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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 oz (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 

Milestone Review Flysheet 

Institution Tarleton State University Milestone CDR 

 

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 (inches) 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 
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Recovery Harness 

Material 

Kevlar Recovery Harness 

Material 

Kevlar 

Harness 

Size/Thickness (in) 

1/2" Harness Size/Thickness 

(in) 

1/2" 

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 
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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. 

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 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 four servomotors directly from the Mega Pro Mini. 

Each of the four servomotors drive a stainless steel rudder that is mounted at the end of each fin. 

The booster section of the launch vehicle has been designed using 3D-printed PLA plastic to 

accommodate these unique requirements 

II) Changes made since PDR 
The payload hardware design will not incorporate the use of a separate motor driver board as 

proposed in the PDR. Four individual servos will be controlled directly from the microcontroller. 

This change was made to reduce the size of the payload’s electronic hardware and is 

documented in the payload hardware section.  

Design concept one from the PDR was chosen to complete Option 2: (req. 3.3) Roll Induction and 

Counter Roll. No additional changes have been made since the PDR. 

III) Vehicle Criteria 

DESIGN AND VERIFICATION OF LAUNCH VEHICLE 

Flight Reliability and Confidence 

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 shall 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 the launch 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 and 
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the payload are recoverable and reusable 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 able to 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 are four 

main components of the vehicle as shown in Figures 1 and 2; these sections are the nose cone 

section, middle section, altimeter bay, and the booster section. Additionally, the launch vehicle 

dimensions are located in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 Launch vehicle 

Figure 2 Launch vehicle diagram 
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Table 2 Launch vehicle components and materials 

 

 

 

 

 

 

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 also composed of 

G-10 fiberglass. 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. Additionally, aluminum 

is cheaper to utilize, 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. 

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 

Component Dimensions (length in inches) Material 

Nose Cone Section 34  G-12 Fiberglass with aluminum tip 

Middle Section 36  G-12 Fiberglass 

Avionics Switch Band 2  G-12 Fiberglass 

Booster Section 48  G-12 Fiberglass 

Figure 3 Nose cone 
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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 inches 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 to 

satisfy Requirement 2.12.2. 

Connecting the avionics sled are 

two 3/8-inch diameter threaded 

rods.  

 

 

Figure 4 Middle section 

Figure 5 Avionics bay 
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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, while eight ¼-inch port holes will be evenly spaced by 90 

degrees. Four of the holes will be drilled into the shielded section, and the other 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 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 booster section  

 

 

 

 

 

 

Figure 6 Middle section attached to avionics bay 
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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 inch thick. 

 

 

The external airframe will be composed of G-12 fiberglass, with four G-10 fiberglass fins that are 

1/8-inch thick. The dimensions of the fins are shown in Figure 8 and Table 2. 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. One rail button 

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

Externally, 1515 rail buttons will be mounted with ¼ -20 X 1-inch Philips head screws. 

 

 

 

 

 

 

Figure 7 Booster section 
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Table 3 External airframe dimensions 

 

 

 

 

 

 

 

Figure 9 shows the assembled booster section, 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.  

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 design and measurements 
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Motor Selection 

Figure 10 provides the thrust curve of the launch vehicle in the RockSim simulator. The simulation 

uses Barrowman stability equations to calculate not only the stability margin, but also the 

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 785 oz with a CG of 87.356 

inches from the nose cone and a CP of 101.126 inches 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. 

Figure 9 Assembled booster section 
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Integrity of Design 

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 

after 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 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 are 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 

Figure 10 Thrust curve 
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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 need to be, marked, and then removed. Epoxy is then placed everywhere the 

couplers would come into contact with on the launch vehicle airframe. Then the couplers are 

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

drying, the team will proceed to take the bulkhead that would be 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 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 the seams, and then the last main airframe centering ring 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 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. 
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 Table 4 G-10 Fiberglass characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

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 

Impact Strength 

Izod edgewise with grain (ft-lb/in) 

12 

Shear flatwise (psi) 20,000 
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SUBSCALE FLIGHT RESULTS 

Subscale Launch Vehicle Design 

The subscale launch vehicle has an overall length of 61 inches. The nose cone is 18 inches, the 

midsection is 18 inches, and the booster section is 24 inches. There is a 1-inch coupler band for 

the avionics bay located between the midsection and the booster section. An image of the 

subscale launch vehicle is provided in Figure 11.  

 

An image of the avionics bay for the subscale launch vehicle is provided in Figure 12.  

 

 

 

 

 

 

 

 

 

 

Figure 13 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 

Figure 11 Photo of subscale launch vehicle 

Figure 12 Subscale avionics bay 

Figure 13 RockSim design 
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change of the ballast weight based on the launch conditions. The predicted altitude is 

approximately 1,900 ft AGL for every launch (see Figure 14). The team realizes that since motor 

manufacturers are allowed a 5 percent tolerance in their motors, reaching an altitude of 1,900 ft 

plus or minus 50 ft is realistic. The dry weight of the launch vehicle is 117.45 oz with a CG of 35.8 

inches from the nose cone and a CP of 47.85 inches from the nose cone. The stability margin is 

3.83 caliber. 

 

Figure 14 Sub-scale flight simulation 

The total weight of the subscale is 131.23 oz with individual element weights shown in Table 4. 

Table 5 Subscale weight 

Subscale Element Weight (oz) 

nose cone 15.985 

mid-section 12.34 

avonics bay 12.405 

booster section 50.725 

StratoLogger & 9V battery 1.915 

15 ft 3/8 inch tubular shock cord 3.56 

15 ft 3/8 inch tubular shock cord 3.56 

I566-15A Pro 38 Cesaroni Motor 13.78 

Garmin dog tracker 7.22 

main chute 7.11 

drogue 2.63 

Total Weight 131.23 
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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 

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 
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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.  

The dimensions of the avionics bay are given in Figure 15. These dimensions allow adequate 

room for both the StratoLoggerCF (Figure 16) sled and TeleMetrum sled. 

 

 

 

 

 

 

 

 

 

 

The dimensions of the StratoLoggerCF sled are shown in Figure 17. 

The dimensions chosen allow for the sled to easily mount to the all 

thread that runs through the avionics bay as well as giving plenty of 

room for the wires to sit without excess bending.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 StratoLoggerCF 

Figure 15 Avionics bay dimensions 

Figure 17 StratoLoggerCF sled dimensions 
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Figure 18 shows the dimensions of the TeleMetrum v2.0 sled. The TeleMetrum sled is the same 

width as the StratoLoggerCF sled so that it can mount to the all thread.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 6 provides the individual mass of each major component of the launch vehicle. 

Table 6 Launch vehicle component mass 

Component Mass (oz) Component Mass (oz) 

Nose Cone 60.5499 Front Centering Ring 2.8822 

Middle 104.8441 Mid Centering Ring 6.6562 

Dog Tracker 7.55 Rear Centering Ring 4.9384 

Coupler 18.8 Motor Tube 17 

Bulkhead 8.07 Payload 32 

Main Parachute 53.1 Epoxy 12.2 

Shock Cord for Main 14.1 Engine Retainer 4.82 

Avionics Bay 61.8 Drogue Parachute 5.8 

Avionics Switch band 4 Shock Cord for Drogue 14.1 

Avionics Bulkhead 11.2 Paint 15.6203 

Avionics Bulkhead 11.2 Booster Coupler 19.4475 

Booster 93.3 Motor (loaded) 146.77 

Fins 54.9 Motor (burnout) 64.89 

Total 347.1246 

 

Figure 18 TeleMetrum sled dimensions 
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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 utilized 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 they 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.  

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 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. 

The wiring configuration of the 

deployment altimeters is provided in 

Figure 19. As requested, each altimeter 

has its own source and arming switch 

(two switches).  

The arming switch used is the Enforcer 

SS-090-2HX Tubular Key Lock Switch, the 

switches have proven to be extremely 

reliable in field-testing. The arming switch weighs 

49.7 grams; an image and dimensions for the 

arming switch is provided in Figure 20. 

Figure 19 Deployment altimeter wiring configuration 
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The wiring configuration of the TeleMetrum v2.0 is given in Figure 21. Since the TeleMetrum is 

not connected to any parachute ejection charges there is no need for an external arming switch. 

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 

Figure 20 Arming switch 

Figure 21 TeleMetrum wiring 

configuration 
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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, 

additionally in case of 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.  

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 while 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 
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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
 

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 equation 3 assumes a 20 mile per hour horizontal wind. 
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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
 

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. 
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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 

Vehicle-locating Transmitters 

The recovery system consists of two GPSs. The TeleMetrum v2.0 

(Figure 22) 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, 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. 

Figure 22 TeleMetrum v2.0 
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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, 

while 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 nose cone, with the 

ballast. The DC 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 

The team has assessed potential safety and failure issues and has initiated mitigations for those 

issues (Table 7) 

Table 7 Recovery system failure modes 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. 
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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. 

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 23 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 23, 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 

Figure 23 RockSim launch vehicle design 
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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 nose cone 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 

obtain and because the Von Karman shape reduces surface drag and allows for easier travel to 

the apogee of 5280 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 5,623 ft 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 

are trusted. 

Figures 24 through 27 are flight profile simulations that include altitude predictions with 

simulated vehicle data. 
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Figure 24 Flight profile simulation, 0 mph wind 

Figure 25 Flight profile simulation, 5 mph wind 
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Figure 26 Flight profile simulation, 10 mph wind 

Figure 27 Flight profile simulation, 15 mph wind 
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The equations used to calculate the CG are shown in equation 6. 

 

 

 

 

 

 

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

Equation 7 

 

 

 

 

 

 

 

 

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 oz, the highest possible kinetic energy 

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

experienced.  

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 

Vehicle Section Kinetic Energy (foot-pounds) 

Nose Cone Section 31.32 

Middle/AV Bay 45.5 

Booster 73.7 

Drift Calculations 

The drift calculations for the launch vehicle under 0-, 5-, 10-, 15-, and 20-mph winds are shown in 

Equation 6 
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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 

LAUNCH CONCERNS AND OPERATION PROCEDURES 

Motor Preparation Checklist 

1. Insert the smoke tracking grain into the smoke tracking charge insulator. Push the grain 

into the forward closure with sufficient force to fully seat it. 

2. 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 component insertion. 

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

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

the insulator tube. 

4. 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 enough to add a grain spacer), 

then add another grain spacer, and so on until you have loaded all propellant grains and 

O-rings into the case liner. Do not put an O-ring between the nozzle and the bottom 

grain. Put an O-ring between the bulkhead and the top grain. 

5. 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. 

6. 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 not to 

damage or contaminate the O-rings. 

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

slide the motor case down rear end first over the top of the liner towards the nozzle.  

8. 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. 

9. 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.  

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

spacer is still properly in place. 

11. 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.  

12. 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 it cannot be screwed in any further. At this point, the 

ring should be approximately flush with the end of the motor case or slightly submerged.  

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

14. 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. 

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

ROCKET ON THE LAUNCH PAD. Follow all rules and regulations of your rocketry 

association and/or the National Fire Protection Association (NFPA) Code 1127 where 

applicable. 

16. Give the igniter to the designated vehicle preparation personnel. 

Setup on Launcher Checklist 

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

the rail. 

2. Inspect the launch pad for loose nuts, bolts, or cracks. 

3. Lower the launch rail to mount the vehicle. 
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4. Slide the vehicle down onto the rail until it is against the rest. 

5. Raise launch rail/rocket to correct launch orientation.  

6. Arm the TeleMetrum. 

7. Arm the altimeters. 

8. Look and listen for correct series of LED flashing and beeps from the altimeters 

(StratoLogger). 

9. The LCS box must be switched OFF. 

10. Strip 1 – 2 inches of the wire’s sheath to expose both wire cores. 

11. 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. 

12. Wrap extra igniter wire around the launch rail. 

13. Short LCS circuit by tapping both alligator clips together to ensure no current is flowing 

through them. 

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

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

person leaving the area. 

16. Arm the launch switch. 

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

countdown. 

18. Initiate the launch. 

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 the flight and confirm the flight waiver. 

4. Initiate motor preparation. 

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

6. Initiate launch pad preparation. 

7. Check all port holes for obstructions. 

8. Begin setup on the launch pad checklist. 

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

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

11. Exit the launch area. 

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

13. Launch. 

14. Observe the flight carefully, listening for black powder reports and visually confirming the 
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descent and staging of the recovery devices. 

15. Track the vehicle with the Astro 320 (dog tracker GPS) receiver. 

16. Upon clearance from RSO, recover the vehicle from field. 

17. Begin the post-flight inspection checklist. 

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

1. Open the proper software. 

2. Provide power to the altimeter. 

3. Connect the altimeter via USB cable. 

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

5. Program the used output(s) for custom or automatic altitude 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 the altimeter configuration and parameter page. 

9. With voltmeter, check each 9V battery’s voltage. 

10. Properly wire StratoLogger altimeters and securely fasten connections. 

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

couplers. 

12. Securely fasten Garmin DC50 (dog tracker GPS) 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) = 4.0 g 

b. Drogue parachute deployment charge (primary) = 4.0 g 

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

18. Wrap Nomex cloth around drogue parachute. 

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

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

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

22. Connect the booster section to avionics bay. 

23. Run the electronic match into the middle section. 

24. Wrap Nomex cloth around the main parachute. 

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

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

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

28. Connect the middle section to the avionics bay. 
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29. Connect the nose cone section to the middle section. 

30. Find the vehicle weight to determine the ballast weights. 

31. Remove the nose cone and attach proper ballast weights. 

32. Re-connect the nose cone. 

33. Insert sheer pins into the designated locations. 

Igniter Installation Checklist 

1. Inspect the igniter for any physical damage. 

2. Test the continuity of the igniter with multimeter. 

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

4. Use the motor nozzle cap to secure igniter. 

5. Touch the leads from the ignition system to ensure no static buildup. 

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

completely. 

Troubleshooting Checklist 

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

failure and the LCS.  

For motor ignition failure, 

1. Wait 5 minutes. 

2. Send one person to carefully approach the launch vehicle.  

3. Remove the igniter from the motor and replace nozzle cap. 

4. If the igniter did not blow, 

a. Test continuity of the igniter. 

b. If no continuity is found, replace igniter. 

c. If continuity is found, ensure there is a connection between the wireless launch 

boxes. 

d. Proceed with the igniter installation checklist.  

5. If the igniter did blow, 

a. Replace the igniter. 

b. Proceed with the igniter installation checklist. 

For LCS, 

1. Ensure the wireless launch boxes are connected by making sure the correct lights are lit 

on the launch box next to the RSO.  

2. Wait 5 minutes. 

3. Send one person to carefully approach the launch vehicle 

4. Disconnect the igniter leads and re-connect them to a different set of alligator clips. 
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Post-flight Inspection Checklist 

1. Recover the vehicle. 

2. Take pictures for analysis. 

3. Disarm all electronics. 

4. Inspect the upper airframe. 

5. Inspect the middle/avionics airframe. 

6. Inspect the lower airframe. 

7. Inspect the shock cords. 

8. Inspect the parachutes and shroud lines. 

9. Remove the motor and store for later cleaning. 

SAFETY AND ENVIRONMENT (VEHICLE AND PAYLOAD) 

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 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 

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 

 

Structure Failure Modes 

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

launch operations. 
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Table 10 Structure system 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 

testing 

 

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 

 

Recovery Failure Modes 

Table 11 provides potential failures of the recovery system. 

Table 11 Recovery 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 
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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 

 

Unfunctional recovery 

system, ballistic 

descent 

 

Adequate separation testing October 14, 2016 

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 

 

Electronics Failure Modes 

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

during launch operations.   
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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 

continuity 

 

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 

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, likelihood of 

occurrence, and associated consequences.  

Table 14 Top 10 potential failures 

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 
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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 

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) from 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 
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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: 

 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) 

ADDITIONAL RISKS ANALYSIS  

Legal Risks Analysis 

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

Table 15 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 
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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 

 

Personal Hazard Analysis 

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

Personal 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 Personal hazard analysis 

Risk Sources Likelihood Consequence Mitigation Action/ 

Verification 

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 

operator's 

manual. 

Discontinue all 

operations, apply 

first aid, and 

contact EMS. 

 

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. 
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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 

 

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 Potential environmental effects 

Material 

 

Prevalence Mode of 

Biodegradability 

Impact on 

Environment 

 

Verification 

Ammonium 

Perchlorate 

Motor propellant Highly water 

soluble 

Iodization of local 

water table 

Follow MSDS 

protocols 

Black Powder Ejection charges Remains solid No known impact Follow MSDS 

protocols 

Proline 4500 Epoxy Fiberglass 

connections, 

sealed couplings 

Decomposition 

begins within 

fifteen months 

Leaching to local 

water table 

Follow MSDS 

protocols 

Oil-Based Spray 

Paint 

External Fiberglass 

structural 

components 

Soluble Leaching to local 

water table 

Follow MSDS 

protocols 
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Clear Acrylic Payload bay Soluble Leaching to local 

water table 

Follow MSDS 

protocols 

Fiberglass Structural 

Components 

Remains solid No known 

environmental 

impact; may pose 

ecological hazard 

Follow MSDS 

protocols 

Nomex Deployment bag 

 

Remains solid 

 

No known 

environmental 

impact; may pose 

ecological hazard 

n/a 

Aluminum Motor tube, rivets, 

battery casing 

Highly water 

soluble 

Long-term 

degradation 

products 

Follow MSDS 

protocols 

Cellulose Recovery wadding 

 

Remains solid 

 

Long-term 

degradation 

products 

Follow MSDS 

protocols 

Steel Attachment 

hardware, ballast 

system 

Remains solid 

 

Leaching to local 

water table 

 

n/a 

Copper Avionics bay lining, 

e-match lead wires 

Highly reactive in 

air or moisture 

Long-term 

degradation 

products 

Follow MSDS 

protocols 

Sulfuric Acid Batteries Highly water 

soluble 

Long-term 

degradation 

products; may 

pose ecological 

hazard 

Follow MSDS 

protocols 

Kevlar Shock harnesses Remains solid No known impact n/a 

Silicon Parachutes, 

batteries 

Reactive in air or 

moisture 

Irritating vapors 

form 

Follow MSDS 

protocols 

Rip-Stop Nylon Parachutes, shear 

pins 

Remains solid No known impact n/a 

 

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. 
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Table 18 Potential environmental effects on flight and recovery 

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 

 

ADDITIONAL CHECKLISTS 

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. The motor casing and reloads are safely stored for travel. 

4. The 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 the Garmin dog tracking system. 

3. Examine the TeleMetrum for any damage. 

Recovery Checklist 

1. Check all Kevlar Shock Cords. 

2. Check all Nomex parachute protectors. 

3. Check both parachutes. 

4. Inspect the e-matches. 

a. Inspect the 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 the clipboard. 
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6. Fire extinguisher. 

FAA Adherence Checklist 

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

and that the team is in accordance with the law. 

1. A 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) have been 

observed. 

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. METAR data on the Aviation Weather Center website 

(http://www.aviationweather.gov/metar?gis=off ) has been checked for horizontal 

visibility of more than five miles and cloud coverage 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: The 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 different wind speeds. 

Pre-flight damage inspection of structural components 

1. Nose Cone. 

2. Airframe. 

3. Couplers. 

4. Avionics Nose Bay. 

5. Bulkheads. 

6. Payload Housing. 

7. Fins. 

8. Rail Buttons. 

9. Motor Retainer. 

Pre-flight damage inspection of recovery components 

1. Black Powder (3F). 

2. Ejection Canisters. 

3. Lead wire. 
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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 points of failures allows for proactive design changes to counter these failures. 

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 

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 Launch operations risk assessment 

Category Risk Consequences Completed 

Mitigations/Verifications 

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. 
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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. 

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 

Swipe magnets across 

magnetic switches, and 
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damage to vehicle 

components. 

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. 

V) Payload Criteria 

DESIGN OF PAYLOAD EQUIPMENT: PAYLOAD MECHANICAL HARDWARE DESIGN 

OPTION 2: (REQ. 3.3) ROLL INDUCTION AND COUNTER ROLL 

Since the PDR milestone, the team has chosen a direct driven rudder system. The rear section of 

each fin will have a rudder. Instead of attaching a rudder to each fin the rudder will be part of the 

fin. All electronics will be inside the airframe but outside of the motor tube. In order to access the 

electronics that move and power the rudders, the last six inches of the booster section will be 

split into 3D printed semi-circular quarter sections. Between each quarter section will be one fin 

with a rudder and a servo motor that drives the rudder. Housed inside only one of the quarter 
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sections will be the controller and two 9-volt batteries. A centering ring will be located both 

above and below the quarter sections to keep it from being able to slide up down the launch 

vehicle. To keep the quarter sections attached to the rest of the launch vehicle a ¼-20 bolt will be 

mounted in each section that screws into a nut located in each adjacent section.  

This design is superior to all other alternatives the team had because the quarter section allow for 

easy access to the payload electronics. Constructing this design is also the easiest and simplest of 

all the alternatives. The rudder design is already proven to be successful since it is widely used in 

all manned aircrafts. Each rudder is able to manipulate how the air flows at the back of the rocket 

which will cause the rocket to rotate.  

Figure 28 shows where the bolts and nuts will be inserted. The mounting method the team has 

chosen essentially makes the quarter sections squeeze the motor tube when all bolts have been 

tightened. Each section is 6 inches tall and will sit flush with out 6 inch diameter airframe.  

 

 

 

 

 

 

 

 

 

 

 

Figure 29 shows the inside of each quarter section. A separate controller housing will be 3D 

printed and epoxied to the inside of one of the sections.  

Figure 28 Quarter section of booster body 
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Figure 30 shows how the servo motors mount in each quarter section. The box on the right will 

enclose the motor housed in the adjacent section.  

 

 

 

 

 

 

 

 

 

 

 

Figure 31 shows the entire payload mounted to the rest of the launch vehicle. Each fin will be 

epoxied to the motor tube. This ensures that the fins are strongly mounted to the launch vehicle 

and that the quarter sections cannot rotate around the motor tube.  

Figure 29 Quarter section of booster body; interior 

Figure 30 Quarter section with servo placement 
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PAYLOAD ELECTRONIC HARDWARE 

DESIGN 

The electronic hardware design is based on the 

Arduino Mega 2560 Pro Mini (Figure 32). The TSU 

Aeronautical Team’s microcontroller of choice is 

the Arduino when the C programming language 

can handle the required tasks efficiently. The small 

footprint of the Mega Pro Mini (55.2 mm x 37 

mm), combined with a large amount of flash 

memory (256 KB), makes it ideal for space-

confined applications that require complex logic 

decisions. Lab testing has proven the 

microcontroller to be a high-quality product.  

The team designed, and built a shield for the 

Mega Pro Mini that provides a circuit for the BMP 

180, two EEPROMs, and the MPU 6500 gyroscope. 

The shield mounts on top of the Mega Pro Mini 

and has approximately the same dimensions. This 

commonly implemented design method keeps the 

footprint of the final circuit down to a manageable 

size.  

 

 

Figure 31 Mounted payload 

Figure 32 Arduino Mini Pro 
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In the PDR, the BMP 180 and EEPROM A were both powered by 

calling digital output pins to high voltage. This was determined to 

be an inefficient method for powering the sensor and the storage 

device. A circuit on the bottom of the shield now connects the 

BMP 180 and the EEPROM A to the 3.3 volt power source on the 

microcontroller. An image of this power strip on the bottom of the 

shield is provided in Figure 33. The original circuit design for the 

top of the shield is so efficient that no changes were necessary 

other than, not soldering in the two header pins, which provided 

power to the sensor and the storage device. The Mega Pro Mini 

shield pin map (Figure 34) reflects these changes, and the 

additional use of four digital output pins to control four servos 

that will, direct drive the rudders controlling the roll of the launch 

vehicle.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34 Arduino pin map 

Figure 33 Rerouted power strip 
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An image of the final circuit design that has been used in lab 

testing is provided in Figure 35. The Changes from the PDR 

are minor. Design concept two from the PDR considered 

controlling the payload mechanics for rolling the rocket with 

one stepper motor. This concept was abandoned and 

replaced with design concept one from the PDR so, the 

stepper motor driver was removed from the circuit. The final 

completed payload circuit will consist of the Arduino Mega 

Pro Mini, the Mega Pro shield (Figure 36), and a DC voltage 

converter mounted to a 1/8 inch sheet of G12 fiberglass. The 

electronic hardware is mounted to a very stiff material to 

prevent flexing under the g-force induced by the launch 

conditions that would cause solder joints to break.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Five wiring harnesses are also displayed in Figure 37. The microcontroller, sensors, and EEPROMs 

are on a separate 9 volt power supply from the four servos. The team has past experience with a 

microcontroller utilizing the same power source as electric motors requiring a high amperage 

draw. The microcontroller can very easily experience a brownout during a high amperage draw, 

causing sensor data and logic decision problems. If one power source is utilized for both the 

microcontroller and the high ampere draw equipment, then the circuit becomes more 

complicated requiring a capacitor and a diode for the microcontroller. The team decided a 

simpler solution was to separate the power sources. Two separate power sources are possible, as 

long as the microcontroller shares a common ground with the servos, so that the digital output 

signal can be conducted. The wiring harness that grounds the four servos to the DC voltage 

regulator, has a fifth lead that provides a common ground for the microcontroller.  

Figure 35 Arduino shield completed 

buildout 

Figure 36 Arduino shield layout 



Tarleton Aeronautical Team, Critical Design Review 

56 
 

 

 

 

An image of the circuit board using the Texas Instruments LM2596 Simple Switcher 3-A Step-

Down Voltage Regulator is provided in Figure 38. The LM2596 has a 3 ampere output load 

current, an input voltage range of up to 40 

volts, and an output voltage range of 1.2 

volts to 37 volts. The sole purpose of the 

DC voltage regulator is to reduce the 

voltage supply to the four servos for the 

roll control of the launch vehicle. The data 

sheet for the LM2596 is provided in 

Appendix C. 

For the purpose of lab testing the 

programming code logic, and the 

hardware design a working prototype of 

the payload system was constructed. An 

image of this system is provided in Figure 39. Two mounting brackets produced on a 3D-printer 

and made out of PLA plastic, secure the circuit board for the Mega Pro Mini, the four servos, and 

the rudders on a fiberglass tube with a 79.65 mm O.D. This is the same diameter fiberglass tube 

Figure 38 TI switcher 

Figure 37 Wiring harnesses 
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that will be used as the motor tube in the full- scale launch vehicle.  

 

 

 

 

 

 

 

 

 

 

 

 

 

The servos being implemented to direct drive the 

rudders are HiTec HS-5087MH HV premium 

digital metal gear micro servos. An image of the 

servo is provided in Figure 40. The servo was 

chosen for its durability, size, and high voltage 

tolerance. Heavy-duty metal gears were a 

requirement for the drive mechanics. This servo is 

designed with a programmable digital circuit that 

provides more holding power. At 7.4 volts, the 

holding torque is 4.3kg-cm. The servo weighs 21.9 

grams. Before deciding on using the HS-5087MH 

servo the team considered several other servos 

and stepper motors. NEMA 8, NEMA 11, and 

NEMA 14 stepper motors were all purchased and 

worked with in the lab. The size and weight of the 

stepper motors proposed a problem as well as 

insufficient holding torque. The power consumption of the stepper motors is also greater than 

the power requirements of the HS-5087MS servo.  Lab testing has proven the HS-5087MS servo 

to be a reliable component.  

A separate digital output pin on the Arduino Mega Pro Mini is controlling each HS-5087MS 

servo. Another option for controlling the servos was considered. The Pololu SSC03A servo 

controller was purchased and implemented in lab testing. An image of the Pololu SSC03A servo 

controller is provided in Figure 41.  

Figure 39 Prototype for programming tests 

Figure 40 HiTec HW 5087MH HV servo 
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The Pololu servo controllers are a very impressive product. The SSC03A is capable of controlling 

eight servomotors through the use of one digital output pin, and hexadecimal commands 

provided in a specific sequence of bytes. The servomotor power is separated from the logic 

control power. The Pololu product and the capability it offers by only utilizing one digital output 

pin impressed the team. By using Pololu servo controllers, hundreds of servos could all be run by 

one microcontroller.  

The team decided not to use the Pololu servo controller in the final design for the payload 

electronic hardware. The Arduino Mega Pro Mini has a total of 54 digital output pins available. 

Having four digital output pins available to drive four servomotors was not an issue. The Pololu 

servo controller was an unnecessary addition to the hardware makeup, and increased the size of 

the circuit board and the power consumption. The Pololu servo controller was being 

implemented more for an impressive programming aspect than for practicality.  

The payload electronic hardware will be mounted in the booster section between the motor tube 

and the booster body. This is creating a very space restrictive scenario. The electronic hardware 

must have the smallest footprint possible in order optimize the payload design. A comparison of 

the payload circuit board from the PDR, with the stepper motor controller, the payload circuit 

board with the Pololu servo controller, and the payload circuit board with directly controlling the 

servos from the microcontroller is provided in Figure 42. The team decided on a design that did 

not implement an additional control board to reduce the size of the payload’s electronic 

hardware.  

 

Figure 41 Pololu controller 
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An image of two additional shields for the Arduino Mega Pro Mini is provided in Figure 43. These 

shields we cut by a CNC router. The team keeps additional hardware readily available so that in 

the case of a failure, during valuable field-testing time is not wasted.  

 

The rudders are directly mounted and driven by the HS-5087MH servo with a ¼ inch bronze 

shaft coupler. The shaft coupler accepts a 25-tooth spline and that is what the HS-5087MH servo 

has from the factory. The shaft coupler weighs 6.3 grams including the setscrew. Images of the 

shaft coupler are provided in Figure 44. 

Figure 42 Payload circuit board comparison 

Figure 43 Arduino shields 
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The rudders are made from 0.0635 inch stainless steel plate and a 0.25 inch diameter stainless 

steel D-shaft. The D-shaft mounts directly to the shaft coupler, which mounts directly to the HS-

5087MH servo. The team considered other drive options but due to the space restriction of the 

booster section a direct drive system was chosen.  The drawing the rudders were constructed by 

is provided in Figure 45.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44 Shaft coupler 

Figure 45 Rudder drawing 
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An image of the four stainless steel rudders that were manufactured is provided in Figure 46. 

Each completed rudder weighs 47 g.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An image of the ¼ inch diameter stainless steel D-shaft that was used is provided in Figure 47.  

 

 

 

A zoomed-in view of the stainless-steel rudder directly mounted to the HS-5087MH servo by the 

¼ inch shaft coupler is provided in Figure 48. In this image the servo is simply mounted in a 

bracket for lab testing programming logic. The CAD images for the prototyping mounting 

brackets are provided in Figure 49.  

 

 

Figure 47 Stainless steel D-shaft 

Figure 46 Steel rudders 
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Figure 48 Stainless steel rudder mounted to servo 

Figure 49 CAD images of mounting brackets 
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The team has built three completed builtouts of the payload’s electronic hardware. An image of 

two of these completed buildouts is provided in Figure 50. This provides the team replacement 

components in the case of damage or failure, without wasting time and effort going back to a 

building stage for electronic hardware.  

 

 

 

 

 

 

 

 

 

 

 

 

A table of weights for the payload hardware design is provided in Table 20.  

Table 20 Payload hardware weight 

Item Weight 

Completed Circuit 57.4 g 

Two 9 Volt Batteries 90.4 g 

Five Wiring Harnesses 16.2 g 

Four Servos 87.6 g 

Four Shaft Couplers 25.2 g 

Four Rudders 188 g 

Total 464.8 g 

PAYLOAD SOFTWARE DESIGN 

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

Arduino boards by importing freeware code to experiment with. These separate versions all 

tested individual components that the team planned on using for the rocket flight. After 

successfully implementing several versions of the code the team began to integrate the separate 

programs into a single file. Starting with the code for the MPU 6050, then the BMP-180 was 

successfully integrated; then servos; and then EEPROM code to give our program the tools 

necessary to accomplish the objective.  

Figure 50 Complete buildout 
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After testing the file for quality assurance the team began to develop the specific code required 

to interpret the data that will be needed to rotate the launch vehicle and track its progress. This 

was accomplished through various control statements inside the Arduino C program which uses 

a loop function to constantly track the current state of the rocket. The program begins with 

importing all necessary libraries for the various sensors; next all of the necessary global variables 

are initialized for the program to run followed by executing a setup function to initialize all of the 

starting conditions to run the loop function.  

The current design requires the code to monitor the BMP-180 barometric pressure sensor and 

convert the raw data into an easily readable format. When burnout altitude is reached the code 

will execute a control statement to begin actuation of the servo-controlled fins. 

The control statement for the servos will run a separate function designed to track the roll of the 

launch vehicle and initiate a counter-roll of two revolutions. This control statement will keep track 

of the progress of the roll by monitoring the position of the accelerometer. The code 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 launch vehicle will be recorded on the payload hardware 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 

errors. 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 sent to the servos to ensure the 

rocket does not drift from its controlled flight. This data will also be captured and recorded into 

the EEPROM as confirmation after recovery. After apogee the program will exit and the data will 

be collected from the hardware and a separate program will be run to reinterpret the data and 

review the progress of the flight and maneuver. This will be the data submitted as evidence for 

completion of all listed objectives.  

The sensor libraries included in the program will be referenced with the SFE_BMP180.h, Wire.h, 

Servo.h, I2Cdev.h, MPU6050_6Axis_MotionApps20.h, and the MPU6050.h headers (see sample 

coding in Figures 51-53). 

 

 

 

 

 

 

 

Figure 51 Sample coding 

mailto:eSF@_BMP180.h
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Figure 53 Sample coding 

Figure 52 Sample coding 
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The program will keep track of a large number of global variables for tracking servo positions, 

pressure readings, positional data, and number of loops executed by the program. The initial 

position of the servos at launch will be controlled with a writeMicroseconds() function and set to 

1500 -microsecond delay initially which is centered with the hard mounted fins. The setup() 

function will initialize the library functions and serial monitors necessary for launch. After the 

Wire, Serial Monitor, I2C, and MPU have been initialized successfully the loop function will be 

called to begin monitoring the launch vehicle. 

The loop will check for the altitude of the launch vehicle using the barometric pressure data 

provided and then check for motor burnout accordingly. Afterwards, the functions and 

procedures mentioned above will be executed. The first function called in the loop will be the 

startPressure2() function which is responsible for monitoring the MPU interrupt status and 

ensuring the FIFO count stays within an acceptable limit. This function will allow the program to 

calculate and monitor the barometric pressure and through this calculate the relative AGL 

throughout the flight. Next, a counter set to 0 will ensure the fins are centered and ready for 

launch by calling the finCenter() function and assigning the initial values of the launch vehicle 

position to later be compared to determine roll. The counter will be incremented inside this block 

of code to ensure this only happens once inside the loop. Next a separate counter called “cnt” 

will be checked to determine if the loop count is even. If so, it will get new direction and roll data 

by calling the getDir() and getRoll() functions respectively. Afterwards the first counter will be 

checked and on the first loop a block of code will execute to once again get new roll and 

directional data for use in the next loop. 

Once motor burnout is determined, a function called beginRoll() will be called to begin the 

maneuvers to roll the rocket counter to its natural drift for two revolutions. This function will 

manipulate the servo-controlled fins to induce a controlled roll using the function called 

writeMicroSeconds() to make small adjustments of all four fins inside a loop to ensure they are 

angled simultaneously. The function will accomplish this specifically by monitoring the positional 

data and keep the launch vehicle turning at a steady one hundred and eighty degrees per second 

for four seconds to complete two full revolutions. A function called monitorRollSpeed() will be 

used to calculate how fast the roll is and keep the rate of the roll below the established rate. After 

this maneuver a stabilize() function will be called to mark the current position of the launch 

vehicle and maintain this position preventing any further rolling until apogee, at which point the 

program will call an exit(0) function and exit.  

VI) Launch Operations Procedures 

RECOVERY PREPARATION 

1. Open the proper software. 

2. Provide power to the altimeter. 

3. Connect the altimeter via USB cable. 

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

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

6. For custom altitude, vary height above ground level by increments of 32. 
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7. Clear any unused banks. 

8. Take screenshots of the altimeter configuration and parameter page. 

9. With voltmeter, check each 9V battery’s voltage. 

10. Properly wire StratoLogger altimeters and securely fasten connections. 

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

couplers. 

12. Securely fasten Garmin DC50 (dog tracker GPS) 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) = 4.0 g 

b. Drogue parachute deployment charge (primary) = 4.0 g 

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

18. Wrap Nomex cloth around drogue parachute. 

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

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

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

22. Connect the booster section to avionics bay. 

23. Run the electronic match into the middle section. 

24. Wrap Nomex cloth around the main parachute. 

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

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

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

28. Connect the middle section to the avionics bay. 

29. Connect the nose cone section to the middle section. 

30. Find the vehicle weight to determine the ballast weights. 

31. Remove the nose cone and attach proper ballast weights. 

32. Re-connect the nose cone. 

33. Insert sheer pins into the designated locations. 

MOTOR PREPARATION 

1. Insert the smoke tracking grain into the smoke tracking charge insulator. Push the grain 

into the forward closure with sufficient force to fully seat it. 

2. 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 component insertion. 
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3. Fit the nozzle to one end of the paper/phenolic case liner tube (it may be a snug fit). Push 

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

the insulator tube. 

4. 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 enough to add a grain spacer), 

then add another grain spacer, and so on until you have loaded all propellant grains and 

O-rings into the case liner. Do not put an O-ring between the nozzle and the bottom 

grain. Put an O-ring between the bulkhead and the top grain. 

5. 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. 

6. 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 not to 

damage or contaminate the O-rings. 

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

slide the motor case down rear end first over the top of the liner towards the nozzle.  

8. 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. 

9. 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.  

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

spacer is still properly in place. 

11. 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.  

12. 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 it cannot be screwed in any further. At this point, the 

ring should be approximately flush with the end of the motor case or slightly submerged.  

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

14. 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. 

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

ROCKET ON THE LAUNCH PAD. Follow all rules and regulations of your rocketry 

association and/or the National Fire Protection Association (NFPA) Code 1127 where 

applicable. 

16. Give the igniter to the designated vehicle preparation personnel. 
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SETUP ON LAUNCHER 

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

the rail. 

2. Inspect the launch pad for loose nuts, bolts, or cracks. 

3. Lower the launch rail to mount the vehicle. 

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

5. Raise launch rail/rocket to correct launch orientation.  

6. Arm the TeleMetrum. 

7. Arm the altimeters. 

8. Look and listen for correct series of LED flashing and beeps from the altimeters 

(StratoLogger). 

9. The LCS box must be switched OFF. 

10. Strip 1 – 2 inches of the wire’s sheath to expose both wire cores. 

11. 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. 

12. Wrap extra igniter wire around the launch rail. 

13. Short LCS circuit by tapping both alligator clips together to ensure no current is flowing 

through them. 

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

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

person leaving the area. 

16. Arm the launch switch. 

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

countdown. 

18. Initiate the launch. 

IGNITER INSTALLATION 

1. Inspect the igniter for any physical damage. 

2. Test the continuity of the igniter with multimeter. 

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

4. Use the motor nozzle cap to secure igniter. 

5. Touch the leads from the ignition system to ensure no static buildup. 

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

completely. 

LAUNCH PROCEDURE 

1. Visually inspect the launch pad area to ensure the area is clear.  
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2. Check with designated aircraft spotters to see if any planes have been located. 

3. Call in the flight and confirm the flight waiver. 

4. Initiate motor preparation. 

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

6. Initiate launch pad preparation. 

7. Check all port holes for obstructions. 

8. Begin setup on the launch pad checklist. 

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

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

11. Exit the launch area. 

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

13. Launch. 

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

descent and staging of the recovery devices. 

15. Track the vehicle with the Astro 320 (dog tracker GPS) receiver. 

16. Upon clearance from RSO, recover the vehicle from field. 

17. Begin the post-flight inspection checklist. 

TROUBLESHOOTING 

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

failure and the LCS.  

For motor ignition failure, 

6. Wait 5 minutes. 

7. Send one person to carefully approach the launch vehicle.  

8. Remove the igniter from the motor and replace nozzle cap. 

9. If the igniter did not blow, 

a. Test continuity of the igniter. 

b. If no continuity is found, replace igniter. 

c. If continuity is found, ensure there is a connection between the wireless launch 

boxes. 

d. Proceed with the igniter installation checklist.  

10. If the igniter did blow, 

a. Replace the igniter. 

b. Proceed with the igniter installation checklist. 

For LCS, 

5. Ensure the wireless launch boxes are connected by making sure the correct lights are lit 

on the launch box next to the RSO.  

6. Wait 5 minutes. 
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7. Send one person to carefully approach the launch vehicle 

8. Disconnect the igniter leads and re-connect them to a different set of alligator clips. 

POST-FLIGHT INSPECTION 

1. Recover the vehicle. 

2. Take pictures for analysis. 

3. Disarm all electronics. 

4. Inspect the upper airframe. 

5. Inspect the middle/avionics airframe. 

6. Inspect the lower airframe. 

7. Inspect the shock cords. 

8. Inspect the parachutes and shroud lines. 

9. Remove the motor and store for later cleaning. 

VII) Project Plan 

TESTING FOR PAYLOAD DESIGN 

The payload’s electronic hardware will be mounted between the launch vehicle’s motor tube and 

the launch vehicle’s booster body. A concern is that during flight the external surface of the 

motor tube may become hot enough to damage the electronic hardware. The team completed 

two static-fire tests of the Cesaroni L2375-WT to determine the external temperature of the 

motor tube. A FLIR ONE thermal image camera connected to a Samsung Galaxy S6 (Android 

device) was used. Figure 54 provides the specifications for the FLIR ONE camera.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 54 FLIR ONE specs 
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Since the team is performing static-fire testing to collect empirical thermal data, empirical thrust 

data for the Cesaroni L2375-WT will also be collected. Thrust data will be collected using an 

ANYLOAD 563YH load cell. The specifications for this load cell are provided in Figure 55.  

 

 

 

 

 

 

 

 

 

An image of the load cell mounted to the thrust stand is provided in Figures 56 and 57.  

 

 

 

 

 

 

 

 

 

Figure 55 Load cell specs 

Figure 56 Mounted load cell, image 1 
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An HX711 load cell amplifier is connected to an Arduino Mega Mini and the data is stored on an 

SD card. Images of the electronic hardware for collecting empirical thrust data is provided in 

Figure 58. 

The team has collected thrust data from student-built solid fuel research motors in the past. The 

team has also designed and built a thrust stand and established methods for collecting empirical 

data on research rocket motors.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 57 Mounted load cell, image 2 

Figure 58 Electronic hardware for collecting thrust data 
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A system to short e-matches for motor ignition from a safe distance has been developed by the 

team. An Android device connects to a IOIO board on the user’s end which links to an Arduino 

microcontroller via RF Design long-range radios. This system provides safe and reliable motor 

ignition for field-testing and the collection of empirical data. Images of this ignition system are 

provided in Figures 59 and 60.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 59 Launch box system components 
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To perform test launches, a long range wireless launch box had to be built. To do this we used a 

IOIO microcontroller connected to a RFD900+ radio to transmit to a remote radio connected to 

an Arduino. The Arduino is connected to 3 motor drivers 

that will allow for 6 launch stations (see Figure 61). The 

diagram shown in Figure 62 illustrates the operation of 

the launch box. This configuration is optimal due to the 

reliability of the android platform, the low power 

consumption of the components, and provide the long 

range capabilities of the radios. 

An Android phone app is built using Android Studio. The 

app sends command packets to the IOIO board over a 

secure Bluetooth connection. The IOIO board, using an 

UART, sends signals to the radio on push of a button the 

radio sends this signal to the remote radio which the 

Arduino reads and interprets. The signal is a simple string 

such as “000000” or “010000”. If all six digits are zero, 

then no launch is initiated. If the second digit is a 1 then 

only launch station 2 will launch. If the radio doesn’t 

receive the full number of bits or an invalid string, then 

no launch will be initiated. A switch must be enabled 

before the button press sends a launch signal. After 

sending the launch signal the switch automatically 

switches off.  

Figure 60 Launch box system 

Figure 61 Phone app for the launch station 
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Figure 63 provides an image of the static burn of a Cesaroni L2375-WT. The temperature of the 

sidewall of the motor tube reaches temperatures in excess of 200 degrees Fahrenheit. 

Consequently, a thermal shield will be used between the motor tube and the payload hardware.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 62 Communication concept  

Figure 63 Static burn 
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REQUIREMENTS COMPLIANCE  

Vehicle Design Statement of Work Requirements 

Table 21 SOW requirements and verifications 

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 

electronics and 

payload experiments. 

Along with the official 

scoring altimeter 

there will be two 

other altimeters 

placed in the altimeter 

bay to control certain 

aspects of the launch 

vehicle and launch 

sequences as well as 

increasing safety. 

Avionics bay will be 

inspected prior to 

launch to ensure that 

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. 
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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. 

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 

The launch vehicle will 

be flown at the launch 

site. 

The launch vehicle will 

be flown at the launch 

site. 
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competition 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 

flight at the launch 

site within 4 hours 

from the time the 

Federal Aviation 

Test launches will be 

conducted to ensure 

that the launch 

vehicle can be 

prepared for a flight 

in under 2 hours. 

Test launches will be 

conducted to ensure 

that the launch 

vehicle can be 

prepared for a flight 

in under 2 hours. 
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Administration flight 

waiver opens. 

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 
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no pressure vessels on 

the vehicle. 

1.12.4 Full pedigree of the 

tank shall be 

described, including 

the application for 

which the tank was 

designed, and the 

history of the tank, 

including the number 

of pressure cycles put 

on the tank, by whom, 

and when. 

The proposed launch 

vehicle does not 

contain any pressure 

vessels. 

Multiple team 

members will be used 

to ensure that there 

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.  
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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-

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 final vehicle will 

be successfully flown 

prior to the FRR. 

The final vehicle will 

be successfully flown 

prior to the FRR and 

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. 
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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 

flown during the full-

scale test flights, 

however, it is 

recommended to 

demonstrate full flight 

readiness and altitude 

verification. 

The full-scale motor 

will be used in all test 

flights, other than 

subscale test flights. 

The full-scale motor 

will be used in all test 

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. 
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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. 

1.19.1 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. 

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 

The vehicle will be 

designed to fly under 

Mach 1. 

Simulation software 

will verify the vehicle 
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1 at any point during 

flight. 

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. 

BUDGETING 

All costs are carefully documented and maintained so that the team can monitor budget 

standings throughout the course of the project. Table 21 details current and future expenses in 

regards to the project. 

Table 22 Budget details 

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   

Header 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 $69.90   

EEPROM $1.85 25 $46.25   

Total     $116.15   

          

Order 9/15/16       

Item Price Quantity Total   

6 x 6 PCB $10.67 10 $106.70   
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 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   

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  
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38 mm G-12 Fiberglass Tube 2 ft $26.18 1 $26.18  

4 Pack of Small Rail Buttons $4.75 1 $4.75  

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 

          

     

Fuel 
One-Way 

Mileage 
Round Trip Units Cost 
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Gas 900 1800 3 $1,350.00 

Total       $12,671.70 

          

Full Scale Rocket         

Description Price Quantity Total  

Rocket Motor $275.00 10 $2,750.00  

Parachute $200.00 1 $200.00  

StratoLoggerCF $52.00 4 $208.00  

Shock Cord $162.00 1 $162.00  

3 inch G-12 Airframe 48" $78.00 1 $78.00  

G-10 AV-Bay Lid 6 inch $12.00 4 $48.00  

6 inch Bulkplates $9.00 9 $81.00  

6 inch G-12 Coupler 24" $118.00 2 $236.00  

6 inch G-12 Airframe 12" $46.00 2 $92.00  

6 inch G-12 Airframe 48" $180.00 4 $720.00  

6 inch 5:1 VK Filament Nose Cone $139.00 2 $278.00  

1/8 inch G-10 Plate $36.00 11 $396.00  

6" Coupler Bulkplate $9.00 2 $18.00  

6 inch-75 mm Centering Ring $10.00 8 $80.00  

75 mm Flange Retainer $52.00 2 $104.00  

1010 Delrin Rail Button $3.00 2 $6.00  

3 inch G-12 Tube 24" $40.00 3 $120.00  

3 inch Bulkplate $5.00 3 $15.00  

3 inch Coupler Bulkplate $5.00 2 $10.00  

3 inch 4:1 Ogive FW Nose Cone $55.00 1 $55.00  

38 mm G-12 Airframe 12" $14.00 1 $14.00  

38 mm QWIK-LOK System $35.00 1 $35.00  

All Thread ¼ inch-20 17 inch $4.00 5 $20.00  

G-10 AV-Bay Lid 3" $6.00 2 $12.00  

3 inch G-12 Coupler 24" $56.00 1 $56.00  

1515 Rail Buttons $5.00 2 $10.00  

S & H, unexpected parts $500.00 1 $500.00  

Total     $6,304.00   

          

Future Total Expenses     $18,975.70   

          

Combined Total Expenses     $21,843.97   

 

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. The following timeline table and the Gantt chart present the team’s 
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tasks and milestones throughout the project.  

Dates Tasks & Milestones Completed 

September 

2016 

  

18-30 Write and submit proposal  

October 

2016 

  

14 Teams Awarded  

19 Kickoff and PDR Q&A  

31 Create website   

November 

2016 

  

4 Write and submit Preliminary Design Review (PDR)   

7 Prepare PDR video conference material  

December 

2016 

  

2 CDR Q&A  

January 2017   

13 Write and submit CDR  

17-31 Write and prepare CDR video teleconference material  

28 Fins and body tubes cut  

29 Epoxy rocket together  

February 

2017 

  

1 Begin outreach activities  

2 Complete avionics bay  

4 First full-scale propulsion test flight (testing of all systems except 

payload) 

 

8 FRR Q&A  

11 Fourth full-scale propulsion test flight  

18 Complete payload  

19 Install payload  

25 First full-scale test flight (testing of all systems)  

March 2017   

3 Fourth full-scale test flight  

5 Sixth full-scale test flight  

6 Complete outreach activities  

6 Complete outreach activities  

6 Write and submit FRR  

12 Any additional full-scale test flight  

8-24 Prepare FRR video teleconference material  

26 Any additional testing/construction  

April 2017   

2-10 Teams travel to Huntsville, AL  
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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 Write and submit Post-Launch Assessment Review (PLAR)   

 

 

 

 

8/18/16 9/17/1610/17/1611/16/1612/16/161/15/17 2/14/17 3/16/17 4/15/17

Write and submit proposal

Write and submit PDR

Prepare PDR videoconference material

Write and submit CDR

Prepare CDR videoconference material

Work on construction--fins and body tubes

Work on construction--epoxy rocket together

Complete avionics bay

Full scale propulsion test flights (min. 4)

Complete payload

Conduct outreach activities

Full scale test flights (all systems) (min. 6)

Additional testing/construction

Write and submit FRR materials

Prepare FRR videoconference materials

Travel to Huntsville

Write and submit PLAR
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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. 

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 
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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 D MSDS 
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