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Carleton University, Ottawa, Ontario, K1S 5B6, Canada 

CU InSpace is competing at the 10,000 ft solid COTS category at this year's Spaceport               
America Cup. The main engineering goals we achieved this year are: designing and             
manufacturing custom parachutes, unique aluminum structures, composite fins and body          
tubes, and a deployable scientific payload glider. The design and manufacturing process of             
this years rocket is documented herein, along with notable achievements and challenges            
faced during its development.  

 



 

I. Introduction 
Carleton University has a long standing relationship with aerospace engineering, opening its first aerospace program               
in 1988, making it the first University in Canada to offer such a program. It now offers four different aerospace                    
specializations; Aerodynamics, Lightweight Structures, Avionics, and Space Systems Design. Carleton has always            
had a proud history of hands-on learning experiences as well, being the first Canadian university to develop a                  
capstone project in the student’s final year of study to showcase all they have learned in their time at Carleton.                    
Additionally, Carleton has always endeavoured to exceed in its extracurricular clubs from FSAE cars to UAV                
Blackbird. Carleton has always provided support and financial assistance to students looking to further their               
education with hands-on experience. CU InSpace is one of those teams, bringing dozens of undergraduate and                
graduate students from various engineering disciplines to design, develop, and test high-performance sounding             
rocket systems. 
 
This year, CU InSpace is competing in the 10,000 ft COTS competition at the Spaceport America Cup with our                   
rocket named “Chef Boy-Apogee”. This is our third year competing in this category and we are using the challenges                   
faced and lessons learned from last year to improve our design and achieve a successful launch. The Chef                  
Boy-Apogee rocket is an 11.25 ft (3.43 m) high-powered sounding rocket weighing approximately 63 lbs (28.6 kg).                 
The Cesaroni M1890 (92% M Class) propels the rocket at a maximum speed of Mach 0.83 (944 ft/s, 288 m/s) to its                      
estimated apogee of 10,666 ft (3,251 m), where the student-fabricated parachutes bags and payload canister are                
ejected using two Raptor CO2 Ejection Systems. The timing of the deployment and recording and relaying of                 
telemetry is facilitated by an avionics system consisting of custom software and cubesat-standard hardware with               
several redundant COTS systems. The student-fabricated main parachute deploys at 1,000 ft, where the scientific               
payload drone is released and follows a circular holding pattern as the rocket descends to the ground for recovery. 
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II. System Architecture Overview 
A. Aerostructures 

Aerostructures Topic Outline 
1. Overview 
2. Subsystem Layout 
3. Specifications 
4. OpenRocket Simulation 
5. ANSYS Fluent Aerodynamic Simulation 
6. Loading Estimation 
7. Body Tubes 
8. Internal Load-Bearing Structures 
9. Fins 
10. Nosecone 
11. Electronics Bay 
12. Concluding Remarks 

 
1. Overview 

The aerostructures subteam is responsible for the mechanical layout of all subsystems; the design, testing, and 
manufacturing of the structural and aerodynamic components of the rocket; as well as flight performance 
characterization and modelling. Components were designed to balance lightweight construction, ease of 
manufacturing, and material costs: inspiring the use of machined aluminum, sheet steel brackets, and unique 
materials such as 3D printed plastics, fiberglass-laminated kraft paper body tubes, and balsa-core 
carbon-fiber-laminated fins. All components are designed to minimize flight mass and the wetted components are 
designed to minimize drag in order to reduce the engine impulse required to deliver the payload to its 10,666 ft 
apogee. All aerostructural components are student researched and designed (SRAD) with the exception of the engine 
casing. This section of the technical report will outline the layout of all subsystems within the rocket; the simulation 
results from OpenRocket and ANSYS; the estimations of flight loading; and the design and manufacturing practices 
employed for the major aero-structural components. The described components will consist of: body tubes, internal 
load-bearing structures, fins, nosecone, electronics bay. The design iterations of the aero-structural components 
relied heavily on structural finite element analysis (FEA) and computational fluid dynamics (CFD), robust 
engineering simulations conducted in SolidWorks and ANSYS. The structural components were designed to be 
resilient enough to survive multiple launches as well as be adapted for more demanding applications in the future 
such as with hybrid propulsion and/ or supersonic flight.  
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2. Subsystem Layout 

 
Figure A.1: High-Level Rocket Layout 

3. Specifications 
The physical specifications of the rocket are presented in this section. Table 1 and figure 2 outline the masses of the 
major aerostructural components and the subsystems in this rocket. Table 2 shows the major linear dimensions of 
the rocket. Values are given in US customary and in metric units. 
 

Table A.1 Component Mass Budget 

Component 
Component Mass (Appx) % Total 

Loaded Mass [lbs] [kg] 

Nosecone 4.49 2.04 7.13% 

EFRIS 3.48 1.58 5.52% 

Coupler Joints 5.07 2.30 8.05% 

Stringers 1.60 0.73 2.54% 

Body Tubes 6.90 3.13 10.95% 
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Boat Tail 0.60 0.27 0.95% 

Fins 3.08 1.40 4.89% 

Engine Casing 6.30 2.86 10.00% 

Total Aerostructures 25.22 11.44 40.03% 

Payload 8.80 3.99 13.97% 

Recovery 6.00 2.72 9.52% 

Avionics 1.75 0.79 2.78% 

Engine (Loaded) 19.30 8.75 30.63% 

Engine (Burnout) 11.64 5.28 - 

Total Rocket Empty 43.70 19.82 - 

Total Rocket Loaded 63.00 28.58 - 

Total Rocket Burnout 55.34 25.10 - 
 

 
Figure A.2: Subsystem Percentages of Total Loaded Mass 

 
Table A.2: Major Dimensions 

Dimension 
Value  

[Imperial]  [Metric]  

Loaded Weight 63.00 lbs 28.58 kg 

Length 135.00 in 3429 mm 

Body Diameter 6.52 in 166 mm 

Fin Span 15.80 in 401 mm 

Nosecone Length 32.00 in 813 mm 

Payload/Parachute 
Bay Length 

46 in 1168 mm 
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4. OpenRocket Simulation 
OpenRocket [A.4], a high-fidelity open source sounding rocket simulator, was used to determine flight performance 
and select the appropriate engine (See sec. B). The flight goals were as follows: an apogee of 10,000 ft, a maximum 
acceleration of under 8g, and a maximum flight mach of at most Mach 0.85. The mach number constraint was 
chosen to avoid the large drag, aerodynamic, and thermodynamic loading of transonic flight. The OpenRocket 
simulation was calculated with the default settings and the standard painted surface roughness was used. The 
geometry of the rocket and mass distributions were emulated as accurately as possible based on the CAD model of 
the rocket. Recovery simulation is not discussed in this section. The simulation resulted in an apogee of 10,666 ft 
with a maximum velocity of 945 ft/s (mach 0.83). The maximum drag coefficient was determined to be 0.575 
(accounting for parasitic and pressure drag). Other simulation results are tabulated in table 3. Graphs of altitude, 
acceleration magnitude, and velocity magnitude as functions of flight time can be seen in figures 3, 4, and 5, 
respectively. 
 

Table A.3: OpenRocket Simulation Results 

Parameter 
Value  

[Imperial]  [Metric]  

Apogee 10666 ft 3251 m 

Max Velocity 944.9 ft/s 288.0 m/s 

Maximum Mach Number 0.83  -  

Max Acceleration 7.4 g -  

Off-Rail Velocity 82.0 ft/s 25.0 m/s 

Time to Apogee 25.5 s -  

Stability 1.33 cal -  

Max Drag Coefficient 0.575  -  
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Figure A.3: OpenRocket Altitude Simulation 

 

 
Figure A.4: OpenRocket Acceleration Simulation (Magnitude) 

 

 
Figure A.5: OpenRocket Velocity Simulation (Magnitude) 

 
5. ANSYS Fluent Aerodynamic Simulation 

A solid model of the final rocket geometry was used in an ANSYS fluent CFD simulation to determine pressure 
distributions and net drag on the rocket. The model incorporates the correct ogive nosecone geometry, body tube 
dimensions, boat tail geometry, fin geometry, and a large opening at the rear to allow the drag associated with the 
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open nozzle to be simulated. The mesh used for the air volume can be seen in figure 6.1.  The model was assumed to 
be symmetric to reduce computational requirements. A standard k-epsilon model was used with default surface 
roughness settings (0.5 roughness factor) as it was deemed appropriate for the subsonic flight regime as discussed in 
section A.4. The results of the simulated ANSYS drag and the simulated OpenRocket drag as function of airspeed 
are shown in fig. 6.2. The OpenRocket model predicts a higher drag by up to 36%, this is likely due to differences in 
the exact computational and geometric models used to determine drag. Further, the OpenRocket incorporates 
variations in angle of attack due to stability characteristics, whereas the ANSYS simulation was steady-state, this 
could have resulted in the increased drag prediction. In the future, it would be useful to compare both these models 
to wind tunnel and/or flight test data and in addition to evaluating drag, evaluating stability, heating, and loading on 
the aerostructural components. 
 

 
Figure A.6.1: ANSYS Air Volume Mesh 

 

 
Figure A.6.2: Comparison of ANSYS model and OpenRocket Model Total Drag for Varying Airspeed 
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6. Loading Estimation 
6.1. Flight Loading 

The loads experienced during the ascent portion and parachute deployment event were the main driving factor in 
component design and simulation. Aerodynamic drag was assumed to be the largest form of aerodynamic loading to 
be considered for structural design of the rocket components. The aerodynamic load due to drag is determined to be 
in the range of 60 to 85 lbf at its maximum. In the future, bending due to angle of attack should be investigated to 
properly design the joints and body tubes. Due to drag loading, the equivalent maximum acceleration would be 
approximately 1.3g (at max drag of 85 lbf and minimum flight mass of 65 lbs). Using the Cesaroni M1890-P solid 
motor, the maximum thrust the rocket can expect is 2401.60 N (540.36 lb) (See Sec. D). The equivalent maximum 
acceleration due to thrust would then be approximately 7.4g (at max thrust of 540 lbf and minimum flight mass of 
65 lbs). In comparison to the previous year, the maximum thrust loading has increased from 500 lbf to 540 lbf. The 
deceleration load from the parachutes was determined to be, at most, 7g. 
 

6.2. Design Considerations 
Considering a worst case sum of the flight loading discussed in section 6.1 due to drag and thrust, the loading would 
be 9.3g. It should be noted that since the rocket is free and the thrust and drag act in opposition, loads would not 
tend to combine, though a sum is used to incorporate a safety factor (see figure 4, acceleration never exceeds a 
magnitude of 7.4). The whole number of 10g is used as the design load for the design of the structural components 
to emulate the mechanical loading and compensate for any inaccuracies in its estimation. Due to conflicts with the 
use of the university’s composites laboratory, construction of composite components (body tubes, fins, nosecone) 
was not able to be completed in time to conduct physical testing. Resultantly, the designs of the body tubes and fins 
were adapted from last year’s physical tests to remain structurally adequate for the predicted loading. The thrust 
loading has only increased 8% from the previous year (500 lbf to 540 lbf), which means this year’s component 
design remains within last year’s large safety factors of at least 2. 
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7. Body Tubes 
7.1. Composite Body Tubes 

 
Figure A.7: Body Tube CAD 

 
The rocket consists of three cardboard composite body tubes (T1, T2, T3) acting as primary aerodynamic and 
structural members in the airframe, whose CAD models are shown in figure 7. Every year, CU InSpace has striven 
to design and build the body tubes of a unique, economical, and robust construction reinforced with internal 
structures (sec. A.8). The sounding rockets that compete at the Spaceport America Cup are typically fabricated from 
either cardboard/phenolic, aluminum, carbon fiber composite, or fiberglass composite. The composite tubes offer the 
highest strength to weight ratio but are prohibitively expensive. Aluminum proves too massive for our application 
and costs are also very high due to the diameter and length of our rocket. Both composites and aluminum tend to be 
employed with thicknesses that provide unnecessarily large factors of safety, however, cardboard/phenolic tends to 
not have the appropriate strength. Fiberglass over-wrapped cardboard tubing was the solution employed to achieve 
both low economic costs, and appropriate strength to weight ratio. CU InSpace was successful in the previous year, 
employing fiberglass overwrapped cardboard. The body tubes in the previous year, were designed with safety 
factors of nearly 3, thus this years use of an additional layer of fiberglass merits the conclusion that their 
construction will survive this year’s similar flight loading. The body tubes were manufactured from U-Line brand 
kraft paper shipping tubes. The tubes were laminated with two layers of 90 degree opposing 1522 (plain weave) 
E-Glass fiberglass with aeropoxy laminating resin as the substrate. The composite lamination was vacuum bagged to 
the body tubes using a layer of peel ply (release ply) and sanded to leave a smooth surface finish and reduce skin 
drag. 
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7.2. Boat Tail 

 
Figure A.8: Boat Tail CAD (One Panel Removed) 

 
The lower section of the rocket is terminated with a tapered section called the “boat tail” (T4) to reduce pressure 
drag. Its CAD model is shown in figure 8. A consultation with an aerodynamics professor specializing in transonic 
aircraft acoustics revealed that sharp changes in cross sectional area are one of the largest contributors to pressure 
drag. A taper of the tail of the rocket was investigated as the most abrupt change in area occurs at the end of the 
rocket. Through ANSYS AIM, tapered tail sections were iterated to explore the reduction in drag, and an 
approximate drag reduction of 30% was observed (figure 9). This reduction could only be confirmed using wind 
tunnel or flight testing; however, the drag reduction was deemed a worthwhile endeavour. The taper was 
implemented using a Von Karman geometry, tapering from the rocket’s outer diameter to slightly larger than the 
engine casing, still allowing for the mounting of the thrust ring (sec. A.8.4). The boat tail is constructed of four 
panels of ABS plastic and is riveted through 8 points onto sheet metal brackets to the EFRIS structure (Sec. A.8.4). 
 

 
Figure A.9: Tapered Tail Section (Boat Tail) Qualitative Drag Reduction 
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8. Internal Load-Bearing Structures 
8.1. Body Tube Reinforcement: Coupler Joint Design (C1a, C2-C7) and Body Stringer Design 

 

 
 

Figure A.10: Coupler Joint Assembly Exploded View 
with Radial Bolts CAD 

Figure A.11: Stringers and Coupler Joint 
Assembly CAD 

 
Each tube (T1, T2, T3) is terminated on each end with aluminum coupler joints (C1a, C2-C7) affixed with aeropoxy 
aircraft-grade resin, and the lower and central body tubes are reinforced with aluminum angle. The coupler joints 
and stringer CAD illustrated in figure 10 and 11. The coupler joints are riveted through the body tubes to the 
stringers providing internal mounting structures, redundant strength, and increased bending stiffness. The couplers 
and stringers are used to satisfy the critical requirement that the joints between body tube sections be stiff: 
According to competition rules, use of coupler tubes is assumed and the coupler is to extend at least one body 
diameter from the separation point. It was decided that the creation of custom coupling tubes was too impractical 
and space-consuming, inspiring the coupler and internal structure design that proved successful in the previous year. 
In bending, the stringers are put in compression or tension, offering much greater strength and rigidity than the tubes 
alone. The use of stringers allows the airframe to have an additional load-bearing mode in tension (upon parachute 
deployment), as in tension, using solely coupler joints and tubes, the load would be carried by the epoxy shear 
surface, whose strength is difficult to predict. Torsion loads were not considered since the rocket is free to roll along 
its longitudinal axis and does not have enough rotational inertia to warrant any analysis. To summarize: in all 
loading cases, the load path travels through rigid aluminum components. This structure was designed to be resilient 
enough to be reused in following years as well as provide rigid mounting points for hybrid engine tanks, valves, and 
other related plumbing in the future. The coupler joints were CNC lathed from 6061 T6 aluminum and the body 
stringers were machined from 6061 T6 angle aluminum using a milling machine and drill press. 
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8.2. Bulkhead Design (B4) 

 

Figure A.12: Bulkhead B4 CAD Figure A.13: Bulkhead B4 CAD (with CO2 Ejection 
Systems, Payload Support, and (only one) Bulkhead Plug 

 
The bulkhead (B4) is used to hermetically isolate the pressurised upper tube (T1) from the central tube (T2) and its 
contained avionics, as well as mount the main parachute eyebolt, CO2 ejection system (Sec. D), and payload support 
(figs. 12 and 13). The seal provided allows reliable and repeatable pressurization of the payload/parachute bay, thus 
allowing effective shearing of the shear pins as well as disallowing any interference with the barometric altitude 
sensors. Bulkhead B4 serves as the attachment point for the ½ inch eye bolt to mount the parachute cord that carries 
the entire weight of the rocket during parachute deployment and decent. A very similar construction was 
successfully used in the previous year, with the bulkhead fastened to its coupler joint using 6-32 screws. This year’s 
bulkhead uses 10-32 fasteners, for ease of assembly as well as improved strength in case of delayed parachute 
deployment. This year’s bulkhead has cutouts (sealed with bulkhead caps, a single cap can be seen in figure 13) for 
passing wiring and reducing weight. SolidWorks mechanical simulation was performed to validate the cutout 
design. It can be seen in figure 14, a loading simulation at 1000 lbf (100 lb rocket at 10g acceleration) was 
conducted and reveals the lowest safety factor (disregarding the washer) is least 3. Additionally, the load due to 
parachute deployment is only a maximum of 7g, and the true rocket burnout weight is 55 lbs, thus the bulkhead is 
more than strong enough to withstand deployment. The bulkhead was CNC machined from 6061 T6 aluminum 
plate. The bulkhead plugs are made from 3D printed PLA. 
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Figure A.14: SolidWorks Safety Factor Plot for Bulkhead B4 (1000 lbf Loading) 

 
The payload mount is a riveted steel structure designed to support the payload in the parachute bay at the 10g 
loading estimation. The part was loaded to 88 lbf (8.8 payload at 10g) and demonstrated a safety factor of at least 
1.5 (see fig. 15). A buckling simulation was conducted at the same loading whose mode shape can be seen in figure 
16, though the load factor is 23.2, thus the structure would yield before buckling. Since the safety factor of this bare 
structure is 1.5, it may be further reinforced with additional steel sheet or plate. 
 

 

Figure A.15: SolidWorks Safety Factor Plot for Payload 
Mount 

(88 lbf Loading) (Min 1.5) 

Figure A.16: SolidWorks Buckling Simulation for 
Payload Mount (88 lbf Loading) (Load Factor 23.2) 
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8.3. Engine and Fin Retention Internal Structure (EFRIS) Design 

 
Figure A.17: Engine and Fin Retention Internal Structure (EFRIS) CAD (with Fins) 

 
The Engine and Fin Retention Internal Structure, or EFRIS, is a 6061-T6 aluminum structure that allows rigid 
retention of the engine casing and the four fins (see fig. 17). The top ring (R1 Load Ring) is the interface with the 
rest of the rocket, a bottom thrust ring (R2) acts as the load path for the engine, and a third ring (R3) retains the 
engine from the bottom (The EFRIS can be seen in greater detail in the Drawings Appendix). The fin stringers 
rigidly clamp the fins to prevent bending by using snahcor blocks with 2 points of contact each, The fin stringers 
become thin toward the aft of the rocket due to the boat tail. The design was validated using SolidWorks showing 
that the structure had a very large safety factor greater than 6 and would not fail in buckling due to the large load 
factor of 38.6. The buckling mode of the fin stringers can be seen in figure 18. This configuration of fin stringers 
and rings was successful in the previous year and remained intact after landing. Anchor components were 
manufactured from 6061-T6 using a milling machine and drill press. The stringers, load ring, and thrust ring were 
laser cut 6061-T6. 
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Figure A.18: SolidWorks Fin Stringer Buckling Simulation (Deformation Scale 0.088) (67.5 lbf Loading) 

 
9. Fins 

 
Figure A.19: 2018 (Previous Year) Sandwich Panel Fin in Fin Stringer 

 
The rocket has four fins designed to provide passive stability to ensure a flightpath identical to the predicted one. 
The fins were designed first by satisfying the structural requirements, that is, the appropriate stiffness to avoid 
flutter, then the fins were optimised to minimize drag. These considerations determined the fin structural 
composition and fin face geometry respectively.  
 

9.1. Fin Structure: Aerodynamic Loading and Required Stiffness 
One of the most critical loads acting on the fins is the dynamic load produced by turbulence and flutter. Flutter 
occurs due to many factors and is therefore inherently difficult to predict. Given the complexity and time required to 
complete a full aeroelastic analysis of the fins, it was decided to use a simple approach as outlined in NACA 
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Technical Note 4197 [1]. Although the maximum airspeed of the rocket was not expected to cross into the sonic 
region, the minimum safe flutter speed was set at Mach 2 to allow for a generous safety factor. After all other 
parameters were provided, the required minimum equivalent shear modulus of the fin was found to be 1.3 GPa. The 
second analysis done for the fins was in the case of a static lifting force acting on the lower surface of the fin at a 
significant angle of attack. Using the ANSYS AIM module, the force was found based on the pressure difference 
between the top and bottom surface of the fin at a 15 degree angle of attack. This pressure difference was found to 
be 80 KPa. 
 

9.2. Fin Composition 
Fin composition was chosen using the approach we pioneered last year: achieving high stiffness to weight and 
thickness ratios by using a sandwich panel construction comprised of an end-grain balsa core and a carbon fiber 
skin. Carbon fiber was chosen because of its very high stiffness-to-weight ratio and end grain balsa was chosen for 
its high shear-strength to weight ratio. Given that the fins are also in close proximity to the engine casing during 
launch, balsa wood proved to have better retention of strength properties at elevated temperatures when compared 
with other thermoplastic core materials, such as polyurethane, PVC foam, or a 3D printed material. The main benefit 
of using sandwich panels for the fins is that they allow for a higher stiffness-to-weight ratio than just composites 
alone with only a small percentage of added mass (when a low-density core is used). An example of this is shown in 
Figure 20.1, [A.1]. This allows for a stiffer, stronger panel to be manufactured using a smaller amount of composite 
material, greatly saving on cost. During the flight, the fins are likely to experience high dynamic loading and 
vibration which requires them to have high stiffness. Of course, a negative aspect to this method is the added drag 
formed by the thicker material. A more in-depth optimization of this design, taking both drag and stiffness into 
account, would have been beneficial and will be explored in further years. This investigation could be conducted 
using a coupled ANSYS system, using the Composites ACP package, ANSYS Fluent, and ANSYS Transient 
Structural, allowing flutter effects to be simulated. The fin design was successful in the previous year, remaining 
intact after landing. Due to this, the same dimensions and 4 layer of carbon fiber per side will be used again, as the 
fins have smaller area and span, meaning they will have even greater stiffness than the previous year. The composite 
lamination was vacuum bagged to the body tubes using a layer of peel ply (release ply) and sanded to leave a 
smooth surface finish and reduce skin drag. A bending simulation in ANSYS can be seen in figure 20.2 along with 
the fin test section to validate the simulation in figure 20.3. 
 

 
Figure A.20.1: Demonstration of Sandwich Panel Viability [A.1] 
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Figure A.20.2: ANSYS ACP Fin Test Section Bending Simulation 

 

 
Figure A.20.3: Fin Test Section 

 
9.3. Fin Aerodynamic Geometry 

The primary goal of our fin design process was creating fins that would provide adequate static, and dynamic                  
stability to the rocket, while minimising the drag and weight they would add to the overall design. The dimensions                   
and geometry of the rocket’s fins were determined by consulting the Peak of Flight Newsletter [A.3]. Based on Issue                   
#442, it was decided that the fins were to have a trapezoidal shape. The article suggests that for optimal altitude fins                     
should be smaller, have a symmetrically shaped airfoil, have a thin spanwise taper, and be of an elliptical or                   
trapezoidal shape. However, since the rocket is flying at speeds higher than 0.13 Mach trapezoidal fins are preferred. 
The dimensions of the fins were calculated using OpenRocket, MATLAB, and Issue #195 from the Peak of Flight                  
Newsletter. The goal of this analysis was to have an optimal Damping Ratio ζ. 
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The equations for the C1 and C2 were obtained from Issues #193 and #195, respectively. C1 is a measure of all the                      
forces that attempt to return the rocket to 0 angle of attack after it is disturbed. C2 is a measure of all of the forces                         
and inertias that resist any attempts to make corrections to its flight path. 

 
  
MATLAB functions were created to implement the equations above and each value was obtained using Open 
Rocket’s component analysis chart in the tools section. Using these tools, the location and size of the fins was tuned 
to achieve an optimal damping ratio and minimal drag. A damping ratio between 0.75 – 1 was desired, meaning that 
the rocket will slightly overcorrect in a constant wind, but will be better able to achieve straight flight in real world 
varying-wind conditions. Calculations were determined assuming an incompressible airflow. Consultation with an 
aerodynamics professor revealed that the idea cross section geometry is that of a symmetric subsonic airfoil. The 
leading and trailing edges were thus tapered to offer this cross-section. The final stability caliber of the rocket is 
approximately 1.33, according to the OpenRocket Simulation (sec. A.4). 
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Figure A.20.4: Optimized Fin Geometry for Stability Caliber of 1.33 

 
10. Nosecone 

 
Figure A.21: Nosecone CAD 

 
The nosecone acts as the rockets main reducer of drag, interfacing the rocket’s cylindrical body to the transonic 
incident airflow. The CAD model of the nosecone is shown in figure 21. Originally, the nosecone was designed to 
have custom geometry that provided the minimum drag yet also withstand the large compressive loading with 
appropriate safety factor using a custom fiberglass construction, optimised using several ANSYS packages. Due to 
resource limitations and conflicts with the use of the university’s composites laboratory, a custom nosecone was not 
created and the team’s 2018 nosecone was adapted to fit instead. The nosecone is a 5:1 ogive geometry with length 
of 32 inches. It is of fiberglass construction and has an aluminum tip for increased thermal mass. The nosecone 
adhered to the uppermost coupler joint, C1a, using aeropoxy aviation epoxy resin. This assembly is then fastened to 
the upper tube assembly through the coupler joint, C2, using 6-32 nylon shear pins. These pins are able to be 
configured to be as few as 2 and as many as 6 to allow the appropriate structural support but also being able to be 
sheared due to the CO2 ejection charge (See Sec. D). The ideal nosecone geometry would have been Von Karman, 
due to its low drag characteristics in our desired speed regime. An analysis was conducted to minimize drag by 
optimizing the length of the nosecone: at a 6.2 inch diameter, a nosecone of approximately 20 inches would have 
been ideal (fig. 22). 
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Figure A.22: ANSYS Von Karman Nosecone Length Optimization (with Three Control Geometries) 

 
11. Electronics Bay 

  

Figure A.23: Main Electronics Bay (EBay) CAD 
 
The electronics bay (EBay) is a 3D printed ABS housing that mounts the stack of avionics boards and is fixed into 
the airframe (figure 23). It has a main avionics variant and a nosecone variant which are mounted to the central tube 
assembly (T2) and the nosecone, respectively. For the main variant, a steel flange component is riveted to the 
electronics bay and has tabs allowing for mounting to anchor blocks on the central stringers (figure 25). The 
electronics bay was simulated in SolidWorks at 10g to ensure that the design maintained integrity at the max load 
case. On top of the electronics bays is the “Battery Sandwich”, a custom 3D printed ABS casing for housing the 
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eight 18650 batteries required to power the avionics (the batteries are visible in the cutout in figure 23). The 
nosecone variant has mounts on it designed to slot onto anchor blocks in the nosecone (figure 24). The mounts were 
simulated in SolidWorks at 10g to ensure that the design maintained integrity at the max load case (figure 26 and 
27) and proved effective (the models were shelled to conservatively estimate the weakness due to sub-100% infill).  
 

  

Figure A.24: Nosecone EBay CAD Figure A.25: Assembled Main EBay CAD 

 

 
 

Figure A.26: Solidworks EBay Loading Simulation 
(Deformation Scaled) 

Figure A.27: Solidworks Nosecone EBay Mount 
Loading Simulation (Simplified) (Deformation Scaled) 
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12. Concluding Remarks 

The aerostructural design of the Chef Boy-Apogee rocket prioritized low cost and mass, while striving to optimize 
structural and aerodynamic performance. The team was faced with several setbacks, disallowing us to build physical 
test specimens. Due to this, a majority of the design is rooted in the previous year’s successful part design and 
modified to be easier to manufacture, cost less, and be stronger. Components were designed to be resilient enough to 
survive launch and landing, and versatile enough to be used in future years, come the attempting of hybrid 
propulsion and/ or flight in the transonic or supersonic regimes. The aerostructures subteam was effective in 
employing FEA and CFD to inform part design, as opposed the using intuition and “rule-of-thumb” to size 
components. In future years, a major goal will be prototyping components early in the year, to physically test 
designs and validate simulations. Four major student-lead aerostructural endeavours will be attempted in the next 
year. The first is a robust ANSYS fin design optimisation program to minimize drag, material, and most importantly, 
avoid flutter. The second is an ANSYS aerodynamic model of the rocket, outputting a trajectory prediction as well 
as stability characterization to be compared with OpenRocket. The third is to design and manufacture a custom 
fiberglass nosecone, to reduce mass and drag of the COTS Ogive one in current use. The final goal is to have wind 
tunnel testing as a component of design, development, and model validation. 
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B. Propulsion 
1. Introduction 

The Propulsion sub-team is responsible for the selection and handling of the rocket’s motor for competition 
and the development of propulsion systems for future flights. The propulsion team works closely with the 
other sub-teams to ensure their designs are prepared for the expected behaviour of the rocket. We assist the 
aerostructures team in performing aerodynamic simulations to determine the expected behaviours. 
OpenRocket and MATLAB Simulink are used as the simulators for the results. 
 

2. Motor Selection 
The Cesaroni Pro98 9876M1890-P motor was chosen for the rocket. It is a M-class, 4-grain, reloadable 
engine. The specifications of the motor are listed in the following table. 
 

Table B.1 Engine Specifications 

Engine  Cesaroni Pro98 9876 M1890-P 

Total Impulse 9875.60 Ns 2222.01 lb*s 

Maximum 
Thrust 

2401.60 N 540.36 lb 

Average Thrust 1890.00 N 425.03 lb 

ISP 190.70 s 

Burntime 5.25 s 

Loaded Weight 8.823 kg 19.301 lb 

  
3. Simulation Results 

The process of selecting an engine was done by simulating motor configurations in OpenRocket with 
various launch profiles and comparing which configuration were close to the target altitude of 10,000 ft, 
had acceptable acceleration for our electronics, and stayed subsonic to avoid aerodynamic complications. 
Note that the competitor engines were limited to those the supplier had available at the time. A chart 
summarizing the results of the available alternatives is shown below. 
 

Table B.2 Engine Trial Simulation Results 

Motor Code 
(Impulse)-(Class)(Avg. Thrust) 

Alternative 1 
10367-N1800  

Alternative 2 
9955-M1450 

Selected Motor 
9876-M1890 

Alternative 3 
8634-M6400 

Apogee (m)(ft) 3401 (11,158) 3320 (10,892) 3256 (10,682) 2889 (9,478) 

Max. Velocity (m/s)(ft/s) 295 (698) 277 (909) 296 (971) 319 (1047) 

Max. Mach Number 0.860 .808 .863 .930 

Max. Acceleration (G) 6.881 7.829 7.441 27.625 

Off-Rod Velocity (m/s)(ft/s) 25.4 (83.3) 26.6 (87.3) 25.1 (82.3) 51.9 (170.3) 
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Alternative 2 and the selected engine performed very similarly. The deciding factor between them was 
which was closest to the target altitude without going under.  
 

4. Static Stability Margins 
During flight, the minimum static stability is 2.51 body diameters and the maximum is 3.80 body 
diameters. This satisfies rules “8.3 Ascent Stability” and “8.4 Over-Stability”. 
 

5. Low-Speed Off Rail Stability 
As per the competition rule “8.2 Launch Stability”, additional analysis was performed to ensure the rocket 
will be stable during the phase of flight from when the uppermost guide lug clears the rail and the rocket is 
free to pivot about the lowermost lug until the lowermost lug also clears the rail and the rocket is able to 
recover from any disturbances. The method determined for investigating this was by simulating the 
worst-case scenario, a strong gust while pivoting on the rear lug and then only forward velocity to correct 
when free of the rail. This method considers the moments of inertia about the lugs and CG, and the drag 
force due to wind and forward velocity on the rocket, to calculate the applied torque to the rocket at each 
instance of time. Using a MATLAB Simulink Model, a simulation was created of the rocket’s deflection 
from angle of attack over time. Below is a plot of the results. 
 
 

Figure B.1 Low-Velocity Off-Rail Stability Simulation 

 
 

The rocket is able to clear the rear lug in 0.040s after the forward lug leaves the rail. At this time the rocket is at its 
maximum displacement of angle of attack of 8*10^-6 radians or 0.000458°. This shows that there is not enough time 
between lugs clearing the rail for the deflection to become significant so the rocket will  be stable at the off-rail 
portion of its flight. 
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C. Avionics 
 

1. Commercial Off The Shelf Avionics 
A  COTS altimeter is installed in electronics bay and will be programmed to trigger the deployment at apogee. The 
chosen altimeter is the StratoLoggerCF dual-deployment altimeter from PerfectFlite. Although dual-deployment is 
not necessary for the current rocket configuration, it was a left-over component from the previous year and was 
available to use on this rocket. The altimeter will also store the flight data, including altitude, temperature, and 
battery voltage, which can be downloaded and compared with the data collected from the SRAD components. 

For tracking, the rocket will be equipped with a Featherweight GPS Tracker 
(https://www.featherweightaltimeters.com/featherweight-gps-tracker.html). 
 
 

2. Student Researched And Designed Avionics 
The SRAD avionics operate independently from the COTS Avionics, providing redundant parachute deployment 
and rocket locating functionality as well as some additional (non-critical) functionality including logging of 
additional sensor data. Our SRAD avionics system has a modular hardware platform, designed to make components 
easily replaceable and to allow better reuse and incremental design improvements over multiple years. The software 
for this system is also entirely student researched and designed. 
 

2.1. Hardware 
CU InSpace’s SRAD avionics hardware architecture consists of a number of stacked PCBs each dedicated to a 
particular function. The PCBs are interconnected via stacking headers which provide power (3.3 V, 12 V and battery 
voltage), serial communication (4 * UART, SPI, I2C), analog IO and GPIO, figure C-1 shows a 3D model of the 
avionics stack. 
 

 
Figure C-1: Stacked SRAD Avionics Construction 

 
The stack used in the main avionics bay consists of 7 boards: 

● A power board which provides regulated 3.3 volt and 12 volt supplies for the rest of the stack. This board 
also has current measurement hardware. 
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● A microcontroller board which houses the main microcontroller as well as the SD to which telemetry is 
logged. (show in figure C-2) 

● A sensor board which houses the altimeter, inertial measurement unit and GPS module 
● A radio board with the radio module used to transmit telemetry data 
● A temperature sensing module with the hardware required to collect data from a large number of 

temperature sensors which are embedded into the body of the rocket 
● A deployment module on which the electronics required to set off the CO2 ejection system are mounted 
● A board to which all of the connectors leading to equipment mounted elsewhere in the rocket are mounted 

 

 
Figure C-2: Microcontroller board 

Additionally, the avionics stack may contain blank boards used as structural support to which the COTS hardware 
can be mounted. 
There is a second smaller avionics stack located in the nose cone. This stack reuses many of the same components in 
order to collect additional data. 
 

The avionics system is based on a ATSAMD21J18A microcontroller, which contains an ARM Cortex M0+ 
CPU clocked at 48 MHz paired with 32 KiB of ram, 256 KiB of flash storage and a wide range of peripherals. The 
sensor suite in the avionics stack is capable of measuring altitude with 10 CM precision, acceleration with a 
precision of 0.49 milli-g up to +/- 16 g and angular velocity with a precision of 0.061 °/second up to +/- 2000 
°/second. 
 

2.2. Software 
The SRAD avionics software is responsible for collecting sensor data, transmitting and logging telemetry, detecting 
apogee and deploying the parachutes. The avionics system is written in C with the GNU toolchain. The software is 
made open source under the MIT license and is available at https://github.com/CarletonURocketry/2019-avionics. 
The software is designed in as modular a fashion as possible for easier collaboration, the software structure is 
described in figure C-3. 
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Figure C-3: Software Architecture 

 
The application layer functionality is controlled by a finite state machine. The avionics system track the rocket’s 
progress with its sensor data. The progression through this state machine is shown in figure C-4. 

 
Figure C-4: Avionics state machine progression 
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In order to allow recovery from power faults or other flaws which could cause the avionics system to reset in flight, 
the current state is stored in nonvolatile memory. If when the avionics system starts and the rocket is already armed 
it will be assumed that the system is recovering from a fault and that it should recover its previous state rather than 
reverting to the initial standby state. The current state dictates how often telemetry will be transmitted and/or logged 
as well as what sensor input should be polled to determine the next state transition. The drogue chute is deployed at 
the transition from coasting ascent to descent, which is detected by measuring the altitude and finding its rate of 
change. 
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D. Recovery Systems 
The goal of the Recovery System is to ensure safe descent of the rocket and payload. The Recovery System consists 
of two subsystems, the ejection subsystem and the subsystem consisting of parachutes, lines, attachments, and 
parachute bag. Ejection is triggered at apogee by an altimeter, and pressurized CO2 will be released into the 
parachute and payload bay, separating the nosecone from the rocket body, and releasing the drogue chute.  To 
satisfy competition requirements, and to ensure a gradual descent profile, there will be dual deployment of 
parachutes, consisting of a drogue release at apogee and a main parachute at 1000 ft above ground level (AGL). 
Several tests were conducted to ensure the safety of the student researched and designed components and reliable 
operation of the assembled systems.  
 

1. CO2 Ejection System 
The choice to use a CO2-based ejection system came from higher reliability and safety compared to a black 
powder-based system, which was used in the 2017 rocket. The chosen system is the Peregrine Raptor CO2 System 
Kit made by Tinder Rocketry. Two kits will be installed in the rocket for redundancy, and both systems can be 
triggered by either the SRAD avionics or the COTS altimeter, which then pressurizes the internal cavity of the 
rocket and forces separation of the body tube at the joint to deploy the drogue chute. Although there is still a small 
amount of black powder used to puncture the CO2 canisters, the CO2 gas immediately cools the explosive exhaust. 
This system will be reused in the 2019 rocket, as its reliability was proven in 2018, as well as it offers simplicity of 
design and is easy to procure expendable resources for, such as the CO2 canisters and very small amount of black 
powder.  
 

2. Parachute Dual Deployment 
The two parachutes will be stored  together in a single-compartment with the Payload, as seen in Figure D-1. Upon 
ejection, the drogue chute will deploy and will be the primary contributor of drag for the first portion of descent, 
from apogee at 10,000 ft until 1000 ft. A schematic representation of this phase of flight can be seen in  Figure D-2. 
The main chute will deploy at 1000 ft AGL. Main chute deployment will also be accompanied by the release of  the 
payload, to have its descent controlled by the 4 ft diameter parachute, as seen in Figure D-3. The rocket will be 
descending at a velocity under 25 ft/s under the 1500 ft requirement, and the payload will have a safe decent velocity 
of under 24 ft/s. For dual-deployment to occur with the single-compartment design, a commercially purchased 
JollyLogic chute release (altitude based) will be used to contain the main chute during the the first portion of descent 
under the drogue, and allow for main chute deployment at 1000 ft AGL. 
 

 
Figure D-1: Parachute and payload bay internal schematic 
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    Figure D-2: Parachute staging with drogue deployed            Figure D-3: Second stage of parachute deployment 
 

3. SRAD Drogue and Main Parachutes and Deployment Bag 
Both main and drogue parachutes have been student designed and built. The 4 ft diameter drogue parachute was 
designed and built in 2018, for the 2018 competition. This parachute will be reused in 2019 as it is already flight 
proven. Both the main and drogue will be 8 panel round parachutes, with a spill hole located at the top of about 
5-10% of the diameter of the parachute. A scaled template is used to cut out the 4 ft diameter drogue chute panels 
can be seen in Figure D-4. The smaller drogue chute was used as a proof of concept to incrementally increase 
production from 1 ft and 2 ft diameter test parachutes to the production of the full scale main parachute for use in the 
2019 rocket. Both parachutes have been made of ripstop nylon, with s-bend seams. The coupon testing was 
performed on the material and on sections of the seams. The results and conclusions of these tests can be found in 
Section D-5; Parachute Material Testing. The paracord was attached to the parachute by being sewn on, as this 
reduces stress concentrations versus the use of grommets and tied attachments.  
 
The parachute bag will be made of a thicker canvas material, and will consist of a deep pocket for the main 
parachute and a cover flap to prevent premature deployment. There will be attachments to hold the JollyLogic chute 
release. There will be shock cord loops for effective storage of paracord outside the bag, preventing tangling and 
snags on deployment.  
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Figure D-4: Cutting template for four foot diameter drogue parachute panel 
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4. Parachute Attachments 
In order to attach the parachutes to the rocket body and safely hold the cubesat payload during descent, the recovery 
system will be using a combination of tubular nylon and Kevlar shock cords along with quicklinks and barrel 
swivels. The tubular nylon measures at 5⁄8” in diameter, and the Kevlar measures at 0.1” in diameter. The Kevlar 
cord is braided with a hollow core, and has a tensile strength of 1500 lbs. The tubular nylon cord is the main cord to 
be used for all necessary attachments between the parachutes and the rocket body. For the Payload section, Kevlar 
cord will be used along with quick links and barrel swivels at each end, as to accommodate the deployable payload 
design and deployment requirements. A barrel swivel will be used for each parachute at the shroud line ends 
attached by a quick link and a barrel swivel with a figure-8 knot for the main, and a butterfly alpine knot for the 
drogue chute to accommodate the extra cord needed for the nose cone. At the body tube side of the shock cords, 
each respective line will be attached again by a barrel swivel and quicklink with a figure-8 knot for each. 
 

5. Parachute Material Testing 
The ripstop nylon as used in the construction of the parachutes had small coupon samples tested in a tensile rig. Two 
types of fabric were tested, the black ripstop nylon as used in the drogue parachute, as well as the red ripstop nylon 
used in the main parachute. Two different sets of tests were conducted, one with seams, and the other without. This 
allowed for a stress strain curve to be produced for each material, with the results for the material used in the drogue 
chute shown in Figure D-5, and the results for the material of main chute in Figure D-6. It can be seen by comparing 
the ultimate tensile stress, as denoted by an X, that the presence of seams does not have a significant effect on the 
strength at failure. The stresses carried were also compared to the expected stresses during deployment and flight, 
and it was determined that the flight loads are well below the failure stresses for the corresponding parachute.  

 
Figure D-5: Stress strain curves of black ripstop nylon material as used on drogue parachute 
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Figure D-6: Stress strain curves of red ripstop nylon material as used on main parachute 

 
As concluded from the material tests, it was found that the presence of seams does not affect the parachute strength, 
and therefore it was concluded that the seams would not require reinforcement with additional taping in the 
construction of the main parachute. Taping was still used to attach the paracord to the parachute.  
 

6. Scaled Parachute Testing 
Small scale drop tests were conducted with the 1 ft diameter test parachutes, with a correspondingly sized rocket 
load. These tests were conducted to approximate and confirm coefficients of drag and confirm parachute strength.  
 

7. Parachute Release and Testing 
The release of the main parachute from the bag was tested in a static stand, with the resulting deployment of the 
parachute upon manual release of the ‘chute release’. Functionality of the commercial off the shelf JollyLogic chute 
release was verified by its actuation upon decent in altitude. These operations have all be verified individually before 
their application in the rocket. 
 
An  ejection test was conducted in 2018 to verify the Peregrine Raptor CO2 System. Separation of the nose cone 
was achieved during the test. The payload and parachutes were also pushed out of the rocket during this test. 
Ejection and deployment of the parachute using the Peregrine Raptor CO2 System was also achieved in the 2018 
IREC launch. Another ejection test will be conducted with the 2019 rocket, using the same ejection system before 
the 2019 competition.  
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E. Payload 
 

1. Mission 
  The payload's mission includes the successful deployment of an updated UAV from a 6U CubeSat and the 

successful deployment of our foldable wing mechanism.  The UAV will follow GPS waypoints programmed prior to 
launch with a free python software provided by Pixhawk. The onboard wireless camera system allows for a live 
video feed with ranges up to 1 km while also saving the feed to a DVR board for post-flight analysis. In the future, 
an infrared camera will be attached to provide surveying of fires and any mission that would require monitoring of a 
heat signature. 
 

2. Structure and Mechanisms 
The structure is a laser cut balsa wood stringer with ribbing, utilizing a fiberglass wrap for reinforcement. The body 
of the UAV is cut foam to keep the vehicle light. The airfoil design was selected based on lift to drag ratios, and 
ultimately, S7075 wings were chosen, shown below. On deployment, the wings rotate 90 
degrees into their proper flight position with the help of a central torque spring. The wing tips 
will then fold out caused from the inertia of the spring-loaded deployment. This deployment 
mechanism was implemented due to the length of the wings exceeding that of the CubeSat’s. In 
order to compensate for the additional weight this year, we had to increase the dimensions of 
the wings so that enough lift would be generated to allow the UAV to fly. The deployment 
mechanism consists of a torsion spring and 2 thrust bearings. The top section compresses and 
fastens onto the wing while the thrust bearings provide smooth rotation of 90 degrees and lock 
into position for flight. 
 
 

 
 
 
 
 
 

Figure F-1: The S7075 wing profile Figure F-2: Torsion Mechanism 
 
 
 

3. Systems 
The UAV consists of 3 major avionics 

systems: the control system, the camera system, and 
the backup GPS tracking system. The control 
system is run by the flight computer called, 
PixHawk.  It is a COTS system that enables the 
UAV to be run remotely and autonomously in 
accordance to the pre-programmed flight path. The 
PixHawk has a built-in GPS module and inertial 
measurement units (IMUs) to ensure that the UAV 
follows its flight path accurately. The PixHawk 
controller includes a power system that enables it to 
run a motor, various servos, and any auxiliary electronics                          Figure F-3: UAV cutaway 
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such as the wireless camera system. The PixHawk system connects to open source ground station software that 
communicates via the telemetry system at 915MHz. This system will give us real-time location, speed and altitude 
data, and allows us to set GPS waypoints. The PixHawk also has automated landing abilities for when the UAV 
touches down. The camera system records and transmits a live feed on a 5 GHz band from the drone and includes an 
onboard DVR to record the flight in the event of the ground station losing the feed signal. As a backup to the 
PixHawk system, the UAV will feature a dedicated COTS GPS tracking device. The tracker connects with the 
ground station allowing for precise tracking over a range of many kilometers. 
 

4. CubeSat 
The CubeSat will hold the survey drone and a fox tracker system. It is a 6U CubeSat standard size consisting of 4, 
18 gauge steel sheet, steel angle extrusions and a 000 gauge (3/8 inch) steel plate on top with a 3/8 inch I-bolt. The 
estimated weight of the cubesat is 8 lb. With the addition of the survey drone, the payload will meet the required 8.8 
lb minimum. The angle extrusion will be welded to the steel sheets creating a sleeve. The steel plate will be fastened 
via 8, 1/4 inch bolts. Padding will be added along each corner of the CubeSat for a secure fit within the rocket body 
tube. 
 

III. Mission Concept of Operations 
Mission Phases 

Pre-Flight 
Launch 
Powered Flight 
Coast 
Descent 
Recovery 

 
The mission concept of operations can be seen in the state diagram in Figure C-4. 

IV. Conclusion and Lessons Learned 
Working for the first time with several new materials in our rocket, there are various changes to be made for the next                      
competition. Considering the custom machined aluminum parts, a harder alloy or heat treatment would improve the                
machining process as the 6061 aluminum seemed rather soft when worked on the mill and lathe. Regarding all                  
components, reducing the amount of material, number of fasteners, and using coarser tapped threads to an degree                 
calculated (and possibly and empirically verified) with to appropriate safety factor would reduce cost and machining                
time. Bending tests and  along with the compressive tests could be conducted on the tube sections to better                  
characterise the body tubes to reduce required composite reinforcement to again reduce cost and manufacturing               
time. Lastly, vibration testing could have been conducted to confirm the flutter characteristics of the fins as well as                   
the robustness of the electronic components and the mechanical fastenings throughout the rocket. In general, earlier                
completion of design should have been achieved to allow for more simulation and validation of simulation through                 
physical tests. 
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Appendices 
A. Hazard Analysis  
 

Hazard Possible Causes Risk of Mishap 
and Rationale 

Mitigation Strategy Risk of 
Injury after 
Mitigation 

Rocket deviates 
from nominal flight 
path, comes in 
contact with 
personnel at high 
speed  

1. Fins are installed 
asymmetrically 

2. Body tube and joints 
are assembled 
asymmetrically 

3. Weight in rocket is 
not evenly 
distributed 

4. Rail lug or other 
rocket component 
catch on launch rail 
during ascent 

5. Premature recovery 
system deployment 

Medium; Student 
built body tubes 
and inner 
structures with 
limited alignment 
testing 

1. Ensure parts are well 
aligned and built to tight 
tolerances and test fit 

2. Ensure parts are well 
aligned and built to tight 
tolerances and test fit 

3. Check for balance before 
launch 

4. Ensure no components 
obstruct the path on the 
launch rail AND 
mechanical connections to 
be checked by 
manufacturing executive 
and senior aerostructures 
executive 

5. Electronic systems and 
parachutes to be checked, 
tested and armed by senior 
electronics executive 

Low 

Recovery system 
fails to deploy, 
rocket or payload 
comes in contact 
with personnel  

1. Inadequate packing 
of parachutes 

2. Parachutes caught 
on parachute bay 

3. Electronics 
malfunction or 
failure 

Medium; testing 
was done in static 
environment and 
not main and 
payload in 
dynamic flight 
environment 

1. Parachutes to be packed 
and checked by senior 
recovery executive 

2. Ensure clean and smooth 
inner surface upon which 
parachute slides AND 
mechanical connections to 
be checked by 
manufacturing executive 
and senior aerostructures 
executive 

3. Electronic systems to be 
checked, tested and armed 
(only on launch site) by 
senior electronics 
executive 

Low 

Recovery system 
partially deploys, 
rocket or payload 
comes in contact 
with personnel 

1. Inadequate packing 
of parachutes 

2. Parachutes caught 
on parachute bay 

Medium; testing 
was done in static 
environment and 
not main and 
payload in 
dynamic flight 
environment 

1. Parachutes to be packed 
and checked by senior 
recovery executive 

2. Ensure clean and smooth 
inner surface upon which 
parachute slides AND 
mechanical connections to 
be checked by 
manufacturing executive 
and senior aerostructures 
executive 

Low 

Recovery system 
deploys during 
assembly or 

1. Recovery system 
armed prematurely 

Low; recovery 
system is only 
fully armed on the 

1. Electronic systems to be 
checked, tested and armed 
(only on launch site) by 

Very Low 
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prelaunch, causing 
injury 

2. Incorrect installation 
of electronics/ 
electronics 
malfunction 

launch rails at 
launch range 

senior electronics 
executive 

2. Electronic systems to be 
checked and tested by 
senior electronics 
executive 

Rocket does not 
ignite when 
command is given 
(“hang fire”), but 
does ignite when 
team approaches 
to troubleshoot  

1. Igniters incorrectly 
installed 

2. Electronics 
malfunction 

Low; proven 
commercial 
system are used 
for engine and 
engine igniters 

1. Ensure igniters are 
securely installed 
electrically and 
mechanically 

2. Electronic systems to be 
checked, tested and armed 
(only on launch site) by 
senior electronics 
executive 

Low 

Rocket falls from 
launch rail during 
prelaunch 
preparations, 
causing injury 

1. Rail lugs incorrectly 
installed and/or 
inadequately 
supported on launch 
rail; 

Low; rail lugs are 
installed onto 
aluminum load 
bearing 
bulkheads 

1. Mechanical assembly (ie 
rail lug and launch rail 
installation) to be checked 
by manufacturing executive 
and senior aerostructures 
executive 

Low 

 
 

 
B. Assembly, Preflight, and Launch Checklists 

 

Assembly Checklist 

1. Pack recovery systems (drogue and main chutes, and cords) 
a. Attach cords to respective attachment locations (e-bay, payload, motor casing) 
b. Ensure proper fire-proofing is in place for each chute (ie. chute protector and reusable 

recovery wadding for drogue, and parachute bag and reusable recovery wadding for main) 
2. Insert avionics sled into e-bay with igniters connected 
3. Pack ejection charges/black powder and seal 
4. Insert payload into payload compartment and secure with twist-lock lid 
5. Fit nose cone onto body, secure with bolts 
6. Fit Bottom, e-bay, and top section 
7. Insert 6 shear pins and fix with tape 
8. Fit assembled motor into casing (after following motor assembly checklist) 
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Preflight and Launch Checklist 
1. Receive Flight Card from judges after they approve rocket 
2. Receive Payload approved and weighed by Launch Control Officer  
3. Receive approval from event administration to prepare for launch 
4. Payload Preflight 

 a.  PixHawk self test, GPS lock, telemetry receiving 
 b.  control surfaces free and correct 

5. Assemble Rocket (use Rocket Assembly Checklist) 
6. Tip rail over to prep rocket 
7. Slide rocket onto rail 
8. Check tube interfaces and return rocket to vertical position 
9. Arm electronics and listen for proper beeps 

 a.  Calibrate JollyLogic altimeter for parachute chute release during arming of electronics 
10. Attach igniter onto wooden dowel 
11. Push wooden dowel, igniter end first, into the motor until the igniter sits against the smoke 

tracking charge 
12. Secure the dowel to the nozzle with a small piece of tape 
13. Connect launch clips 
14. Clear launch area 
15. Receive final approval from competition organizers for launch 
16. Countdown from 5 
17. Launch 
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C. Drawings 
Dimensions and Layout 
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Exploded View Assembly Drawing 
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Structural Components 
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Table of Component Descriptions for Structural Components 
 

C1 Coupler 1 

C2 Coupler 2 

C3 Coupler 3 

C4 Coupler 4 

C5 Coupler 5 

C6 Coupler 6 

C7 Coupler 7 

B4 Bulkhead 

R1 Load Ring 

R2 Thrust Ring 

R3 Engine Retention Ring 

S1-8 Fin Stringers 

S10-13 Lower Stringers 

S15-18 Central Stringers 

UA1-4 Upper Fin Stringer Anchor Block 

UA5-8 Fin Stringer Spacer 

LA1-4 Lower Fin Stringer Anchor Block 

LA5-8 Lower Fin Stringer Base Block 

BR1-4 Lower Boattail Bracket 

BR5-12 Central Boattail Bracket 

BR13-16 Upper Boattail Bracket 
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