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Introduction 
This report presents the Tarleton Aeronautical Team preliminary design for the NASA SL 2017 

competition. In addition to the vehicle design specifics, the report includes information on safety, 

timeline and project plan, and a failure modes and effects analysis. 

I) Summary of PDR report  
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Launch Vehicle Summary  

Table 1 provides a brief summary of the proposed launch vehicle.  

Table 1: Vehicle Summary 

Vehicle Summary 

Size 120 inches in length, approximately 6 inches in diameter 

Mass 785.064 ounces (with motor) 

Motor Selection Cesaroni L2375-WT 

Recovery System Main: SkyAngle CERT-3 XXLarge 

Drogue: SkyAngle Cert-3 Drogue 

PerfectFlite StratoLoggerCF Altimeters 

Rail Size 1515 Aluminum Railing-120” Length 

 

Milestone Review Flysheet 

Institution Tarleton State University Milestone PDR 

 

Vehicle Properties Motor Properties 

Total Length (in) 120" Motor Designation L2375-WT 

Diameter (in) 6" Max/Average Thrust (lb) 629/551 

Gross Lift Off Weigh (lb) 49.06 Total Impulse (lbf-s) 1093.5 

Airframe Material 
G-12 

Fiberglass 
Mass Before/After Burn 146.77/64.89 

Fin Material 
G-10 

Fiberglass 
Liftoff Thrust (lb) 541 

Coupler Length 5" Motor Retention 
Quick Change 

Flange Mount 

 

Recovery System Properties Recovery System Properties 

Dogue Parachute Main Parachute 

Manufacturer/Model b2 Rocketry/SkyAngle 

Cert 3 

Manufacturer/Model b2 Rocketry/SkyAngle Cert 

3 

Size Drogue - 21.8' Size XXL - 105" 

Altitude at 

Deployment (ft) 

Apogee Altitude at Deployment 

(ft) 

500' 

Velocity at 

Deployment (ft/s) 

0 Velocity at Deployment 

(ft/s) 

120 

Terminal Velocity 

(ft/s) 

120 Terminal Velocity (ft/s) 15 

Recovery Harness 

Material 

Kevlar Recovery Harness 

Material 

Kevlar 

Harness 

Size/Thickness (in) 

1/2" Harness Size/Thickness 

(in) 

1/2" 
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Recovery Harness 

Length (ft) 

30' Recovery Harness 

Length (ft) 

30' 

Harness/Airframe 

Interfaces 

Parachute is tied to 

Kevlar shock cord. The 

Kevlar shock cord is 

tied to U-Bolts which 

are bolted to 

bulkplates. Bulkplates, 

with the exception of 

AV Bay lids, are epoxied 

in using Proline 4500. 

Harness/Airframe 

Interfaces 

Parachute is tied to Kevlar 

shock cord. The Kevlar 

shock cord is tied to U-

Bolts which are bolted to 

bulkplates. Bulkplates, with 

the exception of AV Bay 

lids, are epoxied in using 

Proline 4500. 

Kinetic 

Energy 

of Each 

Section 

(ft-lb) 

 

Section 1 Section 2  Section 3  Kinetic 

Energy of 

Each 

Section 

(ft-lb) 

 

Section 1 Section 2  Section 3  

1264.65 3787.44 4777.13 19.7602 59.1788 74.6426 

  

 

Recovery Electronics Recovery Electronics 

 

Altimeter(s)/Timer(s) 

(Make/Model) 

StratoLoggerCF Rocket Locators 

(Make/Model)  

 

Garmin DC50 

Redundancy Plan One extra StratoLoggerCF Transmitting 

Frequencies 

  

151,880 MHz 

Pad Stay Time (Launch 

Configuration) 

10 Hours Black Powder Mass 

Drogue Chute 

(grams) 

4 

Black Powder Mass 

Main Chute (grams) 

4 

 

Payload 

Payload 1 The payload design will be accomplishing Option 2 (Req 3.3): Roll Induction and 

Counter Roll 

 

 

Test Plans, Status, and Results 

Ejection 

Charge Tests 

Ejection charge tests are an important part of this project and are used to ensure that 

premature deployment does not happen during flight and to keep stress of the 

recovery system at a minimum. All tests will be scheduled the day before a test 

launch. 

Sub-scale Test 

Flights 

A minimum of two sub-scale test flights will be scheduled. All sub-scale test flights will 

happen prior to any full-scale test flight. 

Full-scale Test 

Flights 

No full-scale test flight will occur until a successful sub-scale flight has been 

completed. The first few full-scale flights will be focused on a successful flight and 

recovery. Every flight afterward will be focused on achieving the target apogee. 
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Payload Summary  

Project Name: Purple Poo 

The payload will be completing the task of Option 2 (req 3.3): Roll Induction and Counter Roll. An 

Arduino 2560 Mega Pro Mini will be use to collect barometric pressure, gyroscope, and 

accelerometer data from sensors. This data will be stored on two EEPROMS for retrieval after 

recovery. A program will make decisions based on this data to control a stepper motor through a 

stepper motor driver board. The microcontroller, BMP-180, MPU 6500, and stepper motor driver 

board will all be mounted on a single PCB that will be installed in the booster section in front of 

the fins. The stepper motor will drive a mechanical system that controls an exterior feature on the 

booster section. This exterior feature will produce a roll and a counter roll by inducing high and 

low pressure dynamics on the fins of the booster section. 

II) Changes made since Proposal  
There have been no major changes since the proposal submission. The team is still in the early 

design phase. A significant amount of effort was placed into the designs, so many failure points 

were already identified and taken into account prior to the proposal. That effort provided the 

team with strong designs for the preliminary design stage.  

III) Vehicle Criteria  

Selection, Design, and Rationale of Launch Vehicle 

Launch Vehicle Mission Statement 

The mission is to design, build, and successfully launch a reusable vehicle capable of delivering a 

payload to an apogee of 5,280 ft above ground level (AGL). The vehicle will carry a barometric 

altimeter for official scoring, as well as a payload to accomplish Option 2 (req 3.3): Roll Induction 

and Counter Roll as described in the NASA 2016-2017 Student Launch Projects (SLP) handbook. 

The design of our vehicle will ensure that our rocket will stay in subsonic flight, will be 

recoverable, and reusable on the day of the official NASA student launch. The launch vehicle 

meets the customer prescribed requirements set forth in the Statement of Work (SOW) of the 

NASA 2016-2017 (SLP) handbook. 

Mission Success Criteria 

The project defines a successful mission as a flight with a payload where the launch vehicle as 

well as the payload are recovered and are able to be reused on the day of the official NASA 

student launch. Moreover, the vehicle will ideally reach an apogee of 5,280 ft, and the official 

scoring altimeter will be intact, and report the official altitude upon recovery. The recovery 

system stages a deployment of a drogue parachute at apogee, followed by the main parachute 

for the vehicle that will deploy at 500 ft AGL. 

Design Vehicle  

The launch vehicle is approximately 120 inches in length and 6 inches in diameter. There will be 

four main components of the vehicle as can be seen in Figure 1: the nose cone section, middle 
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section, altimeter bay, and the booster section. The launch vehicle dimensions are located in 

Table 2. 

 

Figure 1 Launch Vehicle 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 Vehicle Sections 
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Table 2: Vehicle Dimensions 

 

Nose Cone 

Shown in Figure 3, the nose cone of the launch vehicle is approximately 36.25 inches in total 

length, including the shoulder. The shoulder itself is 2.25 inches long and 5.882 inches wide. 

This section is composed of G-10 fiberglass with an aluminum tip. The nose cone chosen for the 

launch vehicle is approximately 34 inches in length and 6 inches in diameter. The shoulder is a 

tube coupler cut to a length of 4 inches and is mounted on the inside of the nose cone and 

sealed in place with Proline epoxy and is composed of G-10 fiberglass as well. Four inches of the 

tip is composed of aluminum. This was chosen because it is a durable material that is capable of 

withstanding high heat temperatures that will be encountered during a launch. The high thermal 

conductivity that aluminum possesses allows it to absorb heat without compromising the 

integrity of the nose cone, or the rest of the launch vehicle. Aluminum is also cheaper to utilize; it 

is more lightweight than other durable materials such as steel, and is non-corrosive. The ogive 

nose cone shape was chosen because it drastically improves the aerodynamics of the launch 

vehicle, reducing drag and allowing the vehicle to reach one mile AGL with ease. 

 

 

 

 

 

 

 

 

 

 

  

Component Dimensions (length, inches) Material 

Nose Cone Section 34 inches G-12 Fiberglass with aluminum tip 

Middle Section 36 inches G-12 Fiberglass 

Avionics Switch Band 2 inches G-12 Fiberglass 

Booster Section 48 inches G-12 Fiberglass 

Figure 3 Nose Cone 
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Middle Section 

The middle section is a 

G-10 fiberglass section 

that is 24 inches in 

length and 6 inches in 

diameter (Figure 4). 

Housed on the inside 

of this section will be 

the shock cord and the 

main parachute for the 

launch vehicle. On one 

end of the segment 

there will be four 8 x 

¾-inch Phillips Pan 

head drill screws. 

These screws will 

mount the avionics 

bay to ensure that it is 

secured throughout 

the entirety of the 

flight of the launch 

vehicle. 

The avionics bay, including both endcaps, is 14.158 inch long, with an inner diameter of 5.843 

inches and outer diameter of 5.921 inches (Figure 5). Each G-10 fiberglass endcap has an airframe 

bulkhead with a diameter of 5.921 inches and a coupler bulkhead with an outer diameter of 5.843 

inches. The switch band, fitted over and located at the center of the avionics bay, is 2 inches long 

with a 6-inch diameter. Copper shielding will line the inner diameter of the avionics bay to 

protect the altimeters from onboard transmitting devices, to avoid inadvertent excitation of the 

recovery system electronics, and satisfying Requirement 2.12.2. Connecting the avionics sled are 

two 3/8-inch diameter threaded rods. The TeleMetrum will be located above the shielded portion 

of the avionics bay, but before the midsection. The shielded portion and the TeleMetrum portion 

will be separated by a fiberglass plate with a 5.684-inch diameter and a thickness of 0.079 inch. 

The threaded rods can be secured to the endcaps by two nuts and two washers at each 

connection point. One nut and one washer are placed on either side of the end caps at the 

connection points. One ¼-inch U-bolt is attached to each side of the avionics bay. Eight ¼-inch 

port holes will be evenly spaced by 90 degrees. Four of the holes will be drilled into the shielded 

section, and four holes will be drilled into the unshielded section of the avionics bay, so that the 

altimeters can detect the altitude. Two more 0.281-inch holes will be drilled for indicator lights. 

These lights will be wired to the altimeters for visual confirmation of them being active. Another 

1/2-inch hole will be drilled for the rotary arming switch. The sled of the avionics bay is also 

made of G-10 fiberglass. The dimensions of the sled are 5.9 x 5.0 x 0.079 inches.  

Figure 4 Middle Section Dimensions 
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Figure 6 shows the middle section mounted onto the avionics bay. The total length of this section 

including the AV Bay lid is 32.143 inches. The forward U-bolt, which is not visible in this sketch, is 

attached to the U-bolt in the payload housing container. The aft U-bolt is tethered to an eye bolt 

that is mounted to the top of the motor casing. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Avionics Bay Dimensions 

Figure 6 Middle Section and Avionics Bay 
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Booster Section  

Shown in Figure 7, the booster section has a total length of 48 inches, with 16-inch fin slots cut 

towards the back of the fiberglass tube. The airframe is composed of G-12 fiberglass that is 

approximately 0.079 inches thick. 

 

The external airframe will be composed of G-10 fiberglass, with four G-10 fiberglass fins that are 

1/8-inch thick. The dimensions of the fins are shown in Figure 8. The inside of the booster 

airframe section will house multiple components. Three centering rings will be placed in the 

lower end of the section. All of the internal components will be mounted with Proline epoxy. At 

the very bottom of the centering ring, there will be a motor retainer that will be secured via 

screws and will be epoxied in with Proline to ensure that the retainer will not fail. Twenty ¼-inch 

Philips head screws will mount 1515 rail buttons externally. One rail button will be placed at the 

center of pressure and the other will be placed at the center of gravity. 

Figure 7 Booster Section 
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Table 3 External Airframe Dimensions 

 

 

 

 

 

 

 

Figure 9 shows the assembled booster sections, which includes the motor tube, three centering 

rings, and the motor retainer. The most aft centering ring has been recessed so that the motor 

retainer can sit flush with the airframe.  

External Airframe Dimensions 

Fin Dimensions Material 

Root Chord 20 inches G-10 Fiberglass 

Tip Chord 5.6631 inches G-10 Fiberglass 

Fin Tab Length 16 inches G-10 Fiberglass 

Sweep Length 9.84 inches G-10 Fiberglass 

Sweep Angle 63.025 degrees G-10 Fiberglass 

Height 5.8 inches G-10 Fiberglass 

Figure 8 Fin Dimensions 
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Motor Selection 

Figure 10 shows the design of the launch vehicle in the RockSim simulator. The simulation uses 

Barrowman stability equations to calculate not only stability margin, but also altitude. Since the 

team has designed the launch vehicle with a ballast system, which allows for the change of the 

ballast weight based on the launch conditions. The predicted altitude is approximately 5,280 ft 

AGL for every launch. The team realizes that since motor manufacturers are allowed a five 

percent tolerance in their motors, it is more realistic to reach an altitude of 5,280 ft plus or minus 

50 ft. The dry weight of the launch vehicle is 785oz with a CG of 87.356 in from the nose cone 

and a CP of 101.126 in from the nose cone, the stability margin is 2.23 cal. The motor selected for 

the launch vehicle is a Cesaroni L2375-WT. This motor has a total impulse of 4864 Ns, a 

maximum thrust of 2798 N, and a total burn time of 1.9 sec. This motor was chosen because it 

put the launch vehicle at the ideal apogee. 

Construction Methods of the Launch Vehicle 

Building will begin with properly measuring out each section of the launch vehicle. A standard 

tape measure is used to measure out the desired length of each section; once each section is 

marked, multiple team members re-measured each segment to ensure that it is the proper 

length. Once this phase is complete, the cutting process begins. First, the main body tubes and 

couplers are cut using a Chicago tile saw equipped with a 5-inch glass tile diamond blade that is 

5/8-inch thick. Once this is complete, a CNC Router is used on the 12 x 24 fiberglass sheet, 1/8 

inch thick, to engrave the exact dimensions of the fins. The fins are designed in AutoDesk 

Inventor Professional 2015 and exported as a .dxf file. Each section of every fin is triple checked 

Figure 9 Booster Section Dimensions 
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with a micrometer to ensure that it is the correct length. Once the engraving process is done the 

sheets are then taken back to the tile saw, where team members carefully cut out each fin. Once 

the fins are cut they then brought back to the shop, where a Ryobi belt sander and Dremel 5000 

are used to sand each component down so that each piece fits perfectly flush with each other.  

 

Once each member is satisfied with each piece, the process of epoxying begins. The epoxy of 

choice is Proline epoxy as this epoxy has been used on almost every launch vehicle the team has 

built and has proven to the most reliable epoxy in terms of strength and is rather easy to work 

with because it takes 24 hours to cure. This large time period allows team members to work with 

the seams and ensure that each one is flawless. To make sure that the fins are mounted straight 

and proper, a fin jig (a copper plated sheet) is modeled in Adobe Illustrator and cut using the 

CNC router. The fins and centering rings are then placed in their proper positions; once in place, 

the fin jig is then mounted over the body and fins to ensure that the fins stayed in place 

throughout this process. The epoxy resin and hardener is then mixed and painter’s tape is laid 

out to ensure straight, even seams on every piece. All seams are run using popsicle sticks, 

allowing a smooth even seam every time (epoxy is placed in between each centering ring along 

the fin tabs of the inside).  

While the booster section is drying, the team moves on to mounting the couplers. Each coupler is 

placed where they needed to be, marked, and then removed. Epoxy is then placed everywhere 

the couplers would come into contact with the launch vehicle airframe, and then the couplers are 

placed back in each section (nosecone and payload). While the epoxy on all of the sections is 

drying, the team will proceed to take the bulkhead that would be located in the back end of the 

payload section and drill two 15/16-inch holes 3 inches apart, so that the 3-inch U-bolts can be 

mounted to it. Once the holes are drilled using a Black Bull five-speed drill press, the 3-inch U-

bolts are then mounted to the bulkhead. Once the epoxy has dried, it is time to mount the 

Figure 10 RockSim Simulator 
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bulkhead into the payload section. The bulkhead with the U-bolt mounted on it is placed firmly 

against the coupler mounted at the back of the payload housing tube and is covered in Proline 

epoxy. After this is done epoxy seams are ran along the inside, allowed to set for 30 minutes so 

that the epoxy will not drip off of the seams, and then the last main airframe centering is epoxied 

in place. This is allowed to dry, and once the drying process is complete, the Proline motor 

retainer is then screwed and epoxied into place.  

Sufficient Motor Mounting and Retention 

The 75 mm motor tube will be fitted into four centering rings (5.921 inch in diameter). These 

centering rings are not only epoxied to the inside of the airframe and the motor tube, but the 

two centering rings in the middle have actually been modified. The fin tab sits about half an inch 

into each centering ring so that the rings will be epoxied to the tabs. Attached via screws and 

epoxied to the most aft centering ring at the end will be a Proline 75 mm flanged retaining ring.  

Flight Reliability Confidence 

The rectangular fin design was chosen for its ease of construction. The rectangular fin design is 

also more reliable during flight and landing sequences versus other fin shapes because the 

design shape does not allow for pieces to easily break off in the event of a hard or crash landing. 

This conclusion was reached in the OpenRocket application demos, which were performed using 

different fin sizes and shapes. Each fin will be hand cut by members of the team. The majority of 

the launch vehicle will be composed of G-10 fiberglass that has proven to be reliable and 

durable. The distributors of the G-10 fiberglass have determined that the fiberglass can withstand 

a maximum of 65,000 PSI with flexural flatwise compression tests (see Table 9). The reliability of 

the G-10 fiberglass has made it an ideal launch vehicle material. G-10 fiberglass is also reliably 

strong in a wide variety of weather patterns and retains its strength when both wet and dry. 

Table 4: G-10 Fiberglass Durability Tests (Courtesy of Norva Plastics) 

Property G-10/FR-4  

(MIL-I-24768/2/27-GEE,GEE-F) 

Density 0.069 

Water Absorption 0.05 

Hardness (Rockwell M) 109 

Tensile with grain (psi) 50,000 

Compressive flatwise with grain (psi) 60,000 

Flexural flatwise (psi) 65,000 

Bonding (psi) 2,600 

Maximum Operating Temperature (°C) 

Electrical 

Mechanical 

130 

140 
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Impact Strength 

Izod edgewise with grain (ft-lb/in) 

12 

Shear flatwise (psi) 20,000 

 

Workmanship and Mission Success 

In order for this mission to be considered a success, numerous requirements amongst team 

members must be met, including the following: 

 Each team member is responsible for certain aspects of the launch vehicle development, 

and are to follow the guidelines set forth by the structure and propulsion team leader and 

rocket team group leader. 

 All team members are to strictly adhere to the safety guidelines set forth by the safety 

officer, in order to prevent injury that could occur during the development and testing 

process. 

 All portions of the development process are to be double checked by the team leader and 

safety officer, to ensure that all guidelines set forth by NASA in the Student Safety Launch 

log are followed and that there are no threats to human or environmental safety. 

 Multiple test phases will occur in order to ensure that all mission criteria are met. 

Component Mass 

Table 5 provides the individual masses of each major launch vehicle component. 

 

Table 5: Component Mass 

Component Mass (in ounces) 

Nose Cone 59.5 

Dog Tracker 7.55 

Ballast 13.6 

Payload Housing 23.5 

Tube Coupler 18.8 

Ballast System 9.95 

Bulkhead 8.07 

Payload Housing 13 

Middle 47.4 

Main Chute 53.1 

Shock Cord 14.1 

AV Switchband 4 

Bulkhead 11.2 

AV Bay 61.8 

Bulkhead 11.2 
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Booster 89.6 

Centering Ring 4.4 

Fins 54.9 

Centering Ring 4.4 

Centering Ring 4.4 

Drogue Chute 5.8 

Shock Cord 14.1 

Motor Tube 17 

Engine Block 4.82 

Foam  31.4 

Epoxy 12.2 

Casing Weight 8.5 

Recovery Subsystem  

Structural Elements 

In the midsection, between the payload and avionics bay, 30 ft of z-folded ½-inch tubular Kevlar 

shock cord is attached to the main parachute. A Nomex cloth is used to protect the parachute 

from the black powder ejection charges. The main parachute is located two-thirds of the way 

down the shock cord, towards the avionics bay bulkhead. Similarly, in the booster section below 

the avionics bay, 30 ft of z-folded ½-inch tubular Kevlar shock cord is attached to the drogue 

parachute and a Nomex cloth will be used for protection. The drogue parachute is located two-

thirds of the way down the shock cord, towards to booster section.  

Prior to each launch, the shock cord will be inspected for any fraying or kinks. All kinks will be 

removed before the parachute is folded and packed. Likewise, both Nomex cloths will be 

inspected for holes or tears. For launch day in Huntsville, the shock cord and Nomex cloths will 

be replaced with new, undamaged materials. 

The manufacturer rating for the ½-inch tubular Kevlar shock cord from Rocketry Warehouse to 

be used in all test flights is 7200 plus pound-force. The highest acceleration estimated for the 

vehicle is approximately seven times Earth’s gravity, or 225.4 ft per second squared. The launch 

vehicle weighs 47.5 pounds. Thus, the highest load on the shock cord will be 7 ∗ 47.5 = 332.5, 

giving the shock cord a safety factor of 7200/332.5 = 21.65. This calculation proves that the 

chosen shock cord is resilient enough to withstand the forces acting on the vehicle. 

All knots are San Diego Jam knots. The knots on the main parachute shock cord are at the quick 

link, under the payload section, and the quick link at the avionics bay.  Both quick links for the 

main parachute are fastened to 3½ x 2 inch U-bolts. The knots on the drogue shock cord are at 

the quick links attached to the motor casing and below the avionics bay. The quick link at the 

avionics bay is fastened to a 3½ x 2-inch U-bolt, and the quick link at motor casing is fastened to 

a 3/8 x 5-inch eye bolt. The quick links are ¼-inch Campbell Quick Links, which have a working 

load limit of 880 pounds.   

The avionics bay, including both endcaps, is 14.158 inches long, with an inner diameter of 5.843 

inches and an outer diameter of 5.921 inches. Each G-10 Fiberglass endcap has an airframe 



         Tarleton Aeronautical Team, Preliminary Design Review  

16 
 

bulkhead with a diameter of 5.291 inches and a coupler bulkhead with an outer diameter of 5.843 

inches. The U-bolts on each G-10 fiberglass endcap are secured with a nut and washer on either 

side of the endcaps. Two ¼-inch all threads, cut to 17 inches long, are threaded through the 

avionics bay and secured using two nuts and washers on the outside of the endcap.  

The switch band, fitted over and located at the center of the avionics bay, is 2 inches long with a 

6-inch diameter. Eight ¼-inch portholes are drilled into the switch band. The first four portholes 

are drilled into the shielded section at intervals of 90 degrees. To prevent improper airflow to the 

altimeters, the other four portholes are drilled at an offset of 45 degrees into the unshielded 

section. Another 9/32-inch hole is drilled for an indicator light, which is wired to the non-

competition scoring altimeter for visual confirmation of activity.  Another ½-inch hole is drilled 

for the rotary arming switch. 

The interior of the avionics bay has been separated into two compartments which house separate 

components.  The lower compartment, which is inserted into the booster section, is lined with 

copper shielding to protect the altimeters from onboard 

transmitting devices, which may inhibit the recovery 

system electronics from functioning properly. The upper 

compartment, which is inserted into the midsection, is not 

lined with copper shielding.  A fiberglass plate with a 

5.684-inch diameter and 0.079-inch thickness separates 

the two compartments.  

Electrical elements 

Three altimeters are implemented in order to stage successful recovery. In the shielded 

compartment, two PerfectFlite StratoLoggerCF altimeters are mounted to a 5.9 x 5.0 x 0.079 inch 

G-10 fiberglass sled. Each altimeter has its own dedicated Duracell 9 V battery. One of these two 

altimeters serve as the competition-scoring altimeter. The altimeters are armed using a rotary 

switch capable of locking the altimeters in the ON position. Auditory and visual signals are in 

place to ensure each altimeter is then activated. The team chose the Seco-Larm SS-090-2HX 

High-Security Tubular Key Lock, rather than the previously used Apogee Electronics Rotary 

switch.  

Each altimeter is wired to a black powder ejection charge. The charges are packed using XL 

Variable-Capacity Ejection Canisters, distributed by ApogeeRockets.com. These canisters have a 

maximum capacity of 6.8 grams of black powder. The leads from the e-matches are short 

however, and will be lengthened by soldering wire onto the leads and covering the solder points 

with heat shrink. They are then connected to the altimeters through terminal blocks on the 

endcaps. 

The TeleMetrum v2.0 is located in the unshielded compartment. This third altimeter is not 

connected to any black powder ejection charges. Instead, it serves as a resource for live collection 

of valuable flight data through telemetry, such as position, barometric pressure, acceleration, 

speed, tilt angle, battery voltage, bearing and distance from the launch pad, and a flight map 

detailing the vehicle’s path.  

Figure 11 PerfectFlite StratoLoggerCF 

Altimeter 
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The Garmin DC 50 Dog Tracking Collar operates as a backup GPS. It is located inside the shoulder 

of the nose cone. 

Another design that has been proposed is to house both the TeleMetrum and Garmin DC 50 

inside the shoulder of the nose cone. The benefits of doing so is to keep construction methods as 

simple as possible. Keeping construction methods simple saves on time and materials. 

Redundancy features 

The recovery system employs a dually redundant ejection charge system to ensure airframe 

separation and parachute ejection at the correct flight stage. Two altimeters of the same make 

and model are programmed to fire separately. The primary altimeter will fire a charge of the 

calculated size for the compartment at the desired time, while the secondary altimeter will fire 

another charge of the same size at a delayed time. 

For the drogue parachute, the primary StratoLoggerCF is programmed to fire at apogee. The 

secondary StratoLoggerCF is programmed to fire at five seconds after apogee. A 4.0 gram FFFg 

black powder charge is to be ignited and cause separation of the booster section from the 

avionics bay. 

For the main parachute, the primary StratoLoggerCF is programmed to fire at 500 ft above 

ground level (AGL). The secondary StratoLoggerCF fires at 490 ft AGL. A 4.0 gram FFFg black 

powder charge is to be ignited and cause the separation of the nose cone and midsection. A time 

delay is not used for main parachute ejection, since the time delay feature on these altimeters is 

only available for apogee. However, the ten-foot delay should be sufficient to ensure that both 

altimeters do not fire simultaneously. 

The manufacturer-reported calibration accuracy of these altimeters is within 0.05 percent. This 

corresponds to an error of 0.25 ft at 500 ft AGL between two typical StratoLoggerCF altimeters, 

supposing they entered flight mode at the same time. Furthermore, the manufacturer-reported 

measurement precision of these altimeters is 0.1 percent of the reading, plus a foot.  This 

corresponds to an error of 1.5 ft at 500 ft AGL between two typical StratoLoggerCF altimeters, 

supposing they entered flight mode at the same time.  A difference of 1.75 ft between the two 

altimeters is typical, which is outside the ten-foot delay employed. 

Two separate types of GPS are used to ensure successful recovery of the vehicle. The TeleMetrum 

v2.0 acts as the primary system, while the Garmin DC 50 will act as the backup. The team 

originally chose to use the TeleMetrum because of its valuable flight data that the other 

altimeters could not provide. However, because the team was not previously experienced with 

using an altimeter that also functioned as a GPS, the choice was made to use the DC 50, as well, 

in the event that the TeleMetrum GPS failed. 

Parachute Sizes and Descent Rates  

The final recovery design consists of the ejection of a drogue parachute at apogee, followed by 

the ejection of a main parachute at a height of 500 ft AGL on descent. The drogue and main 

parachutes are both protected from ejection charge firing by a Nomex cloth.  
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The choice of drogue parachute is the SkyAngle CERT-3 Drogue, with a surface area of 6.3 ft, 

weight of 6.0 oz, and drag coefficient of 1.16. Likewise, the choice of main parachute remains the 

SkyAngle CERT-3 XXLarge, with a surface area of 129 ft, weight of 64.0 oz, and drag coefficient of 

2.92. With shroud lines made out of 5/8-inch mil-spec tubular nylon, these parachutes have a low 

probability of entanglement. The drogue parachute has three, 24-inch, shroud lines. The main 

parachute has four 120-inch shroud lines. Further reducing the risk of entanglement upon 

deployment is the 1,500-pound tested swivel between the main parachute shroud lines and 

shock cord. 

The total launch vehicle weight after burnout is 43.875 pounds. The nose cone section weighs 

5.65 pounds, the midsection/avionics bay weighs 16.925 pounds, and the booster section weighs 

21.35 pounds after burnout. The following calculations give the maximum descent rate upon 

landing for each independent section of the launch vehicle to have a kinetic energy of less than 

75 foot-pound force. Because the heaviest section is the booster section, that will be the weight 

quantity used. 

Equation 1 

𝑣 = 𝑑𝑒𝑠𝑐𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 

𝑤𝑒𝑖𝑔ℎ𝑡 = 𝑚𝑔 = 21.35 𝑝𝑜𝑢𝑛𝑑𝑠 

𝑔 = 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 = 32.2
𝑓𝑡

𝑠2
 

𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 = 𝐾𝐸 =
1

2
𝑚𝑣2 

𝑔𝑖𝑣𝑒𝑛 𝐾𝐸 < 75 𝑓𝑡 ∗ 𝑙𝑏𝑓 

𝑡ℎ𝑒𝑛
20.64 𝑙𝑏 ∗ 𝑣2

2 ∗ 32.2
𝑓𝑡
𝑠2

< 75 𝑓𝑡 ∗ 𝑙𝑏𝑓 

𝑠𝑜 𝑣 < √
2 ∗ 32.2 𝑓𝑡 ∗ 75 𝑓𝑡 ∗ 𝑙𝑏𝑓

21.35 𝑙𝑏𝑓 ∗ 𝑠2
= 15.041

𝑓𝑡

𝑠
 

Equation 1 demonstrates that no independent section of the launch vehicle will experience an 

impact force greater than 75-foot-pounds, should it land at a speed of no more than 15.041 ft 

per second. This result is used in Equation 2 to calculate the optimal diameter of the main 

parachute. Assumptions in the calculation are that the vehicle is descending at a constant speed, 

and that the downward motion is simple, along the z-axis. For this calculation, the weight 

quantity used is that of the entire launch vehicle, because the main parachute is linked with the 

rest of the launch vehicle. 

Equation 2 

𝑑 = 𝑑𝑟𝑎𝑔 𝑓𝑜𝑟𝑐𝑒 

𝑣 = 𝑑𝑒𝑠𝑐𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 = 15.041
𝑓𝑡

𝑠
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𝑤 = 𝑤𝑒𝑖𝑔ℎ𝑡 = 43.875 𝑝𝑜𝑢𝑛𝑑𝑠 

𝑟 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑎𝑖𝑟 = 0.075
𝑙𝑏

𝑓𝑡3
 

𝑐 = 𝑑𝑟𝑎𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑎𝑛𝑡 = 2.92 

𝑠 = 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒 𝑜𝑓 𝑝𝑎𝑟𝑎𝑐ℎ𝑢𝑡𝑒 

𝑠𝑢𝑚 𝑜𝑓 𝑓𝑜𝑟𝑐𝑒𝑠 𝑖𝑛 𝑧 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = 𝑑 − 𝑤 = 𝑑 − 𝑚𝑔 = 0 

𝑑 − 𝑤 = 0 => 𝑑 = 𝑤 = 𝑚𝑔 =
1

2
∗ 𝑟 ∗ 𝑣2 ∗ 𝑠 ∗ 𝑐 

𝑡ℎ𝑒𝑛 𝑠 =
2 ∗ 𝑚 ∗ 𝑔

𝑟 ∗ 𝑣2 ∗ 𝑐
=

2 ∗ 47.5 𝑙𝑏

0.075
𝑙𝑏

𝑓𝑡3 ∗ (15.297
𝑓𝑡
𝑠

)
2

∗ 2.92

∗
32.2 𝑙𝑏

1 𝑙𝑏𝑓 ∗ 𝑠2 ∗ 𝑓𝑡−1
= 57.03 𝑓𝑡2 

𝑎 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑝𝑎𝑟𝑎𝑐ℎ𝑡𝑢𝑒 

𝑢𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑐𝑖𝑟𝑐𝑙𝑒 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑝𝑎𝑟𝑎𝑐ℎ𝑢𝑡𝑒, 𝑠 = 𝜋 ∗ 𝑎2 

𝑡ℎ𝑒𝑛 𝑎 = √
𝑠

𝜋
= √

57.03 𝑓𝑡2

𝜋
= 4.261 𝑓𝑡 

The optimal diameter of the main parachute is thus 2a = 8.522 ft. Based on commercial 

availability of parachutes, the Sky Angle CERT-3 XXLarge, with a diameter of 8.75 ft, theoretically 

suffices for the main. The manufacturer for the chosen and tested main parachute provides the 

drag coefficient of 2.92. With this parachute, the descent rate of the vehicle, after main parachute 

deployment at 500 ft AGL, should be no higher than the previously calculated 15.041 ft/ sec. With 

this figure, it is possible to calculate the total drift of the vehicle after main parachute deployment 

until landing. The drift calculation of the vehicle from main parachute deployment until landing 

shown in Figure 3 assumes a 20 mile per hour horizontal wind. 

Equation 3 

ℎ = 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒 = 500 𝑓𝑡 

𝑣 = 𝑑𝑒𝑠𝑐𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 = 15.041
𝑓𝑡

𝑠
 

𝑞 = ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑤𝑖𝑛𝑑 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 20 𝑚𝑝ℎ = 29.3
𝑓𝑡

𝑠
 

𝑑𝑟𝑖𝑓𝑡 =
ℎ ∗ 𝑞

𝑣
=

500 𝑓𝑡 ∗ 29.3
𝑓𝑡
𝑠

15.041
𝑓𝑡
𝑠

= 974.004 𝑓𝑡 

With a 20 mile per hour wind, the launch vehicle will have drifted approximately 974 ft from the 

launch pad under the main parachute before landing. Since the maximum allowable drift is 2,500 

ft in a 20-mile per hour wind, the drift between drogue and main deployment can be at most 

1,526 ft. Using this maximum drift between drogue and main parachute deployment, the 

minimum descent rate for the vehicle under the drogue parachute is calculated (Equation 4), 

assuming an apogee of 5,280 ft AGL. 

Equation 4 

𝑟𝑒𝑐𝑎𝑙𝑙 𝑡ℎ𝑎𝑡 𝑑𝑟𝑖𝑓𝑡 =
ℎ ∗ 𝑞

𝑣
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𝑠𝑜 𝑣 =
ℎ ∗ 𝑞

𝑑𝑟𝑖𝑓𝑡
=

4780 𝑓𝑡 ∗ 29.3
𝑓𝑡
𝑠

1526 𝑓𝑡
= 91.779

𝑓𝑡

𝑠
 

Thus, the minimum descent rate from apogee to main parachute deployment to ensure a total 

drift of no more than 2,500 ft by landing is 90.826 ft/sec. With this figure, it is possible to 

determine the appropriate size of the drogue parachute. The optimal diameter of the drogue 

parachute that would allow for this descent rate from apogee is determined in Equation 5. 

Assumptions made in this calculation are that the vehicle is descending at a constant rate, and 

that this downward motion is simple, lying solely along the z-axis. 

Equation 5 

𝑑 = 𝑑𝑟𝑎𝑔 𝑓𝑜𝑟𝑐𝑒 

𝑣 = 𝑑𝑒𝑠𝑐𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 = 91.779
𝑓𝑡

𝑠
 

𝑤 = 𝑤𝑒𝑖𝑔ℎ𝑡 = 43.875 𝑙𝑏 

𝑟 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑎𝑖𝑟 = 0.075
𝑙𝑏

𝑓𝑡3
 

𝑐 = 𝑑𝑟𝑎𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑝𝑎𝑟𝑎𝑐ℎ𝑢𝑡𝑒 = 1.16 
𝑠 = 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑎𝑟𝑎𝑐ℎ𝑢𝑡𝑒 

𝑠𝑢𝑚 𝑜𝑓 𝑓𝑜𝑟𝑐𝑒𝑠 𝑖𝑛 𝑧 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = 𝑑 − 𝑤 = 𝑑 − 𝑤𝑔 = 0 

𝑑 − 𝑤 = 0 => 𝑑 = 𝑤 = 𝑚𝑔 =
1

2
∗ 𝑟 ∗ 𝑣2 ∗ 𝑠 ∗ 𝑐 

𝑡ℎ𝑒𝑛 𝑠 =
2 ∗ 𝑚 ∗ 𝑔

𝑟 ∗ 𝑣2 ∗ 𝑐
=

2 ∗ 43.875 𝑙𝑏

0.075
𝑙𝑏

𝑓𝑡3 ∗ (90.826
𝑓𝑡
𝑠

)
2

∗ 1.16

∗
32.2 𝑙𝑏

1 𝑙𝑏𝑓 ∗ 𝑠2 ∗ 𝑓𝑡−1
= 3.856 𝑓𝑡2 

𝑎 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑝𝑎𝑟𝑎𝑐ℎ𝑢𝑡𝑒 

𝑢𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑐𝑖𝑟𝑐𝑙𝑒 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑝𝑎𝑟𝑎𝑐ℎ𝑢𝑡𝑒, 𝑠 = 𝜋 ∗ 𝑎2 

𝑡ℎ𝑒𝑛 𝑎 = √
𝑠

𝜋
= √

3.856 𝑓𝑡2

𝜋
= 1.108 𝑓𝑡 

The maximum diameter of the drogue parachute is thus 2a = 2.216 ft. Based on commercial 

availability of parachutes, a Sky Angle CERT-3 Drogue, with a diameter of 1.8 ft, theoretically 

suffices for the drogue. The manufacturer for the chosen and tested drogue parachute provides 

the drag coefficient of 1.16. 
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Drawings and Schematics  

Electrical 

The wiring configurations of the deployment altimeters are given in Figure 12. 

 

 

 

 

 

 

 

 

The wiring configuration of the TeleMetrum v2.0 is given in Figure 13. 

 

 

 

 

 

 

 

 

 

 

  

Figure 12 Altimeter Wiring Configuration 

Figure 13 TeleMetrum Wiring Configuration 
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Structural 

The dimensions of the avionics bay are given in Figure 14. 

 

 

 

 

 

 

 

 

 

 

 

 

The dimensions of the StratoLoggerCF sled are shown in Figure 15. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 Avionics Bay 

Figure 15 StratoLoggerCF Sled 
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Figure 16 shows the dimensions of the TeleMetrum v2.0 sled. 

 

 

 

 

 

 

 

 

 

 

 

 

Vehicle-locating Transmitters 

The recovery system consists of two GPSs. The TeleMetrum v2.0 operates at a frequency range of 

434.550 MHz to 435.450 MHz in 0.10 MHz increments and a power of 40mW. The selected 

frequency is 434.450 MHz. Before operating the TeleMetrum, the team will check the selected 

frequency for any activity. If the frequency is already in use, the next available frequency will be 

checked. Once an open frequency has been found, the altimeter will be programmed to operate 

on that frequency. The TeleMetrum lies in the unshielded compartment of the avionics bay, along 

with a dedicated 9 V battery, in order to allow transmission.  

Information from the TeleMetrum v2.0 is received using a 

70cm directional antenna which is connected to the ground 

station computer via the TeleDongle. The information is 

displayed on the computer through a program distributed by 

the TeleMetrum developer. From here, the team can analyze 

valuable flight data, such as: position, barometric pressure, 

acceleration, speed, tilt angle, battery voltage, bearing and 

distance from the launch pad, and a flight map detailing the vehicle’s path. 

In addition to the TeleMetrum, the Garmin DC 50 Dog Tracking Collar serves as a backup GPS. 

The DC 50 contains a GPS antenna, GPS/GLONASS receiver, 54-hour battery life, and a 9-mile 

range. The GPS has a refresh rate range of 1 Hz to 10 Hz. The initial testing refresh rate is 5 Hz. Its 

output power is 2 W. The GPS transmits on a frequency range from 151,829 MHz to 154,600 

MHz. The GPS is also capable of receiving data from 66 different channels. The GPS is accurate up 

to 9 ft, and is located in-between the payload section and the nosecone, with the ballast. The DC 

Figure 16 TeleMetrum v2.0 Sled 

Figure 17 TeleMetrum v2.0 
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50 has its own built-in battery and will be activated and inserted into the vehicle at the same time 

the ballast is placed. 

Information from the DC 50 is received using the Garmin Astro 320, which runs on two AA 

batteries for up to 20 hours. This unit is located at the ground station with a member of the 

recovery team. It displays the path of the DC 50 overlaid onto a virtual map. 

Recovery System Sensitivity 

Copper shielding lines all surfaces of the lower avionics bay compartment, which houses the 

StratoLoggerCF deployment altimeters. Since copper is a conductor of electricity, the copper 

shielding forms a Faraday cage around the deployment altimeters. Thus, not only are the 

altimeters shielded from onboard and nearby radio frequencies reflected by the shielding, but 

also from magnetic waves generated by onboard electronics. Since the TeleMetrum v2.0 is not 

wired to any black powder ejection charges and must transmit data, it is not in a shielded 

compartment. 

Safety and Failure Analysis 

Table 6: Safety and Failure Analysis 

Failure Mode Causes Effects Risk Mitigations 

 

Chutes do not deploy 

Black powder 

charges are not 

fired 

Vehicle returns at unsafe 

velocities 

Backup altimeter will 

ensure successful 

deployment 

 

Chutes deploy, but get 

tangled and don’t 

develop 

 

Improper and hasty 

packing techniques 

 

Vehicle returns at unsafe 

velocities 

Ensure that the 

parachutes are packed 

correctly and carefully, 

using techniques proven 

to work in field-tests 

 

 

U-bolts break 

 

U-bolt may be 

faulty from 

manufacturing 

Sections become 

untethered, and 

parachutes can become 

untethered, causing the 

vehicle to fall at unsafe 

velocities 

 

U-bolts are stress-tested 

before use to ensure 

they can withstand the 

forces of deployment 

 

 

Shock cord becomes 

untied 

 

Simple knots are 

used without much 

care or preparation 

Sections become 

untethered, and 

parachutes can become 

untethered, causing the 

vehicle to fall at unsafe 

velocities 

 

The same knots are used 

consistently, and they 

are proven to be 

effective 

 

Black powder charges 

fire prematurely 

 

Residual static may 

ignite the charges 

 

Cause injury to nearby 

personnel, damage 

equipment 

Black powder charges 

will be assembled in a 

safe environment with 

the altimeters off and 

nothing to accidentally 

trigger the charges. 
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Altimeter fails to fire 

black powder charges 

Altimeter may be 

faulty 

Vehicle returns at unsafe 

velocities 

Backup altimeter will 

ensure successful 

deployment 

 

 

Ejection test failure 

 

Tests are done 

without proper 

protection 

 

Cause injury to nearby 

personnel 

Tests are done in a safe 

location with personnel 

located a safe distance 

away under observation 

of the safety officer.   

 

Mission Performance Predictions  

Figure 18 shows the design of the launch vehicle in the RockSim simulator. The simulation uses  

 

Barrowman stability equations to calculate not only stability margin but also altitude. The team 

has designed the launch vehicle with a ballast system, which allows for the change of the ballast 

weight based on the launch conditions. The predicted altitude is approximately 5,600 ft AGL for 

every launch. The team realizes that since motor manufacturers are allowed a 5 percent tolerance 

in their motors, reaching an altitude of 5,280 ft plus or minus 50 ft is realistic. The dry weight of 

the launch vehicle is 785 oz with a CG of 87.126 inches from the nose cone and a CP of 101.126 

inches from the nose cone. The stability margin is 2.23 caliber. 

A preliminary design to our rocket and payload design is shown in Figure 18 which displays an 

internal and external presentation of the proposed vehicle. The center of pressure is marked 

appropriately at 101.126 inches from the tip of the nose cone, while the center of gravity is at 

87.356 inches from the tip of the nose cone. These measurements, calculated by RockSim 

software, show that the center of gravity is 2.23 caliber ahead of the center of pressure; this static 

stability margin assures adequate flight stability.  

The proposed launch vehicle will have an airframe with a diameter of 6 inches and will be 

composed of G-10 fiberglass tubing and 3D printed PLA material. The chosen diameter will 

supply adequate room for components such as parachutes and shock cord, electronics, GPS 

systems, and other major components required to be in the launch vehicle as well as the roll 

system. The proposed launch vehicle will weigh 785 ounces and will have an overall length of 120 

inches. It will be composed of four sections: the nose cone section, the middle section, avionics 

bay, and the booster section. Fiberglass was chosen for the majority of the vehicle body due to 

its high durability, high melting temperature, low cost, and availability. 3D printed material was 

chosen to mount the fins so that the roll system will be easily serviceable and more modular.  

The nosecone of the launch vehicle will be composed of fiberglass and will be the Von Karman 

style. This shape of nose cone was chosen primarily because it is commonly used so it is easy to 

Figure 18 Design of Launch Vehicle 
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obtain and because the Von Karman shape reduces surface drag and allows for easier travel to 

the apogee of 5,280 ft. The nose cone will be 34 inches in length with a 5-inch shoulder, a bulk 

plate mounted inside, and a U-bolt for recovery reasons. The next section of the launch vehicle is 

the middle and avionics section which will be made of G-10 fiberglass. A Garmin DC 50 dog 

tracker will be placed in the same capsule as the avionics controllers such as the StratoLoggers 

and the TeleMetrum. This section is 38 inches in length. This section will primarily house the main 

parachute and shock cord attached to it. The booster section will be made of G-10 fiberglass be 

72 inches in length. It will hold the drogue parachute and shock cord, as well as the roll control 

system. Depending on the design used for roll induction; external surfaces of the airframe will be 

constructed of 3D printed material.  

The motor selected to power the vehicle to a predicted apogee of 5623ft AGL at a wind speed of 

zero miles per hour is the Cesaroni L2375-WT. The motor was selected because of its high total 

impulse and very high specific impulse. Having a high total impulse allows the team more 

variance of the final weight of the vehicle. The high specific impulse was selected to get the 

vehicle off the rail with sufficient speed for higher safety margins as well as allowing more time to 

implement the roll maneuver of the vehicle. The team is very comfortable with Cesaroni motors 

because of their safety and reliability, which has influenced the decision to use the brand again. 

The materials used have been used by the team for years and have been proven to be able to 

handle the expected loads of the launch. These materials are standard to amateur rocketry and 

trusted. 

Figures 19 through 23 are flight profile simulations that include altitude predictions with 

simulated vehicle data. 

 

 

 

 

 

 

 

 

 

 

  

Figure 19 0 MPH 
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Figure 20 5 MPH 

Figure 21 10 MPH 
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Figure 22 15 MPH 

Figure 23 20 MPH 
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Figure 24 shows the thrust curve for the L2375-WT motor that the team is using. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7 provides the individual mass of each major component of the launch vehicle. 

Table 7: Component Mass Table 

Component Mass (oz) 

Nose Cone 60.5499 

Middle 104.8441 

Dog Tracker 7.55 

Coupler 18.8 

Bulkhead 8.07 

Main Parachute 53.1 

Shock Cord for Main 14.1 

Avionics Bay 61.8 

Avionics Switch band 4 

Avionics Bulkhead 11.2 

Avionics Bulkhead 11.2 

Booster 93.3 

Fins 54.9 

Front Centering Ring 2.8822 

20 

Figure 24 Thrust Curve 
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Mid Centering Ring 6.6562 

Rear Centering Ring 4.9384 

Motor Tube 17 

Payload 32 

Epoxy 12.2 

Engine Retainer 4.82 

Drogue Parachute 5.8 

Shock Cord for Drogue 14.1 

Paint 15.6203 

Booster Coupler 19.4475 

Motor (loaded) 146.77 

Motor (burnout) 64.89 

 

The equations used to calculate the CG are shown in Equation 6. 

Equation 6 

 

 

 

 

 

 

 

The equations used to calculate CP are shown in equation 7. 

Equation 7 
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The main contributor to the CP is the size, shape, and quantity of the fins. 

The highest velocity the launch vehicle could experience during ascent is 670.7947 ft/sec. Since 

the highest possible mass of the launch vehicle is 785 ounces, the highest possible kinetic energy 

during ascent is 313,519 foot-pounds. Fifteen G’s is the highest force that the launch vehicle will 

experienced.  

Mission Performance Criteria 

During the mission, all of the following should occur in order for the launch to be considered a 

success. 

 The igniter must be properly inserted and ignite the ammonium perchlorate motor 

located within the booster section of the launch vehicle. 

 The launch vehicle must reach an apogee of approximately 5,280 ft AGL or 1 mile AGL 

(Above Ground Level). 

 The StratoLoggerCFs must ignite black powder charges (a main and a backup) in the 

booster section at apogee, which will create internal pressure between the booster and 

middle section causing the two sections to separate and deploy the drogue parachute. 

 Closer to the end of the flight (when the launch vehicle is approximately 1000 ft AGL) the 

StratoLoggerCFs must then deploy another pair of black powder charges (a main and 

backup) that will create internal pressure between the payload and middle sections 

causing them to separate and deploy the main parachutes. 

 The launch vehicle must hit the ground with less than 75 foot-pounds of kinetic force and 

be in perfect condition so that it could be immediately prepared and placed on the 

launch pad to fly again. 

Table 8 gives the kinetic energy values at landing, for each of the independent sections of the 

launch vehicle. Each section is below the required 75 foot-pounds. 

Table 8: Kinetic Energy Values at Landing 

Vehicle Section Kinetic Energy (foot-pounds) 

Nose Cone Section 31.32 

Middle/AV Bay 45.5 

Booster 73.7 
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Drift Calculations 

The drift calculations for the launch vehicle under 0-, 5-, 10-, 15-, and 20-mph winds are shown 
in Equation 8. Calculations assume that the vehicle is being launched vertically, and that all 
winds are constant and horizontal. The time of the descent was obtained using RockSim. Each 
calculation shows the total drift to be no more than 2,500 ft.  
 

Equation 8 

𝑞 = h𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑤𝑖𝑛𝑑 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 
𝑡 = 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑑𝑒𝑠𝑐𝑒𝑛𝑡 = 75.739 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 (𝑠) 

𝑑𝑟𝑖𝑓𝑡 = 𝑡 ∗ 𝑑 

0-mph  

𝑞 = 0 𝑚𝑝h = 0 ft/s 
𝑑𝑟𝑖𝑓𝑡 = 𝑡 ∗ 𝑑 = 75.739 𝑠 ∗ 0 ft/s = 0 ft 

5-mph 

𝑞 = 5 𝑚𝑝h = 7.333 ft/s 
𝑑𝑟𝑖𝑓𝑡 = 𝑡 ∗ 𝑑 = 75.739 𝑠 ∗ 7.333 ft/s = 555.394 ft 

10-mph 

𝑞 = 10 𝑚𝑝h = 14.66 ft/s 
𝑑𝑟𝑖𝑓𝑡 = 𝑡 ∗ 𝑑 = 75.739 𝑠 ∗ 14.667 ft/s = 1110.864 ft 

15-mph 

𝑞 = 15 𝑚𝑝h = 22 ft/s 
𝑑𝑟𝑖𝑓𝑡 = 𝑡 ∗ 𝑑 = 75.739 𝑠 ∗ 22 ft/s = 1666.258 ft 

20-mph 

𝑞 = 20 𝑚𝑝h = 29.333 ft/s 
𝑑𝑟𝑖𝑓𝑡 = 𝑡 ∗ 𝑑 = 75.739 𝑠 ∗ 29.333 ft/s = 2221.652 ft 

 

IV) Safety 

Safety and Environment (Vehicle)  

Launch Vehicle Design Failure Modes 

Table 9 summarizes potential failure modes that could occur to the structure subsystem during 

launch operations. 

Table 9: Launch Vehicle Design Failure Modes 

Potential Failure 

Mode 

Potential Effects of 

Failure  

Proposed Mitigation Completed 

Mitigation 

Vehicle unstable Unpredictable flight path Simulations and test flights October 5, 2016 
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Fiberglass does not 

withstand forces 

throughout flight 

Vehicle not reusable Tensile strength and flight 

testing 

October 5, 2016 

Connection between 

each section becomes 

detached 

Unpredictable flight path, 

and damage to vehicle 

body 

Research and design 

 

October 5, 2016 

Unpredictable flight 

path 

Damage to vehicle, 

surroundings, people 

and/or animals 

Simulations and 

calculations 

October 5, 2016 

Couplers too long or 

too short 

Early or no separation Research, simulations, and 

calculations 

October 5, 2016 

Launch Operations Failure Modes 

The following tables summarize potential failure modes that could occur during launch 

operations. 

Structure Failure Modes 

Table 10 summarizes potential failure modes that could occur to the recovery subsystem during 

launch operations. 

Table 10: Structure Failure Modes 

Potential Failure 

Mode 

Potential Effects of 

Failure 

Proposed Mitigation Completed 

Mitigations 

Ejection charges 

damage air- 

frame/vehicle 

components 

Critical systems become 

damaged 

 

Calculations and ejection 

testin 

 

October 14, 2016 

Motor mount fails to 

properly retain motor 

Damage to internal 

systems 

Structural testing of the 

motor mount 

October 14, 2016 

Rail button failure Unpredictable flight path Ensure rail buttons are 

properly installed and 

orientated 

October 14, 2016 

Insufficient 

component mounting 

Potential system 

malfunction 

Test mounting integrity October 14, 2016 

Airframe stress failure Loss of vehicle 

functionality, potential 

loss of vehicle 

Structural testing of 

airframe 

October 14, 2016 

Fin Detachment Aerodynamic instability 

of vehicle 

Ensure that the fins are 

properly epoxied 

October 14, 2016 
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Recovery Failure Modes 

Table 11 provides potential failures of the recovery system. 

Table 11: Recovery Subsystem Failure Modes 

Potential Failure 

Mode 

Potential Effects of 

Failure 

Proposed Mitigation Completed 

Mitigations 

Parachute shroud line 

fails 

Uncontrollable descent Research October 14, 2016 

Parachute doesn’t 

support weight of 

vehicle 

Vehicle descends too 

fast 

Verify parachute rating 

 

October 14, 2016 

Electronic matches do 

not fire 

Parachute deployment 

does not occur 

Redundant altimeter system October 14, 2016 

Eye bolt failure 

 

Uncontrollable descent Verify eye bolt integrity October 14, 2016 

Shock cord failure 

 

Untethered vehicle 

components, violation 

of requirements 

Properly fastened shock 

cord 

October 14, 2016 

Premature black 

power ignition 

Premature parachute 

ejection 

Testing October 14, 2016 

External frequencies 

cause ejection charges 

to blow 

Damage to parachute, 

shock cord or vehicle 

Recovery altimeter shielding 

 

October 14, 2016 

Recovery system 

ignites 

Failure of recovery 

system, damage or loss 

to vehicle 

Use Nomex cloth  October 14, 2016 

Main or drogue 

parachute comes 

untied from the swivel 

Uncontrolled descent Secure swivels along with 

quick links. 

October 14, 2016 

Main or drogue 

parachute shrouds 

become entangled 

 

Uncontrolled descent 

rate 

 

Ensure parachute shroud 

lines are attached to a 

swivel 

 

October 14, 2016 

Failed Separation 

 

Un-functional recovery 

system, ballistic 

descent 

 

Adequate separation testing October 14, 2016 
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Electronics Failure Modes 

Table 12 summarizes potential failure modes that could occur to the propulsion subsystem 

during launch operations.   

Table 12: Electronics Failure Modes 

Potential Failure Mode 

 

Potential Effects of 

Failure 

Proposed Mitigations 

 

Completed 

Mitigations 

 

Scoring Altimeter failure 

 

The team will lose all 

points associated with 

the altitude portion of 

the project 

Redundant Systems 

 

October 14, 2016 

 

Propulsion Failure Modes 

Table 13 provides possible failures of the propulsion system. 

Table 13: Propulsion Failure Modes 

Potential Failure Mode Potential Effects of 

Failure 

Proposed Mitigation Completed 

Mitigations 

Igniter does not initiate 

the burn process for the 

propellant 

The vehicle does not 

launch 

 

Inspect igniter for 

concatenation 

 

October 14, 2016 

Igniter pops but does 

not light the motor 

The vehicle does not 

launch 

Always bring additional 

igniters for such an event 

Always 

Insufficient pressure 

inside the motor 

The vehicle does not 

launch 

Use proper igniter, insure 

appropriate conditions 

when storing propellant 

October 14, 2016– 

always 

PerfectFlite power 

supply diminishes 

 

Failure of deployment 

of parachutes, Mission 

failure 

Use new batteries before 

launch 

 

October 14, 2016 

Battery Power supply 

diminishes 

 

Failure of deployment 

of parachutes, Mission 

failure 

Use new batteries before 

launch 

 

October 14, 2016 

PerfectFlite wired 

connections become 

damaged from 

handling 

Failure of deployment 

of parachutes, Mission 

failure 

 

Use protected electrical 

components 

 

October 14, 2016 
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An excessive amount of 

pressure occurs inside 

the motor 

Explosion Inspect the motor October 14, 2016– 

always 

 

Likelihood and Potential Consequences for the Top 10 Failures  

Table 14 provides the top ten failure modes in ascending order for the vehicle and their 

likelihoods and their associated consequences.  

Table 14: Top 10 Failure Modes 

Potential Failure  Likelihood (1-10) Consequences (1-10) Failure Effects 

Motor CATO (1)- Careful igniter 

insertion  

(10)- Motor explosion, 

causes loss of vehicle 

Hazard shrapnel, loss of 

vehicle, burn to human 

skin, fire 

Main parachute shroud 

lines become entangled 

(2)- Possible chance by 

packing of the 

parachute 

(6)- Entanglement with 

e-match leads 

Uncontrolled descent 

rate 

Main parachute fails to 

deployment 

(2)- Control and 

program of the 

altimeter 

(9)- Black powder 

charge undersized, no 

e-match ignition 

Separation of vehicle 

compartments, ballistic 

descent 

Altimeter losing power (3)- Always fresh and 

fully charge before 

flight 

(8)- Control of ejection 

charges will be lost 

No parachute 

deployment, ballistic 

descent 

Uncontrolled 

separation 

(3)- Possible packing of 

ejection charges 

(7)- Vehicle sections 

secured only using 

friction fitting 

Un-functional recovery 

system, ballistic descent 

Ejection charges 

damage air-

frame/vehicle 

components 

(4)- Depends on the 

arming of the altimeter 

(7)- Premature e-match 

ignition 

Critical systems 

become damage 

 Igniter does not 

initiate the oxidation 

process for the 

propellant 

(5)-Misuse of the 

igniter 

(10)- Bad Igniter for the 

launch sequence 

The vehicle does not 

launch 
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Drogue parachute 

doesn’t deploy  

(5)- Adjustments on 

altimeter  

(7)- Firing sequence of 

the altimeter, 

entanglement of the e-

matches 

Ballistic descent, main 

would catch all weight 

and friction 

Apogee of one mile 

AGL or greater not 

achieved 

(5) Adjustments on the 

AGSE and calculated 

weight 

(9)- Launch vehicle 

mass, launch rail angle 

Mission failure 

 

The material safety data sheet (MSDS) that the manufacturer provides information about the 

material in consideration. MSDSs are referred to when a hazard occurs in order to enact the most 

effective mitigation. All team members shall be knowledgeable of the MSDS associated with each 

hazardous material. According to the safety plan, a binder containing all the MSDSs is always 

made available for personnel and brought to every launch. 

Operator manuals for each tool will be consistently referenced prior to each tool’s use. This 

ensures each tool is used as intended. According to the safety plan, operator manuals for each 

component used during the project are kept in an operator manual binder. These documents will 

be made available by the safety officer at any location in which construction, testing, or launching 

of the vehicle could occur. 

It is important for all team members to be thoroughly briefed on the project risks, FAA laws and 

regulations regarding the use of airspace, and the NAR high-power safety code. 

The team is aware that the FAA must be notified of planned launch activities. For educational 

outreach events, notification to the closest airport within five miles of the launch site is required 

72 hours prior to launch. For subscale launches, flight waivers are required to be obtained at least 

45 days prior to the proposed activity. The team has obtained flight waivers for full scale 

launches. 

All launching is done at the Tarleton State University College Farm. Grant Gregory is properly 

licensed and provides us with the necessary requirements to launch the team’s vehicles and learn 

new techniques and technology. 

To ensure that the conditions from the flight waivers are followed, a procedural checklist has 

been devised and implemented along with a pre-mission launch briefing, which occurs prior to 

every launch. The flight waivers are located inside the launch procedures binder, which is brought 

to every launch.  

The National Association of Rocketry and Tripoli are recognized as the primary rocketry 

associations of the United States. As such, their standards establish precedence throughout high-

powered model rocketry. Along with these standards, the team is cognizant of all federal, state, 

and local laws regarding unmanned vehicle launches and motor handling including the following 

regulations: 
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CFR 101, Subchapter F, Subpart C: Amateur Rockets (Located in Appendix D)  

CFR Part 55: Commerce in Explosives (Located Appendix D) 

Handling and Use of Low-explosives Ammonium Perchlorate Rocket Motors (APCP) 

(Located in Appendix I.12) 

NAR Model Rocket Safety Code (Located in Appendix F) 

Hazardous Waste Management (Located in Appendix E)  

Fire Safety (Located in Appendix G) 

Lab Safety (Located in Appendix H) 

Launch Procedures and Checklists  

A summary of legal risks that could occur during the course of the project appears in Table 15. 

Table 15: Summary Legal Risks 

Risk Likelihood Severity Consequences Mitigation 

FAA Violations Low High Legal 

Repercussions 

Adhering to Regulations 

NAR/TRA 

Violations 

Low High Legal 

Repercussions 

Adhering to Regulations 

Damage of 

Property 

Low High Legal 

Repercussions 

Insurance 

OSHA Violations Low High Legal 

Repercussions 

Adhering to Regulations 

Personal Injury Low High Legal 

Repercussions 

Redundant Calculations and 

Safety Preparedness 

 

Personnel Hazard Analysis 

Potential hazards to personnel throughout the course of the project are provided in Table 16. 

Personnel hazards refer to potential harm incurred by any individual. The development and 

implementation of the safety plan, and protocols ensure that these hazards are appropriately 

mitigated. 

Table 16: Potential Personnel Hazards 

Risk Sources Likelihood Consequence Mitigation Action 

Laceration 

 

Knives, 

routers, 

saws, files, 

Dremel tool 

 

Medium 

 

Serious injury 

or death 

 

Follow safety 

protocols, proper 

tool and 

equipment use, 

personal safety 

attire; refer to the 

Discontinue all 

operations, 

apply first aid, 

and contact 

EMS. 
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operator's 

manual. 

Burns 

 

Chemicals 

(FFFg, 

Fiberglass 

resin), 

welders, 

soldering 

Iron. 

 

Medium 

 

Minor to 

serious injury. 

 

Follow safety 

protocols, proper 

tool and 

equipment use, 

personal safety 

attire, and refer 

to operator's 

manuals. 

Discontinue all 

operations, 

apply first aid, 

and contact 

EMS. 

 

Respiratory 

Damage 

 

Chemicals 

(epoxy, 

solder), 

fumes, and 

fiberglass. 

 

Low Brain damage 

or death. 

 

Follow safety 

protocols, proper 

tool and 

equipment use, 

personal safety 

attire, and 

consult MSDS. 

Discontinue all 

operations, 

apply first aid, 

and contact 

EMS. 

Vision Damage 

 

Welders, 

fiberglass, 

grinders, 

projectile 

debris. 

 

Low 

 

Partial to 

complete 

blindness. 

Use of goggles, 

force shields, 

consult MSDS, 

first aid kit 

available, refer to 

operator's 

manual. 

Discontinue all 

operations, 

apply first aid, 

contact EMS, 

and use 

eyewash. 

 

Allergic Reaction 

 

Epoxy, 

chemicals, 

and 

fiberglass. 

 

Low Loss of 

respiration 

and 

inflammation 

(Internal & 

External). 

 

Use of gloves, 

consult MSDS, 

and use the first 

aid kit.  

 

Discontinue all 

operations, 

apply first aid, 

contact EMS, 

Administer 

antihistamine, 

safety shower. 

Hearing Damage 

 

FFFg, 

Grinders, 

Ignition, 

Routers 

 

Low Partial to 

complete 

deafness 

 

Ear muffs, consult 

MSDS, first aid kit 

available, refer to 

operator's 

manual 

Discontinue all 

operations, 

apply first aid, 

contact EMS, 

and administer 

antihistamine, 

safety shower 

Dismemberment 

 

Projectiles, 

Saws, 

Launches 

 

Low Permanent 

injury or 

death 

 

Make sure 

proper safety 

measures are 

taken, operator's 

manual 

 

Discontinue all 

operations, 

apply first aid, 

contact EMS, 

administer 

antihistamine, 

safety shower 
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Environmental Effects of the Project 

In the event of an unrecoverable or damaged vehicle certain materials could be left exposed to 

the environment. The biodegradability of each material used affects the impact on the 

surrounding ecosystem. Much of the information concerning the hazards posed to the 

environment and ecology is available in the individual MSDSs. The effects of materials used in the 

construction and launch of the vehicle are summarized in Table 17. 

Table 17: Environmental Effects of Launch and Construction Materials 

Material 

 

Prevalence Mode of 

Biodegradability 

Impact on Environment 

 

Ammonium 

Perchlorate 

Motor propellant Highly water soluble Iodization of local water table 

Black Powder Ejection charges Remains solid No known impact 

Proline 4500 

Epoxy 

Fiberglass 

connections, sealed 

couplings 

Decomposition begins 

within fifteen months 

Leaching to local water table 

Oil-Based 

Spray Paint 

External Fiberglass 

structural components 

Soluble Leaching to local water table 

Clear Acrylic Payload bay Soluble Leaching to local water table 

Fiberglass Structural 

Components 

Remains solid No known environmental impact; 

may pose ecological hazard 

Nomex Deployment bag 

 

Remains solid 

 

No known environmental impact; 

may pose ecological hazard 

Aluminum Motor tube, rivets, 

battery casing 

Highly water soluble Long-term degradation products 

Cellulose Recovery wadding 

 

Remains solid 

 

Long-term degradation products 

Steel Attachment hardware, 

ballast system 

Remains solid 

 

Leaching to local water table 

 

Copper Avionics bay lining, e-

match lead wires 

Highly reactive in air or 

moisture 

Long-term degradation products 

Sulfuric Acid Batteries Highly water soluble Long-term degradation products; 

may pose ecological hazard 
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Kevlar Shock harnesses Remains solid No known impact 

Silicon Parachutes, batteries Reactive in air or 

moisture 

Irritating vapors form 

Rip-Stop 

Nylon 

Parachutes, shear pins Remains solid No known impact 

 

While some aspects of the project may adversely affect the surrounding environment, the 

environment can also have an impact on the project. As primary test launches will take place in 

Texas during winter and spring, inclement weather will likely fall on test dates. In response to 

unforeseen issues in the weather, flight waivers have been obtained so that alternate test dates 

are easily rescheduled. Environmental factors such as surrounding flora, fauna, or sedimentary 

projections could cause the launch vehicle to become unrecoverable. These risks are outlined in 

Table 18. 

Table 18: Environmental Effects on Launch 

Risk Likelihood Severity Consequences Mitigation 

Poor weather High High Delay in testing Multiple test dates, 

Obtained Flight Waivers 

Environment 

prevents recovery 

Medium Medium Possible loss of 

Vehicle 

Survey launch site, recovery 

tools 

Burn ban in effect Low High Delay in testing  Multiple test locations 

 

Checklists 

Recovery Preparation Checklist (to be completed after arriving to launch site) 

1. Open proper software. 

2. Provide power to altimeter. 

3. Connect altimeter via USB cable. 

4. Check the battery voltage (replace if below 7 V). 

5. Program used output(s) for custom altitude, or automatic based on test description. 

6. For custom altitude, vary height above ground level by increments of 32. 

7. Clear any unused banks. 

8. Take screenshots of altimeter configuration and parameter page. 

9. Each 9V battery voltage is checked with voltmeter. 

10. StratoLogger altimeters are properly wired and connections securely fastened. 

11. Ensure that the avionics bay is in the proper orientation by checking the labeling on the 

couplers. 



         Tarleton Aeronautical Team, Preliminary Design Review  

42 
 

12. Astro DC50 (dog tracker GPS) is securely fastened beneath the ballast system area. 

13. Load avionics sleds. 

14. Secure avionics bay lids. 

15. Check all port holes for obstructions. 

16. Weigh black powder and pack ejection charges. The weights are as follows: 

a. Main Parachute Deployment charge(primary) = 4.8 grams 

b. Drogue Parachute Deployment charge (primary) = 2.6 grams 

17. Run the ejection charge leads into the bottom of the booster section. 

18. Wrap Nomex cloth around drogue parachute. 

19. Pack shock cord and then drogue parachute into booster section. 

20. Connect ejection charges to avionics bay lid terminal blocks. 

21. Secure drogue parachute shock cord quick link to U-bolt on avionics bay. 

22. Connect booster section to avionics bay. 

23. Run the electronic match into middle section. 

24. Wrap Nomex cloth around the main parachute. 

25. Pack main parachute and main shock cord into the middle section. 

26. Secure main parachute shock cord quick link to U-bolt. 

27. Connect ejection charges to avionics bay lid terminal blocks. 

28. Connect nose cone section to payload section. 

29. Connect payload section to middle section. 

30. Find vehicle weight to determine ballast weights. 

31. Remove nose cone and attach proper ballast weights. 

32. Re-connect nose cone. 

33. Insert sheer pins into the designated locations. 

 

Motor Preparation Checklist 

1. Apply a light coating of O-ring lubricant or grease to the inside of the cavity in the 

forward closure. Insert the smoke tracking charge insulator into this cavity and ensure it is 

seated fully. 

2. Apply a liberal layer of grease or O-ring lubricant to one end of the smoke tracking grain. 

Be sure the entire face is coated. 

3. Insert the smoke tracking grain into the smoke tracking charge insulator, coated end first. 

Push the grain in with sufficient force to fully seat it and spread the lubricant as shown. 

The excess lubricant will help prevent gas leakage forward as well as protecting the 

forward closure from heat and combustion products from the smoke tracking charge. 

4. Check both ends of the phenolic case liner to ensure that the inside ends have been 

chamfered and deburred. If not, use a hobby knife or coarse sandpaper to remove the 

sharp inner edge to allow ease of components insertion. 

5. Fit the nozzle to one end of the paper/phenolic case liner tube, it may be a snug fit. Push 

it carefully but with sufficient force to seat the shoulder on the nozzle all the way into the 

insulator tube. 

6. Locate the smaller O-ring in the P75-ORK O-ring kit. Fit the O-ring to the internal groove 

of the nozzle holder. Push the nozzle holder over the nozzle until fully seated. Apply 

additional lubricant to the nozzle exit section if necessary to facilitate assembly. 

7. Insert one propellant grain into the forward end of the case liner and push it a short way 
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into the tube. Fit one grain spacer O-ring to the top face of the grain, ensuring it sits flat 

on the end of the grain. Insert the second grain, push it in a short ways, then add another 

grain spacer, and so on until you have loaded all propellant grains into the case liner. 

Note: There should be sufficient space after the last grain is inserted to fit the last spacer 

in place so that it is flush or extends only slightly from the end of the tube. If it extends 

out by more than 1/3 of its own thickness, remove it and do not use. Only this spacer may 

be omitted and only if necessary to fit. 

8. Carefully install the two larger O-rings into the external grooves of the nozzle holder and 

forward closure. Handle these components with care from this point on, so as to not 

damage or contaminate the O-rings. 

9. Place the case liner/nozzle assembly on your work surface with the nozzle end down, and 

slide the motor case down rear end first (end with thrust ring) over the top of the liner 

towards the nozzle.  

10. Lay the motor case assembly down horizontally, and push on the nozzle ring until the 

assembly is far enough inside the case that the threads are partly exposed and the screw 

ring can be threaded into the rear of the case. Don’t push on the nozzle itself as you will 

push it out of the nozzle holder. 

11. Screw in the nozzle-retaining ring using the supplied wrench, pushing the nozzle/nozzle 

ring/case liner assembly forward as you proceed. Screw it in only until the retaining ring is 

exactly even with the end of the motor case - do not thread it in as far as it will go. Then, 

back the retaining ring out one half of a turn. 

12. Fit the forward insulating disk to the top of the case liner, checking that the top grain 

spacer (if used) is still properly in place. 

13. Verify that the inside of the motor case is clean ahead of the liner assembly before 

proceeding. Wipe with a clean rag, tissue or wet-wipe if required. Apply a light coat of 

silicone O-ring lubricant onto this area after cleaning. 

14. Insert the assembled forward closure into the top of the motor case, pushing it down 

carefully with your fingers until you can thread in the retaining ring. Thread in the forward 

retaining ring using the wrench, until you feel it take up a load against the top of the case 

liner. At this point the ring should be approximately flush with the end of the motor case, 

or slightly submerged. If it extends out the case at this point by more than about one half 

a turn, check the nozzle end to make sure the ring is not screwed in too far forward. If so, 

unscrew the nozzle-retaining ring another half turn and screw the forward closure retainer 

in further. 

15. Check both ends of the phenolic case liner to ensure that the inside ends have been 

chambered and deburred. If not, use a hobby knife or coarse sandpaper to remove the 

sharp inner edge to allow components to be inserted easily. 

16. Fit the nozzle to one end of the paper/phenolic case liner tube. It may be a snug fit. Push 

it carefully but with sufficient force to seat the shoulder on the nozzle all the way into the 

insulator tube. 

17. Insert one propellant grain into the forward end of the case liner and push it a short way 

into the tube. Fit one-grain spacer O-ring to the top face of the grain, ensuring it sits flat 

on the end of the grain. Insert the second grain, push it in a short ways, then add another 

grain spacer, and so on until you have loaded all propellant grains into the case liner. 

Note: There should be sufficient space after the last grain is inserted to fit the last spacer 
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in place so that it is flush or extends only slightly from the end of the tube. If it extends 

out by more than 1/3 of its own thickness, remove it and do not use. Only this spacer may 

be omitted and only if necessary to fit. 

18. Slide the completed liner/nozzle/grain assembly into the motor case until the nozzle 

protrudes about 1/8” from the end of the case. Note: a light coat of grease on the liner 

exterior will aid assembly, disassembly, and cleanup. 

19. Fit the forward insulating disk to the top of the case liner, checking that the top grain 

spacer (if used) is still properly in place.  

20. Place one of the larger pre-lubricated O-rings from the P75-ORK kit into the forward end 

of the case until it is seated against the forward insulator. 

21. Thread the completed forward closure into the forward end of the motor case by hand 

until it is seated against the case. NOTE: There will be considerable resistance to threading 

in the closure in the last 1/8” to 3/16” of travel, due to compression of the O-ring.  

22. Hold the motor vertically on your work surface with the forward closure downwards, and 

push down on the nozzle to ensure the liner/nozzle assembly is seated fully forward. 

23. Place the other identical O-ring into the groove in the nozzle.  

24. Thread the aft closure into the motor case until it is seated. It is normal for a small gap 

(up to about 1/16”) to remain between the closure and the end of the case, due to 

manufacturing tolerances on internal components. Note: There will be considerable 

resistance to threading in the closure in the last 1/8” to 3/16” of travel, due to 

compression of the O-ring.  

25. Prepare the vehicle’s recovery system before motor installation if possible.  

26. Install the motor in your rocket, ensuring that it is securely mounted with a positive 

means of retention to prevent it from being ejected during any phase of the rocket’s 

flight. 

27. IMPORTANT: DO NOT INSTALL THE IGNITER IN THE MOTOR UNTIL YOU HAVE THE 

ROCKET ON THE LAUNCH PAD, OR IN A SAFE AREA DESIGNATED BY THE RANGE SAFETY 

OFFICER. Follow all rules and regulations of your rocketry association, and/or the National 

Fire Protection Association (NFPA) Code 1127 where applicable. 

28. Install the supplied igniter, ensuring that it travels forward until it is in contact with the 

forward closure. Securely retain the igniter to the motor nozzle with tape, or (if supplied) 

the plastic cap, routing the wires through one of the vent holes. Ensure that whatever 

means you use provides a vent for igniter gases to prevent premature igniter ejection. 

29. Give Igniter to designated vehicle preparation personnel. 

 

Launchpad Preparation Checklist 

1. Inspect launch rail for excessive corrosion or snags that would risk the vehicle jamming on 

the rail. 

2. Inspect AGSE for loose nuts, bolts, or cracks. 

3. Turn on the Launch Control System (LCS). 

4. Inspect all linear actuators for corrosion or damages that would risk vehicle damage. 

5. Lower the launch rail to mount the vehicle. 

6. Slide the vehicle down onto the rail until it is against the rest. 

7. Arm TeleMetrum. 

8. Arm the altimeters. 
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9. Look for correct series of LED flashing (StratoLogger). 

10. The LCS box must be switched OFF. 

11. Strip 1” – 2” of the wire’s sheath to expose both wire cores. 

12. Insert igniter fully into the vehicle motor and install nozzle cover. 

13. Secure the igniter to the launch rail. 

14. Short LCS circuit by tapping both alligator clips together. 

15. Connect one wire core to each alligator clip wrapping the excess wire around the clip. 

16. Before returning to the Range Safety Officer, switch the LCS box ON if you are the last 

person leaving the area. 

17. Raise the vehicle to 85 degrees. 

18. Arm switch. 

19. Initiate launch. 

20. Once the all clear has been given from the Range Safety Officer (RSO), proceed with the 

countdown. 

 

Igniter Installation Checklist 

1. Inspect igniter for any physical damage. 

2. Test continuity of igniter with multimeter. 

3. Insert igniter into motor until firmly seated against the smoke tracker. 

4. Twist a loop in igniter wire to ensure no igniter movement. 

5. Replace motor nozzle cap. 

6. Touch leads from ignition system to ensure no static buildup. 

7. Securely connect ignition box leads to igniter wires by wrapping each alligator clip 

completely. 

 

Launch Procedures Checklist 

1. Visually inspect the launch pad area to ensure the area is clear.  

2. Check with designated aircraft spotters to see if any planes have been located. 

3. Call in flight and confirm flight waiver at (817)858-7536 (contact: Mark F. Chanter). 

4. Initiate motor preparation. 

5. Initiate AGSE preparation. 

6. Check all port holes for obstructions. 

7. Upon completion of motor preparation, load motor and screw in retaining ring. 

8. Begin setup on Launchpad Checklist. 

9. Confirm that the Launchpad setup and igniter installation checklist are complete. 

10. Arm ignition system box (n/a for Huntsville). 

11. Exit launch area. 

12. Initiate countdown sequence/ await LCO to announce and initiate launch. 

13. Launch. 

14. Observe flight carefully, listening for black powder reports and visually confirming the 

descent and staging of recovery devices. 

15. Track vehicle with Astro DC50 (dog tracker GPS) receiver. 

16. Upon clearance from RSO, move to recover vehicle from field. 

17. Begin Post Flight Inspection Checklist. 
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Troubleshooting Checklist 

Troubleshooting procedures are implemented upon the following main areas: motor ignition 

failure, electronics, and the LCS. For motor ignition failure, 

1. Remove igniter from motor and replace nozzle cap. 

2. Test continuity of igniter. 

3. Verify ignition system continuity and ensure adequate power is being supplied to igniter. 

 

For electronics 

1. If the altimeter is not functioning properly, or telemetry is not being received at the 

ground station, use magnets to disable recovery electronics. 

2. Disconnect the igniter from ignition system leads and remove igniter from motor. 

3. Lower launch rail and remove vehicle. 

4. Disassemble vehicle. 

5. Open avionics bays and inspect. 

Post-flight Inspection Checklist 

Recover vehicle 

1. Take pictures for analysis. 

2. Disarm all electronics. 

3. Inspect upper airframe. 

4. Inspect middle/avionics airframe. 

5. Inspect lower airframe. 

6. Inspect shock cords. 

7. Inspect parachutes and shroud lines. 

8. Remove motor and store for later cleaning. 

 

Travel Checklists 

The following checklists are to be completed and passed before the vehicle is cleared to travel. 

Structure/Propulsion checklist 

1. Fins are undamaged. 

2. Rail buttons are undamaged. 

3. Motor casing and reloads are safely stored for travel. 

4. Couplers, Nose Cone, and Airframe are secured to ensure they remain undamaged. 

 

Avionics Checklist 

1. View StratoLogger altimeters to ensure no damage has incurred to it and its wired 

connections. 

2. Check Garmin dog tracking system. 

3. Examine TeleMetrum for any damage. 
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Recovery Checklist 

1. Kevlar Shock Cord Drogue Parachute. 

2. Drogue Parachute Protector Main Parachute. 

3. Main Parachute Protector. 

4. Inspect E-matches. 

a. Inspect flame retardant material  

 

Safety Materials Checklist 

Complete the following checklist at the launch pad under the supervision of the Safety Officer. 

The checklists are to be completed and passed before the vehicle is cleared to launch. 

1. MSDS Binder. 

2. Operators Manuals Binder. 

3. Launch Procedures Binder. 

4. First Aid Kit. 

5. New launch operations checklists on clipboard. 

6. Fire extinguisher. 

FAA Adherence Checklist 

This checklist ensures that the instructions from the awarded flight waivers have been followed 

and the team is in accordance with the law. 

1. Notice to Airmen has been issued. 

2. The Fort Worth ARTC Glen Rose Supervisor has been contacted the day of the scheduled 

launch. 

3. All applicable operating limitations of Federal Aviation Regulations (FAR’s). 

4. Title 14, Part 101, except for parts (e, f, g) have been checked. 

5. Ensure that operations will be conducted in accordance with all applicable state and local 

ordinances. 

6. http://www.aviationweather.gov/adds/metars/ has been checked for horizontal visibility 

of more than five miles and cloud coverage is less than five tenths of the intended 

altitude of the vehicle. 

7. Make sure that a safe launch radius has been obtained before launch (30 ft or greater). 

8. A list of authorized personnel for launch operations has been made. 

9. The Aircraft spotters have been assigned and informed of their job. 

 

Note: Team has been briefed on the following: expected altitude, horizontal visibility, and cloud 

coverage height, who the aircraft spotters are, what members are allowed in the flight operation 

area, and what the simulated landing radius of the vehicle will be given the different wind speeds. 

 

 

http://www.aviationweather.gov/adds/metars/


         Tarleton Aeronautical Team, Preliminary Design Review  

48 
 

 

Structure Preparation 

1. Nose Cone. 

2. Airframe. 

3. Couplers. 

4. Avionics Nose Bay. 

5. Bulkheads. 

6. Payload Housing. 

7. Fins. 

8. Rail Buttons. 

9. Motor Retainer. 

 

Recovery Preparation 

1. Black Powder (3F). 

2. Ejection Canisters. 

3. Lead wire. 

4. Batteries (9 V). 

5. Gorilla Tape. 

6. Altimeter Units(s). 

7. Main parachute. 

8. Drogue parachute. 

9. Nomex Cloth. 

10. Main Shock Cord. 

11. Drogue Shock Cord. 

12. Garmin GPS tracker. 

13. Garmin GPS unit(s). 

 

Safety and Quality Assurance  

The systematic identification of risks, failure modes, and personnel hazards allows the team to 

discover where single points of failure could occur throughout the project. The identification of 

single point failures allows for proactive design changes to counter these failures leading up to 

the CDR. 

The team has flight waivers from the FAA, allowing the team to launch at will. This gives the team 

a better opportunity to conduct a high number of full scale launches in preparation for the Flight 

Readiness Review. The ability to launch frequently allows practice and exercise with launch 

procedures, operations, and protocols and reduces the risk of failure and promotes safety at the 

day of the official launch. 

 

Risk Assurance 

Based on the RPN values calculated for each considered risk or failure mode (see section IV), the 

team concludes that all risks are within acceptable levels. The greatest theoretical RPN would be 
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a rating of five for severity, occurrence, and detection, resulting in an RPN of 125. The highest 

recorded RPN for any single risk considered is 25 or 20 percent. 

Risk Assessment for Launch Operations 

Table 19 is a risk assessment for launch operations with proposed mitigations and completed 

mitigations. 

Table 19: Risk Assessment for Launch Operations 

Category Risk Consequences Completed Mitigations 

Recovery Preparation Premature black 

power canister 

ignition. 

Explosion, personnel 

injury, possible 

damage to vehicle, 

and components 

damaged. 

Testing, recovery altimeter 

shielding, ensure e-match 

leads are grounded, e-

matches armed before 

launch only, and 

procedural checklists 

followed. 

Main parachute 

catches wind 

Personnel Injury, 

parachute could 

become snagged and 

tear. 

Ensure that the main 

parachute is properly 

inserted into deployment 

bag, place in storage until 

needed, and follow 

procedural checklists 

Main or drogue 

parachute folded 

incorrectly. 

Parachute either 

becomes entangled 

upon deployment, or 

is not able to fully 

envelope in flight. 

Follow manufacturer 

instructions, and follow 

procedural checklists. 

Altimeters incorrectly 

wired. 

Ballistic descent, 

vehicle components 

damaged, and 

personnel injury. 

Follow wiring schematic, 

recovery lead checks 

wiring, and follow 

procedural checklists. 

Shock cords not 

attached to eye hooks 

or parachutes. 

Ballistic descent, and 

personnel injury. 

Follow procedural 

checklists. 

Shock cords not 

attached to eye hooks 

or parachutes. 

Ballistic descent, and 

personnel injury. 

Follow procedural 

checklists. 

Motor Preparation Improperly assembled 

motor. 

Explosion on launch 

pad causing injury to 

personnel and vehicle 

components. 

Follow manufacturer 

instructions, and 

procedural checklists. 

Assembled motor 

dropped or 

improperly loaded. 

Explosion on launch 

pad causing injury to 

personnel and vehicle 

components. 

Do not use motor, 

assemble another motor, 

properly store and load 

motor in safe controlled 

environment. 

Igniter installation Motor does not ignite. Vehicle does not 

launch. 

Check igniter for 

continuity, and bring spare 

igniters. 
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Setup on Launch Pad Launch rail slot 

jammed. 

Unstable launch, 

unpredictable flight 

path, personnel injury. 

Inspect launch rail before 

vehicle is put on the 

launch rail, and follow 

procedural checklists. 

Unarmed avionics 

bays. 

Ballistic descent, 

personnel injury, and 

damage to vehicle 

components. 

Swipe magnets across 

magnetic switches, and 

follow procedural 

checklists. 

Payload unarmed. No flight data, scoring 

altimeter inoperable, 

loss of points at 

competition. 

Swipe magnets across 

magnetic switches, and 

follow procedural 

checklists. 

Launch Procedures Failure to Launch. vehicle not launched, 

payload and avionics 

bay record no flight 

data. 

Follow procedural 

checklists. 

Troubleshooting Delay in launch 
operations. 

Allotted preparation 
time expires. 

Follow procedural 
checklists, rehearsed 
preparation. 

Post-flight inspection Walking to recover 
vehicle. 

Possible personnel 
injury from falling or 
wildlife. 

Launch area be checked 
out before launch, and 
recovery team will be 
alert and focused on their 
surroundings. 

A black powder 
canister not being set 
off in flight. 

Possible explosion and 
personnel injuries. 

If discovered, recovery 
team member will not 
move until tools have 
arrived so that it can be 
safely deposed of. 

 

The Safety Officer 

The team safety officer, Grayson Gregory, is operating under the NAR safety regulations. The 

responsibility of the safety officer is to design and implement safety plans that ensure all 

accidents are avoided. All hazards to people, the project, and the mission are determined so that 

mitigations can be enacted. 
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V) Payload Criteria  

Payload Hardware Design 

The electronic hardware design is based around the Arduino Mega 2560 Pro Mini (Figure 25). 

The team has implemented many different 

microcontrollers in past projects, although 

this is the first time implementing the Mega 

Pro Mini. Working with new electronic 

hardware is always a goal of the team for 

each project to expand the team’s current 

knowledge and experience base. The 

advantages of using this microcontroller are 

the simplicity and reliability of the Arduino 

IDE, the Arduino-C language is very straight 

forward and well documented, 256 KB of 

flash memory is more than adequate for the 

current project, and a company out of Hong 

Kong has been manufacturing this scaled 

down version of the original Arduino Mega.   

The original Arduino Mega is 101.6 mm x 

53.46 mm. These dimensions would be 

impractical for the intended application. The 

Pro Mini Mega is 55.2 mm x 37 mm. This 

size has put a tremendous amount of 

microcontroller capabilities in a very small 

footprint.  The Mega Pro Mini still provides access to all of the pins available on the full size 

mega. There are 54 digital I/O pins (of which 15 provide PWM output and 2 provide the SCL and 

SCA for the I2C bus) and 16 analog pins. The Mini-B cable connection surface solder to the board 

is also a big plus.    

A disadvantage for the Arduino Mega 2560 Pro Mini is that the footprint is still large compared 

to the Arduino Pro Mini with dimensions of 33.02 mm x 17.78 mm. The Arduino Pro Mini only has 

32 KB of flash memory, which very well may not be sufficient for the current application. The 

tradeoff was almost twice the footprint for 8 times more flash memory.  

Another reason the team chose the Arduino microcontroller is there was no need for a Bluetooth 

connection in the current design. The team has very successful past experience implementing the 

IOIO board and Android Studio. The IOIO board is a much more complex hardware and software 

makeup than necessary. The additional software capabilities the Android platform and JAVA 

provide were discussed by the team and deemed to be overcomplicating the project at hand 

(even though we truly enjoy using those tools). 

 Figures 26–29 show the initial develop process the team went through for the electronics 

hardware.  

Figure 25 Arduino-Mega 2560 Pro-Mini 
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Figure 27 Breadboard 

Figure 26 Circuit Diagram 

Figure 28 Circuit Components 
Figure 29 Circuit Buildout 
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The team was able to go from a flow chart, to prototyping with a breadboard and jumper wires 

(Figure 26), to a PCB design in CAD software (Figure 27 and 28), and finally to all of the hardware 

implemented on a PCB (Figure 29) very quickly due to past experience. Getting away from the 

breadboard and jumper wires efficiently and moving onto a PCB is critical when designing and 

building in a compressed timeframe. Considering that the hardware being implemented is all well 

documented, the stage of using breadboards and jumper wires should be removed from future 

design sequences. The team holds several CAD software design licenses and has ready access to 

a CNC router. There is no longer a need for a development stage between a logic flow chart and 

a CAD software design.  

The prototype PCB in Figures 27, 28, and 29 has a footprint of 190 mm x 110 mm. This is too 

large to practically install along the sidewall of a 6-inch diameter booster section. The power 

supply was also two 9 V batteries connected in a series and then a DC voltage converter 

controlled the output voltage to the microcontroller and the stepper motor driver. This allowed 

testing for stepper motors within a wide voltage range. NEMA 17 stepper motors requiring 12 

volts were tested as well as NEMA 14, NEMA 11, and NEMA 8 stepper motors all requiring 

different voltages. The large flat design layout of this PCB allowed for connections and current to 

easily be tested on an effective platform.  

Working with the PCB in Figure 29 allowed the team to confidently make new design decisions to 

downsize the overall dimensions, add an additional hardware component, change the power 

supply voltage and capacity, and use a smaller voltage converter. The design concept is that the 

end product will utilize data from a gyroscope, an accelerometer, and a barometric pressure 

sensor to run a stepper motor that will mechanically drive an exterior feature that in turn will roll 

and stabilize the launch vehicle. A stepper motor will be used so that the mechanical drive can be 

accurately controlled. From a programming and electronics hardware perspective, the actual 

mechanical drive system and exterior launch vehicle feature are relatively irrelevant. These factors 

are simply adjustments in the programming code and possibly a different stepper motor when 

considering the torque required. None of these factors affect the hardware connections on the 

PCB or the type and amount of data recorded for decision-making purposes.  

Even though the PCB in Figure 29 has a grossly oversized footprint for the actual implementation, 

it was still a good use of time and resources. Several new design concepts were discussed due to 

having a solid piece of hardware to work with versus a bunch of lose wires and scattered 

components. The layout of the PCB board was completed in CAD software using to-scale images 

of the hardware components in approximately two hours. The PCB was cut on a CNC router in 

approximately 30 minutes. Testing the PCB for continuity issues and soldering all of the 

components took approximately another hour. So, in about 3.5 hours the PCB in Figure 29 went 

from design to a working unit. The PCB contains about $50 worth of components. This design 

step of quickly implementing a large flat PCB has proven to be a good use of the team’s time and 

resources and will be part of future design sequences.   

The breadboard and jumper wires will be removed from future design sequences when the 

hardware being implemented is well documented. 

The large flat prototype PCB led to the design concept of a PCB shield being built for the Arduino 

Mega 2560 Pro Mini (Figure 30 and 31). The BMP 180, the MPU 6500 gyroscope, and two 
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EEPROMS all easily fit inside the footprint of the Mega Pro Mini. A shield for a microcontroller is a 

commonly implemented concept. This shield allows for testing of the hardware components on 

the shield before other components are added. Testing a few variables at a time greatly reduces 

trouble-shooting efforts when failures occur. The shield also places the sensors and the 

EEPROMS inside of the dimensions of the Mega Pro Mini.  

 

 

 

 

 

 

 

 

 

 

 

 

Based on previous work with the PCB, shown in Figure 29, the team decided to add a second 

EEPROM. This addition allows for easier organization, storage, and retrieval of different data. The 

CAD design work proved that the addition of the second EEPROM was not going to pose a 

problem with dimensions, pin connections, or path layouts. This shield for the microcontroller 

was developed from working with the prototype PCB. The CAD design for the shield took 

approximately two hours from a hand-drawn sketch to a DXF file that was then exported to 

GCode for the CNC router. 

 

  

Figure 30 Mega Shield 

Diagram 

Figure 31 Mega Shield Pin Map 
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Figure 32 is a screen shot of the Planet CNC software used to run the 3040 CNC router. This 

software allows the user to import several types of common 2D CAD drawing files and generates 

the GCode. The GCode can also be imported or exported for editing in another software 

environment. The Planet CNC software has proven to be a key asset in speeding up the design, 

manufacturing, and implementation of PCBs.  

 

 

 

 

 

  

28 

Figure 32 Planet CMC Screen Shot 
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Figure 33 is an image of the 3040 CNC router at work. It took approximately 30 minutes to cut 

the shield for the Mega Pro Mini. Figure 34 is an image of the PCB when it was removed from the 

CNC router. The PCB is 6 x 6 inch and can be used to produce several more shields so that the 

team’s materials are used efficiently.  

 

 

 

 

 

 

 

 

 

 

 

Figure 35 is a top view of the shield. The header pins are 

for the BMP 180 and the MPU 6500 gyroscope. The two 

EEPROMS will mount directly to the PCB. All of the 

header pins pass entirely through the fiberglass PCB to 

ensure the finished component is strong enough to 

function under the stress induced by the launch vehicle.  

Figure 36 is a bottom view of the shield. The header pins 

shown here will pass through the pin-out holes in the 

Mega Pro Mini and be soldered to the bottom of the 

microcontroller. The Mega Pro Mini is designed with this 

intention in mind as copper soldering rings where 

manufactured on the bottom of the microcontroller.  

Figure 37 provides a top view of the shield with the 

components soldered into place. The shield had yet to 

be installed on the microcontroller. The PCB was checked 

for continuity issues several times before being 

implemented. Continuity issues were also checked as 

each component was added. Figures 38 and 39 provide 

images of the completed shield installed on the Mega Pro 

Mini. From this point, running various programs on the microcontroller successfully tested the 

shield. 

Figure 33 CNC Router Figure 34 Shield Cutout 

Figure 35 Top View of Shield 
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Figure 36 Bottom View of Shield 
Figure 37 Top View of Completed Shield 

Figure 38 Front View of Completed Shield 
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Figure 40 provides an image of the base PCB. The Mega 

Pro Mini, the DC voltage converter, and the stepper motor 

driver will be mounted to this PCB. A smaller voltage 

converter, compared to the one shown in the PCB in Figure 

29, was available for this PCB. Space is left between the 

microcontroller and the stepper motor driver due to the 

electromagnetic interference created by the stepper motor 

driver. So far, testing has determined that the stepper 

motor driver does not need to be shielded if it is 

approximately an inch away from the microcontroller. This 

CAD drawing was compared to the shield layout in the CAD 

software to ensure there were no conflicting issues.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 39 Side View of Completed Shield 

Figure 40 Base Circuit Layout 
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Figure 41 shows the base circuit board under construction. Header pins for the stepper motor 

driver, the DC voltage converter, and the Mega Pro Mini have all been soldered into place. The 

PCB is checked for continuity issues before any components are added. Each step of the 

construction involves quality assurance checks so that time and resources are not wasted on 

mounting components to a PCB that will fail.  

 

Figure 42 shows the completed circuit board working. The dimensions of the PCB in Figure 29 are 

190 mm x 110 mm. The dimensions of this completed circuit board are 106.5 mm x 58.5 mm. The 

footprint of the design in Figure 42 is almost half of the size of the PCB in Figure 29. One 9v 

battery will be used. The battery will be secured under the PCB in a 3D printed ABS plastic 

enclosure. 106.5 mm x 58.5 mm are reasonable dimensions for implementation in the final design 

concept.  

 

 

 

 

 

 

 

 

 

Figure 41 Base PCB Under Construction 

Figure 42 Completed Circuit 
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Figure 43 provides an image of two additional shields and base circuit boards that were cut out 

on the 3040 CNC router. Several complete hardware designs will be built-out for prototyping and 

testing purposes. Making several PCB etches while the CNC router is running is much more time 

efficient than running one mockup at a time. 

 

 

 

 

 

 

 

 

 

 

 

Table 20 provides a breakdown of how the electronic hardware design stage cycle has 

progressed. Due to the team’s experience with CAD software, stage 3 can be eliminated in future 

design cycles as long as the hardware components being implemented are well documented. 

Stages 1 and 4 have proven to be the most critical steps in the design cycle. These stages are the 

basis for the current final design the team is working with. This final design may change as field-

testing takes place, but it is key to have a design cycle that makes such advancements quickly 

since the team is working under a compressed project development schedule. 

Table 20 Electronic Hardware Design Stages 

Design Stage Design Stage Description Approx. Time to Complete Design 

Stage 

1 Flow Chart 2 Hours 

2 Spec-Out Components and Place Order 2 Hours 

3 Breadboards & Jumper Wires 2 Days 

4 Large Flat PCB Design and Build-Out 3.5 Hours 

5 Working with Prototype PCB 2 Days 

6 Small Footprint PCB Design and Build-Out 4 Hours 

7 Working with PCB for Final Implementation Currently Ongoing 

 

Figure 43 PCB Cutouts 
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System Level Design Review for Arduino-C Code 

The team began research on the capabilities and limitations of the Arduino 2560 Mega Pro Mini 

microcontrollers by using example code to experiment with. After successfully implementing 

several versions of programming code for each individual component, functionality of several 

components was implemented at once in the programming code. First, input from the MPU 6500 

gyroscope was obtained over the serial monitor in the Arduino IDE. Then the BMP-180 was 

integrated. Both senor outputs were verified over the serial monitor. At this point the stepper 

driver board and the EEPROM were both implemented. After testing the programming code for 

quality assurance, the team began to develop the specific code required to interpret the data 

necessary to rotate the launch vehicle and track its progress. This was accomplished through 

various control statements inside the Arduino-C program that uses a loop to constantly track the 

current state of the launch vehicle. 

The current logic flow chart requires the program to monitor the barometric pressure from the 

BMP-180 to determine motor burnout. This could also be accomplished with accelerometer data 

from the MPU 6500. The microcontroller interprets the raw sensor data into an easily readable 

format. When burnout altitude is reached, the code will execute a control statement to begin 

actuation of the microstepper. This will run a separate function designed to track the roll of the 

rocket and initiate a counter-roll of two revolutions. The program will keep track of the progress 

of the roll by monitoring the position of the gyroscope. The program will ensure the roll is 

controlled and accomplished in as safe a manner as possible. After the program receives 

confirmation that three identical positions have been recorded inside an acceptable margin of 

error (indicating 2 complete revolutions) the function will call another function designed to 

stabilize the rocket until apogee.  

This roll and the progress of the rocket will be recorded on the hardware aboard the rocket using 

the EEPROM chips. As the data is read by the program, it will be broken down into bytes and 

stored as short integers on the EEPROM. Two separate EEPROMs will be implemented for 

recording altitude and roll respectively to ensure recovery of the data with minimal chance for 

stack overflow inside the chips. The last function called to stabilize the rocket will be 

implemented as a loop to constantly check the roll of the rocket against the last roll recorded 

during the maneuver. The deviations from this roll will be calculated and appropriate instructions 

will be sent to the microstepper to ensure the rocket does not drift from its controlled flight. This 

data will also be captured and recorded onto the EEPROMs for confirmation after recovery. After 

apogee, the program will exit. Part of the recovery process will be to collect the data from the 

EEPROMs using a separate program. The data will be recorded to a text file and imported into 

Excel for review of the progress of the flight and maneuver. 

Alternative Programming Platforms Researched 

Alternative methods explored by the team include the IOIO board replacing the Arduino 2560 

Mega Pro Mini as the primary controller for our software. Although the IOIO board presents a 

great platform it was determined by the team that the majority of the tools available in the 

development code would be unnecessary for implementation. It was determined that the 

Arduino-C presented a friendlier atmosphere for development of the particular program the 

team would develop. 
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Once it was determined the Arduino platform was the appropriate tool, multiple Arduino devices 

were considered for compatibility with the code, paying special attention to the storage 

capabilities of the flash memory. For the team’s flow chart design, the Arduino Uno, Mega, and 

Mini Pro were all considered as possible microcontrollers to run the programming code. After 

sufficient testing, it was determined the Arduino 2560 Mega Pro Mini would be the most 

appropriate choice for the project. This decision was made on 2 primary factors: the Mega Pro 

Mini provides the most flash memory in relation to the size of the micro-controller and it is small 

enough to be mounted on a PCB with the other necessary components within dimensions that 

can be implemented into the launch vehicle.  

Several alternative pseudo code possibilities were submitted for consideration. Most submissions 

were similar to the approved design with small deviations on how the control of functions should 

be implemented and which methods should be used for certain program criteria. After some 

deliberation, the current pseudo-code model was the chosen as the most practical solution (see 

Figures 44−46). 

Possible Logic Changes 

A looming question is how to determine motor 

burnout. The simplest method seems to be to 

estimate the altitude that motor burnout would 

occur with the BurnSim software. This estimated 

altitude would be stored as a variable. At startup, 

the programming code would compare the 

current altitude to this variable at least 10 times 

a second. The problem with this method is not 

only accuracy but that this variable would need 

to be reprogrammed based on the launch site. 

Using the average altitude read for the first 

minute of startup as a reference and then 

computing the estimated motor burnout altitude 

from this average could prevent this 

reprogramming process from being necessary. 

Another concern is that estimating the motor 

burnout altitude will not be considered an 

accurate enough method. The MPU 6500 

gyroscope also provides accelerometer sensor 

data. The programming code could determine a 

second significant event in acceleration to 

determine motor burnout, with the first event being the initial 

exit from the rail. Both methods could be utilized in the 

programming logic to make the best argument for determining motor burnout. 

The barometric pressure data is to be utilized again to determine apogee. The accelerometer 

data could also be used in the programming logic to make an apogee decision. The team is 

currently planning on using only the barometric pressure data to determine motor burnout and 

Figure 44 Flow Chart 1 
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apogee. The current opinion is that this is the most 

straightforward method to accomplish both tasks. 

Actual field testing will assist the team in making 

these final decisions. The detailed programming 

logic to determine the rotations the stepper motor 

will make to counter roll the launch vehicle and then 

stabilize the launch vehicle between motor burnout 

and apogee has yet to be developed. The team has 

discussed installing a camera on the launch vehicle 

that is totally separate from the payload hardware to 

verify the accuracy of achieving these tasks.  

Another concern is how many times a second to read 

and record data from the sensors. The BMP-180 is 

capable of 128 reads per second. The MPU 6500 is 

capable of reading 2000 degrees per second and 500 

accelerometer reads per second. This information is 

referenced in the sensor data sheets. 

Programming Logic Conclusions 

The team is very satisfied with the programming 

logic and electronic hardware design at this point of 

a preliminary design review. The team has moved 

though the development of these design processes 

at an excellent rate. It is reasonable that the methods of 

determining motor burnout and apogee would still be 

somewhat fully inconclusive at this point in development. 

The programming logic to determine how to operate the 

stepper motor to control the roll and stability could not 

possibly be completely determined at this stage of 

development. The team is utilizing the EEPROMS due to 

bad past experience with SD card readers reliably 

performing in the rocket. All of the programming test 

code to write and read data to and from the EEPROMs has 

worked flawlessly. The team believes the EEPROMS are an 

excellent solution for data storage and recovery in all 

future projects of similar nature.  

Developing the programming logic and the hardware 

configuration for this project has certainly improved the 

team’s methods of design stage development and 

hardware design and construction greatly. The team is 

very confident in its ability to complete the task at hand 

given the current state of these designs.  

Figure 45 Flow Chart 2 

Figure 46 Flow Chart 3 
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Design Concept One  

Option 2: (req. 3.3) Roll Induction and Counter Roll 

A proposed design for controlling the roll of the vehicle is one which uses four independent 

sections consisting of 3D printed body tube quarter-shells, fiberglass fins with rudder cutouts, 

rudders, servomotors with gears attached to the rudders, and a central control board. For the 

same side of each 3D printed quarter piece, there is one fin with a removed section to allow for 

the fitment of the rudder. When assembled around the motor tube, which has been epoxied into 

the main fiberglass body tube of the vehicle with centering rings and tabs, the four sections press 

the fins together with bolts through both the fins and the sections. The fins will have marginal 

structural stability by being pressed against the motor tube and also compressed between the 

quarter sections with bolts running through the fins and quarter sections.  

The rudders will fit at the far end of the fins, with a rod running through both pieces. If the rod 

moves, the rudder moves the same degree and the same speed. Connected to the rod is a 

servomotor with gears allowing the servo to interface with the rod for rudder movement. The 

battery and microcontroller are located in a single quarter section as opposed to the motors 

found in all four sections. Wires with connectors run from the single section with the controller to 

the other sections with the motors.  

Quarter sections without inner shells were chosen to make repairs and adjustments easier. 

Unbolting the four sections causes each section to become free and easily serviced. The motor 

tube mounts to the vehicle virtually the same way as the amateur rocketry standard, with tabs 

and centering rings, leaving little worry about the structural integrity of the booster. The 3D 

printed parts will receive additional stress when compared to the average body stress because 

they are attached to the fins. 

Images of this fin design are provided in Figures 47– 53.  

 

 

 

 

 

 

 

 

 

 

 

Figure 47 Booster Section View 1 
Figure 48 Booster Section View 2 
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Figure 51 Booster Section View 5 

Figure 50 Booster Section View 4 

Figure 49 Booster Section View 3 
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Figure 53 Booster Section View 7 

Figure 52 Booster Section View 6 
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Design Concept Two 

Option 2: (req. 3.3) Roll Induction and Counter Roll 

The team proposes to complete Experimental Requirement Option 2: Roll Induction and Counter 

Roll, Section 3.3. The team has developed design concepts capable of controlling launch vehicle 

roll post-motor burnout. The system will induce at least two rotations (after motor burnout) 

around the roll axis of the launch vehicle. After the system has induced two rotations, it will 

induce a counter rolling moment to halt all rolling motion for the remainder of launch vehicle 

ascent. The team shall only use mechanical devices to induce and halt rolling procedures. The 

launch vehicle will not be designed with any fixed geometry to create a passive roll effect.  

The team will use a fixed fin design for the launch vehicle. The body of the launch vehicle will be 

G-10 fiberglass and the fins will be G-12 fiberglass. The fins will pass through the launch vehicle 

body down to the motor tube. This allows for six fillets of Proline epoxy bonding each fin to the 

launch vehicle. The team has extensive past experience with this structure for the fins of the 

launch vehicle.  An image of this fin structure is in Figure 54.  

To control the roll of the launch vehicle a mechanical collar 

will be mounted to the booster section in front of the fins. 

Two designs for the mechanical collar have been proposed. 

One design is a collar with four solid structure v-shaped 

standoffs that line up with the fins. Images of this concept 

are in Figures 55−57. 

 

 

 

 

  

Figure 54 Fin Section View 

Figure 56 Collar with V-Shaped Standoffs 

Figure 55 Stepper Motor Mount 
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As the collar rotates around the launch vehicle the v-shaped standoffs create high-pressure and 

low-pressure dynamics on either side of the fins. When 

the v-shaped standoffs are centered on the fins, no roll is 

induced. As the collar rotates, one side of each fin 

receives less pressure from the airflow and a roll is 

induced. Rotating the collar in an opposite direction will 

induce a counter roll. 

A prototype of this design concept was made on a 3D-

printer and tested in high wind conditions. In a field test, 

the prototype spiraled in either direction as the collar was 

adjusted. Images of the 3D-printed prototype are 

provided in Figures 58−60. 

A stepper motor that is mounted on a fiberglass or 

aluminum plate will control the mechanical collar. In 

application, the collar will be constructed of aluminum, 

steel, or fiberglass. The stepper motor will be mounted 

between the booster and the motor tube. An Arduino 

Pro Mini that is receiving input data from a gyroscope 

and an accelerometer will control the stepper motor. A 

stepper motor driver board will allow the microcontroller 

to accurately control the stepper motor. The mechanical 

collar will be connected to an axel through a cutout in 

the booster body. An image of this design concept is 

provided in Figure 61. 

The high-pressure and low-pressure dynamics created 

by rotating the mechanical collar are displayed in Figures 

61–64. 

 

 

Figure 57 Booster Section Exploded View 

Figure 58 3D Printed Fins & Collar View 1 

Figure 59 3D Printed Fins & Collar View 2 
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Figure 60 3D Printed Fins and 

Collar View 3 

Figure 61 Booster Cutout for Collar Drive System 
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Figure 62 Fin Pressure Dynamics View 1 

Figure 63 Fin Pressure Dynamics View 2 
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The primary focus of this design is to have the fins as a solid part of the launch vehicle structure. 

Past experience has proven this to be a strong reliable design. The collar is a simple mechanical 

concept that has induced a roll of the launch vehicle in small scale prototype testing. The v-

shaped standoffs were used in the prototype testing to induce a roll in a 70 mph wind. In actual 

application, much smaller scale standoffs would sufficiently induce a roll.  

Fluid dynamics modeling in SolidWorks will provide further insight into the shape of the collar 

standoffs. There is a fine line between the standoffs creating enough high-pressure and low-

pressure dynamics on either side of the fins and creating a substantial amount of drag that 

affects apogee.  

The amount of drag created by the v-shaped standoffs would most likely prevent adequate 

apogee of the launch vehicle. A straight standoff design has also been proposed for the actual 

application. The v-shaped standoffs worked well for testing the concept on a small-scale. Images 

of this design are provided in Figures 65–68.  

 

 

Figure 64 Fin Pressure Dynamics View 3 
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It is difficult to model the drag that the v-shaped standoff will 

create for the launch vehicle. An advantage of the straight 

standoffs is that the launch vehicle can be easily modeled in 

the RockSim software. The v-shaped standoffs produced a fast 

roll when tested with the small-scale model in a 70 mph wind. 

This leads to the conclusion that the straight standoffs will 

produce enough of a high and low pressure dynamic to roll 

the rocket twice and then stabilize during the allowed time 

frame. 

As proposed, the collar will simply rotate around the launch 

vehicle body. During actual flight, too much friction may be 

created between the collar and the launch vehicle body not 

allowing free mechanical movement of the collar. A race that 

the collar rests in may have to be designed and implemented 

so that it is hard mounted to the launch body. The addition of 

a race for the collar may complicate the drive mechanics. A 

stepper motor may not produce enough torque to rotate the 

collar on the full-scale launch vehicle using a direct drive 

approach. A gearbox may have to be implemented in this 

scenario. 

A large advantage of this mechanical collar design is that the 

team could build a subscale model within an efficient amount 

of time to start field testing concepts. There are minimal 

moving parts and it will be cost effective to construct. 

Summary 

A proposed approach for inducing roll induction and counter roll of the launch vehicle after 

motor burnout will involve monitoring a BMP 180 sensor mounted with an applicable hole to 

retain accuracy in order to measure barometric pressure. Using this data an altitude will be 

calculated based on initial launch elevation. Altitude data will be used to estimate a probable 

motor burnout. Afterwards an MPU6050 Gyroscopic Accelerometer sensor and micro-stepper 

Figure 65 Collar with Straight Standoff View 1 

Figure 66 Collar with Straight Standoff 

View 2 

Figure 67 Collar with Straight Standoff 

View 3 
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motor will be initiated to induce a counter roll of at least two 

rotations in accordance with Option 2 (Roll Induction and 

Counter Roll, Section 3.3). After the accelerometer measures 

two successful rotations the rocket will stabilize until apogee, 

at which point the data will have been recorded to the 

EEPROM memory chip via an Arduino Mega Pro Mini. 

Challenges and Solutions 

Documentation Management 

The team has scheduled team peer reviews of all 

documentation prior to specified deadlines. The team also 

plans on utilizing Google Drive, an online cloud storage system, so that all members have access 

to all documents and other files at all times. 

Construction 

The precision required for the construction testing and competition vehicles is extremely high. 

The cuts must be extremely accurate to ensure optimal strength, and to allow the vehicle to fit 

together properly. The bulkheads must be secure in the body to give the rocket further strength. 

All of this is especially true around the system that causes the roll and counter roll, because this is 

possibly a weak area of the rocket. 

Roll Induction and Counter Roll  

Performing the roll required for the competition will be a difficult task to accomplish because it 

will be difficult to construct the required materials for the roll effect required to complete the 

challenge. The programing required to control the motors alone is a tremendous undertaking 

that will require a large amount of hands-on working hours. Designing a system to counteract 

the role effect is an additional challenge that the team must solve in order for the rocket to 

deploy the parachutes correctly and safely. 

Construction Methods 

All components will be attached with Proline 4500 epoxy. This epoxy has been used on previous 

builds and has proved to be an exceptional adhesive, especially when compared to other 

adhesives such as Loctite marine epoxy and Bondo. To ensure that the fins are epoxied on as 

straight as possible, handmade fin jigs will be used to ensure that the fins are perfectly lined up 

as can be seen in the Figures 69 and 70. 

 

 

  

Figure 68 Collar with Straight Standoff 

View 4 
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VI) Project Plan  

Requirements Compliance 

Vehicle Design SOW Requirements 

Requirement 

(SOW) 
Vehicle Requirement 

Satisfying Design 

Feature 
Verification Method 

 

1.1 

The vehicle shall 

deliver the payload to 

an apogee altitude of 

5,280 feet above 

ground level (AGL). 

Multiple simulations 

have been run on 

RockSim to ensure 

that the launch vehicle 

will in fact deliver the 

scientific payload to 

an altitude of 5280 ft. 

RockSim is a program 

that has been utilized 

for years by the 

Tarleton State 

Aeronautical Team 

and has proven to be 

an accurate way to 

determine apogee. 

1.2 

The vehicle shall carry 

one commercially 

available, barometric 

altimeter for recording 

the official altitude 

used in the 

competition scoring. 

One commercially 

available altimeter will 

be on board for 

scoring purposes. 

At the preflight check, 

the altimeter will be 

verified to be in place. 

1.2.1 

The official scoring 

altimeter shall report 

the official 

competition altitude 

via a series of beeps 

to be checked after 

the competition flight. 

The StratoLogger 

placed in the launch 

vehicle will record and 

relay the official 

apogee via a series of 

beeps. 

The official scoring 

altimeter shall be 

inspected to ensure 

that it is proper 

working order prior to 

launch. 

1.2.2 

Teams may have 

additional altimeters 

to control vehicle 

Along with the official 

scoring altimeter there 

will be two other 

Avionics bay will be 

inspected prior to 

launch to ensure that 

Figure 69 Fin Jig Figure 70 Fin Jig Application 
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electronics and 

payload experiments. 

altimeters placed in 

the altimeter bay to 

control certain aspects 

of the launch vehicle 

and launch sequences 

as well as increasing 

safety. 

there is an official 

scoring altimeter as 

well as two extra 

altimeters to control 

launch sequences. 

1.2.3 

At the Launch 

Readiness Review, a 

NASA official will mark 

the altimeter that will 

be used for official 

scoring. 

The launch vehicle will 

be brought to a NASA 

official to have the 

scoring altimeter 

marked. 

NASA official will be 

observed to ensure 

that the correct 

altimeter is marked. 

1.2.4 

At the launch field, a 

NASA official will 

obtain the altitude by 

listening to the 

audible beeps 

reported by the 

official competition, 

marked altimeter 

The launch vehicle will 

contain one official 

scoring altimeter that 

will report apogee via 

a series of audible 

beeps. 

Altimeters will be 

inspected prior to 

launch to ensure that 

they will be operating 

at full capacity. 

1.2.5 

At the launch field, to 

aid in determination 

of the vehicle’s 

apogee, all audible 

electronics, except for 

the official altitude-

determining altimeter 

shall be capable of 

being turned off. 

There will be no other 

audible components 

to the launch vehicle. 

The launch vehicle will 

be inspected 

numerous times to 

ensure that there will 

be no other audible 

components to the 

launch vehicle aside 

from the scoring 

altimeter. 

1.2.6 

The following 

circumstances will 

warrant a score of 

zero for the altitude 

portion of the 

competition: 

Satisfying Design 

features will be listed 

below for each of the 

respective 

requirements. 

Verification methods 

will be listed below for 

each of the respective 

requirements. 

1.2.6.1 

The official, marked 

altimeter is damaged 

and/or does not 

report an altitude via a 

series of beeps after 

the team’s 

competition flight. 

Altimeters will be 

inspected prior to 

launch to ensure that 

they will be operating 

at full capacity 

Altimeters will be 

inspected prior to 

launch to ensure that 

they will be operating 

at full capacity. 

1.2.6.2 

The team does not 

report to the NASA 

official designated to 

record the altitude 

with their official, 

marked altimeter on 

the day of the launch. 

The team will report 

to the NASA official to 

record the official 

altitude. 

The launch vehicle will 

be taken directly to 

the NASA official after 

it is recovered. 
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1.2.6.3 

The altimeter reports 

an apogee altitude 

over 5,600 feet AGL 

Programs such as 

RockSim  will be 

utilized to ensure that 

the launch vehicle 

does not exceed 5280 

ft. 

Dozens of simulations 

will be run through 

RockSim to ensure the 

accuracy of all future 

launches. 

1.2.6.4 

The rocket is not 

flown at the 

competition launch 

site. 

The launch vehicle will 

be flown at the launch 

site. 

The launch vehicle will 

be flown at the launch 

site. 

1.3 

All recovery 

electronics shall be 

powered by 

commercially available 

batteries. 

Commercially 

available batteries will 

be used for all 

recovery electronics. 

Usually Duracell 9V 

batteries are the 

preference of the 

team. 

Batteries obtained for 

recovery electronics 

will come from 

commercial outlets 

and in installing the 

batteries, they will be 

checked to verify that 

they are in fact 

commercially 

available. 

1.4 

The launch vehicle 

shall be designed to 

be recoverable and 

reusable. Reusable is 

defined as being able 

to launch again on the 

same day without 

repairs or 

modifications. 

Simulations will be run 

to ensure that there 

are no complications 

during the launch or 

recovery. 

Practice launches will 

be utilized to ensure 

that damage will 

occur during any step 

of operation to ensure 

that the launch vehicle 

will be reusable. 

1.5 

The launch vehicle 

shall 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. 

The proposed launch 

vehicle only consists 

of 3 independent 

sections. 

The proposed design 

will be inspected by 

multiple team 

members to ensure 

that there will only be 

3 independent 

sections. 

1.6 

The launch vehicle 

shall be limited to a 

single stage. 

The proposed launch 

vehicle is only a single 

stage. 

Proposed design will 

be inspected by 

multiple members to 

ensure that the launch 

vehicle will be single 

staged. 

1.7 

The launch vehicle 

shall be capable of 

being prepared for 

Test launches will be 

conducted to ensure 

that the launch vehicle 

Test launches will be 

conducted to ensure 

that the launch vehicle 
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flight at the launch 

site within 4 hours 

from the time the 

Federal Aviation 

Administration flight 

waiver opens. 

can be prepared for a 

flight in under 2 

hours. 

can be prepared for a 

flight in under 2 

hours. 

1.8 

The launch vehicle 

shall 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 

component. 

Test launches will be 

conducted to ensure 

that the launch vehicle 

can remain in launch 

ready configuration 

for a minimum of one 

hour. 

Test launches will be 

conducted to ensure 

that the launch vehicle 

can remain in launch 

ready configuration 

for a minimum of one 

hour. 

1.9 The launch vehicle 

shall be capable of 

being launched by a 

standard 12-volt direct 

current firing system. 

The NASA-designated 

Range Service Provider 

will provide the firing 

system. 

The only system that 

the proposed launch 

vehicle will be 

launched off of is a 12-

volt direct current 

firing system. 

Launch systems will be 

inspected to ensure 

that it is in fact a 12-

volt direct current 

firing system. 

  

1.10 The launch vehicle 

shall require no 

external circuitry or 

special ground 

support equipment to 

initiate launch (other 

than what is provided 

by Range Services). 

The launch vehicle will 

be able to initiate 

launch with the 

conventional ignitor 

provided by the motor 

manufacturer. 

At the time of ignitor 

insertion, the team will 

verify the correct 

ignitor is used. 

1.11 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 

the Canadian 

Association of 

Rocketry (CAR). 

The proposed motor 

for the launch vehicle 

is a reloadable 

Cesaroni L2375-WT-P 

White Thunder that 

uses ammonium 

perchlorate as a 

propellant. 

The motor will be 

researched and 

reviewed yet again by 

multiple members to 

ensure that it is in fact 

a reloadable, solid 

propellant motor. 
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1.11.1 The final motor 

choices must be made 

by the Critical Design 

Review (CDR). 

The final motor choice 

will be declared by 

Critical Design Review. 

The final motor choice 

will be declared by 

Critical Design Review. 

1.11.2 Any motor changes 

after CDR must be 

approved by the NASA 

Range Safety Officer 

(RSO), and will only be 

approved if the charge 

is for the sole purpose 

of increasing the 

safety margin. 

The final motor choice 

will be declared by the 

Critical Design Review. 

The final motor choice 

will be declared by the 

Critical Design Review. 

1.12 Pressure vessels on the 

vehicle shall be 

approved by the RSO 

and shall meet the 

following criteria: 

The proposed launch 

vehicle does not 

contain any pressure 

vessels. 

The design of the 

proposed launch 

vehicle will be 

inspected by multiple 

team members to 

ensure that there are 

no pressure vessels on 

the vehicle. 

1.12.1 The minimum factor of 

safety (Burst or 

Ultimate pressure vs. 

Max Expected 

Operating Pressure) 

shall be 4:1 with 

supporting design 

documentation 

included in all 

milestone reviews. 

The proposed launch 

vehicle does not 

contain any pressure 

vessels. 

The design of the 

proposed launch 

vehicle will be 

inspected by multiple 

team members to 

ensure that there are 

no pressure vessels on 

the vehicle. 

1.12.2 The low-cycle fatigue 

life shall be a 

minimum of 4:1. 

The proposed launch 

vehicle does not 

contain any pressure 

vessels. 

The design of the 

proposed launch 

vehicle will be 

inspected by multiple 

team members to 

ensure that there are 

no pressure vessels on 

the vehicle. 

1.12.3 Each pressure vessel 

will include a solenoid 

pressure relief valve 

that sees the full 

pressure of the tank. 

The proposed launch 

vehicle does not 

contain any pressure 

vessels. 

The design of the 

proposed launch 

vehicle will be 

inspected by multiple 

team members to 

ensure that there are 

no pressure vessels on 

the vehicle. 

1.12.4 Full pedigree of the 

tank shall be 

described, including 

The proposed launch 

vehicle does not 

Multiple team 

members will be used 

to ensure that there 
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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. 

contain any pressure 

vessels. 

are no pressure vessels 

on the vehicle will 

inspect the design of 

the proposed launch 

vehicle. 

1.13 The total impulse 

provided by a College 

and/or University 

launch vehicle shall 

not exceed 5,120 

Newton-seconds (ns) 

(L-class). 

The total impulse of 

the proposed launch 

vehicle is 4864.0 Ns. 

Cesaroni’s website 

displays that the 

L2375-WT-P White 

Thunder has a total 

impulse of 4,864.0 Ns. 

1.14 The launch vehicle 

shall have a minimum 

static stability margin 

of 2.0 at the point of 

rail exit. 

 

At rail exit the launch 

vehicle will have a 

minimum stability 

margin of 2.0. 

Using simulation 

software, the stability 

of the vehicle at rail 

exit will be able to be 

verified. 

1.15 The launch vehicle 

shall accelerate to a 

minimum velocity of 

52 fps at rail exit. 

At rail exit the launch 

vehicle will be 

travelling above 52 

fps. 

Using simulation 

software, the speed of 

the vehicle at rail exit 

will be able to be 

verified. 

1.16 All teams will 

successfully launch 

and recover a subscale 

model of their full-

scale vehicle prior to 

CDR. 

A subscale model will 

be built and 

successfully flown 

prior to CDR. 

A subscale model will 

be built and 

successfully flown 

prior to CDR. 

1.16.1 The subscale model 

should resemble and 

perform as similarly as 

possible to the full-

scale model, however, 

the full-scale shall not 

be used as the 

subscale model. 

 

An entirely different 

vehicle will be built to 

resemble the full scale 

vehicle as accurately as 

possible and will be 

test flown. 

The team will verify 

the vehicle flown for 

the subscale launch is 

in fact the entirely 

separate vehicle which 

was built for subscale 

testing.  

1.16.2 The subscale model 

shall carry an altimeter 

capable of reporting 

the model’s apogee 

altitude.  

 

On board the subscale 

vehicle during its 

testing, will be an 

altimeter capable of 

reporting altitude. 

The team will verify 

the altimeter is 

installed and fully 

active during flight by 

checking it before 

igniting the motor. 

1.17 All teams will 

successfully launch 

and recover their full-

The final vehicle will be 

successfully flown 

prior to the FRR. 

The final vehicle will be 

successfully flown 

prior to the FRR and 
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scale vehicle prior to 

FRR in its final flight 

configuration. The 

vehicle flown at FRR 

must be the same 

vehicle to be flown on 

launch day. 

  

the team will verify 

that the vehicle flown 

is the same as what is 

used on launch day. 

1.17.1 The vehicle and 

recovery system will 

have functioned as 

designed. 

The flight will be 

viewed by multiple 

personnel and 

inspected afterward, to 

ensure that the vehicle 

and recovery systems 

functioned as 

designed. 

The flight will be 

viewed by multiple 

personnel and 

inspected afterward, to 

ensure that the vehicle 

and recovery systems 

functioned as 

designed. 

1.17.2 The payload does not 

have to be flown 

during the full-scale 

test flight. The 

following 

requirements still 

apply: 

The payload will be 

flown in most test 

flights to ensure the 

integrity and operation 

of the payload 

housing. 

The payload will be 

flown in most test 

flights to ensure the 

integrity and operation 

of the payload 

housing. 

1.17.2.1 If the payload is not 

flown, mass simulators 

will be used to 

stimulate the payload 

mass. 

The payload will be 

flown in most test 

flights to ensure its 

integrity and operation 

or the appropriate 

mass simulator will be 

in its place 

Team members will 

verify the payload or 

mass simulator is 

present during test 

flights. 

1.17.2.1.1 The mass simulators 

shall be located in the 

same approximate 

location on the vehicle 

as the missing payload 

mass. 

If mass simulators are 

used for test flights, 

they will be located in 

the respective 

positions of the parts 

they are substituting. 

Team members will 

verify the simulators 

are placed 

appropriately if they 

are used. 

1.17.3 If the payload changes 

the external surfaces 

of the vehicle (such as 

with camera housings 

or external probes) or 

manages the total 

energy of the vehicle, 

those systems shall be 

active during the full-

scale demonstration 

flight. 

  

The payload systems 

will be active during 

the full-scale 

demonstration flight. 

There will be multiple 

tests conducted to 

ensure the success of 

the payload systems. 

1.17.4 The full scale-motor 

does not have to be 

The full-scale motor 

will be used in all test 

The full-scale motor 

will be used in all test 
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flown during the full-

scale test flights, 

however, it is 

recommended to 

demonstrate full flight 

readiness and altitude 

verification. 

flights, other than 

subscale test flights. 

flights, other than 

subscale test flights. 

1.17.5 The vehicle shall 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 

competition flight. 

  

The full-scale model of 

the launch vehicle will 

be flown fully ballasted 

numerous times 

before competition. 

The full-scale model of 

the launch vehicle will 

be flown fully ballasted 

numerous times 

before competition. 

1.17.6 After successfully 

completing the full-

scale demonstration 

flight, the launch 

vehicle or any of its 

components cannot be 

modified without 

concurrence of the 

NASA RSO. 

After completing the 

full scale 

demonstration flight 

no component of the 

launch vehicle will be 

remodeled in any way, 

shape, or form. 

After completing the 

full scale 

demonstration flight 

no component of the 

launch vehicle will be 

remodeled in any way, 

shape, or form. 

1.17.7 Full scale flights must 

be completed by the 

start of FRRs (March 

6th, 2016). 

Full scale flight tests 

shall be conducted 

prior to the start of 

FRRs. 

Team members will 

verify that the vehicle 

is built and tested 

before the specified 

date. 

1.18 Any structural 

protuberance on the 

rocket shall be located 

aft of the burnout 

center of gravity. 

All structural 

protuberances will be 

located aft of the 

burnout center of 

gravity. 

All protuberances have 

been designed to fit 

within the margin 

specified and team 

members will verify 

this. 

1.19 Vehicle Prohibitions:   

1.19.1 The launch vehicle 

shall not utilize 

forward canards. 

The launch vehicle will 

not utilize any forward 

canards. 

The proposed design 

of the launch vehicle 

will be inspected by 

numerous team 

members to ensure 

that there are no 

forward canards. 

1.19.2 The launch vehicle 

shall not utilize 

forward firing motors. 

No forward firing 

motors will be utilized 

with the launch 

vehicle. 

The team will verify 

the only motor used 

with the vehicle is the 

main thrusting motor. 
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1.19.3 The launch vehicle 

shall not utilize motors 

that expel titanium 

sponges. 

The proposed motor 

for the launch vehicle 

is a reloadable 

Cesaroni L2375-WT-P 

White Thunder. 

The proposed launch 

vehicle contains a 

motor that does not 

expel titanium 

sponges. 

1.19.4 The launch vehicle 

shall not utilize hybrid 

motors. 

The proposed motor 

for the launch vehicle 

is a reloadable 

Cesaroni L2375-WT-P 

White Thunder that 

uses ammonium 

perchlorate as a 

propellant. 

The proposed motor 

for the launch vehicle 

is a reloadable 

Cesaroni L2375-WT-P 

White Thunder that 

uses ammonium 

perchlorate as a 

propellant. 

1.19.5 The launch vehicle 

shall not utilize a 

cluster of motors. 

The proposed motor 

for the launch vehicle 

is a reloadable 

Cesaroni L2375-WT-P 

White Thunder that 

uses ammonium 

perchlorate as a 

propellant. 

The proposed motor 

for the launch vehicle 

is a reloadable 

Cesaroni L2375-WT-P 

White Thunder that 

uses ammonium 

perchlorate as a 

propellant. 

1.19.6 The launch vehicle 

shall not utilize friction 

fitting for motors. 

Motor retention will be 

accomplished through 

using a screw on 

motor retainer. 

The team will verify 

the proper retainer is 

used and that the 

motor is not fitted with 

friction. 

1.19.7 The launch vehicle 

shall not exceed Mach 

1 at any point during 

flight. 

The vehicle will be 

designed to fly under 

Mach 1. 

Simulation software 

will verify the vehicle 

never surpasses the 

given margin of speed. 

1.19.8 Vehicle ballast shall 

not exceed 10% of the 

total weight of the 

rocket. 

 

The ballast weight will 

be kept to a minimum 

amount to stay within 

the given margin. 

The team will verify 

the weight of the 

ballast is less than the 

given weight margin. 
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Budget Plan 

All costs will be carefully documented and maintained so that the team can monitor budget 

standings throughout the course of the project.  

Current Expenses 

Order 9/13/16       

Item Price Quantity Total   

Arduino pro mini $15.99 4 $63.96   

Arduino Uno $23.99 4 $95.96   

FTDI Cable $17.95 6 $107.70   

Stepper Motor Driver $14.95 6 $89.70   

Header Pins $9.88 5 $49.40   

Header pins $5.85 5 $29.25   

Headr pins $16.98 1 $16.98   

Header pins $11.95 1 $11.95   

Gyroscope $8.99 6 $53.94   

9V Battery Connectors $5.89 2 $11.78   

9V Batteries $16.19 3 $48.57   

Jumper wires $7.97 3 $23.91   

Small Breadboard $7.37 1 $7.37   

Long Breadboard $7.85 1 $7.85   

Cable $5.49 4 $21.96   

Cable $16.90 6 $101.40   

Total     $741.68   

          

Order  9/14/16       

Item Price Quantity Total   

BMP 180 $6.99 $10.00 $69.90   

EEPROM $1.85 $25.00 $46.25   

Total     $116.15   

          

Order 9/15/16       

Item Price Quantity Total   

6 x 6 PCB $10.67 10 $106.70   

 Total     $106.70   

     

Order 10/2/16       

Item Price Quantity Total   

NEMA 11 28 mm Stepper 12 

Ncm $19.90 2 $39.80   

NEMA 8 20 mm Stepper 4 

Ncm $23.95 2 $47.90   
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NEMA 14 35 mm Stepper 18 

Ncm $13.99 2 $27.98   

Total     $115.68   

     

Order 10/4/16       

Item Price Quantity Total   

BMP 180 $6.99 10 $69.90   

Stepper Driver $6.45 10 $64.50   

Solder Sucker $6.99 2 $13.98   

Wire Cutters $4.47 3 $13.41   

Pliers $9.97 3 $29.91   

Tweezers $11.99 1 $11.99   

Screwdrivers $9.18 1 $9.18   

Tape $13.41 1 $13.41   

Total     $226.28   

          

Order 10/10/16       

Item Price Quantity Total  
5 Grain Full "L"24 inch 4200 

Ns $220.00 1 $220.00  

48 inch Phenolic Liner with 

Paper Liner $27.50 10 $275.00  

Internal Snap-Rings (set of 2) $6.00 2 $12.00  

Plugged Forward Bulkhead $55.00 1 $55.00  

Silicone "O" Rings (2) $4.00 10 $40.00  

75 mm G-12 Fiberglass Tube 

5 ft $102.55 1 $102.55  

3 inch Fiberglass Bulkplate $4.50 4 $18.00  

3 inch Fiberglass Coupler 

Bulkplate $4.50 4 $18.00  

3 inch to 38 mm Fiberglass 

Centering Ring $5.40 4 $21.60  

75 mm G-12 Coupler 9 

inches Long $19.74 2 $39.48  

3 inch Fiberglass/ 

Polycarbonate with Phenolic 

Tip $56.05 1 $56.05  

I566 Motor 3 Grain $36.68 2 $73.36  

Pro 38 3 Grain Casing $35.60 1 $35.60  

38 mm Quick-Changed 

Retainer for PML/FIBER $25.00 1 $25.00  

38 mm G-12 Fiberglass Tube 

2 ft $26.18 1 $26.18  

4 Pack of Small Rail Buttons $4.75 1 $4.75  
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75 mm Aluminum AV Bay Lid $16.00 2 $32.00  

3/8 inch Tubular Kevlar 1 

yard $2.25 10 $22.50  

CERT 3 Drogue Chute $26.13 1 $26.13  

Recon Recovery 40 inch 

Chute $52.20 1 $52.20  

Recon Recovery 20 inch 

Chute $18.95 1 $18.95  

Total    $1,174.35   

     

Order 10/14/16       

Item Price Quantity Total   

Mini USB Cable $5.49 5 $27.45   

 Total     $27.45   

     
Order  10/17/16       

Item Price Quantity Total   

16V Capacitor $2.49 10 $24.90   

DC Voltage Converter $11.59 2 $23.18   

Gyroscope $8.99 5 $44.95   

12 x 12 PCB $19.20 10 $192.00   

Total     $285.03   

          

Order 10/18/16       

Item Price Quantity Total   

Soldering Tips $6.91 3 $20.73   

Jumper Wires $7.97 1 $7.97   

EEPROM $1.85 25 $46.25   

Total     $74.95   

          

Current Total Expenses     $2,868.27   

          

Future Expenses  

Travel     

Description 
Cost Per Day 

per Unit 
Units Days Total 

Truck Rental $63.70 3 7 $1,337.70 

Hotel $149.00 6 6 $5,364.00 

Per Diem $70.00 11 6 $4,620.00 

 Total       $11,321.70 
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Fuel 
One-Way 

Mileage 

Round 

Trip 
Units Cost 

Gas 900 1800 3 $1,350.00 

Total       $12,671.70 

          

Full Scale Rocket         

Description Quantity Price Total   

Rocket Motor 10 $275.00 $2,750.00   

Parachute 1 $200.00 $200.00   

StratoLoggerCF 4 $52.00 $208.00   

Shock Cord 1 $162.00 $162.00   

3 inch G-12 Airframe 48" 1 $78.00 $78.00   

G-10 AV-Bay Lid 6 inch 4 $12.00 $48.00   

6 inch Bulkplates 9 $9.00 $81.00   

6 inch G-12 Coupler 24" 2 $118.00 $236.00   

6 inch G-12 Airframe 12" 2 $46.00 $92.00   

6 inch G-12 Airframe 48" 4 $180.00 $720.00   

6 inch 5:1 VK Filament Nose 

Cone 2 $139.00 $278.00   

1/8 inch G-10 Plate 11 $36.00 $396.00   

6" Coupler Bulkplate 2 $9.00 $18.00   

6 inch-75 mm Centering 

Ring 8 $10.00 $80.00   

75 mm Flange Retainer 2 $52.00 $104.00   

1010 Delrin Rail Button 2 $3.00 $6.00   

3 inch G-12 Tube 24" 3 $40.00 $120.00   

3 inch Bulkplate 3 $5.00 $15.00   

3 inch Coupler Bulkplate 2 $5.00 $10.00   

3 inch 4:1 Ogive FW Nose 

Cone 1 $55.00 $55.00   

38 mm G-12 Airframe 12" 1 $14.00 $14.00   

38 mm QWIK-LOK System 1 $35.00 $35.00   

All Thread ¼ inch-20  17 

inch 5 $4.00 $20.00   

G-10 AV-Bay Lid 3" 2 $6.00 $12.00   

3 inch G-12 Coupler 24" 1 $56.00 $56.00   

1515 Rail Buttons 2 $5.00 $10.00   

S & H, unexpected parts 1 $500.00 $500.00   

Total     $6,304.00   

          

Future Total Expenses     $18,975.70   

          

Combined Total Expenses     $21,843.97   
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Timeline 

The project requires a time intensive schedule to complete the required tasks. The team will 

organize their time thoroughly, and will delegate tasks appropriately to ensure completion of the 

project in a timely manner. 

 

October 2016  

14 Teams Awarded 

19 Kickoff and PDR Q&A 

31 Team web presence established 

November 2016  

4 Preliminary Design Review (PDR) reports, presentation slides, and flysheet, 

posted on the team website, by 8:00 a.m. Central Time  

7 PDR video teleconferences (middle/high school team presentations being 

the 28th) 

December 2016  

2 CDR Q&A 

January 2017  

13 Critical Design Review (CDR) reports, presentation slides, and flysheet 

posted on the team website by 8:00 a.m. Central Time 

17-31 CDR video teleconferences 

February 2017  

8 FRR Q&A 

March 2017  

6 Flight Readiness Review (FRR) reports, presentation slides, and flysheet 

posted to team website by 8:00 a.m. Central Time 

8-24 FRR video teleconferences 

April 2017  

5 Teams travel to Huntsville, AL 

5 Launch Readiness Reviews (LRR) 

6 LRR’s and safety briefing 

7 Rocket Fair and Tours of MSFC 

8 Banquet 

8 Launch Day 

9 Backup launch day 

24 Post-Launch Assessment Review (PLAR) posted on the team website by 

8:00 a.m. Central Time 
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8/15/2016 10/4/2016 11/23/2016 1/12/2017 3/3/2017 4/22/2017

Teams Awarded

Kickoff and PDR Q&A

Web presence established

Post PDR docs

PDR video teleconferences

CDR Q&A

Post CDR docs

CDR video teleconferences

FRR Q&A

Post FRR docs

FRR video teleconferences

Travel to Huntsville

Launch Readiness Reviews

LRRs and safety briefing

Rocket Fair/tour MSFC

Banquet

Launch day

Backup launch day

Post-Launch Assessments
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Appendix A Team Sponsorships 
 

Altium Designer donated 10 downloads of their PCB design software 

SolidWorks donated 15 downloads of their CAD design software 

National Instruments Donated 10 CDs of their LabView 2015 software 

Gifford Electronics of 

Stephenville, Texas 

contribution of $5,000 

TSU Office of Student 

Research and Creative 

Activities 

financial support 

TSU Office of the 

President 

financial support 
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Appendix B NAR Safety Code  
HIGH POWER ROCKET SAFETY CODE 

EFFECTIVE AUGUST 2012 

Certification. I will only fly high power rockets or possess high power rocket motors that are 

within the scope of my user certification and required licensing. 

Materials. I will use only lightweight materials such as paper, wood, rubber, plastic, fiberglass, or 

when necessary ductile metal, for the construction of my rocket. 

Motors. I will use only certified, commercially made rocket motors, and will not tamper with these 

motors or use them for any purposes except those recommended by the manufacturer. I will not 

allow smoking, open flames, nor heat sources within 25 feet of these motors. 

Ignition System. I will launch my rockets with an electrical launch system, and with electrical 

motor igniters that are installed in the motor only after my rocket is at the launch pad or in a 

designated prepping area. My launch system will have a safety interlock that is in series with the 

launch switch that is not installed until my rocket is ready for launch, and will use a launch switch 

that returns to the “off” position when released. The function of onboard energetics and firing 

circuits will be inhibited except when my rocket is in the launching position. 

Misfires. If my rocket does not launch when I press the button of my electrical launch system, I 

will remove the launcher’s safety interlock or disconnect its battery, and will wait 60 seconds after 

the last launch attempt before allowing anyone to approach the rocket. 

Launch Safety. I will use a 5-second countdown before launch. I will ensure that a means is 

available to warn participants and spectators in the event of a problem. I will ensure that no 

person is closer to the launch pad than allowed by the accompanying Minimum Distance Table. 

When arming onboard energetics and firing circuits I will ensure that no person is at the pad 

except safety personnel and those required for arming and disarming operations. I will check the 

stability of my rocket before flight and will not fly it if it cannot be determined to be stable. When 

conducting a simultaneous launch of more than one high power rocket I will observe the 

additional requirements of NFPA 1127. 

Launcher. I will launch my rocket from a stable device that provides rigid guidance until the 

rocket has attained a speed that ensures a stable flight, and that is pointed to within 20 degrees 

of vertical. If the wind speed exceeds 5 miles per hour I will use a launcher length that permits the 

rocket to attain a safe velocity before separation from the launcher. I will use a blast deflector to 

prevent the motor’s exhaust from hitting the ground. I will ensure that dry grass is cleared 

around each launch pad in accordance with the accompanying Minimum Distance table, and will 

increase this distance by a factor of 1.5 and clear that area of all combustible material if the 

rocket motor being launched uses titanium sponge in the propellant. 

Size. My rocket will not contain any combination of motors that total more than 40,960 N-sec 

(9208 pound-seconds) of total impulse. My rocket will not weigh more at liftoff than one-third of 

the certified average thrust of the high power rocket motor(s) intended to be ignited at launch. 
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Flight Safety. I will not launch my rocket at targets, into clouds, near airplanes, nor on trajectories 

that take it directly over the heads of spectators or beyond the boundaries of the launch site, and 

will not put any flammable or explosive payload in my rocket. I will not launch my rockets if wind 

speeds exceed 20 miles per hour. I will comply with Federal Aviation Administration airspace 

regulations when flying, and will ensure that my rocket will not exceed any applicable altitude 

limit in effect at that launch site. 

Launch Site. I will launch my rocket outdoors, in an open area where trees, power lines, occupied 

buildings, and persons not involved in the launch do not present a hazard, and that is at least as 

large on its smallest dimension as one-half of the maximum altitude to which rockets are allowed 

to be flown at that site or 1500 feet, whichever is greater, or 1000 feet for rockets with a 

combined total impulse of less than 160 N-sec, a total liftoff weight of less than 1500 grams, and 

a maximum expected altitude of less than 610 meters (2000 feet). 

Launcher Location. My launcher will be 1500 feet from any occupied building or from any public 

highway on which traffic flow exceeds 10 vehicles per hour, not including traffic flow related to 

the launch. It will also be no closer than the appropriate Minimum Personnel Distance from the 

accompanying table from any boundary of the launch site. 

Recovery System. I will use a recovery system such as a parachute in my rocket so that all parts of 

my rocket return safely and undamaged and can be flown again, and I will use only flame-

resistant or fireproof recovery system wadding in my rocket. 

Recovery Safety. I will not attempt to recover my rocket from power lines, tall trees, or other 

dangerous places, fly it under conditions where it is likely to recover in spectator areas or outside 

the launch site, nor attempt to catch it as it approaches the ground. 
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NAR SAFETY CODE MINIMUM DISTANCE TABLE 

 Installed Total 

Impulse 

(Newton-

Seconds) 

Equivalent 

High Power 

Motor Type 

Minimum 

Diameter of 

Cleared Area 

(ft.) 

Minimum 

Personnel 

Distance (ft.) 

Minimum 

Personnel 

Distance 

(Complex 

Rocket) (ft.) 

0 — 320.00 H or smaller 50 100 200 

320.01 — 

640.00 
I 50 100 200 

640.01 — 

1,280.00 
J 50 100 200 

1,280.01 — 

2,560.00 
K 75 200 300 

2,560.01 — 

5,120.00 
L 100 300 500 

5,120.01 — 

10,240.00 
M 125 500 1000 

10,240.01 — 

20,480.00 
N 125 1000 1500 

20,480.01 — 

40,960.00 
O 125 1500 2000 
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Appendix C Electronic Hardware Data Sheets 
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Appendix C MSDS 
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