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ABSTRACT

This project outlines the submissions of The McMaster Rocketry Team to the 2023 Spaceport America Cup
Competition, which includes a 3 km solid rocket and a payload project. The rocket consists of a fiberglass
airframe; dual deploy, duel triggered recovery system; an SRAD avionics and live telemetry suite and it will be
launched on a COTS M class solid rocket motor.
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ABBREVIATIONS

AIAA American Institute of Aeronautics and Astronautics

AGL Above Ground Level

CONOPS Mission Concept of Operations

COTS Commercial Off The Shelf

CG Centre of Gravity

CP Centre of Pressure

EGSE Electrical Ground Support Equipment

GSM Ground Support Module

NASA National Aeronautics and Space Administration

SRAD Student Research And Development

STEM Science, Technology, Engineering and Mathematics

WBS Work Breakdown Structure
NOMENCLATURE

g Gravitational Constant of 9.81 m/s?

Isp Engine Specific Impulse

ft Feet

kg Kilograms

m Meters

N Newtons

s Seconds

Ns Total Impulse

m/s Velocity (also denoted by ft/s)

m/s? Acceleration
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I

Technical
Division

INTRODUCTION

Revision: R1

McMaster Rocketry Team is a student team representing McMaster University, from Hamilton, Ontario,
Canada. The team will be competing in the 2023 Spaceport America Cup with the Marauder II rocket,
which is entered in the 3,000 m apogee with the COTS propulsion system category. The primary mission
objective is to launch Marauder II to an apogee greater than 3,000 m, followed by a successful recovery
system operation and a non-hazardous descent.

The rocket is divided into three sections namely nosecone, body tube and motor tube. The nosecone houses
our main parachute. Attached to our nosecone is the body tube which houses our avionics bay and payload
bay followed by our drogue parachute. Finally, our motor tube has our fins attached to it on the outside and
consists of centering rings and motor casing on the inside.

Team
Captian
—

Business
Division

Airframe Jad Finance

Ground

N Marketing

Flight

Controls Sponsorships

Ground
Structures

Propulsion

Recovery

Safety

McMaster Rocketry Team is currently divided into 2 main divisions
namely technical division and business division. The technical
division has 6 subteams namely airframe, controls, propulsion,
ground structures, recovery, and safety. Whereas the business
division has 3 subteams namely finance, marketing, and sponsorships.

Our faculty advisor is Dr. Stephen Tullis who specializes in fluid
mechanics and turbulent flows.

Our team captain, Samuel Crane is responsible for ensuring both
divisions are functioning smoothly and approving any design
reports/documentations submitted on behalf of the team.

The technical division is led by our chief engineer (Nhan Phan) who
is responsible overall for technical accuracy, integration and team
engineering SOPs, standards and documentation across the technical
division and project manager (Laksh Anand) whose responsibility is
to create timelines and ensure they are being followed and help sub
teams write reports for competition.

Each technical sub team has a team lead to guide their members and
ensure that the timeline is being followed. Our current team leads are:

Airframe: Julia Meeson Ground Controls: Nhan Luong
Propulsion: Nick Phan Flight Controls: Alan Ding
Safety: Runjhun Deoras Recovery: Megan Connelly

Ground Structures: Davin Hoard

The business division also has a business lead who creates timelines and ensures enough money is raised

to fund the projects the technical division is working on.

Similar to technical subteams, business subteams also have team leads who have similar responsibilities to

technical subteam leads.
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II. PRELIMINARY SYSTEM ARCHITECTURE OVERVIEW

Marauder II’s is a 5in rocket whose architecture consists of four main parts: the nosecone, the main body tube, the
motor assembly, and the internal structure (see Appendix II).

The nosecone is made from fiberglass, with an aluminum tip that will provide an attachment point for the main chute.
The shoulder of the nosecone will act as a coupler between the nosecone and the main body tube, which are connected
through shear pins.

Made from fiberglass, the main body tube will house the internal structure, as well as the drogue chute. There will be
a coupler permanently fastened on its lower end, that slides into the motor tube and is fastened with shear pins.

The motor tube will also be made fully out of fiberglass. An inner tube will be placed in the tube, centered with
centering rings, and fully fixed in place. At the top there will be a bulkhead with an eyebolt to connect to the drogue
chute. There will be three clipped-delta shaped fins, what will slide trough slots in the outer tube, and be permanently
fixed to the inner motor tube. This entire assembly will be constrained with a fixed plate at the bottom of the tube.
The inner structure of the rocket constrains the avionics bay and the payload bay. It consists of round bulkheads that
will be attached using four carbon fiber rods. The topmost and bottom most bulkheads will contain an eyebolt for
parachute attachment and holders for the ejection charges.

A. AEROSTRUCTURE

The aerostructure consists of four main structures: the nosecone, the main body tube, the internal structure, and the
motor/propeller tube. The nosecone was created using Von Karman geometry, which has been shown to be reliable at
high speeds. The nosecone will be made in house using fiberglass and contains an aluminum tip that will be
permanently fastened to the top using epoxy. An eyebolt will be fixed to the aluminum tip and will act as an attachment
point for the main parachute. The coupler connecting the nosecone to the main body tube will be built into the nosecone
as a shoulder and will secure the connection with shear pins.

The main body tube acts as a housing for the internal structure. The tube will be made of fiberglass and rolled in-
house. The lower coupler, also made of fiberglass and rolled in house, will connect the motor tube to the body tube.
It will be permanently fixed to the motor tube and connected to the body tube with shear pins.

The motor tube contains the motor constraint system, which includes a fiberglass tube that is permanently fixed to the
outer tube with constraining rings and epoxy. During flight, the motor will be secured inside the inner tube to allow
for the transfer of thrust. The motor tube constraining system will also act as an attachment point for the fins.

All three fins on the rocket are clipped delta shape. They will slide into slots in the outer motor tube of the rocket and
will be permanently fastened to the inner motor tube, as well as filleted to the outer motor tube on both the inside and
outside edges.

The internal structure is designed to be a modular insert that will secure the avionics and payload bay safely inside the
rocket. The entire assembly will be held together with carbon fiber rods and aluminum bulkheads. The middle
aluminum bulkhead will be permanently fixed to the rods, but the bottom and top bulkheads will be removable to
allow any necessary changes or assembly to the avionics bay and payload. Once inside the rocket, all three bulkheads
will be fastened to the external aerostructure with bolts, securing the entire internal structure. The top and bottom
bulkheads will also act as a connection point for the parachutes.
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Figure 1: Aerostructure Layout [4]

B. PROPULSION

1. SPACE & CONSTRUCTION

The team decided to participate with a 5-inch diameter rocket. This is a size reduction from our previous 6-inch
diameter rocket since this is our first attempt at fabricating fiberglass tubes. Having the 5-inch body tube, we wanted
around a 1-inch gap between the tube and the motor for centering rings as well as space for internal fin fillets.
Therefore, we decided first to select from available 3-inch motors. Our options were limited to Cesaroni
Technologies Inc.’s (CTI’s) motor lineup, as Aerotech motors and similar brands are not feasible due to high import
fees.

2. THRUST & IMPULSE

To find the motor that will provide the required power for a 10,000 ft apogee, a MATLAB program was written to
compare the usage of different motors. It takes the input of rocket weight, diameter, and engine thrust curve to
output the rocket’s expected trajectory and apogee. A weight estimate of the rocket (53 Ibs) was obtained from
McGill University’s Blanche rocket report (IREC 2018). We determined this to be a reasonable estimate since the
rocket is 5-inch diameter and participated in the 10,000 ft category. Thrust data from thrust curves of various 3-inch
motors were compiled into an Excel spreadsheet, and the intermediate thrust values were linearly interpolated
between the given thrust points. We were concerned about the validity of this assumption, but later determined that
it was acceptable, since the calculated total impulse of each motor had an error of <5% compared to the specified
total impulse. We found the Cesaroni M2150 motor to be the most suitable for a 10,000 ft apogee at this rocket
weight and diameter configuration. This result was further validated using an OpenRocket simulation with all
components considered.

3. DESIGN

Besides selecting the motor, the main objective of the propulsion sub team was to design a thrust provision and
motor retention method. The design must satisfy the following requirements:

Table 1: Propulsion design requirements

Requirement Description

1 Transfer thrust load from the motor’s rear retainer onto the rocket’s body tube. Design must be
able to sustain high compressive loads as well as possible high temperatures near the motor’s
nozzle exit.

2 Motor retention — the motor must not be able to fall out of the rocket after the burnout phase.
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3 Deployment — right above the motor tube is the drogue chute bay. The motor tube must be tied to
the drogue chute shock cord, and the connection must be able to withstand the motor and motor
tube assembly’s full weight, as well as deployment shock loads.

4 Fins — the motor tube should allow for a secure fin attachment and allow for tip-to-tip fin
reinforcement layup.

To satisfy the requirements, a 3D model of the exact outer dimensions of the Cesaroni Pro75 casing was created.
The components of the motor retention system were designed around this casing.

Figure 2: 3D model of the Pro75 casing used to house the M2150 grains

The design consists of a main outer tube, which connects to the main rocket body by means of a 7.5-inch coupler,
shown in red in Figure 22 below. This joint is to be held by shear pins and will separate for drogue chute
deployment. The outer tube of the motor section will share the same material and dimensions of the main body
tube.

Another fiberglass tube, which we shall refer to as the inner tube, will have a slide fit over the motor casing, will be
permanently held at the center of the outer tube using two 1/8-inch fiberglass centering rings. The centering ring
inner tube, outer tube assembly will be secured using West System epoxy fillets. The inner tube will also be epoxied
to a plate through which the deployment eyebolt will be threaded, as shown in Figure 22 below.

Figure 3: Overview of motor retention design
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Figure 4: Overview of motor retention design

The motor is to be inserted into the inner tube prior to launch and rotated clockwise such that the eyebolt threads
onto the forward enclosure. The motor will be threaded such that the motor’s rear retainer lip bumps up against the
thrust plate shown below. The thrust plate is to be epoxied to the rear end of the outer motor tube. The epoxy will
not be required to withstand the thrust load, since it will be transferred to the outer tube using the thrust plate’s outer

flange.

Figure 5: Motor’s rear lip will be tightened against the thrust plate. The outer tube is hidden to show the thrust
plate’s outer flange

Slots will be cut on the outer tube for fin attachment. The fins will be bonded to the inner tube. There will be three
epoxy fillets to maximize fin attachment strength. The main fillet will be external to the rocket, while the remaining
fillets will be internal — inside of the body tube and on the inner tube.
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C. AVIONICS AND TELEMETRY

Table 1: Summary of Avionic Modules

Revision: R1
Effective Date: 05/12/2023

Frequency Power
Module Name Description Type Range Rating
(MHz) (mW)
Barometer-based
parachute deployment SRAD B B
Void Lake Flight data an.d (ﬁagnostlc SRAD 915 1000
transmission
GPS transmission SRAD 915 1000
EasyMini Ejection redundancy COTS -- --
Featherveight GPS redundancy COTS 915 ?

The avionics system will consist of an SRAD module and one COTS altimeter and a COTS GPS transmitter with

separated power supplies.

1. SRAD Avionics (secondary)

Figure 6: VLF3 (SRAD)

o VLF3 (Telemetry & DAQ module) + VL8 (power, pyro & camera controller, exclusively designed for SA)

o

o Sensors & components

Processors: STM32F412 + STM32F030

= GPS: ATGM336H-5N31 by Hangzhou ZhongKe Microelectronics

o Telemetry

IMU: MPU-6500

Magnetometer: MMCS5603NJ
Barometer: MS5607 (operating altitude beyond 30 km / 100k ft.)
360-degree-camera: 3x RunCam Thumb Pro
Flash memory: W25Q512JV (512 Mb with in-house file system: R 550 kb/s; W 32 kb/s)
Buzzers: 2x MLT-9032 (up to ~90 dB)

= E22-900M30S by E-byte
= LoRa 868/915 MHz at 1W power (HAM required on 868MH?z)
= In-house telemetry protocol
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= Parameters can be changed remotely while the rocket is on pad (Frequency / Power / Spreading Factor
/ Coding rate / Bandwidth)
o Additional Features
= Molex Micro-Fit connectors
= Short-circuit and ESD protection
Pyro COTS primary: EasyMini
Tracking primary: Featherweight GPS

Installation: The avionics will be attached to the avionics bay, then slide into the body tube.

nector naming schema: <Connector Type=<Size> <Modal>

Headar rouma | [ eoasz ||
ug Housing E i

Out: S1x2 | | B Out 812 | |

Drogue Chute E-Match Adapter Main Chute E-Match Adapter

i} ‘ © I M2 1054301102

m PCB Recaptacle
mm Flug Housing

Runcam Thumb Pro
Runcam Thumb Pro

Runcam Thumb Pro

Drague: §122 ‘ | Man: 51x2

EasyMini

Void Lake 8

Battury: 5143 ‘ | Parming: 162

oV Battery PxZ 2002771102

EasyMini Arming Switch

25 Battary

status leds, switches for
vLs

Front Panel

Featherweight GPS
Power Switch

15 Battery

Feathenweight GPS

Figure 7. Avionics wiring diagram
D. RECOVERY SYSTEM

The Marauder II recovery system is a dual deployment setup with a 24” parabolic drogue parachute deploying at
apogee, and the 144” annular main parachute deploying from the upper airframe once the rocket descends to 1,300
feet.

Controlling deployment is one COTS and one SRAD backup altimeter board. The EasyMini from Altus Metrum was
chosen due to its small footprint and high sampling rate on ascent. Each altimeter shall be equipped with its own power

supply, arming switch, igniter, and ejection charge.

At each deployment event, the altimeter will send a current of approximately 1A to the MGJ Firewire Initiator, which
will ignite a 4F black powder charge. The COTS altimeter shall ignite a backup charge after a delay of 1 second. Once
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the black powder ignites, it pressurizes the recovery bay enough to shear off four 4-40 nylon screws. Nylon screws
will be implemented to ensure that the rocket cannot separate prematurely due to the pressure differential on ascent.
See appendix III for more details.

Each parachute is housed in a deployment bag, which will result in a “lines first” deployment where the shroud lines
become taught before the canopy inflates. This was chosen to reduce the speed at deployment, and hence the stress on
the airframe attachments.

Each deployment bag is made of a Kevlar/Nomex blend to protect the parachute from hot ejection gas and has a pilot
parachute sewn in by the manufacturer.

Holding the airframe together on descent is tubular Kevlar shock cord. The reason behind choosing Kevlar was due
to its high tensile strength and heat resistance. The shock cords are 7/16” thick. The team decided to choose Kevlar
over nylon due to its higher tensile strength, higher heat resistance and lighter weight. Marauder II has two shock
cords due to the dual separation, dual deployment system. One of the shock chords (30ft.), is attached to the main
parachute and stretches from nose cone to the main tube. Whereas the other 25ft. is attached to the drogue parachute
and stretches from main body to motor.

Lastly, the shock cords each contain two sewn-in loops which will be used to tie to forged stainless steel eyebolts
mounted to aluminum bulkheads on the airframe, using 3/8" stainless steel quick links.

See below for a schematic of the nosecone recovery bay encompassing the elements mentioned above.
*NOTE: The schematic is below not an accurate representation of the nosecone shape. It is just meant to represent

placement of recovery components. The shear pins attach to the couple in the nosecone whereas the permanent pins
attach to the same coupler extending into the body tube.

Eyebolt
Shock chord

Parachute

Swivel

Shear pins

Quick link
Black powder
Base plate

E-matches

Permanent pins

Figure 8: Recovery system layout

Deployment Type Dual Deploy
Deployment Method 4F Black Powder Ejection Charges
Total Number 2
. Drogue: 3”
Diameter Main: 5°
Pilot Chutes . Both are a Kevlar/Nomex Blend
Material
Tear Strength 2450N/150N
Canopies Total Number 2
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. Drogue: 24”
D t )
rameter Main: 144”

Drogue: 1.90z ripstop nylon

Material Main: 1.1 oz ripstop nylon
iy

e

Material Drogue: polyester

Main: polyester
Drogue: 12,760 N
Main: 12,760 N

Tensile Strength

Total Number 2
Length 30, 25°
Shock Cords Diameter 7/16”
Material Tubular Kevlar
Tensile Strength 24,465 N

Table 2: Additional Details on Recovery System Layout and Components

E. GROUND SUPPORT EQUIPMENT

1. GCM Box

I

Figure 9: Ground controls box

The GCM Box will host our custom pcb and control panel. It will be able to:
e Ignite the rocket (won’t be used in SAC)
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e Receive telemetry from SRAD and COTS avionics
o VTX
o LoRa

The GCM Box runs off a 12V battery.

Figure 10: Custom PCB for the GCM Box

Custom PCB for the GCM Box
The custom PCB for the GCM Box has finished designing and sent to manufacture. Estimated getting them back in
the week of Feb 6.

2. Visualizer
The visualizer runs on a laptop that connects to the GCM Box and visualizes the data received by the GCM in real
time.

e  Graphs showing battery voltage, acceleration, altitude and other sensors

e Navball showing rocket orientation, pointing direction and movement direction (bottom left)

e Radar view showing rocket location and speed relative to the launch pad (bottom right)

Figure 11: Screen grab of visualizer
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F. PAYLOADS

Marauder II does not have a functioning payload this year. We will be placing a mass of 8.81b(~4kg) as per
competition requirements.
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1. MISSION CONCEPT OF OPERATIONS OVERVIEW

This year McMaster Rocketry Team hopes to fly a 5in diameter rocket with robust avionics that would help us
get better data for future analysis.

The mission concept of operations (CONOPS) for Marauder II is made up of nine stages, ranging from initial
assembly to retrieval after launch.

A. Ground Handling
Start: The rocket has left the main assembly area and is in transit to the launchpad.
End: The launch rail has been raised and secured and the rocket is ready for launch.

To assemble the stand before adding the rocket, the base will be placed on flat ground and pins will be inserted
on the end of each leg. The rail will be laid down horizontally on the leg that has a vertical support. One pivot
pin will be installed to connect the end of the rail to the top of the base. The pin will be used when rotating the
rail into the upright position.

After all components have been assembled and the rocket has been transported to the launchpad, the rocket will
be carefully loaded onto the horizontal launch rail which will then be raised and secured with a pin. Once the
rocket has been erected, both SRAD and COTS flight avionics will be switched on, and live telemetry
communications between Flight and Ground modules will be established. Pre-flight procedures and avionics
self-checks will be executed to ensure all systems are ready to go. The final step is to assemble the motors, after
which all members will clear the assembly area.

B. Ignition

Start: The ignition signal has been sent to the rocket by the Ground Operations Team and the propellant has been
successfully ignited.

End: The rocket begins to accelerate.

The Ground Control Module will send ignition signal to Launch Pad and the SRAD avionics, which triggers
ignition of propellant. The avionics modules will change internal state to acknowledge ignition by switching to
a high data acquisition frequency and continue streaming telemetry to Ground operation. The recovery, and
back-up avionics will remain on standby.

C. Liftoff
Start: The rocket has begun to accelerate.
End: The first launch lug has cleared the launch rail.

The avionics module will also check for 16.22g’s of acceleration, indicating liftoff, in case the telemetry signal
from Ground indicating motor ignition is missed. The recovery subsystem will remain on standby.

From the thrust provided by the motor, the Marauder II lifts off on the launch rail.

D. Powered flight

Start: The first rail button has cleared the launch rail.

End: The motor burns out and the rocket begins to decelerate
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Marauder II will reach a velocity of 110 ft/s as the first rail button clears the launch rail. Once clearing the launch
rail, the launch button will detach from their respective mounts and fall to the ground. The rocket will attain a
maximum velocity of 1346 ft/s. This phase ends once the motor burns out.

On the avionics module, measurements acquired from various sensors will be fused and fed into a Kalman filter
algorithm to rectify altitude measurements. The COTS flight computer will be monitoring the rocket’s trajectory
separately.

E. Unpowered flight (Coast)
Start: The motor burns out and the rocket begins to decelerate.
End: The rocket has reached apogee and the drogue chute has been deployed. At apogee

Upon detection of a sharp decrease in vertical acceleration, the flight avionics will switch its internal state to
acknowledge motor burnout. This stage will be reserved for future active control extensions. Telemetry and
altitude filtering will continue. As soon as apogee begins to decrease, the avionics will trigger the drogue
parachute deployment.

F. Drogue descent
Start: When Marauder II reaches apogee, and the drogue chute has been deployed.
End: The rocket has descended to an altitude of 1,400 ft. AGL and the main parachute has been deployed.

After the rocket has reached apogee, both the avionics board and the backup COTS avionics board will detect
the increase in pressure. This corresponds to a decrease in altitude and so they activate the black powder ejection
system. Subsequently, the drogue chute will be deployed, slowing the rocket to a constant descent speed of 73
ft./s. The propulsion system will continue to be inactive while avionics will continue acquiring data.

G. Main descent
Start: The rocket has descended to an altitude of 1,400 ft. AGL and the main parachute has been deployed.
End: The rocket has made initial contact with the ground.

Upon reaching an altitude of 1,400 ft. AGL, the main ejection charge will be activated which will release the
main parachute, slowing the rocket down to a constant descent speed of 18 ft/s.

H. Touchdown
Start: The rocket has made initial contact with the ground.
End: The rocket, main parachute, and drogue chute are at rest on the ground.

Rocket will contact the ground at approximately 18 ft./s. and the rocket, main parachute, and drogue parachute
will come to rest. As altitude measurements cease to decrease, the avionics will deactivate to preserve power.
After the touchdown location is displayed by the ground station, the team will plan a recovery route. All
subsystems will then be inactive.

L. Ground recovery
Start: The recovery team has been permitted to depart from the Assembly Area to retrieve the rocket body.

End: The recovery team has returned to the Mission Control Center with the rocket body for post-flight
evaluation.

The recovery team will follow the planned route after receiving permission from the Launch Director. The rocket
will then be inspected for any damage and unignited charges. All personnel will be wearing appropriate
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protective equipment. The rocket will then be returned to the Mission Control Center for the post-flight
evaluation.
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IV.  CONCLUSION AND LESSONS LEARNED

In conclusion, based on various analysis and various flight softwares we hope our rocket is able to achieve
the target altitude without any deviation in flight path.

One of the biggest things we learnt this year was how to make our own composite materials. With the help and
guidance of our mentor we were able to quickly understand the concept behind making composite materials and

were able to apply it to manufacture multiple parts of the rocket including fins, tubes, rings etc.

We also learned a few valuable lessons about good budgeting practices and good project management
techniques. We hope to apply these skills nest year to produce an even rocket.

All in all we had a lot of fun building the rocket and hope we can see it soar the skies of New Mexico.

Page 19 of 56



Technical Report for McMaster Rocketry Revision: R1
Competing Team 55 of the 2023 Spaceport America Cup Effective Date: 05/12/2023

Appendix I: Hardware Pictures and Configurations

Clipped Delta Fins

Payload bay
VonKarman (x3) (fiberglass)
Nosecone Main Chute Avionics bay
fibergl 144" 1i | Drogue Chute
{pberglass) OpstRpnyeh 36" ripstop nylon
% A . vlo
i ]
Aluminum Internal Motor
Bulkheads containment

structure

Figure 12: Marauder II System Architecture [4]
Nosecone design

Based on OpenRocket Simulations the Marauder II will almost reach Mach I and based on empirical data (Figure I)
it would be ideal for us to use a Von Karman nosecone for the best resistance to drag. Both the LV-Haack series and
Von Karman nosecone give the best result for transonic flight. However, it would be ideal to use a Von Karman
nosecone just in case design improvements make the Marauder II capable of reaching greater than Mach I speeds
where the Von Karman nosecone succeeds.

Figure 1: Comparison of drag characteristics of various nose cone shapes in the transonic to low-mach regions.
Rankings are superior (1), good (2), fair (3), and inferior (4).
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Figure 13: Comparison of different nosecone shapes
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2x
6= 1— —
arccos i3

= %\/9— @ 4 Csin®(6)

Special values of C (as described above) include:

Haack Series Type (' Value

LD-Haack (Von Karman) 0
LV-Haack 1/3

Tangent 2/3

Figure 14: Haack series equation for the dimensions of the nosecone

The equation above for the nosecone depends on the fineness ratio we choose. Based on empirical data for transonic
flights a 4:1 fineness ratio seems to be the best choice due to a longer gradual profile causing less drag. Comparing a
3:1 to a 4:1 fineness ratio for a Von Karman nosecone confirms that a 4:1 ratio is best. The length of the nosecone is
20 inches by a width of 5 inches.
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10087.50
8826.56
7565.62
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504375
378281
2521.87
126094
0

Velocity finis]

Velocity 3:1

Figure 15
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Figure 16
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Goal Name Unit Value Averaged Value  Minimum Value  Maximum Value
GG Maximum Total Pressure 1 [bf/in"2]  25.02097  25.09643 24.94551 25.27721
GG Nommal Force 4 [ibf] 1641 1.646 1.637 1.669
GG Friction Force 5 [ibf] 2876 3.057 2.876 3530
Figure 17

Figures 18, 19, and 20: SolidWorks Flow Simulations on the 3:1 fineness ratio profile

17.36909
16.98822
16.60734
16.22647
15.84559
15.46472
15.08385
14.70297
14.32210
13.94123
13.56035

Pressure [Ibfin"2]

Pressure 4:1

Figure 18

12411.28
1117015
9929.02
8687.90
7446.77
6205.64
4964.51
372338
2482.26
124113
0

Velocity finfs]
Velocity 4:1
Figure 19
Goal Name Unit Value Averaged Value  Minimum Value  Maximum Value

| GG Maximum Total Pressure 1 [bf/in"2] 2467348  24.66326 24 65337 24 67348

| GG Nomal Force 7 fibf] 0.880 0.881 0.877 0.884

| GG Friction Force 8 ibf] 4837 4926 4837 5.307
Figure 20

Figures 21, 22, and 23: SolidWorks Flow Simulations on the 4.1 fineness ratio profile

As can be seen in the Figures above the optimal choice is the 4:1 ratio because of a significant reduction in normal
force and total pressure. As can be seen in the flow simulations, the 4:1 ratio allows for a more gradual profile
change compared to the 3:1. The added mass from a longer nosecone is insignificant compared to the reduction in
drag and extra room for the parachute. The higher friction force is most likely due to the longer nosecone adding
skin friction with the fluid.

The material of the nosecone will be made from fiberglass as the material is strong, lightweight, and can be made in-
house compared to carbon fiber. Carbon fiber would also not react with the aluminum tip of the nosecone due to
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galvanic surface corrosion between the two materials.

The tip of the nosecone will be made of aluminum and be exposed to the outside rather than inside the nosecone.
This added weight at the rocket's tip will provide extra weight which increases stability. Having the aluminum tip
exposed on the outside especially adds strength to prevent the tip from breaking or chipping off. The nosecone will
be made by us, and this will not increase the difficulty of manufacturing it. A threaded hole will be included in the
aluminum tip for an eyebolt which Recovery’s parachute will attach to, as can be seen in Figure 10.

Figure 21

Figure 22

Figure 23
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Figures 24, 25, and 26: Various views of the finalized nosecone

Internal structure

Payload bay

Avionics bay

Figure 24: Internal structure layout

The internal structure of the rocket houses the payload and avionics bay. It is comprised of four carbon-fiber rods
and three aluminum plates, each interacting with the rods in a different fashion. The lowest plate is held in position
on the rods by rod clamps, the middle plate is epoxied at a fixed position to the rods, and the top plate serves as a
radial and axial constraint to limit vibration. All three plates are fastened to the airframe tube with bolts.

There have been a number of changes from our previous design of the internal structure. The first change was
removing the primary load-bearing structure requirement from the carbon-fiber tubes. This allowed the use of
shorter rods that now stretch from the second bulkhead to the third, rather than extending from the nosecone to the
motor tube, which is much more cost-effective.

Additionally, the new internal structure design has a new number and shape of the plates. The wooden plates from
the previous design have been removed and replaced with a thin insulating material of much lesser thickness and
weight. This once again helps reduce the necessary length of the rods while maintaining the insulation necessary to
protect the avionics from electrical interference.
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Figure 25: Wooden plates

As shown in the previous figure, the shape of the plates themselves was also changed. More material was removed
from the center to decrease the weight of the part. In this design, the main purposes of the plates are to fasten to the
airframe and fix on the rod. Both these objectives can be achieved by the outer rim of the plate while removing
material from the center. Leaving material in the center allows the eyebolt to be connected to the bulkheads.

The lack of material in the center of the plates is not problematic for either bay, as the payload will be fixed without
using the plate and the avionics will be mounted vertically and connected through the empty space in the plates.

Fins

The fins on the rocket are meant to provide a stabilizing force to maintain a steady flight path should the rocket veer
off course or encounter heavy wind while causing minimal drag otherwise. To that effect, various simulation
programs and calculations have been used to optimize the following parameters of the fins; shape, dimensions,
material, and number. It was initially decided that three fins would be used as opposed to four to minimize drag,
while the stability requirements would be met using the fin shape. Fluid simulations were used to compare elliptical,
trapezoidal, rectangular, and clipped delta fin shapes. When using similar dimensions, the clipped delta fin provided
the least drag for a given reference area. Then, the fin flutter equation, OpenRocket simulations and Ansys
simulations were used in conjunction to arrive at the dimensions that would provide the desired stability, speed, and
apogee without failing structurally due to fin flutter at high speeds. After running various combinations, the optimal
dimensions were as follows (see Figure xx):

e Root Chord: 8 in
e Tip Chord: 2 in
e Semi Span: 4 in
e  Thickness: 1/8 in

The fin flutter equation also considers the shear force modulus of the fin, which is a material property, therefore, it
also had a hand in the material selection. It was found that both carbon fiber and fiber glass meet the requirements
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and were reasonable fabrication options, however, between the two, fiber glass is already in use for other
components of the airframe and is more widely available and therefore was selected as the material of choice.
Furthermore, the stiffness of the fins will be increased by having them pass through the body tube and attach to the
inner tube housing the motor.

Ouine  Voriables  Expressions  Cakulators  Turbo
M Macro Cakculator
] Mesh Calculator
£ Fundion Cakculator ‘

Function Calculator

Fuid Al Fluids.
Results

Force on fin

7.52894 [N]

Clear previous results on calculate
(] Show equivalent expression

Calcuiate Hybrid Conservitive
30 Viewer  Table Viewer  ChartViewer  Comment Viewer  Report Viewer

Figure 26: ANSYS analysis on fin
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Figure 27: Graphical representation of analysis

Figure 28: Fin Dimensions
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APPENDIX II: PRELIMINARY CALCULATIONS AND DESIGN TRADE-OFFS

Force due to pressure differential at apogee:
Both sets of four shear pins need to resist the pressure differential at apogee. For the purposes of this
calculation, we assumed that no air is escaping, which is the worst-case scenario and unlikely due to the pressure-

equalizing holes in airframe.

Air pressure at sea level: 101,325 Pa
Air pressure at apogee (10,000’): 70,593.4 Pa

Difference in air pressure = 101,325 Pa — 70,593.4 Pa=30,731.6 Pa =4.457 psi

A = mr?

5. .

A=m (Eln)2 = 19.63 in®

A =19.63 square inches
So, the maximum (worst case) force due to pressure differential is:

F = PA

F = 451bfin~%-19.63in? = 87.52lbf

Including a factor of safety of 100% this means allowable load is 175.04 1bf.
Each 2-56 nylon screw requires a 21.41 Ibf to break, while a 4-40 nylon screw requires a force of 38.32 1bf

According to this calculation we should use 8 small shear pins or 5 large shear pins.
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APPENDIX III: SYSTEM WEIGHTS, MEASURES, AND PERFORMANCE DATA APPENDIX

MASS BUDGET

Rocket Name Marauder 11
General Configuration Type Single Stage
General Propulsion Type COTS
Total Impulse (Ns) 7455.5
Airframe Length (m) 2.32
Airframe Diameter (m) 0.127
Body Tube Caliber (m) 0.32
Fin Span (m) 0.1016
Dry Mass (kg) 22.7
Wet Mass (kg) 26.5
Table 3: General Rocket Configuration and Geometry
Subsystem Mass (kg) Margins (%)
Aerostructure
External Aerostructure / Fins 5.06
Couplers / Bulkheads 2.19
Nosecone 1.55
Acrostructure Total Dry Mass 12.09 20
Propulsion
Casing 2.5
Propulsion Total Dry Mass 2.5 20
Propellant Mass 3.8 20
Propulsion Total Wet Mass 6.3 20
Avionics and Telemetry
Avionics Modules 1.0
Miscellaneous Hardware / Structure 1.0
Avionics and Telemetry Total Dry Mass 2.0 20
Recovery System
Pilot Chutes 0.2
Canopies 0.61
Miscellaneous Hardware / Lines / Structure 1.3
Recovery System Total Dry Mass 2.11 20
Payload Total Dry Mass 4.0 20
Total Dry Mass of Rocket 22.7 20
Total Wet Mass of Rocket 26.5 20

Table 4: Vehicle Mass Budget

ROCKET TRAJECTORY MODEL

Marauder II’s flight was simulated using OpenRocket software. We created an OpenRocket model of our
rocket that is as accurate as possible to our actual design, however certain design assumptions were made. The
placement exact location in the rocket and the mass of the payload and avionics bay are unknown, so an
estimate was made. It is also not possible to determine the exact windspeed and other climate conditions of

the launch day, so the actual flight trajectory will differ from the simulation.

There are also limitations of the OpenRocket software itself, as it is a simplified representation of a possible

simulation. An example of this limitation is that the software does not allow inputting different windspeeds at
different altitudes.

Appendix - 9



Technical Report for McMaster Rocketry Revision: R1
Competing Team 55 of the 2023 Spaceport America Cup Effective Date: 05/12/2023

Simulation 4

Vertical motion vs. time

Altitude
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Figure 29: Flight Path Trajectory [4]

Who Launch Rail Provided By Spaceport America Cup

Liftoff Thrust to Weight Ratio 9.9
Launch Rail Departure Velocity (m/s) 32.5
Minimum Static Margin During Boost 2.48
Maximum Velocity (m/s) 311
Maximum Acceleration (m/s?) 113

Target Apogee (m) 3000

Predicted Apogee (m) 3374
Payload General Information N/a
Payload Mass (kg) 4.0

Table 5: Additional Details of Data Supporting Flight Path Trajectory Determination
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Revision: R1
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integration, testing telemetry

range in assembly

Date Type Description Status Comments
Week of | SRAD avionics PCB test Testing board design for next | Completed | The board
Feb 6 revision; validating GPS had minor

module errors with
wiring
which need
to be fixed.
Week of | SRAD avionics PCB test Testing board design and Completed | The board
Feb 13 multi-board integration for is working
next revision; validating with all
GPS module modules
functioning
properly.
Week of | SRAD avionics PCBs integration | Testing boards final designs | Completed | The board
Feb 27 test and integration is
functioning
smoothly,
and GPS
testing was
successful
Week of | 360 camera tests Validating 360 camera Completed | Camera
Mar 13 module design module is
working
Week of | Avionics bay integration Validating avionics bay Patial Telemetry
March 20 initial design & rocket range

testing was
successful
but was not
tested in the

rocket
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ground tests

flight data

Week of | Avionics bay integration Validating avionics bay Not
May 29 initial design & rocket Completed
integration
Week of | COTS GPS (Featherweight) Confirm range over at least Completed | Test was
May 1 testing. 10km with obstructions successful
(trees and buildings) with GPS
providing
accurate
data to
ground
station
Week of | Ground test with electronics. Trigger easymini and SRAD | Completed | Easymini
May 1 electronics using a vacuum and SRAD
chamber or shopvac to avionics
simulate environmental recorded
conditions. data while
in vacuum
chamber.
Week of | Black powder ground test Just airframe, main and Not
May 29 drogue sections if possible Started
Week of | Black powder ground test With shock cord and Not
May 29 parachute inside. Started
Week of | E-match ignition & other Testing software Not
May 29 software-controlled actions performance using simulated | Started
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APPENDIX V: HAZARD ANALYSIS

This project involved the use of a lot of flammable materials like westjet epoxy and resin to roll our
fiberglass tubes, wax to smoothen our mandrel surface, e-matches, and black powder for recovery. These
flammable materials were kept in a secure fire-resistant cabinet. Furthermore, when these materials were
used gloves, safety glasses and other necessary PPE equipment were worn to prevent any mishaps.

This project also uses propellant grains to power the rocket which are hazardous. In order to prevent contact
the grains proper PPE will be worn when assembling the rocket motor.
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Description Type Possible causes Mitigation Probability of
techniques occurring
Structure deforms | Technical Forces induced Perform Low
or fractures during during flight computation
flight analysis to find
forces at the
airframe, joints,
and fasteners
during flight
Improper materials | Perform stress
of components testing to validate
our material
choices and
structure,
especially for
high-load areas
and elements
Rocket is unstable | Technical Fin flutter/yield is | Perform vibration | Low
during flight too high and deformation
tests on fins in-
house
Igniters fire black | Technical Altimeter of Keep recovery Low
powder incorrect setting, system unarmed.
prematurely during aiming switch left
assembly on
Parachute partially | Technical Parachute lines get | Practice proper Medium
deploys —i.e., tangled folding techniques,
ejection charges have multiple team
fire but parachute Parachute folded members check
does not inflate incorrectly this on launch day.
Not enough black | Ground test
powder multiple times for
consistent
ejections, use
redundant charge.
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Recovery system Inspect
not secured connections
properly multiple times
before launch, by
multiple
teammates
Main parachute Technical Drogue Use shear pins Low
deploys at apogee, deployment will which are a
rocket will drift cause a large jerk reliable way to
very far on the rest of the hold body tube
vehicle together until
ejection. When
ground testing,
ensure nosecone
does not pop off
when testing
drogue charge. If
this is an issue, add
more shear pins to
nosecone
attachment.
Firewire igniters Technical Static electricity Keep leads shorted | Low
ignite prematurely, causing discharge, | together, store in
causing injury contact with original packaging
voltage source in cool dry
environment.
Black powder Technical Accidental Powder kept in Low
ignites exposure to seal container.
prematurely, ignition source Testing done in
causing injury well-ventilated
area away from
sparks, open
flames. Eye
protection worn.
Technical Power supply Use large enough Low
failure battery to ensure
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Altimeter fails to

trigger ejection

battery life is not

an issue before

charges launch.
Improper Double check all
setting/calibration | connections are
of altimeter secure before
launch, perform
multiple successful
ground tests.
Recovery Technical Harness is not taut | Use a deployment | Low
attachment system wen main bag to slow
(U-bolts, shock parachute inflates, | deployment and
cord, quick links) producing a strong | make lines taut
breaks on shock load. before canopy
deployment, inflation, reducing
causing sections of shock load.
the rocket to fall High shock load at | Accurately
without parachute. nosecone when measure black
pilot parachute powder, don’t go
inflates. overboard from the
amount required
during ground
tests.
Damage to the Technical Electrostatic Adding fuses and Low
PCB discharge switches on the
PCB.
Prepare auxiliary
PCB.
Installation Replace screw
mishandling terminals with

circular and Molex
connectors that
provide locking
and limit exposed

copper wire.
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Battery drains

before launch

Technical

Extended standby

after installation

Adding battery
charging circuit on

PCB.

Adding changing
port on rocket

body tube.

Adding an
auxiliary SRAD
low power
consumption
avionics board to
remove wake-up
PCB via a latching
circuit upon
telemetry

command.

Low

Delayed e-match
ignition or lift-off

detection

Technical

Software errors

Adding separate
power and arming
switches for all

avionics modules.

Use COTS
altimeter for

backup reading.

Low

Avionics
components
overheat while on

standby

Technical

High power
consumption

modules

Adding fans and
ventilation holes
on body tube to

encourage airflow

Medium

Ventilation holes
do not provide

enough airflow

Perform tests to
find required
airflow to
determine
ventilation hole

size
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Failure of SRAD
ground telemetry
receiver module

during flight

Technical

Software or

hardware errors

Adding loud
buzzer on avionics
to alert if telemetry
is lost during

rocket descent.

Adding backup
receiver in case the

first fails.

Adding a COTS
receiver for the

COTS transceiver.

Unexpected events

during flight

Use COTS
GPS/APRS
transmitter as

backup

Low

Project cannot be

completed in time

Non-technical

Materials shortage

or not ordered in

Order materials

well in advance of

time expected
manufacturing date
Order backup
components

Components Perform in-house

shortage or not

ordered in time

fabrication of
components (ex.,
fiberglass tubes,
fins)

Low
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APPENDIX VI: ASSEMBLY, PREFLIGHT, LAUNCH, RECOVERY, AND OFF-NOMINAL
CHECKLISTS

Assembly Checklist

Avionics

Charge all SRAD and COTS avionics batteries.

Secure the batteries with zip ties.

Ensure all avionics are properly secured in the avionics bay.

Ensure all screw terminals are tightened and no loose wires are hanging.
Ensure cameras are secured properly.

Connect easymini and featherweight GPS to battery and check for signal
Connect VLS to battery and check for signal.

Turn off the arming switch to conserve battery.

Hand over the avionics bay to airframe

XA bW =

Airframe

Attach the avionics bay to the internal structure.

Attach the payload to the internal structure.

Ensure rod clamps are attached at the right spot and make sure they are secure.

Slide the internal structure in the body tube and screw the top and bottom bulkheads.
Hand over the rocket to recovery.

R b=

Recovery

Fold the main and drogue parachute properly and put them in their respective deployment bags.
Attach the swivels and quick links to eye bolts and respective parachutes.

Measure appropriate amount of black powder and put it in the copper can.

Insert the e-match and put in the wadding. Cover the can with masking tape.

Put the shear pins to the nose cone and body tube.

Hand over the rocket to propulsion.

SRR

Propulsion

[

Ensure all centering rings are properly secured.
Ensure all fins are properly secured.
3. Screw the assembled motor into the eyebolt and attach the thrust plate.

N

Preflight checklist
1. Ensure rail buttons are securely fastened.
Turn on the arming switch.
Ensure COTS GPS is transmitting data.
Ensure COTS altimeter beeps 3 times.
Ensure SRAD avionics is transmitting GPS and telemetry data and the cameras are functioning
properly.
Recovery checklist
1. Assemble required people and hand them the recovery backpack.
Ask everyone to check if they have a compass, whistle, band aid in the backpack.
Ensure everyone has walkie-talkie.
Ensure everyone is wearing proper clothing for recovery.
Ensure person with featherweight app is receiving GPS data.
Ask everyone to input the GPS coordinates from SRAD avionics in google maps.
Follow the person with featherweight app and ensure the GPS coordinates are in sync

R

Nk wh
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APPENDIX VII: ENGINEERING DRAWINGS
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