conshdersd, e weight of evidence does. not show that Dighoidy effer
béspiesnci-A |5 carcdnogenic. Indeed, Fe most recent revies of Te avallabie dais by e insmatonal Agency for Fesearch on Cancer (IART Fas
oonciucked that Dighycidyd ether bisphencl-A, s not clessMed 3s 8 camtinogen.

Epichionoiydring, an impurty inhis product (<5 ppm) has besn neporied o procuce cancer i aborsiony anieais and o produce. mutsgenic
Creanges in bacieria amd culursd human cells. [ Ras been estabiished by the Intermafional Agency for Research on Canoer (LARC) a5 a probable
human cardnogen [Group 24] bassd on e Hiiosing concusions. Fuman evidenos — inadequate: animal evidenos — sulficent. |t has been

dassified &5 an anticipaied Fuman carcinogen by T Mabional Towoology Frogram (WTF. Nobe: K |5 unllkety that nomal use of this prodect
wod Fesuit In measurabls syposUre conceniradons b fhis substance.

ETOT [#ingls Expocuns; Mot Classiled. Does not mest ETOT SE oriteria.

ETOT (Aepeated Expocurs: ot Classfled. Does notmest STOT RE oriberia
ARPIRATION HAZART: Mot classfied Does not mest acpiraion oucEy orieria.
OTHER HEALTH HAZARD INFORMATION: ... . .. [l koL

ACLTE AGLATIC TOMICETY: Mo speciic est dois avallabie for Fe mivhure. Caioubsied
Estimate: Mot dassfed Does not mest aculs aquatic chssification criteria.

CHROMIC ARUATIC TOXICITY: 0 speciic st daby avalae for e miviues. Cainuisen
Esiimate: Aquatc Chnonic Caksgony 2.

PERSITANCE AND BAODESRADABILITY: .o o speciic est doia avallabie for Fe mivdure.
MOBILITY IN B0IL: o spechic iest daia avalabée for fe mivdurs.

ADDITICMAL ECOTONICITY INFORMSTION: ..
qualic [P long xsing =ffecs. Prevent nelense 1o

—Inthe: bguid, uncured stale, this prodct mary b= hammul o
Sewers and kol weriers.

Ecotomlolly ClaCeioaton Infaraion
Aot Chronic Cak J

Mot Ciavmsfied
Aopentic Chronic Cab 2

13, DI2POJAL COMIDERATIONS

WAETE I3POSAL METHOD: Evakmaion of s proouct using RCAA it shoss Tl s not 3
hemrdous wasie, ether by Bsiing or chamcierisios, In Bs pudhased frm 1t s the respons BEy of the: uses o defermine: proper disposal
metods.

Incimeraie, recyce Tus Bending) or recisi may be prefermed mefhods when conducied in acroniance with federal, siade and local reguistions.

14, TRANEPORTATION INFORMATION

UE DOT
UNMLA NUNBER: ot Feguiabed.
SHIFFING MAME: Biot appicabie

Page 4 of & Last Beniwed: 15AUGIS
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WEST SYSTEM® 105 Resm

TECHNICAL EHIFFPIMNG MAME- Mot appicabie.
HAZARD CLASE: Mot appicabie
PACKING GROLF: ot appicabis.
CANADA TDG
UHSLA. HUMBER: ot reguiksbed.
SHIFFING NAME: Mot appdcabis
TECHNICAL EHIFFPIMNG MAME- Mot appicabie
HAZARD CLASE: ot appdcabie
PACKIMNG GROLF: Mot applicabis.
IMD3
LK. BLRBER: UNB0D.
SHIFFING NAME: Emsmementally harsmiows substsnoe, liguid, ruos.
TECHNICAL EHIFFPIMNG MAME- Epoay Resin.
HAZARD CLABE: Class g,
PACKING GROLIP: Pa I
EmS Mumber —M, BF
MARINE POLLUTANT Yes
PEADIATA
N, BLBER: UNE0E2.
SHIFFING NAME: Emrsimementally harsmiows substsnoe, liguid, s,
TECHNICAL EHIFFPIMNG MAME- Epoay Resin.
HAZARD CLASE: Class .
PACKING GROLF: FaE
MARINE POLLUTANT: Yies
COHUNTRY INVENTORY LEET ETATLIE
Liniesd Stales TECA Al Ingrecienis are Bsbed or othersl e oomplant.
Europe EINECS or ELINCE Al ingredienis are Bsbed or otherslse oomplant
Carada CEFPA [DEL/MDEL) Al ingredienis are Bsied or otherslse oomplant.
Auriralia MICE Al Ingredents are Bsbed or otherslse oomplant.
[ Epan s Al ngredeniz are el or olheralse ooplanl
[ Ecuih Fores FE 3 3 =
China B ar 3 3
Prilppines [miwe:] Al Ingredients are Bsted or otherslse complant.
UE EPA 3.ARS TITLE W Asporting and Motifoation Requiremaims:
St o Sedhion 30 (TPG) o dain vl iabie.
Suljert o Bechion 308 (RO o dalb vl sl
Suljert o Becion 311 or 312 immeiiiaie
St b Sechion 313 o dain vl iabie.
Canads WHMIE Confdential Bucinecs Information [CBI): ... _ T HRA: namber issued for this CEl daim ks 35455 The dale of fSling ks
20150803

ETATE REGULATORY INFORMATION:
Chemicals Isted beiow may be speciically reguisied by Individual sties. For defalls on siate regulsiony requinsmenis you should contact the:

anprogriate shte apgency.

COMPOKENT HAME

CAS HUMBER STATE COCE
Epichioniyann

058 < Sppm ‘oA

T Thess subsianoes s known o the stabe of Calfomis io cause cancer o reproductive ham, or bot

18. OTHER INFORMATION

REAZON FOR B 3UE: S0E prepansd accomding o he requiremenis of Bhe LS CEHA 15100 1200
HazCom 2012 and Canads Harsmiows Froducts Reguiaton WHMIS 2015,

PREFARED BY: G ML House:

APPROVED BY: G M. Houss

EDE CONTACT: SAtE OGO

TITLE: Heaith, Saf=hy & Ervironmenil Mansger

AFPROVAL DATE: Augeest 15, 1B

EUPEREZEDEE DATE: Jume 1, 2015

E0E VEREIDN: 105206

Page 5 of & Last Boniwed: 15ATIG1S
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WEST SYSTEM® 105 Resm

CTHER HAZARD INFORMATION AND RATING EYETEMSE:

HMIEE FATING

Approdmaie HULS and NAFA Risk Radings Legend:
0 = Livwr or Fome; 1 = Efight; 2 = Ripderaie; 3 = Serious; 4 = Severe

Inforrmation In this document 1S fumished winout warmanty, spressed of iImplied, ecept et s socurate io e best knowienpe of Gougeon Erthers,

Inc. The daty on this shesf |s relaied onty D e spadfic mabenial designabed hersin. Gougeon Brothers, inc. assumes mo gl responsid By for use or
reliance upon hese data

Page 6 of & Last Renised: 13AUGIS
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SAFETY DATA SHEET

Trade Name: FIBERGLASS CLOTH

Chemical NA
Family:
Formula: NA
Aapufacturer: BGF Industries Supplier: CDAST FIBER-TEK
3802 Robert Porcher Way 1306 Boundary Koad
Greensbore, MIC 27410 Burnaby, BC VEK 4T6
Emergency Phone #'s: (S00)476-4345 Tel.#(604) 294-5116
Transportation EMG. Phone # CANUTEC (613} 996-6666
(60 930-0650

HAZARDOUS INGREDIENTS:
FIBROUS GLASS: CAS #65997-17-3 99 54%
FIBROUS GLASS DUST: %; not known *
* Amount will be dependent upon method of handling.

Exposere Limirs: ACGH TLV (Source): Sme'm”, O5HA PEL (Source): Sme'm’

PFHYSICAL DATA:

Appearance & Odowr:  Salid. White no ador

Fapour Pressure: 200 kPa

Fapour Densiy: WA

Soiubliity in Faner Meglizibla

Specific Gravine: Approximatety 3.5

Dvqporation Barg: WA

Saftening Pomi- Approximately B35°C

Dhamsiny: 2560 glom3 @ T7°F / 25°C

BE WA

FIRE & EXPLOSION DATA:

Flommable Limir: WA
impuithi Water, foam, carbon diexide, dry chemiral

Self contained besathing apparafus and complete protective clothing.

HEATTH HATARTS DATA:

NOTE: Haaith studies have shown thar expestre to chemicals pose patentdal ritks wiich may vary from
parson fo person. Exposure fo liguids, vapours, miss or fimes showld be minmmized.




Page |180

SAFETY DATA SHEET

Fiberglass Cloth-Pgl

PRINCIFAL HEAT TH HAFA BTHS:
Skin Conmper:  Minor imitation

Consper: Miner Emitation
Inzeaiion: Miner mmitation
Inhalation: Miner fmitation
FIRST AID FROCEDTURES:
SEn Wash with scap & water. If irmtation persists see physicdan
Eyes- Fhash with water for 15 mimstes. If imitation persists see physician.
Ingeation: Give 2 glasses of water. If imitation persists see physician.
Inhalaron:  Femove to fresh air.
PREVENTIVE MEASURES:
Shn: Always apply appropriate bamier cream to exposed skin Wear impervious glowes (butyl robber),

coveralls and safety footwear.

Eyer- Chemical proof gogeles ar fill e respirator if vapeurs cawse eyve immtation

Ingestion: Wash thoroughly before consuming food suffs.
Inhalafon:  Use only in well ventilated areas or use NIOSH approved respirafory protection with organic
vapour cartmidges.

CONTROL MEASTURES & PRECAUTIONS

E=ep container tightly clesed. Do not consume food, drmk or ivbacco in work area or material storage ansas.
Use caution and personal cleanlimess o aveid skin and eye contact. Asvedd breathing vapours of beated materials,
Use paper covering absorbent wipes and suitable disposable confainers in work area

SPILL. LEAK & DISPOSAL METHODS

Eeview fire and explosion hazards and safety precantions before proceeding with clean up. Fesmict
access b0 arsa. Contain spill fo prevent dost from entering sewers or waterways. Place in suitable container for
disposal.

DISFOSAL METHOD
Ciizpose only in a facility permittsd to disposs of hazardous wasts by Federal, Provincial and Mumicipal regolstions.

SHIFFING INFOBAATTION

Shipping Name:

Hazard Class: Hon Bepulated
TUN/TPIN #:
Flashpoimt:
WHRMIS: DIB

The information contained herein is based on data that we believe to be accurate. No warmanty either expressed or
mmplied is made. This information &5 offered solaly for your considemton inferpretation and mformation.

Preparation Date:  September 1, 2000

Prepared by: Nigel Poare, 1306 Boundary Road, Bumaby, BC V3K 4T6
Telephone #: (604) 204-8116
Revised Date: April 28, 2017

NA =Not Awailahle
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Safety Data Sheet Page 1of 6
Material Name: LaserForm AG

L CHEMICAL PRODUCT AND COMPANY IDENTIFICATION
Hazardous Materials
Product/Trade Name:  LaserForm™ AB Identification System (HMIS):
(Dsgres of hazand 0= kow, 4 = sdrare)
Chemical Family: Metal Powder Heaaith 0
i . . s Flamimatiity 1
Product Use: Material for SLS* (selective laser sintering) systems s 0
Personal Protection:
Dust mask, skin, eye prodection
Manufacturer:
Marufacturer Contact 30 Systems GmbH
Guarkchaweg 5
Gemany
For Iinformation Phone: +459 {0} 6151 357-357
RS \l\ Fax: +45 {0) 6151 357-111
w Emergency TO03.527. 3847 - Chemirec (U.5.)

30 SYSTEMS

IL COMPOSITION INFORMATION

EC # Componant Classification Parcant
231-157-5 | Chromium (CAS# 7440-47-3) | R3ISATIZE 181
231-111-4 | Nickel [CAS# 7440-02-0) *n R40 R43 0,505
231-155-0 | Cobalt (CASS T440-45-4) Xn R4243 R53 0,505
231-105-1 | Manganese [CAS# T430-05-5) <181

Ganeral Product Information

THis preparation |5 classfied a5 hazardous acconding o European Union Directives E7/S48/EEC and 9945EC.
¥ R43

T HAZARDS IDENTIFICATION

Emergency Overview

This preparation can cause an aliergic skin reaction. Prolonged or muitipls SXpOSUNES Can cause skin sensitisation. Can cause eys,
skin, ammspdmymmaum Dusts or fume can cause respiraiory systam damage. The medal alloy contains a substance that can
CAUSE NErvoUE system effects

Potential Health Efects:

Eyes: This product £an cIlse ey (Mtaton. Symploms Incute discomfon, Hehing and redness afer contact.

SHin: This product can cause skin iritation. Sympioms iInclude reversibie redness, Ihehing andfor paln.

Ingestion:  Ingestion of large amounts can cause gastrointestingl Imiation, vomiting, Mamhes anmor nEusea.

inhalation:  This product can Imtate the respiratory system. Sympioms Include mild nasal and respiratory imitasion, coughing, and
difficulty breathing. Inhalation of fumes when the product is heated can cause metal fume fever wil resutting Mi-ike
BYTELOmS.

Chionlc: Proionged of repeated Inhalation of powder, dust or fJumes can causs more severe imitafion and poesioly lung damage.
Proionged of repeated exposuras io chromiwm dusts of fumes may cawse perforation of the nasal septum, bivody nose
and other sympioms of savers nasal imiation. Chionic exposwe to very high concentrations of manganese dust has
caused NEMVDUS Sysiem effects Including muscle weakness, fremors, and behavioral changes. Epidemisiogical siudies In
humares have shown an association between lung and nasal cancers and prolonged occupational exposures to high
concentrafions of metalic nickel. While metailic nickel has been dentified as a possibie health hazard under extendad
EXpOEUre 1 lange concentrations, the nicked In his product IS In low conceniation and is aloyed Wil other metals. The
panides are also coated with a binder, further reducing me nsk of exposure 1o nickel

EDE » LasarFerm A8+ Pl 2413881300 » EMGLEH - EU e —
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Safety Data Sheet Page 2 of &
Material Mame: LaserForm AB

Medical Conditions Aggravated by Exposure
Could aggravate exlsting asthma, neurniogical conditions, emphysema, of ather respiratory disease.

V. FIRST AID MEASURES
Eyes: Immediately fiush eyas with plenty of water for at least 15 minutes. Gat medicsl sbention Immadatey.

SHn; Briech off powder using papar of textile towals. Wash affocted area wih mild s0ap and wadsr. n case of damatits or i
imitation persists, remaove contaminated clathing and get medial attenton. Wash contaminated cipming bafore reuse.

ingestion:  Mat an expected rute of entry. ¥ lame quantiies of this materal are Ingested, affectad person should drink 500 - 800 m

water, If possible with suspended actvated carbon for medical use. Give water repeatedly. Gat medical afention
immesdiately. Arfcial Induction of vomiting should be restricted & frst ald ST, Maver glve anything by mouth to an

Inhalation:  If 3 probiam gavelops, move affecied parson to fresh air, give ariMcal respiration f not breathing, and gat medical
attention Immadiatey.

V. FIRE FIGHTING MEASURES

Flash Paint MA Method Ussd: MA

Upper Flammable Limit (UFL): MA Lower Flammable Limit (UL MA

At Ignition: MA& Rate of Buming: MA

General Fire Hazarmds: Dusts can fomm an expiosive mikiure with an.

Hazranlous Combustion Products: Thenmal decomposition producis can Indude CO-, OO, MO, metEl fumes, onganc-metalic
COMpounds, and smoke.

Extinguishing Medlz DOy sand of an exinguisher approvad for metal powder fires. Without disturting the buming mass, smomer the
fire and aliow the fire o em el out. DO NOT USE G0, extinguishers of water on metal powder fines.

Fire Fighting Equipmentiinstructions: Wear full prodective clothing, Inciuding halmet, seif-contained positivepressure of pIEssUre-
demand breathing apparatus, protective clothing and facemask. Move contalner from area if it
£an be done wihout risk. Do not use high-volume water et or high-pressun:s Iner gas. Avold

Inhaiation of materal or combusHon Dy-products. DUst ACCUmUEEtion from this produst can
present an explosion hazard In the presence of an Ignition source.

L ACCIDENTAL RELEASE MEASURES

Containment Procedures. Shop the flow of materdal, I ®is Is without fek. Ventllabe contaminaled area. Eliminaie sounces of ignition.
Avnid the generation of dusts during ciean up.

Clean-Up Procedures:  Wear appropriaie probective equipment and clothing, Inciuding 3 ground sirap or conduciive-soled shoss,
dLring Siean . Vaculen the oy powder Intn 3 cicsen container with intemaly and extemaily expl
VACULM equipMERt or LES2 non-Sparking tocis io collecd the matenal. Avold e genaration of dusts during
ciean-up. Axoid contact with water. Place matesial in an appropriate container for disposal.

Evacualion Procedwes.  Keep unnecessary personne] away.

Special Precautions: A& substantlal slipping hazam exisis when these small spherical particles are spilled.

¥il. HAMNDLING ANMD STORAGE

Handiing Procedunes:  Avoid GUst accumulaton of this matenal to repuce potential expiosion hazarm. USe non-sparking oS whar
OpSning of Ciosing contalners. Use spark-proot, bonded, and grourded conveying and processing equipment to
prevent static charge bulkd-up. Kesp this product from hieat, spans, o opan fame.

Siorage Procagures:  Keep this matenal In 3 cool, dry, well-ventiated place. Swold tust accumulation of mis matenal. ENminats al
gourzes of ignition. Kaen saparate from Incompatible materals.

EOE » LasarFarm A8 » P 24138 81200 - ENGLIEH » EU o —
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Safety Data Sheet Page 3 of &
Material Name: LaserForm AG

Vill. EXPOSURE CONTROLS/PERSONAL PROTECTION

Exposurs Guidelings
A General Proguct information:  Fodlow all applicaible exposure IMits.

Br Subsiance Exposune Limits:

Substancse Intemational OELS
Chromium Finland: 001 mgim
Australla 005 mgim
Baigium, Denmark, France, Metherands, Norway, Poland, Sweden, Japan, UK (MELL: 0.5 mgir®
Prillppines: 1 moginT
Marganese Canada
Alnesta (TWA): 1 mgim (Tume]: Celling: 5 mgim®
Mantoba (TWAL 1 mgm® (flume); STEL: 3 mgim® ffume Celling: 5 mag/m® [dust)
New Brunswick, Ontario (TWAJ 1 mg/m® {fume), 5 mgim” (dustj; STEL: 3 mg/m” {fume)
Quebes (TWAEVY 1 mgim® (fume), 5 mgeim? [dust)
Saskatchewan (TWA): 5 mgm” (35 Mn; 1 mgim3 [TWAY STEL 5 mgim” {elemantal], 3 mgim” {fume)
Yukon: Celling 5 mgim®
Belglum, Denmark, Firkand, France, Switzartand, UK. — 1 mg/m”
Sweden — 2.5 main
Germany (MAK) — 0.5 mgim’
Hicke] Canady
Alerta (TWA): 1 mgim® STEL 1 magim®
Manitoba, Mew Brunswick, Ontaro (TWA ) 1 mgm®
Queber [TWAEV] 1 3
British Columizla (TWAJ 005 mgim™, KA (corfirmed human carcinegen); sensitizer — reduce exposurs bo
minimem possiie evel
Engineering Confroks

Use explision-proof [oeal exhaust ventiabon. Ventlation should effectively remove and prevent bulidup of any dust generated from e
handiing of this product.

PERSONAL PROTECTIVE EQUIPMENT

EyesFace:  WWear goggles.

Sain: Uise Impenious giovies and apron.

Respiratory: I ventilation cannot eMectvely keep dust concentrations below estabiished imits, aporoprate cerMed respiratory
protection must be provided.

Genaral; An aye wash fountaln ks recommended.

[} PHYSICAL AND CHEMICAL FPROFPERTIES

ADPEIRANGE .....o.ooooooooooeoo.......... SIVETIETAY Paveer (o R
Vapour Pressure ... NA Vapowr Denslty ... MA
Boling Polnt ... HA Melting'Freazing Point ... MA
SOUBIRY [HaD) oo VGBI @ 20 °C Specc Gravty. ... ... MA
Percent Voiatlle .. ..._.._.<1% Mokecular Wekght ... MA

W VTR

BOE - LakarFaimn A2 - P 24123-812-00 - ENGLIEH - EU
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Safety Data Sheet Fage 4 of 6
Material Name: LaserForm AB

X CHEMICAL STABILITY AND REACTIVITY

Chemical Stabiity: Siable under nommal condfions of handiing, use and Fansportation.

Congitions o Avoid: Avold disparsion of Sust In air. Avoid ignition sources where dust is producad. Avald contact wit maolst air
o humid conditions.

Incompatibdlty: Duidizing matenais, srong acids and strong bases.

Hazandous: Decomposiion:  Thermal decomposition producs can Inciuge CO., CO, MO, metal fumes, organc-metallic compounds, and
SMKE

Hazardous Polymerization: Wil not oceur.

x. TOXICOLOGICAL INFORMATION
scuie and Chronke Toxlciy
A General Product information: WA

E: Component Analysis

| Component LDy Oral inhatation
Chromium 7.5 mgikg {rads) Samom (rats)
Manganese T gk (rais) no data

Chiomium: I &50me Wrkess, Chimmium compounds 3ot a5 allergens and may cause denmatiis andior pulmaonary sensitisation.
Chromic: acid and chromiates hawve a direct comosive efMect on the skin and the mucius membranes of the upper

respiratony ract. Alihough rare, there may be the pessibiiy of skin and pulmonary sensfisation.

Cobait: Cobalt has been reported as casing hyper-sansifsation type dematitis In Indviduals who are susceptible. Animal studles
Nave shown that particulate cobalt 15 an acutely IMatng SUBSENCE and INAUSal eXpOSUNSs, possinly Combined with small
amounis of sliica, are reporied capable of producing Serous peumoconioss.

Mickel: The most common aliment arising from contact with nicked or is compounds k& an allergic dermatitis known as “nicked fhch”
which usually ocours wien the skin Is molst.

Since these substancas ane 3l part of 3 metal alioy, exposure to slemental matals Is highly unlikely, and they are not expected fo posa
he afore mentoned health-hazands In this product.

Cancinogenicity
A General Proguct information: This product ks not listed by IARC.
E: Component Analysis

Hizkel: In laboratary animal studies, chronic exposurs i high concentrations of metallc nicked has caused an ncrease in lung
and nasal tumors. 1ARC has classMed nickeal as possibly earcinogenic b humans, group 26, The National Toxicoiogy
Program (NTP) classifies metallic rickal 35 “Reasonably Artidipaied to be a Human Carcnogen.” Micke-contalning
alioys have nod baen Msted by NTP 35 carcinogenic dus to Inadequacy of the data. The Sorm of this produet and the alloy
structure make it highiy unilkity that exposure to metallic nicke! will occur.

Chromium:  |ARC has detemminad that there |s suiclent eviganca of Incraasad Ung cancar 3mong WOrkers In the chromate-
producing Industry and possible chromium alloy workers. This determination s supponizd by sufficient evidence Tor

caninoganicity o animals and possible mutageniclty 26ting of Cr VI compounds. The form of this product and the alioy
strscture make 1t highly unilkely that exposure b eliemental chromium or Cr Vi compounds will oceur.

Heurologlcal Effacts
A General Product information: This product ks not known or reported 1o cause neurniogical effects.
E: Companent Anaiysis

Manganese:  Chronic exposure to very high concentrations of manganese dust has caused nervous system effects Including musca
waakness, ¥emars, and behavioral changes in humans. The form of this product and the alloy struchre make | highiy
unik=ly that exposure io metalic mangansse will Ooour.

EDE » LasarFarm A8 » P 24125881200 » ENGLEH » EU —
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Safety Data Sheet Page G of &
Material Name: LaserForm AG

bl B ECOLOGICAL INFORMATION

Ecotoxiclty

#: General Proguct information:  This product |s not ciassied as dangenous 1o the environment.

B: Component Analysis - Ecolmdclty - Aguatic Towcity: Mo ecotoxicly data are avallabie for this produwet.
Moblity — Mo Information avallable for product.

Persistence & Degradation — Mo Information available Tor product.

Binaccumulation — No Information avallable for product.

Other Adverse Effects — Mo Informiation avallable for product.

Environmental Fate: Mo Information avallable for product.

X,  DSPOSAL COMSIDERATIONS
Waste Disposal Insfructons

Awold disposal. Allempt to uilize preparation completely. Prior to disposal of unusad preparation, consult an approved waste dsposal
operative i ensure reguiabory complance.

XIV.TRANSPORT INFORMATION

USDoT | RIVADR | MODG | ARTA | NGO [Canaga ToG
Shipping Mame Not Requiated
Hazand Class:
UK Numbser
Packing Group:
XV. REGULATORY INFORMATION
Eurcpsan Unlon Requilaiony Information
General Product Infiormation: This subsiance ks not classfead acconding to European Unlon Directive 677548 EEC
xn Haamriul

R43  Maycause senshisation by skin contact
512 Do not breathe dust.

523 Do niot breathe fumes.

SD&PE  Awold comtact with skin and eyes.

SIEET  Wear sultabls profective ciothing and gioves.

Component Analysis - Inventory

ComponeniiCAS EC# EEC CaN TSCA HLP
Chromium (CAST T440-27-3) Z31-1575 | EINECS DSL Yeb Mo
Nickel [CAS 7440-02-10) 2311114 | EINECS DSL Yeb Mo
Coball {CASE 7440-26-4) Z31-1560 | EINECS DL Yas Mo
Mangarese (CAGSE T439-96-5) Z31-105-1_ | EINECS DSL Yot Mo
0Vl ADDITIONAL INFORMATION
Full taxt of all Risk Phrases In Sections 2 & 3
Ecs ComponsnticAS Clasaifcation
231-157-5 | Chromium (CASS T440-47-3) | 9 Irritant
RIGAT33  Imtating to eyes, respiratony systsm and skin.
¥n EETET]
231114 | Mickel (CASS T440-02-0) R4D LimHed evidence of a carcinogenic effact
R43 May calse sensitisation by skin contact.
®n Harmiul
231-156-0 | Cobalt {CASS 7440-28-4) RAZW3  May cause sensitisation by Inhalation and skin contact
RS3 M3y cause long-tem adverse effiects In Me aqualic envirnment.

W FYTEML

B8 » LasarFam A% + Pid 24123-812-00 » ENGLIEH - EL
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Safety Data Sheet
Material Name: LaserForm AB

Page 6 of &

MS0S Creation Dabe: _25.01.06

W30S Revislon# ____nia

MSDS Revision Date __nia

Reason for Resislon: ....nfa

For mon2 IRformathon: .. W E5.Com
+48 {0 5151 357-357 [Europe GMT#01:00; Mon — Fri, 08:00 am. - 17:00 p.m. MEZ)
800.793.3569 (Tol-Tee In the LS GMT-07:00; M. America, Mon — Fri, 6:00 a.m. 1 6 p.m.)
970,257 4700 {Dutside the U.S. GMT-07:00; N. America, Mon — Fri, 600 am. io 6 p.m.)

DISCLAIMER OF LIABILITY: The “cliowing supersedes amy provision In your company’s forms, lefiers, and papers. 30 Systems, Inc. makes no waranty
whether expressed or Impled, inciuding wasranties of merchantability or of finess for a parfcular pupcse for Bis product. Ho siatements or
recommendations contaimed in the: product Berahine are o be construed as nduosmenis. to infringe any relevant patent now or hereafter in exstence.
Under no drcumsiances shall 30 Eysiems, InC. be llabie for incidentsl, consequenial, or other damages from aleged negliperce, bressch of wamranty,
sirict liabilty or any other theory, arsing cuf of e wse or handiing of this product. The soie [ability of 30 Eysiems, Inc. for any clalms arising out of the
manufacture, use or sake of [ products shall be for the buyer's purchass price.

© Coppright 2006 by 30 Systems, Inc. All Fights reseried. Subject by change without notice.. LaserForm s a rsdemark of 30 Sysiems, k. The 30 logo

and SLE ane registered rademanks of 30 Sysiems, Inc

Ezyilegend

ACGEIH = American Conference of Govermmental Industral
Hygienists

CAS = Chamical ADsiradis Saervice

CERCLA - Comprehensive Environmenial Response,
Coempensation, and LIablity Act

CFR = Code of Federal Reguiations
CPR = Controllad Products Reguiations
DOT = Depariment of Transpartation
DSL = Domestic SubstEnces List

EINECS = Ewropean Inventony of Existing Commercial Chemical
Substances

EPA - Emvironmental Protaction Agency
IARC = Infemational Agency for Research on Cancer
IATA - Intamational Alr Transport Assocation

IDL = Ingredients Disclosure List

mgkg = millgrams per Kiogram

Mgl = millgrames per Liter

mgim3 = milligrams per Cubic Mater

MEHA = Mine Safety and Health Administration

A = Mot Appiicable or Not Avallable

MIDSH = Mational Insiiute for Cocupational Satety and Healin
MITSR = Mew Jersey Trade Secret Regisiry

NTP - Nationial Taxlcology Program

DZHA - Cocupational Safety and Heallh Administration
SARA = SUpaMUNG AMEnaments and Reauthonzaton Act
STEL - Short Tesm Exposure Limit

TG = Transport Dangerous Goods

TECA - Toadc Substancas Controd Act

WHMIS = Workplace Hazanous Materials information System.

BD8 - LasarFarm Af » Pl 24123-812-00 - ENGLIEH - EU

o VTR

RAIDER AEROSPACE SOCIETY

REESE AIR FORCE PARK

SAFTEY PROTOCOL
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Document Disclosure: This document has been drafted per request of
Texas Tech professor, Dr. Gale, in order to appropriately ensure
efficiency and safety during the use of this facility.

Tool Disclosure: For specific procedures and regulations, refer to the
RoboRaider’s Safety Exam:
https://docs.google.com/forms/d/e/1IFAIpQLSeplfBO_4bH5-M5h1R-
Foxtqwybu_13TJ HAHWV1XxpgKnpQ/viewform

*Equipment is used at your own risk and neither the Raider Aerospace Society
nor Reese Technology Center accepts any responsibility

Members of R.A.S. will adhere to the following:

Behavior and Conduct
e Horseplay or aggressive actions towards any and all persons at the
facility will not be tolerated

e The consumption, possession, and the presence of alcohol will not
be tolerated on the facility property

e Members will be limited to a maximum of two guests to avoid
overcrowding

e All food and drinks must be kept out of construction zones

e Access to equipment other than that owned by R.A.S. must be
approved by a credible representative of ownership

e Members should NEVER run inside of the workspace building

e NEVER use equipment you are not familiar with and haven’t been

introduced to by an authorized officer

Never work in poor lit areas

Keep yourself well balanced and never overreach.

Never work with material that is broken or unclean.

Always consult a RAS officer before using any special equipment

or setups.
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Never stand near danger zones or close to anyone operating
equipment.

General Equipment Behavior
Always keep hands, arms, or legs out of the cutting path of
equipment.
Position your body out of harms way while operating any
equipment
NEVER use faulty equipment that is subject to replacement.
NEVER test the sharpness or temperature of a tool with an
appendage of a body.
Equipment will be used solely for its functions and are not to be
considered toys
The appropriate use of tools for a given action must be considered
in order to avoid error in equipment performance and protection.
Only authorized members may use both the given equipment of the
facility and equipment purchased by the organization.
Equipment is not to be removed from the premises unless for club
events or repairs
Properly use secure support surfaces while operating any
equipment in order to ensure safety to both equipment and adjacent
people.
Always store or secure tools away from potential harm to yourself,
other person(s), or the equipment itself.
Cutting edges must be sharp and within operating conditions.
Equipment should always be adjusted and calibrated before
attempting a given task.
Always consult a RAS officer before making adjustments or
performing maintenance to equipment.
Never force or apply uneven pressure while performing any tasks
with equipment.
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Cleanup and Awareness
Keep workspaces clear and organized
Keep isles clear of loose materials
Never use your hand or body parts to remove scraps or shavings
away from equipment operating area.
Remove any special attachments from equipment as well as
reset both safety guards and standard settings to equipment.
Don’t leave spills or hazardous materials unattended.
All equipment and tools will be returned to their designated
storage area(s)/container(s)
Maintain cleanliness of equipment to insure equipment
functions properly

Clothing Standards and PPE (Personal Protective Equipment)

Always use personal protective equipment while operating any
equipment.

Complete coverage of feet must be worn

Hair should be secured with proper hair accessories

Jewelry must be removed before using any equipment

No baggy clothing will be worn while using equipment

Pants must be worn while using equipment.

Shirts should be tucked in and long sleeves neatly rolled up
Do not wear gloves while operating equipment unless handling
rough materials

Wear ear protection while around working around loud
equipment

Use proper ventilation and wear masks to avoid breathing in
harmful material debris.

Shop Maintenance

If you are not certain on cleaning procedures or cannot identify
spilled substances, notify a RAS officer immediately.
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o Always know where and how to use fire extinguishers.

e Always keep cabinet doors and drawers closed

e If you disconnect power to a machine at the circuit breaker, use
a lock out system or put up a sign: “Don’t Connect.”

Chemical Use and Storage
e Chemicals include but are not limited to:

o Potassium nitrate, ammonium nitrate and potassium
chloride, liquid oxygen, oxidizers, lithium, fluorine,
methane, water, etc.

e All chemicals must be properly secured and stored when not in
use

e Any chemicals with noxious and flammable fumes must remain
in airtight containers until directly in use.

e All flammable materials must be properly stored within given
fire cabinets

e While handling any dangerous fumes proper use of the fume
hood, masks, goggles, lab coat, and gloves must be enforced.

e Chemical expiration’s must be documented and properly
disposed of.

e Disposal of chemicals must be done properly and safely

e Chemicals must be properly and eligibly labeled

Materials:
Materials include but are not limited to:
o PVC pipe, wood, aluminum, steel, carbon fiber,
polyethylene, polyurethane, polystyrene, various plastics and
foams, etc.

Hand Tools
e Tools include but are not limited to:
o Non-powered equipment such as: screwdrivers, pliers,
hammers, etc.
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Hand tools are to be used in a safe manner at all times and
should never be used outside of their designed purpose.
Proper maintenance and replacement of hand tools should be
exercised by all RAS members

Power Tools

Tools include but are not limited to:

o Table saw, Band saw, power drill, drill press, routing

tools, sander, jig saw, circular saw, lathe, etc.

Electric Power tools must be grounded or double insulated to
prevent electric shock. If equipment does not meet that standard,
it will not be used.
Re-assure power tool as been turned off before connecting to a
power source to avoid any unscripted equipment actions.
Always make sure equipment has been turned off and
unplugged before any adjustments or maintenance is performed.
Always wait for machine to reach operating position/speed
before use.
Unplug or turnoff any equipment not being used

Specialized Machine and Equipment

Policies and procedures for any heavy equipment not listed above
will be added under this given section as the need arises.

*Failure to adhere to the policies listed above will result in being given a

warning appropriate to the offense. Repeated offenses will encourage
suspension from construction activities



