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1. Abstract  

The goal of this project was to design and implement a data acquisition system for a kite 

power system. Also, the kite power system was optimized for structural and mechanical 

performance. Kite power has the potential to be much more economical than other forms of wind 

power. In a system developed by previous MQP teams, a large wind boarding kite pulls the end 

of a long rocking arm which turns a generator and creates electricity. In order to determine the 

power output of this system, as well as any inefficiencies, four key parameters were measured: 

torque of the flywheel, angular velocity of the shafts, angle of inclination of the lever arm, and 

force of the kite on the arm.  Four respective sensor instruments were purchased and configured 

for the system. The sensor outputs were processed using a data acquisition board that was used in 

conjunction with LabVIEW to record measurements. Using this data, the instantaneous power 

was determined. To increase power, a second power system was created to utilize both ascending 

and descending motions of the rocking arm. All components and subcomponents were lab tested. 

The results of this project give further evidence to the credibility of the kite power concept. 
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4. Introduction  

The turn of the century has brought forth a heightened awareness that the worldôs supply of 

non-renewable energy is a limited resource, and there has been an increased sense of urgency to 

find clean, renewable energy alternatives in order to break the global reliance on petroleum and 

other fossil fuels. Several studies involving comprehensive systems models have estimated that 

maintaining current global trends could lead to the extinction of all non-renewable sources of 

energy by as early as 2050 (Radzicki, 1997). Although leading world countries have been 

pursuing alternate energy sources for years, energy demand associated with rising world 

population and industrial modernization of developing countries along with the inevitable 

economic toll has delayed the transition from petroleum. The United States transitioned from 

using wood for energy to coal in the 1800ôs and from coal to oil in the 1900ôs. While these 

transitions were stimulated by availability and cheaper costs, the energy transition the US faces 

today is fuelled by decreasing availability and rising costs. Rising energy demand coupled with 

the decreasing supply of oil and the delay in transitioning to new sources of energy is creating a 

widening domestic energy gap that is only being filled by an increasing number of imports. 

While imports remain cheaper than implementing new energy sources, the transition will be 

further delayed and the gap will continue to broaden (Radzicki, 1997). The only feasible solution 

is to pursue cost efficient, clean energy alternatives to supplement the worldôs use of fossil 

energy until we achieve the technological and economic means to make the full transition to 

renewable energy. 

The use of power generated by the wind is an alternative that has been used around the world 

for hundreds of years, but it has not yet reached its full potential. Wind power is not only a 

renewable energy source, but it transfers the kinetic energy produced by the natural wind directly 
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to electrical power without producing any harmful byproducts, such as carbon dioxide, that may 

be contributing to global climate change. Comprehensive studies show that the earthôs 

atmosphere contains roughly five times the worldôs current energy use in all forms (Cristina L 

Archer). Thus, the challenge is designing and implementing efficient and cost effective means of 

harvesting the windôs massive energy potential. 

Wind power has become a popular energy alternative in the modern world. The following 

figure shows a dramatic increase in the worldôs wind power capacity since 1990. 

 

Figure 1-World Wind Power Capacity (Renewable Energy Policy Network, 2009) 

Almost one hundred percent of the worldôs wind power is currently produced using wind 

turbines. While simple in design and implementation, turbines have many disadvantages. Firstly, 

the performance of a wind turbine is dependent upon the size and height of the turbine blades. In 

order to effectively use the higher, more constant wind flow at higher altitudes, large expenses 

are dedicated to constructing massive support structures in order to support the weight of the 

blades and generator. The blades themselves, sometimes reaching 90 meters in length, are 

difficult to transport. Transportation fees alone can now reach up to twenty percent of the total 
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equipment expense. In addition, wind turbines are inherently inefficient; to achieve an efficiency 

of forty percent is uncommon. Wind power is intermittent as well; performance in a wind turbine 

may increase or decrease dramatically over a short period of time with little or no warning. Due 

to these disadvantages, large wind farms need to be constructed in strategic locations in order to 

make their implementation cost effective. These wind farms take up a lot of airspace, are 

considered by many to be aesthetically displeasing, and create a high level of noise pollution 

during operation. 

Recent studies have been investigating the feasibility of using large kites to harness wind 

power as an alternative to wind turbines. The most advantageous feature of using kites is 

undoubtedly the designôs enormous performance potential at high altitude. Unlike turbines, kites 

support their own weight while in flight and do not require massive support towers to access 

higher altitudes. Thus, kites can be theoretically used to effectively harness wind power at 

heights where wind flow is much faster, cleaner, and consistent, where the limiting factor is 

simply the length of the kite tethers. The following equation shows that wind speed increases 

following a 1/7th power law, where y denotes altitude and V is velocity: 

V = y
1/7

  

 

The following figure shows the effect of altitude on power as it increases proportionally to the 

cube of wind speed (Buckley, 2008). 
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Figure 2- Power output and wind velocity for turbine and kite of 10 m2 area (Buckley, 2008) 

The potential for greater performance along with lower equipment costs may make the kite 

alternative a viable solution for communities in developing countries that do not have access to a 

power grid and cannot afford other options.  

 The goal of this project is to expand upon the work of two previous MQP groups in order 

to create a functional, one-kilowatt scale kite power system. While the previous groups have 

successfully built and proved the feasibility of the system, this project will focus on refining the 

design to optimize safety and efficiency, as well as install a series of instruments in order to 

evaluate and better understand the performance of the demonstrator.  
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5. Background  

While energy has been extracted from the wind using turbines and windmills for centuries, 

the concept of using large kites to generate power has only been a topic of research in recent 

years.  In the late 1970ôs, M. L. Loyd began to explore the potential for generating large-scale 

power using aerodynamically efficient kites.  Loyd derived equations of motion for kites flying 

transversely to the wind at high speeds and was able to apply those equations to various airfoils.  

By comparing his results to newer technology, such as wind turbines, Loyd was able to predict 

feasible power production.  Loyd was able to show numerically that a 2000 square meter kite had 

the potential to produce 45 megawatts flying at an altitude of 1200 meters (Loyd, 1980).  

Dr. J.S. Goela is another individual who has spent many years focused on the research of kite 

power.  While at the Institute of Technology Kanpur, Geola investigated the potential to translate 

kite motion to power generation.  Geolaôs work was published in several journals and yearly 

reports during the 70ôs and 80ôs.  Many of his ideas served as the foundation for this project and 

Dr. Goela has also served as a technical consultant on this project and interacted directly with the 

MQP project team.  Goela was interested in proving, through experimentation, that kites could 

be used to translate wind energy to mechanical energy.  He developed equations of kite motion 

and was able to use them to project potential power generation.   

In the paper, Wind Energy Conversion Through Kites, Goela examined the dynamics of kite 

motion.  He broke the cycle into two parts ï kite ascent and descent.  During the ascent phase, 

the kite is released, and during this stage, power is produced.  During the descent, the kite returns 

to its original position and work is done on the system.  Goela concluded that the power 

coefficient during ascent is at its maximum when there is a large lift to drag ratio.  He also noted 
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that when the kite flies directly against the wind during the descent, the power coefficient is 

minimized (Goela, 1983).  

In the same publication, Goela discussed the feasibility of using a kite system to power a 

pump.  He broke the system down into three parts; ñ(i) a kite which intercepts wind at higher 

attitudes (ii) a nylon cord which transmits power from the kite to the base, and (iii) an energy 

conversion system located on the ground (Goela, 1983).ò The design, as shown below, consisted 

of a balanced beam that was free to rotate about a hinge with spring loaded-assists.  The kite was 

attached to the beam by two tethers and the displacement of those tethers could change the kiteôs 

angle of attack.  In the case of the pump, the conversion system was a bucket that could be filled 

with water.  His work is worth noting because his conceptual design heavily influenced the final 

design for our kite power system.  

 

Figure 3 - Kite Pump System (Goela, 1983) 

Italy has been the site of more recent work in the field of kite power, where researchers have 

focused on the Kite Wind Generator project.  The Kite Wind Generator, or Kite Gen for short, is 

estimated to have the potential of generating as much energy as a nuclear power plant at a 
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thirtieth of the cost per megawatt. Kite Gen relies on a ñcarouselò of large, light-weight kites to 

generate power.  The direction and angle of each kite is controlled by cables which result in 

rotation about the core. This activates large alternators and produces current (Martinelli, 2006).  

Recent testing was conducted at 800 meters above sea level, a height at which a Kite Gen power 

plant would possibly operate. An illustration of Kite Gen is shown in the figure below.  

 

Figure 4 ï Kite Gen Schematic (Kite Gen, 2008) 

Kite power has been studied at Worcester Polytechnic Institute through MQP projects since 

the fall of 2006.  The first project team (Blouin et al., 2007) focused on conceptual design 

analysis and looked at various kite power designs before deciding on a rocking arm design which 

was influenced by Dr. Goelaôs work.  The team was also responsible for testing numerous kites 

before concluding that a kiteboarding kite was best for application.   

Their initial investigations laid the foundation for the subsequent project team whose work 

focused on building the kite power apparatus, as shown in Figure 5. They constructed a six-foot 

tall A-frame structure out of 4 x 4ôs to serve as the core of the kite power system.  A hollow 

metal rocking arm with detachable ends was mounted to an axle at the top of the A-frame.  At 

the base of the A-frame, a gear train was assembled.  A kiteboarding kite was attached to the end 
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of the rocking arm. Then, by attaching that end of arm to the power system, the motion of the 

kite could be translated into mechanical power. The mechanical energy can also be transferred 

into electrical energy through a generator and stored in battery banks.  Finally, the focus of the 

project this year was 1) instrumenting the system to identify exact power output as well as 

system inefficiencies, 2) strengthening the structure, 3) lab testing, and 4) implementing safety 

precautions. 
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6. Project Objectives  

The goals of this project are as follows: 

¶ Design a data instrumentation system for a one kilowatt kite power system developed 

previously at WPI, accurately measuring: 

o Torque 

o Angular Velocity (RPM) 

o Rocking Arm Angle 

o Force of  Kite Tether Tension 

¶ Improve existing kite system from a previous  2007-2008 MQP Project  

¶ Design & construct a 2
nd

 power system that extracts power during the decent of the kite 

rocking arm on the kite power demonstrator 

¶ Test structure and subcomponents over a range of expected conditions through lab and 

field testing 

¶ Compare instrument data with theoretical results and conclusions 
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7. Design Process 

7.1. Kite Power Demonstrator  

7.1.1. System from 2007 -2008 MQP 

 

Figure 5 - Final Design and Equipment of 2007-2008 MQP Team (Buckley, 2008) 

Upon completion of their project, the 2007-2008 MQP Team (Buckley, 2008) was able to 

successfully utilize kites to harness wind power. In doing so they were able to show that it is a 

feasible and desirable way to produce power. The team further developed the kite control system 

to allow for a more autonomous operation, in the hopes that future groups could further develop 

the controls to a point where the kite can fly on its own for extended periods of time. They were 

however unable to attach the control to the angle of attack apparatus and thus did not get to test 

the system in an autonomous configuration. Also, Professor Olinger added an operator chair 

within the system (also for autonomous control) in the following summer. The team also 

implemented a power train system on the structure that transferred kinetic energy generated by 

the wind into electrical energy by using the oscillating motion of the rocking arm to turn a 

generator.  The developments moved the project closer to an apparatus which could be used to 

http://www2.me.wpi.edu/wpi-kites/index.php/Image:Cumulative_No_Background.jpg
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harness power from the wind in developing regions of the world. In their final series of tests, the 

2007-08 team succeeded in proving the ability of the system by harnessing wind power with a 

kite and using the natural mechanical energy to turn the power train and create electrical energy 

with a generator (Buckley, 2008). 

7.1.2. Redesigned System 

 

Figure 6  - Final Redesigned System 

While much of the initial structure was made by the previous MQP teams from 2006-2008, 

our goal was to improve upon the structural integrity for additional field testing as well as add 

provisions for instrumentation for data collection and analysis. The steps taken to reach the final 

design for our project are explained in detail in the following sections. These steps include: 

designing and implementing several important safety features, structurally reinforcing and 



  

18 
 

refining the A-frame and the drive train set up and components, designing a secondary power 

system that allows for power to constantly be transferred to the drive train, fabricating aluminum 

parts for the oscillation control system, and installing and calibrating several instruments in order 

to evaluate the performance of the system through a data acquisition system.  

7.2. Data Acquisition System  

One of the main objectives of this yearôs MQP was to implement a data collection system to 

measure and record various parameters of kite power system.  Not only did we want the ability to 

measure simple quantities such as the force felt on the lever arm by the kite tether, but we also 

wanted to determine more complex parameters such as how much power could be produced by 

the system overall.  To do this, we turned to various types of instrumentation. 

7.2.1.  Key Measurements  

Before purchasing expensive sensors, it was necessary to determine which variables 

needed to be evaluated in order to measure the power output and mechanical efficiency of the 

system. By measuring the power generated at the lever arm axle as well as the power generated 

at the drive shaft at any given time, we could determine the mechanical efficiency of the system.  

To calculate power this we used the kinematics equation of power for rotational systems,   

ὖ(ὸ) = †(ὸ)ʖ(t) 

where † is torque and ʖ is angular velocity.   

To determine the power generation of the larger axel, as shown the figure below, two 

measurements were necessary - the perpendicular force of the kite tether on the rocking arm and 

the angle of the lever arm.  The angular velocity of the arm could be deduced from the change of 

angle of the arm over time.  
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Figure 7 - Basic Measurements of Rocking Arm 

To measure the power output at the gear train, two more measurements were necessary ï 

the torque on the shaft connected to the generator as well as the rotation speed of the shaft.  

These two measurements could easily be obtained with a torque meter and a tachometer.  With 

only four measurements many conclusions could be drawn about the systemôs power generation 

capacity as well as its mechanical efficiency.  

7.2.2. Instrumentation  

 Once it was clear what measurements were necessary to determine power output, 

instrumentation options were researched.  Key parameters for selecting sensors included having 

analog output (necessary for our means of signal processing), size, measurement capabilities, 

portability, ability to withstand field conditions, required source voltage and cost. After 

researching various companies and products, we purchased four pieces of instrumentation as 

well as a data acquisition board to process the sensor signals.  Below is a table of the sensors that 

were purchased for data collection: 

 ̟or angular velocity 

F   or Force of Kite 

Length or moment 

arm 
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Table 1 - Instrumentation Purchased for Data Collection 

 

7.2.2.1. Measuring Torque  

One of the measurements required in order to fully assess the power of the system was 

torque.  There were two options to consider when choosing what torque meter to purchase. The 

first option was buying a torque meter to measure the torque created by the rocking arm. The 

second option was to get one for the shaft of the flywheel. Using two calculations of torque, we 

approximated the torque at both the arm axle and on the flywheel shaft: 

Ⱳ╪►□ = ►z ╕ ▼z░▪Ᵽ where r is radius, F is force 

Ⱳ▀►░○▄= ╘█◌ ♪z        where I is moment of inertia of flywheel, h is angular acceleration 

The torque on the arm is a moment equation. Essentially, the kite tether is attached to the end of 

the arm by an I-bolt. In the table below, the estimated torque is calculated: 

Length of Lever Arm (m) 1.83 

Estimated force on Arm due to Kite (N) 889.644323 

Estimated Torque (N*m) 1628.049111 
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Table 2 - Table of Arm Torque 

 

 

Figure 8 - Illustr ation of Force on Kite 

The torque on the drive shaft system is more complicated, which involves the moment of 

inertia of the flywheel as well as the angular acceleration of the shaft. This number can also vary 

between the two different size flywheels that can be used. Using mechanics equations, these 

values were estimated. Below is table of the resulting estimated torque calculations: 

 

Large Flywheel 

Small 

Flywheel 

Mass of Flywheel (kg) 20.4 11.3 

Diameter of Flywheel (cm) 44 26.9 

Moment of Inertia 

(kg*m^2) 0.483 0.103 

Angular Acceleration of 

Flywheel (rad/s^2) 10.22 10.22 

Estimated Torque (N*m) 4.93626 1.05266 

Table 3 - Table of Drive System Torque, depending on size of flywheel used (Buckley, 2008) 

From these calculations, the team found it more reasonable to measure the torque on the shaft of 

the drive train.  

7.2.2.1.1. Initial Setup 

To measure torque, the team purchased a LXT- 971 shaft-to-shaft torque sensor. It is rated up 

to 17.5 Newton-meters, which, according to the estimated calculations found earlier, was more 
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than enough of a safety factor to handle the torque of the shafts. However, due to many factors 

that could contribute to added resistance such as pulleys and bearing mounts, the team wanted to 

be as safe as possible as to not compromise the pricey sensor. 

 

Figure 9 - Diagram of power train setup with torque meter 

The design intent for the torque meter was to attach it directly to the flywheel shaft, between 

the generator and the flywheel. In order to attached these pieces, two aluminum couplings were 

turned on a manual lathe with an inner diameter of 1 inch for the steel shaft and 0.355 inches for 

the torque meter shafts. Each piece was also fitted with set screws to hold it in place. The picture 

below is a Solidworks assembly of the intended setup: 

 

Figure 10 - Solidworks Assembly of general layout of Torque meter setup 

Steel Shaft- To Flywheel 

Steel Shaft- To Generator 

Aluminum Coupling 

Aluminum Coupling 

Torque Meter 


