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Abstract: Unmanned aerial vehicles (UAVs) are replacing many traditional methods ranging from simple play toys to critical
defense operations. UAV's or drones that are the little flying machines are used in space, defense, food delivery, pest sprays for
agriculture, consumer goods delivery, land-surveillance and the list goes on. However, the physics behind it demands a lesser
weight for drone to fly high as lesser the weight, lesser is the power required to operate. In all the components that make up a
drone, is the frame that is most important structure which holds and bears everything at place. So the material used for the drone
frame plays a very crucial role for it should have a lesser mass but sufficient strength. In this work, frame is modeled taking into
consideration, its sturdiness and stress analysis is conducted using Autodesk Fusion 360 software and compared for different
materials of frames from plastics to metals and the design is shape optimized to meet the objective.
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I. INTRODUCTION

A drone is a flying machine which is a pilotless aircraft formally known as UAV. Since it does not need a human pilot and taking
the advantage of sizing the UAV as per the requirement, the application areas are far very wide for a UAV. They are used in
agriculture, monitoring, transportation, goods delivery agent, land-surveillance, inspection [1] only to name a few. To be able to fly,
drones must be able to generate upward thrust to overcome their own weight. This makes drone a weight critical object where any
additional gram on the flying machine will turn out to be costly. Another important aspect that cannot be overlooked is the need to
cut down material utilization to as much as possible. Material depletion rates are alarming and so are the pollution rates, which
demands to lessen material wastage and landfill. On the design side of a drone, higher the material, higher is the weight. Higher the
weight, higher will be the power consumption. So a design that can cut down material without affecting the strength and mechanical
properties is a great opportunity to overcome all the limitations that come from a larger mass [2]. Every gram that is lessened can
improve the performance of drone like increased payload carrying capacity, extended flight times, better maneuverability, less
material consumption, low power consumption, less wastage that means less pollution and landfill, and more economical.

A.  Quad copter frame

Frame is the structure of drone. It holds and bears everything at place acting as a skeleton to fit in all the components of drone. The
size of the frame is measured as the diagonal distance between motors. If this dimension is less than 150mm, the size is categorized
under micro, otherwise it is considered as a mini. Depending on the no. of motors, drones are named as tri-copter, quad-copter, hex-
copter, etc. of which quad-copter is the most popular design for the following reasons: mechanical simplicity, quantity of motors and
Electronic Speed Controllers (ESCs) required for flight and their compact size.

II. PROBLEM STATEMENT

In this work, frame is chosen as weight critical component. Unibody design will be stiffer and stronger, hence as unibody quad-
copter is considered in this work for which shape optimization of frame is carried out to attain a low mass structure without
affecting the strength [3].

Since weight is directly proportional to cost, that includes the flight times, range, material depletion, material wastage, pollution are
a few that makes up to total cost of a heavy weight object, shape optimization tool is utilized to reduce the weight of the component.
Shape optimization technique is applied to drone frame to reduce the mass of the frame without affecting the strength, sturdiness
and stiffness of the frame.
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IL.LOBJECTIVE
1) To design simple multi-functional frame for higher payload capacities (about 2.14 kg)
2) To make a simple but aesthetically appealing design
3) To make a low weight component
4) To make a good strength frame
5) Should be economical

IV.GENERAL DESIGN AND ANALYSIS OF QUAD COPTER FRAME
A. Basic Design of Quad Copter Frame
The quad copter frame is designed to hold all the components in place. Design is carried out as per the figures 1 and 2 shown below.
Frame size is 210 mm for a 4 to 5 inch propeller which is the diagonal distance from motor to motor. Each motor is positioned at
right angle to adjacent motor to ensure stability and equal weight and thrust distribution [4, 5]. Three most popular materials used
for drone frame are selected viz., Aluminium [6, 7], Al A356 T6 [8] and ABS plastic [9,10] keeping in mind their mechanical
properties like strength, rigidity (as shown in table 1), weight, cost and availability.
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Fig. 1 Design specifications of quadcopter frame structure

Fig. 2 Quadcopter frame (basic model)
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Table 1 Comparison of properties between Al, Al A356 T6 and ABS plastic for basic model

Property Aluminium Al A356 ABS

T6 Plastic
Density kg / mm”"3 2.7E-06 2.67E-06 1.06E-06
Mass g 216.661 214.254 85.06
Volume mm”3 80244.84 80244.84  80244.84
Young’s Modulus E (MPa) 68900 72400 2240
Poisson’s Ratio 0.33 0.33 0.38
Moment of Inertia (g mm”2)
Ixx 4.342E+05 4.294E+05 1.705E+05
Iyy 6.629E+05  6.555E+05 2.602E+05
Izz 1.094E+06  1.082E+06 4.295E+05
Yield Strength MPa 275 165 20
Ultimate Tensile Strength 310 234 29.6
MPa

Table 2 shows the components of drone that frame carries along with quantity and weight [11-14]. In current work, frame design is
made to withstand a load of 2.14 kg (ie. 21N)

Table 2 Components of drone that frame carries along with quantity and weight

S. Name of the Component Quantity ~ Weight (in
No. grams)
1 Motors 4 138
2 Electronic Speed Controller (ESC) 4 412
3 Flight control board 1 82
4 5” Propellers 4 10
5 Battery 4 600
6 GPS, electronics, power distribution cables 100
Total approximate weight 1342

B. Analysis of Basic Design of Quad Copter Frame

Quad copter frame is analyzed for static stress [15, 16] using Fusion 360 software for which the following materials are considered:
Aluminium, A356 T6 and ABS plastic.

1) Boundary Conditions: The motor mount holes (4X4=16) are fixed (Fig 3)

2) Loading Conditions: Weight of 21N is applied on the frame, along with thrust of 10N for each motor acting upwards. (Fig 4)

3) Mesh Settings: Fine mesh of tetrahedron shape of absolute size of 1mm is created with 760746 nodes and 518391 elements.

Vo car sl mre o

Fig 3 Motor mount holes are fixed Fig 4 A payload of 21N is applied on the frame
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C. Comparative analysis of basic design of quad copter frame made of Al, A356T6, ABS plastic
The Maximum displacement and Stress for Aluminium material is as shown as fig 5 and 6 respectively below.
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Fig 5 Maximum displacement Fig 6 Stress distribution

Stress and maximum displacement for Al A356 T6 is as shown in fig 7 and 8 respectively

W O

Fig 7 Stress distribution Fig 8 Maximum displacement

Stress and maximum displacement for ABS is as shown in fig 9 and 10 respectively

i.

Fig 9 Stress distribution Fig 10 Maximum displacement
The following table no 3 compares the static stress analysis results of all three materials used.
Table 3 Comparison of static stress analysis results for Al, Al A356 T6 and ABS plastic of basic model

Property Aluminium Al A356 T6 ABS Plastic

Min Max Min Max Min Max
Factor of Safety 15 15 15 15 4.303 15
Z/I‘;ZM““ Stress 1.001E-04  4.622 1.001E-04  4.623 1.031E-04  4.648
Displacement mm 0 0.01391 0 0.01324 0 0.4216
Reaction Force N 0 1.277 0 1.279 0 1.259
Strain 2.534E-09 1.072E-04 2.412E-09 1.02E-04 7.35E-08  0.003431

© IJRASET: All Rights are Reserved | SJImpact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1572



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 11 Issue III Mar 2023- Available at www.ijraset.com

The ultimate factor of safety (FOS) used in aircraft can be about 1.5. In general, an FOS of 2 is considered as a standard for tested
structures and 3 for untested structures. The most important thing in aircraft application is it should have the lowest weight possible
[2]. The FOS based on yield strength of materials is 15 for Al as well as Al A356 T6 whereas for ABS plastic it is 4.303. Amongst
other factors, it is mainly weight that has its impact on the FOS and the least weight is with ABS plastic as it is only 39.26% of the
weight of Al and 39.7% of the weight of Al A356 T6. So, ABS plastic is chosen for further analysis such that the strength is not
compromise while further reducing the weight of the frame using shape optimization technique.

V. SHAPE OPTIMIZATION AND STRESS ANALYSIS OF QUAD COPTER FRAME MADE OF ABS PLASTIC

A. Shape Optimization of Quad Copter Frame (Iteration 1)

Fusion 360 software is used to shape optimize the basic model of quad copter frame designed to bring out the best of the design. The
following is the 1% iteration of the design to cut down mass and material. The 1% iteration is the basic model of the quad copter
frame on which the boundary conditions and loads are applied as discussed in section 4.2. Shape optimization or otherwise
topology optimization is applied to find the regions in the design component that does not contribute much to load or otherwise
whose absence does not affect the strength, stiffness or rigidity of the component [17 to 23].

B. Analysis of Shape Optimized Quad Copter Frame

On simulating for optimizing shape of the basic model, the target is set to reduce mass by at least 30%. This is done by modifying
the design in every iteration such that the design still meets the strength criteria. The 1% iteration is worked out on the basic model
(fig 2), and the stress distribution is studied (Fig 11). The blue color region in fig. 11 shows that the region has negligible stress and
that region is not contributing much in carrying the load and hence can be reduced. The basic model is redesigned keeping in mind
the stress distribution and fig. 12 is the outcome whose weight came down to 76.75g.

Fig 12 Iteration 2 a) shape optimized design b) stress analysis

On further applying shape optimization technique on fig. 12, fig. 13 is resulted. The weight of the final component is 54.54g with a
35% weight reduction. Lesser weight gives more flight time and payload capacity to the drone. The maximum stress in the final
component after shape optimization is 3.238MPa and the minimum FOS is 6.39.
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Fig 13 Iteration 2 a) shape optimized design b) stress analysis

VL.RESULT

After applying shape optimization technique on the basic design, the design properties and the static stress analysis results are
tabulated as Table 4. From table 4 it is evident that the mass of the frame came down to 54.54g from 85.06g, ie. 35.88% of weight is
reduced which is way more than the target set (ie. 30%) and with a minimum of factor of safety of about 6.39 which is also greater
than the standard set (ie. 3) for the design.

(1]
(2]
(3]
(4]

(3]
(6]

(7]
(8]

[9]

Table 4 Comparison of static stress analysis results and design properties for SO I, SO IT and SO X

Property SO Iteration 1 SO Iteration 2 SO Iteration X
Mass g 85.06 76.75 54.54

Density g / mm”3 0.001 0.001 0.001

Volume mm”3 80244.84 72405.478 51452.701

Center of Mass mm (0.00,0.00,2.189) (0.00,0.004,2.098) (0.005,0.001,1.736)

Moment of Inertia at Center of
Mass (g mm”2)

Ixx 1.705E+05 1.695E+05 1.654E+05
Iyy 2.602E+05 2.396E+05 1.672E+05
Izz 4.295E+05 4.080E+05 3.316E+05
Factor of Safety 4.303 6.026 6.39
Von Mises Stress MPa 4.648 3.319 3.13
Displacement mm 0.4216 0.4208 0.4821
Reaction Force N 1.259 3.358 3.768
Strain 0.003431 0.002277 0.002194
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