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i 	EXECUTIVE SUMMARY  

BACKGROUND  

There is an inereasing demand for improved communications in rural 

and remote regions of Canada. In these regions, the requirement for 

extended television services and improved fixed and mobile telephony 

is increasing as is the interest in a broad range of TV programming 

and as northern resource development takes place. For many of the 

regions, it is difficult to foresee how these needs could be fully 

and economically met with existing and proposed satellite and 

terrestrial networks. Using these networks only, it appears unlikely 

that a high fraction of the two million Canadian households in rural 

and remote regions could be economically offered more than a very 

few regionally-based basic and new TV programming services, including 

pay TV and off-air Telidon services. This appears also to be the 

case of regional telephony services in remote regions of many of 

the provinces. 

The Stationary High Altitude Relay Platform (SHARP) concept 

appears to be a promising means to extend communications services 

at a regional level as a complement.to satellite and terrestrial 

networks. From a proposed operating altitude of about 21 km, the 

radius of coverage of one relay platform would be about 520 km, 

(over an area of about 40 times greater than a 350 meter tower, or 

over about one half of a prairie province). 

In 1977, as a result of mounting interest in the potential -of 

civilian and military uses of near-earth, station-keeping, long 

duration relay platforms, NASA began a series of studies to deter-

mine the feasibility and application of such platforms. In the 

U.S., these platforms are described by the acronym HAPP (for High 

Altitude Powered Platforms). Table 1 lists the major studies to 

date. 
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CONTRACTOR  

Stanford Research Institute 

Battelle Columbus Laboratory 

Wallops Flight Center 

Raytheon 

Wallops Flight Center 

International Latex Corp., Dover 

Raytheon 

DATE 

10/77 

10/77 

12/79 

12/79 

4/80 

4/81 

Current 

Current 

I  
1 
1 
1 

TABLE 1 	STUDIES PERFORMED FOR NASA (1) 

STUDY 

HAPP Feasibility and Cost 
HAPP Applications Study 
User Def'n. Mission Reqt's. 

Wind Study for Platform Design 

Microwave Flight System Design 

Wind Persistance 

Vehicle Design 

Microwave Ground System Design 

From the table, it is apparent that interest in the United States 

is substantial and continuing. 

- In 1981, in response to an unsolicited proposal by SED Systems Inc., 

a Canadian team was formed to study the feasibility of a Stationary 

High Altitude Relay Platform (SHARP) concept for application of 

Canadian latitudes. The team consisted of: 

• The Communications Research Centre, DOC, Ottawa, acting 

as team leader and conducting studies on the communications 

applications. 

• SED Systems Inc., Saskatoon, acting as prime contractor 

and contributing its expertise in System Analysis, radio 

and satellite communications and high altitude balloon pay-

load design, operation, launch and recovery. 

• Prof.  J. De Laurier, (University of,Toronto Institute 

for Aerospace Studies), acting as aerodynamic and vehicle 

consultant, brouet to the team expertise in vehicle flight 

eteleis, development of hybrid lifting vehicles and ex-

perience on the TCOM tethcred balloon, used for communi-

cations. 
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• The Flight Research Laboratory, National Research Council, 

Ottawa, while not a member of the team, participated in-

formally by offering constructive criticism on the project. 

The SHARP vehicle options selected for detailed study were based in 

part on the results of the early studies performed by NASA. The vehicle 

options considered in this study were: (i) a lighter-than-air vehicle 

(a neutrally-buoyant airship);  (ii) a hybrid vehicle (a winged balloon); 

(iii) an aerodynamically shaped lighter-than-air vehicle; and (iv) a 

heavier than air-winged aircraft. Powering options considered were: 

(i) use of energy stored in the form of electro-chemical batteries; 

(ii) microwave power transmission from a ground station; and (iii) photo-

voltaic cells. The propulsion options considered were propellers driven by 

electric motors or jet propulsion. 

The major conclusion of this study is that a feasible vehicle 

for a communications mission is an ultra-light airplane flying at an 

altitude of approximately 21 km, and powered by microwave from the ground, 

as illustrated in Figure 1. None of the other vehicles investigated were 

assessed as capable of being successfully operated continuously during 

the most severe weather conditions at Canadian latitudes. 

WINDS 

Examination of winds over Alberta, Manitoba, and Western Ontario 

for several representative years established that: 

. there is a relative minimum in average wind speeds at an altitude 

of approximately 21 km. 

• at 21 km, the average wind speed varies seasonably, from 

5 meters per second (mis) in the summer to 25 m/s in the 

winter. 

• at 21 km, peaL wind speeds of 60 m/s must be expected at 

Canadian latitudes during the winer months (15 m/s in the 

summer). 
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The duration of the peak winds cannot be established from the 

data that exists. It is assumed that they are not short duration gusts, 

but are sustained for periods of hours. Results of Wind Persistance 

studies performed in the United States, reference 7, indicate that the 

persistance may be determined to the minimum time between radiosonde 

flights 6 or 12 hours. Adcordingly, the SHARP vehicle and propulsion 

system must be capable of sustaining speeds of 60 m/s as an equilibrium 

condition. 

VEHICLE CONFIGURATION AND PROPULSIVE POWER  

Although the starting point for this study was lighter-than-air 

CITA)  vehicles, the results show that at wind speeds of about 30 m/s and 

greater, the propulsive power needed to maintain such vehicles on station 

is excessive. In fact, due to the flimsy nature of LTA vehicles, their 

inherent launch and recovery difficulties, and the need for on-board gas 

management system ., they are not likely to be practical except at wind 

speeds much less than 30 m/s. 

Also, investigation has failed to identify any potential advances 

in LIA  technology which would make them feasible for the SHARP mission 

in the foreseeable future. 

The calculated propulsive power required by various types of SHARP 

vehicles flying at 60 m/s is presented below: 

TABLE 2  

MAXIMUM PROPULSIVE POWER FOR SEVERAL SHARP VEHICLES 

Wind Speed: 60  mis  

COMMUNICATIONS AND CONTROL PAYLOAD - 110 kgm 

Vehicle 	 Volume (m3 ) 	Wing Area (m2 ) 	Propul. Power (kW) 

Neutrally-Buoyant 	24075 	 - 
Airship 

Aerodyn. Lifting 	366 	 19 
Airship 

Wing-Balloon 	 29 	 23 

Airplane 	 39 	 10 
(Solar Challenger Type) 

315 



The feasibility of the ultra-light airplane concept rests on three 

recent technically significant events: 

- the successful flight of the solar powered Solar Challenger 

aircraft across the English Channel. (The aircraft has very 

high stiffness-to-yweight and strength-to-weight ratios with 

a wing loading of about 5 Kg/m2(3) , and was designed to be 

flown to altitudes of 50,000 ft., or close to the proposed 

SHARP operational altitudes.) 

- the efficient transmission of high levels of microwave power, 

over a 1.6 km distance (about 30 kw of dc power were received 

with efficiencies of over 80%) (2)
. 

- the successful use of light weight and highly efficient 

Samarium-Cobalt brushless electric motors on the Solar 

Challenger. 

THE SHARP AIRPLANE  

An example SHARP airplane was identified which is a derivative of 

the Solar Challenger, specialized to the SHARP mission. Namely, it has 

a conventional configuration with a stabilizer and fin which are aft of 

the wing. The wing and stabilizer have rectangular planforms, where the 

wing's aspect ratio (span/chord) is 20. The stabilizer's aspect ratio 

is 3 and its area is 38% of the wing's area. The most important differences 

from the Solar Challenger are, first, that the fuselage is much more slender 

since there is no space requirement for a human pilot. Second, the airfoil 

is highly cambered (curved such that the underside is concave) since it 

isn't constrained to a flat-topped shape for solar-cell placement. This 

latter feature allows a significant performance improvement over the Solar 

Challenger, e.g. the SHARP airplane has a maximum lift/drag ratio of 31.9 

compared with the Solar Challenger's value of 13.5. 
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It should be noted that the airplane's wing aspect ratio of 20 
also contributes favourably to the performance, although it's a very 

high value which is at the limit of structural realization for this type 

of ultra-light airplane. The intention of this particular example has 

been to find out the ability to perform the SHARP mission of the most 

aerodynamically  efficient  SHARP airplane which could possibly be made. 
In fact, a reduction in aspect ratio to 10 would not greatly reduce the 
airplane's aerodynamic efficiency. If the aspect ratio 20 airplane is 
adequate for the SHARP mission, then the likelihood is high that the 

aspect ratio 10 version will also be adequate. 

Figure 2 shows the predicted performance for the example airplane 
at an altitude of 21 km and wi"ch a propulsion system large enough to give 
a 60 m/s maximum speed. Also, it was assumed that the ratio of airframe 
mass (empty structural mass) to wing area is 2.5 kg/m2 , which is the same 
as the Solar Challenger's. 

The variable parameters are wing area, S, and vehicle mean speed, 

U. It is assumed that for any combination of S and U, the airplane's 
angle of attack, a, is such as to give level flight. Since the maximum 

a is assumed to be 100 , the lower speeds are limited by a "Stall Boundary", 

shown on the figure. When the ambient wind drops toward the "Stall Speed", 

the airplane must commence a circling flight pattern. In fact,  this would 

be the most common mode of operation. 

The result of interest is the "Total-Power Loading" which is the 

ratio of the airplane's total required power (propulsive power + 2.3 kW 

onboard power) to the wing area, 
Ptotal 

 /S. This may be related to the 

"Power Flux Density" of microwave power relay if the rectenna area is 

equal to the wing area, and the transmission efficiency is 100%. The 

figure shows that for each S ccnsidered, there's a U for which Ptotal /S 

is minimized. These values, in fact, relate to the flight conditions for 

maximum lift/drag ratio. At speeds below these, a increases so rapidly, 

as does the drag which varies as a2 , that Ptotal /S increases. Also, at 

speeds above the minimal points, the drag begins to increase approximately 
3 as U thus Ptotal/S 

 increases to its maximum values at U = 60 m/s. 
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Also, note that the curves in Figure 2 seem to vary asymptotically 

with S. That is, the reduction in Ptotal/S  in going from S = 20 m
2 

t 

40 m2 is much greater than in going from 40 m2 to 60 m
2

. This it because 

the required lift for level flight at a given U becomes proportional 

to S at the larger S values. That is, the fixed onboard mass becomes a 

smaller percentage of the airframe mass which is proportional to S. Thus, 

the drag and propulsive power, at a given U, also become proportional to 

S. Since P
total 

= propulsive power for the larger S values, Ptotal /5 

approaches a constant value with increasing S. 

Finally, note that the highest value of Ptotal/S  is 300 W/m 2 , which 
2  occurs when the S = 20 m airpldne is flying at 60 m/s. As a relatively 

short-duration emergency situation, this appears to be comfortably within 

the latest capabilities of micmwave power. Further, at U = 42 m/s, 

Ptotal /S drops to 200 W/m
2

. 

MICROWAVE POWERING SYSTEM  

The microwave power transmission system consists of three major 

elements, as shown in Figure 3; The Ground Station which is comprised of 
the microwave power source and the ground transmission antenna, the 

Reception element which is mounted on a suitable surface of the SHARP 

vehicle. This element has been developed by Raytheon and is called a 

rectenna (receiving/rectifying antenna). Thin film printed wiring 

rectennas have been demonstrated with a power handling capability of 

200 W/m2 . The Transmission element, which is the microwave beam link 

between the ground station and rectenna. Transmission tests performed 

by JPL at Goldstone (reference 4) demonstrated reception of microwave 

power densities of greater than 600 W/m2 . 

The microwave transmission system frequency was 2.5 GHz, which 

is almost optimum for operation through heavy precipitation, and is the 

frequency at which all the microwave power transmission work including 

substantial systems testing and component development has been carried 
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out in the United States (2) . The transmission efficiency of the micro-

wave link is usually given as a function of T, illustrated in Figure 4. 

The parameter, T, is related to the SHARP geometric parameters by the 

following relationship: 

T = (At  Ar ) 1/2/AD 

where At 
= Transmitting Antenna Area, m2 , part of the Ground Station 

Ar = Receiving Antenna Area, m
2 , part of the vehicle - the rectenna 

X  = microwave length; 0.122 m @ 2.45 GHz 

D = distance between At and Ar m ' the operational altitude 

A relationship between the transmitting and receiving antenna 

size is seen if Equation (1) is rewritten in the form: 

(T X D) 2  _ At Ar 

For a given vehicle configuration, the receiving antenna, the 

rectenna, size is determined. The transmission antenna, At , size is 

determined by the distance and the efficiency of transmission. A 

reasonable antenna size can be conceived if the efficiency is not re-

quired to be close to 1.0. 

The second element, the collection and conversion of the micro-

wave beam to DC power is accomplished by the rectenna. Presently, the 

rectenna has been developed to the state where it is suitable for use 

on a SHARP vehicle by the use of thin film rectennas. Design, analysis 

and testing has progressed to the point where highly efficient conversion 

to DC power is possible. It should be noted that rectenna orientation is 

critical to the efficient reception of power. In the case of linear polar- 

ized antennas, if the polarization angle between the rectenna and the ground 

station varies, the power received will decrease as the cosine squared 

of the angular difference, see Figure 5. Consequently, it 	be desirable 

(1) 

(2)  



i - 12 

/. O H 

0•13 1 
1 
ne 0.6 

I L  
- 

1k 
 

I 
II 
1 
1 

1 	1 	1 	1 	1 4 	1 	1 	1 	1 	1 	1 	1 

4b 	 eo 

and 

i---r 1 	il l  

3.0 
0 

1 

1 
1 
1 

FffAC ryont De-  TRA/VS/'.1/7-Te.7) le/CRoWAVE P'OVVER 

771/IT 1C7/7/NGES  2N  ReCTENIVA AS A FleVCrew 
OF 771£ PARAMETER Pr' (5) 

1 
1 

1 
E7G.  AL  



. 5  

(14 

'/ 

0 • 0 

i-13  

WWI 

1 	1 	i 	 1 	— I 
/0 et) Jo 40 eV do 70 eed 

0 

mal 

11.11101 

1 
1 
1 

1>EG /-ee 

.fee-C TEN/VA PawER 1?Ec eferiew vs 

.FMARiZAT/eA/ iFfl tC  r  EOR  TWO RECT.ENN115 
( 1 ) 

1 P/G. 



i-14 

to consider providing dual rectennas each aligned 90 0  apart on the vehicle 

or to transmit and receive circularily polarized waves. In this manner, 

full power may be provided at any orientation angle, in spite of the weight 

penalty. 

The results of current research, particularly studies of the non-

thermal and non-linear effects of low level radiation, appear to be leading 

not only toward enforceable safety standards for workers exposed to risks, 

but also to increased biological knowledge that may prove the basis for 

medical advances. In Canada, the present standard is 1 mW/cm2  for the 

general public, averaged over one minute (reference 8). The exposure level 

that might be experienced by the passengers commercial aircraft passing 

through the beam would exceed this level outside the aircraft. However, 

the aircraft structure and duration of exposure would be within the recommended 

exposure levels. 

If the present levels art found to be unsafe in the future, then 

additional measures would have to be taken to insure the well being of the 

general  public. 

RECOMMENDATIONS 

Further study and preliminary demonstration of the feasibility of 

the selected Stationary High Altitude Relay Platform (SHARP) concept should 

proceed in stepwise fashion as follows: 

1.0 Demonstrate, in Canada, the transmission of power via microwave 

by setting up ground based equipment uitlizing readily-available 

transmission equipment and a state-of-the-art rectenna (receiving 

antenna/rectifier) procured from Raytheon, U.S.A. This could be 

extended to the airborne case by using a remotely controlled 

dirigible. 



1 

1 
1 
1 
1 

i - 15 

2.0 	Design, construct and flight test a scaled version of the ultra- 

light SHARP airplane using a conventional electric model airplane 

motor and remote control equipment. This would include a compre-

hensive engineering i study of the full scale SHARP airplane structural 

configuration, weight, materials, etc. 

3.0 	Demonstrate microwave powered flight by utilizing the equipment 

assembled for recommendations 1.0 and 2.0. The rectenna would be 

mounted to the underside of the SHARP model. 

4.0 	Further investigate the characteristic wind speeds and duration 

at the altitude of interest (21 km). It is particularly important 

to obtain continuous statistical data on wind speed at those periods 

of the year (January) where the most severe conditions are expected. 

This could be obtained using a special weather radar which measures 

the back-scattered energy from air molecules at the altitude of 

interest; or perhaps, by the launch and tracking of balloon probes 

controlled to maintain a constant, 21 km, altitude. 

5.0 	Further engineering study of several issues is required: 

. cost trade off analysis of the alternative microwave 

power transmission systems 

• preliminary definition and cost estimates of the 

required strategies for the SHARP 

- ascent/descent aspects of the mission 

- altitude, attitude and geographic position 

control while on-station 

Subject to favourable outcome of all of the above, a full scale 

flight demonstration will be required. 
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I 1.0 	INTRODUCTION  

This report of the preliminary findings of the study of 

Stationary High Altitude Relay Platforms (SHARP) has been performed 

under contract to thé Department of Communications, Communications 

Research Centre, Ottawa. 

The report is preliminary from the standpoint that it is a 

concept feasibility study only. The analysis is based on the 

known environmental factors and an evaluation of the state of the 

art of relevant technologies. It will be readily appreciated that 

additional studies will be required to resolve technical problems 

of developing a SHARP in a cost effective manner. 

In this report, the major factors affecting the feasibility 

of the concept of SHARP will be considered. These factors are: 

wind velocities at operating altitudes of 20-40 km, availability 

of power to maintain a SHARP in a wind regime of these altitudes 

in a quasi-stationary position relative to the earth, and the 

physical configuration of SHARP required to maximize the platform's 

endurance. 

Each of these major factors and others shall be addressed 

separately in the following sections to an extent that will be 

concise, yet comprehensive. 

During the initial investigation into the feasibility of a 

SHARP, it was apparent that much effort has been done and is con-

tinuing in the United States on similar platform. 

The literature search indicated that, for a Canadian plat- 

form development anckapplication program, two areas would have 

to be addressed anew. The first was the upper atolosric winds 

analysis for .Canadian latitudes and the second was the most 

appropriate platform configuration for these latitudes and 

possible communications applications. The availability of 



appropriate materials, power transmission and reception by micro-

wave, photo voltaic cell availability, and characteristics would 

be largely dependent on state of the art from the United States 

technological development in these areas. 
1 

The concentraion on the Canadian atmospheric conditions is 

self evident. The Canadian climate is especially severe in winter 

which has a dramatic influence on launch techniques and materials 

from which the platform may be constructed. Further, early 

investigation revealed that although upper atmospheric data is 

available, it is not in a form that may be readily usable for 

this project. Data on upper atmospheric conditions such as 

wind velocity, duration of wind velocities, rate of change of 

velocity, and direction are not available. The existing data 

was compiled such that an insight into the conditions of the 

Canadian upper atmosphere was obtained. 

The vehicle configuration and analysis was performed by 

Dr. J. De Laurier of the University of Toronto, Institute for 

Aerospace Studies. Early discussions resolved that the con-

figurations should be limited to types of vehicles that are 	. 

well within the technological capability of Canada to develop 

and operate in the near future. The configurations chosen 

are the traditional lighter-than-air ship (reference Figure 1/1), 

a non-conventional hybrid lighter-than-air ship that combines 

attributes of the lighter-than-air ship with an aerodynamic 

lifting body (reference Figure 1/2), and a conventional 

aircraft shape (reference Figure 1/3). 

The main thrust of this report will concern itself with 

the analysis of the Canadian upper atmospheric environment, the 

winds and solar radiation, the platform vehicle characteristics 

and the power required for station-keeping. 
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2.0 SUMMARY OF RESULTS  

A summary of the principle results from this study which 

significantly influence the feasibility of the SHARP concept are 

presented below. 

2.1 	Aerophysics Environment - Winds  

A preliminary examination of wind data for the years 

1963, 1969, 1970, and 1975 at two southern and two northern 

locations has revealed that wind speeds are, on average lower 

at 21 km than at alternate operating altitudes. For this 

limited sample, the following maximum and highest monthly 

average wind speeds were measured at an altitude of 21 km 

(which is a pressure regime of 50 mb). 

Max Speed Recorded Highest Monthly Average  
(mis) 	 average (m/s) 

Northern Locations  

57 	 14 

68 	 15 

Southern Locations  

Edmonton, Alberta 	 42 	 17 

Trout Lake, Ontario 	 53 	 14 

The SHARP vehicle operating during the winter over these 

locations must be designed to remain on station in the presence 

of winds which occasionally exceed 50 m/s, with the winds reaching 

higher maxima at the northern locations. 

(i) 

Location  

- 	Churchill, Manitoba 

Fort Smith, NWT 



(ii) 	 The SHARP vehicle operating during the spring/summer 

period over these locations will fly in winds which seldom 

exceed 10 m/s. Indeed, it is observed that winds generally 

change direction by up to 1800  at or about this altitude 

range, going through a minimum speed approaching zero. 

Operation of the SHARP vehicle in the spring/summer period 

could take advantage of these wind speed characteristics 

to minimize the needed propulsion power. 
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2.2 	Key Technical Factors  

It has been found that three recent technical advances make 

it feasible to consider flying platforms at altitudes of 21 km 

for extended periods‘of time. These key technical advances are: 

The design and demonstrated performance of very light-

weight and yet very airworthy unconventional aircraft (i.e. 

the Solar Challenger). In this report, the characteristics 

and performance of a suitable aircraft for the SHARP mission 

have been calculated. (This aircraft has been termed SHARP-I). 

In operation, the aircraft would circle (if the wind speeds 

were low) or maneuvre upwind (if wind speeds were higher 

than the aircraft stall speeds). 

(ii) 	 The demonstrated capability to efficiently convert 

high level microwave power into electrical energy. This 

advance by the Raytheon Co. (US), using devices known as 

rectennas, makes it feasible to power a SHARP aircraft 

from the ground, using a steerable beam of microwaves. 

(The effective weight of specially fabricated rectennas 

is only about one kilogram for power conversion capability 

up to one kilowatt, and the conversion efficiencies are as 

high as 82%.) 

(iii) 	The demonstrated performance of very efficient brush- 

less electrical motors with very high power to weight ratios 

(of about 0.5 kw/kgm). Such motors have been developed and 
used on the Solar Challenger aircraft. 

(j)  



2.3 	Comparison of SHARP Vehicle Performance  

2.3.1  Tues of SHARP Vehicles 

Three types of vehicles were investigated to assess 

their suitability for the SHARP communications mission of 

altitude of 21 km: 

(i) Neutrally-buoyant and Aerodynamic Airships 

(ii) Hybrid vehicle (i.e. winged balloon) 

(iii) Unconventional aircraft 

(i) 	Propulsive Power for Lightweight Mission  

It was found that an unconventional, lightweight air- 

craft is most feasible for early application in Canada, for 

lightweight communication payloads (60 kgm). For example, 

the propulsive power was calculated to be significantly lower 

for the aircraft than for other types of vehicles. For 

operation at wind speeds of 60 m/s: 

Vehicle  

Wing 	Propulsive 

Volume (m
3

) 	Area (m
2

) 	Power (kW)  

1. Airplane 
(Solar Challenger Type) 	 39 	 10 

2. Hybrid Vehicle 	 29 	 23 
(Wing-Balloon) 	 23 

3. Aerodynamic 
Lifing Airship 	 366 	 19 

4. Neutrally-Buoyant 
Airship 	 24075 	 315 



(ii) 	Onboard Reserve Battery Power  

In the case of the airships, it was found that providing 

reserve (battery) powering, for one hour of flight (without 

microwave powei-ing) increased the volume by a factor of ten and 

increased the propulsive power by a factor of five. In the case 

of the aircraft, it was found that providing reserve (battery) 

powering for one hour of flight increased the wing area and 

propulsive power fractionally at lower structural wing loading. 

As the wing loading increased, the wing area and propulsive 

power increased to unacceptable levels. The addition of reserve 

(battery) powering will be required, however, the duration of 

power will be less than a at of one hour making it feasible 

to construct a vehicle. 



(i)  

(ii) 

3.0 SHARP COMMUNICATIONS MISSION (BASED ON WORK BY LILLEMARK AND JULL)  

3.1 	Introduction  

The SED/UTIAS study has not concerned itself with analysis of 

the costs and benefits of using SHARP for relaying various types of 

telecommunications services. Indeed, until the performance of 

particular types of SHARP vehicles is known through demonstration, it 

will not be possible to confidently evaluate communications relay 

applications of SHARP systems as a complement to existing terres-

trial and satellite networks. 

In the meantime, DOC has developed preliminary communications 

mission concepts, based on known general characteristics of SHARP 

relay platforms. These general characteristics are: 

The radius of coverage of one SHARP platform is somewhat 

greater than 500 km, for an operating altitude of 21 km. (This 

would permit one SHARP to provide communications over an area 

about 40 times greater than a 350 meter high tower, or over 

a large fraction of a prairie province.) 

It is readily appreciated that within its coverage area, 

transmission to a relay platform would be over line-of-sight 

paths which are considerably shorter than terrestrial-satellite 

paths (i.e. ranging from about 40 to over 1000 times shorter). 

Thus, for point-to-point communications in particular, the 

powers needed for reliable communications and hence costs and 

sizes of transmission equipment for SHARP relay, would be 

significantly lower than for satellite relay. Indeed, they 

are also potentially lower than for terrestrial relay for 

other than line-of-sight paths. 



(iii) 	It is foreseen that SHARP relay applications will be 

constrained by the following characteristics: 

(1) The platform will move slowly about within a station-

keepinp volume. In the case of an aircraft SHARP, this 

volume will likely be about 2x2x2(km) 3  in size. 

(2) Again, in the case of an aircraft SHARP, the vehicle 

will circle when wind speeds are less than about the 

stalling speed. Thus, omni-directional communications 

antennas are likely to be most suitable, at least 

initially. 

Further, in the case of the initial application of an 

aircraft SHARP, the-  proposed communications payload 

weight will likely be low (i.e. not greater than 60 kgm). 

This will help to ensure that the primarily objective 

of "maintaining station" under all foreseen wind condi-

tions is more easily achieved. Therefore, using only 

one SHARP aircraft, only a small selection of services 

requiring only lightweight (i.e. solid state) equipment 

is feasible in the near future. 

(4) 	In the case of the airship SHARP, in principle the weight 

limitations on payload are much less critical. For example, 

from the SRI study (Reference 1, below) it is noted that 

an airship with the capability of ATS-6 (payload weight of 

720 kgm) is calculated to have a volume about three times 

greater than that of a small airship, with a capability 

of the Japanese Broadcast Satellite (payload weight of 

about one fifth of that of the larger airship at 130 kgm). 

However, in practice, the airship SHARP is not attractive 

for Canada. The feasibility of launching and maintaining 

on station a large low density airship does not appear to 

be easily achievable at Canadian latitudes within the 

next decade. 

(3)  



(5) 	The communications equipment on the SHARP platform 

must operate in the presence of very high microwave 

fields needed to power the platform (the levels of 

these fields are between 20 and 400 watts/m2 at the 

powering frequency of 2.45 GHz)., 



3.2 	Possible Communications Services  

Based on the foregoing, the following are considered to be 

strong service candidates for initial and extended future SHARP 

missions. For this study the power levels, frequency bands, antennas 

and cost estimates are to be considered as design objectives only. 

3.2.1 	Broadband Services ITV and Data) 

(i) Initially: For 14/12 GHz TV broadcasting with one or  

two channels per SHARP aircraft  

A/C transponders: 	5 watts/channel (solid state) 

A/C antenna: 	 wide angle horn 

Ground TVRO: 	 0.25 to lm. diameter antennas 
(Cost <$1000) 

Later, in heavier weight missions: 

(ii) For 14/12 GHz TV/Data Incasting  

(A/C transponders as above (i)) 

Ground Tx: 5 watts/channel 

.25 to 1 m. diamter antennas 

.(This option has application to TV program incasting, 

two-way telemedicine, teleducation and teleconferencing.) 

(iii) For 14/12 GHz Data Broadcasting  

(This option could be used for full TV bandwidth, inter-

active Telidon:) 

(iv) For UHF TV Broadcasting on two channels  

A/C Transponders: 

Ground TVRO: 

6 KW /channel 

10 element  VAGI  antenna 



3.2.2 	Narrowband Services iVoice and Data).  

For Mobile Radio Telephony and Data Services at 800 MHz  

(a) Fimm base stations to mobile sets: 

A/C transponder: 	1.25 MHz bandwidth 

100 watts total power 

(h) From mobile sets to base stations: 

A/C transponder: 	1 watt/channel 

10 MHz passband 

The system as defined above could be compatible with 

either of two proposed systems at 800 MHz: 

(i) Automatic Mobile Phone Service (AMPS) with 40, two-way 

FM channels (as proposed by AT&T and Bell Canada) 

(ii) Terrestrial or satellite-based systems with 250, two-way 

SSB channels (as under study in the US and Canada) 
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I. 
4.0 AEROPHYSICS  

4.1 	Introduction  

The purpose of'this section is to define the limits of investi-

gation of the aerophysical aspects of this study and to briefly examine 

the impact of each aerophysical aspect on the SHARP operation. 

For the purposes of this study, the following aerophysical 

qualities of the upper atmosphere in the altitude range of 18.5 km 

to 30 km (70 to 10 mb) will be examined. The winds throughout the 

year, the expected solar isolation, the temperature profile, and the 

cooling capacity of the atmosphere. Each of these aerophysical 

qualities has a significant impact on the SHARP mission and will 

be examined in greater detail in the following paragraphs. 
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4.2 	Wind 

The success of the SHARP vehicle on station to perform expected 

missions, either extended or short duration, is dependent on the 

ability to null out the prevailing winds. The two contributors to 

the power requirement is the propulsion system and the on board 

systems. The existence of upper atmospheric winds requires a pro-

pulsion system to hold the platform within a station-keeping volume 

with respect to the ground. To reduce the propulsion power require-

ment, it is desirable to seek out operational altitudes where the 

winds are minimum. 

Investigation of published data on the nature of the Upper 

Atmospheric winds revealed the general character of the wind. The 

general character of the winds is shown in Figure 4.1/1.a and 

4.1/1.b. The most significant features of these figures are: 

- the existence of a stratum of low wind velocities at 

20 km altitude. 

- the strong westerlies of higher altitudes in winter. 

1 
- the strong easterlies of higher altitudes in summer. 

- the domination of the westerlies in the mid-latitudes, 

summer and winter, in the 10-25 km altitude range. 

The data presented in this report has been taken from the 

Atmospheric Environment Service monthly bulletins for the Canadian 

Upper Air (3). The data selected to be reduced from these bulletins 

was for Upper Air Stations; Edmonton, Alberta; Fort Smith, N.W.T.; 
Churchill, Manitoba; and Trout Lake, Ontario. The selection of 

these sites (from the Canadian network) will present a picture of 

the upper winds over the heart land of Canada, reference Figure 4.2/2. 
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At the altitude levels of interest, the winds are nearly 

horizontal and in general they are nearly zonal, i.e. from either 

east or west (2). Significant to the long duration, SHARP mission 

is the interim period between the established summer/winter winds 

which are not as strOng but are subject to change in direction. 

Extensive studies of the upper atmospheric wind performed in 

the United States for use as a guideline in high altitude platform 

•design (4), indicate a significant reduction of wind velocities in 

the 50 mb altitude. Figure 4.2/3 and 4.2/4 give a continental 
overview of the wind direction in the United States. Included 

on the maps are the Canadian sites chosen. It is plausible to 

assume that the wind regimes for Spokane and International Falls 

in the United States would be similar to those over Western Canada. 

Figures 4.2/5 and 4.2/6 show the seasonal wind variations for the 

50 mb altitude. 

Due to the time constraints and the format in which the data 

is presented in the monthly bulletins, the following method was used 

to determine the wind profiles. Three years, 1963, 1969, and 1975 

were selected from the published monthly bulletins from 61 through 

76. For each site, the maximum and minimum wind velocity and air 

temperature was recorded for 00 and 12 GMT at pressures from 70 

to 10 mb. The maximums and minimums were used to find the mean 

wind velocity. A table of maximum velocities was also recorded. 

These tables are shown in Appendix C, Tables, C.1 through C.18. 

From these tables, graphs of the mean monthly wind velocities 

and maximum velocities for each site were constructed, reference 

Figures C.1 through C.8. From the curves for the mean monthly 

wind velocities, the 50 mb altitude, for each site, was in general 

the lowest velocity. The mean wind velocities for the 50 mb altitude 
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Figure 4.2/3 SPRING AND SUMMER WIND DIRECTION FOR 
NORTHERN UNITED STATES SITES (1) 
FOR 50 mb ALTITUDE 
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4.3 	Solar Insolation  

The solar insolation received at an altitude of 18-32 km is 

of significance to the feasibility of the SHARP. The quantity of 

solar insolation, i.é. solar energy, may be utilized n for the 

production of electriCal power required by the platform. The 

solar insolation is important because of its potential or actual 

effect on the platform materials, especially synthetic "plastic" 

materials. 

The solar insolation is comprised in a narrow wave length 

band between 0.2 and 4p, as shown on Figure 4.3/1. As is indicated 
on the figure, the earth's atmosphere absorbs and scatters the 
incoming solar insolation such that it is attenuated by the time it 
reached the earth's surface. The establishment of the solar insola-

tion at SHARP operational altitude of 18-32 km is required to evaluate 

the potential for the use of photo voltaic cells and heating. The 

effects of absorption and scattering, for the most part, take place 

below the altitude of 16 km (7). The major.exception is the seasonal 

change of the ozone layer altitude and dry atmosphere effects. 

Figure 4.3/2.a indicates that the water vapor content is essentially 

zero above 16 km. Figure 4.3/2.b indicates that above 16 km the 

attenuation of the solar constant is essentially small. The ratio 

of the solar irradiance to the solar insolation is approximately 

97%. 

The solar constant has been evaluated to be 1360
watt/m 

(1.95 cal/cm2  .min) (6). For the purposes of this study, the more 

conservative evaluation will be used. Consequently, at the SHARP 

altitudes, the solar insolation on a surface normal to the earth's }- 

surface will receive 1319watt/m2 (1.89 cal/cm2  .min) (7). 

The transeormation of this solar energy into energy utilizable 

by the SHARP wii be addressed specifically in Section 5.4. 

4-16 
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The duration of sunlight hours determines the total amount 

of solar energy available to the SHARP. Figure 4.3/3 depicts the 

time of sunrise and sunset for three northern latitudes of 480 , 

56°  and 64°  at ground level (8). The additional daylight time, 

due to the altitude, l has been neglected since it only adds an 

approximate 36 minutes to the duration shown on the figure. These 

hours will be totally available to the SHARP since it is above the 

normal cloud altitudes. 

With the establishment of the solar insolation at proposed 

SHARP operational altitude and the hours of insolation available, 

it is required to estimate the insolation received by a horizontal 

and vertical surface to be able to estimate the possible energy 

available to the SHARP. Figures 4.3/4 and 4.3/5 depict the solar 

insolation variation throughout the year above the atmosphere, 

and the expected insolation for a horizontal and vertical surface 

at ground level and at SHARP altitudes respectively. It is 

apparent that at altitude, an array of photo voltaic cells will 

receive approximately twice the solar energy as on the earth's 

surface. These curves will serve as the basis of solar power 

availability in later sections. 

The quality, i.e. the wave length constituants of the solar 

insolation as shown on Figure 4.3/1, will be very near the spectral 

constituants as shown for the outer atmospheric condition. For 

the SHARP, material selection must be consequently play an important 

role in the platform design. This study does not permit such 

detailed examination or recommendations, these activities would 

properly belong in the platform design activity. 
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were extracted, for each site, and presented on Figure 4.2/7. 

Comparison of Figure 4.2/7 to the seasonal values for the mean 

velocity for the season on Figures 4.2/5 and 4.2/6 compare closely, 

indicating a close relationship and that the analytical approach 

is not in gross error. 

Figures 4.2/7 and 4.2/8 do indicate that the SHARP vehicle 

with a design cruise speed of 20 m/s would be able to stay on 

station for the majority of the year based on the mean wind 

velocity curve, reference Figure 4.2/7. The maximum velocity 

curve, reference Figure 4.2/8 indicates that the vehicle could 

survive the Spring and Summer seasons but must have the ability 

to increase its flight speed to 60 m/s to survive the Fall and 

Winter winds. 

The results of the wind analysis in the United States indi-

cates (5): 

- a design speed of 26 m/s (50 Knots) would survive 98% of 

non-winter winds and 85% of winter winds for 100% of the 

United States. 

- the 95 percentile wind speeds for the worst case United 

States site at an altitude of minimum speed is 18 m/s 

(35 Knots) for the non-winter seasons and 34 m/s (66 Knots) 

for the winter season. 

- the altitude regime of minimum wind speeds is 21 to 22 km 

for non-summer applications and 18 to 19 km for summer 

applications. 

Throughout the foregoing discussion, three aspects of the 

atmospheric motion have not been addressed: direction of the air 

movements, the time duration of wind velocity, and the vertical 

component of velocity. These aspects of the atmcsher 	ve not 

been given the attention the wind velocity has for the following 

reasons: 
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- First and foremost, is the study time constraints. 

- The platform vehicle must be able to adjust to changes in 

wind direction both in the vertical and especially the 

horizontal. 1 

- The time duration of a particular wind velocity may be 

determined from existing wind data with proper analysis. 

To gain an insight into duration of specific wind velocities 

the month of January 1975 was selected because of its high wind 
velocity recordings. Each wind velocity occurrence was totaled 

and the sum of all the recorded velocities was totaled for the 

month. The percent of occurrence was obtained and plotted on 

Figure 4.2/9, the mean and standard deviation was calculated. 

This data was recalculated, in increments of 10 m/s, to give a 

percent of time for the month at or above the increment of wind 

velocity. Figure 4.2/10 is a plot of these results. 

Complete data analysis will result in curves similar to these 

shown but will be a more accurate statistical representation of the 

data. 

Recent measurements of the winds by radar techniques may 

give a greater insight into both the vertical component and the 

time duration of the wind speed. 
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4.3.1 	Reflected Solar Insolation 

A potential source of power and a definite source of 

heating to the SHARP is reflected solar insolation, albedo. 

Although the determination of the amount is less exact than 

the direct solar insolation, mathematical equations have been 

developed which satisfactorily approximate the reflected 

insolation received by vehicles above 15 km (50,000 ft.) (6). 

The purpose in this study is to acknowledge this effect 

and to present an approximate method of estimating the amount. 

Figure 4.3/6 presents a graph which may be used to estimate 

the reflected energy. Referring to Figure 4.3/4 and 4.3/5, 

this would be a significant source of electrical power with the 

proper placement of photo voltaic arrays. For example, using 

the mean curve in Figure 4.3/6 and assuming a June solar 

insolation of 1320 w/m2  at 50°  N latitude would mean that 

approximately 42% would be reflected or 528 w/m
2
. A horizontal 

20 m
2 

panel below the platform would receive approximately 

10.56 Kw of energy. At a conversion rate of 18% would net 

1.9 Kw of usable electrical energy. 

((

I 
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4.4 Temperature  

The air temperature varies from the earth's surface to 40 km 

as shown in Figure 4.4/1 along with the thermal conductivity of 

the ambient air. The curve is for the U.S. Standard Atmosphere and 

has been taken from reference (9). Both properties are significant 

to the SHARP thermal design considerations. 

The packaging of electronic equipment required for a SHARP 

vehicle control and attendant telemetry equipment for relay of 

communications and vehicle control must consider the conversion 

loss of heat due to the ambient air temperature. If proper 

attention is not considered, semi-conductor devices used in 

modern electronic equipment may not function if there lower 

operating temperature is suppressed. High quality semi-conductors 

have a lower temperature limit in the order of -20° C. 

Of the equipment on board the SHARP, the most significant 

is the electric motor to propel the vehicle. This motor must be 

cooled to prevent overheating. The thermal conductivity is 

greatly reduced at 18-30 km operating altitudes. Careful attention 

will be required to provide adequate thermal balance in all modes 

of power applications. 

The temperature curve shown is for the Standard Atmosphere 

from ground level to 40 km and does not take into account seasonal 

variation. Figure 4.4/2 is a portion of the standard Atmosphere 

curve with actual seasonal mean temperatures plotted. It appears 

that the air temperature shifts to a higher temperature in the 

summer and translates and rotates in the winter. The 'use of the 

U.S. standard air temperature curve is valuable as a general 

guide. However, if there is a critical thermal parameter on 

board the SHARP, actual seasonal temperature shoicid be used. 
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Table 4.4/1 lists the seasonal mean temperature and standard 

deviation for SHARP altitudes derived from Tables in Appendix C. 

Noting that the thermal conductivity closely follows the standard 

air temperature curve, the seasonal shifts should be taken into 

account for critical'design. 



Ili 	AIM MI 	 MI MIIIII't.111 	 • • MI IBM 111111111:-7•11111 

JV1 lit OUMMUJ 	 flail 	 wInt.wr 	 Geometric Altitude 
mb 	i" 	a 	-1" 	a 	7 	a 	 7 	a 	 Km  

10 	-42 	10.4 	-35 	5.9 	-50 	10.8 	-59 	12.0 	31.16 

20 	-48 	5.5 	-42 	4.3 	-55 	9.4 	-59 	9.4 	26.6 

30 	-50 	3.9 	-46 	3.8 	-56 	8.3 	-59 	8.2 	23.92 

50 	-51 	3.98 	-48 	3.3 	-56 	7.3 	-57 	7.6 	- 	20.6 

70 	 18.36 

r 
I. 
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TABLE 4.4/1 SEASONAL MEAN TEMPERATURES AT SHARP  
OPERATIONAL ALTITUDES  
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4.5 	Thermal Aspects of Air 

A significant thermal characteristic of the atmosphere at 

SHARP altitudes is the fact that the specific heat of air is 

substantially the same on ground level (9). However, the volume 

of air required to achieve the same cooling has increased approxi-

mately 14 times. 

Figure 4.5/1 is a family of curves which is derived from the 

following equation: 

Q = m Cp (t2 - t 1 ) 

where: 	Q = heat input to the air, watt 

m = mass flow rate of air, kg/min 

C = specific heat of air of SHARP altitudes 

1.004 	KJ 	( .24  cl 
Kg C 	-P

a
t" 

) 
 

t = temperature air before being heated 

t2 = temperature air after being heated 

The family curves make it easy to determine the mass flow rate 

or temperature rise to cool a body liberating a quantity of heat. 

These curves will be critical in cooling the electric motor for 

the propulsion system and in maintaining the proper temperatures 

for the rectifying diodes used in the rectenna array. 
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5.0 	POWER  

5.1 	Introduction  

The key issue to a SHARP concept is power. To enable a vehicle 

of some configuration to remain stationary in the upper atmosphere 

will require a continuous source of energy for the control, propulsion 

and mission electronics systems. Recent technological developments 

have given credibility to the SHARP concept. The major technologies 

being microwave power transmission, photo voltaic efficiency increase 

and cost decrease, research and development or rechargeable storage 

cells with increased energy to weight parameters. 

Other technological developments that have a significant impact 

on a SHARP concept power requirements are rare earth high efficiency 

motors, and low power electronics for control and communications. These 

will be dealt with in separate sections but are mentioned here because 

they are contributors to the overall power requirements of a SHARP. 

One significant technology which must be addressed in the 

development of high power klystron tubes and research and development 

of low power magnetron phased array antennas. It is now possible to 

purchase CW klystron tubes providing 50 Kw continuous power (4). Pre- 

dictions indicate that continuous port generation up to 400 Kw will 

be available (5). The magnetron is capable of generating 1 Kw of 

power, by creating a field of these generators it is possible to 

create a phased array of varying power density and to be steerable 

to some extent. 
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5.2 	Microwave Powering of SHARP  

5.2.1 Overview of Microwave Powerin9 

Power needed for propulsion of a SHARP vehicle could 

be transmitted from the ground, using microwaves. This study 

has found that cost-effective microwave powering of the SHARP 

vehicle is one of the three essential technical elements needed 

to make the SHARP concept feasible today. 

The state of the art in microwave powering has advanced 

markedly since W. Brown, G. Goubau, and others commenced research 

in the field over a decade ago (see, for example, Reference (1)). 

Since then, research by Raytheon (US), and various NASA organi-

zations has achieved remarkably high efficiencies of power 

transfer (the order of 80%) on terrestrial line-of-sight paths. 

But to our knowledge, no large or high flying vehicle has as 

yet been powered with microwaves. (Brown has made a start in 

this direction by powering a small tethered helicopter model.) 

Thus it still remains to demonstrate that sufficiently high 

levels of power can be delivered to a SHARP vehicle at  altitude, 

and that for all intents and purposes, the powering beam can 

be "locked onto" the vehicle as it flies within its station-

keeping volume. 

This report provides only a broad overview of the 

characteristics of microwave powering needed for the SHARP 

application. The elements of a system are presented in 	- 

Figure 5.2/1. The ground installation would consist of 

facilities to convert electrical power from the grid (or 

from other electrical power generators) into microwave power. 

Low cost magnetrons, currently used for microwave ovens, and 

operating at the IMIS frequency of 2.45 GHz, have bewl 

to be well suited for this purpose (Reference (1)). 
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The power transmission antenna could, in principle, 

be a large (parabolic or spherical) antenna, capable of being 

steered to follow the motion of the SHARP vehicle. In practice 

this approdch seems far less attractive than that of using an 

array of many mall antennas and microwave sources, phased 

together to form a focussed beam. As seen below, this is 

because the overall aperture of either type of antenna must 

be very large indeed. At the present state of the art for 

large antennas, the phased array approach is believed to be 

most economic and effective. 

The SHARP vehicle would be equipped to receive and 

convert a fraction of the transmitted microwave power back 

to electrical power for propulsion and other purposes. An 

efficient and potentially lightweight receiving device to 

accomplish both these functions (called a rectenna) has 

been developed by Raytheon. This device consists of an 

array of half wavelength dipoles for reception and diodes 

for rectifying the microwave signals (Reference (6)). Con-

version efficiencies of over 70% have been achieved with 

rectennas. Furthermore, at maximum capability, the rectenna 

achieves these efficiencies at a weight penalty of only 

about one kilogram for every kilowatt of power converted. 

5.2.2 The Transmitting System 

Consider now the transmitter power and antenna sizes 

required to provide power levels needed at the SHARP vehicle. 

One approach is to employ a sufficiently large aperture antenna 

to focus the energy onto an area about the size of the vehicle 

rectenna itself, using techniques of beam forming optics. Fol-
lowing this approach, it is calculated that a high efficiency 

of power tranSfer could be achieved, with the attendant dis- 

advantages of very precise steering of the beam onto the vehicle, 



(2)  

(3)  

and more importantly, the construction and reliable operation 

of an extremely large aperture antenna. How large this 

aperture would have to be, can be estimated using calculations 

presented originally by G. Goubau and used by Brown in power 

transmission studies (Reference (2)). 

As illustrated in Figure 5.2/2, the efficiency of a 

power transmission system, r), or the fraction of transmitted 

power that impinges on the rectenna, can be expressed by a 

parameter T (Reference (2)). In turn, the parameter T can 

be used to develop relationships between the relative sizes 

of the transmitting antenna area, A t  (assumed to be circular) 

and the rectenna array area, Ar  (also assumed circular): 

T = (A
t
A
r
)' 

xD 

where x is the microwave wavelength (0.12m) 

and 	D is the operating altitude 

For convenience in comparing relative sizes of trans-

mitter and rectenna array antennas, take: 

N = At/Ar 

So that, from (1) 

N = T
2 D2 A 2 

A 2 

Figures 5.2/3 to 5.2/7 present D and N for various 

values of T (taken from Figure 5.2/2 for various efficiencies). 

By way of example:assume a desired efficiency: 

= 80% 

so that, from Figure 5.2/2, T = 1.375. 

(1) 
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Then, for a circularily shaped rectenna, with area: 

Ar = 100 m
2 

Figure5.2/3 shows that for D = 21 km 

N . 1150 

So that Ar = 1.150 x 10
5 
m
2

, and (At ) 2  = 340 m. 

In conclusion, for efficient transmission of power 

over distances as large as the proposed SHARP operating 

altitude, the antenna aperture will be considerably larger 

than those which are normally built for communications and 

radar purposes. 

It remains to assess the economic tradeoffs between 

aperture size and transmitter power levels to achieve needed 

power levels for various SHARP vehicles. 

In the meantime, we note simply that the product of the 

transmitter power, P t , and the antenna aperture At , P tAt , is 

approximately constant for a specified level of flux denSity 

of the SHARP vehicle, for example: 

Eff. Antenna Aperture  

(At ) 1/2  

340 m 

115 m 

Power Tx  
Efficiency  

80% 

8% 

Required Tx Power*  

35.6 KW 

356 KW 

* (the total output power required to provide a microwave 

flux density of about 286 watts/m2  at the SHARP rectenna 

array, corresponding to electrical power density of 

200 watts/m
2 with 70% conversion efficiency). 



5.3 	Power-Handling Capability of Rectennas  

The power-handling capability of the microwave power collection 

system would be of major importance in determining the upper limits 

of performance of the SHARP vehicle, and hence the feasibility of 

operation under severe flying conditions. In particular, the upper 

limit on the power which could be handled by the rectenna array on 

the vehicle would effectively determine the maximum available pro-

pulsive power. At the present state of the art, the stated limit 

on rectified power densities is about 200 watts/m2 , for rectennas 

developed by Raytheon. (The limit is set by the power-handling 

capabilities of the rectifying diodes - about one watt per diode - 

with about 200 diodes being used per square meter of array) (Refer-

ence (6)). This power-handling limit then sets a limit on the 

electrical power available for driving SHARP electric motors and 

for other purposes. This becomes 200 Arwatts, where Ar  is the 

effective area of the rectenna. Thus, for a sailplane-type SHARP 

or the dart-shaped SHARP-1 (Section 7.0), with a wing area of about 

100 m
2 , the maximum  electrical power which could be delivered by 

the  rectenna would be about 20KW. 

It remains for the future to determine whether or not the 

power-handling capabilities of alternate energy collection systems 

could be significantly increased over those currently available 

with the Raytheon rectennas, with no significant penalty in weight 

or conversion efficiency. There do not appear to be any technical 

reasons to prevent the upper power handling capability from being 

increased to about 400 watts/m2 . 
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5.4 	Solar and Chemical Storage  

5.4.1 	Solar 

The current technological research and development of 

photo voltaic cells has been given great impetus by the rising 

cost of fossil fuels (11). The development of these semiconductor 

devices has been primarily directed to the development of solar 

energy for use in private homes and small businesses, providing 

a source of energy for remotely located instrumentation in 

conjunction with  batteries (12). 

At present, the prime elements and the compounds that 

show the most promise, are shown on Figure 5.4/1 along with 

their potential efficiencies. 

Table 5.4/1 indicates the current state of the art 

efficiencies of photo voltaic solar cells. A comparison with 

Figure 5.4/1 indicates that much research is required to even 

approach the theoretical efficiencies. At present, the most 

available cell is the silicon cell with an 18% efficiency. 

Table 5.4/2 lists some of the manufacturers of photo 

voltaic cells and their test characteristics. Figure 5.4/2 

demonstrates the characteristic change in efficiency with 

increased solar influx. Refering to Figure 4.3/4, the solar 

insolation at 56°  N latitude in June will be approximately 

47 x 10W/cm and 110 x 10 3W/cm2  at the ground and at 221(m 

altitude respectively for a horizontal surface. At the 

expected operational altitude of 22 km, the SHARP will receive 
just slightly more than one sun concentration on a horizontal 

surface. 
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Though the band gaps of com-
pound semiconductors range 
widely, many have potentially 
high efficiency, as this plot 
shows. The elemental semi-
conductors Si, Se, and Ge are 
included for comparison. 
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Fi gure 5.4/1 	(14) 

Al. Ga, As, GaAs 
Silicon 
Gallium Arsenide 
Indium tin oxidelsilicon 
Tin oxide/silicon 
pCdTe/nCdS 
WSe, 
Silicon 
pCu SinCds 

Type of Cell  

Homojunction 
Homojunction 
Homojunction 
Heterojunction 
Heterojunction 
Homojunction 

heterostructure 
MIS* 
MIS 
SISf 
SIS 
Heterojunction 
Schottky barrier 
Polycrystalline 
Thin-film/thin-film 

heterojunction 
Thin-film 

heterojunction 
Thin-film 

amorphous 
semiconductor, 
Schottky 
barrier  

Semiconductor 
Constituents  

Silicon 
Gallium arsenide 
Indium phosphide 
pCu,S/nSi 
pin P/nCdS 

pCu,TelnCdS 

Silicon  

Highest 
Efficiency 
(Air Mass 1 
Condition), 
Percent  

18 
22 

G 
5 

14 

• 8 
12 
15 
12 
12 

5 
a 
9 

6 

6 

Photovoltaic solar cells with efficiency of 5 percent 
or more 

1. 
• Metal.insutalor-seiniconductor cell. 

Seiniceriduc;tor-insubtor-serniconductor cell. 

Table 5.4/1 	(11) 
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• -• 

Representative efficiencies of solar cells with concentration, as tested at Arizona State University at  28  CC 

Approximate 

• - 	
Cell 	 Efficiency 	Open Circuit 	Peak 	Concentration e 

	

' Area 	Cell 

	

. 	 at One 	Voltage at 	Èfficiency, 	Peak 	• 
Manufacturer 	 cm/ 	.Geometry 	Sun, percent 	One Sun, V 	percent 	Ef ficiency,  surs  
Applied Solar Energy Co., 

City of Industry, Calif. 	6.32 	Square • 	14.9 	 0.590 	 16.6 . 	 20 
Applied Solar Energy Co. 	2.75 	Rectangle 	12.4 	 0.56 	 19.2 	 30 
Motorola, Phoenix, Ariz. 	10.18 	Rectangle 	15.3 	 0.610 	 18.6 	 40 
Solar Energy Research 

' Associates, Palo Alto, 	 • 

Sl 4  
ex, Rockville, Md. 

General Electric, 
Philadelphia, Pa. 	 12.00 	Rectangle 	12.2 	 0.574 	 14.1 	 17 

RCA, Princeton,  N.J. 	 0.22 	Circle 	13.5 	 0.563 	 17.8 	250 

Table 5.4/2 	(13) 

. 1 

10 	2.0 	40  6 0 8 0 10.0 20 	40 60 80 ICU 200 

Concentration, suns 1 sun=0:1Vgicrn2 

A typical solar cell designed especially  for  concen• 
trating applications shows essentially constant efficiency ' 
between 10 and 100 suns. The cell, made by the Applied 
Solar Energy Co., City of Industry, Calif., has a surface of 
2.75 ce and is 50 pm thick. 

Figure 5.4/2 	(13) 
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Figure 5.4/3 indicates the relationships of efficiency 

of a photo voltaic cell with cell temperature. The effect of 

temperature increase is to lower the cell efficiency. This 

factor must be accounted for is a SHARP is to be partially or 

totally powered by solar energy. 

5.4.2 	Electro-Chemical Power 

5.4.2.1 Introduction 

The requirement for a stored source of energy on a 

vehicle such as SHARP is self evident. If all other sources 

of power should fail or otherwise not be available, i.e. it 

is night or the p-wave beam power fails or the platform is 

blown off the beam, power must be available to control the 

platform. 

5.4.2.1 Batteries 

The most common form of stored energy is the electro-

chemical storage cell - the battery. Recent interest in energy 

conservation and utilization has prompted research and develop-

ment in the electro-chemical storage cell. Table 5.4/3 lists 

some of the more promising storage cell types and characteristics. 

The table attempts to list them in a time frame, i.e. Near Term, 

Advanced-Several Years, or Research and Development-Long Term. 

For the purposes of this study, only the near term and 

advanced will be considered. Figure 5.4/4 shows the relationship 

of specific power vs specific energy of batteries for near term 

and advanced classified batteries. 

The 1-r.ARP concept would use a battery in the starting 

battery category. This requirement is based on the requirement 

for a moderately high specific energy for continuous use and to 
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Temperature, `C 

Measurements of a typical silicon concentration cell 

Figure 5.4/3 ut.  fi 	
from General Electric of Philadelphia show how efficiency 

3
) drops as cell temperature Increases. For a glven 

temperature, the higher the concentration, the more heat 
must be removed from the cell. 
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have a moderately high specific power capability to meet high 

demand requirements, i.e. wind gmsts. These types of batteries 

are presently available in the  marketplace. . 

One inieresting battery that is in the advanced category 

is shown on Tables 5.4/4 and 5.4/5. A battery of this type 

would be ideal for the SHARP requirements having high specific 

power and energy characteristics. 

Figure 5.4/4 and Tables 5.4/4 and 5.4/5 indicate that 

stored power is feasible for the SHARP. Consideration for 

packaging to protect the batteries have not been addressed 

here but are a prime consideration in the design of a SHARP 

Power System. 



PROJECT PERFORMANCE OF MARK I BATTERIES 

Eagle-Picher Industries 

Mark IA 	Mark IB  

Type of Battery 	 LiAl/FeS 	LiA1/FeS 

Capacity, kW-hr 	 40 	 50 

Specific Energy, W-hr/kg 	 60 	 75 

Maximum Volume/L 	 400 	 400 

Maximum Heat Loss, W 	 400 	 400 

Delivery Date 	 February 1979 	December 1979 

TABLE 5.4/4 	(15) 
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PROGRAMSOALS FOR THE LITHIUM/IRON 

SULFIDE ELECTRIC VEHICLE BATTERY 

	

1979 	1981-83 	1983-86 	Long- 

	

Mark I 	Mark II 	Mark III 	Range  

Specific Energy,  Wh/kg 

Cell (average) a 	 100 	125 	160 	200 

Battery 	 75 	100 	130 	155 

Energy Density,  Wh/liter 

Cell (average) 	 320 	400 	525 	650 

Battery 	 100 	200 	300 	375 

Peak Power,  W/kgb 

Cell (average) a 	 100 	125 	200 	250 

Battery 	 75 	100 	160 	200 

Jacket Heat Loss,  W 	 300 	150 	125- 75-125 

Lifetime  

Deep Discharges 	 400 	500 	1000 	1000 

Equivalent Miles 	 40000 	60000 	150000 200000 

Individual cells for Mark I will have 10 percent excess capacity and power 
above that shown to allow for cell failures and mismatching; individual 
cells, for Mark II will have 4 percent excess capacity and power.  

Peak power sustainable for 15 sec at 0 to 50 percent of battery discharge; 
at 80 percent discharge, peak power is to be 70 percent of value shown. 

TABLE 5.4/5 	(15) 



5.5 	Laser Power System  

The possibility of transporting large quantities of power using 

microwaves has already been discussed and it is inevitable that even 

higher frequency wavàs and, in particular, light waves, should be 

considered. Lasers produce very intense beams of coherent light and 

one capable of transporting energy. 

A laser power system has a configuration similar to that of the 

microwave power system. AC power is first converted to DC which is then 

used to power the laser beam generator. The resulting beam of coherent 

light is transmitted by reflection off a suitable mirror. At the 

receiving end, laser light can be converted to useful energy in three 

different ways: 

(1) The beam can be used to drive a high efficiency heat 

engi  ne. 

(2) It can be converted to DC using optical diodes - in 

this case the principle of operation is similar to 

that of the rectenna. 

(3) The beam can be converted to DC by photo voltaic cells 

tailored to the laser frequency. 

However, the conversion efficiencies of these three processes do 

not match their microwave counterpart - maximums of 60%, 80% and 40% 

respectively have been quoted (17). 

The principal advantage of laser light stems from its extrèmely 

short wavelength. Light waves in the visible and near infra-red 

regions of the electromaanetic spectrum have wavelengths for orders 

of magnitude smaller than microwaves. This means that extremely 

narrow beams can be generated from very small apertures. Since the 

aperture ar 	decreases as the square of the wavelength, there is a 

decrease by a factor of 10f  in the size of the corresponding microwave 



structures (16). The attendant decrease in weights and dimensions 

of the transmitting and receiving antennas are great advantages 

indeed. 

As an alternative  to microwave power transmission, lasers offer 

one further important potential benefit - the laser option is not 

subject to concerns regarding the possibility of long term low level 

microwave energy effects on the environment. However, the much 

larger energy densities of laser beams create greater risks of 

damage to objects passing through them. Unlike microwaves, which 

penetrate deeper and therefore heat from within, laser light is 

absorbed at the surface only. It is expected, however, that the 

much narrower laser beam will require a much smaller safety zone 

and adequately fast positioning mechanisms will allow rapid repointing 

of the beam to harmless directions if objects should approach the 

safety zone. 

At present, there are several major problems plaguing this 

option, the most serious of which is the low operating efficiency. 

The conversion from DC into a laser beam is the most inefficient 

link in the chain. It is believed that a conversion efficiency 

exceeding 50% may be difficult to achieve. The current state of 

the art continuous operation lasers such as CO2 , EDLs (electronic 

discharge lasers) can claim no more than about 20-30% (2). 

One other important drawback of the laser option is that 

weather will be much more of a problem that it would be for micro-

waves. Rain, snow, clouds, and other particulate matter cause much 

greater beam absorption and scatter. The receiving stations would 

have to contend with power outages which would be more frequent and 

of longer duration. 

Given these serious riawbacks and the fact that the laser 

technology is still comparatively young, it is unlikely that lasers 

would be a viable alternative for powering the SHARP in the near 

future. 
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(8)  
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6.0 SHARP PROPULSION  

6.1 	Introduction  

The SHARP concpt implies that the craft will be able to propel 

itself against the upper atmospheric winds in order to remain in a 

quasi-static position. The purpose of this section is to consider 

the various types of propulsive systems currently available and to 

assess which would suit the SHARP craft most economically and 

practically. 

6-1 
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6.2 	Propellers  

Since the SHARP will be at an altitude where there is atmosphere, 

admittedly quite thin, it is logical to think of propulsion by means 

of propellers. The iechnology for propeller design and fabrication 

is readily available in Canada. 

The recent success of the Solar Challenger indicates that very 

efficient propellers may be developed for slow rotating propeller 

system. The estimated efficiency of 86% is quite high for the 

3.35 m (11 ft.) diameter propeller, which weighs 1.45 kg (3.2 lb) (1). 

This efficiency is achieved by making the propeller from a graphite-

epoxy composite material and having a manual pitch control (2). It 

is then possible to have the propeller tailor-made for the SHARP 

application without having to require expensive tooling of fabrica-

tion processes. 
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6.8 kg 

4.5 kg 

6.3 Motors  

As discussed in Chapter 5, the most suitable power for pro-

pulsion of the SHARP vehicle will be derived from beamed microwave 

power, with possible'solar power augmentation, and/or on board 

batteries. This implies that the primary source of on board power 

will be electric. Recent development of the Delco Samarium-Cobalt 

brushless DC motor with a power to mass ratio of 1.44 KW/kg 

(874 x 10
-3HP/1b) makes it possible to use electrical energy 

efficiently (3). This development is considered to be one of 

the key technical factors influencing the feasibility of the 

mission. 

The Solar Challenger used a similar type of motor with a power 

to mass ratio of 548 W/kg (333 x 10 -3HP/1b) (2). This motor was 

developed specifically for the Solar Challenger by Astro Flight Inc. 

Propulsion Power vs Mass  

In order to estimate the weight of motors needed to propel the 

SHARP vehicle, we have extrapolated the stated propulsion power/ 

mass characteristics of each of these motors to the power levels 

required. (This relationship is defined by the parameter C6  of 

Table 7.2/1. 

The Solar Challenger's Astro Flight propulsion unit has the 

following characteristics: 

Motor mass: 

Motor mount, gearing and 

propeller control: 

11.3 kg (25 lb) 

3.73 x 10
3
W (5 hp) Po:.  output at 66V nominal: 
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We assume that, by appropriate design, we can combine motors 

to increase the available power in the following manner: 

For a single motor: 

1 (6.8 kg) + 1 . (4.5 kg) _ 11.3 kg 	- 3.041 x 10-3kg/W 
5 hp (745.7 W/hp) 	 3.73 x 10

3
W 

For a group of two motors: 

2 (6.8 kg) + 1.33 (4.5 kg) _ 19.59 kg 	_ 2.63 x 10-3kg/W 
10 hp (745.7 W/hp) 	 7.46 x 103W 

For a group of three motors: 

3 (6.8 kg) + 1.66 (4.5 kg) _ 27.87 kg 	- 2.49 x 10-3kg/W 
15 hp (745.7 W/hp) 	 11.19 x 10

3
W 

And again for four motors: 

4 (6.8 kg) + 2 (4.5 kg) _ 31.2 kg 	- 2.09 x 10-3kg/W 
20 hp (745.7 W/hp) 	14.91 x 10

3
W 

Now, if we assume the same is possible for the Delco motor 

and having the following breakdown: 

Motor mass: 

Motor mount, gearing and 

propeller control: 

Power output at 300V nominal: 

7.78 kg 

6.00 kg 

13.78 kg 

11.19 x 10
3W (15 hp) 

Assuming we may do the same as above: 

1 (7.78 kg) + 1 u,  kg) _ 13.78 kg 	- 1.23 x 10-3kg/W 
15 hp (745.7 W/hp) 	11.19 x 10

3
W 
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I . 

 

2 (7.78 kg) + 1.33 (6 kg) _ 23.54 kg 	- 1.05 x 10-3kg/W 
30 hp (745.7 W/hp) 	 22.37 x 10

3W 

II 3 (7.78 kg) + 1.66 (6 kg) _ 33.3 kg 	- 992.3 x 10-6kg/W 
45 hp (745.7 W/hp) 	 33.56 x 10 3W 

I 4 (7.78 kg) + 2.0 (6 kg) _ 43.12 kg 	- 963.79 x 10-6kg/W 
60 hp (745.7 W/hp) 	 44.74 x 10

3W 

II 
Tabulating the above for each motor: 

II Solar Challenger 	 Delco  

II W 	3 	Kg 	 W 	3 	Kg 

	

3.73 x 10 	11.3 	 11.19 x 10 	13.78 

	

II 7.46 x 103 	19.59 	 22.37 x 103 	23.54 

	

11.19 x 103 	27.87 	 33.56 x 103 	33.30 

	

II 14.91 x 103 	31.20 	 44.74 x 10 3 	42.12 

	

II TABLE 	 TABLE 

II Each of the above may be expressed in the form: 

y =mx+ b 

I For the Solar Challenger: 

I 
 

Kg = (1.82 x 10-3 )W + 5.48 Kg 
, 

II 
For the Delco motor: 

Kg=  

Kg = (874.3 x 10-6Kg/W)W + 3.986 

il Each of these equations are presented graphically ôn Figure 6.3/1. 

II 
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!!.:, 

II

The results of this analysis is that the propulsion mass 

parameter C6  is quite divergent, depending on the motor chosen. 

The most conservative is the less powerful motor, i.e. the I Challenger based motor with a coefficient of C6  = 1.82 x 10-3Kg/W. 

The constant of 5.48
1 
 'Kg may be added to the constant terms in the 

II eg for completeness. 

II The Delco motor based parameter is not ideal because the 

cost and availability will probably be prohibitive. However, the 

II 	

increase in the development and use of these motors will probably 

increase due to their superior performance. 

I The Delco samarium-cobalt motor performance data is presented 

on Figure 6.3/2. From this data we may tabulate current vs horse- 

II power which is shown on Table 6.3/1. 

II :' 	
Using the relationship: 

- (745.7 W/hp) (hp)  I 	 (1) II n E 

where: 	I = current (amperes) 

n = efficiency, % 

E = motor voltage (volts) 

hp . horsepower 

The current vs horsepower plot for the 5 hp motor used on the 

Solar Challenger may be developed, as follows: 

Assuming an efficiency of 86% and the stated nominal voltage 

of 66 VDC, we may write: 

• 	
(745.7 W/hp) (5 hp) 	65.69 Amp 

(.86) (66) 
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However, this is more than the solar cell array on the 

Challenger may develop, i.e. 3000 W at 66 VDC or 45.45 Amp. If 

we use this current we may then calculate the horsepower available: 

I E It) 	(45.45) (66) (.86) 

hP - 745.7 - 	745.7 
	  - 3.46 

Again, for various amperages we may tabulate horsepower vs 

current using the above formula. 

hp 	Amp  

	

3.46 	45.45 

	

2.80 	36.95 

	

0.685 	9.0 

This relationship is shown on Figure 6.3/2 for both the Solar 

Challenger and Delco motor. 

Motor Commutator  

The transistor circuit, shown in Figure 6.3/4, Q1 through Q6 

performs the commutator function with Qm,  Li and Dm providing the 

chopper circuit. Inductor  Li  filters the chopper (Qm) current to 

the motor and uses free wheeling diode Dm to permit current flow 

from the stored energy in the inductoryhen Qm is off. 

In braking, Qm is "off", Q6 is "on", which causes current to 

flow through L1 in the reverse direction. 

When Qb  is turned "off" the inductive voltage W adds to the 

dc voltage from the motor (acting as an alternator) and exceeds the 

supply voltage Eb . When this occurs, current flows back into the 

battery via diode Dr  until the battery voltage exceeds the sum of 

these two voltages or the motor current level drops below the 

commanded level. 
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6.4 	Chemical Engines  

The use of internal combustion or Turbojet engines has been 

considered. However, the fact that fuel must be carried on board 

for the entire mission mitigates against further consideration of 

either option for a SHARP mission of many weeks duration. 

In addition, internal combustion engines have high internal 

friction and accessory power requirements and consequently were 

dismissed for use as the primary power source (5). 

Turbojets have much better fuel performance than internal combus-

tion engines. High altitude turbojet engines are available, however, 

their design has been directed primarily toward military application 

and specific details are not readily available (6). 
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7.0 	PLATFORM CONFIGURATION  

7.1 	Introduction  

The candidate âircraft for the SHARP mission are: 

- A traditionally-shaped airship (this may be rigid, semi-

rigid, or non-rigid). Reference Figure 1/1. 

- A hybrid wing-balloon - this is a lighter-than-air craft 

that has wing-type shape to give aerodynamic lift. 

Reference Figure 1/2. This shape of craft has been 

studied for use in the logging industry. 

- An airplane. This configuration was chosen because of 

the advent of a "New" class of aircraft with very light 

construction methods, such as the "Solar Challenger" 

which flew across the English Channel this year and 

demonstrated the feasibility of this type of lightweight 

structure. 

The parametric analysis of each of these configurations was 

performed by Dr. James De Laurier of the University of Toronto,' 

 Institute for Aerospace Studies.* For the sake of conciseness, 

in this section only the parametric equations and coefficients 

will be presented. The complete analysis will be found in 

Appendix A. 

* To determine the propulsive power and size for various wind 

velociCes. 



g 	. gravitational constant 

MT 	vehicle total mass (including internal air and gas) 

= propulsive thrust 

= power required for equilibrium flight 

Pob = power used by onboard equipment (payload and control system) 

!MX 	
maximum speed, relative to the wind, that the vehicle 

has to maintain to keep from being blown off station 

Mstructure = the mass of the complete vehicle excluding engines, 

payload, control system or internal batteries (airframe mass) 

Mia 	= the mass of the air in a lighter-than-air craft envelope 

Mgas 	the mass of the lifting gas in the envelope of a 

lighter-than-air craft 

M
i 	

= the mass of the communications payload on board the craft 
P 

M 	= the mass of the propulsion system consisting of motor, ps 
propeller, structural supports and gearing 

= the mass of the control system required to control cs 
the craft 

. the mass of the power system. For the SHARP vehicle Mpower 
it will consist of: 

the microwave rectenna and/or the solar array 
and the on board batteries consequently; 

Mpower =M pp  +M +M+ Mb  

M = th2 L'ass of the microwave rectenna array 

Msp . the mass of t'.‘e solar array 

Mb = the mass of the on board batteries 
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The above equations may be utilized to write relationships 

among the various parameters of each aircraft and its character-

istic size. Figures 7.2/1 and 7.2/2 are these relationships, 

which are shown in more detail in Appendix A. The coefficients 

C1  through C11  are àfined on Table 7.2/1. The remaining para-

meters will be addressed in the following sections. 

Throughout these parametric studies, it should be noted that 

the power is assumed to be supplied by microwave. These studies 

have not included the use of solar power to any extent. Consequently, 

the performance coefficient C9  is zero throughout. 
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7.3 	Airship Analysis  

Two types of airships were analyzed. The first is neutrally-

buoyant and the second, which is geometrica-ly identical, has an 

aerodynamic lift by Wtue of flying "heavy" at an angle of attack. 

The airships' performance were analyzed by varying certain 

parameters such as mean and maximum speeds, battery duration, and 

airframe density (structural-mass parameter). The coefficients 

used are shown in Table 7.3/1 and 7.3/2 for the two vehicles. 

By utilizing these parameters, and the parameters on Table 7.2/1, 

with equation (21) shown on Figure 7.2/1, the airship performance 

and size may be related to the structural-mass parameter. 

7.3.1 	Neutrallï-Buoïant Airship 

The performance coefficients used in the analysis of 

the neutrally-bouyant airship are listed on Table 7.3/1. 

The parametric-analysis results are shown in Figures 

7.3/1, 7.3/2, and 7.3/3, with some surprising results. The 

volume and vehicle area do not change significantly, in the 

lower region of the structural-mass parameter, with respect 

to the wind velocity Umax • Beyond a value of 0.03 Kg/m
3 , 

these characteristics .change rapidly and reach an asymptotical 

mass parameter limit of approximately 0.055 Kg/m3 . 

When reserve power, in the form of batteries, is con-

sidered, the volume increases dramatically as shown in 

Figure 7.3/2. 

The vehicle volume, with batteries asymptotically, 

approaches the vehicle structural-mass parameter 0.05 Kg/m
3

. 
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The power required to maintain position in a 25 m/s 

wind is shown in Figure 7.3/3. For a structural-mass para-

meter of 0.04 Kg/m
3
, the power requirement increases 40 times 

with the addition of on board battery power. 

In general, these results point out that a neutrally-

buoyant vehicle should be of lightweight, and hence inflatable, 

construction in order to minimize size and power required. 

7.3.2 	Aerodynamically-Liftin9 Airship 

The aerodynamically-lifting airship is geometrically 

similar to the neutrally-buoyant design, however it requires 

a relative air velocity to maintain lift. The vehtcle para- 

meters are listed in Table 7.3/2, which were used in conjunction 

with equation 21 in Figure 7.2/1, and Table 7.3/1. These results 

are shown in Figures 7.3/4, 7.3/5, and 7.3/6. 

The aerodynamic-lift capability is indicated by the 

fact that less volume is required to support a heavier craft 

(Reference Figure 7.3/4). However, the craft is still in the 

lightweight inflatable class as is indicated by a structural-

mass parameter of approximately 0.05 Kg/m
3

. 

Figure 7.3/5 points out, as would be expected from the 

neutrally-buoyant airship's results, that a dramatic increase 

in volume is required to have reserve power with on board 

• batteries. 

The power requirements are reduced by the aerodynamic-

lifting capability as is shown in Figure 7.3/6, as compared to 

Figure 7.3/3. This shows the advantage of flying the airship 

"heavy", even thourjh zpio-wind hover is no longer possible. 
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7.4 	The Hybrid Vehicle  

The hybrid vehicle may be envisioned as a wing-shaped balloon 

(Reference Figure 1/2). It combines lift capability from buoyancy 

and aerodynamic liWfrom its shape. 

The parameters listed in Table 7.4/1 are used in conjunction 

with equation 21 in Figure 7.2/1, and Table 7.3/1. The results of 

these analyses are shown in Figures 7.4/2, 7.4/3, and 7.4/4. 

The hybrid configuration was evaluated by holding the Umax 

 value constant and varying the value of U. As seen in Figure 7.4/2, 

for values below 15 m/sec the hybrid is flimsy and outsized, and 

requires excessive propulsive power. Its interior to the airship 

configurations. However, if the value of U is grater than 15 m/sec 

the performance becomes very good - especially above 20 m/sec. This 

is particularly true when on board batteries are considered (Reference 

Figure 7.4/3). 

The most appealing property shown is the power requirements 

versus the structural-mass parameter, as shown in Figure 7.4/4. It 

is obvious that this type of vehicle would perform better in the 

higher-wind regimes. 
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7.5 	Airplane Analysis  

It was planned, from the beginning of this work, to study an 

airplane-type vehicle so as to complete the spectrum of candidate 

aircraft. However, it was initially thought that a lighter-than-air 

vehicle would be superior for the mission by virtue of the fact that 

it requires no power for its lift, and could fly on-station in low 

winds with low power consumption. Hoever, wind data at 21 km made 

it clear that a U
max 

higher than 25 m/s is required to stay on-

station during winter months. In fact, Umax  = 60 m/s is desirable. 

This is impossible for the lighter-than-air concepts studied, but 

perfectly feasible for the type of airplane described below. 

In this section two airplane designs are considered. The 

first is a craft that would be similar in configuration to the 

"Solar Challenger" (Reference Figure 7.5/1). The second would 

be different shape tailored to the initial SHARP requirements 

(Reference Figure 7.5/2). 

The analysis of the airplane configuration required a slight 

modification to the sizing equation, and this is shown in Figure 

7.2/2 with the appropriate coefficients being taken from Tables 

7.2/1 and 7.5/1 for both configurations. 

The results of the analysis of the Solar Challenger-type 

vehicle are shown in Figures 7.5/3 and 7.5/4 and the results of 

SHARP-I configuration being shown in Figures 7.5/5 through 7.5/8. 

Figures 7.5/5 and 7.5/6 are based on flight at maximum lift/drag -

ratio, and Figures 7.5/7 and 7.5/8 are based on maximum power 

factor (CL
3
/CD

2
). These are indicated on the figures for clarity. 

As the figures show, the airplane's size and propulsive power 

generally decrease with increacing m-Pn speed, which shows its 

superiority over the airship concepts for station-keeping flight 

against strong headwinds. It should be noted that the addition 

of on board power dramatically increases the propulsive power and 

size requirements. 
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Isometric sketch of Solar Challenger. 
1 	. 

Figure 7.5/1 
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Up to this point, the results have been plotted in a way 

which allows a survey to be conveniently made of the effects of 

parameter variation. Also, these figures have readily allowed 

comparisons to be made of the size and power requirements of all 

the candidate aircra .Ft. However, valuable additional results 

for the airplane-type vehicles may be obtained by fixing the 

structural wing-loading parameter at some realistic value and 

varying the flight speed. The airplane's angle of attack will 

bee such as to give level flight, although it will not be allowed 

to exceed the stall value. 

One important result from this variation is the Total-Power 

Loading (or Power Flux Density) which is the total power required 

by the airplane (including the on board power) divided by the 

wing area. This provides a measure of the microwave power flux 

density required for flight. 

These results for the two example airplanes are shown in 

Figures 7.5/9 and 7.5/10 where it is seen that the Solar Challenger-

type airplane has a wider operational-speed range and smaller size, 

for any given Total-Power Loading, than the SHARP-I design. This 

is because the Solar Challenger configuration attains its maximum 

lift/drag ratio (which is the same value as for the SHARP-I) at 

a higher lift coefficient. Following this reasoning, a new 

airplane-type vehicle was designed which ifs a derivative of the 

Solar Challenger, specialized to the SHARP mission. This aircraft, 

called the AR-20, has a highly-cambered airfoil on a wing with a 

- very high aspect ratio of 20. 

The Total-Power Loading results for the AR-20 are shown in 

Figure 7.5/11. It is seen that the AR-20 has significantly better 

performance than the Solar Challenger-type airplane in that, for 

any giv9.n Total-Power Loading, the operational-speed range is 

1 
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wider and the wing area is smaller. It is felt that this repre-

sents the limits for the best performance that could possibly be 

expected for à SHARP-specialized airplane, and that other design 
considerations may compel an airplane which is a compromise between 

the AR-20 and the Solar Challenger. Even yet, it should be noted 

that this would still be within the range of practical vehicle 

sizes and achievable microwave power transmission. 

1 
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FIGURE 7.5/10 
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7.6 SHARP-Aircraft Construction  

The foregoing analysis assumes that a vehicle meeting all 

the assumed mass and aerodynamic qualities can be built. A prelimi-

nary study gives considerable promise that this is so, but the 

fundamental requirement of material selection for the SHARP must 

be more carefully stUdied before the vehicle may be constructed. 

The mission goal for a SHARP is to remain on-station at altitude 

for 9 to 12 months. The environmental requirements imposed on 

the vehicle materials, for this duration, are rigorous. 

Regardless of which aircraft type is chosen, the strength to 

weight ratio of the materials must be high. Today, many light, 

high-strength plastics are used in aircraft in place of metal. 

Also, high-strength adhesives are used in lieu of conventional 

riveting methods. 

For the SHARP platform, the use of modern plastics is very 

attractive. But a major source of material degradation that must 

be considered is that caused by ultra-violet light. This will 

possibly limit the type of plastic used for the outer skin, or 

require special coatings. 

For Lighter-Than-Air craft (LTA), the permability of the 

material is of prime consideration. Estimates for 6.35 micron gas 
3 	 i barrier for a 56.6 x 10 m

3  airship ndicates a loss of approximately 

28.3 m
3/day for Helium (3). 

The successful use of epoxy resins and graphite fiber reinforced 

composition in the structure of the Solar Challenger shows that the 

candidate airplanes can be constructed with very high strength-to-

weight ratios (2). 
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The current availability of candidate materials for the SHARP 

is extensive. But sufficient attention must be given in the design 

stages of the vehicle to the environmental and flight requirements. 

These aspects of material selection were beyond the scope of this 

initial project. 
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8.0 TELEMETRY, ELECTRONICS AND COMMAND SYSTEM  

8.1 	Introduction  

The SHARP mission concept is one primarily directed toward 

improving communications, particularly in areas where it is difficult 

and/or expensive to establish and maintain communications that are 

to be found in the more populated areas of Canada. This aspect 

places heavy demands on the platform for reliability, and as much 

as possible to use standard communications wave lengths. 

For the system to be reliable it must be able to maintain a 

relatively constant position and altitude over a particular geo-

graphical area. To achieve this, the platform must have on board 

flight controls to maintain altitude of the craft, station keeping 

controls to maintain its position, as well as systems to monitor 

equipment status, such as the telemetry operational status, power 

conditioning, and platform environmental conditions. 

The status of the on board systems should be able to be 

monitored by the ground station and to respond to ground commands 

as required. 

The degree of sophistication of each of the systems will be 

proportional to the degree of sophistication of the mission. The 

mission concept here will be limited to the elementary requirements 

for any mission. The requirements for the platform systems and 

- the associated ground systems will be discussed. 



8.2 	Platform Systems  

The following systems are those that will be on the SHARP. 

The total system has been broken into two parts, the Power 

Distribution System, , Figure 8.2/1 and the Vehicle Control System, 

Figure 8.2/2. These diagrams pictorially show the interconnections 

between the systems. 

8.2.1 	Power Conditionin9 and Distribution System 

The single line diagram, Figure 8.2/1, shows the basic 

concept of the SHARP platform power distribution and conditioning 

system. 

There are three prime power sources shown: the Rectenna, 

the Solar Panel, and the Battery Bank. The solar panel has not 

been considered as a prime power source in this study, however, 

it is included for completeness. 

The role of the power conditioner is multi-purpose. The 

first function is to control the input voltage and current 

received by the rectenna or solar panel inputs. 

This control may be accomplished by electronic switching. 

This capability will control the voltage fluctuation to the rest 

of the power system and enabling the battery to charge or dis-

charge as the voltage input varies. 

The second portion of the system is the battery bank. 

In this study, a maximum reserve of power for 3.6 x 103sec (1 hr) 

was considered. The results indicate that this reserve time is 

too great and results in a prohibitive battery mass. Further 

analysis on thr,. fnht power profile is recommended to reduce 

thisje:erve power requirment and mass. The battery bank is 

connected Into the power circuit at all times so there is no 

loss of power to the vehicle controls should the microwave 

beam power be lost. 
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The last portion of the power distribution system 

is a DC/DC converter. This unit will supply regulated DC 

power to those system elements that require closely controlled 

power inputs such as the on board micro-processor and telemetry 

and command elàments and the communications equipment. 

The weight and power requirements are listed on Table 8.2/1. 

8.2.2 	Attitude Control 

The attitude control system of the SHARP provides the 

platform a level of stability and direction. The controller 

consists of an on board micro-processor which controls the 

stability of the platform. Its function is to receive attitude 

information from sensors such as rate gyros, altitude sensors, 

magnetometers, roll and pitch sensors. The micro-processor 

will then compare the actual attitude to the required altitude, 

if differences are determined, actuators such as motors will 

be operated to correct the difference and maintain the desired 

attitude. A typical system is illustrated in Figure 8.2/4. 

An experimental model helicopter used the microwave 

beam as inputs to the control system. The general configuration 

is shown in Figure 8.2/5 (2). 

The weight and power estimates for the system are 

listed on Table 8.2/2. 

8.2.3 Station Keeein9 Control 

Two major tracking systems will be incorporated on the 

SHARP. The major requirement is an air traffic control radar 

transponder which allows the radar operators to identify the 

platform in the midst of many aircrafts. The transponder is 

turned on during assent and deccent of the platform when it 

passes through the air lanes of commercial and private aircraft. 

This is used to prevent any mid air collisions. 
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The second tracking system is called an Omega 

tracking system. This system receives very low frequency . 

signals from continuous wave transmitting stations, situated 

around the world. Each station is phase synchronized to each 

other such that lines of position or locations between two 

transmitters where the phases are equal. When using three or 

more stations, the position can be determined by counting the 

number of lines of position that the platform has crossed. 

The advantage to using this system is that it is a continuous 

tracking system and that very little power is taken up by 

the electronics in the platform because the majority of the 

equipment is located at the platform control center. 

Knowing the platforms position, the appropriate control 

commands may be sent to the platform to alter its position 

through the attitude control system. 

The on board micro-processor could receive inputs from 

the beam sensors and activate controls to maintain position, 

Reference Figure 8.2/5. 

The weight and power estimates are shown on Table 8.2/3. 

8.2.4 Platform Monitoring System 

The telemetry system performs the function of providing 

monitor information to the ground controllers of the SHARP. The 

information such as altitude, temperature, status of attitùde 

control system, voltage levels, power consumption and position 

is acquired and combined together to be transmitted.to - the 

ground. The telemetry system will consist of a PCM  encoder and  

a frequency transmitter. A PCM encoder is chosen because of 

its accuracy and its immunity to noise in the RF system. The 

PCM encoder will be a low power-lightweight unit with the data 
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format optimized for minimum bandwidth of the telemetry 

transmitter. 

The RF transmitter is a lightweight package which 
; 

can telemeter data from the PCM encoder to a receiving 

station, tuned at the specific transmitter frequency. 

The weight and power estimates are listed in Table 8.2/4. 

8.2.5 Telemetry and Command  System 

The Command Receive system provides the ground platform 

control centre with the capability of manipulating and controlling 

the operation of the platform. Operators have the capability 

of changing the platform's position, altitude, operational 

characteristics and its length of time that it is stationed 

at a certain position by overriding the on board microprocessor. 

The system consists of a command receiver and decoder 

where the decoded outputs can provide switch functions and later 

on, an optional inflight reprogramming of the attitude control 

system software to fit the characteristics of the environmental 

conditions. The prime function of the command system is to have 

ground operator based control the altitude of the platform and 

be capable of returning the payload back to the ground. 

The weight and power estimates are listed in Table 8.2/5. 
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8.3 	Ground Based Systems  

The ground based systems necessary to support the SHARP are 

considered in the following paragraphs. The major areas covered 

are the antenna and systems required to maintain control of a SHARP. 

The ground support requirements of grid power, emerging back-up 

generators, manned or unmanned stations are not dealt with as part 

of this study. It is assumed, quite idealistically, that power is 

always available. 

8.3.1 	Microwave Antenna 

The key element in the ground based system of the SHARP 

is the microwave transmission antenna. It has been shown in 

Section 5.0 of this report, that the ground antenna must be 

quite large to achieve a high transmission efficiency at an 

altitude of approximately 20 km. 

To construct a steerable parabolic or spherical ground 

dish would be costly and have many attendant problems. 1. -t is 

not considered practical, by this author, to construct such 

ground antennas except in some particular cases. 

The concept of the retrodirective array for the trans-

mission of the microwave beam seems the most practical method 

of construction for the ground antenna. 

The retrodirective principle assures that the microwave 

beam will always be pointed towards the center of the rectenna 

on the platfdrm. To apply the principle, the transmitting 

antenna is broken up into many identical subarrays. In the 

center of each subarray there  i a ,-river  whose source is 

a'transmitting antenna at che center of the ,-ectenna in the 

. atmospheric platform. The control center also accepts signals 



from a phase reference source within the transmitting antenna 

itself. The control center compares the phase of these two 

signals and then sees that the subarray radiates power in the 

conjugate phase. This arrangement assures that the total 
1 

aperture, even'though it has mechanical distortions, will 

radiate a coherent beam which is centered on the rectenna 

in the atmospheric vehicle. The principle is depicted in 

Figure 8.3/1. 

Figure 8.3/2 shows diagramatically how the magnetron 

directional amplifier is used in conjunction with a slotted 

waveguide array and the system for conjugating the phase 

comparison between an internal clock phase reference and 

the phase of the pilot beam arriving from the center of the 

rectenna location. 

8.3.2 	Platform Station Keepin9 

The ground station must have the ultimate control of 

the SHARP. The control of the platform would be through the 

Telemetry and Command System described in Section 8.2.5. . A 

possible method of station keeping will be described in the 

following sections from a ground station aspect. 

8.3.2.1 Optimum Altitude Determination 

The operational performance of a SHARP is dependent 

on configuration and wind velocities. Section 9.0 of  this  

report summarizes the performance of the configurations 

considered versus the wind velocity. 

Depending on the configuration of the platform, it 

is desirable to situate it in the wind regime th>t ha' the 

lowest wind velocity. 
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Recent studies of the atmosphere in the 15-90 km 

altitude range by RADAR has given an insight into the 

dynamics of the atmosphere (5). However, at this point 

in time, these methods have not been fully developed and 

would not be useful for wind condition determination. A 

more practical method would be done by establishing wind 

conditions from past data and correlating to current data 

from the Atmospheric Services. This would require a station 

based computer which would be linked to the ADRES system 

used by AES and predicting the best altitude by comparing 

to past trends to the current wind velocities. The alti-

tude would be selected through the Platform Telemetry and 

Command System. 

8.3.2.2 Platform Control 

Control of the platform will be primarily through the 

on board micro-processor for attitude and altitude. Changes 

required because of operational requirements will be accom-

plished by the ground station through the Telemetry and 

Command System. 

The flight pattern for each vehicle is a function of 

its particular performance characteristics, the polarization 

pattern of the microwave beam and the orientation of the 

rectenna on the platform. The flight strategy must be analyzed 

prior to programming the on board processor or the ground 

based computer for each platform type. 

The neutrally-buoyant and aerodynamic lifting platform 

will be required to change direction to propel itself into the 

wind. As a consequence, the rectenna must be capable of 

rotating independently of the platform to maintain maximum 

power. 



The hybrid and airplane platform will be required to 

fly a pattern to maintain lift. The pattern must be orien-

tated with respect to the power beam polarization pattern 

to obtain maximum power, Reference Figure 8.3/3. 
1 
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9.0 PLATFORM PERFORMANCE  

9.1 	Introduction  

High Altitude balloons have proven capability of reaching 

15 to 30 km for periods ranging from 1 to 38 days (1). Lighter-than- 

air craft have the capability of carrying payloads to a desired 

position and hovering (2). 

The SHARP concept is a combination of these two concepts. The 

SHARP vehicle should have an operational altitude of 15-25 km and 

be capable of hovering in a semi-fixed position for periods of 

9-12 months. The results of this study indicate that such a plat- 

form is well within the bounds.of possibility and it is within 

the technological capability of Canada to manage the development 

of such a program. 

In Section 7.0 the analysis of the platform configurations 

was discussed at some length and in detail in Appendix A. The 

purpose of this section is to compare the performance analysis 

of each with respect to the SHARP performance goals. 



.9.2 	Platform Performance  

As has been stated previously, the principle factor deter-

mining SHARP feasibility is the ability to ensure provision of 

adequate levels of power to a vehicle throughout its mission 

life. The parametric analysis in Section 7.0 on the various 

configurations considered the effect of carrying batteries on 

board to supply maximum power for one hour. Two major results 

were demonstrated; the first is the effect on the vehicle Volume 

or Wing Area, and the effect on the propulsive power requirements. 

The first performance comparisons to be examined are presented 

in Figures 7.3/2, 7.3/5, and 7.4/3 for the lighter-than-air vehicles 

and the hybrid configuration, Figure 7.5/3, 7.5/5, and 7.5/7 for the 

airplane configurations. These parametric analyses show how, for a 

given Structural-Mass or Structural-Wind Load, the vehicle volume/ 

wing area changes with respect to maximum air speed with which the 

vehicle must contend. Two cases are analyzed: First, the case of 

Volume/Wing Area required for the vehicle with no on board batteries. 

Second, the case for carrying the weight of batteries need to 

supply the total power requirement for up to 3.6 x 103sec (1 hr.). 

The penalty in the later case is extremely high for the airships. 

The penalty for this insurance against power loss is that the volume 

increases approximately one order of magnitude or more. For the 

airship configuration of SHARP, only some of the cases could be 

plotted on the graph - the others are off-scale: The penalty for 

the hybrid is significant in the lower wind speeds and diminishes 

rapidly as the vehicle speed increases. This points out that a - 

trade-off may be accomplished between weight and vehicle speed 

because of the aerodynamic lift gained from the shape of the 

hybrid. Note, that the storage time, àt is 600 seconds not 

3.6 x 103sec (1 hr.). 
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From these analyses, it may be concluded that at current 

weights per energy storage, a one hour reserve of battery power 

(for full power requirement) would not be practical to provide 

in the case of the airships or winged balloon at low air speeds. 

The aircraft wing areas suffer the same effect as the full volume 

of the lighter-than-air craft. The wing area, increases as the 

weight increases for a given design speed. The result of adding 

additional weight for 600 seconds is not as pronounced in the 

lower speeds but increases with increasing wing load and speed. 

The more sensible approach for vehicle on board power would 

appear to be to assume a "power down" condition. Provide power 

for propulsion and only for equipment required to maintain ground 

control and maneuver back to the power beam. 

The second performance comparisons to be examined are Figures 

7.3/3, 7.3/6, 7.4/4, 7.5/4, 7.5/6, 7.5/8, 7.5/9, 7.5/10, and 7.5/11. 

These figures illustrate the propulsive power required for each 

vehicle again for the case with no on board batteries and the 

case for up to 3.6 x 103sec (1 hr.) maximum reserve power capa-

bility. For both the neutrally-buoyant and the aerodynamic 

lifting airship show significant increases in propulsive power .  

requirements. 

The winged balloon (hybrid) is not desirable in the low mass 

and wind regimes. However, in the higher wind and mass regimes, the 

power requirement does increase dramatically. This vehicle appears 

to be most satisfactory for intermediate wind regimes between 15 

- and 25 m/s. 

Figure 7.5-8 for the SHARP-I aircraft shows an almost flat 

power requirement with increase in structural-wing loading. The 

figures also show that providing batteries for survival propulsive 

power would essentially be unfeasible. 

ii 
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Figures 7.5/9, 7.5/10 and 7.5/11 show the power density 

required to be received on the rectenna for the SHARP-1, the Solar 

•  Challenger and the AR-20 designs. These curves indicate that an 

aircraft of the proper wing loading is feasible and within the 

current state of thelart. 

1 
1 
1 
1 
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9.3 	Conclusions and Recommendations  

Comparison of the vehicle characteristics and vehicle mission 

goals results in some positive and negative conclusions. The con-

clusion may be listed as follows, these are not listed in any 

priority. 

9.3.1 	Conclusions 

- The neutrally buoyant airship does not perform well. 

The power required to maintain its position is the 

highest of all the vehicles. 

- The winged balloon has good characteristics in the 

higher wind regimes but has poor characteristics in 

low wind regimes. 

- The aerodynamic lift airship shows good response 

to added weight and power requirements. This 

vehicle would perform well for large payloads. 

The development of this type of vehicle would 

be the most difficult and costly because of the 

attendant material selection and lack of the " 

basic technology. 

- The airplane slope requires the least power in the 

higher wind regimes: The technology for development 

of this type of vehicle is available. 

- The power transmission by microwave is within the 

technological relm of reality. Development costs 

would be required since the transmission of micro-

wave is usually only for communications and not 

for power. The phased array concept will have to 

be developed since none exists today. 



Development of the microwave rectenna will be 

required. Small panels have been used for tests 

but none for the actual reception of usable power. 

The l reserve power supplied by on board batteries 

shotild be reduced. A power down scheme would 

increase the time factor for available power. 

- The airplane has the best maneuverability charac-

teristics and consequently the possibility of 

recapting the microwave beam. 

- The Solar Challenger type aircraft construction 

lends itself very well to development by scale 

models. High technology such as machines and 

special tools are not required. 

- The airplane flight pattern should be initially 

a modified "D" or a figure "8". This bears more 

investigation to maximize the reception of the 

linearized microwave beam power reception. 

9.3.2 	Recommendations 

The SHARP concept is one that is within the present 

technological capability of Canada. There are areas in this 

report that have just been mentioned  "in passing". The scope 

of this report does not permit an in depth investigation. As 

a consequence, these areas should be investigated in a follow-

on project or projects. The following recommendations are 

not in any priority, but serve to point up those areas that 

require further study or development. 

- The wind data from our Canadian stations should be 

more completely analyzed. This should be done by 

computer and models be constructed such that the 

rate of change in velocity could be analyzed, the 

duration of wind velocity be estimated. 



- The retrodirective array concept for microwave 

transmission be developed. It clearly meets 

the concept requirements but will need develop-

ment. 

- Solar power be used to augment the power require-

ments particularly for take-off and landing. 

- The samarium-cobalt motor concept be tested for 

cooling requirements at operational altitudes. 

- The AR-20 airplane concept for a platform be 

further developed. This should be done by 

modelling so its aerodynamic characteristics 

may be determined. 

- Material investigation be pursued such that 

light weight construction is possible. These 

materials will have to be tested for endurance 

in the 20 km environment plus exposure to micro-

wave. 

- The microwave powering concept for the SHARP has 

the distinct possibility of causing interference 

in the platform communications equipment. This 

interference has been alluded to but very little 

has been done in the way of actual experiment. 

It is recommended that experimentation with a 

tethered platform be performed. 

- The effect of a microwave beam on the instrumen-

tation and electronic equipment found on commercial 

and private planes should be investigated. 

- The cooling requirement of the rectenna at opera-

tional altitude should be investigated. 
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10.0 ASSOCIATED CONSIDERATIONS  

10.1 Introduction  

The primary pu4ose of this feasibility study is to determine 

if a SHARP is possible in light of Canadian technology and current 

equipment and material availability. 

This study would be unrealistic if it did not consider such 

things as launch and recoveny operations, regulatory requirements 

as set forth by Governmental agencies. The coverage of these areas 

will be general in nature because the study has considered the SHARP 

in several configurations, each of which will have attendant 

specific operations' requirements. To the extent possible, time 

and budget, the significant aspects of operations and regulatory 

requirements will be addressed to point up important aspects of 

these areas and the significance of each on the SHARP project when 

it is launched. 
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10.2 Operations  

This segment of the report will address itself to the aspects 

of the SHARP required to launch, control, recover and maintain one or 

more SHARPs. 

10.2.1 Launch and Recoverï 

To launch and recover a vehicle such as the SHARP 

concept will by necessity require some modifications of the 

existing facilities available in Canada through the National 

Research Council. The SHARP concept is that the platform 

will remain over a fixed location on the earth for an extended 

period of time. The following aspects are foreseen require-

ments for these activities. 

Locations  

At the onset of this study, a visit was made to 

NRC to determine the existing facilities-available to launch 

a vehicle of the SHARP concept. The essentials of a 

particular location are basically space, preferably an old 

airport or an emergency landing strip. Locations that have 

been used in the past are: 

- Gimli, Manitoba 

- Churchill, Manitoba 

- Yorkton, Saskatchewan 

These sites were the locations of Atmospheric 

Environmental Services high altitude balloon launch campaigns 

dating from the mid 70's. Gimli is presently the site of 

NRC's balloon launch facilities. The Gimli site contains 

convlete launch facilities for ballooning, housing of crew 

and ground telemetry. 



Equipment  

The equipment required to launch a SHARP would be 

very similar to the requirements of a balloon launch. The 

following equipment are essential but by no means is intended 

to be a complete shopping list because the exact SHARP 

configuration and payload is not defined. 

- Lifting gas trailer and cylinders. 

- Spool trailer, used to hold down the vehicle, 

if it is lighter-than-air. 

- Launch vehicle, used to carry the vehicle payload 

and to maneuver it under the line of ascent after 

the spool releases the balloon. 

- Pre-launch equipment bay, required to house the 

payload prior to launch such that it may be 

assembled and checked out. 

- Communications; a portable van or a room which 

houses the telemetry equipment necessary to 

control, monitor and receive information from, 

the craft. 

- Power Transmitter - a steerable or semi-steerable 

antenna to transmit p-wave power to the SHARP. 

- Standby Generator - if station has grid power this 

would supply power in case the grid power failed. 

This is essential to the SHARP concept. 



Crew/Manpower  

To launch or recover a SHARP in the operational concept, 

say one platform per Province initially, would require a mobile 

crew. This crew would be able to trend to launch/recovery sites 

in each Province and launch a refurbished SHARP, place it in 

its stationary position and recover the SHARP in need of refur- 

bishment. The following crew is foreseen for a lighter-than-air vehicle: 

- Spool Truck 	 3 

- Launch Truck 	 2 

- Launch Director 	 1 

- Platform Communicator 	2 

- Platform Technician 	 2 

- Crew Stewarts 	 3 

The crew is envisioned as a highly skilled and well 

coordinated team. The ownership of the SHARP would depend on 

how much travel or how the team is occupied between recoveries 

and launches. 

10.2.2 Station 

The SHARP station is envisioned as being removed from 

the launch and recovery site. The indications are that the 

p-wave antenna would be large and would have some attendant 

p-wave "leakage" associated with it. Consequently, a remote 

site at present seems essential. Remoteness would also reduce 

the risk of intrusion. 

The station would by necessity have to be as self-

contained and self-governing as possible. Once the SHARP has 

been brought under the control of the station, a launch site 

computer would maintain the SHARP in position by'commcndinq 

on board controls in response to telemetered information from 

the platform and ground based sensors. 



The station site should be able to steer the beam in 

response to tracking antenna at the launch site. The 

possibility exists that the p-wave beam power could be varied 

such that increases in upper atmospheric winds from weather 

stations surrounding the station indicate increased power 

will be required to maintain platform position. 

Should the SHARP break station it would be required 

that the situation be alarmed to the air traffic control network. 

The possible scenarios for recovery and the re-installation to 

the beam or the recovery of the platform are numerous. To go 

through them at this stage would defeat the purpose of this 

investigation. It is sufficient to say that a break away will 

be a serious portion of a SHARP design phase. 

10.2.3 Maintenance 

The SHARP mission concept entails both complex and 

sophisticated equipment on the ground as well as the platform 

and its equipment. For equipment of this complexity it is 

mandatory that a well-documented and easily maintained system 

be designed. 

The ground station equipment must be easily replace-

able by personnel. Some equipment should be redundant such 

that platform control is not lost during replacement of a 

malfunctioning unit. For rapid identification of faulty 

equipment, extensive self-checking would be required; which 

imPlies the use of a large resident site computer. Faulty 

station equipment once replaced would be sent to a central 

maintenance depot for repair. 

One of the key  items  at a SHARP station is the p-wave 

generator. Design of the system must include switch over 

capability for replacement and/or maintenance. 
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The ground station design and operation should be a 

major portion of the SHARP System Design. 

The launch site is an ideal place for the platform 

recovery by controlled descent. The site should have a building 

of sufficient size to prepare the platfOrm for launch and to 

perform recovery maintenance and repair. When a platform has 

been brought down for normal recycling the facility should have 

sufficient equipment and space to dismantle the platform and 

to pack the equipment for shipment to the central maintenance 

depot. Again, the equipment should be modular such that the 

platform equipment can be readied for emergency replacement 

of a platform or preparation for the next flight. 

In summation, the SHARP concept as a network of 

communication platforms requires that an extensive system 

design be performed to reduce costly breakdown and that 

reliability be a prime requisite of the system. To reduce 

manpower requirements, the equipment should have extensive 

self-check capability. 

10.2.4 Launch and Recoverz 

Old airport in the permanent local of SHARP launch, 

recovery, and maintenance site. 

The SHARP is launched ideally early morning - this 

gives the following advantages: 

- calm surface winds 

- solar power for "nn hours 

- space to launch 

- small craft visibility 

1 
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The launch of a LTA ship (airships) would require a 

"cherry picker" type vehicle in association with the spool. This 

would enable the launch crew to lift the vehicle off the ground 

and still control it. 

The SHARP has battery or solar pôwer only at this 
point. 

At lift off, the SHARP is under launch crew command. 

At the launch site, there is a steerable p-wave antenna. 

The power does not have to be all that great: 

- efficiency . T =AtAr  
X D 	distance is small, say 

initially 1 km 

once off the ground there is power from 

- microwave, the batteries go to charge Mode 

- control is still by launch crew 

Presently, the operational "SHARP" is being recovered 

in the "beam" at a location several km away. 

- Air Traffic has been notified. 

- The descending SHARP has its radar transponder turned 
on - 

i) by site command 

ii) back up by barometric switch 

- The descending SHARP is still on line - acting as 
a relay, etc. 

- The trick is to lower the "active" SHARP to such an 

altitude that it is still operational while getting 

the replacement SHARP up and in the beam. 



- The replacement SHARP should be brought up by the 

launch tractor beam above approximately 12 km 

(40 K ft.). This removes the platform from commer-

cial air traffic. 

- The replacement  SHARP is directed to the site beam. 

- When the replacement platform is up to a safe alti-

tude, it is introduced into the site beam. The 

operational SHARP is then cut off from the site 

p-wave beam. 

- The new SHARP now must be raised in the site beam 

to operational altitude. Simultaneously - the 

recovery crew is locking the SHARP to be recovered 

in the tractor beam. 

- The SHARP being recovered is brought down in 

control of the recovery crew with power being 

supplied by the steerable dish and solar panel. 

- The SHARP is brought down to the launch/recovery 

site for repair and maintenance. 

- An important question that remains is - when does 

the communications relay Changeover occur. 
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I ... 

L' '  

10.3 Regulatory  

10.3.1 Environmental Effects 

The principal effect of 'microwaves on living matter 

that is recognized now is that of heating and the safe expo-

sure level in the U.S. and Canada for human and animal life 

was derived on the basis of this effect alone. The current 

U.S. standard for continuous exposure is 10 mW/cm2 (9.29 W/ft2 ) 
while the Russian standard is 1000 times less. In Canada, 
the present standard has recently been revised downwards to 

1 mW/cm2 for the general public, averaged over one minute. 

The corresponding figure for microwave radiation workers is 

5 mW/cm2 , averaged over one hour, or 25 mW/cm2 , averaged 
over one minute (Reference 2). 

Antennas proposed for the U.S. HAPP program have 
power densities at the surface of the earth below the 

10 mW/cm2 level. Because of beam focusing, the intensity 

levels will be greater at higher altitudes and therefore 

could pose a threat to objects passing through the beam. 

Because of their speed, aircraft passing through the beaM 
at very high altitudes will be exposed to the more intense 

microwave radiation for a fraction of a second only. Further-

more, the metal surface on the aircraft would shield the 

occupants adequately. Hence, there is low risk of damage 

from such exposure. 

Birds would fly through the beam at low altitudes 

(no more than several thousand feet) and therefore would 

encounter a much weaker beam than the high flying aircraft. 

Nevertheless, the intensity would be greater than that near 

the earth's surface. 
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The long term effects on living matter, especially that 

of low power microwaves are not well understood and there is 

considerable controversy as to what constitutes a safe level. 

If the prevailing standards should be deemed unsafe in the future, 

measures would'have to be taken to minimize the exposure of 

humans to microwave radiation. One possibility is to designate 

a safety zone surrounding the beam path. This zone would be 

kept small if there is adequate suppression of the side lobes 

in the beam. 

A second important environmental effect is microwave 

interference. While the transmission system will be operating 

at some nominal frequency (say 2.45 GHz), there will always 

be some energy generated and radiated outside the IMS band. 

In addition to the interference being generated by the trans- 

mitting antenna, there is also interference due to the harmonics 

produced by the rectenna. This interferences from both of 

these sources could potentially interfere with the communi-

cations equipment of SHARP. However, Sinko (I) estimates 

that if sufficiently directional antennas are used with such 

equipment, reception of noise will be minimized. (He 

estimates a noise level of about -84 dB with a 5 MHz BW 

receiver operating at 3 GHz.) 

The harmonics generated by the rectenna may cause 

interference with microwave equipment of other users operating 

at these harmonic frequencies. Investigation is needed to 

determine the degree of interference caused by the above • 

mentioned sources. 



10.3.2 Air Traffic 

Without appropriate measures SHARP does present a 

hazard to air traffic during launch and recovery operations. 

Measures similar to those commonly used for upper atmospheric 

balloon launches, involving close cooperation with air 

regulatory bodies. When a platform is being prepared for 

launch or recover, the air traffic control network is informed 

and all commercial air traffic is warned. When launch or 

recovery is eminent, the zone to be avoided would be signalled 

to all air traffic. 

To further reduce the possibilities of any mishaps, 

the SHARP would be equipped with a radar reflector and a 

beacon transponder. The transponder would only need to be 

operative on ascent and decent to operating altitude. This 

device would warn all commercial air traffic in an active 

fashion and complement the air traffic warnings. 

Small private air traffic is warned prior to take off. 

Usually they do not have radar equipment and visual avoidance 

is required by the pilot. Usually this is possible because 

lighter-than-air craft require calm, clear weather to launch. 
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Exerpts from letter report of 24 June 1981 from 
J. De Laurier to J.D. O'Shea 

Here are some further results from my analysis. Please note 
that so far I've assumed no onboard battery (At = 0) and 50mb 
altitude (p = 0.0700 kg/m 3). You already have my Fig. 1 from George 
Jull's visit to you, which showed the required sizes of a neutrally-
buoyant airship for different maximum-speed capabilities. It gave 
the surprising result that size didn't change much with Umax , for 
structural-mass parameters, C2, below 0.04 kg/m3 . 

Next, I looked at a "heavy" airship which required aerodynamic 
lift for level flight. I assumed Umm  = 25 m/s and a lift coefficient, 
CL, of 0.20. This, with the drag coefficient, CD, of 0.04, are 
representative values at the maximum lift/drag ratio of typical airship 
configurations. The variable parameter was cruising speed, U, where 
the larger this is, the less buoyancy (and volume) the airship requires. 
This is shown in Figure 2, where the 25 m/s airship is significantly 
smaller than the 5 m/s case. Note, though, that we still can't achieve 
C2 values much beyond 0.05, which represents a fairly flimsy construction. 

The "wing-balloon" design was studied next, where again I chose 
Umax 25 m/s and varied U. The CL and CD values were those, from 
wind-tunnel tests, which gave a maximum lift/drag ratio. The results 
in Figure 3 show inferior behavior, to the airship, up to U = 20 m/s, 
but a dramatic improvement at U = 25 m/s. It is clear that if such a 
cruising speed is operationally acceptable, then the wing balloon 
could be: 

(1) significantly smaller, e.g., 2000m3  instead of 8000m3 , 
(2) structurally more rugged, in that the higher C2 values would allow 

the use of stronger, coated, fabrics. 

In other words, these results confirm our intuitive notion that the 
wing balloon, or "hybrid", configuration has distinct advantages over 
the traditional airship shape. 
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-2- 

For the last candidate concept, the "airplane" configuration, I 
used data for the "Solar Challenger" (including that which you supplied) 
to establish representative parameters. The calculations are in the 
writeup, which gave a CL = 0.405 and CD = 0.03. Also, U was assuméd 
to be equal to Umax , and to vary from 25m/s to 45m/s (at 50mb, the 
"Challenger" at full weight would fly at U = 54 m/s). An important 
difference for this vehicle, as opposed to the balloons, is that the 
structural-density parameter, C2 is not as meaningful as a "wing loading" 
parameter, C 6 , where 

C6 = total vehicle mass/lifting-surface area 

For the empty "Challenger", C6 = 1.77 kg/m2 . 

Figure 4 gives the results, where it is seen that a large (twice 
to four times the area) "Solar Challenger" type vehicle is a real 
possibility for this mission. The required cruise speed is above 25 
m/s, and perhaps as high as 50 m/s, but it is clear that one could use 
the Solar Challenger's constructional methods to build a reasonably-
sized vehicle which would fly to the required altitude without any 
buoyant lift and the complications of helium inflation and storage. 
This seems like a very exciting prospect, and I'd welcome your thoughts 
on this. 

A decisive factor, at this point, is the type of flight strategy 
acceptable for a heavier-than-air-vehicle. Would continuous circling or 
side-to-side "snaking" against a headwind allow accurate microwave 
aiming? 

I  
1 
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Exerpts from letter report 29 September 1981 from 
J.  De  Laurier to J.D. O'Shea 

Here are plots for the updated results of my analysis, as we 
discussed in our  phone conversation  last week. The changes from the 
results of 24 June are: 

(1) the electric motor mass-per-power coefficient, C3, has been changed 
from 0.0071 kg/W to 0.00071 kg/W, 

(2) the microwave rectenna's mass-per-power coefficient, C4, has been 
corrected from 0.001803 kg/W to 0.0011803 kg/W. 

Additionally, the new results include on-board batteries which give 
maximum propulsive power outputs for specified times, At. Also, 
propulsive powers have been plotted for the candidate concepts. 

The format has been somewhat changed in that the vertical axis is 
now b. log scale, which allows simultaneous plotting of the battery and 

• no-battery cases. Also, for the LTA concepts, I now plot their molded 
volume as the size parameter rather than their "characteristic area". 
I think that this is easier to visualize. 

The At = 0 results in Figures 5, 6, 9 and 11 may be compared with 
Figures 1, 2, 3 and 4, respectively, of the 24 June results. In all 
cases, the sizes are less for the new results because of the decrease 
in C3. Otherwise, the previous conclusions still apply in that at - 
Umax  = 25 m/s the aerodynamically-lifting airship is smaller than the 
neutrally-buoyant design, and the wing-balloon is smaller yet. Also, 
the airplane appears to be reasonably sized at wing areas of '1102 1 m2 . 

The addition ofan onboard battery gave dramatic increases in 
size for the At values considered. The volumes of the two airships 
increased by a factor of 5 for At = 1 hr., and the wing-balloon's 
volume slmilarly increased for a At of only 10 min. Also, the airplane's 
wing areà increased by nearly an order of magnitude for At = 1 hr. 
In fact, -note  that the size trend with speed is reversed, in that the 
battery weight increases faster with speed than the aerodynamic lift. 

, 
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It's fortunate that the airplane can trade off altitude for speed in 
a glide mode, since the results show that it couldn't carry any significant 
battery weight. 

The propulsive power results in Figures 7, 8, 10 and 12 show, first, 
that the aerodynamically-lifting airship can fly with significantly 
.less power than the neutrally-buoyant airship. For both  designs, in the 
HASPA range of Structutal-Mass Parameters, C2, the power is on the 
order of 10 kW for At ='0 and 10 to 102  kW for At = 1 hr. Next, the 
wing-balloon's propulsive power is also on the order of 10 kW for cruise 
speeds above 20 m/s at At = 0 and cruise speeds above 25 m/s for At = 10 
min. This compares favourably with the airships for At = 0, but note' 
that no solutions were possible within this speed range for At = 1 hr. 
Clearly, the wing-balloon has less ability to carry on-board battery 
energy. Also, the wing-balloon's ability to trade off altitude for 
speed is significantly limited because of its high drag coefficient. 

Finally, the airplane's propulsive power is shown in Figure 12 to 
be generally lower, at U = 25 m/s, than that for the airships' for 
both At = 0 and At = 1 hr. In fact, for At = 0, the power is fairly 
constant with wing loading, varying between 2 and 3 kW. Even for the - 
higher speeds, the power for At = 0 stays below 6 kW. However, as with 
the wing-balloon, the airplane's required propulsive power dramatically 
increases with speed for At = 1 hr. In fact, no solutions were 
possible for speeds above 30 m/s. 

In conclusion, though, I think that these new results still favour 
the airplane concept. Even though the on-board battery capability is 
limited, if the glide-dive maneuver for recaptureng the microwave beam 
is feasible, the airplane would clearly be a smaller, stronger, flight 
vehicle than the three LTA concepts. Also, as we had previously discussed, 
the ability to do away with lifting gas and its management is a significant 
advantage. 

The aerodynamics of the airplane used in these calculations were 
derived from the "Solar Challenger", but I would like to propose a design 
which is more specifically tailored to our requirements. The attached 
sketch shows a cranked-wing flying-wing configuration. The broad centre 
area gives a concentrated location for the rectenna,‘ and the thick 
airfoil in this region would allow the rectenna to be internally built 
in. The outer wings increase the aspect ratio, and provide stabilizing 
and control surfaces. The geometry and location of the "pod" are 
preliminary,  as  is the propeller selection; .but I think that the 
overall configuration would give a strong, stiff, high-g structure with 
decent aerodynamic properties (I estimate a maximum L/D of z." 6) . I would 

II very much welcome your thoughts on this. 

1 
1 
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Exerpts from letter report 30 October 1981 from 

J. De Laurier tô J.D.,0 1 Shea 

Here are the aerodynamic estimates for the SHARP flying-wing air-
plane ("SHARP-1") which we discussed during our last phone conversation. 
My initial guess of a maximum lift/drag ratio of =6 was way off, sihce 
the detailed calculations give a value of 13. This.compares with a value 
of 13.5 for the Solar Challenger. The latter is still a better configurat-
ion because it achieves its maximum lift/drag ratio at a higher lift 
coefficient (CL = 0.405) than that for the SHARP-1 (CL = 0.287); but 
I think that our particular requirements still favour the SHARP-1 
configuration. In fact, a comparison of Figures 11 and 13 show that a 
"Solar Challenger" used for a SHARP mission would be only slightly 
smaller; and a comparison of Figures 12 and 14 show even less difference 

• in the required propulsive power. 

As a further case, I calculated the performance of the SHARP-1 at 
maximum "Power Factor" (CL3/CD 2 ), which is the condition for least power 
required for a given airplane to maintain level flight. Figure 15 shows 
that the size considerably reduces due to the higher lift coefficient 
(CL = 0.497). However, at a given speed, the reduced size does not 
offset the increased drag coefficient (CD = 0.0440) in increasing the 
required propulsive power by = 10%. 

In summary, I think that the "SHARP-1" flying-wing airplane looks 
like a very feasible candidate, if the structural wing loading can be 
kept in the assumed region. Your thoughts on these results would be 
much appreciated. 
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Exerpts from letter report 30 November 1981 from 
J. De Laurier to Dr. G. Jull 

Here are some further calculations on the SHARP-1 which allow 
a comparison with Arne Lillemark's Power-Flux calculations. In this 
case, the mass characteristics are those from SED, which I've been using 
for my analysis all along. Therefore, even though the structural wing-
loading is assumed to be a constant value of 2.00 kg/m2 , the overall 
wing loading varies with speed because of the fixed payload and mass 
terms which are functions only of the maximum speed (chosen to be 
50 m/s). 

The results are summarized in Figure 17 which shows that the 
Total-Power Loading (includes 2295.6 W onboard power) decreases with 
increasing wing area, S. Acceptable values (= 200 w/m2) are reaChed 
for wing areas about 100m2 . This is a rather large vehicle (about 
50 ft. span), but the size should considerably decrease if the Structural 
Wing Loading is less. I'll be looking at this next. 

An interesting result is that the Total-Power Loading generally 
decreases with increasing mean speed. This is because the vehicle is 
operating at CL values above those for maximum CL/CD (see Fig. 18), 
for the range of wing areas consiciered. A conclusion from this is that 
it would be much better to always fly at maximum speed if the Structural 
Wing-Loading cannot be reduced below 2.0 kg/m 2 . This conclusion may 
differ for the lower wing loadings. 
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Vehicle 

Neutrally-
Buoyant 
Airship 

Aerodynr 
Lifting 

' 	Airship 

Volume (in3) 

24075 

366 

Wing Area (m2 ) 	Propul. Power (kW) 

315 

19 

Exerpts from letter report 16 December 1981 from 
J. De Laurier to G. Jull 

Here are the corrected figures for the size and propulsive power 
of the "Airplane Configuration" (Figures 11 and 12) and the "SHARP-1" 

• (Figures 13, 14, 15 and 16). From these, it isn't so clear that an 
airplane is superior to a-buoyant Ore semi-buoyant) vehicle. This is 
because a comparison is possible only for U=25 m/s, at which speed 

• the airships look very reaSonable and the airplanes can barely sustain 
themselves. Therefore, I performed a separate calculation for the 
Candidate vehicles at 60 in/s. The detail, are enclosed, but the 
summarized results are: 

Wing-Balloon 29 	 23 

Airplane 	 39 	 10 
(Solar Challenger) 

These results reconfirm our earlier conclusion that an airplane 
configuration is a more attractive candidate if 60 m/s capability is 
desired. Note that even though the Aerodyn.-lifting airship and Wing-
Balloon are markedly better than the , neutrally-buoyant airship, this is 
because they're acting like mediocre airplanes, where the buoyant lift 
is ar insignificant portion of the aerodynamic lift. Clearly, that 
buoyant-  lift is not worth the trouble of lifting-gas management. 
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In accordance with our discussions last week, I'll be looking 
at other airplane configurations, namely, ones with higher aerodynamic 
efficiency so as to reduce the power-flux density required for flight. 
Also, I would appreciate any revisions on control-system mass, etc. 

1 
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Exerpts from letter report 22 January 1982 from 

J. De Laurier to G. Jull 

With reference to the section of the final report entitled"Solar  
Challenger-Type SHARP,  here are the results from my calculations on 
this. First, I revisited the literature on this aircraft, especially 
"Sun Powered Aircraft Design" by MacCready, et al., which wasn't available 
earlier. From this, I obtained that, 

Wing Area = 23.9m2 ; Tail Area = 9.3m2 ; Airframe Mass = 54.9 kg 

From this, 

Structural Wing Loading = 1.65 kg/m 2 

At sea level, 

Maximum Flying Speed = 16;1 -  mis;  Required Power from Solar 
Cells = 2.9kW 

- 
At 6100m altitude, 

Maximum Flying Speed = 21.9 m/s; Required Power from Solar 
Cells = 3.9kW 

For our SHARP version with a total  area (wing plus tail) of,40m, 
altitude of 21 km, Struc. Wing-Loading of 1.65 kg/mi, maximum flight 
speed of 60 m/s, Communications Payload of 60 kg, and Control System 
of 43 kg, 

Propulsive Power to Propellers = 11.13kW 

So that, with the efficiencies (50%) and Communications/Control powers 
assumed (2.3kW), 

Microwave Power Density = 614 W/m
2 
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For other areas, with the same conditions: 

Reference Area  (m2 ) Propulsive Power  (kW) Microwave Power Density  

	

20 	 7.78 	 893 

	

40 	 11.13 	 614 

	

60 	 15.19 	 544 

	

80 	 19.41 	 513 

	

100 	 1 	23.70 	 497 

For the reduced onboard mass of 

•  Communications Payload = 25 kg; Control System = 18 kg, and with all 
other parameters the same, one has 

Reference Area  (m2 ) Propulsive Power  (kW) Microwave Power Density  CW/m2 ) 

	

20 	 5.35 	 650 

	

40 	 9.55 	 535 

	

60 	 13.88 	 500 

	

80 	 18.23 	 485 

	

100 	• 	 22.60 	 475 

« These are not encouraging results. Clearly, the "Solar Challenger' 
offers no significant improvement over the SHARP-1, despite its higher 
aspect ratio. I  think that this is because the maximum CL/CD of the 
two vehicles are nearly the same (note, though, that the "Solar Challenger" 
tends to be smaller for given power loadings because it achieves its 
max. CL/CD at a larger CL). 

It seems that aircraft with much higher aerodynamic efficènçies 
are required.  t  would appreciate your thoughts on this. 
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Exerpts from letter report 15 February 1982 from 

J. De Laurier to G. Jull 

Here are the performance results for a SHARP airplane with an 
Aspect-Ratio 20 wing. Specifically, it's a conventional rearward-
tail configuration with a highly-cambered airfoil (NACA 6412) on the 
wing. The stabilizer's Aspect Ratio is 3.0 and it has an area which 
is 38% of the wing's area. The body is assumed to be the minimum 
required to enclose the payload, motor, etc. and rigidly hold everything 
together; hence its wetted area is 50% of the wing's area (it might be 
possible to make,this even smaller). The stabilizer has a symmetrical 
airfoil (NACA 0009) and its aerodynamic centre is located 4.24 wing 
chords aft of the wing's aerodynamic centre. Note that both planforms 
are assumed to be rectangular. 

As I mentioned on the phone, I initially attempted to estimate the 
vehicle's lift and drag coefficients by means of conventional-airplane 
equations such as published by Roskam in "Methods for Estimating Drag 
Polars of Subsonic Airplanes". These gave the vehicle's maximum Lift/ 
Drag ratio to be 17, which seemed much too small for such a high Aspect-
Ratio configuration. Therefore, I looked in detail.at Roskam's estimation 
equations, and discovered that he was".assuming vehicles which have: 

(1) shallow-cambered airfoils, 
(2) higher Reynolds numbers. 

It is only with these assumptions that the classical drag-polar equation 
makes sense. Otherwise, a different formulation is appropriate, which 
is fortunate for it shows the vehicle to be a far better performer. 

The basis for the new formulation may be understood by noting that 
an airfoil's lift is the vector sum of a force normal to its chord, Cn , 
and a leading-edge suction, CT. On an ideal wing of 	Cn  and CT 
combine to give a CL which is perpendicular to the wind vector. For a 
finite A.R. wing, however, the boundary conditions at the wing tips ect - 
to modify Cn  and CT so that the resulting CL is no longer perpendicular 
to the wind, but is tilted slightly aft. That aft component is the 
"induced drag". Note that it exists for a finite A.R. wing even if 
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the leading-edge suction is operating as efficiently as possible. ' 
In fact, real-fluid effects reduce this efficiency as a function 
of the leading-edge's Reynolds number, so that the induced drag may 
be even larger. Roskam's equations were showing a considerable increase 
in the induced drag of the SHARP vehicle because its leading-edge 
Reynolds number was so low. The leading-edge suction efficiency 
was 50%. Note that for a zero efficiency, C1=0, the induced drag 
is simply the rearward component of the normal force. 

However, an important effect missing from these formulations is 
the airfoil's camber. At a zero geometrical angle of attack, a 
cambered airfoil generates a finite lift which is nearly perpendicular 
to the wind, even if the leading-edge suction is zero. For other 
angles, the induced drag is produced by the additional lift, in the 
manner previously described. But the fact remains that the total lift 
is the sum of this additional lift plus the zero-angle lift, so that 
the overall lift/drag ratio is greatly improved. For the example 
vehicle, the corrected maximum L/D is 31.9. 

Because of this improvement, the vehicle's performance is 
dramatically better than our previous SHARP examples,  as shown in 
Figures 23 and 24. For a wig area of 40m2 , the vehicle's minimum , 
power-flux density is 113 W/me at 38 m/s, and the maximum is 269 W/me 
at 60 m/s. Although an Aspect Ratio of 20 is excessive, this clearly 
shows how an airplane with a highly-cambered airfoil'appears capable 
of being designed to perform the SHARP mission. 

• 
Finally , note that the vehicle's reference area, S, is the wing 

area, only, whereas that for the "Solar Challenger" SHARP was wing 
plus stabilizer area. Hence, the "Airframe Mass/Wing Area" (Structural 
Wing-Loading) is 2.5 for this example. 
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P‘pPendix 	Alternate Formulat‘on %r Airplane  
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u 	= M struc. -1-  M 	M propul. sYstem 

Eq. 
4' In control 5Ystem 	rn pot/4*er 

Mpropul. sYstem 	P\1 C3 Co 

.Mpooec = Ai (C 1-1- C5 At CD 
I . 	

PoB (cL++c5nt) (27) 

• Noiz, assun-)e, thoct 

CL = CL 0 + CL i 	CD = CD °  CD  2 0(2 	C32.) 

.50 th c(t. 	(24) becomes 

p U a S  CL o  + pu e5  cL i c)( = G65 Mp 
2q_  

A .1C3 CIDa
-
C

e 

Ai (CI++ C5 1 -b)C1)0 + Ai(C 1+ 4- 058(t)CiD20( 2-  . 

(33) 

De.-ine the ollow--n no: 

ft\lCD2 (C3 -1- 	+ C5 At ) I-r a re—Q .02B  CI, 

control system 
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Ce 5 + rnp.Q 71" Mc,5 Pas (C4- + C5 At) 

CD0 (C3 +  CL4- .C5t) pu2s  
20, 

•50 ec\_. (af) btcorne-s

• T1 0( 2 + 	 = 0 

F rom t).5- hich  on  obtc+.115 

• 0( = TT2 	TTa 1-1- 71 73 ) 1/2  

2TT I  

_ 
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National Research Council Conseil national de recherches 
Canada. 	 Canada 

B-1  FILE NO 
POSSIER NO 

DATE 28 Augus .É 1981 

TO Mr. A.D. Wood 

Re: Comments  •on the High Altitude Relay Platform Study  

The analytiCal method employed by Dr. J. De Laurier 
of the University of Toronto on the study of aeronautical, 
high altitude relay platforms powered by microwave energy is 
in principle, essentially correct. The comments on the use 
of both fixed wing and lighter-than-air concepts for this 
purpose is as follows: 

' Fixed-Wing Concept  

A parametric study at NAE of fixed-wing aircraft as 
a high altitude relay platform revealed the feasibility of 
the concept  subject to the following constraints: 

a) The Rectenna area must be less than the 
available wing area. This limits the 
vehicles  concepts  to forward speeds of less 
than about 75 knots. 	• 

1 •  

1 

1 
1 

b) The endurance of the vehicle when operating 
solely on onboard batteries as an emergency 
situation after failure  of the microware 
energy source for any réason is limited to 
somewhat less than fifteen minutes. An 
emergency endurance of fifteen minutes or 
more results in the penalty of a tremendous 
increase in aircraft size. An advance in the 
development of lightweight batteries could 
improve this situation. 

c) The structural weight of the vehicle would 
have t.o be after the style of the "Solar 
Challenger" aircraft. Any increase in gross 
weight due to systems or structure would 
result in dramatic increases in aircraft size. 

dl The results of the study at NAE based on the 
De Laurier figures of 135 lb. payload indicate 
that the mission could be fulfilled by a fixed 
wing aircraft of similar construction to the 
Solar Challenger and having twice the wing area. 
Almost all the available wing areas mould..be 
covered by the réctenna. The approximate 
specifications of such an aircraft would be:. 

1e 0.1.71) 



65000 ft 

75 knots 

500 ft2 

1000 lb 

1 

B-2 

- 2 - 

Operating Altitude = 

Operating Speed 

Wing Area 

Gross Weight 
• ) 

It is envisaged that a tandem-winged aircraft based 
on the Solar Challenger wing but having a Glasgow University 
designed section of GU-25(1118 of high lift at low Reynolds 
number would •fulfill the requirement with an emergency flight 
duration power on batteries at only about 10 minutes. 

Lighter-Than-Air Concept 

A lighter-than-air concept could theoretically 
fulfill the requirements of the mission with less constraints 
than a fixed wing aircraft. The reason being that as battery 
weight (and emergency endurance> increased the volume of the 
vehicle and hence buoyant lift could be increased to 
compensate. For example an LTA concept would require a volume 
of 100,000 ft3  with no emergency power systems whereas a 
0.5 hour emergency endurance would require a fifty percent 
increase in volume. 

- 
Figures  

Figures 1 and 2 show the parametric results for a 
fixed-wing aircraft with_ no emergency power and with 0.1 hour 
emergency power. 	 _ 	 

• 
Figure 3 shOws the result of the study for. an  LTA 

The Appendix that follows shows the analytical 
method of the NAE study. 

D. Laurie-Lean 

vehicle. 
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TABLE C.5 MAXIMUM AND MINIMUM WIND VELOCITIES AND AIR TEMPERATURE 
FOR CHURCHILL UPPER AIR STATION 1975 
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TABLE C.6 MAXIMUM AND MINIMUM WIND VELOCITIES AND AIR TEMPERATURE 
FOR EDMONTON UPPER AIR STATION 1963 
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TABLE C.7 MAXIMUM AND MINIMUM WIND VELOCITIES AND AIR TEMPERATURE 
FOR EDMONTON UPPER AIR STATION 1969 
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TABLE C.8 MAXIMUM AND MINIMUM WIND VELOCITIES AND AIR TEMPERATURE 
FOR EDMONTON UPPER AIR STATION 1975 
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TABLE C.9. MAXIMUM AND MINIMUM WIND VELOCITIES AND AIR TEMPERATURE 
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TABLE C.12 MAXIMUM AND MINIMUM WIND VELOCITIES AND AIR TEMPERATURE 
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