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1. Summary of FRR Report 

 
Figure 1: BEAR Team Photograph 

Top Row (Left to Right): Tony DeCenzo, Erik Carranza, Juan Hernández, Zach King, and Joseph Johnson 

Bottom Row (Left to Right): Táles Miranda, Brett Haas, Jake Robinson, Spencer Furches, Aaron Kennedy, 

and Douglas Knight, Ph.D 

 

1.1 Team Summary  
 

Team Name: Lenoir-Rhyne Ballooning, Engineering And Rocketry (BEAR) Team 

Mailing address: 625 7th Ave NE, Hickory, NC 28601 

 

Team Website: https://LRUrocketry.org/ 

 

Project Manager: Juan Leonel Hernández 

 

Safety Officer: Joseph Johnson 

 

Team Leads:  

https://lrurocketry.org/
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Mechanical Team Leader Recovery Team Leader 

❖ Erik Carranza ❖ Jake Robinson  

Rocketry Team Leader Electrical Team Leader 

❖ Aaron Kennedy ❖ Juan Hernández 

 

Other Team Members:  

 

❖ Brett Haas- Rocketry & Recovery 

Team 

❖ Tony DeCenzo- Electrical Team 

❖ Zach King - Mechanical Team ❖ Joseph Johnson- Electrical Team 

❖ Táles Miranda- Mechanical Team ❖ Spencer Furches- Mechanical Team 

 

NAR/TRA Mentor: 

 
● Douglas Knight Ph.D 

● Address: 173 Backcreek Ln, Statesville, NC 28677 

● Email: dougchar001@gmail.com Phone: (336) 909-1711 

● TRA Level 2 Certified # 10294 

● NAR Level 2 Certified # 93831 

 

1.2 Big Bear Vehicle Summary 

 

mailto:dougchar001@gmail.com
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Figure 2: Big Bear 

1.2.1 Vehicle’s Size and Mass 

 

The launch vehicle, known as Big Bear, has a length of 78 ” with a maximum diameter of 6”. 

The power series nose cone is 6” long and is 3D printed out of ABS. The upper airframe is 30” 

long and has an outer diameter of 6” with an inner diameter of 5.75”. The transition length is 

forecasted to be 6” in length with a fore shoulder length of 2” and an aft shoulder length of 21”. 

The transition will be hollow as it is needed for avionics bay and tracking system in place. The 

lower body tube is proposed to have a length of 36”. Four fins positioned at the base of the 

rocket are planned with a root chord of 9”, a tip chord of 2”, each fin having a height of 4.5”, a 

sweep length of 7.2” and the sweep angle of the leading edge of the fins is 58 degrees. The upper 

airframe of the rocket has a combined mass of 16.55 pounds. The fin can of has a mass of 6.55 

pounds. The total mass of the current design of the Big Bear rocket is 23.1 pounds. 

 

1.2.2 Finalized Motor 

 

The finalized motor of choice is the K660 by Cesaroni Technology Inc; This motor projects the 

altitude of the rocket at 5354 feet from OpenRocket and 5276 feet from RockSim. This is close 

to the target altitude of 5280 but motor variation will be a major variable we cannot control. The 

total length of the motor will be 22.5” (57.2 cm) and it will have a diameter of 2.1” (5.4 cm). The 

motor has a mass of 1,949 g and has a maximum thrust of 1,079 N. There is a nominal 17-second 

delay for the motor with a 3.7 second burn time.  

 

1.2.3 Finalized Recovery System 
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Figure 3: Recovery Diagram 

 

Once the rocket is launched, the ejection charge at apogee from the motor will separate the fin 

can and the transition into two sections at approximately 5,280 feet. In the case of motor ejection 

charge failure our first altimeter, which is the Stratologger CF, will release an ejection charge to 

separate the fin can and transition. If both the motor and first altimeter fail ejection separation, 

then a second altimeter will maximize our chances of success; the Marsa 54 will be altimeter of 

choice. Therefore, our three ejection charges will ensure the deployment of the drogue parachute. 

The drogue parachute placement of attachment will be offset; therefore, our transition section 

and upper airframe will be above our fin can, lowering the probability that the main parachute 

and the payload will interact with the fin can upon their deployment. The drogue parachute’s 

shock cord will be attached to the first centering ring of the motor and the other end will be 

attached to an eye bolt placed on the bulkhead of the transition. The team has suggested that the 

material for the shock cord will be tubular nylon. The total length of the shock cord will be 30 

feet and the diameter of the drogue parachute will be 18 inches. There will be 
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10 shroud lines with a length of around 18 inches. The drogue parachute is manufactured by Top 

Flight and will have a decent velocity of 66.7 ft/sec and is calculated to have a kinetic energy of 

1570 ft-lbs. after our vehicle has reached apogee and the ejection charge has been activated.  

 

At approximately 700 feet, another ejection charge that will go off in front of the altimeter bay, 

which is also located in the upper body tube, where the main parachute is located. This would 

separate the payload section and the section of the upper body tube that makes up the lower half 

of this section, which includes the transition. The StratoLoggerCF will be used to set off this 

charge and at 500 ft the Marsa 54 will set off another ejection charge to act as a failsafe in the 

case that the first charge does not fully separate the two sections. The main parachute which has 

a diameter of 60 inches comes with 12 shroud lines with a length of 16 inches. The total length 

of the shock cord is 15 ft. The parachute and the descent velocity of the rocket is expected to be 

19.6 ft/sec. The rocket will come down using a laundry line deployment scheme. When the 

rocket lands, it will have a kinetic energy of 73.02 ft-lbs, which is less than the maximum 

specified kinetic energy of 75 ft-lbf. 

 

 Once the main parachute is released, there will be another parachute for our payload section 

(shown in Figure 3) that will be deployed at the same time. The payload section contains the 

vehicle system, mechanical components, and electrical equipment. This parachute has a diameter 

of 54 inches with 6 shroud lines, each having 26 inches of length, attached to the bulkhead wall 

of the payload section. The total length of the shock cord is 15 feet. The parachute will be a Top 

Flight Classic Elliptical and the descent velocity is estimated to be about 23 ft/sec. When the 

payload lands it will have a kinetic energy of 70.67 ft-lbs, which is less than the maximum 

specified kinetic energy of 75 ft-lbf. 

 

1.2.4 Rail Size 

 
Figure 4: Big Bear Mounted to Launch Rails 

 

The rocket will be launched on a 15/15, minimum 8-foot-long rail. This is ubiquitous in high 

power rocketry. The rocket will have three 15/15 rail buttons; therefore, two rail buttons will be 
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attached to the fin can. The third button is attached to the main bay section in front of the center 

of gravity of the rocket. 

 

1.2.5 Milestone Review Flysheet 

 

1.3 Payload Summary 
 

 
Figure 5: CAD Drawing of Lil’ Bear 

 

1.3.1. Lil’ Bear Rover 

 

The Lil’ Bear rover is a design that will experiment with an unconventional approach to how 

rovers are designed. This spherically designed rover offers strong protection of hardware from 

the external environment, which addresses a concern that is of high significance in real space 

exploration operations. The shape of the design is ideal for deflecting the kinetic energy carried 

by debris, protection from dust from interfering with the more sensitive equipment and offering 

protection from environmental situations where potentially damaging gases may be an issue. 

Since it is spherically designed, this will also allow us the more efficient use of the space within 

our payload section. Another advantage of the design that should also be considered is the ability 

to have complete control of the environment in which enclosed hardware and electronics are 

housed. A potential disadvantage that has been taken into consideration is the rover's ability to 

maintain traction in unfavorable environments. Traction spikes distributed along to the rover 

shell’s external surface will be implemented to address this issue. 

 

1.3.2. Spring Separation  
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Figure 6: Spring Separation  

 

The payload section, which contains the Lil’ Bear Rover, will separate using a spring-loaded 

mechanism. This mechanism uses a Nichrome burn wire circuit that burns through a nylon string 

that will be tied around the compressed spring. Once the nylon string is burned, the spring 

tension will be released. This will result in the separation of the payload section, allowing the 

rover to exit from its housing. The Nichrome burn wire is initiated using a Xbee communications 

system that is controlled from the ground station. The Xbee Communication system is critical for 

the separation of the payload section and mission success. 

 

1.3.3. Lil’ Bear Movement  

 

One of the requirements for the NASA USLI 2017-18 project involves a moveable vehicle that 

moves five feet in any direction and deploys solar panels. This occurs once the rocket has landed. 

Our team has chosen to go with a rover design system similar to BB-8 in Stars Wars except 

without a head. The rover will be inside a transparent enclosure which is vital for the initiation of 

the rover using two photoresistors. Therefore, when the light levels are adequate the two motors 

will begin to rotate determining the orientation and direction of the rover. 

 

The proposed goal is to reach a minimum distance of five feet. To reach our goal the team will 

optimize code, optimize mechanical design, and conduct extensive testing to ensure the five feet 

distance is reached. Also, an accelerometer will be integrated into the rover to help measure 

distance traveled and provide information about when the rover has reached the target goal. 

 

1.3.4. Solar Panel Deployment System 
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Figure 7: CAD Drawing of Solar Deployment System 

 

The last objective that is to be executed in our design for this project is the deployment of solar 

panels on the rover. Foldable solar panels deploy following the rovers completed movement. The 

motors that control the left and right wheels stop moving and the third motor initiates rotating the 

geared spool, causing the deployment strings to travel over the string guide rollers and coil 

around the spool. This results in the solar panels unfolding 90 degrees from the initial position. 

 

2. Changes Made Since CDR 
 

2.1 Changes Made to Big Bear and Justification 
 

I. Rocket fins have been enlarged to increase the stability of the rocket. After our first test 

flight, we noticed the rocket had a slightly unstable flight in the beginning before it 

gained speed. so we decided to increase the effective surface area of the fins to increase 

stability. (Section 3.2.3) 

II. Fins were proposed to be made from strictly from fiberglass. The team is now using 

wood fin since they’re easier to construct and fit our budget constraints. (Section 3.2.3) 

III. Nose cone shoulders have been shortened to fit our spring separation component better in 

the payload section. (section 3.2.6) 

IV. We have decided to lay fiberglass inside the transition to strengthen the weakest points of 

the transition. (Section 3.2.5) 

V. The length of the shock cords have increased with the cord that is attaching the fin can 

section to the transition being 30 ft and the shock cord attaching the main parachute to the 

transition bulkhead being 15 ft. (Section 3.3.4) 

VI. Due to slow descent times and high drift calculations the recovery team has changed the 

proposed 36” drogue parachute to an 18” parachute. (Section 3.3.6)  
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VII. The proposed Eye screw bolts have been changed to U- bolts to Minimize the failure in 

recovery and for safety purposes. (Section 3.3.10) 

VIII. It was proposed that the beeline tracker would be integrated into the avionics bay, 

however, after further revision by the handbook the tracker will be shielded and separated 

from avionics see section. (Section 3.3.3) 

IX. At the request of NASA personnel, the team has changed the contact switch system of 

arming the altimeters to a key switch system. (Section 3.3.11) 

 

2.2 Changes made to Payload and Justification  
 

I. It was proposed that a cylindrical spring would separate the payload section. 

Unfortunately, it exceeded the force needed for separation and will be replaced by conical 

spring with a more desirable force. (Section 4.5) 

II. Changes to the orientation of hardware components have lead to an update to the body 

frame. Also, The new orientation of hardware components provides better weight 

distribution. (Section 4.8.5) 

III. Located on the ends of the rover body two ball casters have been added to prevent 

frictional forces from the transparent shell and the body frame while ensuring the stability 

of the rover. (Section 4.8.8) 

IV. The rover’s wheels have increases from 35mm to 40mm in diameter, the width has 

increased from 7mm to 8mm, and the wheels are positioned 32.5 mm from the center. 

Increasing the wheel size provides more traction and reduces the risk of friction between 

the shell and body frame. (Section 4.8.6) 

V. Raceways for electrical wires have been added to the Lil’ Bears body frame to reduce the 

risk of electrical hazards. (Section 4.8.5) 

VI. The proposed ball caster has been changed to a wheel caster due to reduction in space. 

(Section 4.8.8) 

VII. Due to the inability in finding the gravity vector from the Adafruit ADXL345 

accelerometer we are switching to the SparkFun LSM6DS3. The new accelerometer 

enables us to consider tilt, which allows us to subtract out the gravity vector from the 

acceleration while moving. (Section 4.8.11) 

VIII. The solar deployment platform was first designed in rectangular shape, however, after 

modifications to the rover the platform was changed to an oval shape. (Section 4.9.1) 

IX. Modifications of the rover has reduced the space need for solar panels,therefore, the team 

has reduce the size of the solar panels. (Section 4.9.6) 

 

2.3 Changes made to Project Planning and Justification  

 

I. Changes to the verification were made due to difficulty in obtaining motors. Though we 

will use the K660 motor on launch day, the motors used in test launches were different. 
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To address NASA wishes that we use a similar motor, we conducted one test launch with 

a Loki K690 motor, which exerts a greater force on the rocket than the one used on 

launch day.(see section 7.3) 

II. Changes to the team-derived deliverables have been updated as the team completes 

testings, deadlines, and milestones. (see section 7.3) 

III. various events proposed from the PDR timeline have also been adjusted to conform with 

teams deliverables and schedule (see section 7.3 ).   

 

3. Big Bear Vehicle Criteria 
 

 
Figure 8: Big Bear Rocket 

 

3.1. Mission Statement 

 

The Lenoir-Rhyne BEAR Team’s mission is to design, construct, and test a safe and reusable 

rocket that will fly to an altitude of 5,280 feet, be safely recovered and deploy a payload. The 

payload, after safely landing separately from the rocket, will deploy a rover that autonomously 

moves at least 5 feet and deploys a solar panel.  During the execution of this project, the BEAR 

Team will educate the local community using multiple methods concerning rocketry and 

NASA's mission. 

 

3.2 Vehicle Structure  
 

3.2.1 Motor Mount System Design  
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Figure 9: Motor Mount Design  

 

The motor mount system designed for Big Bear will consist of a motor mount tube constructed 

from Kraft Phenolic. Kraft Phenolic has proven to be strong enough in previous designs. Three 

plywood centering rings are mounted to the Kraft Phenolic motor tube, the first and second 

centering rings are 25 cm apart and the second and third centering rings are 27cm apart. A 54mm 

Aeropack retainer is placed at the last centering ring using 6 six metal threaded inserts that were 

provided with the Aeropack retainer. Since the fins are through the wall and attached to the 

motor mount tube they provide added strength to the motor retention system than that of surface 

mounted fins. The centering rings are epoxied to the motor mount and the inner diameter of the 

phenolic airframe. This mounting technique secures the motor mount system during the launch. 

 

The team has analyzed and evaluated the options for the mount system design. Therefore,  the 

following system, shown in Figure 9, will optimize their chances of success followed by a high 

stability margin. We trust this design since we have created similar systems 

for the HSX1, PSR1, and FSX1 rocket, which have resulted in successful launches. We have 

concluded that this design is simple, robust, and cost-efficient while providing more than enough 

strength to handle the forces generated by the motor. This design also allows for quicker access 

to the motor mount system, which in turn allows the team to effectively implement changes to 

the motor. 

 

The three centering rings were made of .25” thick plywood and each will have a mass of 18.8 

grams. The motor mount tube will consist of an outer diameter of 58 mm, an inner diameter of 

54mm, and a length of 22.75 inches. The mass of the motor mount kraft Phenolic as designed is  

152.3 grams. Each fin is  made from .25” maple plywood and have a fillet made of epoxy. The 

Aeropack retainer has a mass of 62.8 grams. 
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3.2.2 Motor Negative Retention System 

 

 

 

 

 

 

 

 

Figure 10: Aero Pack Retainer  

 

The team has decided to use an Aero Pack 54mm flange retainer, model number RA54. This 

retainer uses six threaded metal inserts and bolts to attach to the last centering ring at the base of 

the Big Bear. We are using this method of negative motor retention because it is simple and easy 

to construct while also providing a robust way to retain the motor in the negative direction. The 

Aeropack retainer, also allows us to remove the motor quickly if the need to arises. The retainer 

ensures the negative retention of the K660 motor which both have a diameter of 54 mm. 

 

The reason the Aeropack retainer was chosen was for the strength of its composition, which 

leaves little chance of a failure of the system. The negative retention retainer is constructed out 

of anodized aircraft aluminum. The robustness of the retainer was proved during the flight of 

FS1 which resulted in a successful negative motor retention with no sign of damage in the 

system.  

 

The Aeropack retainer has an Inner Diameter of 54 mm, an Outer Diameter of 57 mm, and a total 

Mass of 2.26 ounces. 

 

3.2.3 Rocket Fin System  
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Figure 11: Rocket Fin Stability  

 

The fins being used for Big Bear are the clip delta shaped fins. The fin of choice has through the 

wall fin tabs; therefore, they’re reinforced by the motor mount tube. The fins are through the wall 

and strengthen the rocket fins’ rigidity by attaching to the motor mount tube. The fins will be 

secured to the rocket with epoxy resin fillets on both the inside and outside of the rocket airframe 

and between the fin tabs and motor mount tube. Big Bear will have a total of four fins going 

through the phenolic airframe.  

 

The clipped delta style fins were chosen as the primary choice in the PDR and CDR after HSX1, 

PSR1, and FSX1 were launch it proved that the clipped delta style fins were the optimal choice. 

Also, flight simulations in OpenRocket and RockSim recorded higher stability margins and 

predicted altitudes using the clipped delta style fin. In addition, the cross-section shape of our 

rocket fins will be a rounded shape to provide the optimal drag for our rocket design. 

 

It was proposed in the CDR that fiberglass was the material composition for the fins since it is a 

stronger material; however, after the flight of FSX1 and budget constraints, we decided to use 

Maple plywood fins. After using plywood fins on FSX1 and doing some stress testing we were 

able to determine that fins constructed of Maple plywood would be robust enough to withstand 

the flight of the rocket, as well as, the landing. Another reason for choosing to use Maple 

plywood instead of fiberglass was the ease of creating these fins and creating new fins if we 

needed to change the design. The fin size has increased after some stability issues during the first 

part of the flight of FSX1. The FSX1 rocket was not as stable as we hoped during the first part of 

the acceleration phase of the flight, so we changed the fin size to increase the stability margin of 

the rocket to compensate for our instability during this phase.  
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Figure 12: Clipped Delta Style Fins 

 

The fins have dimensions with a root chord of 9” a height of 4.5” a tip chord of 2” and a sweep 

angle of 58 degrees. The mass of a single fin is 57.5 grams. 

 

 

3.2.4  Airframe  

 
Figure 13: Fin Can of Lil’ Bear 

 

A. Fin Can 

 

The fin can length is 36” long with a 4” outer diameter and 3.8125” inner diameter. The material 

we are using is 4” Kraft Phenolic for our fin can because it is commonly used in rocketry, is 

lighter than fiberglass and is within our budget range. The lightness of the component makes it 

so that we can reach our mission altitude with the motor we have chosen to use. The mass of the 

Kraft Phenolic airframe itself is 0.87 lbs.  

 

B. Main and Payload Sections 
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Figure 14: Payload Section and Transition  

 

The total length of the airframe is 30”, the parachute bay airframe is 18”, and the payload 

airframe is 12” long with long both with a 6.188” outer diameter and a 6” inner diameter. The 

material we are using is 6” Kraft Phenolic for our fin can because it is commonly used in 

rocketry, is lighter than fiberglass and is within our budget range. The lightness of the 

component makes it so that we can reach our mission altitude with the motor we have chosen to 

use. The mass of the Kraft Phenolic airframe is 2.39 lbs.  

 

3.2.5 Vehicle Transition 

 

 
Figure 15: Vehicle Transition  

 

The rocket uses a smooth transition from our larger diameter airframe to the smaller diameter fin 

can. The transition was 3D-printed using ABS plastic filament and reinforced with fiberglass to 

provide strength at the points which take most of the force of this component during the flight. 

This transition allows to have a lighter rocket by being able to use a smaller diameter fin can, 

which makes it possible for us to reach our target altitude with the motor we have chosen. ABS 

plastic was used in construction due to it being more durable than PLA plastic, widely available, 

and has a much higher temperature resistance. 
 

 

A. Altimeter Bay  

 

 
Figure 16: Integrated Assembly Bay 

 

The components that make up this system will consist of both our altimeters with the batteries to 

power them, our 3D printed sleds and standoffs, bulkheads, quarter-20 rods, and nut locks along 

with regular nuts. The altimeters will be screwed onto the sleds securely with enough room for 

their batteries to be inserted into the opposite ends. The rods will be nutted through the 
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bulkheads so that the sleds can securely remain fixed for the flight. The altimeter switches will 

be connected to the key switches that are held in place by our 3D printed standoffs, this gives us 

easier accessibility to turn on our altimeters for the recording of data. We will also have 

electrical matches connecting to the proper channels of the altimeters containing our set altitudes 

for our ejection charges. The other end of the matches that will be ignited is fed through the 

opposite ends of other bulkheads facing away from our altimeters to allow proper separation of 

our rocket (seen in Figure 16 above). The purpose of the counterweight wrapped with electrical 

tape in our Altimeter Bay system is to add mass due to the phenolic material being so light, and 

this also allows us to reach a higher altitude during flight. The weight of this system was 

measured to be 3.93 lbs and has a length of around 15”. 

 

B. Altimeter Retention System    

 

 
Figure 17: Altimeter Sled 

 

In the figure above, we have a CAD drawing of the sled that we will be using for both altimeter. 

The back side of the sled will contain the altimeter that will be screwed in place and the front 

side of the sled is where the battery for the altimeter will be held. Looking at the top view of the 

sled in the figure above, we can clearly see where the rods will be fed through to keep the sled 

securely in place. The smaller holes above where the rods will be fed through are for the wires of 

the altimeters that will connect to the other components of the altimeter system. The sleds will be 

oriented with the backs facing away from each other when the system is assembled to allow for 



 

 

 
17 

 

the altimeters to have greater performance. The sled has a mass of 60g and a measured length of 

approximately 4”. 

 

C. Tracker Retention System 

 

 
Figure 18: Fore Bulkhead 

 

For our tracker system, we will use a Beeline Tracker that is secure to the fore bulkhead using a 

3D printed tracker casing. The fore bulkhead and ejection charge bulkhead are shield by 

wrapping the ends facing the tracker with aluminum foil. The 3D printed tracker casing secures 

the tracker in place and is screwed into the fore Bulkhead. Also, The tracker will be zip-tied to 

the bulkhead reducing the risk of movement during flight.  

 

3.2.6 Vehicle Nose Cone  
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Figure 19: Nose Cone Drawing 

 

The nose cone shape style for Big Bear is a power series nose cone with a shape parameter of 

0.5. The nose cone is 3D printed to give us the best fit on the rocket, as well as, replicating the 

nose cone to the exact shape of the OpenRocket simulator. As shown in Figure 19, inside the 

nose cone is a ¼” hole which a threaded rod is placed and secured with epoxy. The need for the 

threaded rod is to hold the rover deployment electronics sled. In the PDR, the nose cone 

shoulders were four inches in length, however, the length has been reduced to two inches to 

better compensate the length of the electronic sled. The total length of the nose cone is 8 inches 

as designed.  

 

The decision matrices provided in the PDR ranked the power series type nosecone. Therefore, 

after integrating the power series style nose cone on PSR1, FSX1, and FS1 the team feels 

confident that this system provides the best aerodynamics ensures the proper amount of usable 

space for the electronics placed in the nose cone, and structure sturdiness will ultimately lead to 

success.  

 

The material of the nose cone is from ABS with printing specifications of 75 percent infill, 

roof/floor thickness of 3.00 mm, and wall thickness of 1.00 mm. In the Flight of PSR1, FSX1, 

and FS1 it has proven to have enough strength to withstand the entire flight profile and endure 
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hard impacts with the ground. The ease of 3D printing the nose cone is relatively cheap to 

manufacture, quickly fabricated if needed, and complete robustness in the system.  

 

As designed on FS1, the nose cone has a total length of 8.5 inches., which includes the nose cone 

of 6 inches and a shoulder length of 2.5 inches. The walls of the nose cone will be .25” thick at 

the bottom and gradually get thicker towards the tip of the nose cone to provide greater strength 

against the impact with the ground. The nose cone has been sanded down manually for higher 

aerodynamics characteristics. It has been painted with a thin layer of primer and then a heavy 

coat of gloss colonial red paint to give the nose cone a smooth finish. Using the printing 

specification stated previously the total mass of the nose cone is 1.77 pounds.   

 

A. Electronics Retention System  

 

 
Figure 20: Nose Cone Electronic Sled Drawing 

 

Shown in figure 20, is the rover deployment electronics sled that houses the electronics 

necessary to deploy the rover once the payload section has landed. It has two 9-volt battery 

holders to hold one battery that powers the Xbee Arduino communication system  and the other 

battery’s sole purpose is to provide power to the burn wire. The design makes it so there is 

physical barrier between the batteries and the electronics to provide further protection for the 
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electronics. This electronics sled slides over a  ¼” threaded rod that is permanently attached to 

the nose cone and the bottom of the sled fits flush to the bulkhead of the nose cone.  

 

3.2.7 Structural Elements  

 

A. Bulkheads  

 

 
Figure 21: Bulkhead Placement  

 

Big Bear utilizes five maple plywood bulkheads and one fiberglass bulkhead which are shown in 

the figure above. The first bulkhead (from the left) is ¼ inch thick placed flushed with the nose 

cone shoulder. The second plywood bulkhead is located inside the payload section coupler and 

has a thickness of ½ an inch.  This bulkhead is the physical components that hold the payload 

parachute. The third bulkhead also has a thickness of  ½ an inch and located in the main bay 

section. Furthermore, the bulkhead holds the main parachute and separates the ejection charge 

cylinders from the tracker. The fourth bulkhead is a ¼ inch thick which is placed on the fore 

shoulder of the transition. The purpose of this bulkhead is to separate the tracker from the 

altimeters. The fifth bulkhead is also ¼ inch thick and is placed in the middle of the transition. 

The transition bulkhead plays an important role in securing the altimeter bay together. The last 

bulkhead is constructed of fiberglass and has an ⅛ of an inch thickness located on the aft 

shoulder of the transition. Therefore, the bulkhead holds the ejection charge cylinders, the drogue 

parachute, and fin can. After, the first failure of Big Bear the team decided to increase the size of 

bulkhead the second and third bulkhead from ¼ inch to ½ inch to minimize the chances from the 

black powered charges pressure wave from protruding to the payload section or altimeter bay. 

Also, a thicker bulkhead has more surface area for the epoxy to adhere. Increasing the size of the 

bulkheads has contributed to the success of Big Bear’s third flight. 

 

B. Nylon Rivets  
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Figure 22: Nylon Rivets 

 

Three ¼” nylon push rivets are used to attach the nose cone to the payload section airframe. 

Also, three rivets are used to attach the transition to the main bay airframe. Each rivet has a mass 

of one gram and length of 3/4” of an inch. The rivets have been used in the flight of The Hulk 

(FSX1) and the three flights of Big Bear (FS1) with zero failures and no internal or external 

damage to the airframe. This style of rivets are easy to find, low costs, and have proven to work 

on numerous flights.  

 

C. Launch Lugs  

 
Figure 23: 3D Printed Standoffs 

 

Since we are using to different diameter airframes in our rocket design, a standoff is necessary 

for the rail buttons on the smaller diameter airframe. These standoffs are printed out of ABS 

plastic using 25% infill, which provide the standoffs with more than enough strength to endure 

the stresses it will undergo before launch and during the flight.  How do we know they worked 

and withstand the flight? Talk about mass and size of one lungs 
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3.3 Recovery Subsystem 

 
Figure 24: Recovery Diagram  

 

3.3.1 Description of Recovery System  

 

For our recovery subsystem, our rocket is separated into 3 sections. The first sequence of 

separation for our vehicle will be at apogee which is achieved by our Marsa 54 and Stratologger 

altimeter setting off the programmed ejection charge as well as the K660’s motor’s ejection 

charge. The second separation will take place at around 700 feet where one of our altimeters will 

set off another charge. In the case that the ejection charge does not successfully separate the two 

sections, we have our second altimeter setting off the second charge at 500 feet, which acts as the 

fail/safe. During these separations, our parachutes, which are made of tubular nylon, will be 

released to accomplish our vehicles safe descent. At apogee, the Drogue parachute will be 

released and is securely offset to the shroud line connecting the lower bulkheads of the transition 

and the motor mount of the fin can section. Once the next separation takes place during this 

descent the main and payload parachute will be released. The main parachute will be attached to 

a shock cord that is connected to the bulkhead of the altimeter bay, and the payload parachute 
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will be attached to a shock cord that is connected to the bulkhead of the payload section. Each 

parachute will be wrapped in their own individual Nomex cloth to protect it from the hot gases of 

the ejection charges (burrito method). 

 

3.3.2 Altimeters  

 

The two altimeters that we decided to use for our vehicle are the StratoLoggerCF which is the 

primary choice and the Marsa 54 as the second choice. In section __, one can find the 3D printed 

altimeter sleds used to retain the altimeters during flight. Each integrated system is independent 

of one another and the difference in the specification will be discussed below. Furthermore, the 

altimeters are capable of dual deployment, which is necessary for the ejection of our payload 

parachute. They both provide similar characteristics and have proved to be reliable and effective 

on HSX1, PSR1, FSX1, and FS1.  

 

A. StratologgerCF 

 

 
Figure 25: Stratologger CF  

 

I. Description of System 

 

The altimeter stores up to 100,000 MSL, temperatures, and the voltage of its battery (9V). The 

altimeter stores up to 16 flights and t = 18 minutes for each flight. The altimeter gives a series of 

beeps when powered on, which tells the current elevation and the altitude from the previous 

flight. Pressing the white “PROG” button while powering on the altimeter enables the user to 

change the deployment altitude or desired channel while on the field. The altimeter uses 

barometric sensory holes bored through the side of the rocket to sense air pressure in order to 
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gauge altitude. In addition, the StrattologgerCF’s data can be transferred to a computer and 

converted into graph form. 

 

The altimeter is attached to the blue Stratologger sled, which is fitted with two guide holes on the 

side to house the bolt attachment and two guide holes to house the wire components. On the 

opposite side of the altimeter, the 9V battery is housed in a three-sided enclosure. This is to 

prevent the battery from interfering with the altimeter and other electrical components on the 

other side of the sled. 

 

The dimensions for the StratoLoggerCF is 2.0"L x 0.84"W x 0.5"H, and the mass of the device is 

0.38 ounces (10.8g). Total mass with 9v and sled is 105.6g.  

 

II. Electrical Schematic  

 

 
Figure 26: StartologgerCF Schematic 

 

The StratoLoggerCF will be powered by a single 9V alkaline battery and a key switch is 

integrated for activation. The key switch is located inside the altimeter bay, therefore, activation 

at the pad will be external. The key switch ensures that the altimeter will not turn on/off by any 

forces during testing, pre-launch, and flight of the launch. The StratoLoggerCF is our primary 

altimeter, therefore, at apogee, it is programmed to deploy the drogue ejection charge using J-

Tek style electric matches. At 700 feet, the StratoLoggerCF will deploy a second ejection charge 

using the same electric igniters to deploy the main parachute and payload parachute. Figure 26 

shows the wire connections to our system.  
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B. Marsa 54 

 
Figure 27: Marsa 54  

 

I. Description of System 

 

The Marsa 54 is the altimeter manufactured by Marsa Systems, Inc. It is a reliable computer that 

is capable of being programmed or modified while on the field. It is operated by using the 

joystick (the black square) located below the right-hand corner of the screen display. The Marsa 

contains four channels, which enables dual deployment to be administered (including an apogee 

setting). In addition, multiple channels can be used at once with varying degrees of altitude 

deployment programmed on each channel. Channel one is programmed to deploy the drogue 

parachute at apogee while Channel two is being used to deploy the main parachute as a fail-safe 

backup at 500 feet. Programming the channels involves toggling the joystick during the Marsa’s 

launch countdown procedure, which will take the altimeter to menu mode, where the setup menu 

has access to modifying the altitudes of each channel (up to four) in the altimeter. 

 

The Marsa 54 is attached to the yellow sled, which attaches to two bolts in the altimeter bay 

system. These bolts are housed inside two guide holes on either side of the sled. The sled is the 

exact same design as the Strattologger’s, and the battery is housed on the opposite side of the 

altimeter to prevent any electronics from being damaged if the battery is dislodged during flight. 

The Marsa is attached to the sled by small screws on each corner of the altimeter. 

 

The Marsa 54’s reliability and ease of use make it a mission-critical item for the rocket launch. 

Since the desired altitude can easily be programmed on the spot, the altimeter can accommodate 

needed altitude adjustments if required. In addition, the MARSA is user-friendly, which enables 

members of the Rocket Division to learn how to operate it easily. 
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 The dimensions for the Marsa 54 is 3.94”L x 2.125”W and mass with 9V battery and sled is 

130.3g. 

 

II. Electrical Schematic  

 
Figure 28: Marsa 54 Schematic 

 

The Marsa 54, as previously stated is our fail/safe altimeter. It will be powered by a single 9V 

alkaline battery and a key switch will also be integrated for activation. The key switch 

mechanism is the exact same system as the StartologgerCF. The Marsa 54 has two charges 

programmed shown in figure 28. At apogee, the first charge will ignite deploying the drogue 

parachute. The second charge will be deployed at 500 feet, this charge will ensure the 

deployment of the main parachute. 

 

3.3.3 Beeline Trackers  

 

A. Tracker Specifications  



 

 

 
27 

 

 
Figure 29: Beeline Tracker 

 

The trackers are BeeLine 70 cm Transmitters. It is a small compact system that fits within the 

rocket’s nose cone and altimeter bay sections. This system provides information of the payload 

section location and the remaining rocket’s location during flight and charts its landing location. 

This trackers frequency is user programmable. This means we can program our beacon to any 

frequency we choose within the 70 cm HAM radio band. A 70 cm handheld transceiver will be 

used to listen for the beeps from the tracker.  The frequency range is user programmable in 250 

Hz steps from 420-450 Mhz and the output power is user selectable from -20 to +12 dBm. This 

tracker has PC programmable call signs, frequency, and tone parameters, and it is small in size. 

 

The BeeLine Transmitter tracker measures approximately 5 cm length x 2 cm width and weighs 

12.6g. The dimensions of the BeeLine Transmitter are within the parameters needed for the nose 

cone and altimeter bay.   

 

B. Location of Trackers 
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Figure 30: Placement of Trackers 

 

One of the trackers is located above the altimeter key switch bulkhead, which is also within our 

transition/altimeter bay section and facing up toward our nosecone. A 3D printed casing is 

screwed to the bulkhead to hold the trackers in place and zip tied to prevent movement during. 

This Beeline Tracker is programmed to have a frequency of 425 MHz and we have a HAM 

Radio set to pick up its signal, along with a yagi antenna to increase our efforts to track down our 

rocket. The next tracker will be located on the rover deployment electronics sled within the 

payload section of our rocket. This tracker has been programmed to have a frequency of 445 

MHz as well as a secondary HAM Radio that will pick up its signal. We will also utilize a yagi 

antenna onto the radio to help us find wherever our payload section lands. 

 

C. Tracker Retention Platform  
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Figure 31: Tracker Retention Sled Drawing 

 

Shown in figure 31, one can see the 3D printed tracker retention sled. The sled is designed to the 

hold the beeline tracker in placed during flight and has worked successfully in all launches. The 

sled has three mount points using 4-40 machine screws. Also, the trackers sled have opening on 

both side, shown in the isometric view. These openings are required for the antenna to be 

exposed. The tracker retention sled has a length of 45mm, width of 42 mm, a height of 14 mm, 

and the mass 4.5 grams.  

 

3.3.4 Shock Cord  

 

A. Shock cord Robustness  

 

 
Figure 32: Shock Cord Connecting Fin Can and Main Bay 

 

The type of material chosen as the shock cord is 9/16” thick Tuber Nylon. We found that nylon 

webbing has a tensile strength of 1500 lbs, and should not break upon initiation of the ejection 

charges to separate the rocket into its various sections. This strength is reasonable using a rule of 

thumb where the tensile strength of the shock cord should be 50 to 100 times the weight of the 

rocket. The shock cords melting point is 380 ⁰F which allows it to withstand the transient heat of 

black powder charges. To verify the robustness of the tubular nylon, the material was integrated 

on PSR1, FSX1, and FS1 which flights have verified its success. Upon landing of the launch 

vehicle each shock cord was properly inspected for damages.   

 

B. Point of Attachments and Specifications 

 

I. Fin Can  

 



 

 

 
30 

 

 

Figure 33: Shock Cord Connected to Motor Mount and Transition 

 

A Taut-line hitch and overhand knot at the base of each shock cord that is tethered to the fin can 

section will be done in order to ensure that they do not come loose during separation. 

Approximately 30 feet of tubular nylon will be used as the shock cords for the fin can section. 

One end of the shock cord will be wrapped around the motor mount and epoxied as shown on the 

left of figure 33.  Then, the cord is knotted through a hole in the first centering of the motor 

mount tube. The tubular nylon mounted is reinforced with epoxy at the first centering as well to 

ensure that nylon does not slip through the hole. The other end of the nylon cord is knotted using 

the taut-line hitch and then an overhand knot ( all point of attachment to the U-bolts and 

parachute are tied using this technique) to U-bolt, as shown in the right of figure 33, which is 

mounted onto the aft bulkhead of the transition sections. At 15 feet of the shock cord from the fin 

can section, the drogue parachute is attached. The placement of the drogue parachute will assure 

that the fin section is offset, making the upper section be at a higher altitude than the fin can 

upon reaching terminal velocity. This should reduce the possibility of the main parachute or 

payload section hitting the fin can upon ejection (resulting in much possible distress to our 

rocket). The weight of this shock cord is approximately 5.185 ounces. 

 

II. Main Parachute Bay 

 

Within the main parachute bay of the Big Bear airframe is 15 feet of tubular nylon shock cord. 

One end of the shock cord is tied to the bulkhead of the altimeter bay, as shown in figure 33. The 

other end of the shock cord will be attached to the main parachute. The shock cord ensures that 

the main parachute, when deployed, will descend the main parachute bay section, 

transition/altimeter bay, and fin can safely. The weight of this shock cord is approximately 2.59 

ounces.  

 

III. Payload Section  
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Figure 34: Payload Recovery System 

 

Inside the main bay, in front of the main parachute, is the payload parachute  attached to 6 feet of 

tubular nylon. The other end of the shock cord is tied to U-Bolt which is mounted to a bulkhead 

inside the coupler of the payload section. The 6 feet of tubular nylon shock cord holds the 

payload section and payload parachute intact ensuring descension of the sections (shown in 

figure 34).  The weight of this shock cord is approximately 1.04 ounces.  

 

3.3.5 Recovery Preparation  

 

A. Folding parachutes  

 

 
Figure 35: Folding Parachute Procedure 

 

The figure above shows the procedure of folding the parachutes correctly. First, the parachute 

will be laid flat and folded into eighth of its size. Once this step is completed the shrouds lines 

rest inside the parachute in a way that they do not get tangled. Next, the parachute is folded in 

half horizontally and then folded vertically, at this point the parachute is compactly packed. The 

parachute is then centered in the Nomex blanket which is tethered to shock cord. The parachute 
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is folded in burrito style method; therefore, it protects the parachute from being damaged when 

the ejection charges are deployed and have proven to work on all flights. 

 

B. Reefing Shock Cords 

 

 
Figure 36: Reefed Shock Cord 

 

Tubular nylon shock cord is reefed by multi-stage reefing method. The purpose of the procedure 

is to reduce the force on the sections at separation from the ejection charges. The team is using 

masking tape to reef the lines. Also, the intention of this method is to prevent the entanglement 

during flight or deployment. This method was not implement on the first flight of FS1 and could 

be a possible failure mode in our flight. During the second and third launch of FS1, the team 

used this method and increased the length of the shock cord. Therefore, this method proved to be 

successful and will be integrated for future launches.  

 

3.3.6 Drogue Parachute 

 
Figure 37: Drogue Parachute 

 

In the CDR it was proposed the drogue parachute had a diameter of 36 inches. Unfortunately, 

due to high drift calculations the team changed the parachute to an 18 inch diameter. Therefore, 

the drogue parachute used is manufactured by Topflight. The lengths of the 10 shroud lines are 

approximately 18 inches long and the parachute has no spill hole with a weight of 20 grams. The 

purpose of the drogue parachute is to slow the descent rate of the rocket after apogee. As result, 

the rocket will descent in shorted time compared to the 36 inch. The drogue will allow our rocket 
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to descend at a rate of 66.70 ft/s with the kinetic energy being approximately 1570 ft-lbs. The 

parachute has can be located in the fin can section of our rocket just below the transition. 

 

3.3.7 Main Parachute 

 
Figure 38: Main Parachute 

 

Our Main parachute will be a Military Surplus parachute with a diameter of  60”. This parachute 

does have a spill hole, a weight of 325 g, and the length of the 12 shroud lines are 16 inches long. 

The purpose of this parachute is to deploy at 700 ft from the ground and allow the entirety of our 

rocket minus the payload section to descend safely to the ground. The main parachute will have a 

descending rate of approximately 19.69 ft/s and a kinetic energy of 73.02 ft-lbs. It will be located 

in the 6” diameter airframe just above the transition within our rocket and tethered to the U-bolt 

that is in the 6” diameter bulkhead of our transition. 

 

3.3.8 Payload Parachute 

 

 
Figure 39: Payload Parachute 

The Payload parachute will be a Top Flight parachute with a diameter of 54”. It does have a spill 

hole with a weight of 140 g and the 6 shroud lines have a length of 26 inches. The purpose of this 

parachute will be to deploy at 700 ft with the Main parachute to allow our separated payload 

section to descend safely toward the ground. After deployment and this parachute reaches 

terminal velocity with the payload, it will descend at a rate of approximately 23 ft/s with a 

kinetic energy of 70.67 ft-lbs This parachute will be located next to the Main chute within the 6” 
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diameter airframe just above the transition. The payload chute will be tethered to the payload 

section airframe. 

 

3.3.9 Black Powder Charges 

 

 
Figure 40: Black Powder Ejection System 

 

A. Calculations 

 

For the fin can, we used 1.50 grams of black powder for the ejection charge at apogee. Using this 

amount of black powder was found to be the best for using two shear pins to keep our rocket 

together during flight, but weak enough to shear upon separation at apogee. For the parachute 

bay section, the team used 2.25 grams of black powder and found that four shear pins are ideal 

for separation. Using these amounts of black powder for our ejection charge has proven to 

properly separate our sections during the third launch of FS1. See section 7.1 for further ground 

testing of ejection charges. 

 

B. Ejection Charge Cylinders  
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Figure 41: Ejection Charge Cylinder CAD Drawing 

 

The Ejection Charge Cylinders are 3D printed with an ABS filament, which is strong enough to 

withstand the black powdered charges, and we have seen proof of this through our ground testing 

and through our practice flights. The bottom of our cylinders is made in a type of waffle-style 

indentation to increase the surface area for the epoxy that we use to attach them to the bulkheads 

of our transitions. For the hole in the front of our cylinders that leads to the interior, we have the 

electrical match ends going through and they will be connected to the altimeter to be activated at 

the programmed altitude. The cylinders are securely wrapped in electrical tape once we fill the 

cylinders with black powder and the electrical matches are fed through. For the ejection charge 

cylinders on the bulkhead facing the fin can section, we use 1.5 grams of black powder. For the 

ejection charge cylinders on the bulkhead facing the parachute bay section from the transition, 

we use 2.25 grams of black powder. 

 

To ensure that we have the proper amount of black powder for the ejection charge we prepared 

ground testings to see what amount was needed and how much was safe to use. We had electrical 

matches inserted into four cylinders and had 25 percent, 50 percent, 75 percent, and 100 percent 

infill of black powder poured into each respective one. After activating the charges in the ground 

test we found 75 percent infill to be the best amount for us to use during flight. In out previous 

flights we found that using more black powder than we have decided upon currently would cause 

our sections to be damaged due to an excess amount of charge being activated. Using the 

recorded amount of black powder and 75 percent infill in our recent flights, we had our rocket 

sections separate properly without fail and without damaging any components. 
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3.3.10 Recovery Elements  

 

A. Shear Pins 

 

 

Figure 42: Shear Pins 

 

The team is using 3/32” x 3/8” nylon machine screws as shear pins at all points of separation.  

Each pin shears at 23 pounds of force and 4 pins are used to attach the payload section to the 

upper body tube.  At the point of separation within the payload section itself, we are using 2 

shear pins.  On the February 24th flight, while we were using only 2 shear pins, the payload 

section separated at apogee instead of at 700ft.  This happened because the shock cord unreefed 

and became taunt too fast causing the payload section’s bulkhead to be jerked because of the 

inertia. This failure was due to the shock cord being too short and reefed using single-stage 

reefing instead of multi-stage reefing as well as only using 2 shear pins.   

 

 

B. U - Bolts 

 
Figure 43: U-Bolt 

 

There are 5/16” U-bolts attached to the bulkheads of the payload section and each side of the 

transition which are used to attach the shock cord between sections.  Each u-bolt, including the 4 

nuts and metal backing plate used with them, are 74.4 grams.  In all of our previous flight since 

implementing the U-bolts, we have had zero failures due to them. 

 

C. Key Switch Sled 
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Figure 44:Key Switch Platform Drawing 

 

Each battery in the altimeter bay and rover deployment sled has a switch running in series to the 

power terminals. To prevent the switch from hitting other electronics the team has designed a 3D 

switch platform shown in figure 44. The switch is placed through the hole, shown in the front 

view, and is tightened using a nut on the other side. To maintain the platform from movement 

during flight two 4-40 size holes are integrated at the bottom (seen in the isometric view). The 

platform is constructed of ABS material with a 50 percent infill weighing a total of 6.5 grams. It 

has a height of 41 mm, a length of 35 mm, and width 5 mm. The platform has had no problems 

during ground testing, pre-launch, and flight. 

 

 

3.3.11 Electrical Components  

 

A. Batteries 
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Figure 45: Voltage vs Service Hours Graph 

 

Both Altimeters will each rely on a new 9V Duracell alkaline battery. Each 9V battery will 

power a specific altimeter. Duracell’s internally solder the leads from the batteries to the posts 

(as compared to many other 9V batteries) and are recommended by our rocket mentor. We have 

conducted ground tests to known how many milliamps are drawn from the Marsa 54 and 

Stratologger at flight ready conditions. In figure 45, showing the voltage vs service hours graph, 

the StratoLoggerCF draws 1.5 milliamps, at this current the altimeter could be powered for 

nearly 30 service hours without any charges deployed. The Marsa 54 draws 3 milliamps of 

current and would be powered over nearly 300 service hours. 

 

B. Electric Igniters  

 

 

Figure 46: J- Tek Style Igniters  

 

At Midland, NC  the team has had seven launches, in which they have gained experience using J-

Tek style electric matches shown in figure 46. These J-Tek style igniters have a maximum no-

fire current of 0.300 amp, a minimum all-fire current of 0.600 amps, and a recommended 

minimum firing of 1.2 -1.7 amps. These igniters have been successful for all the BEAR team 

launches and ignited when programmed to. The team has used these ignitors for all its launches 

and will be used at Huntsville, Alabama.   

 

C. Key Switches  
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Figure 47: Key Switch Platform 

 

The switch of choice to activate the StratoLoggerCF and Marsa 54, is the JD S Series key 

switches manufactured by Apem. These switches are made to withstand a significant amount of 

forces since they are constructed as electronic hardware switches. Each key switch is mounted to 

a 3D printed sled with a mass of 6.5g. The sled is bolted to the end of the bulk using 4-40 metal 

screws, as shown in figure 47. A contributing factor in using this switch is for safety. The 

switches are designed to stay locked in the off position while the key is intact. To arm the switch, 

one must turn the key with a reasonable amount of force and once then can the user removes the 

key. Each key will be tied to a red warning flag which states “ Remove Before Flight.” Flagging 

the key switches plays a crucial role in our launch procedure checklist to prevent premature 

deployment, injuries, and damages during the preparation of launch vehicle. The key switch has 

a mass of 1.17 oz. The complete integrated system bulkhead dimensions are 6” diameter, 2.5” 

height, and a total mass of 6.18 oz. See section 3.3.10.C for further description of key switch 

sled.  

  

 

3.4 Mission Performance Predictions  
 

 
Figure 48: Openrocket Big Bear Design 

 

Performance Predictions 
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OpenRocket RockSim 

Weight (lbs) with Motor 22.7 Weight (lbs) with Motor 22.9 

Max Acceleration (ft/s^2) 312 Max Acceleration (ft/s^2) 520 

Rail Exit Velocity (ft/s) 69.8 Rail Exit Velocity (ft/s)  

Maximum Velocity (ft/s) 637 Maximum Velocity (ft/s) 627 

Velocity at Deployment 

(ft/s) 

30.9 Velocity at Deployment  

(ft/s) 

10.3 

Altitude Deployment of 

Drogue Parachute (ft) 

5354 Altitude Deployment of 

Drogue Parachute (ft) 

5538 

Altitude Deployment of 

Main and Payload 

Parachute (ft) 

700 Altitude Deployment of 

Main and Payload  

Parachute (ft) 

700 

Figure 49: Mission Performance Predictions  

 

3.4.1 Flight Profile Simulations 

 

A. Altitude Prediction With Simulated Vehicle Data 

 

The OpenRocket simulator predicted the apogee altitude with zero wind at 5354 feet. The 

RockSim simulator predicted the apogee with zero wind at 5538 feet. Though this estimate 

overshoots the target apogee, the team acknowledges that it is easier to add weight to the rocket 

than cut it. Therefore, the team will add weight at the end of construction to ensure that the 

rocket undershoots these simulations and reach approximately a maximum of 5,280 feet.   

 

B. OpenRocket Flight Simulation 
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Figure 50: Openrocket flight simulation 

The Openrocket flight simulation shown in figure 50, predicts the altitude vs time graph which is 

shown in red; the vertical velocity vs time graph is shown in blue; and the vertical acceleration  

is shown in green.  

 

C. RockSim Flight Simulation 

 
 

Figure 51: Rocksim Flight Simulation 

The Rocksim flight simulation shown in figure 51, predicts the altitude vs time graph which is 

shown in orange; the velocity vs time graph is shown in blue, and the vertical acceleration is 

shown in green. 
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D. Individual Weight of Components 

 

Weight of Individual Components (lbs 

Fin Can Transition/Main Parachute Bay 

Four Fins 0.51  3D Printed Transition 1.62  

Centering Rings 0.13  Phenolic Airframe 1.06  

Negative Retention 0.14 Transition Bulkhead 0.04  

Motor Mount Tube 0.34  Altimeter Bay* 1.01  

K660 Cesaroni 

Technology Inc.  

4.30 Aft Bulkhead 0.34 

Drogue Shock Cord 0.55  Fore Bulkhead 0.39  

Phenolic Body Tube 0.87  Counterweight 1.10 

Drogue Parachute 0.04  Ejection Charge 

Bulkhead 

0.55 

Epoxy 0.22  Main Parachute Shock 

Cord 

0.53  

Launch log 0.06  Main Parachute 0.72  

Payload Section 

Payload Shock Cord 0.32  Payload Parachute 0.29 

Rover Housing 0.97  Spring Mechanism  1.46 

Lil’ Bear 1.20 Rover Deployment 

Electronics* 

0.89 

Nosecone 1.10 Payload Coupler 0.30 

Payload Airframe 1.20  Bulkhead 0.42 

Figure 52: Individual Weights of Components 
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In Figure 52, one can see the individual weight that composed Big Bear. The mass of the 

fin can section is 7.16 lbs, the mass of the main bay is 7.40, the mass of the payload section is 

8.17 pounds, and the total mass of the is 22.7 pounds.  

 

3.4.2 Simulated Motor Thrust Curve 

 
Figure 53: Thrust Curve of K660-17 

 

Figure 53 shows the simulated thrust curve graph of our chosen motor, a Cesaroni 

Technology K660. It shows the thrust in newtons of the motor during its entire burn time. This 

motor will give of us enough average thrust to make our rocket reach our target altitude. 
 

 

3.4.3 Verification of Forces 

 

 Our rocket has been tested thoroughly to verify that it can withstand the forces it will 

experience during the flight of the rocket. The rocket materials have been ground tested with the 

proper size ejection charges for each section verifying that all the parts of the rocket can 

withstand multiple ejection charge blasts. The rocket itself has been flown 3 times with no flight 

critical damage done to the rocket during flight or during recovery. The rocket has been launched 

with a motor that exceeds the max acceleration of our competition motor, which verifies that it 

can withstand more g-forces than necessary for our Cesaroni Technology K660 motor. 

 

3.4.4 Stability Margins 
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Figure 54: Big Bear Stability Margin 

 

Since the upper body tube diameter has changed our CP and CG are not position at a different 

location from PDR. From the OpenRocket simulation, we found the center of pressure is located 

in the lower body tube, 54.4 inches from the nose cone. The center of gravity is located in the 

transition section 36.9 inches from the nose cone. The caliber of stability is 2.92, which makes it 

a stable rocket. 

 

From the Rocksim simulation, we found the center of pressure is located in the lower body tube, 

55.0  inches from the nose cone. The center of gravity is located in the transition section 35.5 

inches from the nose cone. The caliber of stability is 3.24, which satisfies the condition for a 

stable rocket.  

 

3.4.5 Kinetic Energies  

 

 

Sections 

 

Mass (kg) 

 

Velocity(m/s) 

 

Kinetic Energy 

(Ft-lbs) 

Fin Can/Main Parachute Bay 5.50 6.00 73.02 

Nose Cone/Payload Section 3.90 7.01 70.67 

Big Bear Vehicle 10.30 20.33 1569.93 

Figure 55: Kinetic Energies of Big Bear 

 

3.4.6 Drift Calculations 

 

Drift From OpenRocket 

Windage Big Bear Vehicle 
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0 mph 0 feet 

5 mph 111 feet 

10 mph 223 feet 

15 mph 334 feet 

20 mph 445 feet 

Figure 56: Drift Calculations in RockSim  

 

 

Drift From OpenRocket 

Windage Big Bear Vehicle 

0 mph 0 feet 

5 mph 109 feet 

10 mph 217 feet 

15 mph 326 feet 

20 mph 435 feet 

Figure 57: Drift Calculations in OpenRocket 

 

3.4.7 Differences in Simulation and Drift Calculations 

 

 The main differences in the two simulations is the predicted altitude and the descent rate 

of the sections of our rockets. In both of  the simulations, the rocket weighs exactly the same 

because we have weighed every piece of the rocket and do not rely on the calculated values of 

the simulator. Every piece in each simulation is the same and matches our competition rocket to 

very small variances. The drift calculations are different between the simulations because they 

give different descent rates for the sections of the rockets. The Rocksim simulator gives a 

descent rate of 25.7 ft/s and the OpenRocket simulator gives us a descent rate of 24.7 ft/s. After 

doing the drift calculations its seen that the launch vehicle will drift a maximum of 455 feet in 

OpenRocket and 435 feet in the Rocksim simulator.  

 

3.5 Full Scale First Flight  
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Figure 58: First Flight of Big Bear 

 

3.5.1 Analysis of Big Bear Flight 

 

On February the 17th, 2018 the first flight of Big Bear was conducted. The flight was 80% 

successful, and the rocket had a perfect ascent. The drogue chute deployed at apogee, and at 800 

feet, the altimeters triggered the deployment of the main parachute. However, the charges blew 

with an excessive amount of force, resulting in the payload section receiving damage with some 

debris coming in ballistic. The rest of the rocket descended safely without issue. None of the 

payload components were damaged due to a dummy weight being used. Further analysis 

revealed that we used 4 grams of black powder charge, which was twice the recommended 

amount, and the charges for the Stratologger and Marsa altitudes were not spaced further apart in 

time. This caused the payload section bulkhead to detach from the payload. However, dual 

deployment was functional due to both the apogee and main bay section blew charges upon the 

specified settings of altimeters. 

 

3.5.2 Flight Data and Mission Performance 
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Figure 59: Flight Profile From Marsa 54 

 

DATA STRATOLOGGER CF MARSA 54 

Apogee Altitude 2856’ feet 2806’ feet 

Main Deployment: 900 feet 700 feet 

Velocity Please see above graph^ 441 ft/s 

Acceleration - 503 st/s^2 (7.32 gs) 

Acceleration (Apogee) - 15.0 

Burnout - 2.9 

Barometric Pressure - 831 

Figure 60: Flight Data from Alimeters  

 

 

The rocket reached an altitude below 3000 feet, which was desired since we did not want to use a 

K-660 motor for this launch due to the FAA clearance ceiling at Midland, NC of 5000 feet. In 

addition, the lower altitude allowed for the rocket to be recovered on the ground since dense 

patches of trees exist on three out of the four sides of the launch field. Our prep time took place 

from 11 am to 5 pm, which was longer than expected. The full-scale rocket was recovered, but 

further testing of ground charges was clearly necessary. 

 

3.6 Full Scale Second Flight  
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Figure 61: Second Flight of Big Bear 

 

3.6.1 Analysis of Big Bear Flight 

 

The second launch took place on February 24, 2018. The goal was to demonstrate successful 

dual deployment and recovery for the FS1 rocket using the J1000 Loki research motor. Black 

powder charges were calculated via ground testing, and approximately 2 grams of black powder 

was used in each charge. The rocket launch took place at 4 pm, and the rocket reached 

approximately 2156 feet in altitude. However, a malfunction caused the main parachute to 

deploy at apogee instead of at 700 feet. This caused the rocket to drift excessively, causing the 

rocket to land sixty feet high in a tree. A local tree company recovered the rocket and 

components three days after the launch. The rocket was undamaged due to the launch.  

 

3.6.2 Flight Data and Mission Performance  

 

 
Figure 62: Flight Data from Marsa 54 
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DATA STRATOLOGGER CF MARSA 54 

Apogee Altitude 2156 feet 2118 feet 

Main Deployment: 700 feet 500 feet 

Velocity Please see above graph 395 feet/sec 

Acceleration - 502 feet/sec^2 

Acceleration (Apogee) - 13.4 feet/sec^2 

Figure 63: Flight Data from Altimeters 

 

 

This launch was not completely successful in proving dual deployment since the main chute 

deployed at apogee. Analysis revealed that the shock cords were too short, which caused the fin 

can and the main section to violently jerk at apogee, which caused the main chute to deploy. The 

high winds (15 mph E) caused the rocket to drift and get caught in a tree. In addition, one shear 

pin was used to separate the transition and main sections, which was unstable during apogee. 

These observations were utilized during the third and final launch of the FS1 rocket. However, 

the rocket was launched within three hours of the FAA launch waiver, which completed the 

verification requirement of launching within three hours of the FAA window opening. 

 

3.7 Full Scale Third Flight 

 
Figure 64: Third Launch of FS1 

 

DATA STRATOLOGGER CF MARSA 54 
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Apogee Altitude 1090 feet 1080 feet 

Main Deployment: 700 feet 500 feet 

Velocity 281 ft/sec 243 ft/sec 

Acceleration 380 ft/sec^2 (11.9 Gs)  230 ft/sec^2 (7.19 Gs) 

Figure 65: Flight Data from Altimeters   

 

3.7.1 Analysis of Third Flight 

 

The third flight of the FS1 occurred on March 4, 2018. The flight took place on a sunny day at 

the Midland, NC site with 15 mph winds. The launch occurred at approximately 4 pm, and the 

launch angle was 5 degrees into the wind. The motor used was a Loki J820 Motor to test dual 

deployment. Longer shock cords (30 feet) were used for the fin can to the transition, which 

reduced the chance of the shear pins in the main parachute bay. The number of nylon shear pins 

was doubled for the main parachute bay from the last launch to ensure the integrity of the rocket 

in case of shock events. 2.25 grams of black powder was used for each main parachute bay 

charge and 1.5 grams were used for the drogue parachute. The official rocket altitude was 1090 

feet. The rocket motor delayed to ignite for approximately five seconds while consuming fuel, 

which caused the rocket to reach a lower altitude. The team believes this occurred due to the 

motor being in long-term storage before the flight and not sealed during the whole time of 

storage. 

 

3.7.2 Flight Data and Mission Performance  
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Figure 66: Flight Data from Masra 54 

 

 

The third flight of the FS1 achieved the verification requirement of proving dual deployment in 

the competition rocket. The drogue parachute deployed at apogee, and the main parachute 

deployed at 700 feet in elevation. Due to the main parachute taking a few seconds to completely 

unfold, the rocket descended at the same rate as pre-main deployment until 550 feet in elevation. 

The rocket was flown at very low altitude due to 15 mph SW winds measured before launch. 

This prevented the rocket from becoming entangled in trees/ powerlines that surrounded the 

launch site. 

 

3.7.3 Estimated Drag Coefficient 

 

Using a rocket diameter of 6”, a burnout time of 1.9 seconds, the Loki K960 motor mass of 3.85 

lbs, and burnout mass of 1.80 lbs, the MARSA 54 calculated maximum velocity of 441 ft/s and 

the apogee at 2856 feet, the team worked backwards in RockSim. We found an estimated drag 

coefficient of 0.36. 

   

 

4. Payload Criteria Payload Design  

 

4.1 Payload Objective 
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Figure 67: CAD Drawing of Lil’ Bear 

 

The objective of the payload (the Lil’ Bear Rover) designed by the Lenoir-Rhyne BEAR Team, 

is to successfully exit the rover housing following a successful wireless communication system 

activating a spring separation of the payload section. Bench tests have shown separation 

distances of the rover from the payload section produced by the spring release can vary 

depending on gradients, orientation, and terrain conditions. Regardless of the rover’s initial 

distance from the payload following spring separation, the rover as designed and tested will 

travel a minimum of 5 feet from its initial separation position. Following the rover’s secondary 

movement of traveling 5 feet, Lil’ Bear will then deploy solar panels in an upright position 

completing the second key objective of the rover as stated in the handbook. Furthermore, the 

rover movement has been constructed to be capable of overcoming possible terrain conditions 

that may be present on launch day, successful traction retention is a critical factor in 

accomplishing the rovers objectives.  

 

4.2 Payload Section Finalized Design 
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Figure 68: Spring Separation System 

 

The payload utilizes a spring to separate the sections of the payload which enables rover 

deployment.  A burn wire burns through a nylon string and releases the spring tension.  The 

payload is designed so that the rover will fall out of its housing once separation occurs.  

Following separation and rover deployment, the rover will then move five feet and deploy the 

solar panels. 

 

This design involves minimal use of electronics and utilizes a single motion to deploy the rover, 

minimizing the chance of failure to deploy.  This method best compliments our rover design 

compared to alternative methods that were looked into by the team. 

 

All of the electronics are housed in the nose cone. The compressed spring fits tightly between the 

rover housing and the deployment electronics mount on the opposite side. In addition, the rover 

is housed in the rover housing and the bottom of the spring disk which rests against the edge of 

the rover housing as shown in figure 68.  

 

4.3 Payload Section Flowchart 
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Figure 69: Payload Flowchart 
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The flowchart above explains the process of deploying our rover. As the flowchart 

shows, the first step into the process is waiting for the payload to land. Upon landing, we have a 

conditional statement to check for XBee communication which will lead to two outcomes. If the 

XBees have communication, we will continue to the next step, however if they do not have 

communication we will continually check for communication until it is acquired. Once the XBee 

network is functioning properly, we will send input to the receiving XBee to activate our burn 

wire system. The activation of the burn wire system will allow of the separation to take place and 

eventually deploy the rover. Afterwards, we will again send input to deactivate the burn wire 

system to avoid electrical complications which will then transition into the end of the rover 

deployment process. 

 

4.4 Communication System to Payload 
 

A. Xbee Communication Overview 

 

The XBee Pro 900HP SCB is the kit used for communication because of the frequency 

range, ease of use, and portability. Our design consists of a transmitter and receiver. The 

transmitting XBee module is attached to the XBee Development board, which is then connected 

to a computer with X-TCU software. The transmitting XBee module will be responsible for 

sending data to the receiving XBee module. The receiving XBee module will be attached to an 

Arduino Uno through an XBee shield. Also, the responsibility of the receiving XBee module is 

to activate and deactivate the burn-wire circuit. Both of the XBee modules have been configured 

for transparency mode. Specifications such as the channel frequency will be configured once the 

channel frequencies have been distributed to each team. 

 

B. Xbee Transmitter 
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Figure 70: Xbee and DIGI Development Board 

 

The transmitting XBee module will be attached to a development board which will then be 

attached to a computer for power and serial communication to the XCTU software. Upon 

connecting the module to the computer, the module specifications will be reviewed and 

configured accordingly. The module will operate in the transparency mode which will allow the 

module to easily communicate with other nodes on the network. In this case, the other node is 

the receiving XBee module. Once the rocket has achieved apogee, the transmitting XBee will 

send input to the receiving Xbee. The input must be a byte that is recognized as either H or L. 

This design will allow us to activate or deactivate the burn-wire system remotely. 

 

 

 

 
Figure 71: Xbee Transmitter Diagram 

 

C. Xbee Receiver 
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Figure 72: Xbee Receiver 

 

 
Figure 73: Xbee Receiver Diagram 

 

The receiver is made up of three components; Arduino Uno, XBee Shield, and XBee module. It 

will be placed within the rover deployment electronic sled. The responsibility of the receiver is to 

activate and deactivate the burn wire system. The receiver has two cases -- if the data sent by the 

transmitter is HIGH then the burn wire system will active or if the data is LOW the burn wire 
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system will deactivate. Our system is designed to use the 13th DIGITAL PIN of the arduino to 

send voltage. Throughout the flight, the receiver sends data to the ground station XBee module 

to ensure we will have communication between the two modules. 

 

 

 
Figure 74: Xbee Pseudocode 

 

D. Xbee Range and Time Delays  
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Range from devices (ft)  Time delay (s) 

100 Feet 0.47 seconds 

500 Feet 2.35 seconds 

1000 Feet 3.58 seconds 

0.25 Miles 5.40 seconds 

0.50 Miles 15.12 seconds 

Figure 75: Xbee Range Table 

 

The figure shown above, are the results of the Xbee communications system. To perform this 

test, the team drove to HWY 70 since it has the best line of sight. One member controlled the 

Xbee transmitter while the other member walked the specified distance with the Xbee receiver. 

The team substituted the nichrome wire with an LED. The time recorded is from when the 

ground station sent the command until the LED turned on. During the launch day, the team will 

refer back to this figure, therefore, before deactivating the circuit the team will wait an 

approximate time according to the distance from the ground station.  

 

4.5 Separation of Payload 
 

 
Figure 76: Spring Separation System 

A. Description of System 

 

The payload section, which contains the Lil’ Bear Rover, will separate using a spring-loaded 

mechanism. This mechanism uses a simple burn wire circuit that burns through a nylon string 

that will be tied around the compressed spring. Once the nylon string is burned, the spring 

tension will be released. This will result in the separation of the payload section, allowing the 

rover to exit from its housing. The burn wire is initiated using a Xbee communications system 

that is controlled from the ground station. The Xbee Communication system is vital for the 

separation of the payload section and mission success.  
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Figure 77: The Spring System 

 

B. Spring System  

 

The spring to be used in the payload separation system is a conical spring measuring 4.75 inches 

in height (not including spring plates) with a mass of 261 grams. On each end of this spring are 

3D printed spring plates, the top facing spring plate mounts to a bulkhead within the nose cone 

using four ¼ inch nuts and bolts. The bottom spring plate rests against the rim of the rover 

housing, also mounted using four ¼ inch bolts plate is not mounted. The point at which the 

bottom spring plate makes contact with the rim of the rover housing is where the force of the 

spring will be exerted during the separation of the payload section. Following compression of the 

spring using a jig, a nylon string will run through holes that are in the center of each spring plate 

to hold compression. 5/32 inch metal rods are embedded across the diameter of plates. The rods 

have been modified with small grooves to ensure that the nylon string stays centered once the 

string is tied. A nichrome wire runs through a small hole in the bulkhead within the nose cone 

and into the hole at the top spring plate where it will then be wrapped around the nylon string. 

 

C. Spring Plates  
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     Figure 78: Spring Plates 

 

 

On each end of the conical spring are 3D printed ABS plastic spring plates with grooves on their 

faces to fit the ends of the spring, the spring is secured to the plates using 15-minute epoxy 

within its grooves. The spring plates measure a thickness of 0.5 inches and add a total height of 1 

inch to the overall height of the spring when both spring plates are mounted to each end of the 

spring. This brings the total height of the uncompressed spring to 5.75 inches. The spring plates 

have a diameter of 4 inches and weigh 114 grams with 50 percent infill. The opposing spring 

plate weighs 127.5 and also have a 50 percent infill.  

 

D. Nichrome Burn Wire Circuit 

 

 
 

Figure 79: Nichrome wire attached to Nylon 

 

Nichrome wire is the primary choice to burn through the nylon string holding the tension on the 

compressed spring. The electrical team has experimented with the 24, 28, 30, 32, 34, and 36-

gauge nichrome wire manufactured by Master of Clouds. Therefore, results have indicated that 

34-gauge wire is the optimal size for the system. The reasoning why we chose 34-gauge wire is 

because of the immediate ignition when activated by the 9V battery. The nichrome wire remains 
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active for approximately 5 seconds before it disintegrates, resulting in loss of continuity in the 

circuit. However, disintegration only occurs when the 9V batteries being used are brand-new or 

the voltage is higher than 8.8 volts. The team will not depend on this scenario for deactivation of 

the circuit instead it will be wirelessly deactivated by the Xbee communication.  

 

Figure 79 shows how the team is attaching the nichrome wire to nylon string. The nichrome wire 

is soldered at two ends with 22 gauge wire. The nichrome wire is coiled tightly to the nylon 

string and reinforced with electrical tape to secure that the nichrome wire doesn't uncoil and 

shorten. The two wires connect to the nichrome wire terminal shown in figure 80,  

 

Figure 80: Burn Wire PCB Circuit 

 

The Electrical Team has rigorously tested the burn wire circuit using breadboard and  PCB 

circuit using the OtherMill Pro. On FSX1 and FS1, the team flew the Xbee communications 

system with a burn circuit substituting the nichrome wire for an LED. The intention of the test is 

to ensure communication and if the system could withstand the forces. Upon landing the team 

verified communication and disassembly the nose cone to check if the LED turned on which was 

successful. Therefore, for the burn wire circuit, the team is using a single-sided PCB board, 

shown in figure 80. The picture on the left shows a detailed description of the circuit before 

components are soldered. The picture on the right shows the finished PCB board with soldered 

components. The electrical team has decided to reduce the risk of failures by placing the 

soldering components on the plastic side of the PCB which has no conductivity. For example, if 

components were soldered to the conductive side then the risk of electrical failures, safety 

hazards, and premature separation would increase drastically.  

 

The dimensions of the burn wire circuit are 2 inches in length, 1.5 inches wide, and ⅛ inch thick. 

The dimensions of the PCB is optimal for the space needed on the electronics sled. Furthermore, 

the mass is relatively lightweight, weighing 26 grams. The PCB burn wire circuit is mounted on 

the left side of the electronics sled located in the nose cone section.  
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E. Electrical Schematic 

 
Figure 81: Xbee-Arduino Schematic 

 

Figure 81 represents the burn wire circuit and the Xbee communication schematic which is 

placed on the electronics sled located in the nose cone section of Big Bear. It was proposed in the 

CDR, that a power bank would power the Arduino Uno, however, after the Xbee communication 

is finalized the team tested the milliamps drawn by the system. They found that the Arduino 

draws 74.6 milliamps in the deactivated position and 78.9 milliamps in the active position. In 

conclusion, the team decided to use a single 9V battery which supplies the Arduino Uno for 3.5 

hours. The 9V runs in series to the key switch and is integrated for safety purposes. Located at 

the bottom right in figure 81, The Xbee receiver, which is connected to the Sparkfun Xbee shield 

and is the median to the Arduino connects pins 1, 2, 3, and 10 on the Xbee to the Arduino Uno. 

The shield also ensures minimal movement of the Xbee and no additional wires are required.  

 

Shown on the top half of figure 81, is the Arduino Uno’s digital pin 13, a wire is a bridge to the 

gate pin of a mosfet FQP30N06L N-channel. The mosfet acts as a switch, once the gate pin goes 

“HIGH”, continuity is present between the source and the drain until the gate pin is set “LOW” 

again. Furthermore, one end of the 10K ohm resistor is connected in between the gate. The other 
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end of the resistor will connect to the ground pin on the Arduino. From the drain pin of the 

mosfet, a 9V battery is connected and runs in series to the nichrome burn wire and a key switch. 

The key switch is specifically integrated for safety, this guarantees no continuity across the 

nichrome wire when preparing the rocket, thus, minimizing premature activation of the spring. 

The other end of the switch runs to the source pin on the mosfet and is grounded to the Arduino.  

 

F. Rover Deployment Electronics  

 

 
Figure 82: Rover Deployment Electronics 

Shown in figure 82, one can see the rover deployment electronic sled. The figure on the right 

shows the Xbee-Arduino communication system which is mounted with three 4-40 bolts (all 

bolts are the same size on the sled) at the upper end of the sled. Located at the bottom left of the 

sled is the PCB burn wire circuit which is mounted using three bolts. The burn wire circuit also 

has stands off placed in between the sled and PCB board to reduce movement during flight. 

Located at the bottom right of the sled is the Beeline Tracker which is mounted using three bolts 

as well. The orientation of the electronics gives the optimal spacing without any interference of 

wires or deceives.  

 

On the right of Figure 82, shows the back side of the sled. This side contains the two 9V batteries 

which are friction fitted and secured with zip ties to prevent them from slipping and possibly 

damaging the electronics. One can also see the two key switches and their own platforms which 

are mounted to the sled using two 4-40 bolts. Also, between the Arduino key switch and battery 

there is a screw terminal which connects to the battery, therefore, no power connections are 

soldered. The rover electronic sled has been tested and used during ground testing, FXS1, and 

FS1. 
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G. Rover Housing  

 

 
Figure 83: Rover Housing 

The rover housing is made of 3D printed ABS plastic, the housing has a 25 percent infill which 

weights mass 440 grams. It measures a height of 6 inches, an outer diameter of 6 inches with a 

thickness of approximately 0.27 inches. This thickness allows sufficient strength to withstand the 

push force generated from the spring and coming from the bottom face of the bottom spring 

plate, while also minimizing movement of the rover within the housing during flight turbulence. 

The outer diameter of the rover housing is epoxied to the inner diameter of the upper body frame 

of the rocket. The bottom face of the bottom spring plate will rest against the top rim of the rover 

housing from which the spring will push from during payload separation, and the rover will exit 

from the resulting opening at the top of the rover housing.   

 

4.8 Rover Design 
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Figure 84: Rover Flowchart 
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4.8.1 Lil’ Bear Flowchart 

 

The flowchart above provides a visual explanation of our rover system. The first step for our 

rover system is to check for proper light levels. There are two possible outcomes -- one is if the 

proper light levels are not reached which will lead to a loop of checking for light levels, but the 

other is if the proper light levels are reached which continues onto the next step. After the 

conditional statement returns true, our rover motors begin their movement. Under the assumption 

that the motors function properly, we will then update the displacement. The displacement value 

will then be checked whether its greater than 10 feet. If the statement returns false, then the code 

will update the displacement because of the ongoing movement. Afterwards, the code will check 

for a velocity of less than 0.5. If false, then an an inner loop will run until the velocity is less than 

0.5. If true, the movement is stopped, it turns 90 degrees, and begins movement yet again. After 

this process, the code must check for a displacement value greater than 10 feet. Once this equates 

to true, the motors stop and begin the solar panel deployment. 

 

4.8.2 Description of Lil’ Bear 

 

 
Figure 85: Lil’ Bear  

The Lil’ Bear rover is a design that will experiment with an unconventional approach to how 

rovers are designed. This spherically designed rover offers strong protection of hardware from 

the external environment, which addresses a concern that is of high significance in real space 

exploration operations. The shape of the design is ideal for deflecting the kinetic energy carried 

by debris, protection from dust from interfering with the more sensitive equipment, and offering 

protection from environmental situations where potentially damaging gases may be an issue. 

Since it is spherically designed, this will also allow us more efficient use of the space within our 

payload section. Another advantage of the design that should also be considered is the ability to 

have complete control of the environment in which enclosed hardware and electronics are 
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housed. A potential disadvantage that has been taken into consideration is the rover's ability to 

maintain traction in unfavorable environments. Small traction spikes distributed along to the 

rover shell’s external surface will be implemented to address this issue. 

 

4.8.3 Rover Shell Selection 

 

 
Figure 86: Lil’ Bear Shell 

 

The rover shell is constructed out of acrylic plastic, allowing for a lightweight protection for 

rover electrical components. The shell has a one-millimeter thickness, however. Despite the 

thinness of the shell, the shell does have sufficient strength to accomplish the targeted objectives. 

The clear acrylic plastic has an outer diameter of 120mm and the inner diameter is 118mm. 

Furthermore, the wall thickness is one millimeter. The shell has a mass of 2.2 ounces.  

 

 

4.8.4 Traction Control 

 

 
Figure 87: Lil’ Bear Shell With Traction Spikes 
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Traction spikes have been added to aid in overcoming terrain present during launch day. The 

traction spikes are made of 3d printed ABS plastic measuring a height of approximately 7mm 

adding an overall diameter of 14mm to the rover’s overall diameter. There are a total of 23 

spikes evenly distributed along the outer surface of each half of the rover shell, resulting in a 

total of 46 spikes epoxied along the surface of the rover shell. 

 

 

 

4.8.5 Lil’ Bear Body Frame  

 

 
Figure 88: CAD Drawing of Body Frame 

 

The body frame is divided into two halves. The upper half holds the Arduino uno, Motor Shield, 

Electrical components, and solar deployment system. The lower half of the frame will secure the 

wheels, motors, a DC converter, and two lipo batteries. It also has an extension that holds the 

counterweights that helps the Lil’ Bear keep its upright orientation. Raceways were added to 

both the lower and upper body frame to reduce electrical hazards, securing wires, and avoid the 

wires from being caught by the wheels.  

 

4.8.6 Wheel Selection 
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Figure 89: Lil’ Bear Wheel 

 

Shown in figure 89, one can see the rover wheels which are 3D printed using TPU filament 

which has rubber texture. This selection has been experimented on and has proven to work 

efficiently in our system. However, while using the proposed 35mm diameter wheels the team 

had problems with traction and the rover frame hitting the shell. Therefore, the team increased 

the diameter to 40mm,  the width has increased from 7mm to 8mm, and the wheels are 

positioned 32.5 mm from the center instead of 30 mm. The individual wheel has a mass of 7 

grams.  

 

The wheels are placed slightly below the circumference of the shell, therefore, the wheel sits in 

between the body frame, this allows the wheels to be easily integrated within the rover 

components. The wheels have a curvature shaped to fit the inner surface of the rover shell which 

to allow for better traction. 

 

4.8.7 Electric Motor  

 

 
Figure 90: Lil’ Bear Motor 
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After conducting research regarding motors, we have come to a conclusion that the motors for 

Lil’ Bear are the 6V high-powered DC carbon brush motors made by Pololu. The size of these 

motors is ideal for the spacing provided in our rover. At 400 RPM and gear ratio of 75:1, they 

will provide enough torque needed to reach our targeted goal. These motors run on 6V at 120 

mA with no load and stall at 1.6 Amps. Power supply for these motors is inexpensive, 

lightweight, and easy to find. Therefore, with the specification mentioned above, we feel as the 

motors are optimal and have proven to work in the terrain conditions that might be present at 

Huntsville, Alabama.    

 

 
Figure 91: Placement of Components in Lower Body Frame 

 

For the movement of Lil’ Bear, it will need two motors placed in sequence to each other. The 

motors are in the lower body frame placed in between the DC Buck converter and the 7.4V lipo 

battery as shown in figure 91. The company Pololu Robotics and Electronics manufactures the 

6V high-powered DC carbon brush motors. The dimensions of the motors are .40 in. length,  .47 

in. width, and  1.02 in. height. The weight is .34 ounces; the shaft is .12 inches in diameter.  

 

 

4.8.8 Wheel Caster 
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Figure 92: Wheel Caster 

 

In the CDR, it was proposed that a ball caster would be integrated to the motor encasing of the 

rover. However, after further testing was conducted the team noticed traction and friction was an 

issue. Also, after modifications were conducted the rover and solar panel platform the team had 

to eliminate the ball caster due to space reduction. Furthermore, The rover body frame was the 

primary cause of unwanted frictional forces caused by the frame rubbing against the shell. 

Therefore, two-wheel casters have been added to the circumference of the rover located at 

opposite ends. The ball caster on the motor encasing proposed in the CDR is now replaced by a 

wheel caster. In conclusion, Lil’ Bear now has a total of three wheel caster. The diameter of one 

caster is 5mm, its width is 3mm, and the mass is 1.5 grams.  

 

4.8.9 Lil’ Bear Power Selection 
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Figure 93: Placement of Lil’ Bear  

 

A 300 milliamp hour 7.4V lithium polymer battery is chosen to power the Arduino Uno and the 

Adafruit Motor Shield V 2.3. The reason LiPo batteries were chosen over alkaline batteries are 

the following: Lipo batteries are lighter and the dimensional size is less than an alkaline battery, 

Lipo batteries provided more mAh which is important for our system to be successful, and lipo 

batteries are rechargeable eliminating the need to replace batteries.    

 

The Arduino Uno draws 87.6 milliamps of current, this includes two photoresistors, an 

accelerometer, and information stored; therefore, at a max current of 100 milliamps supplied by 

the lipo battery, Lil’ Bear will be powered for 3 hours. The lipo battery will provide enough 

power needed for testing, competition, and at the launch pad. 

 

Another 300mAh 7.4V LiPo battery power the Adafruit Motor Shield V 2.3. During testing of 

the motors, it was found that with no load and at full speed the motors draw 42 milliamps of 

current. Thus, 42mAh using a 300mAh lipo battery will power the motors for approximately 

seven hours. The maximum load the motor can resist is at 1.6 amps; at this current, the motors 

are powered for approximately eleven minutes. The 300mAh battery proves to be capable of 

powering Lil’ Bears motors for movement and is the best choice dimensional as well.  

 

Both lipo batteries can be found in the lower body frame, as shown in figure 93, and divided by 

the counterweight. The frame is designed to fit according to the batteries orientations. The mass 

of a single lipo is 23.5 grams. Furthermore, the length is 43mm, width of 22mm, and height of 

19mm. 
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4.8.10 DC Converter  

 

 
Figure 94: DC Converter 

 

The motors being used for the movement of Lil’ Bear and the deployment of the solar panels will 

utilize a 6V high-power DC motor. Therefore, the decision to use a 7.4V lipo battery indicates 

that a DC step down converter must be used for the functionality of the motors. If such system is 

not added then the risk of damaging, shorten the lifespan, and overheating of the motors becomes 

an issue.  

 

The eboot mini DC to DC buck converter, shown in figure 94, was chosen for its dimensional 

size needed to make Lil’ Bear operational. It is placed in the lower body frame of Lil’ Bear. The 

input voltage required for the converter is from 28V to 4V; output voltage given is from 0.8V to 

20V; a maximum output current of 3 amps. The converter has an adjustable potentiometer used 

to step down the voltage. The DC converter has proven to work efficiently in the rover 

movement and has caused no problems to the motor.  

 

4.8.11 Movement of Lil Bear 

 

A. Photoresistor Movement Initiation 
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Figure 95: Wiring to Photoresistor 

 

Initiation of Lil’ Bear will be determined by two photoresistors GL5516 LDR, manufactured by 

GiKfun Inc. One photoresistor is mounted into the solar deployment platform and the second 

photoresistor is placed on the opposite end of the platform. Figure 95, explains the soldered 

connections to the photoresistors. Each soldered connection is covered with heat shrink tubing to 

prevent connections from being exposed and touching other wires.  

 

The photoresistors light values start at zero which indicates complete darkness and end at 1,000. 

In this case, the photoresistors are signaling the highest value of light. Further testing has been 

conducting since the CDR, the purpose of these tests is to determine the light levels at different 

times during launch day. The figure below shows the results the team found at 10:00 to 15:00 

hours.  

 

Time of Day Recorded light level Time of Day Recorded light level 

10:00  987 13:00 1000 

11:00  989 14:00 1000 

12:00  995 15:00  994 

Figure 96: Photoresistor Output at Various Times 

 

After analyzing the data, the team has determined that once both photoresistors satisfy a value 

greater than 600, then Lil’ Bear will begin to travel and reach the targeted goal. This number was 

chosen as the minimal standard for initiation since the photoresistors light levels inside the rover 

housing, which is placed inside the phenolic airframe, outputs lower. On launch day, the team 

will verify that the weather conditions satisfy the conditions needed for Lil’ Bear to operate. If 

needed the team will increase or decrease the value which initiation will begin.  
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B. Accelerometer Trajectory 

 

 

Working with the ADXL345 accelerometer, we realized that it would be hard to determine with 

any degree of accuracy how far the rover had gone. The tilt of the rover within the rover shell 

also tilts the axes of the accelerometer, meaning that without measuring the tilt it is not possible 

to convert the coordinate system (or basis) to make them the same and allow vector addition. 

Unfortunately, the ADXL345 is not capable of measuring tilt unless it is not moving, in which 

case the gravity vector is the only acceleration measured. This inability to measure tilt makes it 

impossible to determine the acceleration of the rover because it is impossible to tell which way 

gravity points so we can subtract out the gravity acceleration vector. 

 

By switching to the LSM6DS3 we gain gyroscope capabilities. We can measure the tilt of the 

rover from an initial orientation, which we will make level (z = 9.81 m/s^2, the z-axis points 

down). The gyroscope measures change in Euler angles over time, which allows us to use linear 

interpolation to calculate the change in angle and account for tilt in our calculations.  

 

The basic idea of the algorithm is that we start by travelling in a straight line. We measure tilt 

and acceleration to accumulate displacement along the way. If we get stuck, then we stop the 

rover and turn it. We rotate the coordinate system of the displacement vector to the new direction 

and continue in linear motion.The following algorithm is being used to approximate the 

displacement of the rover from the initial deployment point. 

 

1) START 

2) Level the accelerometer (make the z-acceleration within 0.1 m/s^2 of g) 

3) Start rolling forward  

4) Read the gyroscope value in the x direction (the value is the change in angle over time) 

5) Calculate the angle the rover has rotated 

6) Read the acceleration in the y and z directions 

7) Use a change of basis linear transformation to rotate the basis to flat 

8) Use Linear Interpolation (Euler’s Method) to calculate velocity 

9) Use Linear Interpolation (Euler’s Method) to calculate displacement 

10)  Add the displacement to the previous displacement vector 

11)  If the displacement vector length is greater than 10 feet, proceed to step 22 (We stop) 

12)  If the velocity is greater than 0.5 m/s, go to step 4 (If the rover is moving fast enough) 

13)  Otherwise stop rolling 

14)  Level the accelerometer (make the z-acceleration within 0.1 m/s^2 of g) 

15)  Rotate the rover (right wheel forwards, left wheel backwards) 

16)  Read the gyroscope z value 

17)  Calculate the angle of rotation in the z direction 
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18)  If the angle is less than 90 degrees, go to step 14 

19)  Otherwise stop turning 

20)  Use the change of basis linear transformation to turn the previous displacement vector to 

the new y direction 

21)  Proceed to step 3 

22)  STOP 

 

We realize that a currently unknown amount of error exists in this method. To ensure that we 

travel the required distance, we will test the rover to see how far it travels for different stopping 

displacements. Using this information, we will calculate the displacement that the rover should 

be commanded to stop at to meet NASA requirements and construct a feasible region within 

which the rover should stop. 

 

C. Microcontroller and Motor Shield  

 

 
Figure 97: Adafruit Motor Shield 2.3V 

 

The Adafruit Motor Shield 2.3V, shown in figure 97, will power the three motors integrated in 

Lil’ Bear. The motor shield is capable of controlling four DC motors, however, only three motor 

ports will be occupied, two motor ports for the motion of Lil’ bear and one motor port for the 

solar panel deployment. The motor shield is a vital part of Lil’ Bear, it lets the team solder 

terminals to the shield, therefore, the team can work with the rover electronics with quicker 

accessibility and ease.    
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Figure 98: Arduino and Motor Shield Integration 

 

The Arduino Uno R3 is the Microcontroller the team is using for Lil’ Bear. In addition, the Uno 

is best known for its ease of use, accessibility to information, and reliability. Therefore, the Uno 

is the brains of the operation, thus, it will store all the code necessary for the photoresistors, 

motor shield, and accelerator. The Arduino Uno also accommodates the adafruit motor shield 

which is developed to fit the microcontroller, as shown in figure 98. The microcontroller and 

motor shield have been proven to withstand all ground test with minimal issues.  

 

D. Electrical Schematic of Lil’ Bear 
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Figure 99: Electrical Schematic of Lil’ Bear 

 

Figure 99 is the electrical schematic of Lil’ Bear. The Arduino Uno R3 microcontroller is 

powered by 300mAh 7.4V LiPo battery. Located to the right of the schematic are two 

photoresistor connect to the analog pins A0 and A1. In between the analog pins and one of the 

ends to the photoresistor is ground connection to the Uno. Thus, the other end of the 

photoresistor is connected to 5V on the Arduino Uno. At the left side of the schematic one can 

see the LMS6DS3 accelerometer which utilizes a total of four pins. The accelerometer uses pin 6 

for ground and pin 7 bridges to the Arduino 3.3V pin. The accelerometer used pin 13 and 14 

which connect to SCL and SDA to the Arduino, respectively. As result, the pins provided 

acceleration and gyroscope data.  
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Figure 100: Motor Shield Schematic 

In figure 100, one can see the adafruit motor shield 2.3v which connects directly to the Arduino 

Uno which also is part of Lil’ Bear’s schematic. The left motor of Lil’ Bear is connected to M1 

on the motor shield, the right motor is connected to M4, and the solar deployment motor is 

connected to M3. To power the motors the motors shield has a reserved (blue) terminal block 

located at the bottom of the figure. Since the shield attaches to the Arduino one can power the 

microcontroller through the shield shown also at the bottom of the figure. The Positive lead 

connects right side of the terminal while the ground is connected to the left. In addition, the 

accelerometer is placed in free pins located in the center of the shield.  

 

 

4.9  Solar Panel Deployment System 
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Figure 101: Solar Panel Deployment System 

 

4.9.1. Description of System 

 

The solar panel deployment system utilizes a DC motor to turn a geared spool which wraps up a 

deployment string that is used to deploy the solar panels. The solar panels are attached to the 

solar panel platforms which are connected to the deployment platform with spring-loaded hinges. 

The spring-loaded hinges keep the solar panels folded and closed while the rover is moving. 

When the solar panels deploy, a locking mechanism on the geared spool is utilized to lock the 

positioning as the motor moves.  

 

4.9.2. Spring Hinge Mechanism 
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Figure 102: Spring Hinge Mechanism 

 

Figure 102 shows the spring-loaded hinge mechanism. One end of the hinge mechanism is 

mounted to the deployment platform and the other end to the solar panel platform. The spring 

loaded hinge conjoins the two platforms. The tension of the hinge keeps the solar panel platforms 

upright until the geared spool moves and the guided string coils around the spool and reaches the 

point of full deployment. At this point the spool locks into place due to the locking arm.  

 

4.9.3. String Guide Rollers 

 
Figure 103: String Guide Rollers 

 

The string guide rollers are shown in Figure 103. The rollers guide the deployment string from 

the solar platform to the geared spool. The rollers assure smooth deployment of the system.  

 

4.9.4. Motor Gear Mechanism 
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Figure 104: Motor Gear Spool Mechanism 

 

The geared spool in Figure 104 wraps the deployment string up which in turn deploys the solar 

panels. The gear spool has a locking arm to hold the spool in place against the spring tension of 

the hinges. This system is integrated to keep the DC motor from being damaged. If the motor is 

to fail during deployment, this system prevents the spool from unraveling and causing the 

deployment of the solar panels to fail. 

 

4.9.5 Dimensions 
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Figure 105: Solar Panel Heights 

 

The height of the caster assembly, labeled A. in Figure 105, is 12 mm. The solar panel platforms 

which are labeled B. in the same figure are 13.5 mm tall. The height of the string guide rollers, 

labeled C., is 12mm. Our geared spool, D. in figure 105, is 6 mm tall. E. in same figure is the 

overall height of the solar panel deployment system and is 49.5 mm.  

 

4.9.6 Solar Panels 

 

 
Figure 106: Solar Panels 

 

The solar panel including the solar panel platform as shown in the above figure are 1.8 grams. 

The solar panels are 11.5mm by 30mm and are attached to platforms that are 13.5mm by 30mm. 

The platforms attach via spring loaded hinges to the deployment platform. 

 

 

5. Safety 
 

In order to ensure safety, the Lenoir-Rhyne University Rocket Team follows the plans 
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detailed in the following sections. 

 

5.1 Safety Officer 

 
The team’s official safety officer is Joseph Johnson. The duties of safety officer are to carry out 

safety plans, monitor safe practices during team activities, and understand the Federal 

Aviation Administration’s regulations and NAR/TRA safety codes. In addition, Joseph conducts 

safety inspections at every launch, reserving the right to postpone or cancel a 

launch if safety is not ensured. 

 

5.2 NAR/TRA Team Mentor 

 
Dr. Doug Knight is the mentor to the Lenoir-Rhyne University Rocket Team. He was 

selected due to his TRA affiliations and previous involvement in the NASA Student Launch 

competition. Dr. Knight currently teaches physics at Lenoir-Rhyne University. He mentored 

University of North Carolina at Charlotte’s NASA University Student Launch Initiative team 

form 2012-2015, Mitchell Community College’s University Student Launch Initiative team from 

2009-2011 and the Statesville Christian School Student Launch Initiative team from 2007-2008. 

Also, in 2006 Dr. Knight mentored the team that won the Team America Rocketry Challenge. 

Last year, Dr. Knight also mentored Lenoir-Rhyne’s team in the NASA Eclipse Balloon Project. 

He is currently a member of the American Association of Physics Teachers (AAPT), the 

American Institute of Aeronautics and Astronautics (AIAA), and is Tripoli Rocketry Association 

Certified Level 2 and a member of the National Association of Rocketry (NAR) . Dr. Doug 

Knight continues to be the sole owner of the launch vehicle and equipment, for reasons of 

liability. 

 

5.3 Safety Plan 
 

Only launch sites approved by the NAR/TRA will be used. Launches will follow NAR/TRA 

protocols and have the required FAA clearance. The team mentor, Dr. Knight, and the safety 

officer, Joseph Johnson, will be responsible for ensuring that these high power rocket safety 

standards are met and will enforce protocols for safe handling of hazardous materials. 

 

5.3.1 Motor and Hazardous Materials Storage, Transportation, and Use 
 

NAR mentor Dr. Knight and essential personnel are responsible for personally trans- 

porting motors to the launch site. The motor will be padded to prevent damage and to restrict its 

movement. Dr. Knight will be responsible for all interactions with the motor before and after 

transport and aiding in storage and setup of ignition devices. The team mentor is also responsible 

for overseeing all interactions with hazardous materials. Dr. Knight either handles hazardous 

materials himself or he closely supervises their usage. 

 

5.3.2 Facilities Safety 
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For any facilities used, team members are aware of that facility’s safety codes. Prior to usage of 

machinery, a facility’s required safety test must be passed. Machinery may be used 

by a team member if and only if they have been approved to do so or are being supervised by 

faculty. For more information concerning facilities and equipment, please see Appendix B. 

 

5.3.3 Pre-Launch Briefing 
 

At the pre-launch briefing, we will discuss NAR/TRA safety codes. We will also cover hazards 

of high-power rocketry and launch protocols. In addition, we will review launch procedures. 

 

5.3.4 Launch Safety 

 
In order to abide by federal, state, and local laws, all launches happen at NAR/TRA 

approved launch sites, which are operated by certified personnel. Before the launch, our 

personnel conduct safety checks and notify the range safety officer of any issues. 

With respect to launch safety and operations, the range safety officer can overrule team 

communications. Also, the safety officer and the mentor follow accepted NAR/TRA 

rules for launching at the launch site and gain approval to launch from the Rocketry of 

Central Carolina (ROCC). 

 

5.4 Safety Statement 
 

Team members are required to sign a safety statement, ensuring that team members will act 

within the guidelines of safety regulations provided in the 2017 Student Launch handbook, NAR 

launch safety procedures, and Lenoir-Rhyne’s safety guidelines. This safety statement can be 

found in Appendix A. 

 

5.5 Personnel Hazards Analysis 
The following table was used to classify hazards and risks involved in the project. 

 

Risk Assessment Codes 

Probability Severity 

1 2 3 4 

Catastrophic Critical Marginal Negligible 

A - Frequent 1A 2A 3A 4A 

B - Probable 1B 2B 3B 4B 



 

 

 
87 

 

C - Occasional 1C 2C 3C 4C 

D - Remote 1D 2D 3D 4D 

E - Improbable 1E 2E 3E 4E 

 

 

Risk Acceptance and Approval Level 

Severity-Probability Acceptance Level/Approving Authority 

High Risk Unacceptable. Documented approval from NASA official or faculty 

project advisor. 

Medium Risk Undesirable. Documented approval from lead engineer or team leader. 

Low Risk Acceptable. Documented approval from subsystem team leader. 

Negligible Risk Acceptable. Documented approval not required. Review by lead 

engineer and team lead recommended. 

 

 

 

 

 

 

 

 

 

Severity Definitions: A condition that can cause... 

Description Personnel Safety 

and Health 

Facility/Equipment Environmental 

1 - Catastrophic Loss of life or 

permanent-disabling 

injury 

Loss of facility/lab and 

hardware 

Irreversible severe environmental 

damage violating laws and 

regulations 

2 - Critical Severe injury Severe damage to 

facility/lab, systems, or 

hardware 

Reversible environmental 

damage causing a violation of 

law or regulation 

3 - Marginal Minor injury or Minor damage to Mitigatable environmental 
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occupational related 

illness 

facilities, systems, or 

equipment 

damage without violation of law 

or regulation where restoration 

activities can be accomplished. 

4 - Negligible First aid injury or 

occupational related 

illness 

Minimal damage to 

facilities, systems, or 

equipment 

Minimal environmental damage 

not violating law or regulation 

 

Probability Definitions 

Description Qualitative Definition 

A - Frequent High likelihood to occur immediately or expected 

to be experienced continuously 

B - Probable Likely to occur or expected to occur frequently 

within time 

C - Occasional Expected to occur several times or occur 

occasionally within time 

D - Remote Unlikely to occur, but can be reasonably expected 

to occur at some point within time 

E - Improbable Very unlikely to occur and an occurrence is not 

expected to be experienced within time 

 

 

 

 

Personnel Hazards Assessment and Mitigation Table 

Hazard Cause Effect Risk 

Level 

Mitigation Verification Post- 

Mitigation 

Risk Level 

Contact with 

cables while 

control pad is 

active 

Careless 

handling of 

electrical 

equipment 

Electric 

shock 

1C The team makes 

sure the control 

pad is not active 

before working 

with cables 

Pre-Launch 

Checklist 

1E 

Exposure to 

chemicals 

3D printer  

filament 

gives off gas 

Allergic 

reactions 

3B The 3D printer 

operates in a 

fume hood to 

The team has 

implemented 

this strategy 

3E 
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limit exposure. 

Printing occurs at 

times when few 

people are in the 

room. 

and has seen 

no reactions. 

Contact with 

high 

temperatures 

Touching 3D 

printed 

materials or 

equipment 

without cool 

down time 

Burns 2C Team members 

only use the 3D 

printer if they are 

qualified or have 

supervision 

Machine shop 

supervisor and 

safety guide 

2E 

Getting 

caught in 

equipment 

Loose 

clothing or 

jewelry 

Serious 

injury 

1B Team members 

do not work alone 

in the machine 

shop and will 

check each other 

for loose clothing 

or jewelry 

Machine shop 

supervisor and 

safety guide 

1D 

Tripping in 

the shop 

Cords or 

other objects 

laying  in the 

floor 

Various 

degrees of 

injury 

2D Team members 

do not leave 

things sitting in 

the floor 

Machine shop 

supervisor and 

safety guide 

2E 

Cut by a 

machine 

Negligence Serious 

injury 

1B Team members 

only use shop 

equipment if they 

are qualified or 

have supervision 

Machine shop 

supervisor and 

safety guide 

1D 

Particles or 

debris given 

off by 

machines 

Failure to 

keep the 

workspace 

clean 

Eye 

irritation 

3C Team members 

will safety 

goggles in the 

shop. 

Machine Shop 

Supervisor 

3E 

Particles or 

debris given 

off by 

machines 

Accumulated 

debris ignites 

Fire in the 

shop 

2D Team members 

clear the work 

station regularly. 

Machine shop 

supervisor and 

safety guide 

2E 

Premature 

black powder 

or motor 

ignition 

Failure to 

keep 

combustible 

materials 

away from 

ignition 

sources 

Burns or 

other 

serious 

injuries 

1C The team mentor 

is responsible for 

keeping 

combustible 

materials separate 

and is the only 

person who will 

handle black 

powder and the 

Motor and 

Separation 

Charge 

Checklist 

1E 
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motor. 

The spring 

deployment 

mechanism 

activates on 

the ground 

Burn wire 

circuit is 

activated 

early by 

another 

team’s Xbees 

Possible 

injury 

3B Handshake 

protocols for 

Xbee 

communication 

and unique 

operating 

frequency 

NASA team 

frequency lists 

3D 

 

 

5.6 Failure Modes and Effects Analysis 
 

Rocket Failure Modes and Effects Analysis Table 

Hazard Cause Effect Risk 

Level 

Mitigation Verification Post- 

Mitigation 

Risk Level 

Fins become 

detached 

during flight 

Fins are not 

glued to the 

rocket 

securely 

Unstable 

flight path 

and 

possible 

loss of fins 

2B The team tests the 

fins before launch 

to determine if 

they will remain 

in position during 

flight. 

Rocket 

Inspection 

Checklist 

2C 

Nose cone 

becomes 

detached 

early 

The amount 

of friction 

between the 

rocket and 

the nose 

cone is too 

small 

Rover free 

falls to 

Earth 

2C The team will 

ground test with a 

shake table to 

ensure that the 

rocket can endure 

forces of flight 

Verification 

plan 

2E 

Motor is 

allowed to 

move within 

the rocket 

Centering 

ring poorly 

fits the motor 

or is poorly 

attached to 

the rocket 

Damage to 

the rocket 

and an 

unexpected 

flight path 

2C The team will 

ground test with a 

shake table to 

ensure that the 

rocket can endure 

forces of flight 

Verification 

plan 

2E 

Rocket 

launches at 

an 

unfavorable 

angle 

Launch lug 

is loosely 

attached 

Unexpected 

flight path. 

The rocket 

may land 

further than 

desired. 

1C The team and the 

mentor verify that 

the launch lugs 

are attached by 

applying forces to 

the launch lug 

Rocket 

Inspection 

Checklist 

2C 
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The motor 

moves 

through the 

rocket during 

flight 

Motor mount 

tube is not 

properly 

attached 

Damage to 

the rocket 
2C The team will 

ground test with a 

shake table to 

ensure that the 

motor mount can 

endure forces of 

flight. 

Verification 

plan 
1D 

Motor is not 

aligned 

properly 

Centering 

ring is not 

aligned 

properly 

Unexpected 

flight path 
3C The team will 

ground test with a 

shake table to 

ensure that the 

motor mount can 

endure forces of 

flight. 

Verification 

plan 
1D 

 

 

 

Payload Failure Modes and Effects Analysis Table 

Hazard Cause Effect Risk 

Level 

Mitigation Verification Post- 

Mitigation 

Risk Level 

Payload 

fails to 

activate 

Circuits are 

damaged by 

forces in 

flight 

The payload is 

unable to meet 

NASA 

requirements 

2C The team will 

ground test with a 

shake table to 

ensure that the 

rocket can endure 

forces of flight 

Verification 

plan 

2D 

Payload 

fails to 

activate 

Dead 

batteries 

The payload is 

unable to meet 

NASA 

requirements 

2C A voltmeter will 

verify that the 

battery is charged 

Field Box and 

Payload 

Inspection 

Checklists 

2E 

Rocket 

flight path 

is affected 

by the 

rover 

Rover 

activates 

during 

flight 

Unexpected 

flight path 

2C The team will 

ground test the 

photoresistor to 

minimize risk of 

accidental 

activation 

Verification 

plan 

2E 

Payload 

fails to 

activate 

There is not 

enough 

light to 

activate the 

payload 

The payload is 

unable to meet 

NASA 

requirements 

2C The team will 

ground test the 

payload to ensure 

that it can leave 

the rover housing 

Verification 

Plan 

2E 
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Payload 

fails to roll 

on terrain 

The rover 

motors are 

not 

powerful 

enough for 

hills and 

grass 

The payload is 

unable to meet 

NASA 

requirements 

2C The team will 

ground test the 

payload to ensure 

that it can roll on 

terrains similar to 

what we can 

expect to 

encounter on 

launch day. 

Verification 

Plan 

2E 

Payload 

fails to roll 

on terrain 

The rover 

shell is 

unable to 

gain enough 

traction 

with the 

ground 

The payload is 

unable to meet 

NASA 

requirements 

2C The Team will 

conduct extensive 

testing in different 

terrains to ensure 

that the rover will 

roll. 

Verification 

Plan 

3D 

Payload 

fails to roll 

5 feet 

before 

stopping 

The 

acceleromet

er based 

distance 

calculation 

is 

inaccurate 

or functions 

in an 

unexpected 

way 

The payload is 

unable to meet 

NASA 

requirements 

3B The team will 

verify that the 

system goes far 

enough with 

ground testing and 

will aim to go 

farther than the 

required 5 feet. 

Verification 

Plan 

3D 

Rover fails 

to deploy 

solar panels 

The rover 

doesn't 

reach the 

required 

distance and 

the solar 

panel motor 

will not 

deploy 

The payload is 

unable to meet 

NASA 

requirements 

3B The team will 

verify that the 

system goes far 

enough with 

ground testing. 

Verification 

Plan 
3D 

Rover is 

not tightly 

secured in 

the rover 

shell 

Rover does 

not have 

enough 

points of 

contact with 

the shell 

Forces in 

flight damage 

rover 

components 

1C The team will 

ground test with a 

shake table to 

ensure that the 

rocket can endure 

forces of flight 

Verification 

Plan 

1D 

Rover shell 

comes 

apart 

Forces in 

flight 

Rover is 

unable to roll 

2C The team will 

ground test with a 

shake table to 

Verification 

Plan 

2E 
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ensure that the 

rocket can endure 

forces of flight 

Rover shell 

comes 

apart 

Forces from 

the spring 

ejection 

system 

Rover is 

unable to roll 

2D The team will 

ground test with a 

shake table to 

ensure that the 

rocket can endure 

forces of flight 

Verification 

Plan 

2E 

 

 Recovery System Failure Modes and Effects Analysis Table 

Hazard Cause Effect Risk 

Level 

Mitigation Verification Post- 

Mitigation 

Risk Level 

Black 

Powder 

ignites 

prematurely 

Altimeters 

sense a 

change in 

pressure 

Possible 

serious 

injury 

1C Check to make 

sure that 

altimeters are off 

during assembly, 

ensure that the 

switch is not 

activated before 

the team 

approaches the 

launch pad 

Altimeter Bay 

Assembly 

Checklist 

1E 

Rocket 

components 

become 

detached 

early 

Ejection 

charges 

separate 

rocket 

sections 

early 

The rocket 

doesn’t 

reach the 

mile 

altitude  

2D Check to make 

sure that the 

charges are not 

misplaced and the 

wires are not 

shorted 

Altimeter Bay 

Assembly 

Checklist 

1E 

Ejection 

charges do 

not separate 

rocket 

sections 

Damaged 

wires 

The rocket 

free falls to 

Earth 

1D The electrical 

team will ensure 

that the wires are 

not damaged 

before launch and 

will check for 

continuity. 

Altimeter Bay 

Assembly 

Checklist 

1E 

Ejection 

charges do 

not separate 

rocket 

sections 

Improper 

wiring 

The rocket 

free falls to 

Earth. 

1D Flight testing of 

the altimeters 

shows that they 

work. The 

altimeter 

inspection 

Verification 

Plan and 

Altimeter 

Inspection 

Checklist 

1E 
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checklist requires 

the team to check 

for improper 

wiring. 

Parachutes 

fail to deploy 

The shroud 

lines are 

tangled, 

preventing 

the parachute 

from 

opening. 

The rocket 

free falls to 

Earth. 

1C Team members 

who have been 

trained by the 

rocket mentor 

prevent the 

shroud lines from 

tangling during 

recovery 

preparation. 

Recovery 

Preparation 

Checklist 

1E 

Parachutes 

fail to deploy 

The 

parachute is 

folded in a 

way that 

prevents it 

from 

opening. 

The rocket 

free falls to 

Earth. 

1C Team members 

who have been 

trained by the 

rocket mentor 

fold the 

parachutes. 

Recovery 

Preparation 

Checklist 

1E 

Parachutes 

fail to create 

enough drag 

An ejection 

charge 

damages the 

parachute 

The 

rocket’s 

descent is 

faster than 

preferred. 

2C At each launch 

the parachutes are 

wrapped in 

nomex fire 

resistant cloth to 

protect it from 

ejection charges 

while being 

deployed. 

Recovery 

Preparation 

Checklist 

1E 

Parachutes 

fail to create 

enough drag 

The 

parachute is 

too small. 

The 

rocket’s 

descent is 

faster than 

preferred 

2C Simulations and 

flight testing 

verify that the 

parachute is an 

appropriate size 

Verification 

Plan 
1E 

Parachutes 

create too 

much drag 

The 

parachute is 

too big. 

The 

rocket’s 

descent is 

slower than 

preferred, 

resulting in 

a landing in 

an 

undesired 

area 

2D Simulations and 

flight testing 

verify that the 

parachute is an 

appropriate size 

Verification 

Plan 
1E 
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Shock cords 

break 

The shock 

cords are not 

strong 

enough 

Sections 

that are 

suppose to 

be tethered 

together 

after the 

ejection 

charge 

separates 

them are no 

longer 

connected, 

and 

sections 

could free 

fall. 

2B Shock cords have 

been flight tested 

and worked fine. 

If damage was 

dealt to the shock 

cord after a 

launch, we cut 

the cord and tie 

them back 

together to ensure 

strength. 

Verification 

Plan and 

Recovery 

Parachute 

Checklist 

2D 

Altimeters 

are not on 

during flight 

The switch 

deactivates 

the altimeters 

due to forces 

in flight 

Ejection 

charges do 

not deploy 

parachutes 

2C The team uses 

key switches to 

activate 

altimeters. The 

keys are removed 

before launch, 

locking the 

altimeters in the 

on position. 

Rocket 

Assembly 

Checklist 

1E 

 

 

5.7 Environmental Hazard Analysis 
 

Environmental Impact on the Rocket Analysis Table 

Hazard Cause Effect Risk 

Level 

Mitigation Verification Post- 

Mitigation 

Risk Level 

Rocket takes 

an 

unfavorable 

flight path. 

Wind The rocket 

lands in a 

tree, pond, or 

other 

unfavorable 

terrain and 

becomes 

unretrievable. 

1B Launches are 

held in favorable 

weather 

conditions and 

in open spaces 

Launch 

Procedures 

Checklist 

1E 

Rocket is 

damaged in 

flight 

The rocket 

hits a bird or 

some other 

Rocket takes 

an 

unfavorable 

2D The team checks 

to see if the sky 

is clear of flying 

Launch 

Procedures 

Checklist 

2E 
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object in 

flight 

flight path objects before 

launching. 

Launch Pad 

is not level 

The pads 

weight 

compresses 

the soil, 

changing the 

direction of 

the launch 

rod 

Unexpected 

flight path 

1D The team brings 

a level and 

checks that the 

pad is level 

before launch 

Launch 

Procedures 

Checklist 

1E 

 

Rocket Impact on the Environment Analysis Table 

Hazard Cause Effect Risk 

Level 

Mitigation Verification Post- 

Mitigation 

Risk Level 

The rocket 

motor burns 

the ground at 

take off 

Motor 

Ignition 

The area 

around the 

launch pad 

burns. 

 

A fire is 

started that 

spreads. 

2C Use a Nomex 

blanket 

underneath the 

pad. 

Launch 

Procedure 

Checklist 

3E 

Rocket 

CATOs 

The motor 

over- 

pressurizes. 

Rocket debris 

free falls to 

Earth. 

 

The team 

cleans up the 

mess, 

inevitably 

leaving some 

fragments. 

1D The rocket 

mentor will 

build and supply 

the rocket motor. 

He has 15 years 

of experience. 

Motor 

Preparation 

Checklist 

1E 

Littering Rocket 

sections are 

not 

recoverable 

Injury to 

animals 

1C The team limits 

the distance that 

the sections can 

go with low 

altitude main 

chute 

deployment, 

watches sections 

in descent to 

ensure we know 

Verification 

Plan 
1D 



 

 

 
97 

 

where they are, 

and implements 

mitigations 

listed above to 

ensure that 

parachutes 

deploy. 

 

5.8 Project Management Risks 
 

Project Management Risk Mitigation Table 

Hazard Cause Effect Risk 

Level 

Mitigation Verification Post- 

Mitigation 

Risk Level 

Funding 

Amount 

The team 

overestimate

s the amount 

of money it 

can raise. 

The team is 

unable to 

purchase 

necessary 

equipment 

for the 

project. 

1D The team uses 

multiple methods 

of fundraising to 

minimize the 

impact of failure 

in any one 

fundraiser. 

Funding 

Reports 
3D 

The team 

does not 

acquire the 

necessary 

funds in a 

reasonable 

amount of 

time. 

The team 

schedules 

fundraising 

later in the 

timeline.  

 

Overestimate

s the amount 

of money it 

can raise. 

Due to 

missing 

equipment, 

the team 

falls behind 

schedule. 

3D The team has 

conducted 

fundraising by 

multiple methods 

and anticipates 

being within 

budget. 

 

The team plans to 

raise more money 

than accounted 

for in the budget 

to account for 

unforeseen 

expenses. 

Funding 

Reports 
4D 

Loss of Half 

Scale 

The half 

scale crash 

lands. 

 

 

The team 

falls behind 

schedule 

and 

requires 

more funds 

than 

expected 

3C The team intends 

to raise more 

money than 

necessary to 

create a buffer in 

funding. 

Inspection 

checklists 

Funding 

Reports 
4E 
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verified 

functionality 

before every 

launch (See 

Section 4.5). 

Loss of Full 

Scale 

The full 

scale crash 

lands. 

The budget 

and 

timeline for 

the project 

are greatly 

compromis

ed.  

1C The team tries to 

stay ahead of 

schedule and set 

out to raise more 

money than 

necessary to 

create a buffer. 

The full scale 

launch testing did 

not include the 

payload to ensure 

the rocket is built 

correctly. 

Checklists verify 

functionality 

before every 

launch (See 

Section 4.5). 

Funding 

Reports 
2D 

Loss of 

Payload 

The payload 

section of the 

rocket opens 

early, 

releasing the 

payload. 

The budget 

and 

timeline for 

the project 

are greatly 

compromis

ed. 

1C Extensive testing 

of the Xbees 

verify that they 

will open the 

payload section 

of the rocket at an 

appropriate time. 

 

The team tries to 

stay ahead of 

schedule and set 

out to raise more 

money than 

necessary to 

create a buffer. 

Funding 

Reports 
2D 

Further 

planning is 

required 

later and 

plans may 

not work or 

be carried 

out as 

Ambiguity 

in planning 

The team 

gets 

behind 

schedule 

2C Design review 

paperwork 

shows that team 

plans are not 

ambiguous and 

shows clearly 

the work that 

needs to be 

Design 

Review 

Paperwork 

and Gantt 

chart 

2E 
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expected done so there is 

no confusion. 

 

5.9 Current Concerns 

 

One of our main concerns as we approach launch day is safety as we continue assembling and 

testing the rover subsystems. Due to the need for three launches to complete some verifications, 

many of the team’s already limited resources were put towards the rocket. This impacted the 

rover timeline because labor was shifted from rover construction and testing to rocket 

construction. 

 

As a result of this, it is imperative that the team swiftly but effectively completes the 

construction and testing of the rover. We are concerned about rushing the timeline and a 

depreciation of our standard of work. Failure to produce the quality that we strive for is likely to 

result in failure on launch day, so testing the rover is our current main concern. In order to 

address this issue, we will balance the offset in labor by moving some human resources into 

rover testing. Having more people working with the rover provides more hours of labor which 

will theoretically allow us to function in a safe and effective manner during accelerated rover 

testing without sacrificing any of the testing involved. 

 

Another issue we are facing is rover movement. Although the rover inside of the shell is 

functional, it currently has issues with rolling due to an inability to gain traction within the rover 

shell. As a result we are researching materials and methods that will help us achieve this result. 

 

In addition, our inability to obtain the K660 motor has caused us to carefully proceed with rocket 

testing. We used one motor with similar thrust to ensure that our rocket can handle forces in 

flight. Through techniques such as this we showed that our rocket can handle motors similar to 

the K660 without ever using one. We have concluded that the rocket is prepared to fly with the 

K660, but we have not flown to the one mile goal. Previous launches and their respective flight 

simulations suggest that the rocket will fly close to the target altitude, however we have no flight 

to confirm this. 

 

6. Launch Operations Procedures 
 



 

 

 
100 

 

 
 Figure 107: Launch Procedures 

6.1 Rocket Inspection 

 

A. Fin Can 

● Verify that the airframe has no damage 

● Make sure fins are properly attached and undamaged by applying slight force in each 

direction  

● Ensure motor mount is well fastened (negative retention system) 

● Ensure the stability of the launch rail buttons  

● Ensure the shock cord is attached to the centering ring do that by applying slight force 

 

B. Transition and Main bay 

● Verify that the airframe has no damage 

● Ensure no damages that will change the aerodynamics and overall safety of the safety of 

the rocket  

● Ensure that the shoulders are undamaged and of proper strength 

● Ensure the bulkhead is intact 

● Ensure air, switch, and nylon rivet holes are intact 

 

C. Payload section  

● Verify that the airframe has no damage 

● Ensure that the U-bolt is fasten to bulkhead  

● Ensure bulkhead and coupler are intact 

● Verify payload housing doesn't move 

● Ensure nose cone is not damaged  

● Verify that the shoulders of the nose cone are of proper strength  

● Verify the air holes on the nose cone are not damaged  

 

6.2 Recovery Inspection and Assembly 
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A. Parachute Assembly and Integration  

___   Required Personnel: Recovery Lead, Safety Officer and Rocket Mentor  

● Have the opposite end of the shock cord connected to the parachute 

● Inspect shock cord 

● Inspect payload parachute 

● Inspect drogue parachute 

● Inspect main parachute 

● Reef shock cord lines  

● Fold parachutes correctly (burrito style) 

○ Drogue Parachute 

○ Main Parachute 

○ Payload Parachute 

 

Rocket Team Leader Signature required to Proceed:  _______________________________ 

 

B. Altimeter Programming Checklist 

___   Required Personnel: Recovery Lead and Rocket Mentor 

●  Gather the Marsa 54, Strattologger CF, and Altimeter Bay Sled. 

○ Program the Marsa 54 for dual deployment at apogee and 500’ in altitude. 

○ Turn on the Marsa 54. While it is counting down to launch readiness, use the 

joystick to enter menu mode. 

○ In menu mode, go to setup > channel setup. Configure channel one to apogee and 

channel two to 800 feet, and channels three / four being off. 

○  Exit the menu window by turning off the altimeter. 

○ Turn on the altimeter to verify that the correct deployment settings have been 

selected. The settings will flash on the screen before the powerup countdown 

sequence. 

Recover Team Leader Signature required to Proceed:  _______________________________ 

 

● Program the Stratologger CF for deployment of main chutes at 700 feet. 

○ Press the white PROG button while simultaneously powering up the altimeter. 

This will cause the altimeter to emit a continuous tone. 

○ Let go of the PROG button so that the tone stops sounding. Press the PROG 

button four times to set the altimeter to channel four. 

○ The altimeter will emit a continuous tone. Hold down the PROG button again so 

that the tone changes to a high pitched sound. Let go of the PROG button so that 

the high pitched sound stops. Press the PROG button 7 times to set the 

deployment altitude to 700 feet on channel four. 
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○ DO NOT PRESS the PROG button again !!! Allow the altimeter to power up 

fully by competing its series of beeps, starting with a “siren”. (once it is powered 

up, it will stop beeping). 

 

Recover Team Leader Signature required to Proceed:  _______________________________ 

 

○  Power up both altimeters to verify power up sequence for launch. 

○ Turn off both altimeters and place them into the altimeter bay system. 

 

Recover Team Leader Signature required to Proceed:  _______________________________ 

 

 

C. Tracker Checklist 

 

___   Required Personnel: Recovery Lead and Rocket Mentor 

● Make sure trackers are fully charged and ready for use 

● Make sure the trackers are off (not connected to the power supply) before we are 

ready to launch 

● Make sure our HAM radios (digital transceivers) are working properly and are 

fully charged 

● HAM radios are set to the proper frequency and shielded.  

 

Recover Team Leader Signature required to Proceed:  _______________________________ 

 

 

D. Altimeter Bay Assembly and Integration 

___   Required Personnel: Recovery Lead and Rocket Mentor 

● Make sure the altimeters are in the OFF positions 

● Check voltage on the 9V batteries 

● Check continuity of wires and channels 

 

Wire Coloring Scheme (Bulkhead Face Inside of the Altimeter Bay) 

Altimeter Wire and Sled 

Stratologger Yellow 

Marsa Blue 

 

● If wires are not already yellow and blue, color code with phase tape 
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● Push the yellow wire through the hole labelled S of drogue 

● Push the blue wire through the hole labelled M of drogue 

 

Wire Naming Scheme (Bulkhead Face Outside of the Altimeter Bay) 

Parachute Name 

Drogue (the red one) C1 

Main Bay (the white one) C2 

 

● Ensure that the channels match the bulkhead labellings 

● Add the counterweight to the transition 

● Attach bulkhead to the fin can side of the transition piece 

● Double nut both ends of the rods 

● Ensure the wires are physically separated 

● Insert Stratologger CF wires First (no wire visible means no accidental 

connection, or short) 

 

Recover Team Leader Signature required to Proceed:  _______________________________ 

 

● Test that the keys turn on the altimeters (NO CHARGES SHOULD BE 

CONNECTED YET) 

● Turn off the keys and verify that the altimeters are off 

● Insert Marsa 54 wires First (no wire visible means no accidental connection, or 

short) 

 

Recover Team Leader Signature required to Proceed:  _______________________________ 

 

● Test that the keys turn on the altimeters (NO CHARGES SHOULD BE 

CONNECTED YET) 

● Bolt in the Marsa and Stratologger in place 

● Shield the Altimeters 

● Make sure tracker is secure and safely placed in its section 

● Attach fore bulkhead to the transition and bolt down to where the bulkhead does 

not move. (verify by applying slight force) 

● Add stand off to threaded rod 

● Mount the separation charge bulkhead and tighten bolts down to where does not 

move. ( verify by applying slight force) 

 

Recover Team Leader Signature required to Proceed:  _______________________________ 
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6.3 Payload Inspection and Assembly  
I. Inspection 

A. Xbee Communications and Burn Wire Circuit  

● Check 9V battery terminal 

● Check voltage on the 9V battery for arduino and burn wire 

● Verify wiring for burn wire circuit 

 

 Electronic Team Leader Signature required to Proceed:  

_____________________________ 

 

● Verify that correct pins are connected to arduino 

● Verify that ground station computer has stable power source 

● Double check if all connection cables are properly working  

 

 Electronic Team Leader Signature required to Proceed:  

_____________________________ 

 

● Verify continuity on switches, nichrome wire, and mosfet  

● Verify that the burn wire circuit is off 

● Substitute LED for nichrome wire  

● Turn on both power switches 

● Verify Xbee communication  

● Activate burn wire circuit and verify that the LED turns on. If so proceed to turn off 

LED. 

●  In result that the LED doesn't turn on start procedure again. If this problem continues to 

occur unmount PCB circuit, check raceways, check continuity to all terminals and 

raceways 

● Turn off all switches if test was successful  

 

 Electronic Team Leader Signature required to Proceed:  

_____________________________ 

 

 

B. Spring Separation Mechanism  

● Verify that the spring plates do not have any damage 

● Ensure the nylon string is not damaged and nichrome wire is coiled properly  

 

 Mechanical Team Leader Signature required to Proceed:  __________________________ 
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● STOP. Wait for the X-Bee Checklist to finish testing the burn wire, then RESUME 

● Ensure that nichrome wire is not connected then attach to the nylon string spring.  

● Compress Spring safely using Jig to 2 inches 

● Knot the nylon string using a square knot with an overhead safety knot while the spring is 

inside the spring jig 

● Verify that the nylon spring is evenly and knotted properly 

● Mount spring system to the electronic deployment bulkhead with care 

 

 Mechanical Team Leader Signature required to Proceed:  __________________________ 

 

 

● Mount the other end of the spring system to the rover housing  

● Reconstruct the nichrome burn wire circuit. VERIFY THAT THERE IS NO POWER 

● Connect Nichrome wire to Terminal  

● Turn on the two electronic switches  

● Attach system to nose cone 

 

C. Lil’ Bear  

● Verify that the rover shell is not damaged 

● Verify that the rovers batteries are at 7.4V 

● Verify that the solar panels are clean, undamaged and attached securely to the platforms. 

● Verify that the spring-loaded hinges function properly and are secure. 

● Verify that the locking arm enguages the geared spool properly. 

● Connect power to terminals  

● Test if the photoresistors initiate rover movement  

● Test solar panel deployment motor  

● If test are successful then, leave all electrical components connected and disconnect 

power to terminals.  

● STOP. Wait for other payload teams finish their checklists 

 

Electronic Team Leader Signature required to Proceed:  _____________________________ 

  

 

 

II. Payload Assembly  

 

A.Hardware Integration  

● Verify that the rover housing is secured. 

● Check for any external damage to airframe or nose cone. 
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● Ensure that both switches for the nose cone electronics are in the on position. 

● Mount nose cone and electronics to spring system. Ensure that the bolts are tightly 

secured by applying force to system. 

● Bolt the other end of the spring plates to the rover housing. 

● Enclose the spring system with the phenolic airframe. 

● Inspect nylon rivets for damage and functionality.  

● Add nylon rivets to nose cone. 

● Add shear pins to rover housing.  

 

B. Lil Bear Integration  

● Connect power to rover terminals ( YOU HAVE FIVE MINUTES BEFORE ROVER IS 

IN ACTIVE MODE) 

● Place rover inside rover shell safely  

● Wrap the middle of the the shell with clear tape tightly  

● Place Rover in the lower half of the rover housing and enclose it completely 

 

 

6.4 Motor and Ignition Charges 
A. Motor Preparation 

● Required Personnel: Rocket Mentor and Safety Officer 

● Motor should be put in a separate casing for transport to prevent damage  

● Inspect the motor to make sure there is no damage done during transportation. If motor is 

damaged do not use damaged motor.  

● The safety officer should monitor the rocket mentor’s construction of the rocket motor. 

● Place the Cesaroni K660 into the motor tube and then tighten the screw cap retention ring 

tightly. 

 

B. Separation and Parachute Deployment Charges 

● Inspect 3D printed charge holders 

● Places charges in blast caps and secure with blue painters tape 

○ 2.25 g on the main parachute 

○ 1.5 g on the drogue parachute 

● Inspect separation and deployment charges (Are the charges reasonable sized and well 

secured?) 

 

6.5 Rocket Assembly 
● Make sure trackers are secure and safely placed in their respective sections (each section 

should have a tracker unless tethered to one with a tracker) 

● Make sure trackers are on (connected) 

● Check to see if trackers are transmitting the frequencies we programmed 
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● Connect shock cords to U-bolts 

● Check for tangling of shroud lines 

● Load parachutes along with shock cord 

● Attach the deployment charges to the altimeters 

● Attach the deployment charges to the altimeter bay 

● Put the payload section, altimeter bay, and fin can together 

● Insert shear pins 

○ 2 in the lower 

○ 4 in the parachute bay 

○ Line up the rail buttons 

● Insert nylon rivets 

● Insert motor 

● Ensure there is enough friction and are enough shear pins between fin can and shoulder 

so it can sustain a central force. 

● Last thoughts? Have we missed anything? 

 

6.6 Launch Procedures 
A.  Setup on the Pad 

● Required Tools: Bring a level to the pad 

● Check and record the weather 

● Let the RSO inspect the rocket and proceed to the launch pad 

● Check to be sure that the Nomex blanket covers the area that could be burned 

● Slowly slide the rocket launch lugs onto the launch rod 

● Be sure to keep the weight of the rocket off of the rail buttons 

● Raise and lock the launch rod 

● Check to ensure the launch rod is properly angled 

● Verify XBee communication 

● Verify Tracker communication 

● Uses a switch to arm altimeters 

● STOP. Go to the igniter insertion checklist below 

 

B. Igniters 

● Required Personnel: Rocket Mentor 

● Verify the location on the nearest fire extinguisher 

● Check surroundings for flammable material  

● Disarm launch pad (Check by touching leads together to see if they spark) 

● Insert igniters 

● Attach leads  

 

C. Continue Setup 

● Return to the area safe for launch 
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● Check for flying objects over head 

● Arm the launch pad 

● Countdown 

 

6.7 Troubleshooting 
● Brainstorm possibilities and estimate the likelihood of each 

● Test most likely possibilities first 

● Our team must use composure, communication, and organization to approach problems 

● Write down problems we encounter so that we have records of how we fixed them 

● Detailed notes on each subsystem 

 

6.8 Post-flight Inspection  
● PPE Required: Wear appropriate shoes and clothing: Find the rocket components. 

Use appropriate caution and judgement if the rocket is in a hazardous area. 

● Locate the fin can and payload sections from the HAM radios 

● Beware of other universities launch vehicles 

 

A. Payload 
● Verify that the rover has deployed 

● Check for damage to the parachute or shock cords 

● Check for damage to the rocket body 

● Take pictures of the rocket components for the team 

 

B. Fin Can and Altimeter Bay 
● Check for, deactivate, and dispose of live charges Danger: Proceed with caution 

● Check for damage to the parachute or shock cords 

● Check for damage to the rocket body 

● Record data from altimeters 

● Take pictures of the rocket components for the team 

 

7. Project Plan 
 

7.1 Testing  
 

7.1.1. Recovery system  

 

A. Ejection Cylinders Test  
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Figure 108: Ground Testing of Ejection Charge Cylinders 

 

For the ground tests of the Ejections Charge Cylinders, we epoxied four cylinders to a stable 

board and ran the electrical matches through so that they were within the cylinder. We then filled 

the cylinders with 25 percent, 50 percent, 75 percent, and 100 percent infill of black powder in 

each respective area. After wrapping the cylinders with black electrical tape, we ignited the 

electrical matches to test the power of the charges for each cylinder that was filled. After testing 

we decided that the 75 percent infill would work best for our rocket. 

 

B. Big Bear Ground Test  

 

 
Figure 109: Ground testing of Big Bear  

 

We had two tests for the fin can separation system. The first test used two shear pins with 1.75 

grams of black powder. After ground testing, the team felt the ground charges were too powerful, 

therefore, a second ground test was performed. For the second ground test we used two shear 
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pins with 1.50 g of black powder. The results show that the shear pins still break with this 

amount of black powder for the charge. We will use this amount to for our flight in Huntsville 

since the test proves to be successful at this amount. 

 

 

 
 

 

Figure 110: Ground testing of main bay 

 

First the team used to 2 grams of black powder with two shear pins for the Main bay separation. 

The team found the shear pins were not strong enough for this amount needed. Furthermore, the 

team added 4 shear pins in total with a combination of 2.25 grams. This amount allowed the 

Main bay to separate properly without failures and the team has added this amount for its third 

full scale launch which resulted in a success 

 

C. Shake Table  
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Figure 111: Making of the Shake table 

 

The shake table uses an electric motor to spin a piece of square plywood with rounded edges to 

roll on a spring loaded arm. The rounded edges of the square plywood strikes the hinged arm 

causing it to shake the table and the sections attached. This design is simple and has proven to 

shake with enough force to reliably test the vibration resistance of our components.  The team 

has yet to test our payload section or rover due to time restraints. We plan on testing those two 

sections as soon as possible.   

 

7.1.2 Spring Separation  

Ground testing of the burn wire circuit used to releasing the spring tension needed to separate the 

payload section has been successful. Furthermore, due to two failed launches the team has been 

unable to test the shear pins used to connect the payload section together. The team is going to be 

testing the shear pins for the payload on March 17th.  

 

7.1.3 Traction Testing 

 

For traction testing the team requires a surface with variable incline and a reasonable length and 

width. The team has opted to take a simple route: a sheet of plywood. A large piece of plywood 

is being used as the surface. To prevent bending of the wood, which results in inaccuracy of the 

test due to variable test angle, the team supports the wood from beneath with books. The team is 

using this method to test both the traction of the rover shell on the ground and the traction of the 

rover within the shell. 

 

 

7.2 NASA Requirement Verification Plan 
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Below are the NASA requirements for USLI and verification plan that the team is using to 

ensure those requirements are met. The status is color coded: Green means complete, yellow 

means in progress, red means incomplete and should be started, and white means incomplete but 

unable to be started until launch day. 

 

General Requirements 

Requirement Verificatio

n Method 

Verification Plan Description Status 

1.1. 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). 

Inspection 

Inspection at the end and during the 

project will verify that only team 

members work on the project. 

In 

Progress 

1.2. 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.  

Inspection 

Inspection of the PDR verifies that the 

project plan exists and inspections 

through the project duration will verify 

that it is being maintained.  

In 

Progress 

1.3. 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. 

Inspection 

We currently have one foreign national 

who has agreed to join the team. 

However, he is not attending the 

launch in Huntsville so paperwork for 

launch week activities is not necessary. 

Complete 

1.4. The team must identify all 

team members attending launch 

week activities by the Critical 

Inspection 

Inspection of the CDR verifies that the 

team has identified its members, 

mentor, and two adult educators. 

Complete 
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Design Review (CDR). Team 

members will include: 

1.4.1. Students actively engaged 

in the project throughout the 

entire year. 

1.4.2. One mentor (see 

requirement 1.14). 

1.4.3. No more than two adult 

educators. 

1.5. 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. 

Inspection 

Inspection of the Education 

Engagement paperwork showed that 

200 people were involved in STEM 

activities and that paperwork was 

submitted on time. 

Complete 

1.6. The team will develop and 

host a Website for project 

documentation. 
Inspection 

By inspecting our website at 

https://lrurocketry.org/page/ we are 

verifying that there is web access to 

our project documentation. 

In 

Progress 

1.7. 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.  

Inspection 

By inspecting our website after each 

deadline, we are showing that 

documentation is being posted by or 

before the due date. 

In 

Progress 

1.8. All deliverables must be in 

PDF format. Inspection 

By inspecting our website and 

downloading documents, we are 

verifying that documents are PDFs. 

In 

Progress 

https://lrurocketry.org/page/
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1.9. In every report, teams will 

provide a table of contents 

including major sections and 

their respective sub-sections. 

Inspection 
Inspection of documentation shows 

that a table of contents exists. 

In 

Progress 

1.10. In every report, the team 

will include the page number at 

the bottom of the page. 

Inspection 

Inspection of documentation shows 

that page numbers are at the bottom of 

the page. 

In 

Progress 

1.11. 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 capability only as 

a last resort. 

Inspection 

Inspection shows that the BEAR Team 

has the technology necessary for video 

conferences. 

In 

Progress 

1.12. 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. 

Inspection 

Inspection will verify that the team 

does not take personal pads to the 

launch day. 

Not 

Started - 

Scheduled 

during 

launch 

week 

1.13. Teams must implement the 

Architectural and Transportation 

Barriers Compliance Board 

Electronic and Information 

Technology (EIT) Accessibility 

Standards (36 CFR Part 1194) 

Subpart B-Technical Standards 

(http://www.section508.gov): § 

1194.21 Software applications 

and operating systems. § 

1194.22 Web-based intranet and 

Internet information and 

applications. 

Inspection 
The Team is implementing this 

protocol with help of the mentor. 

In 

Progress 

1.14. Each team must identify a Inspection Inspection of the proposal shows that Complete 
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“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 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. 

the team mentor is Dr. Knight and that 

he is both NAR and TRA certified. 

 

 

Vehicle Requirements 

Requirement Verification 

Method 

Verification Plan Description Status 

2.1. The vehicle will deliver the 

payload to an apogee altitude of 

5,280 feet above ground level 

(AGL). 
Analysis and 

Demonstration 

Simulations RockSim and 

OpenRocket have predicted the 

altitude. Using Marsa 54 and 

StratoLogger CF altimeters, the 

team will record the apogee altitude 

of the flight. The verification will be 

complete when the altimeters have 

In Progress 
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both measured the apogee to be 

within 200 feet of the 5,280 feet 

goal on launch day. 

2.2. 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. 

Inspection 

The team has chosen the  

StratoLogger CF to be the altimeter 

that records the official altitude. It 

has been used in test launches in the 

rocket and will be used the day of 

the launch. 

Complete 

2.3. 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. 

Inspection and 

Testing 

Inspection of the constructed 

recovery system and designs shows 

that the altimeters are armed by a 

switch from outside of the rocket 

when the rocket is assembled. 

Testing the switch will verify 

functionality. After 5 successful 

consecutive tests of the switch, the 

team will consider the verification 

complete. 

Complete 

2.4. Each altimeter will have a 

dedicated power supply. 
Inspection 

Inspection of the constructed 

recovery system and designs show 

that each altimeter has its own 

power supply. 

Complete 

2.5. Each arming switch will be 

capable of being locked in the 

ON position for launch (i.e. 

cannot be disarmed due to flight 

forces). 

Testing 

Locking in the on position is 

achieved by a key switches. A test 

launch with a motor of greater thrust 

than the one that will be used on 

launch day has verified that the key 

switches function as expected while 

in flight. 

Complete 

2.6. 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. 

Demonstration 

and Inspection 

Recovery of the full scale vehicle 

after the required launch before 

FRR and inspection of the vehicle 

for damage are the methods of 

verification. Recovery of all 

components with minimal or no 

damage is sufficient to verify this 

Complete 
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requirement. 

2.7. The launch vehicle will 

have a maximum of four (4) 

independent sections. An 

independent section is defined 

as a section that is either 

tethered to the main vehicle or 

is recovered separately from the 

main vehicle using its own 

parachute. 

Inspection 

Inspection of design plans and the 

constructed full scale rocket show 

that there are 4 sections. 

Complete 

2.8. The launch vehicle will be 

limited to a single stage. Inspection 

Inspection of design plans and the 

constructed full scale rocket show it 

is single stage. 

Complete 

2.9. 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. 
Demonstration 

The full scale rocket will be 

launched to verify this requirement. 

The team will consider this 

verification complete when a full 

scale launch with all components is 

prepared in 3 hours on one occasion. 

However, if the preparation takes 

2.5 hours, the team will practice the 

preparation in order to ensure that 

the process stays within the time 

limit. 

Complete 

2.10. 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. 

Testing and 

Demonstration 

A full scale launch with the 1 hour 

wait period verified that recovery 

electronics and the rocket can be 

launch ready on the pad for an hour. 

The rover has not been tested for 

this yet. 

In Progress 

2.11. 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. 

Testing and 

Demonstration 

The team has used similar a 12-volt 

firing system is test launches 
Complete 

2.12. The launch vehicle will 

require no external circuitry or 

special ground support 

equipment to initiate launch 

Inspection and 

Demonstration 

Designs and test flights show that 

no external circuitry or special 

ground support initiates launch. 

Complete 
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(other than what is provided by 

Range Services). 

2.13. 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). 

Inspection 

Inspection of the CDR shows that 

we have chosen the K660 motor 

(See section 3.1.10), which satisfies 

this requirement. 

Complete 

2.13.1. Final motor choices 

must be made by the Critical 

Design Review (CDR). 

Inspection 

Inspection of the CDR shows that 

we have chosen the K660 motor 

(See section 3.1.10) 

Complete 

2.13.2. 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. 

Inspection 

If any changes in motor are made, 

consultation of the verification plan 

will remind the team of this 

requirement and a request will be 

sent to the RSO. 

N/A 

2.14. Pressure vessels on the 

vehicle will be approved by the 

RSO and will meet the 

following criteria: 

No pressure vessels will be on the vehicle. 

2.14.1. The minimum factor of 

safety (Burst or Ultimate 

pressure versus Max Expected 

Operating Pressure) will be 4:1 

with supporting design 

documentation included in all 

milestone reviews.  

2.14.2. Each pressure vessel 

will include a pressure relief 

valve that sees the full pressure 

of the valve that is capable of 

withstanding the maximum 

pressure and flow rate of the 

tank.  
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2.14.3. Full pedigree of the tank 

will be described, including the 

application for which the tank 

was designed, and the history of 

the tank, including the number 

of pressure cycles put on the 

tank, by whom, and when. 

2.15. The total impulse provided 

by a College and/or University 

launch vehicle will not exceed 

5,120 Newton-seconds (L-

class). 

Inspection and 

Demonstration 

The finalized motor was the K660 it 

provides less than 2,437 Newton-

Seconds of total impulse  Complete 

2.16. 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.  

Analysis and 

Demonstration 

The team has conducted simulations 

of the launch vehicle with corrected 

weights and used them to verify that 

the static stability margin meets this 

requirement. Also, the competitions 

vehicle has been launched once 

before FRR to prove its stability.  

Complete 

2.17. The launch vehicle will 

accelerate to a minimum 

velocity of 52 fps at rail exit. 

Analysis  The Team has designed the vehicle 

in a flight simulator. The 

simulations of the launch vehicle 

show that the rail exit is 68 fps. 

Complete 

2.18. 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. 

Demonstration 

A launch of the subscale that is 

recovered by the team with no 

structural damage is considered 

successful and sufficient to satisfy 

this requirement. 

Complete 

2.18.1. 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 model. 

Inspection and 

Analysis 

Inspection of the designs of the 

subscale and full scale show that 

resemble each other. Analysis of the 

projected flight paths show that the 

rockets will perform similarly. 

Complete 

2.18.2. The subscale model will 

carry an altimeter capable of 

reporting the model’s apogee 

altitude. 

Demonstration 

A launch of the subscale that 

contains an altimeter that records 

the apogee altitude is sufficient to 

satisfy this requirement. 

Complete 

2.19. All teams will successfully 

launch and recover their full-
Demonstration 

The Team has conducted several 

launches since CDR. The most 

Complete 
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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 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: 

recent launch showed that all 

systems (except for the rover) 

functioned as expected. 

2.19.1. The vehicle and 

recovery system will have 

functioned as designed. Demonstration 

The full scale launch will be 

considered a success and verify the 

requirement if all the recovery 

electronics deploy all parachutes 

and if all sections of the vehicle are 

recovered with no damage. 

Complete 

2.19.2. The payload does not 

have to be flown during the full-

scale test flight. The following 

requirements still apply: 

  

Complete 

2.19.2.1. If the payload is not 

flown, mass simulators will be 

used to simulate the payload 

mass. 

Inspection 

Inspection of the rocket before 

launch verified that mass simulators 

are implemented in place of the 

payload. 

Complete 

2.19.2.1.1. The mass simulators 

will be located in the same 

approximate location on the 

rocket as the missing payload 

mass.  

Inspection 

Inspection of the rocket before 

launch will verify that mass 

simulators are in the payload section 

of the rocket. 

Complete 

2.19.3. If the payload changes 

the external surfaces of the 

rocket (such as with camera 
N/A 

The Payload will not change the 

rocket surface or affect the total 

energy of the vehicle beyond the 

effect of its weight. 

N/A 
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housings or external probes) or 

manages the total energy of the 

vehicle, those systems will be 

active during the full-scale 

demonstration flight. 

2.19.4. The full-scale motor 

does not have to be flown 

during the full-scale test flight. 

However, 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. 

Demonstration 

A Loki Research J820 will be used 

for the full scale test launch. A 

Cessaroni K660 will be used on 

launch day. However, during one of 

the previous failed test launches we 

used a Loki K960 motor, which 

exerts more force on the rocket than 

the rocket motor that will be used on 

launch day. We consider this 

requirement verified due to the 

launch with the J820, but we 

addressed the desire the use a motor 

that is similar to the one that will be 

used on launch day with the K690. 

Since the failure during that launch 

is believed to be unrelated to the 

motor, we provide this as evidence 

that the K660 will function as 

desired. 

Complete 

 

2.19.5. 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. 

Inspection and 

Demonstration  

Demonstration by flight testing has 

verified this requirement. Inspection 

before flight showed it is fully 

ballasted. 

Complete 

2.19.6. 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).  

Inspection 

Inspection of the launch vehicle 

through the end of FRR and all of 

LRR will show that  

In Progress 

2.19.7. Full scale flights must be 

completed by the start of FRRs 

(March 6th, 2018). If the 

Inspection 

Inspection of the FRR fly sheet 

shows that the full scale has been 

flown. 

Complete 
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Student Launch office 

determines that a re-flight is 

necessary, then an extension to 

March 28th, 2018 will be 

granted. This extension is only 

valid for re-flights; not first-

time flights. 

2.20. Any structural 

protuberance on the rocket will 

be located aft of the burnout 

center of gravity.  

Inspection 

Inspection of the constructed rocket 

shows that structural protuberance 

on the rocket is located aft of the 

burnout center of gravity.  

Complete 

2.21. Vehicle Prohibitions    

2.21.1. The launch vehicle will 

not utilize forward canards. 

Inspection 

Inspection of the constructed rocket 

show that none of these components 

or methods are to be implemented. 

Complete 

2.21.2. The launch vehicle will 

not utilize forward firing 

motors. 

2.21.3. The launch vehicle will 

not utilize motors that expel 

titanium sponges (Sparky, 

Skidmark, MetalStorm, etc.) 

2.21.4. The launch vehicle will 

not utilize hybrid motors. 

2.21.5. The launch vehicle will 

not utilize a cluster of motors. 

2.21.6. The launch vehicle will 

not utilize friction fitting for 

motors. 

2.21.7. The launch vehicle will 

not exceed Mach 1 at any point 

during flight. 
Analysis 

Simulation of the flight of the full 

scale has verified that the vehicle’s 

velocity is always far below Mach 

1. 

Complete 

2.21.8. Vehicle ballast will not 

exceed 10% of the total weight 

of the rocket. 
Inspection 

Measurements show rocket weighs 

23 lbs, so the ballast cannot exceed 

2.3 lbs. Our ballast is currently 0.5 

lbs. 

Complete 
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Recovery System Requirements 

Requirement Verification 

Method 

Verification Plan Description Status 

3.1. 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. 

Demonstration 

And Analysis 

Test flight of the full scale rocket 

demonstrated that the altimeters 

successfully activate their ejection 

charges to deploy the parachutes at 

the designated programmed altitude, 

hence verifying this requirement. 

The sizing selection of the drogue 

chute and calculations show a 

descent rate and kinetic energy that 

meet NASA requirements. 

Complete 

3.2. 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 launches. 

Testing 

The team has tested a programmed 

activation of the ejection charge by 

the altimeters where the drogue and 

main parachute will be deployed.  

Complete 

3.3. At landing, each 

independent sections of the 

launch vehicle will have a 

maximum kinetic energy of 75 

ft-lbf. 

Analysis 

 

Calculations show that the 

maximum kinetic energies of each 

independent section of the launch 

vehicle upon landing do not exceed 

75 ft-lbf. 

 

Complete 

 

3.4. The recovery system 

electrical circuits will be 

completely independent of any 

payload electrical circuits. 

Inspection 
Inspection of the constructed full 

scale rocket verify this requirement. 
Complete 

3.5. All recovery electronics 

will be powered by 

commercially available 

batteries. 
Inspection 

Inspection of the constructed full 

scale rocket shows that this 

requirement has been met so far. We 

do not consider this requirement 

complete so that we remember this 

for launch day. 

In Progress 

3.6. The recovery system will 

contain redundant, 
Inspection 

Inspection of the recovery system 

and the constructed full scale rocket 
Complete 
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commercially available 

altimeters. The term 

“altimeters” includes both 

simple altimeters and more 

sophisticated flight computers. 

verify this requirement. 

3.7. Motor ejection is not a 

permissible form of primary or 

secondary deployment. 

Inspection 

Inspection of design plans and the 

full scale rocket reveals that motor 

ejection is not planned. 

Complete 

3.8. Removable shear pins will 

be used for both the main 

parachute compartment and the 

drogue parachute compartment. 

Inspection 
Inspection of the constructed full 

scale rocket verify this requirement. 
Complete 

3.9. Recovery area will be 

limited to a 2500 ft. radius from 

the launch pads. 

Analysis 

Analysis of flight predictions will 

show that the rocket is expected to 

stay within the acceptable region.. 

To ensure that the rocket will land 

in the circle, the team defines 

success for this verification as all 

components landing within a 2200 

ft. radius. 

Complete 

3.10. 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. 

Inspection 

 

Inspection of the recovery system in 

the constructed full scale rocket 

verifies this requirement. 

 

Complete 

3.10.1. Any rocket section, or 

payload component, which 

lands untethered to the launch 

vehicle, will also carry an active 

electronic tracking device. 

Inspection 

Inspection of the design plans for 

the recovery system and the 

constructed full scale rocket verify 

this requirement. 

Complete 

3.10.2. The electronic tracking 

device will be fully functional 

during the official flight on 

launch day.  

Demonstration 

Demonstration of electronic 

tracking device being fully 

functional verifies this requirement. 

Complete 

3.11. The recovery system 

electronics will not be adversely 

affected by any other on-board 

electronic devices during flight 

(from launch until landing). 

Demonstration 

and Inspection 

Inspection of recovery system 

electronics before flight and 

demonstration during test flight 

verify this requirement. 

Complete 
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3.11.1. 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.  

Inspection 

Inspection of the design plans for 

the recovery system and the 

constructed full scale rocket verify 

this requirement. 

Complete 

3.11.2. The recovery system 

electronics will be separated 

from tracking electronics to 

reduce chance of electronics 

interference 

Inspection 

Inspection of the design plans for 

the recovery system and the 

constructed full scale rocket verify 

this requirement. 

Complete 

3.11.3. 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. 

Inspection 

Inspection of the design plans for 

the recovery system and the 

constructed full scale rocket verify 

this requirement. 

Complete 

3.11.4. The recovery system 

electronics will be shielded 

from any other onboard devices 

which may adversely affect the 

proper operation of the recovery 

system electronics. 

Inspection 

Inspection of the design plans for 

the recovery system and the 

constructed full scale rocket verify 

this requirement. 

Complete 

 

 

Experiment Requirements 

Requirement Verification 

Method 

Verification Plan Description Status 

4.1. Each team will choose one 

design experiment option from 

the following list. 

Inspection 

Inspection of the proposal verifies 

that the BEAR Team chose the 

deployable rover experiment. 

Complete 

4.2. Additional experiments 

(limit of 1) are allowed, and 

may be flown, but they will not 

contribute to scoring. 

N/A 
The BEAR Team chose only one 

experiment. 
N/A 
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4.3. 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. 

N/A 
The BEAR Team chose only one 

experiment. 
N/A 

4.5. Deployable rover    

4.5.1. Teams will design a 

custom rover that will deploy 

from the internal structure of the 

launch vehicle. 

Inspection 
Inspection of the CDR reveals 

design plans for the rover. 
Complete 

4.5.2. At landing, the team will 

remotely activate a trigger to 

deploy the rover from the 

rocket.  

Testing 

The payload section will be 

assembled with the payload inside. 

The team will send the spring 

separation system a signal to 

activate the burn wire and open the 

payload section. After sensing light 

from outside of the rover housing, 

the rover will deploy from its 

housing. The team will consider the 

verification a success after 5 

consecutive tests in which the spring 

separation system does not damage 

the rocket or the payload, the spring 

separation succeeds in opening the 

payload section of the rocket, and 

the payload autonomously rolls out 

of the rocket. 

In Progress 

4.5.3. After deployment, the 

rover will autonomously move 

at least 5 ft. (in any direction) 

from the launch vehicle. 

Testing 

The rover will be placed in the grass 

outside at a marked location. The 

rover will roll autonomously and 

stop. After the rover stops, it will 

deploy solar panels, after which the 

team will measure the displacement 

of the rover using a tape measure. 

After 5 consecutive tests in which 

the rover moves 6 ft. or more (an 

overestimate to account for error in 

the displacement calculation) and 

the solar panels deploy fully (panels 

open to approximately a 180 degree 

angle by visual inspection), the team 

will consider these verifications a 

success. 

Incomplete - 

Rover 

Testing 

begins 

March 8th 

4.5.4. Once the rover has 

reached its final destination, it 

will deploy a set of foldable 

solar cell panels. 
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Safety Requirements 

Requirement Verification 

Method 

Verification Plan Description Status 

5.1. 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. 

Inspection Inspection of FRR documentation 

verifies the existence of final 

checklists. 

Complete 

5.2. Each team must identify a 

student safety officer who will 

be responsible for all items in 

section 5.3. 

Inspection The proposal verifies that Joseph 

Johnson was chosen to be the safety 

officer. 

Complete 

5.3. The role and 

responsibilities of each safety 

officer will include, but not 

limited to: 

   

5.3.1. Monitor team activities 

with an emphasis on Safety 

during: 

Inspection 

Inspection across the project 

timeline verifies the presence of the 

safety officer, monitoring and 

encouraging safe practices. 

 

5.3.1.1. Design of vehicle and 

payload 
Complete 

5.3.1.2. Construction of vehicle 

and payload 
In Progress 

5.3.1.3. Assembly of vehicle 

and payload 
In Progress 

5.3.1.4. Ground testing of 

vehicle and payload 
In Progress 

5.3.1.5. Sub-scale launch test(s) Complete 

5.3.1.6. Full-scale launch test(s)  Complete 
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5.3.1.7. Launch day Incomplete 

5.3.1.8. Recovery activities  Complete 

5.3.1.9. Educational 

Engagement Activities 
Complete 

5.3.2. Implement procedures 

developed by the team for 

construction, assembly, launch, 

and recovery activities 

Inspection 

Inspection of team files located the 

design lab shows current versions of 

project paperwork. This paperwork 

includes all plans for design, 

verification, and mitigation, which 

the safety officer helps to write and 

implement. 

In Progress 

5.3.3. Manage and maintain 

current revisions of the team’s 

hazard analyses, failure modes 

analyses, procedures, and 

MSDS/chemical inventory data 

Inspection In Progress 

5.3.4. Assist in the writing and 

development of the team’s 

hazard analyses, failure modes 

analyses, and procedures. 

Inspection In Progress 

5.4. 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. 

Inspection 

Inspection during test flights shows 

the team follows NAR and TRA 

regulations and also makes full use 

of the advice given by the local 

club’s RSO. 

Complete 

5.5. Teams will abide by all 

rules set forth by the FAA. 
Inspection 

Inspection during test flights shows 

the team follows FAA regulations. 
In Progress 
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7.3 Team Derived Requirements Verification Plan 
 

 

Team Derived Vehicle Requirements 

Requirement Verification 

Method 

Verification Plan Description Status 

6.1. The vehicle (without 

payload) will weight less than 

25 pounds. 

Testing The team has weighed the rocket 

to verify this requirement. It is 23 

pounds. 

Complete 

6.2 The caliber of stability will 

be greater than 2. 

Analysis Simulations in RockSim and 

OpenRocket will yield a caliber 

of stability of more than 2. 

Complete 

 

 

Team Derived Recovery System Requirements 

Requirement Verification 

Method 

Verification Plan Description Status 

7.1 The recovery system will 

create enough drag to guarantee 

that the final velocity of the 

payload section is less than 20 

ft/s. 

Analysis Simulations in RockSim and 

open rocket will verify that the 

payload section final velocity 

will be less than 20 ft/s. 

Complete 

 

 

Team Derived Payload and Payload Bay Requirements 

Requirement Verification 

Method 

Verification Plan Description Status 

8.1 The rover will have 4 

points of contact with the 

rover shell that minimize 

rattling in flight. 

Inspection 

and Testing 

Inspection will verify that the 

rover has 4 points of contact with 

the shell. A single test with a 

shake table will verify that these 

4 points of contact prevent 

rattling within the rover shell. 

In Progress 
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8.2  The rover will stop after 

it has travelled 6 feet 

(displacement) from where it 

exited the rover housing. 

Testing Extensive benchtop testing of the 

rover using the accelerometer as 

the sensor for calculating 

distance traveled. Also field 

testing in different environments 

to insure validity of distance 

calculation algorithm. At least 

one flight test to verify 

performance of rover under 

dynamic conditions. 

Incomplete 

8.3 The rover will be able to 

roll up a 5 degree incline. 

Testing The Team is making an incline 

ramp with different terrain 

surfaces. Also the rover will be 

tested different terrains and 

inclines across campus to verify 

this requirement  

In Progress 

8.4 A weight on the rover 

will hold the rover within the 

sphere in an upright position. 

Testing A counterweight is being 

integrated to the bottom of the 

rover. The mass can be removed 

or added as to verify that keep 

the sphere in its upright position. 

Extensive testing will verify this 

requirement   

In Progress 

 

 

Team Derived Safety Requirements 

Requirement Verification 

Method 

Verification Plan Description Status 

9.1 Team acts in a safe 

manner during building and 

testing of rocketry and 

payload systems. 

Inspection Team leads will supervise work 

and by inspection will verify that 

the team acts in the interest of 

safety. 

In Progress 

9.2 No team member will be 

injured by machine shop 

equipment. 

Inspection Team members will check each 

other’s methods in the shop to 

verify that safe practices are 

used. 

In Progress 

 

7.4 Budgeting   
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 The chart below is our current and latest version of our budget. It consists of seven 

sections which are organized in electronics, rocket, sub-scale, miscellaneous, payload, safety, 

and travel. There are seven columns in the budget which contain the item name, vendor of said 

item, cost of item, quantity, modified quantity, subtotal, and if item has been modified since 

CDR. Each item is taxed at seven percent and also an additional five percent is added to cover 

the shipping and handling costs.  

 The budget has changed in the rocket, electronic, and travel section. The last launch 

uncovered an issue with our motors which caused us to purchase three additional k660 motors. 

There was also insignificant damage to the electronics during the last launch so in order to ensure 

that our schedule remains on time, we bought additional accelerometers for backups. 

 

 

 
Lenoir-Rhyne University Rocketry 

  

         

 Electronics   

 Item Vendor Cost Quantity 
Modified 

Quantity 
Subtotal 

Modified since 

CDR 
 

 
Altimeter Marsa 54 

Marsa 

Systems 
$150.00 2 N/A $300.00 

No  

 

Altimeter 

Stratologger CF 
PerfectFlite $60.00 2 4 $240.00 

Yes  

 Arduino Uno Arduino $22.00 4 N/A $88.00 No  

 Arduino Nano Arduino $22.00 4 N/A $88.00 No  

 XBee Pro 900HP Digi $100.00 1 N/A $100.00 No  

 Lithium Batteries Crazepony $6.00 6 N/A $36.00 No  

 

70cm BeeLine 

GPS 

Big 

RedBee 
$90.00 3 N/A $270.00 

No  

 Miniature Camera Adafruit $30.00 2 N/A $60.00 No  

 

Nano Module 

Board 
Arduino $7.00 2 N/A $14.00 

No  

http://www.marsasystems.com/
http://www.marsasystems.com/
http://www.perfectflite.com/
https://www.arduino.cc/
https://www.arduino.cc/
https://www.digi.com/
https://www.arduino.cc/
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 Jumper Wires Sparkfun $10.00 2 N/A $20.00 No  

 

Sparkfun Xbee 

Shields 
Sparkfun $25.00 4 N/A $100.00 

No  

 Electric Motors Pololu $7.00 5 N/A $35.00 No  

 Motorshield 2.3V Adafruit $20 3 N/A $60.00 No  

 Mosfets 30N06L Xytronic $7 2 N/A $14.00 No  

 
Nichrome Wire 

Master of 

Clouds 
$30 1 N/A $30.00 

No  

 

Accelerometer 

ADXL345 
Adafruit $20 3 N/A $60.00 

No  

 Breadboard Adafruit $10 2 N/A $20.00 No  

 9V Batteries Duracell $2 15 20 $40.00 Yes  

 DC converter eboot $10 2 N/A $20.00 No  

 Photoresistors Gikfun $7 1 N/A $7.00 No  

         

         

 Electronics Total: $1,602.00   

         

         

         

 Rocket   

 Item Vendor Cost Quantity 
Modified 

Quantity 
Subtotal 

Modified since 

CDR 
 

 Kevlar Blankets Performance 

Hobbies 
$10.00 3 N/A $30.00 No  

 

6" Fiberglass 

Airframe 
Performance 

Hobbies 
$55.00 3 N/A $165.00 

No  

 

K660 Motor (54 

MM) 
Performance 

Hobbies $135.00 3 
N/A $405.00 

No  

 Drogue Parachute 

Fruity 

Chutes $89.00 2 
N/A $178.00 

No  

 Main Parachute 

Fruity 

Chutes $255.00 2 
N/A $510.00 

No  

 Payload Parachute 

Fruity 

Chutes $119.00 2 
N/A $238.00 

No  
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 Wood Lowe's $100.00 1 N/A $100.00 No  

 Couplers Lowe's $30.00 1 N/A $30.00 No  

 Epoxy Lowe's $25.00 1 N/A $25.00 No  

 Swithces Lowe's $5.00 4 N/A $20.00 No  

 Thread Rods Lowe's $10.00 4 N/A $40.00 No  

 U bolts Lowe's $5.00 2 4 $20.00 Yes  

 Shock cord 

Fruity 

Chutes $20.00 4 
N/A $80.00 

No  

 K690 Motor 

Marathon 

Motors $233.00 N/A 
1 $233.00 

Yes  

 Motor Retainer Aerotech $50.00 2 N/A $100.00 No  

 J1000 Motor 

CSRocketr

y $93.00 N/A 1 $93.00 Yes  

 J820 Motor 

CSRocketr

y $85.00 N/A 1 $85.00 Yes  

         

 Rocket Total: $2,352.00   

         

         

 Subscale   

 
Item Vendor Cost Quantity 

Modified 

Quantity 
Subtotal 

Modified since 

CDR  

 Parachute Top Flight $15.00 1 N/A $15.00 No  

 G80-7t Aerotech $30.00 4 N/A $120.00 No  

 
2" Spring 

The Spring 

Store 
$50.00 2 N/A $100.00 

No  

 Epoxy Lowe's $15.00 1 N/A $15.00 No  

 Build Components Sparkfun $35.00 1 N/A $35.00 No  

 
      

  

 Subscale Total: $285.00   

 
      

  

 Miscellaneous Expenses   
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Item Vendor Cost Quantity 

Modified 

Quantity 
Subtotal 

Modified since 

CDR  

 
ABS 1kg/spool 

MakerGeek

s 
$30.00 5 N/A $150.00 

No  

 Misc. Electronics Adafruit $100.00 1 N/A $100.00 No  

         

 
      

  

 

Misc Total: $250.00 

  

         

 
      

  

 Payload   

 
Item Vendor Cost Quantity 

Modified 

Quantity 
Subtotal 

Modified since 

CDR  

 Steel Rings Lowe's $3.00 3 N/A $9.00 No  

 

Compressed 

Spring 

The Spring 

Store $100.00 2 
N/A $200.00 

No  

 Guide Rail 
Performance 

Hobbies $136.00 1 N/A $136.00 No  

 Rover Shell 

ShellKingd

om $15.00 5 
N/A $75.00 

No  

 Threaded rods Lowe's $19.00 2 N/A $38.00 No  

 Bolts and Nuts Lowe's $50.00 1 N/A $50.00 No  

 Flat Washer Lowe's $12.00 1 N/A $12.00 No  

 Pressure Washer Lowe's $25.00 1 N/A $25.00 No  

 Anchors Lowe's $15.00 2 N/A $30.00 No  

 Wood Inserts Lowe's $4.00 2 N/A $8.00 No  

         

 Payload Total: $583.00   

 
Safety 

  

 
Item  Cost Quantity 

Modified 

Quantity 
Subtotal 

Modified since 

CDR  

 First Aid Kit  $30.00 1 N/A $30.00 No  
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 Fire Safety Kit  $90.00 1 N/A $90.00 No  

 
      

  

 Safety Total: $120.00   

 
      

  

 
Travel 

  

 
Item  Cost Quantity 

Modified 

Quantity 
Subtotal 

Modified since 

CDR  

 
Gas  

$250/va

n 
2 N/A $500.00 

No  

 

Hotel  
$130/nig

ht 

4 nights 

& 3 

rooms 

N/A $1,560.00 

No  

 
Food  

$20.00/p

erson 
5 days N/A $1,000.00 

No  

 
Mentor Per Diem  

$45.00/d

ay 
5 N/A $225.00 

No  

         

 
      

  

 
      

  

 Travel Total: $3,285.00   

         

 
Totals 

  

 

Category  Totals 

Shippi

ng/han

dling 

Modifi

ed 

Amou

nt 

Taxes 
Modified 

since CDR  

 
Electronics  

$1,602.0

0 
$80.01 N/A $112.14 

Yes  

 
Rocket  

$1,931.0

0 
$117.6 N/A $164.64 

Yes  

 Subscale  $285.00 $14.25 N/A $20.95 No  

 

Miscellaneous 

Expenses 
 $250.00 $12.50 N/A $18.38 

No  

 Payload  $583.00 $29.15 N/A $42.85 No  

 Safety  $120.00 $6.00 N/A $8.82 No  
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Travel  

$3,285.0

0 
N/A N/A $229.95 

No  

         

 

Total 

Project 

Cost 

    $8,913.23 

  

Figure 112: Total project cost 

 

7.5 Sources of funding 
 

 
Figure 113: Fundraising  

 The North Carolina Space Grant we applied for covered $5,000 of the needed amount 

$8,663. We also received a $2,500 grant from previous grants from Dr. Knight. The team has 

also performed one fundraisers where the team raffled an amazon echo and dot which covered 

$500. We also have started a rocket club at our university which in return we received a $500 

grant.  Our mentor was unable to receive donations from previous rocket team members. 

However, we plan to apply for a grant of $1,000 from SGA.  

In summary, the team has successfully raised more than the required amount to complete 

the project. The team experienced difficulties which damaged some of our equipment during the 

last launch and needed to purchase new electronics. The damaged equipment still works, but to 

ensure that our project stays on schedule we ordered backup equipment.  

 

7.6 Allocation of Funds 
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The project funds throughout the project have been handled by the rocket team mentor, 

Dr. Knight, and are still currently handled by him. Also, funds are kept in a university account. 

Each request for funds in the university account is done by a check request to ensure the safety of 

our funds.  

 

7.7 Material Acquisition Plan 
 

 The primary vendor for rocket components such as motors and other necessary items for 

the rocket has been Performance Hobbies. As of now, we have not resorted to purchasing 

rocketry components from our backup vendors (Giant Leap Rocketry and Apogee Components). 

As of now, our electronic vendors are Adafruit, Amazon, and Sparkfun. Other components 

required to ensure a successful flight have been purchased from Amazon.  The Team has also 

purchased its filament from Matterhackers, MakeShapper, and Makerseries.  

 

7.8 Timeline  

 

 The following Gantt charts have been updated as the team approaches closer to the 

competition date. There were some complications with flight which made us analyze the errors 

which caused us to be set back by a week. The following charts include activities during the FRR 

and after CDR. The team has emphasized the idea of submitting paperwork on schedule in an 

organized fashion. Throughout the FRR time period, the team has understood that deliverables 

that are assigned should be completed by the deadline.  
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Figure 114: Gantt chart of timeline  
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Appendix A: 
 

 

Lenoir-Rhyne Rocket Team Safety Statement 

Lenoir-Rhyne Rocket Team Policy: A main concern of Lenoir-Rhyne University is the safety 

of students and faculty. Injuries due to incidents are capable of being prevented, and the team 

will enforce the policies in the Lenoir-Rhyne Machine Shop Guide, and any future policies to 

eradicate these injuries. 

Team Leaders: The team leaders are responsible for enforcing the Lenoir-Rhyne Rocket Team 

safety policies. They will consider team member suggestions for new safety policies and 

warnings about new risks the team faces and report them to the safety officer as necessary. 

Safety Officer: The safety officer is also responsible for enforcing Lenoir-Rhyne safety policies. 

In addition, the safety officer will maintain awareness of NAR/TRA, FAA, and DOT regulations, 

and will enforce these regulations. The safety officer will also develop safety policies as needed 

when new hazards or materials are integrated into the project. 

Faculty: Faculty involved in the project are responsible for ensuring that safe and effective 

policies are being implemented. The faculty involved will review the safety policies with the 

safety officer and edit them as necessary. 

Team Members: Team members are responsible for following the safety protocols set by the 

safety officer and faculty, encouraging safe use of equipment, and reporting unsafe practices. 

By signing this statement, team members acknowledge understanding of their responsibilities 

with respect to safety. Team members not following safety protocols may be subject to restricted 

access to equipment and possible expulsion from the team. 
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Appendix B: 
 

 

MACHINE SHOP SAFETY 

& BASIC USER GUIDE  

The Rules: 

1.   Safety glasses at all times! Even when just visiting. 

2.   Long hair is to be pulled back & tied up. Long sleeves are to be rolled up. 

     3. No wearing loose clothing, jewelry or watches while working! 

4.   Closed toed shoes or boots only! No sandals or dressy shoes. 

5.   ULTIMATELY, YOU ARE RESPONSIBLE FOR YOUR OWN SAFETY! 

  

  

  

 

 

         

Procedures for Working in the Shop 
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Visiting the Machine Shop 

Visitors are welcome in the shop under certain conditions. First, safety glasses are supplied at the 

front door and must be worn the entire time of the visit.  Second, make sure you find the 

supervising professor and inform him/her of your visit immediately. Third, visitors are not 

allowed to touch or use any tools or equipment. Fourth, visitors are not to interrupt or interfere 

with people working in the shop. 

Observing is OK, but only with prior permission from supervising professor and while wearing 

PPE (personal protective equipment). 

Getting Started 

If you need to do work in the machine shop, you must first study this document. Then you come 

in to take the Basic Safety Test.  This test will be graded by a professor and students will review 

any incorrect answers so that the information is 100% understood by the test taker. Completing 

this test ONLY gives you permission to be in the machine shop. The use of ANY tools or 

equipment is still to be supervised and only after prior approval of a professor.  All assigned 

tasks that involve powered, electronic equipment must have a professor’s approval and 

supervision.  

Basic users will be shown how to perform specific tasks and limited to just those tasks.  There is 

no official machine shop training program or class at Lenoir-Rhyne University, so users are 

shown how to perform certain tasks based on what they specifically need to get done.  

  

General Shop Safety Rules 

1.      Safety glasses, or appropriate goggles / face shields are required in the shop, whether 

working or not!! 

2.      Shoes must be worn in any shop area. No one wearing sandals will be allowed to enter 

any shop area. The minimum footwear must cover the entire foot. 

3.      Do not operate any item of equipment unless you are familiar with its operation and have 

been authorized to operate it. If you have any questions regarding the use of equipment, 

ask a professor. 

4.      Avoid excessive use of compressed air to blow dirt or chips from machinery to avoid 

scattering chips. Never use compressed air guns to clean clothing, hair, or aim at another 

person. 
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5.      In case of injury, no matter how slight, you must report it to the supervising professor. In 

case of emergency, you can call Lenoir-Rhyne security at 828-328-7146 or a local 

hospital.  

6.      Do not attempt to remove foreign objects from the eye or body. If chemicals get in the 

eye(s), wash eye(s) for 15 minutes in an open flow of water before proceeding for medical 

treatment. Notify the supervising professor immediately.  

7.      Machines must be shut off when cleaning, repairing, or oiling. 

8.      Do not wear ties, loose clothing, long sleeves, jewelry, gloves, etc. around moving or 

rotating machinery. Long hair must be tied back or covered to keep it away from moving 

machinery. Hand protection in the form of suitable gloves should be used for handling hot 

objects, glass or sharp-edged items. 

9.      Wear appropriate clothing for the job. 

10.  Do not work in the shop if tired, or in a hurry. 

11.  Never indulge in horseplay in the shop areas. 

12.  All machines must be operated with all required guards and shields in place. 

13.  A brush or gentle air blasts should be used for removing chips, shavings, etc. from the 

work area. Never use your hands. 

14.  Keep all body parts clear of the point of operation of machines by using special tools or 

devices, such as, push sticks, hooks, pliers, etc. NEVER use a rag near moving 

machinery. 

15.  A hard hammer should not be used to strike a hardened tool or any machine part. Use a 

soft faced hammer. 

16.  Practice cleanliness and orderliness in the shop areas. Never leave a dirty piece of 

equipment.  

17.  Keep the floor around machines clean, dry and free from trip hazards. Do not allow chips 

to accumulate. 

18.  Think through the entire job before starting. Ask the supervising professor if you are ever 

unsure for any reason. 

19.  Before starting a machine, always check it for correct setup and always check to see if 

machine is clear by operating it manually, if possible. 

20.  Food is allowed in the machine shop, but only in specific areas, well away from any 

chemicals or contaminants. 
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21.  Don't rush or take chances. Don’t say you know how to do something, when you don’t. 

Obey all safety rules at ALL times. 

22.  If you have not worked with a particular material before, check the hazardous materials 

data sheets book for any specific precautions to be taken while working with the material. 

Also, ask the supervising professor before cutting any unusual material. 

23.  Heavy sanding and painting should only be done in well ventilated areas, preferably 

outside. 

24.  Follow all appropriate precautions when working with solvents, paints, adhesives or other 

chemicals. Use appropriate personal protective equipment. 

25.  Check the power cords and plugs on portable tools for before using them. 

26.  Always store oily rags in an approved metal container. 

27.  Obey all posted signs, warnings, posters and special instructions. 

Guidelines for Student Medical Emergencies  

Serious Injuries that Threaten Life or Limb. 

1.       Notify the supervising professor!  

2.       Call 828-328-7146 (Lenoir-Rhyne Security), or 911. 

3.       Request an ambulance, give location (Lenoir-Rhyne, Minges science building, first floor, 

Room 109) 

4.       Describe the nature of the problem and stay on the phone.  

5.    If alone, watch for emergency personnel and guide them to the victim. Otherwise, send 

someone. 

Emergencies Which Might Need Professional Care. 

1.       Notify the supervising professor!   

2.       Follow these procedures if you are unsure of the severity of an injury (broken vs. sprained, 

etc…) 

3.       If transportation is available, take victim to nearest hospital or care center.   

a.       Cornerstone Student Support and Wellness Center – Located across from Parking Lot #15  

i.      828-328-7959  – Mon-Fri 8:00am – 12:00pm, Mon-Thur 1:00pm – 5:00pm 

b.       Catawba Valley Medical Center – 810 Fairgrove Church Rd SE, Hickory, NC. 
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i.      828-326-3000 – 24 hours a day. 

c.       Frye Medical Center – 420 N Center St, Hickory, NC 

i.      828-315-5000 – 24 hours a day 

4.    If transportation is not available, follow the procedures for “Serious Injuries” above.  

Minor Emergencies Not Requiring Professional Care. 

1.       Notify the supervising professor! 

2.       Provide appropriate first aid. 

3.       Help victim to rest comfortably. 

4.    Reassure victim and encourage them to seek additional care if necessary.  

           

Drill Press Safety Rules 

1.      Run drill at correct RPM for diameter of drill bit and material. Ask the supervising 

professor for the correct RPM. 

2.      Always hold work in a vise or clamp to the drill table. NEVER hold it by hand! 

3.      Use a correctly ground drill bit for the material being drilled. The supervising professor 

can help select the correct bit. 

4.      Use the proper cutting fluid for the material being drilled. Ask the supervising professor 

about the appropriate fluid for the material you are machining. 

5.      Remove chips with a brush, NEVER by hand. 

6.      Ease up on drilling pressure as the drill starts to break through the bottom of the material. 

7.      Don't use a dull or cracked drill. Inspect the drill before using. 

8.      Don't drill with too much pressure. 

9.      Always try to support part on parallels or a backing board when drilling through any 

material. 

10.  Never place taper shank tools such as large diameter drills or tapered shank reamers in a 

drill chuck. Only straight shank tools such as standard drills can be clamped in chucks or 

collets.  

11.  Always clean drill shank and/or drill sleeve, and the spindle hole before mounting. 
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12.  Remove taper shank tools from spindle or sleeve with a drill drift and hammer. 

13.  Never try to loosen the drill chuck while the power is on. 

14.  Never clean the machine while it is in motion! 

15.  If the drill binds in a hole, stop the machine and turn the spindle backwards by hand to 

release the bit. 

16.  When drilling a deep hole withdraw the drill bit frequently to clear chips. 

17.  Always remove the drill chuck key or the drill drift from the spindle immediately after 

using. 

18.  Wear safety eye protection while drilling. 

19.  Let the spindle stop of its own accord after turning the power off. Never try to stop the 

spindle with your hand. 

20.  Plexiglass and other brittle plastics can be difficult to drill. Ask the supervising professor 

for advice on drill and coolant selection when drilling these materials.        

  

 (Bench and Surface) Grinder Safety Rules 

1.  Abrasive wheel machinery shall not be operated without the appropriate guards in place. 

2.  Tool rests on bench or pedestal grinders shall be set no more than 1/8 inch from the wheel. 

3.  Never use a wheel that has been dropped or received a heavy blow, even though there may 

be no apparent damage. Such wheels may be weakened or unbalanced enough to fly apart on 

startup. 

4.  Stand to one side when starting machine. 

5.  Do not grind on side of wheel unless wheel is specifically designed for such use. 

6.  Do not use excessive pressure while grinding. On surface grinder do not exceed .0005” inch 

downfeed at any time. 

7.  Report to the supervising professor immediately any cracked, broken or otherwise defective 

wheels. 

8.  Have the supervising professor mount and balance new wheels. 
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9.  Keep the grinding wheel dressed. Dressing a small amount frequently is better than having 

to dress a lot later and will allow the wheel to cut faster, cooler and with a better surface 

finish. Dressing is cleaning and smoothing the surface of the grinding wheel. 

10.               Hold work securely while grinding, use the toolrest to support the work when off-

hand grinding on bench or pedestal grinders. 

11.               Do not grind aluminum. It will clog the wheel and aluminum dust is explosive. Check 

with supervising professor for safety instructions if aluminum must be ground. 

12.               Always wear safety glasses when grinding on bench or pedestal grinders. The addition 

of a face shield is recommended. 

13.               If a magnetic chuck is being used, on the surface grinder, make sure it is holding the 

work securely before starting to grind. 

           

Band Saw Safety Rules 

1.  The upper guide and guard should be set as close to the work as possible, at least within 1/2 

inch. 

2.  If the band breaks, immediately shut off the power and stand clear until the machine has 

stopped. 

3.  Examine blade before installing to see if it is cracked, do not install a cracked blade. 

4.  Use the proper pitch blade for the thickness of the material to be cut. There should be at 

least 3-4 teeth in the material when cutting.  

5.  Do not run the band saw at a higher speed than recommended for the material being cut. 

6.  If the saw stalls in a cut, turn the power off and reverse the blade by hand to free it. 

7.  Band saw rpm is to be adjusted while the band saw is running. Band saw speed range is 

adjusted when the machine is stopped. 

Circular (Skill) Saw Safety Rules 

  

1.      Before using any power tool, inspect it to make sure the cord is not damaged in any way, 

that the ground pin is intact, and that the blade is sharp and undamaged. 

2.      Do not use the saw, or any other power tools, in a wet area. 
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3.      Do not run the extension cord across walkways where people might trip over it or where 

the cord may be run over and damaged. 

4.      Keep your head out of the path of particles thrown out by the blade. Wear eye protection. 

5.      Disconnect the power cord before cleaning, changing blades, or making any adjustments 

to the saw. 

6.      When it is necessary to raise the guard for certain types of cuts, use the guard lever. 

7.      Never wedge, wire, or otherwise jam the guard to prevent it from working. This is a 

particularly dangerous practice and will cause your permission to work in the machine 

shop to be revoked immediately!!! 

8.      Wait until the saw stops before lifting it from a cut. 

9.      Before setting the saw down, make sure the guard is closed, as the blade may still be 

turning. 

10.  Don't carry the saw with your fingers on the switch trigger. 

11.  Don't pull the saw backwards in a cut if you can avoid it. 

12.  Use the proper blade for the type of cut to be made. 

13.  Do not use the cord to move or drag the saw. 

14.  Do not use the power hand saw for cuts if you cannot keep a firm and secure grip on the 

saw and the material being cut. A hand saw is still the best for some kinds of work and 

often faster. 

15.  Before cutting small work pieces, the supervising professor should be consulted. 

  

Disc and Belt Sander Safety Rules 

1.  Do not operate sanders without the guards in place. 

2.  On the disc sander always use the downward motion side of the disc to sand. Never the 

upward motion side as this can throw your part upwards with tremendous force. 

3.  Always attempt to place your work against the rest on the disc and belt sanders. 

4.  On the horizontal belt sander, always sand so that the belt motion is away from you. 

5.  Do not operate machines with torn or ripped belts or disks. 
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6.  Do not sand any material that will give off a dangerous dust. Such materials as beryllium or 

copper beryllium alloys must not be sanded or filed. Asbestos must not be sanded. Always 

ask the supervising professor if you are unsure. 

7.  Sweep / vacuum all particles when you are done sanding. 

Heavy Sanding of Wood and Foam Safety Rules 

1.  Sand in a well ventilated area; away from other machines (preferably outside). 

2.  Use a vacuum or a dust collector to collect dust while sanding to prevent the dispersal over 

a large area. 

3.  A dust mask must be worn. They are stored in the safety cabinet. 

4.  Safety glasses must be worn. 

5.  Entire area must be cleaned when you are done for the day. 

  

  

Safety Rules for Working with Solvents and Resins 

1.      Avoid skin contact. Wear latex or nitrile gloves. Check for chemical to glove 

compatibility first! 

2.      Work in a well ventilated area. When respirators are necessary ask the supervising 

professor for assistance. 

3.      Avoid using solvents around hot metal surfaces and flames. 

4.      Do not smoke or light flames in areas where solvents are used and stored. 

5.      Report and clean up any spills immediately.  Let the supervising professor know 

immediately. 

6.      Do not work with solvents in confined, unventilated areas. 

7.      Do not drink alcoholic beverages or take medications containing alcohol before or during 

working with solvents. Alcohol in the bloodstream sometimes causes synergistic reactions 

with various solvents that can lead to loss of consciousness, and even possibly, death. 

8.      Report any ill effects and skin disorders to the supervising professor. 
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9.      Develop and maintain good personal hygiene habits. Remove protective equipment and 

wash thoroughly after contact with solvents. 

10.  Fumes from paints, solvents, adhesives, and the abrasive cut-off saw used on the patio 

can drift into the shop.  

11.  Mix resins in small batches and in correct containers. 

           

Table Saw Safety Rules 

1.      Stand to one side of the work being fed through the saw. Never stand directly in line of 

the work. 

2.      Use the proper blade for the material and the type of cut. Do not use a rip blade for cross 

cutting or a crosscut blade for rip sawing and do not use a plywood blade for anything but 

plywood. 

3.      Inspect the blade before using it. Make sure it is the proper blade and make sure the blade 

is sharp and free from cracks or defects. 

4.      Never allow your fingers to get near the blade when sawing. Use a pusher stick to rip 

narrow pieces of stock. Do not use a pusher stick to remove scrap. For scrap removal, 

shut off the saw, wait until the blade comes to a complete stop, and then remove the 

scraps. 

5.      Appropriate guards must be in place at all times. 

6.      If the piece of material that you are cutting is too large for one person to handle safely, 

get someone to assist you in “tailing-off” the excess material. Never try to do it alone. 

“Tailing-off” refers to supporting a large workpiece by supporting it underneath with your 

hands. Do not grasp it, just support the vertical load. 

7.      If you are “tailing-off” for someone else let them guide the work through the saw. You 

should just support the work without influencing the cut. 

8.      Never reach over the saw to obtain something from the other side. 

9.      When shutting off the power, never attempt to stop the saw by shoving an object, piece of 

work, or anything else against the blade. Make sure the saw has stopped completely 

before leaving work area. 
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10.  Never make any adjustments or measurements while the saw is in motion! Always turn 

off the power and make sure that the saw has made a complete stop before making any 

necessary adjustments or measurements. 

11.  Do not allow material to collect on or around the table saw. Sweep up all sawdust and 

material scraps regularly while working to minimize chances of slipping or stumbling. 

12.  Make sure that work area is cleaned up thoroughly. Unclean work areas can cause 

accidents. 

13.  The blade of the circular saw should always be set to 1/8 of an inch above the workpiece 

to prevent kickback. 

14.  Always obtain shop approval and permission before using the table and/or radial-arm 

saw! 

           

Milling Machine Safety Rules 

1.      Work must be clamped securely in a vise and vise clamped tightly to the table, or, work 

must be clamped securely to the table. 

2.      Do not take climb milling cuts on the shop’s mills unless instructed to do so. 

3.      Make sure cutter is rotating in the proper direction before cutting material. 

4.      Before running the machine the spindle should be rotated by hand to make sure it is clear 

for cutting. 

5.      Make sure the power is off before changing cutters. 

6.      Always use the proper cutting fluid for the material being cut. 

7.      Never run the machine faster than the correct cutting speed. 

8.      Make sure that the machine is fully stopped before taking any measurements. 

9.      Always use cutters which are sharp and in good condition. 

10.  Don't place anything on the milling machine table such as wrenches, hammers, or tools. 

11.  Always stay at the machine while it is running. 

12.  Don't take too heavy a cut or use too rapid a feed. 

13.  Remove the collet tightening wrench immediately after using it. 
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14.  If at all feasible, add a shield to prevent chips from hitting other people. 

15.  Use the milling machine spindle brake to stop the spindle after the power has been turned 

off. 

16.  Before cleaning the mill remove cutting tools from the spindle to avoid cutting yourself.     

   

Lathe Safety Rules 

1.      Make sure that the chuck or faceplate is securely tightened onto the lathe spindle. 

2.      When removing the chuck or faceplate do not use machine power. 

3.      When installing the chuck or faceplate do not use machine power. 

4.      Move the tool bit a safe distance from the collet or chuck when inserting or removing 

work. 

5.      Don't run the machine faster than the proper cutting speed. 

6.      Always clamp the toolbit as short as possible in the toolholder to prevent it from breaking 

or chattering. 

7.      Always make sure that the toolbit is sharp and has the proper clearance. Ask for 

assistance making adjustments. 

8.      Do not file on the lathe, unless you have a large amount of experience and have the 

supervising professor’s approval. 

9.      If work is turned between centers, make sure that proper adjustment is made between 

centers and that the tailstock is locked in place. 

10.  If work is being turned between centers and expands due to heat generated from cutting, 

readjust centers to avoid excessive friction. 

11.  Do not grasp or touch chips or turnings with your fingers, but get rid of them using a 

blunt instrument. It is safer to turn off the lathe before clearing chips than to leave it 

running. 

12.  Set the toolbit on center line of work to prevent the work from climbing over the tool or 

cutting above center and dragging. 

13.  Remove chuck key from chuck immediately after using. 
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14.  Turn chuck or faceplate through by hand before turning on the power to be sure there is 

no binding or clearance problems. 

15.  Stop the machine before taking measurements. 

16.  Before cleaning the lathe, remove tools from the tool post and tailstock.    

   

 

 


