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Abstract  
The Northrop Grumman Collaboration Project (NGCP) is a collaborative club project sponsored by Northop 

Grumman for the students of Cal Poly San Luis Obispo (CPSLO) and Cal Poly Pomona (CPP) to create a fleet of 

vehicles to aid in the simulated rescue of stranded hiker. The CPSLO club is responsible for delivering an 

autonomous flight vehicle that can suppress a fire and retrieve a payload. Mechanical Design Team of the CPSLO 

team was responsible for the design of the frame, electronics housing, and payload and fire suppression systems.  

The Mechanical Design Team created eight potential drone configurations using concepts gathered during ideation. 

These eight designs were then fed into a weighted decision matrix (see Appendix C) to determine the best drone 

configuration based on the customer requirements. The decision matrix returned four similarly ranked top designs. 

The design with the highest score was determined to be the best option for the team. This design includes a plate 

style frame (see Appendix B.4) made of carbon fiber, a 2.5 lbs. multipurpose dry chemical fire extinguisher (see 

Appendix B.1), a folding box payload retrieval system (see Appendix B.2) made of 3-D printed material, and a 

modular, 3-D printed electronics box (see Appendix B.3) attached to the top of the drone. This design was 

determined to be the most feasible design due to the relatively simple frame design and space for implementation of 

3-D printed components. Preliminary testing on the anticipated carbon fiber material properties has confirmed the 

validity of the frame design, with a safety factor of nearly 31 for the arms bending (due to rotor thrust). Based on the 

teamôs knowledge of engineering principles and the preliminary testing, the team believes this design provides a 

good framework to meet the needs of the customers. Additional testing, inspection, and analysis is planned to further 

demonstrate this designôs ability to fulfill the customersô requirements. 
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1. Introduction  
The Northrop Grumman Collaboration Project (NGCP) is a university club project sponsored by Northrop Grumman. 

The participating universities are Cal Poly San Luis Obispo and Cal Poly Pomona. The objective of this project is to 

design and build three autonomous vehicles and a Ground Control Station (GCS) capable of collaboratively 

completing a simulated rescue mission. The rescue mission is based on an emergency scenario in which a hiker is 

injured to the point of immobility in the wilderness and must be extricated to a safe location, and a fire on the ground 

must be suppressed or extinguished. In the staged rescue mission, autonomous vehicles must collaborate to find and 

relocate a payload (a scaled-down model hiker) and to suppress a fire. Cal Poly Pomona is responsible for 

developing the GCS and two autonomous vehicles, a multirole unmanned aerial vehicle (UAV), and an unmanned 

ground vehicle. Cal Poly SLO is responsible for developing one autonomous vehicle ð a med-evac UAV that will 

relocate the payload and demonstrate fire suppression capabilities. This senior project group is responsible only for 

the UAV frame design, fire suppression system, payload retrieval system, and the waterproof electronics housing.  

This document contains the process the NGCP mechanical design team followed to create the concept design most 

suited to meet the needs of the customers. Additionally, there are sections containing a detailed description of the 

design with an accompanying CAD model and ~1/2 scale concept prototype images, justification for the chosen 

design elements, and a tentative schedule for moving forward with the design. There have been no changes to the 

specifications or scope of this project since the scope of work document (SOW). 

 

2. Concept Development  
This section explains the process the team followed to find the top design. 

2.1 Concept Ideation 
The brainstorming process was initiated by asking the question, "How might we?" (HMW), inspired by Stanfordôs 

design project guide [1], where the questions were derived from the functional decomposition. The brainstorming was 

also switched with the method of ñbraindumpingò, suggested by Interaction Design Foundation [2], which is a method 

where brainstorming is done individually. Ideation models were created for each function. The functional 

decomposition of the drone is presented in Figure 1. 

 

Figure 1: Functional decomposition diagram of the primary design categories of the UAV 
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Ideation models are presented in Appendix A. Some of the ideation models were built to ensure their feasibility and 

generate new ideas (see Appendix B). When the ideation phase was finished, a controlled convergence study was 

conducted where the feasibility of different ideas was evaluated. A Pugh matrix was made for each function with the 

remaining function concepts. The Pugh matrix consisted of rating the top ideas to each of the customer's needs and 

wants as specified in our QFD (Quality Function Deployment). The concepts that were the weakest were eliminated, 

and a second Pugh matrix was created with the top ideas for each function (see Appendix C). Since the project is in 

collaboration with the NGCP Club, the ideation models were constrained by the feasibility of the club's requirements. 

Because of this, some decisions were made by eliminating all other options due to their unfeasibility.  

2.2 Morphological Matrix 
After ideation, the ideas generated were taken by function and turned into a set of Pugh Matrices which are included 

in Appendix C.4. These Pugh matrices were then used to determine the top six function concepts which then were 

placed into the morphological matrix, seen in Appendix C.5. The morphological matrix gave the team eight outputs 

which are defined by the serialized system of naming, wherein the serial number assigned to a top-level concept is 

the numbers which respectively define function ideas within the morph matrix. 

2.3 Decision Matrix  
The decision matrix, featured in Appendix C.6, took the eight results of the morph matrix to decide the best top-level 

concept. The concepts were each graded on a variety of functional points to ensure that no design was biased 

towards due to lack of considerations. The weights for each category were decided based on the preferences of the 

Mechanical Team with a focus on feasibility of function and manufacturing. The design categories that were most 

impactful were Weight, Apparatus Weight, and Fire Suppression Area. The design that ultimately won was 4(12)15 

(Idea 1, the ñPizza Designò) due to its design reliability for each of the four main functions. It was a close win as 

another competing design was slightly less effective but cheaper. The decision matrix can be seen in Figure 2. Figure 

3 shows the enlarged images of the eight ideas. 
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Figure 2: Decision Matrix and Top-Level Concepts included in Decision Matrix 
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Figure 3: Enlarged images of the Top-Level Concepts. 

 

Idea 1 has an electronics box shaped to fit around the fire extinguisher. It has a folding box retrieval mechanism. It 

has a six-arm frame with horizontal arms. 

Idea 2 utilizes a tarp for its payload retrieval pad, it has six angled arms for its frame to raise the center of propulsion 

and it uses a dry powder anti-fire explosive to suppress fire hazards. 

Idea 3 has a circular frame with six propellers coming off the frame. The circular frame is built on a donut-shaped 

water vestibule that will be utilized to put out fires with a water spray. Alternatively, it can drop a dry powder explosive 

to put out fires from the center. Additionally, it uses a mechanical arm to pick up the payload.  

Idea 4 is like Idea 1 except that it uses dry powder explosive balls to suppress the fire and it has an electrical box that 

is below its top plate that is fastened to it like a skirt. 
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Idea 5 has reusable water balloons that can be dropped on the fire. It has a square box mounted on top of the frame. 

It uses a net to retrieve the payload. It has a 6-arm frame with horizontal arms. 

Idea 6 has an óHô shaped frame, and a toroidal container containing water that would be sprayed onto the fire. The 

electronics and winch box are in the middle of the toroidal water container. It uses a tarp to retrieve the payload. 

Idea 7 has arms that are angled upwards. It has a fire extinguisher that is mounted on top of the hexagonal frame 

plate. The electronics and winch are mounted on the bottom of the hexagonal plate. A waterproof skirt around the 

hexagonal plate prevents rain from coming in contact with the electronics. It uses a folding box to retrieve the 

payload. 

Idea 8 has arms that are angled upwards. It has a fire extinguisher and winch box mounted on the bottom of the 

frame, and a hexagonal electronics box on the top. 

The top competing designs were 41215 (Idea 1), 2242 (Idea 2), 4551 (Idea 5), and 2212 (Idea 8). All these designs 

were generally similar but had variations in frame design, payload pickup device, and fire suppression mechanism. 

Ideas 2 and 8 were almost identical so they scored almost the same. However, they were not as effective as Ideas 1 

and 5 because they utilized a frame design and fire suppression systems that contributed to a much greater weight. 

The final top designs were Ideas 1 and 5; however, Idea 1 was the better choice as Idea 5ôs equipment weight and 

fire suppression area were smaller. This is a result of Idea 5 using droppable balls filled with water, making them very 

heavy and not as reliable as a fire extinguisher. The principal idea we learned from the decision matrix was that the 

weight requirement trumped all other aspects of the design as every part of our drone was weight limited. We have 

22 pounds that are dedicated to propulsion and energy, the remaining 13 pounds of our 35-pound goal must be 

distributed across the frame, fire suppression, electronics housing and lifting mechanism. This pressure of our 

ñweight economyò lead us to pick the lighter alternatives.  

 

3. Concept Design  
This section provides a detailed description of the top design along with images of the fractional scale concept 

prototype. 

3.1 Design Description  
The design concept that was selected is 41215 (Idea 1) from our morph and decision matrices (refer to Appendix 

C.6). This design is slightly based on the previous yearôs NGCP design. The drone is separated into four separate 

main functions: Providing Structure, Suppressing Fire, Lifting Payload, and lastly, Housing Controls. These four 

primary functions are each fulfilled by a specific mechanism. The structure is provided by a carbon-fiber composite 

hexacopter frame. The fire suppression system is composed of a small, lightweight fire extinguisher that is actuated 

to eject its suppressant onto a fire below. The payload is lifted through the combination of a winch mechanism and a 

box that folds under tension. Lastly, the controls are housed in a hexagonal-like box on the top that can easily be 

accessed and is waterproof.  

3.1.1 Provide Structure 
The structure will be provided by a hexagonal frame design composed of carbon fiber beams. The beams will be 

attached between two hexagonal carbon fiber plates. The hexagonal plates will be structurally beneficial because 

they will resist sideways motion of the drone arms, and they will serve as mounting surfaces for the electronics and 

winch boxes. The top plate will be perforated for weight reduction, as can be seen in Figure 4.  
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Figure 4: Section view of the frame center.  

The arms may be attached to the plates with composite bonding adhesive and carbon fiber brackets. This option is 

the most lightweight, but it does not allow for replacement of individual arms if an arm breaks during testing. The 

alternative is to bolt the arms to the plates. Although bolts are slightly heavier than carbon fiber brackets, they will 

allow for easy replacement of the arms in case of an accident. 

For the frameôs composite beams, carbon fiber beams with a lightweight core will be used. Figure 3 shows a 

schematic of the composite construction. The core material density was set to 3 lbm/ft3, which corresponds to 

Nomex honeycomb. Nomex honeycomb with a density of 1.8 lbm/ft3 is also commercially available. This is an option 

to consider in future design revisions; however, in-depth analysis of the core material is yet to be performed, so the 

more conservative density was used. Figure 5 shows a labeled image of the carbon fiber construction. 

 

Figure 5: A cross section of the composite layup for the drone arms and legs. Face Sheet 1 and Face Sheet 2 are both carbon fiber, and the 
core is a very lightweight material like Nomex honeycomb. 

To manufacture this composite beam, Face Sheet 1 will be saturated with epoxy, and it will be joined to the core 

under vacuum pressure. Once it is cured, Face Sheet 2 will be saturated with epoxy, wrapped around the core and 

Face Sheet 1, and cured under vacuum pressure. Compared to a traditional sandwich panel (two face sheets on 

either side of the core), this layup geometry will prevent delamination, or the separation of the face sheet from the 

core. Furthermore, it will prevent water intrusion into the core material. This arrangement can be seen in Figure 6. 

Top Plate 

Frame Arms 

Bottom Plate 
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Figure 6: Section view of a composite beam. The face sheets are colored differently and have exaggerated thickness for visibility.  

Multiple layers of face sheets or thicker face sheets may be used if it is determined that arms require higher strength. 

The face sheets will most likely be oriented so that the fibers are parallel to the long axis of the beam because this 

orientation will provide the highest bending strength for the beam. The other option is to have the fibers at a 45-

degree angle from the long axis of the beam. This orientation will provide higher torsional strength for the beam and 

improve the face sheet flexibility when it is wrapped around the corners of the beam during manufacturing. Face 

sheet flexibility may be a concern if thicker face sheets are used.  

3.1.2 Fire Suppression 
The fire suppression system is composed of a fire extinguisher and an actuating mechanism. Considering that the 

predicted environment of testing being a bush fire, it was necessary to have a fire extinguisher capable of putting out 

A-type fires (A-type fires are fueled by solid material such as wood). An existing fire extinguisher has been selected 

to be implemented in this design. The only undetermined part of this design is how to actuate the extinguisher, as 

that will depend on the surrounding electrical box. Currently there are three candidate fire extinguishers which have 

been selected for design consideration. The most likely selection is the Kidde FA110G; it has a length of 14.2 inches 

and a diameter of 3.25 inches and is available at Home Depot. 

3.1.3 Lift Payload 
The lifting mechanism is composed of a folding box and a winch. The folding box will be based on the previous yearôs 

design (pictured in Figure 6). The box unfolds when laid flat on the ground and folds under the tension of a retracting 

winch. The winch system will be a long 5mm steel bar directly driven by two motors. The previous yearôs motors, 

which operated at 6 oz-in torque, were too weak to actuate the lift; for that reason, this design will be actuated by two 

40 oz-in torque motors. The large increase in motor size is because we anticipate that this yearôs payload may go up 

to 4 lbs. (4 times larger than the previous year). 

3.1.4 House Controls 
The electronics box, or ñbrain box,ò of the drone must house all major control components and batteries of the drone. 

Components not required to be placed within the box include visual sensors such as cameras, motors, and some 

communication equipment such as certain antennas. The box will be made of either bent aluminum sheet, 3D Printed 
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PLA (polylactic acid) or polycarbonate. The secondary goals of the brain box are to be easily removable and 

waterproof, as requested by Northrop Grumman. To complete these requirements the brain box will be fully 

removable, held on by clamps, industrial Velcro, or removable zip ties. To satisfy the waterproofing requirement, the 

brain box will be water resistant and fully enclosed, save for an openable lid. It may be necessary to 3D print two or 

more smaller boxes instead of one large box, depending on the maximum print size of the available 3D printers. 

3.1.5 Functionality 
Each component will operate independently and with a separate goal from the other components. The structure must 

remain rigid during flight and landing. This is qualified by its ability to withstand vibrations from the motors and 

possible impacts during travel and landing. The fire extinguishing system will actuate when given the proper 

autonomous command and will do so till the extinguisher has completely emptied. For this reason, the actuating 

mechanism of the fire suppression system can be unidirectional as the drone must only use it once. The payload 

mechanism will be used at first to retract the folding box into a bay of sorts during aerial transport, drop it down once 

it reaches the target site, interface with the Cal Poly Pomona ground drone to pick up the payload, then retract the 

folding box back into the bay. During all these interactions and functions, the brain box will insulate the electronics 

from the outside environment and possible splashing of the fire suppressant. Once the drone lands, the payload will 

be unloaded, and the brain box will be removed to check for ease of accessibility.  

3.2 CAD Model 
In Figure 7, the labeled isometric view of the CAD model is shown. The CAD model was created with SolidWorks. 

While the labels pertain to the components the team is responsible for, the propulsion system is also present to 

provide scale to the image. 

 

Figure 7: Labeled CAD model of drone. Labeled components are the responsibility of the mechanical design team. Figure includes components 
of the propulsion and electrotonic controls systems for clarity of scale and system interfacing. 

3.3 Concept Prototype  
The following figures depict the concept model we produced. The model is approximately 0.55 times the scale of the 

full design. Figure 8 shows a crude demonstration of the structural frame. 
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Figure 8: Concept prototype frame. Wooden arms and legs held together with a 3-D printed hub and Velcro attachment points for the 
electronics housing and winch bay. 

The real frame will likely have an aligning tool such as the central hub shown in the figure. Much like the prototype, 

the final design will have the fire extinguisher, the brain box, and the winch system all modular and removable. 

Figure 9 showcases the anticipated extinguisher/electronics-box combination. 

 

Figure 9: Electronics housing and fire suppression system. Cardboard box is the electronics housing and white PVC (polyvinyl chloride) pipe 
represents the fire extinguisher. 
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For the sake of ease of actuation and effective volume usage, these will likely be attached together in the final design 

as well. Figure 10 shows how the electronics box and fire suppression system are designed to interface. 

 

Figure 10: Electronics housing and fire extinguisher mounted to the frame. 

By having the electronics box and fire extinguisher on top of the plate, they remain easily accessible and will not 

require special work fixtures to be designed to hold the fully assembled drone (as would have been helpful for the 

previous yearôs drone). 

Figure 11 shows the previous yearôs folding box design for the payload retrieval system. The design was successful 

last year, so this year the team decided to recycle the idea and make improvements to the design of the truss, as well 

as adjust the dimensions to accommodate Cal Poly Pomonaôs ground vehicle design.  
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Figure 11: Payload retrieval platform. The black and grey walls fold up when tension is applied to the truss via the winch cables. Image of last 
yearôs payload retrieval bay [3]. 

The concept prototype has two distinct purposes. The first is to help the NGCP mechanical design team better 

demonstrate the chosen high-level design concept to other members of the NGCP team and to the Northrop 

sponsors. The second is to help the NGCP design team better understand the volume distribution and attachment 

points of the drone and anticipate joining methods for components. 

3.4 Undefined Components and Concepts 
Currently, within the design, there are three undefined concepts that must be addressed soon. These are the joining 

of the electrical box to the frame, the actuation of the fire extinguisher, and the material of the electrical box. The 

mounting of the brain box to the frame has not been decided yet due to a lack of confidence in a strong and effective 

method to secure the box. The current ideas of industrial Velcro or 3D printed clamps are good ideas, but the team 

wants to ensure that the final selection is reliable. The actuation of the fire extinguisher has not been decided as it 

depends heavily on the layout and contents of the electrical box. This will be decided and designed as soon as the 

Mechanical Design team gets confirmation from the CPE (Computer Engineering) Team on the boxôs contents. 

Lastly, the material of the electrical box will be aluminum, polycarbonate, or fully 3D Printed PLA, depending on 

which is easier to manufacture and has a lighter total weight. 

3.5 Manufacturing Specifications 
This subsection examines the manufacturing processes anticipated for this design. 

3.5.1 Composite Sheets 
Manufacturing for all primary functions was considered during the feasibility study of our ideas. As mentioned earlier, 

the structural frame will be made of carbon fiber or other composites. The design team has participated in making 

composite sheets to understand the process of layups and epoxy coating. The process is rapid. For us to have 

enough material to construct our frame and have spare components, the process takes about five to ten hours of 

labor over about two to five days. This includes laying up the first sheet of composites, cutting it into strips and 

laminating the cut faces into the format shown in Figure 2. 
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3.5.2 Electrical Box and Winch System 
Most non-major structural components, such as covers for electronics and the outer frame of the Winch system, will 

be fully 3D printed due to the ease of manufacturing of complex components and their serviceable strength. The 

main electrical box, as discussed earlier, is still up for debate and will likely be composed of interlocking 3D printed 

pieces, polycarbonate held together with brackets, or bent aluminum sheet metal that is spot welded. 

 

4. Concept Justification  
This section will summarize the evidence in support of the top design identified in the decision matrix (Appendix C). 

4.1 Specifications Met by Design 
This subsection shows how the top concept design will meet each of the design specifications derived for this project. 

For convenience, Table 1 shows the specifications we delivered in the scope of work.  

Table 1: Table containing the engineering specifications that will drive the drone design. The table includes abridged 

descriptions of the specifications along with requirements and tolerances. 

Specification #  Parameter Description  Requirement/Target  Tolerance 

1  Full Weight of Drone   Less than 55 lbs.  Exact Limit  

2  Effective Diameter of Drone   Less than 10 ft  Exact Limit  

3  Equipment Weight   10 lbs. Maximum  + 1lbs Max  

4  Time to Access Electronics   No more than 1 minute  Exact Limit  

5  Maximum withstand-able landing force   110 lbs.  +/- 10 lbs.  

6  Flight Time   15 Minutes or greater  Exact Limit  

7  Payload Capacity   1lbs  +/- 8 oz  

8  Area of Extinguishing   3ft x 3 ft  +/- 0.5 ft  

9  Displacement of payload during flight   Less than 1 inch  +/- 0.5 inches  

10  Amount of non-waterproof materials   0  Exact Limit  

11  Number of pinch points   0  Exact Limit  

 
After ideation, we selected three frame models (cup, plate, and cageðsimple images of each can be seen in 
Appendix A) to compare frame weights in CAD when using aluminum bar stock. We found that the plate design was 
the lightest of the three by several pounds; however, it was approximately 14 lbs, which exceeded our weight limit for 
the frame, fire suppression system, payload retrieval system, and electronics enclosure. Thus, the aluminum frame 
would fail specification 3, and likely specification 1. We then considered using composite materials, such as carbon 
fiber. When we changed the CAD model to carbon fiber, the weight of the plate-style frame was reduced to 
approximately 2 lbs. The chosen fire extinguisher has a total weight of 4 lbs. The CAD model with only the 
components we are responsible for weighs 11.65 lbs, which does exceed the 11 lbs maximum of specification. 3. 
However, this flight weight will be quickly reduced according to the flight plan designated in the RFP (request for 
proposal) from Northup Grumman. This flight plan states that the drone will first fly to the fire and extinguish it prior to 
flying to the payload extraction point. This means that after extinguishing the fire, the drone will be approximately 2.5 
lbs lighter (due to the absence of the fire suppressant agent), and thus, will always be within the 10 lbs requirement 
of specification. 3 during the planned flight. 

The specification of producing a drone with an effective diameter of less than 10 ft (specification. 2) was met, as the 
CAD model in Figure 1 shows an effective diameter of ~64 in (or 5 ft 4 in). This was not a design specification we 
were concerned with exceeding; however, the dimensions were driven primarily by the clubôs aeronautics team and 
their request to have at least one inch of separation between each of the propellers.  
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To meet specification 4 (time to access and remove the electronics box), we designed a 3-D printed enclosure that 
would partially surround the fire extinguisher, as seen in Figure 1. The printed enclosure will be secured using 
fasteners that are easily accessible to aid in the time needed to access the electronic components. 

To meet the maximum anticipated landing force of 110 lbs. (specification 5), we have designed the drone legs to 
be made of a similar carbon fiber structure to the arms. Based on the anticipated material properties of the carbon 
fiber, this will be more than sufficient to withstand 110 lbs. of landing force on one leg.  

Per the club aeronautics team, the drone will be capable of at least 15 minutes of flight (spec. 6), provided that the 
drone has a total flight weight of less than 40-35 lbs.  

The payload capacity specification (specification 7) was met by using a folding box lift platform for the payload and 
two motors of sufficient size in the winch bay. This system is the only system located beneath the drone, which 
minimizes interference between systems. The lifting platform and winch bay enclosure are designed to be 3-D printed 
to help minimize weight and reduce manufacturing time. In section 4.2 it is showcased that the maximum possible 
weight is very achievable with the available motors. 

The area of extinguishing (specification 8) for a multipurpose dry chemical fire extinguisher range between 
1000-3000 sq. ft per unit A (depending on the amount of combustible material in the area), according to the NFPA 
(National Fire Protection Association) 10 table 6.2.2.1 [4]. The chosen fire extinguisher has a fire rating of 1-A:10-
B:C, which means it can, at minimum, effectively suppress 1000 sq. ft of combustible material, which is more than ten 
times the target area. This excess of coverage area is a bonus, as some of the suppressant agents will be 
unintentionally displaced by the rotor wash. 

To mitigate any unintentional displacement of the payload during flight (specification 9), we have designed the 
lifting platform to have self-centering walls and a latching mechanism to secure the payload truss to the winch bay 
during flight. Additionally, the payload truss provides stability against rotational displacement during the descent and 
ascent of the payload lifting platform. 

Regarding the use of non-waterproof materials (specification 10), we have designed the drone to be made 
primarily of carbon fiber and PLA (polylactic acid; the material used for 3-D printing). Carbon fiber can be sensitive to 
water depending on the type of layup format used (especially sandwich panels). To help combat this, as well as 
provide necessary strength to the frame, we have designed the carbon fiber sandwich panels to receive an extra 
wrap of carbon fiber (see Figure 3), which seals the core from water intrusion.  

To minimize the number of pinch points the payload is exposed to (specification 11), we have designed the 
folding box to have dimensions that interface with the CPP (Cal Poly Pomona) payload delivery mechanism such that 
the payload surface is sufficiently distant from the folding regions of the payload lifting platform. 

4.2 Preliminary Calculations 
This subsection briefly describes the preliminary calculations and analyses completed to validate the design. 

4.2.1 Strength of Frame 
We did stress calculations for the drone arms, using a carbon fiber rectangular tube of length 21.71ò, height 1.5ò, 

width 0.5ò, and wall thickness 0.012ò (the thickness of a single sheet of carbon fiber). These dimensions correspond 

to the CAD model. We chose to model the arm as a tube because the bending stiffness of the core material is 

negligible; therefore, the loads will be sustained entirely by the carbon fiber face sheets. We also neglected the extra 

wall thickness due to the carbon fiber flap that wraps around; neglecting this will result in a more conservative 

calculation. The free body diagram shown in Figure 12 was simplified to include only a bending moment for the 

calculation. 
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Figure 12: Free body diagram of forces and moments acting on a drone arm. Due to the high aspect ratio of the arms (length/height = 16), it is 
reasonable to neglect everything except M_Ry, the bending moment due to thrust. 

Using the maximum thrust capable of being produced by the droneôs propeller and motor (13.2 lbf, provided by the 

NGCP Aerospace team), the ultimate safety factor for this carbon fiber tube was determined to be 30.41 (Appendix 

D.1). Further calculations and tests will be required to ensure structural integrity during the landing phase, when the 

drone impacts the ground. 

4.2.2 Estimated Weight and Center of Mass 
Figure 13 shows an unlabeled depiction of the full CAD model to help visualize the systems and analysis below. 

 

Figure 13: Full CAD model of drone. 

The total weight of all components included in the CAD model is 29.42 lbf. The weight, excluding batteries and 

motors, was 11.65 lbs. After expending the contents of the fire extinguisher, the weight will be reduced to 9.15 lbf, 

which is lower than our target of 10 lbf. As shown in Figure 14, the center of mass of the drone is 0.18 inches 

beneath the rotating surface of the motors, where the propellers will be mounted. This distance is within the 

acceptable range requested by the NGCP Aerospace Team, for purposes of drone stability and maneuverability. 
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Figure 14: Location of the center of mass. It is slightly under the top surface of the motors. 

The CAD model was also used to ensure that the drone will have its center of mass properly aligned with its 

geometric central axis (the axis that is geometrically in the center of all propellers). The center of mass has a 

horizontal offset of 0.08 inches from the geometric central axis. This offset is small and will be able to be balanced by 

the positioning of other components not yet included in the CAD model, therefore it will not strongly affect flight 

characteristics. The horizontal and vertical locations of the center of mass will change slightly when the fire 

extinguisher is depleted. 

The center-to-center distance of opposite propellers is 43.41 inches. The propellers have a diameter of 20 inches. 

This ensures that our rotors do not collide into each other, as the droneôs minimum size is bound by rotor contact.  

4.2.3 Payload Mechanism Loading 
In terms of the payload mechanism, we anticipate a maximum weight of 4 lbs. Most stepper-sized motors, which 

would fit our power draw and frame size requirements, produce 1 to 100 oz-in of torque varying with size. The 

previous yearôs design used two 6 oz-in motors to power the winch system. After a motor burn out, it was determined 

that one 6 oz-in stepper motor was enough to stall the mechanism but not enough to pull the full weight. This makes 

sense as a 6 oz-in torque on a 5mm shaft puts out 1.9 pounds of force at maximum output, so fighting the other burnt 

motor, it makes sense why it would not lift the payload. This year, with the anticipated weight increases, we would 

need τὰὦίzπȢπρφ Ὢὸzρως ὰὦὪ ὸέ έᾀὭὲ) = a minimum of 12.8 oz-in of torque from a stepper motor. With the 

current design, we are planning to upgrade to a range of 20-40 oz-in stepper motors and just underpower them to 

ensure the ascent is at a safe speed.  

4.3 Design Hazards 
For the current chosen design, a Hazard checklist shown in Appendix E goes over all the anticipated hazards of the 

design. The general description of the hazards is related to the fact that the drone is a giant suspended mass that 

can go very fast. The concern is that the drone will fall onto people or property and damage it. There is no way to 

guarantee that the drone will not crash into objects or people, but we can take precautions to minimize the risks, such 

as avoiding its travel path and staying away when the drone is powered on. The second most concerning hazard is 

the high voltage of the droneôs system. The drone runs off a parallel grouping of 44.4 V battery pairs, meaning that it 

is putting out a lot of current and a lot of voltage. To ensure the safety of operators and technicians, the electronics 

must be properly secured and insulated in the electronics box.  

4.4 Design Challenges 
The current challenges with this design include the interface between the frame arms and the propulsion motors, the 

fire actuation mechanism, and the winch bay attachment to the frame. The arm and propulsion motor interface 

presents a challenge due to the rectangular shape of the arms and the circular base of the motors. The motors 
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require sufficient area to secure four screws to the arms. Due to the honeycomb core of the arm structure, screwing 

directly into the arm is not advisable as most of the screw threads will not be engaged. Therefore, some method of 

interfacing will need to be designed.  

The challenge with the fire actuation system is related to creating a low-profile system that can apply a minimum 

force of 30 N (6.7 lbf) to the lever of the fire extinguisher. This 6.7 lbf value is the design requirement for all portable 

fire extinguishers and is a standard set by the NFPA. This challenge will likely require research into low-profile motors 

and gear trains that can achieve the desired output. 

The challenge of securing the winch bay to the frame is similar to the arm-motor interface challenge; screwing 

directly to the frame is not a secure method of attachment. This solution to this challenge will require creative thinking 

and consciousness of available space on the droneôs frame. 

5. Future Work  
Over the next several months, we will begin to construct and test the design and continue to seek feedback from the 

club and the Northrup Grumman sponsor. With CDR (critical design review) scheduled for mid-February 2023, the 

following subsections briefly describe the project schedule. A more detailed list of tasks can be seen in Appendix F, 

which shows an updated Gantt chart for this project. 

5.1 Planned Analyses 
We plan on testing and analyzing the frame, the payload retrieval mechanism, and the fire system to validate our 

design. The other specifications in Table 1 will be assessed using inspection and analysis methods that will not 

require detailed plans. 

For the frame, we plan on testing the extra composite material to failure to define an estimated strength of the 

material. We anticipate using the strength testing machining in the composites lab under the supervision of the 

composites instructor. We are not planning on testing the final prototype frame due to the cost and time associated 

with composite material construction. We plan to have all the composite material made by March 2023 so that the 

construction of the drone frame can be finished by the end of April 2023. 

To test the payload retrieval mechanism, we plan to place a one-pound weight in the retrieval bay and ensure the 

winch motors can fully retract the payload into the bay to the transportation position. This test is tentatively planned 

for early February 2023, as the payload retrieval system is primarily composed of 3-D printed structures which have 

not yet been printed. We have also been told that we may have to lift a payload as heavy as 4 lbs. For that reason 

we are ensuring that 4 lbs.  is our maximum payload capacity. 

For the fire system, we have already completed a qualitative test to further understand the effects of rotor wash on 

the proposed fire suppressant agent. This test was completed on Saturday, 11/5, and involved spraying colored 

water via spray bottle under a single small rotor (see Appendix D for test stand setup). The results showed the 

colored water was dispersed more evenly and finely over the area directly below the motor. We plan on conducting 

some further academic research on this topic. 

After completing the CDR and receiving approval on the final design, we may test the fire and payload retrieval 

systems again to ensure they work as anticipated. 
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5.2 Planned Purchases 
To our knowledge, none of the materials we are anticipating to purchase have lead times greater than two weeks. 

That said, we expect to purchase all the currently anticipated materials before March 2023 to ensure the 

manufacturing phase can begin in March. This will also allow us a small time cushion if additional materials/products 

need to be purchased to ensure the final build functions as designed. Below is a list of the materials we anticipate 

purchasing.  

¶ Composite materials 

¶ Fire extinguisher (x2) 

¶ PLA 

¶ Winch motors (x2) 

¶ Fire actuation motor 

¶ Nuts, bolts, fasteners 

¶ Auxiliary batteries for winch and fire 

suppressant systems 
 

5.3 Preliminary Construction Plans 
Moving forward with the top design, we are planning on speaking with the composites instructor about the best 

composite layup for each frame component and the best method for cutting the frame pieces. We also anticipate 

having the full design CAD and drawing package completed prior to CDR (FebrurayFebruary 14) so that it can be 

included in the report and presentation. We would like to begin the frame assembly in March 2023 and see the final 

prototype completed by the beginning of May 2023. This means that the electronics housing, fire, and payload 

retrieval systems would have to be designed and manufactured concurrently with the composite material to ensure 

sufficient time is available to order the motors and any special components necessary for assembly. 

6. Conclusions  
After a detailed ideation period, the 41215 (Idea 1 or short handedly called the ñPizza Designò) design was selected 

from our weighted decision matrix. To confirm this design as our final top-level concept design, we have done some 

low-level engineering analysis to prove it has the necessary lightness and an aligned center of mass. Additionally, we 

have tested or analyzed its payload and fire suppression mechanism to ensure that our select methods will properly 

incorporate themselves into the design. We have concluded that this design is the optimal choice for drone 

development. It is important to consider that this design does have its hazards and challenges; however, the hazards 

are not unique to the design and the challenges can be overcome with proper design. We plan to further test our 

selected apparatus for each function to ensure we made the right decision while we continue developing this 

concept. We plan to begin detailed design as soon as possible and have already prepared to construct the frame. We 

are requesting approval from the NGCP team and the engineers at Northrop to begin developing this top-level 

concept design as our finalized concept design.  
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Appendices 

Appendix A: Idea List 
1. FRAME 

a. Provide Structure 

i. H 

 
 

ii. Cup 

 
 

 

https://canvas.calpoly.edu/courses/84346/files/7744223/download
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iii. Cage 

 
iv. Plate 

 
 

v. Ring 

 

 

vi. Cables 
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vii. Straight legs 

 

 

viii. Straight legs 2 

 
Damping 
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ix. Materials 

1. Carbon Fiber 

2. Aluminum Square 

 

3. Aluminum Round 






























































