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Abstract - Reduction of weight while maintaining strength has been a major necessity in the field of Aerospace from its 

beginning era. This is mainly achieved by implementing different load bearing structures throughout the Aircraft frame. 
Another, methodology using various lightweight materials like Balsa, Aluminium etc. For conventional aircrafts, structural 
elements like wing-spar and some longitudinal members are constructed using I-beam which provides the necessary strength 
without including much weight. This paper mainly addressers at replacing I-beams with a Wound Truss concept which can 
provide better strength and stiffness while weighing just a fraction of the I-beam structure of the same dimensions. Various 
truss models were designed through CATIA software which were later exported to ANSYS software. Further analysis and 
comparison were proven through mathematical simulation. An application model of Quadcopter was designed and analysed. 
With the results of analysis, the quadcopter prototype model was fabricated to further study its behaviour in the real-world 

performance environment. On the basis of the prototype tests, it is known that, the wound truss structure proved to be much 
efficient structural member in providing better strength to weight ratio. 
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I. INTRODUCTION 
 
Always, there will be the need for minimize mass and 

maximize structural efficiency in the field of 

structural design. On the contrary, structural design is 

critical to aircraft safety and also plays a significant 

role in aircraft cost and performance. Sustainability, 

issues related to green environment quest exhibits 

pressure on designers to reduce the weight of aircraft 

structural parts. Weight reduction is a key factor in 

the development of materials and components for 

various use in many aerospace industries. Utilization 

of lightweight structures in the fabrication of 
aerospace structural parts play a crucial role, as it 

improves the overall strength to weight ratio. 

Lightweight structures are widely used because, of its 

safety, durability and easy maintainability 

capabilities. To diminish the weight there are two 

main aspects i.e one which relies upon the material 

finding, organizing new materials with higher 

specific strength ad stiffness. For instance, to increase 

the strength to weight ratio and to provide heat 

resistance in engines, titanium–based alloys are used. 

The second approach is by gathering of various 

composite materials which can usually be designed 
with lighter weight than single material. So, it is 

broadly used. Among those composite materials, 

Carbon Fiber Reinforced Polymer (CFRP) plays a 

vital role in the fabrication process as it has high 

strength and high stiffness. CFRP is the best suited 

material for the development of light weight 

structures also with relating to the overall structure of 

the quadcopter. 

An Unmanned Aerial Vehicle (UAV) is also known 

as drone which are operated either by remote control 

(RC) which can be controlled by human operator or 
by flying autonomously. UAVs have become an 

important mainstay in present civilian operations that 

are too dull, dirty or dangerous for human. Their use 
is expanded to various streams scientifically and 

commercially such as aerial photography, 

surveillance, agriculture and drone racing. In the past 

decades, the durability of aerospace components has 

become a key factor of design that is to favor the 

needs of the lightweight structures which will be 

reliable and, at the same time limited expenditure. 

This is valid for UAVs structural components such as 

wing-spar and fuselage longerons, for which a sudden 

failure could lead to catastrophic consequences in 

order to meet the safety needs, as well as to check 
structural components behavior. Wing-spar is the 

main component of wing which acts as a lifting 

capacity of the aircraft. It is a heavy beam running 

span wise at right angles to the body which usually 

transverse shear-loads and bending loads acting on 

the beam. Spar is basically of two types shear web 

spar and truss type. 

 

To magnify structural efficiency, truss structures and 

space frames have been the fancied solution to the 

problem as they concede for very large increase in the 

flexural rigidity and load bearing capacity from a 
given amount of material. Trusses are the most 

widely preferred structural design which acts as a 

solution for bridges, roofs, crane, and aircraft and 

even over for robots and spacecrafts. This paper deals 

with the design and overture of wound micro truss 

shown in figure 1, with the motivation of magnifying 

structural efficiency by a basic quadcopter model 

were the arms of the quad is replaced by micro truss 

structures and analyzed for better structural efficiency 

and lightweight capability. 
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Figure 1: Micro Wound Truss [1] 

 

II. PROBLEM STATEMENT 

 

The continuously wound truss concept adapted here 
is versatile, low cost and scalable method of 

manufacturing truss structures based on a simple 

winding process. These continuously wound truss 

structures have the potential to provide between one 

and two orders of magnitude increase in structural 

efficiency when compared with the existing 

structures. Lightweight, productive structures are 

fabricated using the continuous Wound composite 

structures were structural efficiency and low 

manufacturing cost are of concern to any industry, 

application, segment or gadget. The use of truss 
structures to increase structural efficiency is not a 

new idea were much research work has been taking 

place form the past few decades. 

 

This concept is implemented in the spar beam of the 

fixed wing UAV were the I-section of the wing can 

be replaced with truss section which is lightweight 

and can withstand shear loads and bending loads as 

that of I-section. Static analysis is done and results 

are compared. Also, quadcopter model was 

assembled, were the arms of the quad is replaced with 

micro wound truss with an aim of lightweight 
quadrotor. The total net weight of the micro air 

vehicle is less than 1kg. Static and torsional analysis 

is carried out, to check for total payload it can lift 

during takeoff. Various possible micro wound truss 

structures with different alignment is also discussed 

and detailed with comparative results. Strength 

between the chord and web members. And for the 

bonding epoxy resin is used. 

 

 
Figure 2: Gamera human powered helicopter 

 

III. MICRO WOUND TRUSS CONCEPT 

 

The wound truss concept was first introduced in the 

year 2009 to improvise the ability of blade spars for a 

human powered helicopter which was shaped at the 

University of Maryland [1]. The helicopter was called 
as Gamera 1. The spar weighted up to 1.4 kilograms 

with the cord length of 6.5m long and the center to 

center distance between the chord members was 

about 89mm which was able to abet a bending 

moment of over 325nm [1].It is made to climb in may 

12th 2011. A reformed Gamera 2 design was built in 

which every load bearing structural component were 

replaced by wound truss architecture. It led to 35% of 

weight reduction when compared with the older 

design. Gamera 2 shown in figure 2 [3] was the 

official world record breaker in human powered 

flight. 
 

A. Truss geometry 

The wound truss illustrated in figure 3 [2] includes 

three chord members of which are running along the 

length L of the truss structure and it is bonded with 

web members by wrapping around the chord 

members in helical manner with repeating intervals. 

Truss structure with two chord members is also 

possible to have 2d truss structure [1]. The web 

reinforcement has two clans. The first wrap is in 

clockwise direction and the other in the 
counterclockwise direction. The bondage between 

web and chord members are at the nodes. The 

distance between two nodes is represented as b in the 

figure 3. The chord members are made up of 

pultruded carbon fiber rod of diameter d1. Hollow 

carbon fiber rod can also be used which can magnify 

bending stiffness, strength and buckling resistance for 

a given weight. The web member uses unidirectional 

carbon fiber tow of thickness d2. Thermoset and 

thermoplastic matrix composite can also be used. 

Fiber orientation can be changed to attain different 

mechanical properties. Tubular web material is 
preferred as under tension the tube flattens at the 

node locations which increase the bond 

 

 
Figure 3: Truss geometry 

 

B. Truss Calculation: 
The stiffness of truss structure depends on number of 

winding with grid divisions, winding pattern and also 

length of the structure. Mostly, equilateral triangle 

and isosceles triangle are suggested for construction 
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of truss structure according to known width 

dimension. To increase height of triangle, we should 
increase the angle for desired width. The main focus 

will be on bringing up more triangles which increases 

number of windings. Calculation for an equilateral 

triangle truss shown in figure 4 is solved using 

Pythagoras theorem, were number of triangles for the 

length of 250mm is 8.3. Round of the value either to 

8 or 9 triangles and reverse calculation to get the 

revised triangle sides for given height. So, for case (I) 

to obtain 8 triangles the revised triangles sides are 

62.1mm and for case (ii) i.e. to obtain 9 triangles the 

revised triangle sides are 55.54mm. Since, stiffness of 

structures depends on the number of windings i.e. a 
greater number of triangles, case (ii) is chosen for the 

respective figure 4. 

 

 
Figure 4: Truss winding calculation for 250mm length truss 

 

C. Winding Apparatus: 

Truss structure is constructed through filament 

winding method were fiber strands or tress are 

completely impregnated with the resin which are later 

passed onto a rotating mandrel that is supported on 

both the ends. These strands are wound around the 

mandrel in a restrained manner and in a specific fiber 

orientation. Fiber tension is critical during filament 

winding since, too high fiber tension may break fiber 
strands completely [1] and it depends on its 

geometry, type of fiber and winding patterns. 

Filament winding machine appeared in figure 5 is a 

kind of composite assembling process, where 

controlled measure of resin and oriented composite 

filaments are twisted around a pivoting mandrel and 

cured to produce the required composite part. It was 

first used to produce pressure vessels, water and 

concoction tanks. The improved filament winding 

returns to dry wire winding of rocket motor cases, 

which requires reinforcement. Today, applications 
include aircraft fuselages, wing sections, Radom, 

helicopter rotor shafts, high-pressure pipelines, sports 

merchandise and structural applications of all types. 

There are two distinct strategies for the winding 

process in filament winding machine [7]. Firstly, wet 

winding-fibers which are passed through resin bath 

and wound over the mandrel. Secondly, prepreg 

winding were pre-impregnated fiber tows are placed 

over the rotating mandrel. Among these two, wet 

winding is used mostly due to low material cost and 

short winding time. In filament winding, one can vary 

winding angle, winding tension, resin content in each 

layer of reinforcement to reach desired thickness and 

strength of end product through different wind 
patterns. Type of winding pattern plays a pivoted role 

in altering the properties of finished product. There 

are three basic filament winding patterns. Hoop 

winding is likewise called as circumferential winding 

or high angle helical winding. It approaches an angle 

of 90 degrees. Helical winding is where the mandrel 

rotates at a consistent speed while the fiber feed 

carriage transverse back and forth at a speed managed 

to produce desired helical angle. Polar winding is the 

process in which fiber passes tangentially to the polar 

opening at one end of the chamber, reverse direction 

and passes tangentially to the contrary side of the 
polar opening at the other end. Comparatively, helical 

winding has great versatile and it is used most often. 

Composite tubes and pressure vessels are 

manufactured with the pattern of helical winding. 

 

 
Figure 5: Filament Winding Machine 

 

IV. DESIGN AND ANALYSIS 

 

Mathematically calculated truss model is designed 
using CATIA V5 software were four truss structures 

of different angles, by keeping a constant width. The 

designed model is analyzed and compared with the I-

section spar of same cross-section as of truss 

structure. Four truss configurations are taken such as, 

Equilateral triangle truss with solid rods, Equilateral 

triangle truss with hollow rods, Isosceles triangle 

truss (angle 55) and Isosceles triangle truss (angle 

50). Truss section designed through CATIA V5 

software is uploaded in ANSYS software to analyze 

total deformation of the structure for Uniformly 

Disturbed Load (UDL) of 50Pa is applied. The solver 
used in solving the mechanical ANSYS Parametric 

Design Language (APDL) and the type  of  analysis  

done  here  is  static  structural  analysis.  The  truss 

section  is  considered  as  cantilever  beam,  as  spar  

of  the  wing  is considered as the cantilever beam and 

UDL is applied. The structural material  that  is  taken  

into  consideration  for  carbon  rods  is  T300 carbon 

fiber. For web carbon fiber tow of 6k is taken as the 

material. Analysis is only done for the equilateral 

triangle with solid rods and compared with I-beam. 

 

A. Equilateral Triangle with Solid Rods 

Equilateral triangle is chosen first because all the 

three sides are of equal length and have equal angles 
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at the corners. In figure 6 solid carbon rods are taken 

as chord members with a diameter of 3mm and for 
winding 0.2mm thickness of carbon fiber spool is 

used. The angles at inner corners are 60 degrees. The 

length of the design is 1000mm. 

 
Figure 6: Equilateral Triangle Truss with Solid Longitudinal 

Rods 

 

Equilateral triangle truss is analyzed by applying 

50Pa UDL on the top surface of one longitudinal 

member considering that beam as a cantilever beam. 

Figure 7 shows that, deformation is less than a meter. 

Figure 8 illustrates the variation of stress along truss 

beam. 

 
Figure 7: Total Deformation of Truss Beam 

 

 
Figure 8: Von-mises Stress Analysis of Truss Beam 

 

 
Figure 9: Equilateral Triangle with Hollow Longitudinal Rods 

 

B. Equilateral triangle with hollow carbon rods 
Same configuration of figure 6 is taken for the design 

were the only difference in the figure 9 is that, the 

solid rods are replaced with hollow carbon rods with 

2mm and 3mm of inner and outer diameters. 

 

C. Isosceles triangle truss (angle 55) 

Isosceles triangle configuration is taken as it has two 

sides of equal length and two equal angles at the 

corners. The width is kept constant for which angles 

are changed from 60 degrees to that of 55 degrees as 

shown in figure 10. This change alters the height of 
the truss and also in the increase in number of 

windings. 

 

 
Figure 10: Isosceles Triangle Truss (angle 55) 

 

D. Isosceles triangle truss (angle 50) 

Isosceles triangle with two equal angles of 50 degrees 

at corners is designed here in figure 11. 
 

 
Figure 11: Isosceles Triangle Truss (angle 50) 

 

E. I-section spar 
I-section beam designed in figure 12 is considered to 

compare the strength, stiffness and stability for the 

truss structure. I-section dimensions are taken from 

the data sheet of universal beam and it is scaled down 

to the required dimensions. According to Beam 

theory the efficient form of section to carry both 

bending and shear loads in the plane of web is I-

section [6]. On the other hand, the cross-section has a 

reduced capacity in transverse direction, and is also, 

ineffective in supporting torsion. I-section shape of 

spar is taken into account through various case 
studies of different shapes. Stress and deflection for I-

section is comparability less that of, other sections 

because moment of inertia for section is more. Since 

it‟s bending, shape of cross-section will have vital 

role in calculation of stress and deflection of beam. I-

section is also analyzed in the same way as that of 

truss beam. Both total deformation and Von-Mises 

stress is calculated by applying same load 50Pa as 

UDL. The beam is considered as cantilever beam 

with one end is given fixed support. The UDL is 

applied on top flange of the beam. The structural 

material used is T300 carbon fiber which is same as 
that of truss beam. Minimum edge length during 

mesh is taken as default value 2.5e-003m. Figure 13 

illustrate the deformation is less and figure 14 shows 

that stress is maximum at the fixed end. 
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Figure 12: I-Section Spar Beam 

 
Figure 13: Change in Deformation of I-beam 

 

 
Figure 14: Von-mises Stress Analysis of I-beam 

 

F. Comparative results 

The total deformation for both truss beam and I-

section beam are very small but, when compared in 

figure 7 and figure 13, changes in deformation of 

truss beam is 8% than the I-beam. Stress is maximum 
in I-section when compared to the truss beam, as 

shown in figure 8 and figure 14. Results have been 

tabulated and shown in table I. 
 

 
Comparison of Structural Member 

TABLE I. 

 

V. APPLICAION MODEL 

 

Quadcopter prototype model is designed and 

constructed were the arms of the quadrotor is 

replaced with truss beam structures. The drive of this 

paper, to build a lightweight quadcopter for total net 

weight of less than 1kg with all the necessary 

avionics added onboard. Chosen frame for the 

quadcopter is in the shape of letter H (Figure 24). 

This frame has wider base which guarantees for 
stable roll and battery positioning ensures that they 

are not easily damaged during mishap maneuvering. 

Also, easy to build and to switch straight-forward 

modifications. And facilitate with much bay, to add 
surplus necessity and easier to balance Center of 

Gravity (CG). It also has some disadvantages like, 

heavy body size, shortest motor arms, yaw is little 

slides, has less pitch stability and also has problems 

with torsional stiffness. But „H‟ frame style are 

mostly preferred for smooth freestyle flying and for 

racing drones. 

 

A. Design of truss arms 
Truss arms for configuration of isosceles triangle 

with angle 45 degrees at both inner corners shown in 

figure 15 was designed in two numbers. The length of 
truss is 400mm. Solid carbon rods are used for the 

longitudinal members and tress is used for web 

members. 

 

 
Figure 15: Truss Arms (isosceles triangle 45 degrees) 

 

B. Avionics mount holder base design 

This base design shown in figure 16 is modeled 

according to the required space for all the avionic 

equipments to fit in which all necessary to fly a 
quadcopter. Design is through solidworks software. 

 

 
Figure 16: Mount Board (birch wood) 

 

C. Motor mount 

The motor mount design shown in figure 17 is based 

on the dimensions of the motors. At four corners, 

designs are made for 4 rotors using solid-works 

software. 
 

 
Figure 17: Motor Mount (birch wood) 
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D. Support structures design model 

Support structures shown in figure 18 are modeled 
based on the distance between rods in the truss 

structure. It is mainly designed as a connector 

between truss arms and holder base.  

 
Figure 18: Support structures (ABS material) 

 

E. Final Assembly 

The modeled parts of the quadcopter shown in figure 

15, 16, 17 and 18 are assembled using solid-works 

software and the completed frame model is designed. 

Aluminum hollow rods are used as a landing gear to 

make the model very simple. 

 

F. Analysis 

The final model is loaded in ANSYS software and 
static structural analysis is conducted, where total 

deformation and torsional stiffness is measured. The 

material used for avionic mount holder base and for 

motor mount is birch-wood, as it is light and can hold 

all the avionics equipment. The material used for 

support structure (ABS) Acrylonitrile Butadiene 

Styrene is an oil-based plastic-type. Figure 20 and 

figure 21 explains the total deformation of structure 

when 15N of load is applied to avionics mount holder 

base, which are highlighted in red color. Figure 22 

and figure 23 explains the torsional stiffness of 
structure when 10N of load is applied on any two 

opposite motor mount structures, which are 

highlighted in red color in figure 22. The deformation 

for both cases is less than 0.02m which is a negligible 

deformation. 

 
Figure 19: Final Assembly of Net Frame without Payload 

 
Figure 20: Change in Deformation of Quadcopter 

 
Figure 21: Von-mises Stress Analysis of Quadcopter 

 

 
Figure 22: Change in the Deformation of Quadcopter 

(torsional analysis) 

 

 
Figure 23: Von-mises Stress Variation of Quadcopter (torsional 

analysis) 

 

G. Avionics onboard 

The foremost step in constructing quadcopter, to 

consider the components that is essential to have 

stable flyby control and maneuver. Illustrated Figure 

24, the quad is equipped with 3DR GPS ranging 5Hz 

of update rate to provide location and time 

information. Control flow through brushless electric 

powered “out-runner” type that is more efficient, 
dependable and quieter than a brushed motor i.e., 

Gratt ML 2212 920 KV motor is used here. 

Electronic speed controller (ESC) of 60A is adapted 

with propeller size of 6 inch is used on all four 

motors. Shorter propellers allow quadcopter to 

change speed swiftly, also tend to produce higher 

maneuvering competencies. Extremely excessive 

capacity Li-Po batteries designed especially for multi-

rotors is used i.e., 4000mAh as power source. 

PixHawk flight controller is master-controller of the 

quadcopter which is a high-overall performance 
autopilot-on-module appropriate for constant wing, 

multi-rotors, helicopters and another robot platform 

which could operate at 14 PWM/Servo outputs. (8 

with failsafe and manual override, 6 auxiliary, high-

power compatible). At receiving end, single Boosted 

Omni-Directional Antenna (BODA) RC 2.4GHz line 
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of receiver is used. Media Tek RT5370 is a cost-

effective, highly integrated USB Wi-Fi single chip 
containing an 802.11n baseband (150Mbit/s), Media 

Access Control (MAC) and 2.4 GHz Radio 

Frequency (RF), Power Amplifier (PA), Low Noise 

Amplifier (LNA) and Transceiver (T/R) switch on a 

single chip i.e., System on Chip (SoC) is used as 

onboard computer. The optical sensor i.e., camera 

implemented is the Logitech product with 5 

Megapixels and mounted in such a way, for 

surveillance under Area of Interest (AOI). The final 

prototype model of the quadcopter including all the 

avionics equipment‟s shown in figure 24. 

 

 
Figure 24: Completed Model with all Avionics Interfaces. 

 

VI. CONCLUSION AND FUTURE SCOPE 

 

This paper concludes with the wing-spar of I-section 

configuration can be replaced with the micro wound 

truss structures which shows very small deformation 

change and stress at the fixed end is very less by 
comparison to that of I-beam. Various possible truss 

structures are presented for the future references. Its 

performance towards the real time is discussed 

through an application quadcopter model which is 

designed and analyzed based on the change in 

deformation and torsional stiffness which results in 

less structural deformation and very less twist. The 

total empty weight of the design is less than 400 

grams and with electronics onboard it‟s about 1.4kg. 

Reduction of weight using lightweight micro wound 

truss structures is achieved practically. This paper 
especially deals with triangular frame. My future 

scope will be on locating a manner for constructing 

unique shapes with better stiffness which is shown in 

figure 25. A piece of constructing small scale model 

of plane wing that is absolutely blanketed with this 

winding technology could be possible process. 
Structural parts can be changed with wound era 

which helps in reducing weight and for better 

stiffened shape. If human powered helicopter is 

possible with wound era, it is viable to make a hover 

bike with the whole model designed with wound truss 

technology. 

 

 
Figure 25: Square Truss 
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