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A tethered, high-altitude, rigid-wing, platform (TI-IARWP) was studied as  a possible 

improvement over the helium-filled, tethered aerostats currently in use for positioning 

payIoads at a specified altitude. The possible gains associated with implementing the 

'1'1-WRWP were increased operating altitude, improved positioning accuracy, and reduced 

operating cost. An equilibrium analysis was developed to  evaluate the trim-state and the 

feasibility of the THARWP. 

The TI-~ARWP was composed of a tether and a flight vehicle. In most research of 

previous tethered systems, the dynamic motions o f  the tether were neglected or  minimally 

accounted for in the formulation of the dynamic stability analysis. Unlike these previous 

analyses, the TIHARWP stability analysis was based on a discrete-element tether mode1 

which allowed the evaluation of the tether motion and its interaction with the flight vehicle 

motion. The TI-WWP design was then optirnized for the maximum trim-state altitude as 

well as the most stable dynamic response. Although the optimized TI-IARWP was naturally 

stable, its stability characteristics were fbrther enhanced by the inclusion of control gains 

which defined the behaviour of the - ~ I - I A ~ ~ P ' s  control system. Finally, the implementation 

of the control system was discussed along with recommendations for how to  improve 

upon the final control system. 
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The purpose of this work is to assess the feasibility of a new tethered, high-altitude, 

rigid-wing, platform ('1'1-IAIZWP) that will provide a stable means for positioning payloads at 

high-altitudes. Current high-altitude tethered vehicles have inherent limitations that impact on 

their overall performance. The most significant limitation is that tethered vehicles become less 

capable of accurate station-keepinç with increasing tether lengths and may require control 

augmentation to maintain the payload position to within tolerable Iimits. Two other 

significant limitations specific to the operation of helium-filled, tethered aerostats are: (a) for a 

given payload mass, the size and the cost of the aerostat dramatically increases with the 

increase in the desired altitude; and (b) large aerostat drag forces cause significant payload- 

position deviations in the presence of wind-speed variations. These limitations provided the 

motivation for investiçating the feasibility of the m m w r  to satisfi future high-altitude 

payload positioning needs. This research addresses these needs and describes the 

development of the '~I-IAIXWI,, an alternative tethered vehicle capable of high-altitude station- 

keeping missions. 

Currently, there are many different tasks that require the elevated positioning of a 

payload that is either towed behind a moving vehicle or carried alofi by an aerostat (or some 

other lifiing vehicle) tethered to the ground. These tasks include sonar devices towed behind 

boats or submarines, air-quality monitoring devices towed behind helicopters, and 

surveillance, telecommunication, or high-altitude atmospheric monitoring devices carried to a 

desired altitude by aerostats tethered to the ground. Traditional kites are rarely used for 

payload positioning because of their inefficient flexible single-surface design. The TI IARWI> is 

similar to other kites in that-assuming there is adequate ambient wind speed-the 'i'r I A I ~ W ~ '  

derives its vertical supportinç force from aerodynamic lie rather than from the buoyancy of 

heliuin. Thus, in order to iinprove upon the capabilities of current tethered aerostats, a 

simple, yet highly efficient, kite will be designed. 

The 'i 'ri~~<wi' (Figure 1 )  consists of a flexible tether and a rigid-wing lifting body (the 

"flight vehicle"). The flexible tether is anchored to the ground at the attachment point 

("attachinent point") and attached to the flight vehicle vin the confluence point. The position 
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rigid link, r,,. This rigid link allows the flight vehicle to rotate freely about the confluence 

point. Thus, the motion of the flight vehicle is characterized by the motion of the confluence 

point and the rotation of the flight vehicle about the confluence point. 

Figure 1 .  Scheinatic diagram of a 'i'miwr) 

The feasibility assessrnent of the 'SIIAI<WP is based on the perfiormance and stability 

results calculated using an analytical inodel developed specifically for the '1.1-IAI~WP. In 

designing any kind of tethered vehicle, it is dificult to determine the combined operational 

performance and stability of the tether and the fliçht vehicle. As the number of applications 

for tethered vehicles has increased over the years, so has the interest in developing 

inathematical inodels that accurately describe their dynainic behaviour. As a result, many 

different analytical techniques have been developed to predict the pe&orinance and stability 

characteristics of towed and tethered vehicles, both lifiins and non-lifting. 

Initial tethered vehicle research investigated the stability of kites and towed gliders 

(Ref. 1 ) .  The longitudinal and lateral stability equations developed through this research 

utilized the tether to calculate the instantaneous equilibrium position of the kite while içnoring 



any osciiiations or trie tether. W h i k  thrs may be a valid assumption for kites with a short 

tether, the stability of a high-altitude kite was sure to be influenced by the dynamic motion of 

the tether. Subsequent research investiçated the stability of non-lifting bodies towed beneath 

aircraft (Ref. 2). The dynamic behaviour of a towed body was similar to that of the '~ lIAI<WP 

since the gravitational force actinç on the rnass of a non-lifting body works in a similar manner 

as the lift force acting, on a tethered fiiçht vehicle. However, the stability analysis for the 

towed body was developed to characterize lateral motion only (Ref. 2). The two underlying 

assurnptions in this research were: (a) the motion of the tether was defined as a rigid-body 

rotation about the attachment point; and (b) the effects of the aerodynamic and inertial tether 

forces were approximated through modified external forces acting on the body attached to the 

tether. These modified external forces appeared in the equations of motion as "cable stability 

derivatives." While not calculating the actual motions of the tether, this method did attempt 

to account for the interactions between the tether and the towed body. 

Approximately a decade past, a significantly different method was developed to 

describe the dynamics of tethered body systems (Refs. 3, 4). In this research, equations of 

motion were formulated for the motion of the tether, while the end and auxiliary conditions 

for the tether equations were provided by the aerostat attached to the tether. However, the 

tether was still assumed to rotate in a riçid-body manner about the attachment point. 

Therefore, this simple tether mode1 did not account for other oscillations that could occur 

within the tether and which could have an impact on the motion of the aerostat. Despite this 

shortcoming, this analysis was successtùl in describing the motion of low-altitude tethered 

aerostats. 

Addressing the need for a more advanced tether tnodeI, an analysis technique was 

developed in Ref. 5 that combined a discrete-element formulation of the tether equations of 

motion with aerostat linearized equations of motion derived from traditional aircrafi equations 

of motion (Refs. 6, 7). ln  this discrete-eleinent formulation, a continuous tether was divided 

into N discrete elements and, through the use of the Lagrange's equations, resulted in a system 

of second-order, linear differential equations of motion. The longitudinal and lateral 

components of these equations were independent of one another, as was the case with the 
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could be formulated to describe the longitudinal and lateral motions of the tethered aerostat. 

This method was advantageous in that the discrete-element tether model allowed for the 

characterization of oscillation frequency and amplitude within the tether. The results of the 

discrete-element analysis were validated through their comparison to experimental results 

obtained from wind tunnel tests. However, because the experimental results were obtained 

solely for the lateral motions, only the lateral equations of motion were validated. 

The latter two analysis techniques provided the starting point from which the I'IIARWP 

stability analysis was developed. This analysis, formulated using the discrete-element tether 

rnodel, was developed to assess the feasibility of, and to optimize, the II 1l\icwiY. However, as 

noted above, the validity of the longitudinal equations of motion for the discrete-element 

tether (Rd 5) was not demonstrated. Thus, to validate the '1.1-IAIXWI) implementation of the 

longitudinal discrete-element analysis, an additional ~I- IARWP stability analysis was formulated 

using the simple tether model (Refs. 3, 4). 

Prior to the development of the stability analysis, the feasibility and performance 

capabilities of the '~'I-~AIZWP were determined. These were ascertained t hrough the 

development of an equilibrium analysis (the "trim-state analysis"), which evaluated the steady- 

state balance of aerodynamic and gravitational forces acting on both the tether and the fliçht 

vehicle. The first goal of the trim-state analysis was to deterinine whether or not the 'i'r I A I ~ W I )  

concept was feasible. The initial design of the flight vehicle was based on that of a high- 

performance glider. High-perforinance çliders possess characteristics thouçht to be the inost 

desirable for the flight vehicle, specifically high lifi and low drag. Following the feasibility 

study, the tritn-state analysis was iised to design a preliminary '1'1 IAR WP with optimal trim-state 

performance. The goals of this preliminary design were twofold: 

1 . to maximize the payload and altitude capabilities of the 'II IARWP; and 

2. to establish the "baseline" 'IIIARWP configuration for use in the validation of the 

discrete-eleinent stability analysis. 



'I'IIAIXWP configuration specified, the validity of the longitudinal discrete-element stability 

analysis was tested. RecalI that the validity of the lateral equations of motion were previously 

confirmed (Ref. 5). The stability characteristics of the baseline 'i'i IARWI' were calculated using 

both of the *i'rrAnwi3 stability analyses developed: the first was based on the simple tether 

model (Refs. 3,  4), and the second was based on the discrete-element tether model (Ref. 5). 

Once these results were compared, and the validity of the discrete-element stability analysis 

confirmed, the ~ I I A I Z W P  design was optimized. The optimization of the T I ~ A I Z W P  entailed 

modiSling various flight-vehicle parameters and assessing their impact on both the 'I'IIAI<WP'S 

equilibrium state and dynamic stability. This iterative process continued until an optimum 

' i ï  IAI<WP design was achieved. Finally, throuçh knowledçe çained from the dynamic stability 

analysis, the necessity for additional control augmentation was assessed and possible methods 

for its irnplementation were discussed. 



The TI IARWI', sirnilar to  a high-altitude tethered aerostat. is a complex dynamic system. 

The dynainic motion of the tether affects and will be affected by the dynamic motion of the 

Aight vehicle. As in most attempts to inodel complex dynamic systems, some simplifications 

are required to formulate solvable equations and still adequately describe the behaviour of the 

-1 '1 -IAI~WP.  However, the risk involved in makinç these simplifications is that the real-world 

validity of the results may be compromised. Therefore, aI1 simplifications were carefùlly 

considered to determine their impact on the validity of the solutions. 

The analysis of the '1'1-IARWP includes two distinct components: the equilibrium (or 

static trim-state) analysis and the dynainic stability analysis. Both of these analyses utilize a 

process by which the tether is divided into equal-length elements (Refs. 3, 4, 5) .  This 

"discretization" of the tether facilitates the use of analysis techniques developed specifically to 

mode1 discrete-element systems. The implementation of these techniques, and the two 

components of the  ri'^-^^^^^ analysis, will be discussed in the following sections. 

A. -rr+mwr3 Trim-State Analysis 

The 'i'l-imwr) trim-state analysis was developed t o  assess both the feasibility and the 

optiinum performance of the '~'~-IAI<wI.. In addition, the trim-state position of the fliçht vehicle 

and of each tether element was required to satisfy the initial conditions of the dynamic stability 

analysis. With the flight vehicle parameters fixed and the atmospheric conditions determined 

based on an initial estiinate of the fliçht vehicle altitude, the trim-state analysis calculated the 

position of the tether and the flight vehicle. As stated previously, the key to the '1'1 I A I ~ W I '  trim- 

state analysis was the discretization of the tether. The inechanics of the continuous tether 

were modeled using N straight eleinents joined together with frictionless pin joints. A 

schematic diaçram of the discretized tether and the forces acting on an individual tether 

elelnent are shown in Figure 2. The aerodynamic and gravitational forces for each tether 

eletnent were concentrated at the inid-point of each eleinent. 1f each tether element was at 

equilibriuin then these forces, when coinbined with the tension forces acting at each end of the 

tether eleinent, will balance. In addition, the moments resulting from these forces will also 



Figure 2. Tether mode1 used for the trirn-state analysis 

balance. Referring to Figure 2, the balance of forces and moments for the ilh tether element 

are given by the following equations: 

ZF, = O =  Txl + A l  cosy, + N ,  sinyl -Tsl 

CF,. =O=T,; +Als in  y l  - N I  cosyl -W, -TxI ,  

where: Ai is the axial drag force actinç on the ilh element due to skin friction, 

'i = ' d o l n  hic, qldlI> COS? y ;, and 

N i  is the cross-flow dras force acting on the i" element. 

N ,  = C qidif sin' y ,  for i = N . . .  1 

Upon inspection, the three Eqs. (la-c) appear to be under-determined. However, at the 

confluence point (i = N), the tension can be determined by calculatinç the equilibriuin attitude 

of the flight vehicle and the nssociated draz and l i f t  forces. The drag of the flight vehicle is the 

horizontal component of the confluence point tension, TxN, and the liA, in excess of the flight 
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algebraic manipulation, Eqs. ( 1 a-c) Gan be converted into the following expressions: 

2T, sin y, -2T, cosy, + C  ,,cY,, qid$ sin' y,  +W, cosy, = O ( 2 4  

TS,-[ =Ts, + A ,  cosy, +N,s iny ,  (2b) 

T,,, =T, +A,s iny , -N ,cosy i  -W, ( 2 ~ )  

By using Eq. (2a). which is written in terrns of Tx , T,, , and y , , the angle of the N"' tether 

element, y,, can be calculated. Subsequently, the tension forces acting on the upper end of 

the N- 1 tether element, TxN and TYN-, , can be calculated using Eqs. (2b) and (c). This 

procedure is then repeated for each element down to the attachment point. 

As stated above, in order for this iterative process to begin, the confluence point 

tension and, thus, the draç and excess lift çenerated by the flight vehicle must be known. To 

calculate these forces, al1 the moments acting on the flight vehicle, taken about the confluence 

point, are summed toçether. When the flight vehicle is at equilibrium, the summation of 

moments taken about the confluence point is equal to zero. The summation of moments is as 

follows: 

CM,, = 0 = M,, +Mac + Lc(xc, -L)+ ~ , ( x , ,  - x , )  + ~,~,(z, -zcJ 

+ Di,. (2.. - zcp) + W(X - x (3)  

where: Mr,, and M,, are the fiiselage and winç moments; 

La, and Lt are the wing and horizontal stabilizer lifis; 

Dii,sc and Da, are the fuselage and wing drags; 

W is the total weight of the fliçht vehicle; and 

x and z are the horizontal and vertical distances, respectively, from the 

most fonvard point on the fuselage center line to the location denoted by 

the subscripts. 

The moment, lifi, and draç terins in Eq. (3) are then expanded usinç traditional aerodynamic 

theory (Refs. 6, 7, 8, 9, 10). Following the expansion of the moment, lift, and draç terins, 
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The solution of the quadratic equation results in two values for a,;, both of which are 

compared to the allowable operating rançe of the fliçht vehicle. The solution within the 

allowable operatinç rançe of the flight vehicle is the equilibrium AOA of the flight vehicle. a,,,. 

Note that each equilibrium AOA calculated is valid only for the altitude for which it was 

initially specified. Using a,,, the lift and drag produced by the flight vehicle can be calculated. 

Then the tension in the tether at the confluence point is the result of the vectoral addition of 

the lif t  force in excess of the fliçht vehicle's weight and the drag force. 

Following the calculation of the tether tension at the confluence point, the tension and 

the angle of each tether element is calculated sequentially by applying Eqs. (2a-c) to each 

tether element starting from the confluence point down to the ground. By steppinç down the 

tether one element at a time, the tether element intersecting the ground is identified as the one 

that is oriented horizontally with respect to the ground. The results froin each iteration 

through the N tether elements are the total length of the tether and the actual altitude of the 

flight vehicle (the "calculated altitude"). The calculated altitude is then compared to the 

altitude used to calculate the drag and the lift of the flight vehicle (the "specified altitude"). 

The cornparison is conducted after each iteration through the N tether elements and is used to 

modi@ the specified altitude for the next iteration. This process continues until the difference 

between the calculated altitude and the specified altitude is less ten percent of the length of 

one tether element (this allowable error can be modified as desired). The steps of the trim- 

state analysis are as follows: 

specie the aerodynamic parameters of the tether and flight vehicle; 

identiQ the variation of the atmospheric conditions witli changes in 

altitude; 

calculate al1 the terins that reinain constant for the entire trim-state 

analysis; 

choose an initial specified altitude to begiii the triin-state analysis; 

using the specified altitude, calculate the equilibriuin AOA of the flight 

vehicle [Eq. (3)]; 
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at the confluence point; 

7. calcdate the tension and angle for each tether element, starting from 

the confluence point and working downwards; 

8. determine the actual tether length and the calculated altitude; 

9. evaluate the difference between the specified and calculated altitudes 

and exit the iteration loop if the desired accuracy has been reached; 

10. modify the specified altitude based on the value of the 'calculated' 

altitude; and 

I l .  go to step 5. 

The trim-state analysis was implemented in a computer program called "Trimstat" (see 

Appendix 14) to  facilitate the rapid evaluation of several different tether and flight vehicle 

configurations. The prograrn was written in the computer proçramming language Borland 

C++ 4.52 and was coinpiled for the Windows95 operating system environment. In addition to 

allowing rapid modifications of the tether and the flight vehicle parameters, Trimstat also 

provides two methods for defining the relationship between the wind speed and the altitude. 

The first method allows the use of up to a 9" order polynomial function to define the wind 

speed versus altitude relationship. The second method allows tabutar data for the wind speeds 

versus altitude to  be read froin a regular text file. 

The wind speed versus altitude relationship, used throughout the '1'1 r ~ r i w ~ ) ' ~  triin-state 

and dynatnic stability analyses, was based on statistical data received froin the Atinospheric 

Profiler Research Facility in New Mexico, United States (Ref. I I ) .  The statistical data was 

coinprised of hourly average wind speeds for altitudes between 7.6 and 18500.0 meters. Data 

for the days between May 10, 1995 and May 20, 1995 were averaged and approximated with 

a 5U' order polynoinial curve to give the wind profile shown in Figure 3 .  Although specific to 

the New Mexico area in late spring, this wind speed profile provided a çood approximation 

for the typical 'iï IAI<WI' operating conditions. 
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Figure 3.  Statistical wind speed vs. altitude data 
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With the static trim-state analysis implemented in Trimstat, the evaluation of  various 

flight vehicle configurations was performed. The initial fliçht vehicle parameters were set to 

approxiinate those for a high-lift glider-type flight vehicle since the initial assumption was that 

a high-lift, low-drag design would allow the -rr IAIXWP to achieve the greatest operating 

altitudes. The wingspan of 15 meters, the wing chord of 1.5 meters, and the flight vehicle 

mass of 70 kg would reinain constant throughout the evaluation to provide a basis for 

coinparison between the different results. The initial tether parameters were set to match 

those of a 2.5 mm diaineter rope made from Kevlar-49 fibers (Ref. 12). The motivation for 

this initial tether material choice was to allow the fliçht vehicle to attain greater altitudes by 

ininitnizinç the tether tnass. 

- - -.-- - 

y = 3 775409~-04x5 - 1 556483~-02x4 + 1 901348~-01x3 - 7 050596~-01x2 + 2 382734EiOOx + 7 562427€+00 

Starting with the initial 'II-IN< WIJ configuration, the trim-state analysis was performed 

niany tiines while the '1'1 i/\i<wiJ parameters were tnodified. The goals of this process were to 

prove the feasibility of the 'II IARWP concept and to improve the trim-state performance of the 

O 2 4 6 8 10 12 14 16 18 20 

Altitude (km) 
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attainable altitude for a given flight vehicle and payload mass. One key factor in maximizing 

the flight vehicle altitude was to minimize the trim-state drag of the flight vehicle. This was 

done by modifjhg the position of the flight vehicle's cici and the other flight vehicle 

components (wing, horizontal stabilizer, and fuselage) relative to the confluence point such 

that the trim-state AOA of the flight vehicle was zero degrees. At this attitude, the drag of the 

fùselage and horizontal stabilizer were minimized. Using this approach as well as modifiing 

many of the other 'nmwr parameters, the 'I'I-IARwI' configuration that achieved the highest 

trim-state altitude was found. See Appendix 1 for the specifications for this baseline 'rr I A ~ ~ W P .  

One of tlie parameters modified during the TI-IARWP optimization was the tether 

material. The material was changed from woven Kevlar-49 fibers to spring-tempered, 302 

stainless steel wire (Ref. 13). Because the yield strength of this type of steel was much higher 

than that of the Kevlar-49 (see Table f for material properties), the diameter of the steel tether 

could be reduced to 1 mm. The reduction in the tether diarneter lowered the drag forces 

acting on the tether. Even thouçh the mass-per-unit length of the steel tether was higher than 

that of the Kevlar-49 tether, the reduction in the tether drag resulted in the increase of the 

flight vehicle altitude. The flight vehicle altitude and the total tether length corresponding to 

both tether materials are shown in Table 2. 

Table 1 .  Tether Material Properties 

Keviar-49 

302 SS 

' 'I'Iic yicld strcngtli ofkcvl;ir-49 w;is cstitii;iicd as 67 pcrcciil ol'its iiliiiiiatc tciisilc strcrigtli Ibr dcsigii piirposcs. 

Density 

(kg/m3) 

1,010 

7,860 

Tensile Yield 
Strength 
( M W  

370' 

2,450 

Elastic Modulus 
(GPa) 

1 O 

200 
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The results of the static trim-state analysis are shown çraphically in Figures 4 and 5. 

The tether profile for the baseline 'rr.rArzwi3, shown in Fiçure 4, was calculated using the 

statistical wind data from Ref. 1 1 .  The plot in Figure 5 was çenerated by varying the flight 

vehicle payload mass for several different wind speeds. Figure 5 illustrates the effect of 

payload mass and wind speed on the maximum attainable altitude. 

Kevlar-49 rope 
- 

302 SS wire 

Baseline THARWP Tether Profile 

O 2 4 6 8 IO 12 14 

Downwind Distance (m) 

Flight Vehicle Altitude 
(m> 

14,3 70 

15,175 

Figure 4. The tether profile for the baseline TI-IARWP design 

Total Tether Length 
(ml 

28,500 

22,800 



THARWP Payload Capabilities 
18000 

Figure 5. Performance plot for the baseline '~HARWP design 

B. ,r?-IAnwi3 Equations of Motion: Simplified Tether Model 

With the completion of the 'SIIARWP trim-state analysis and the specification of a 

baseline ' r ~ - ~ ~ i t w i )  configuration, the development of the 'i'r !hRwi3 equations of motion could 

begin. There have been several methods developed in the past to formulate and solve the 

equations of motion for tethered systems. These methods have been developed for devices 

towed behind aircrafi and boats, and for aerostats tethered to the ground. Since the T I I A I < W ~ >  

was quite similar to a tethered aerostat, the methods developed for tethered aerostats were 

adapted for use in the analysis of the ~ ' I I A I ~ W I ) .  

There were two distinct approaches used to develop the equations of motion for the 

.II IAICWI>. The first approach inodeled the effect of attaching a tether to the flight vehicle while 

using three inodels for the tether itself: the "simple" tether model. the "string" tether model, 
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developed previously for the dynamic analysis of tethered aerostats (Ref. 3, 4). The 

application and cornparison of these approaches will be discussed in the following sections. 

The second approach, which will be discussed in  Section II.C, modeled the entire tether using 

a discrete-element technique. This latter approach allowed a more accurate evaluation of both 

the dynamic motions of the tether and their interaction with the dynamic motions of the flight 

vehicle. 

1 .  Linearized Fliqht Vehicle Eauations of Motion with a Simple Tether (no 

dynamic tether effects) 

The development of the first dynamic anaiysis of the *i'r IARWP was based on a simple 

tether inodel developed to analyze the basic motions of a tethered aerostat (Ref 3). To 

describe the motions of the flight vehicle, this analysis used the linearized general equations of 

unsteady motion for an airplane in steady state flight (Refs. 6, 7). The dynamic motions of the 

tether were not calculated using this analysis. However, the additional external forces actinç 

on the flight vehicle due to the tether attachment were included and the motion of the 

confluence point was calculated. 

A schematic view of the simple tether mode1 and the orientation of the coordinate 

systems used in the analysis are shown in Figure 6. Traditional stability axes were used for 

describing the flight vehicle dynamics, which facilitated the use of traditional non-dimensional 

stability derivatives. This allows different flight vehicle configurations to be compared in the 

same way that traditional aircraft are compared. The fiil1 development of this simple tether 

tnodel is shown in Appendix 2. This devetoptnent produced two systems of equations which 

describe the longitudinal and lateral motions of the flight vehicle's cc; and the confluence 

point. The separation of the longitudinal and the lateral motions was achieved through 

litiearizatioii of the equations ( i .e.  retaining only first-order effects). The longitudinal motion 

of the II ~ A K W P  was defined in tertns of the flight vehicle pitch angle, 0, and the motion of the 

confluence point, <(L,,,t) (see Figure 6) .  The lateral motion of the 'I'IIARWI) was defined in 

terins of the flight vehicle roll and yaw angles, and the lateral motion of the confluence point, 

W" , o .  



I 

Figure 6. Simple tether model 

2. Linearized Flight Vehicle Equations of Motion with a String Tether (less the 

effects of dras and inertia) 

The theoretical model of the 1'1-~AIZWP was modified in an attempt to account for simple 

motions of the tether. The tether was modeled as a rigid tink not afTected by inertial or 

aerodynamic forces. Fiçure 7 shows a schematic view of the riçid link tether model and the 

associated variables used. Note that these equations, as well as the equations for the third 

tether model variation, were only developed for the longitudinal motion. Only the longitudinal 

equations were developed since only the longitudinal equations for the discrete-element 

II IAI<WP analysis required validation. The rigid-link tether was perfectly straight and assumed 

to rotate about the attachtnent point. The angle between the TIIAI<WI) tether and the ground 

was giveii by a = oi,, + AG (wliere uc, was the equilibrium angle and AG was the small 

perturbation angle from the equilibrium position). Now, by writinç a siinilar expression for 

the tether tension, T = T,, + AT, the forces acting on the flight vehicle through the confluence 

point were determined. Then the complete lonsitudinal equations of motion for the I ~ I A R W P  
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equations of motion usinç the string tether model is çiven in Appendix 3.  

Fiçure 7. Riçid "String" tether mode1 

3 .  Linearized Flight Vehicle Equations of Motion with a Modified String Tether 

(including the effects of draq and inertia) 

The simple tether model for the '1'1-IAI~WI, was modified once more to include the 

inertial and aerodynamic forces acting on the tether. In addition, the tether profile was 

assuined to have a general curvature as a result of these aerodynamic forces. The tether 

profile and the associated variables used in this analysis are shown in Figure S. As with the 

string tetlier model, the angle of the tether at the attachent point and the tether tension at the 

confluence point were explicitly defined. The additional tether forces were integrated over the 

lengtli of the tether. The results of this integration were used to calculate the additional forces 

acting on the confluence point, which were then coinbined with the equations developed for 

the string tetlier. The final differential equations of motion, dong with their development, are 

preseiited in Appendix 4. 



Figure 8. Modified Rigid "String" tether mode1 

4. Longitudinal - Results Compared 

The three techniques developed above describe the motion of the ' ~ I I A R W P  by using 

three different tether models combined witli the linearized equations of motion of the fliçht 

vehicle. The three tether models define the tether in the  following ways: 

1 .  a flight vehicle constraint which defines the  position of both the confluence point 

and the fliçht vehicle's C C ;  relative to  the attachment point; 

2. a rigid "string" eleinent that rotates dynamically about the attachment point but is 

not affected by aerodynamic o r  inertial forces; and 

3 .  a curved, rigid "string" element that rotates dynamically about the attachment 

point and which includes an approximation for the aerodynamic and inertial forces 

acting on the tether. 

These different techniques were fully developed in Appendices 2, 3, and 4, and were 

iinplemented in the computer programs jddmeth.cpp,  jdd-strgcpp, and jdd-masscpp, listed 

in Appendices 1 1 ,  12, and 13, respectively. These prograins calculate the longitudinal stability 
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were based on the perturbations OF the flight vehicle position in the X and Z directions and on 

the perturbations of the flight vehicle pitch angle, 8, from the equilibrium pitch angle, O,,. This 

data was then used to generate root-locus plots for each of the three longitudinal control 

gains. 

The prirnary purpose for developing these three preliminary '1'1 rmwr) analyses was to 

generate a database of analytical results which could then be compared to the results from the 

discrete-element 'i'! IARWP analysis. The discrete-element TI IAnwr) analysis, which will be 

developed in Section ILC, was previously used to analyze the stability characteristics of 

tethered aerostats (Ref. 5).  The research conducted in Ref. 5 was prirnarily concerned with 

the lateral stability of the aerostat. As a result, only the lateral analysis was verified with 

experimental results. However, since the lateral and lonçitudinal equations of motion in this 

research were developed using the identical methodology, one could argue that the validation 

of the lateral equations implies the validity of the longitudinal equations. While the above 

assumption was considered correct, the additional comparison with the results from the three 

simple tether models was also performed. 

For a valid comparison of the three simple tether rnodels, the baseline ~ I ~ A R W I )  

configuration (see Appendix l), defined using the trim state analysis, was used for al1 three 

andyses. For each of the three analyses, the X and Z position control gains were varied from 

-50 to 50 N/in using a step size of 5 N/m, and the pitch angle control zain was varied from - 

500 to 500 N . m/rad using a step size of 50 N - inIrad. Each of these control gains was 

varied separately to assess their impact on the stability of the ' r m l i w r 3 .  A larçer variation was 

used for the pitch angle control gain since the units of the pitch angle control gain were very 

sniall (eg. the control gain of 500 N - in/rad was equivalent to 8.73 N m/deg ). 

The root-locus plots resulting from the above control gain variations for each of the 

three tether rnodel variations are yresented in  Appendix 5 .  By observing these root-locus 

plots, the agreement arnong the results from the string and modified string tether models is 

evident except for sinall discrepancies between the various stability roots. The results frotn 



two tether models. These discrepancies can be attributed to the differences in the dynamic 

systems that are mathematically defined by the three tether models. Therefore, the results 

from the modified string tether mode1 will be used to validate the discrete-element rri-imwi) 

analysis. 

The root-locus plots show three distinct stability roots except for larger variations of 

the X control gain. Two of the stability roots are aperiodic (one highly damped and the other 

lightly damped) and the third is oscillatory (lightly damped). The oscillatory stability root has 

a frequency ranging from 0.6 radls to 1.1  radls dependinç on the tether mode1 considered. 

For comparison, the frequency of the inverted pendulum motion (Ref. 14), which is 

characteristic of tethered and towed systems, can be calculated using the following equation: 

where: L is the total lit? produced by the flight vehicle; 

ln is the mass of the flight vehicle; and 

i? is the total length of the tether. 

Note: The theory from which this calculation of the pendulum frequency was 

derived is only valid for low wind velocities. 

Using the baseline TI rAiiwi) design ( m = 100 kg and i? = 18000 m ), the resulting penduluni 

frequency is op = 0.0279 radls. When coinpared to the expected penduluin frequency, the 

oscillatory stability root has a much higher frequency (more characteristic of a 20 ineter long 

tether). Therefore, the oscillatory stability root likely characterizes the interaction between 

the oscillations of the confluence point and the pitching oscillations of the flight vehicle about 

the confluence point. The lightly damped, aperiodic stability root describes the pendululn type 

motion of the 'IIIARWP and the highly damped, aperiodic stability root characterizes the 

pitching motion of the flight vehicle about the confluence point. 



The three formulations of the 'I'I-IARW) equations of motion developed above lacked 

the ability to accurately describe the tether's dynamic motion. For very long tethers (greater 

than 1000 m), the dynamic motions of the tether can significantly impact the dynamic motions 

of the flight vehicIe attached to the end of the tether. For this reason a different approach was 

taken to developing the equations of motion for the 'il-Il\Rwi1. The continuous tether was 

replaced by N discrete tether eIements, which facilitated the calculation of each element's 

dynarnic motion as well as the interaction between the dynamic motions of the tether and the 

flight vehicle. This discrete-eiement technique (Ref. 5) was used to develop the equations of 

motion for the TE-~ARWP. These equations were implemented in Trimstat in order to readily 

evaluate the stability roots for many different TI-~AKWP configurations. ln addition, the 

equations of motion were integrated in a time-step analysis to aid the evaluation of the overall 

performance of the *r~-IARWI~. 

1. Tether Equations of Motion 

The discrete-element technique is the rnethod by which a continuous system is broken 

into many small elements. These elements are then connected together using assumptions that 

will approximate the continuous system. As the number of elements becomes large, the 

behaviour of the discrete-element system will closely mode1 the behaviour of the continuous 

system. In this manner, the continuous tether of the I I - I A R ~ P  was divided into N elements of 

equal length, /! . The tether mass was approximated by positioning concentrated masses at the 

ends of each element. The elastic modulus, E,, and the damping, qc, properties were constant 

for al1 of the tether elements. Each tether eleinent was assumed to remain straight but was 

allowed to pivot freely about their ends as if they were pin-jointed together. Figure 9 shows a 

schematic diagram of the discrete-element tether model. Despite the obvious physical 

diflerences between the continuous tether and the discrete-element tether, the continuous 

tether was adequately modeled by the discrete-element tether as the number of tether elements 

was increased (Ref. 5). 

The entire tether was made of the same material and, as a result, the tether density, p,, 

was constant for al1 tether elements. However, assuming a circular cross-section, the diaineter 



Figure 9. Discrete-element tether model 

was allowed to Vary fiom the ground to the confluence point. This feature was included in the 

tether model to investigate whether the tether diameter could be optimized to increase the 

eficiency of the 'im1iwr3. The tether diameter, denoted by di for i=O. ..N, was assumed to 

Vary linearly from the attachment point to the confluence point. The lumped masses were then 

distributed by concentrating half of the mass of each tether element at either end of that 

element. The resultinç lumped masses are given by: 

noting that m, is rigidly fixed at the attachment point and, therefore, is not a factor in the 

stability analysis. Bot h the stiffness and damping within each tether eleinent are inodeled 

using an ideal spring and an ideal dashpot in parallel as shown in Figure 10. The stiffness of 

each element is given by: 



Figure 10. Physical rnodel for a discrete tether element 

With the basic tether model defined above, the Lagrange's equations (Ref. 14) were 

used to formulate the second-order equations of motion for the discrete-element tether model. 

Of the many forms that the Lagrange's equations can take, the matrix form of the Lagrange's 

equations, shown below, was used to develop the 'I'I-IARWP tether analysis. 

d(m) i T + z =  - - -- 
Q% for i = 1 . . .  N 

dt aili aqi aqi 

where: T is the kinetic energy of the tether systern; 

V is the potential energy of the tether system; 

q; is the set of generalized coordinates that uniquely describe the position 

of the i" tether element; and 

Qqi is the çeneralized forces associated with the i" çeneralized 

coordinate, also given by: 

The forces, F,, Fi, and F+ in the expression for Q,, are the components of the total force 

acting on the i"' lumped tether mass. These forces, expressed in terms of the earth-fixed axes, 

(x, y, and z), excluded forces derivable from a potential energy function, V. The next step in 

the developinent of the discrete-element tether stability analysis was to develop the kinetic and 

potential energy expressions for the discrete-dement tether. 
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Zn order to develop the kinetic energy expression for the discrete-element tether, the 

position and velocity of al1 N lumped masses had to be determined with respect to the 

attachment point. The position of the lurnped masses are uniquely defined by the generalized 

coordinates l , Ti, and p; (see Figure 9). The exact expression for 

lumped mass relative to the attachment point is given by the followinç: 

and the velocity of the kt" lumped mass are given by the time derivative 

the position of the k"' 

k 

2 ,  = z(éi cosri cosp, - il(, sin ri cos& - b i t l  C O S ~ ,  sin 8, )  
1 - 1  

( 5 4  

of Eqs. (5a-c): 

The expression for the total kinetic enerçy is the summation of the kinetic energies of al1 N 

lumped masses and is written as follows: 

Before the velocities defined in Eqs. (Ga-c) are substituted into the 

Eq. (7), al1 quantities in Eqs. (6a-c) are written in terms of the 

kinetic eneryy expression, 

ecpilibriuin and the sinall 

perturbation components. First, the generalized coordinates and their first time derivatives are 

written as: 



- 
where the ( ) terms are the equilibrium values. Also, due to the small perturbation 

assumption, the foIlowing simplifications can be made: 

Using the above assumptions and retaining only the first-order terms, Eqs. (6a-c) are written 

as follows: 

From inspection of Eqs. (8a-c), the tether motion is seen to be comprised of independent 

longitudinal and lateral cornponents. The longitudinal motion, Fk and Z, , are dependent only 

on the small perturbations of the longitudinal generalized coordinates, 6 t ,  and y ,  . Similarly, 

the lateral motion, Y,, is only dependent on the small perturbation of the lateral generalized 

coordinate, pl . As a result, the kinetic enerçy can be said to be the combination of a 

longitudinal and a lateral component. This can be written as follows: 

and substituting Eqs. (8a-c) into Eq. (9) gives the followinç expression for the longitudinal 

and IateraI kinetic energy of the tether: 

N k L 

T,, = i ~ r n ,  CC[GC ,hi? ,ëI, + ~ , ~ , P ' c , ~  + ( 6 ? j  ,? - 6i> Jyl?)~lJ] ( 1 oa> 
k l  t l  J I  



wnere: c , ~  = cos(1 i - 1 ,) = Ci C j  + S, S, , ancl 

- 
s ,  = sin Ti - Tj = sicj - sJci 

- - --  - -  

Through close observation of Eqs. (10a) and (lob), one can see that, for arbitrary i, j, and k, 

the term m,[ Iy is present in the summation only if k > max(i, j). This simplification can be 

explained physically as follows: 

the kinetic energy of the ka' element is dependent on the velocity of the k'" element, and 

. the velocity of the kt" element is dependent only on the velocity of the elements below 

the kth element. 

Therefore, the velocity of any element above the kth element does not contribute to the kinetic 

energy of the k"' element. Thus, Eqs. (IOa) and (lob) can be written with the mass summation 

inside the other two summations as follows: 

To facilitate tlieir appIication to the Lagrange's equations, Eqs. (1 la) and (1 lb) are 

transforined from tlieir quadratic form into a compact inatrix form. 

lateral generalized coordinate vectors, respectively. Note that q'' has 2i.1 elements and q . l  has 
-16 - lt 

N elements. The longitudiiial mass inatrix, Ml,, is a 2 N  x 2~ symmetrical matrix given by: 



and the lateral mass matrix, Ml,, is an N x N symmetrical matrix given by: 

b. Potential Enerw Formulation 

The second set of expressions required for the use of the Lagrange's equations are the 

potential energy expressions of the discrete-element tether. The total potential energy is 

composed of the gravitational and elastic potential energy components of the tether and can 

be written as follows: 

where: ç is the acceleration due to gravity; 

k 

z, = P sin r, is the altitude of the k" lumped mass; and 
i..I 

ki is the stiffness of the ilh tether element (defiiied previously). 

Observation of this equation reveals the fact that the potential energy is solely dependent on 

the longitudinal variables, /! and r and, therefore, has no effect on the lateral motion of the 

tetlier. Now, substituting the expression for zk into the potential energy expression gives: 



L; 

I ! ,  sin r, term defines the altitude of the kth element, the term m,g  P l  sin I-', is present in 
1 I 

the surnmation for arbitrary i and k only if k > i. This allows the potential energy expression 

to be rewritten as follows: 

where: Iii  = m, 

In this form, the potential energy equation cannot be put into the compact matrix form as 

were the kinetic energy equations. Thus, Eq. (16) must be expanded about the equilibrium 

state 9" = Q using a Taylor series expansion. 

The first term in Eq. (17) is the potential energy of the tether at equilibrium and can be 

(2 ,) cartcels out the eqiiilibriiim arbitrarily set to zero. The second term is also zero since - 

pan of the generalized force vector, Qqi . This leaves the third term as the most significant 

term of the Taylor expansion, which can be expressed in compact matrix form as: 

where: N is a 2 N  x SN symmetric matrix given by 

q = y ,  . Therefore, the terms of are given by the following: 
-1g 2,  



c. Formulation of the Generalized Forces 

The final expression required for the use of the Lagrange's equations is that describing 

the generalized forces acting on the N tether elements, Qqi . The forces contributing to Q,, 

are the aerodynamic forces (the draç), interna1 dampinç forces, and the cable tension at the 

confluence point caused by the attachment of the fliçht vehicle. Al1 of these forces must be 

expressed in terms of the generalized coordinates to use them in the Lagrange's equations. 

Expressions for each of the three çeneralized forces will be developed and then combined 

together to form the expression for Q,, . 

i. Aerodynamic Forces 

In order to facilitate the development of the aerodynamic force equations the following 

assumptions were specified: 

1 .  each tether eleinent is assumed to have a uniform, circular cross-section; 

2. the prevailinç wind is assumed to be a uniform steady flow; 

3 .  the Reynolds Number is sub-critical for the flow normal to the tether; 

4. the axial force on al1 tether elements due to aerodynamic drag is assumed 

negligible; and 

5. the distribution of the aerodynamic force over a tether element is assumed to be 

concentrated into a single force acting at the midpoint of the tether element. 

Since the aerodynamic forces act on every tether element differently, a new coordinate system 

fixed to the mid-point of every tether element will be used to facilitate the deftnition of the 

aerodynamic forces in terms of the generalized coordinates. Figure 1 1 shows this new 
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vectors, el, Q, and 8. As shown for the il'' tether element, the direction of Q is parallel to the 

long axis of the tether element pointing towards the i+l element, and the direction of e; is 

such that the steady-state wind vector is within the plane of and e;. Now Q, Q, and g3 can 

be related to the coordinate system at the attachment point, i, j. and k, through the following 

transformation matrix: 

Figure 1 1.  Tether element coordinate system 

The transformation matrix, CI, is generated through the combination of single-angle 

transformations which describe axis rotations about k and j (Ref. 7). Following 

implementation of the small perturbation assumptions, the transformation matrix becomes: 

CI; ckPk Sk 

C I : =  -pk  
[ - sk  -s:bk l] 

and the inverse transformation is: 



The aerodynamic force acting on the kt'' tether element is caused by draç due to air 

moving around the cylindrical tether element. ln order to calculate the draç of the kth tether 

element, its velocity must be expressed relative to the steady-state wind, U,,, and the 

component of this velocity normal to must be calculated. This normal velocity vector, yN, 

will then be used to calculate the drag force acting on that tether element. First, the velocity 

of the kth tether element, relative to the attachment point. is written in terms of the tether 

element coordinates as follows: 

- W k  = W k , ~ l + W k z ~ ~ + w k , , ~ 3  

Then, the velocity relative to the steady-state wind is given by 

v=-u,.+y, - 

and Eq. (22) is used to transform Eq. (24) into: 

The normal velocity vector, YN, is defined as the velocity normal to el and in the plane defined 

by y and Q .  This is written as: 

V, = x V) x el and, given Eq. (25), becornes: - 

Y N  = ( U ~ P L  + w k 2 ) ~ 2  + W,)G, (26 )  

In addition, the velocity of the kth tether element can be written using the attachment point 

coordinate system in the following manner: 

y, = $x,,  + i L ; ) i + ( y k  , + ~ ~ ) j + ( i ~ - ~  +i&] (27) 

If Eqs. (6a-c) and the coordinate transformation given in Eq. (22) are cornbined with Eq. (27), 

and the results are compared with Eq. (23), the coefficients of Eq. (23) are given by: 



where: E, = 1 for i f k ,  and 

tzik = +  for i =  k 

Now, considering assumptions 1 through 4 listed earlier, the aerodynamic force acting on kth 

tether element can be written as: 

or = -f p i , d k c D ~ , I y N I y N  (29) 

where: pk is the air density at the altitude of the kth tether element; 

di. is the average diameter of the kt" tether element; and 

CI, is the cross-flow coefficient of drag for the tether material. 

The aerodynamic force given in Eq. (29) is assumed to have an equilibrium component and a 

small perturbation component, which are given by: 

- - - .  - 
e , = j  -- - 5, = - s , ~ + c , k  (32a,b) 

. - 6e3 = -y,t,.- S,P,.-s,y,k ( 3 2 ~ )  

Substituting Eqs. (3 la-d) and Eqs. (32a-c) into Eq. (30b) gives the followinç expression for 

the small perturbation aerodynamic force acting on the k"' tether element. 



Next, through manipulation of Eq. (33), the small perturbation aerodynamic force is 

substituted into the expression for the generaIized force, given by Eq. (4). This substitution 

results in the followin~ expressions for the aerodynamic forces acting on the tether: 

where Dxk , Dyk , and D, are the i, j, and k components of the aerodynamic force defined in 

Eqs. (30a) and (33). The above partial derivatives can be evaluated using Eqs. (5a-c) while 

noting that, since the aerodynamic forces are averaçed over the lençth of the element, a factor 

of : should be added for i = k. Also, since the velocity of the kt" tether elernent is dependent 

only on the motion of other tether elements below, the partial derivatives for i > k are al1 zero. 

Therefore, açain using the sinall perturbation assuinption, the partial derivatives of Eqs. (34a- 

c) are as follows: 



By substituting Eqs. (35a-i) into Eqs. (34a-c), and by subtractinç out the equilibrium 

quantities, the small perturbation cornponents of equations (34a-c) are: 

Finally, Eqs. (36a-c) combined with Eqs. (35a-i), (30a), (28a-c), and (33) give the 

perturbation component of the generalized aerodynamic force in the form required for use in 

the Lagrange's equations. Note that the equilibrium quantities of the aerodynamic force are 

not required in the Lagrange's equations. The perturbation aerodynamic quantities resulting 

from the above substitutions are given as follows: 



ii. Interna1 Dampinc Forces 

As stated earlier, q, is the internal damping factor for the tether material and is 

constant for al1 tether elements. Since the damping force is proportional to the rate of change 

of the length of each tether element and acts in the direction parallel to the tether element 

length, the generalized damping forces are çiven by: 

d,, = -qcFPl 

d,, = d,, = O 

iii .  Tension Forces 

The tension force acts throughout the entire tether. However, only the confluence 

point tension force contributes to the generalized forces, Q,, , since al1 other tension forces 

within the tether are worktess internal forces. Using Eq. (4), the generalized tension forces 

are given by: 



Tx, T,, and T, are the orthogonal components of the tether tension at the 

confluence point. 

The direction of the tension force at the confluence point is defined by a longitudinal and 

lateral angle, r13 and P13, respectively (see Figure 12). Therefore, the three components of the 

tension force acting at the confluence point are: 

T, = T COS r, COS p ,, ( 4 W  

T, = T cos r, sin 8, (40b) 

Tz = Tsin r,, ( 4 0 ~ )  

Figure 12. Tether tension at the confluence point 



- 
Ty = T cos Fil 
- 
7; = O  

- 
T, = Tsin ri, 
6Tx = 6TcosG - y  ,,Tsin, 

6T, = ,T cos r,, 
6T, = 6 ~ s i n  T, + y  ,Tcosr, 

Usinç the same method that was used for the generalized aerodynamic forces, Eqs. (39a-c) 

are written in small perturbation form and Eqs. (35a-i) and (41a-f) are then substituted into 

Eqs. (39a-c) to give the followinç generalized tension forces: 

This completes the development of the three types of generalized forces, al1 of which 

have distinct longitudinal and lateral components. Thus, the total expressions for the 

longitudinal and lateral generalized forces can be discussed separately. 

iv. Lonqitudinal Generalized Forces Combined 

The longitudinal generalized forces, expressed below, are given by the summation of 

the aerodynainic forces, the damping forces, and the tension forces. 

By substituting Eqs. (37a), (38a), and (42a) into Eq. (43a), and Eqs. (37b), (38b), and (42b) 

into Eq. (43b), the longitudinal generalized forces are expanded to give the following: 



Equations (44a-b) can now be expressed in matrix form , just as the kinetic and potential 

energy expressions were. Assuming the generalized forces can be expressed in the following 

forin: 

they then can also be written as follows: 

6Q =-Elg- - Fi, (j + mg for i, k = 1 ... N 
-q 

The elements of the E,, , FI,, and 6Pl, matrices can be determined from examination of Eqs. 

(44a-b), and are given as follows: 





v. Lateral Generalized Forces Combined 

The lateral generalized forces, expressed in Eq. (49) below, are given by the 

surnmation of the aerodynamic forces and the tension forces. 

6QPi = 6DPi + GT,, (49) 

By substituting Eqs. (37c) and (42c) into Eq. (49), the lateral generalized forces are expanded 

to give the following: 

Again, as with the longitudinal generalized forces, Eq. (50) can now be expressed in matrix 

form. Assuining the lateral generalized forces can be expressed as follows: 

then they can also be written in the following matrix form: 

6 Q ,  - = -El, 3 - FI, $ + 6Plt fo r i=  1 . . .  N 

The elements of the El , ,  FI,, and 6 e l ,  matrices can be determined froin exainination of Eq. 

(50), and are given by: 



7 - 7 -  for i = k (E,,)~., = +C l , ~ ~ ? % i ~ P j d  j % ; ~ i j  + C ~ T C O S F ~  - ~ c , , u ;  ~ - c ' ~ , d ~ s ,  
j: i 

for i > k (F,,)~., = f C , , U , , ~ ' E , E ~ ~ ~ ~ ~ ~ S ~ E ,  

N 

for i 5 k (F,,)~, = f C ~ U , ~ ~ E , ~ ~ ~ ~ ~ ~ S ~ E , , E ,  
j;k 

d. Complete Tether Equations of Motion 

With the kinetic energy, the potential energy, and the generalized force expressions 

developed, the complete equations of motion, which describe both the longitudinal and lateral 

motions of the tether, can be written. Referring to Eq. (3) the longitudinal version of the 

Lagrange's Equations are as follows: 

where: (3 
and - - - 

a!! 

Recalling Eqs. ( 1  2a) and ( 1  8). the expressions for Tl, and VI, is: 

T,, = :q; M,, qlg and 

'1' 
"1,: = 41, Eltg 



- 'l2 
- 

written in the following form: 

- 

Substituting Eqs. (55a-c) and (45) into Eq. (54) results in the set of SN second-order linear 

differential equations. These equations are written in matrix form as follows: 

Equation (56) is then transformed into 4 N  first-order differential equations by introducing a 

new set of variables as follows: 

h = q  
-1i: - 

The resulting transformation of Eq. (56) çives: 

where: 1 is a 2N x 2N identity matrix and 

is a 2N x 2N zero matrix. 

This completes the development of the longitudinal equations of motion for the 

discrete-eleinent tether. The lateral equations are completed in the same inanner. Again, 

referring to Eq. (3), the lateral version of the Lagrange's Equations are as follows: 



d 
where: - - - 3 - and - - 

%! 

Recalling Eq. (12b), the expression for Th is 

1' 
Tl, = f 4], Mi$, 

and, since Ml, is a symmetric matrix, the partial derivatives in Eq. (58) can be written as 

follows: 

By substituting Eqs. (59a-b) and (51) into Eq. (58 ) ,  the set of N second-order linear 

differential equations is formed and given by: 

Finally, as with the longitudinal equations of motion, a new set of variables are introduced 

whicli allow Eq. (60) to be transformed into 2N first-order h e a r  differential equations. Using 

the new set of variables, II,, = q , Eq. (60) is transformed into: - 

The complete longitudinal and lateral motions of the discrete-element tether are now 

described by Eqs. (57) and (6 l ) ,  respectively. Both of these expressions are sets of first-order 

linear differential equations witli constant coefficient matrices. These equations can then be 

coinbined with both the flight vehicle equations of motion and those that describe the 

kinetnatic relationship between the flight vehicle and the tether. 



The 'i'ii~Rwi' equations of motion were deveIoped by combining the equations of 

motion for both the tether and the flight vehicle with the equations that describe the kinematic 

relationship between the fliçht vehicle and the tether. In the previous section, the equations 

describinç the IongitudinaI and lateral dynamic motions of the tether were developed. Below, 

the flight vehicle equations of motion will be developed, and then the equations that describe 

the kinematic relationship between the flight vehicle and the tether will be developed. 

a. Flinht Vehicle First-Order Dynamic Equations of Motion 

The fliçht vehicle equations of motion are based on the dimensional first-order 

linearized equations of motion developed for an aircraft in steady-state flight (Refs. 6,  7). The 

longitudinal and lateral motions of the flight vehicle are each described by an independent set 

of equations: 

Lonqitudinal 

mu-  X,u-X,w+mg0cosû, =AX,  

(m - z,)v~ - Z,U - Z,W - (mu, + z , ) ~  + mg8 sin 0, = AZc 

M,mgf3 sin 9,, 
= A M ,  + M , M C  

m -Z, m-Zw 

8 - q = 0  

Lateral 

in+ - Y,v- Y , ~ - ( Y ,  - mU,,)r - m&cos0, = AY, 



+ 1; AL, =[T 3 

Equations (62a-g) are formulated using the dimensional stability derivatives, and describe the 

forces and moments applied to the flight vehicle due to changes in its velocities and 

accelerations (both translational and rotational). The dimensional stability derivatives are the 

X, Y, Z, L, M, and N terms in Eqs. (62a-g). Their subscripts denote which flight vehicle 

motion the particular force or moment is caused by. The only exceptions to this rule are the 

terms with subscript c, which denote the forces and moments due to control inputs. 

Each dimensional stability derivative is a function of the corresponding non- 

dimensional stabiIity derivative. The relationship between the non-dimensional and the 

dimensional stability derivatives is consistent for al1 applications (Refs. 6, 7). However, the 

derivation of the non-diinensional stability derivatives is more specific to the particular aircrafi 

or flight vehicle and must be obtained in the inanner most suitable for the application. The 

non-dimensional stability derivatives for the '1'1 [ARWP fliçht vehicle were derived by 

referencing several related bodies of work (Ref. 6, 7, 15, 16): see Appendix 6. 

The six control terins in Eqs. (62a-c) and (62e-ç), AX,, AY,, AZ,, AL,, AM,, and AN,, 

account for the external forces and moments acting on the flight vehicle and originate froin 

two sources: the link attaching the confluence point to the flight vehicle and the flight vehicle 

control surface deflections. Those forces and moments acting on the flight vehicle througli 
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the tether tension perturbation at the confluence point are 8T, 713, and PB. The control forces 

and moments will be defined in terms of these three variables. 

First, a transformation matrix is derived to relate the attachment point coordinate 

system to the flight vehicle stability axes coordinate system. This transformation matrix is 

derived by successive rotations of Y, 0, and and by reversing the directions of the vertical 

and horizontal axes. With the implementation of the srnall perturbation assumptions, the 

coordinate transformation is given by: 

The tension force acting on the end of the tether is expressed in Eqs. (40a-c). Thus, by 

reversing the directions of these forces, the forces acting on the flight vehicle can be written as 

follows: 

The forces in Eqs. (64a-c) are expressed in terms of the attachment point coordinate system. 

Throuçh the transformation, C, , these forces can be expressed in terms of the flight vehicle 

stability axes coordinate system: 

Fxc =  cos r13 - 9 si n r,, ) 

Fyc = T(- ' 1 1  cos r13 - p l ,  cosr,, t $sin r,,) 

Fzc = ~ ( 0  cos T, + sin r,,) 

Finally, if the small perturbation assuinption is iinpleineiited in Eqs. (65a-c), the tether tension 

contributions to the control terms in Eqs. (62a,b, & e) are given by: 



A A ~ ~  = O ]  CO SI^^ - \ y B  +y1 sini, ,  

AYcT = -(il] + ,)T cos TB + @T sin T', 

AZ, = (0 + y .)T cos Tl, + 6T sin 

The moments about the flight vehicle caused by the tether tension at the confluence 

point are expressed as follows: 

where: r,, is the position vector of the confluence point relative to the flight 

vehicle center of gravity (see Figure 13). 

Figure 13. Position of the flight vehicle relative to the 
confluence point 



contributions to the control terms given by: 

ALcT = z,,T[(pD + y i )  cos FI, - + sin r,, ] 
AM cT = - T(y + B)(X ,, COS TB + z ,, sin FI,) 

+ G T ( Z ~ ~  cos - x,, sin FR) 

ANcT = -x,,T[(ljB + iy) cos F, - 4 sin r,,] 
The second component of the six control terms in Eqs. (62a-c) and (62e-ç) results 

from the deflection of control surfaces mounted on the flight vehicle. Instead of calculating 

the forces and moments caused by a particular control surface deflection, six control gains 

were defined. These control gains speciQ the magnitudes of the control forces and moments 

as a fiinction of the flight vehicle's cc; deviation from its equilibrium position and attitude. 

Therefore, the perturbations of the flight vehicle's CG, both in translation and in rotation, must 

be determined. The rotational perturbations of the flight vehicle's CC; were the Euler angles, 

4, y/, and 0. The total translational perturbation of the flight vehicle's CG was the sum of the 

confluence point perturbation and the flight vehicle's CG perturbation about the confluence 

point. From Eqs. (5a-c), the confluence point perturbation relative to the attachment point is 

given by: 

N 

AxCp = (ô(? ,c, - \?! s,) 
i = I  

N 

= Cp,7c1 
Aycp i - l  

N 

Az,, = ~ ( 6 ~ ~ 5 ,  + y , C ~ l )  
1 - 1  

Next, the rotation of the flight vehicle's 

( 6 7 ~ )  

CG relative to the confluence point is derived. Using 

the coordinate transformation in Eq. (63b), the vector rcp (shown in Figure 13) is transformed 

into the attachment point coordinate system as follows: 

LP = x c p X + ~ , p Z  



Combining Eqs. (67a-c) and the perturbation quantities of Eq. (68) result in the complete 

expressions for the flight vehicle's CG perturbation relative to the attachment point. 

Ay,, = -Zcp$ + Xc,ili + c ~ ~ " ~  

Given the above expressions for the flight vehicle's cc; perturbation, the control force 

vector can be written as follows: 

FE =C,,Axcmx+Cc,Aycm~+C,,Az,,z -cm 

- Ir 
The terms Cc,, C,, and Cc, are the force control gains for the THARWP. NOW, F,, must be 

transformed back into the flight vehicle stability axes coordinate system to facilitate its 

substitution into Eqs. (62a, b, e) .  Note that, since the control force acts through the flight 

vehicle's CC;, no moments are produced. The final control forces are given as follows: 

The final control moments are simply written as 



c . , 

ANcc = C,,vi (709 

where: Cc,>, C,bi, and CCN are the moment control gain coefficients for the 

TI-IN2 Wl' 

b. Tether and Flight Vehicle Kinematic Relations 

The final set of equations, which must be developed in order to complete the 'i-IIARWP 

equations of motion, are the kinematic relations. The kinematic relations define the velocity 

of the fliçht vehicle's CG relative to the steady-state wind. These velocities are dependent on 

the velocities of al1 N tether elements and the flight vehicle's rotation rates, p, q, and r, about 

the confluence point. In vector fixm, these veIocities are: 

g = q is the angular velocity of the flight vehicle, 1'1 
and 

By expanding Eq. (7 l ) ,  the flight vehicle velocity vector becomes: 

Further, by substituting Eqs. (Sa-c) and (63a) in place of x , , y, , z ,  , and C,, , and by 

retaining only the perturbation quantities, the final kinematic relations can be written as: 



c. Final Formulation of the 'rErnnwP Equations of Motion 

The final step in the development of the discrete-element ' ~FNI~WI- )  stability analysis is 

the combination of al1 the equations developed in previous sections. All throughout the 

equation development, the longitudinal and lateral components were expressed independently. 

As a result, the longitudinal and lateral motions of the TI-IARWP can also be solved 

independently. The longitudinal first-order linear differential equations of motion for the 

I'IIAIIWP are constructed by cornbining Eqs. (57), (62a-d), (66a, c, e), (70a, c, e), and (72a, c). 

Let the matrix form of the I'~-IARWP longitudinal equations of motion be written as follows: 

- A 5 = B l ;  - - (73) 

where: gr = [u w q 9 6T y ,  II:; q ' r ]  is the 4 ~ + 6  elernent state - 

vector 

The contribution of the coefficient in the matrices, A and B .  are shown schematically in Eq. 

Coefficients in 4 equations: 

(62a - d)  after the substitution of i 0 
equations (66a, c, e) and (70a, c. e) i 

2 kinematic relations: equations (72a & c )  



Coefficients in 4 equations: i II " 
(62a - d) after the substitution i 0 II iu 
of equations (66a, c, e) and i 
(7% c, e) ---------------------------------------- 
2 kinematic relations: equations (72a & c) 

Upon completion of the substitutions needed to generate matrices A and B ,  it is 

important to note that there are only 4N+2 roots for this system of 4 ~ + 6  equations. The 

reasons for this are: (a) Eqs. (72a, c) can be rewritten in strictly algebraic form using the 

relation h,, = - q developed earlier (Le. Eqs. (72a, c) are first-order equations only); and (b) 

the time derivatives of 6T and yp, are not present in Eq. (74). As a result, B contains two 

zero rows correspondinç to Eqs. (72a, c) and two zero columns corresponding to the absence 

of the 6T and y13 time derivatives. Since B contains zero columns and rows (such a matrix is 

called a "generalized real" matrix), the inverse of B does not exist, thus renderinç traditional 

ei~ensystem solvers useless. After considering the use of several commercially availabfe 

computer programs, a search of the Internet revealed the availability of a public-domain 

package of eigensystem solver subroutines called isrsrncK (Ref. 17). I:ISPACK, which is 

programmed using I:ORTIIAN, can compute eiçenvaiues and eigenvectors for nine classes of 

matrices including generalized real matrices. The particular rmiucii subroutines required to 

solve Eq. (74) were converted from 1CWrIzAN to Borland C++ and incorporated as part of the 

discrete-element 'i'r IAIIWP stability analysis implemented in Triinstat. These subroutines are 

contained in the C++ file rggpool.cpp, which is part of the Triinstat source code listed in 

Appendix 14. The stability root analysis is impleinented as an additional calculation option in 

Triinstat. 

The solutions to Eq. (74) are the 4 ~ + 2  eigenvalues, also referred to as stability roots. 

The stability roots are either real or coinplex conjugate values. The real part of each stability 

root is the damping factor, o, and the imaçinary part of each root (if a complex stability root) 
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the ïï IARW' is considered dynamically stable for small perturbations. When examining 

stability roots, the two calculations of primary interest are the period of oscillation and the 

time required for the motion to  reach half the initial magnitude (or double the initial magnitude 

if the stability root is unstable). These quantities are calculated as follows: 

2n 
T = - = period of oscillation (seconds), and 

O 

- In 2 
hnlf idoubl~ - - = time to halfldouble amplitude (seconds). 

CT 

The shape of the motion associated with any particular stability root, whether stable or 

unstable, can be characterized by calculating the mode shape. The mode shape is calculated 

by normalizing the associated eigenvector with respect to a specified state variable. In the 

case of the longitudinal analysis, the normalizing variable is the pitch angle, 8. 

The lateral first-order linear differential equations of motion for the 'rr.iAiiwi) are 

constnicted in the same manner as the longitudinal case. Equations (6 l ) ,  (62e-i), (66b, d, f), 

(70b, d, f), and (72b) are combined in matrix form to give the 'rr.iiznwi3 lateral equations of 

motion as follows: 

where: ir= [V p r 4 y, Po hi cl''] is the 2N+6 element state vector - 

The coefficients of Eq. (75) are shown scllematically in Eq. (76). 

Coefficients in 5 equations: 

(62e - i) after the substitution of i 0 
equations (66b, d ,  f )  and (7Ob, d, f )  i 

-------------------------------------------  
ki nematic relation from equation (72 b) 



Coefficients in 5 equations: i 
(62e - i) after the substitution i - O 

ofequations(66b,d,f)and i 
( 70h  d, f )  

kinematic relation from equations (72b) ---------------------------- y--- - - - - - -  

O - : M '  , , : 0 ,-"-".------ 
I g i  1 

As with the longitudinal equations, after performing al1 of the substitutions needed to 

generate matrices A and B ,  it should be noted that the B matrix has a zero row and a zero 

column. The zero row occurs because Eq. (72b) is a first-order equation and the zero column 

occurs because of the absence of any PB tirne derivative terms. As a result, the solution of the 

2 ~ + 6  system of equations only produces 2N+4 stability roots. The same solution techniques 

used to solve the longitudinal equations of motion are used to calculate the lateral stability 

roots and mode shapes. These solution techniques were implemented in Trimstat along with 

the calculation of the longitudinal stability roots. 

3 .  Time-Step Analvsis 

The solution of Eqs. (74) and (76) produced the stability roots for the TI IARWP and the 

corresponding mode shapes. The real and imaginary parts of the stability roots characterize 

the dainping and the oscillation frequencies of the different modes of ' ~ ' I IARWP motion while 

the mode shapes represent the individual types of motion that the different modes contribute 

to the total motion of the ' ~ ' I I A R W I ~ .  While the stability roots and mode shapes completely 

quanti5 the motion of the II~AI<WI>,  the combined motion of al1 the modes may be usehl to 

visualize the complete behavior of the tether and the flight vehicle. For this reason, a tiine- 

step analysis was completed by rewriting Eqs. (74) and (76) into second-order linear 

differential equations. These equations were then integrated over a specified period of tiine 

using the Newmark inethod (Ref. 18). 



accelerations over an integration tirne-step are constant. The displacements and velocities are 

then calculated for each time step using initial conditions and the constant-acceleration 

assumption. The full development of the time-integration analysis is given in Appendix 7. 

The results from this analysis will be discussed in the following section, along with the stability 

roots and the mode shapes from Eqs. (74) and (76). 

D. Comparison of the Discrete-Element ~ ~ - I A I < W P  Stability Analvsis with the Three 

Previouslv Developed 'SI-IMWI' Stability Analyses 

As stated eariier, the discrete-element '1'1-IARWP stability analysis was based on a similar 

analysis developed for tethered aerostats (Ref. 5). In this previous work, the solutions were 

validated through their cornparison to experimental measurements of a tethered aerostat. 

However, the lateral motions were the primary focus of this previous work and, as such, only 

the lateral equations of motion were validated by the experimental results. In the analysis of 

the 'II-~ARWP, both the lateral and the longitudinal motions are of equal importance. Therefore, 

the ' I ' I ~ A R ~ ~  longitudinal equations of motion must be validated before they can be used to 

optimize the ' ~ ' H A I z ~ ~  desiçn. Although the longitudinal equations of motion were developed 

using the same methodology as the TIIAI<WP lateral equations of motion, this similarity alone is 

not sufficient evidence that the longitudinal equations are valid. For this reason, the simplified 

tether models were used to develop alternate analyses for the dynamic stability of the 

'1.1 IAKWP. By using the baseline 'i'1-1/zi<wi3 configuration in both the simplified analysis and the 

discrete-element analysis, the longitudinal stability results were coinpared. To facilitate this 

coin pari soi^, the baseline .i'I MRWP configuration, given in Appendix 1 ,  was modified for input 

into Triinstat in the following way: 

1 .  the interna1 tether damping was set to zero; 

2. the tether stiffness was increased by six orders of magnitude to simulate a rigid 

tether; and 

3 .  the tether was divided into two elements. 
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the TI IARWP that was analyzed in the modified string tether analysis discussed earlier. 

The root-locus plots resulting from the discrete-element analysis of the baseline 

'1'1-IARWP are given in Appendix 8. The control gain variations used to produce the simple 

tether mode1 results in Appendix 5 were also used in Trimstat to produce the results in 

Appendix 8. By comparing the two sets of root-locus plots, distinct similarities become 

evident. The lightly damped aperiodic pendulum modes are virtually identical. The fliçht 

vehicle pitching mode has maintained essentially the same high damping value but has become 

periodic with an oscillation frequency equal to o = 0.427 radis. Finally, the mode of motion 

characterizinç the interaction between the confluence point motion and the flight vehicle 

pitching motion has shifted sliçhtly and has become unstable. In addition to the similarity of 

the damping and frequency of the three stability roots, the variations of the stability roots with 

respect to the modification of the control gains are very similar. These similarities strongly 

indicate that the longitudinal analysis, using the discrete-element technique, is valid. 



A combination of  the trim-state analysis and the discrete-element stability analysis, 

both implemented in Trimstat, were used to evaluate eEects on the .~-IIAIZWI> stability and 

perfiormance due to variations in the fliçht-vehicle parameters. The trirn-state analysis 

calculated the equilibrium position and AOA of the flight vehicle, as well as the longitudinal 

tether profile. From the lateral perspective, the tether and flight vehicle were assumed to be in 

a perfectly vertical plane at equilibrium. The results from the trim-state calculation were then 

used in the stability analysis, which calculated the stability roots and the corresponding mode 

shapes for the 'rI IARWP. 

The stability roots provide information about the damping, oscillation, and stability 

associated with each mode of the TI-IAIIWP motion. The stability roots are either real or 

complex with a real and imaginary part. In either case, the real part of the stability root is the 

damping of the mode of motion corresponding to the stability root of interest. I f  the real part 

is less than zero, the mode of motion is stable and will diminish over time (convergent). 

Alternatively, if the real part is greater than zero, the mode of motion is unstable and, over 

time, the motion will exceed the physical limits of the TI-IARWI' (divergent). A complex 

stability root represents an oscillatory mode of motion. For both stable and unstable modes of 

motion (determined by the real part of the stability root) the damped natural frequency (in 

radis) of an oscillation is given by the magnitude of the imaginary part of the stability root. 

In addition to the stability of the different modes of motion, two other parameters are 

important for characterizing the ' i ' f - I A I ~ W P  modes of motion: the period of oscillation (only for 

oscillatory modes of motion) and the time-to-half or time-to-double amplitude. These 

paraineters can be calculated directly, as shown below, usinç the real and imasinary parts of 

the stability roots because the equations of motion developed for the ' I ' I IAI~WP,  given in 

Chapter 11, are in dimensional form. The stability roots and the two parameters of interest are 

çiven by the following: 
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T = -  2x seconds 
A, 

ln  3 
tx = t, = - seconds 

l'r1 

The time-to-half amplitude is especially useful since it indicates how quickly the TI.IAI<WP will 

converge to its equilibrium position following an atmospheric disturbance (assuming the mode 

of motion is stable). 

A. Formulation of the Optimization Framework 

The process of optimizing the 'I-i-IAI~WP was largely one of experimentation. Many 

different flight-vehicle parameters were modified to gain a sense of each one's impact on the 

overall performance and stability of the ~'I-IARWP. Before beginning, the primary goals driving 

the 'I'FIARWP optirnization were defined as follows: 

1. maximize the flight vehicle equilibrium altitude; 

2. minimize the drag of the flight vehicle (which will result in higher altitudes); 

3 .  ensure that al1 of the possible modes of motion are dynamically stable; 

4. minimize the time required for the 'I 'I~ARWP to return to the trim state following an 

atmospheric disturbance; and 

5. minimize the flight vehicle design complexity, which will reduce the cost and the 

empty weiçht of the flight vehicle. 

Through an initial trim-state investigation, it was discovered that the value of many of the 

flisht vehicle parameters greatly affected the equilibrium attitude of the '~'I-IAI<WP, specifically 

the flight vehicle AoA. If, while varying one flight vehicle parameter, the AOA exceeds the 

allowable Iimits for the given flight vehicle configuration, then other paraineters must be 

inodified to restore the AOA to an acceptable value. With multiple parameters being inodified 

simultaneously, the effect of any two parameter modifications would be dificult to compare, 

However, if the AOA is maintained at a specified value by inodifying one parameter for al1 

other parameter variations, then the results could be reasonably compared. The parameter 

chosen to compensate for A O ~  variations was the horizontal position of the confluence point 

because the flight vehicle AOA was most sensitive to variations of this parameter. Thus, using 

the fore-afi position (horizontal position) of the confluence point, the flight vehicle AOA was 
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AOA of zero degrees was chosen since this /\(>A will minimize fùselage drag. Note that the 

horizontal position of the confluence point, as well as the horizontal position of al1 other flight 

vehicle components, were measured relative to a reference point located at the nose of the 

flight vehicle (the "reference point"). A measurement aft of the reference point is positive. 

Additional constraints that were specified to define the 'il-IARWP optimization process 

included the following assumptions: 

1 .  the variation of the wind speed versus altitude was determined by data acquired 

from Ref. 1 I (see Figure 3); 

2. the tether was divided into six equal-length tether elements for the optimization 

process and then increased to twenty elements to ensure the stability of the higher 

order modes of motion; 

3.  the flight vehicle wingspan was fixed at 1 5 meters; and 

4. the flight vehicle mass was fixed at 100 kg. 

A flight vehicle with a 15 meter wingspan was estimated to have a mass of approximately 75 

kg. Therefore, a 25 kg payload resulted in a total flight vehicle mass of 100 kg. These final 

constraints provided the framework within which the flight vehicle was optimized. 

B. Discussion of the -i'r r m w p  Parameter Variations 

Afier a preliminary investigation of al1 of the possible flight-vehicle paraineter 

variations, the parameters that had the most significant effect on the pei-formance and stability 

of the 'II rAiiwi l  were identified for the in-depth 1'1 I A I ~ W I ,  optimization. These parameters were 

as follows: 

. the fliçht vehicle moments of inertia, l,, I,,, and l,,; 

. the tether material properties; 

the minimum angle of the tether at the attachment point; 

the dihedral of the wing; 
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- the horizontal location of the wing; 

- the horizontal location of the vertical stabilizer; 

- the horizontal location of a second vertical stabilizer, while the original vertical 

stabilizer remained in the position designated by the baseline 'I 'IIAI~WP 

configuration; 

- the horizontal location of the horizontal stabilizer; 

- the span of the horizontal stabilizer; 

- the horizontal location of a second horizontal stabilizer, while the original 

horizontal stabilizer remained in the position designated by the baseline Frriniiw~3 

configuration; and 

the six control gains: C,. Cc,, C,, C c ~ ,  C ~ M ,  and C c ~ .  

For tethered vehicles, the tether length is a significant factor in determining stability. 

However, for the '1'1-IARWP stability analysis, the tether length was not included as a variable 

parameter because it was calculated as part of the THARWP trim-state analysis and could not 

be varied directly. 

In a linearized dynamic stability analysis, such as the one developed for the 'ri-IAIW) 

and implemented in Triinstat, the longitudinal and lateral motions can be calculated 

independently. Consequently, the variations of certain flight vehicle parameters will affect 

only the longitudinal or the lateral motion. The stability roots affected by the r i ' ~ i ~ ~ < w i 3  

parameter variations, listed above, are discussed in the sections below and shown graphically 

in Appendix 9. Al1 stability roots not discussed are highly-damped stable roots associated 

with the interna1 vibrations of the tether. 

1 .  Moments of Inertia. llL-JnJ and 1, - 

Since the aerodynamics of the flight vehicle are not affected by variations of the flight 

vehicle's moments of inertia, the trim state of the 1.1 IARWP remains constant for al1 moment of 

inertia variations. Variations of the moments of inertia about the X and Z fliçht vehicle axes, 

1, and I,, affect only the lateral stability of the II IARWP. As shown in Figure A9.1, varying 

I, results in changes to two lateral stability roots: one aperiodic and one oscillatory. The 



vehicle rapidly converginç back to the trim-state position after a small perturbation. This 

mode of motion remains highly damped and stable for the entire variation of 1,. The 

oscillatory stability root characterizes the moderately damped lateral motion of the flight 

vehicle about the confluence point (independent of the tether motion). The damping of this 

motion, which has a time-to-half amplitude of approximately two seconds, slightly decreases 

with increasing lu, but remains stable for al1 values examined. 

Observation of the root-locus plot in Figure A9.2 shows that the oscillatory lateral 

motion of the flight vehicle about the confluence point is the only mode of motion affected by 

variations of 1,. As the magnitude of 1, is increased, the frequency of vibration decreases 

while the damping remains relatively constant. By referring to Figures A9.1 and A9.2, it is 

clear that the baseline THAIZWP configuration has one unstable, aperiodic, lateral stability root 

which is unaffected by the variations of both 1, and 1,. 

Of the three moments of inertia investiçated, only the moment of inertia about the Y 

axis of the flight vehicle, 1 ,  affects the longitudinal motions of the .SIIARWI>. The results from 

the variation of 1, are presented in Figure A9.3. Two oscillatory stability roots, one stable 

and one unstable, Vary steadily with 1,. The stable stability root characterizes a highly 

damped pitching motion of the flight vehicle about the confluence point (analogous to short 

period motion in traditional aircraft). For the baseline '1.1-IAIXWI), the period and tirne-to-half 

amplitude of this mode of motion is: 

T = 29.0 seconds tl,; = 0.7 seconds 

As would be expected for this type of oscillation, as I,, is increased, the oscillation frequency 

decreases. The second stability root affected by the variation of 1, characterizes an unstable 

oscillatory motion in which the flight vehicle horizontal- and vertical-velocity variations are 

coupled with vibrations of the tether. This unstable motion has the following characteristics 

for the baseline 'SI-IAI~WP configuration: 

T = 7.6 seconds tz = 2.8 seconds 
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fairly rapidly. As 1, is increased, the time-to-double amplitude increases from 2.43 seconds to 

3.78 seconds, and the period increases from 6.74 seconds to 9.44 seconds. These results 

indicate that increasing the flight vehicle's moment of inertia about the Y axis may aid in 

producing a stable -rI-mIzwr design. 

2. Tether Material 

Two different tether materials were investigated for use in the TI-IARW? high-strength, 

302 stainless-steel wire (Ref. 13) and light-weight Kevlar-49 string (Ref. 12). Kevlar-49 is a 

composite material known for its high strength-to-weight ratio and its high energy-absorbing 

characteristics. An investigation of these two tether materials was completed previously in the 

feasibility study. The preliminary results of this study indicated that the steel tether would 

allow the 'nrmwr to achieve higher trim-state altitudes while requiring a shorter tether. To 

ensure that this tether material selection was also optimum for the dynamic performance of the 

'I'IIARW?, the stability characteristics of the ' r k r m w i '  were evaluated for the two tether 

materials. 

Initially, the tether of the baseline TI-~ARWP configuration was specified as 1 .O mm 

diameter, high-strength, 302 stainless-steel wire. After evaluating the trim-state and stability 

performance of the baseline 'il-IARWP, the steel tether was replaced with a tether made of 5.0 

mm diaineter Kevlar-49 string. Note that this tether diameter is approximately the smallest 

practical size for a composite string of this kind. Upon evaluating the trim-state and the 

stability performance of the ' i ï - I ~ i i ~ 1 ~  usinç the Kevlar-49 tether it was found that, despite the 

fact that the density of 302 stainless-steel is almost eiçht titnes çreater than the density of 

Kevlar-49, the smaIler diarneter stainless-steel tether has a much lower associated drag force 

resulting in a better performinç 'i'i-IAI~WP. For comparison, the trirn-state tether profile for the 

'I'IIAIIWP, with both the stainless-steel tether and the Kevlar-49 tether, are shown in Figure 

A9.4. The longitudinal and lateral stability roots were calculated for both tether types and no 



material for the '1'1-IARWP is 302 stainless-steel. 

3. Tether Angle at the Attachment Point 

The tether angle at the attachment point is specified as part of the initial conditions for 

the trim-state analysis. When this angle is set larçer than O", the trim-state altitude is 

calcdated by iterating through successive tether elements until the tether element is found 

with the specified angle. In practice, if the tether angle at the attachment point is O", a small 

length of the tether, downwind of the attachment point, will Iay flat on the ground and the 

tether will begin to curve up to the flight vehicle. Then, if the tether was drawn in usinç a 

winch or a similar device, the total tether length would decrease and the angle of the tether at 

the attachment point would increase. In this study, the tether angle at the attachment point 

was varied from O" to 70" in 10" increments. In addition to the usual modification of the 

horizontal confluence point location, needed to maintain a constant flight-vehicle /\(>A, the 

tether element length was also varied for each tether angle setting. The tether element length 

was varied to allow the total tether length to shorten while maintaining six tether elements. 

The significant changes in the trim-state results, due to the variation of the tether angle 

at the attachment point, are shown in Figure A9.5. One important observation is that the 

minimum tether angle at the attachment point can be increased from O" to 30" without either a 

large decrease in the maximum achievable altitude or a large increase in the maximum tether 

tension (the confluence point tension). An additional consequence of increasing the minimum 

tether angle to 30" is that the total length of the tether decreases by approximately 2500 in, 

thus reduciiig the cost of the tether. The variations of the tether angle at the attachment point 

also effect the stabitity of the entire '1 '1 -IAI~WI) .  The effects on the longitudinal and lateral 

stability roots are shown in Figures A9.6a and A9.6b, respectively. In al1 cases, the 

magnitudes of the damping and the frequency increase as the tether angle at the attachment 

point is increased. This will iinprove the stability of those modes of motion that are already 

stable, but will also cause any unstable modes of motion to becotne more unstable. Therefore, 



,SI IAIZWI~ design only if al1 the stability roots are already stable. 

4. Flight Vehicle Winq Dihedral 

The dihedral variation of the flight vehicle's wing affected only the lateral stability of 

the 'i'r-~A~<wP. The dihedral was varied from - IO0 to 40° in 5" increments. The resulting affect 

on the lateral stability roots is shown in Figure A9.7. The three modes of motion that were 

discussed previously (with reference to the moments of inertia, 1, and lu) were those most 

affected by the dihedral variation. The highly darnped stable mode of motion became even 

more heavily damped with a new time-to-half amplitude of tl/, = 0.26 seconds. At a dihedral 

angle of 40°, the moderately divergent, unstable mode of motion nearly became stable with a 

new time-to-double amplitude of t2 = 9.97 seconds. The third mode of lateral motion affected 

by the dihedral angle variation was the moderatety-damped oscillatory motion of the flight 

vehicle about the confluence point. The frequency of this oscil1ator-y motion çrew steadily 

higher with the increase of the dihedral angle while the damping decreased at first and then 

began to increase again for dihedral angles above 25". These results, shown graphically in 

Figure A9.7, indicate that the dihedral variation of the flight vehicle's winç is an important 

variable in the design of an optimal -rr-r~~wr) design. 

5. Horizontal Position of the Flight Vehicle cc; 

The horizontal position of the fliçht vehicle's CG is a critical factor in deterrnining the 

stability characteristics of the TI-IARWP and will, naturatly, be an important factor in the design 

of an optimal 'i'f IARWI'. Therefore, the variation of the cc; position affects both the 

longitudinal and lateral motions of the 'i'rrmwi? To assess the impact on the longitudinal and 

lateral stability, the CG position was varied from 1.40 meters to 2.00 meters aft of the 

reference point. The stability roots that were significantly affected by the variation of the 

horizontal position of the ~ ( i  were plotted in root-locus plots for the longitudinal and lateral 

modes of motion (Figures A9.8a and A9.8b, respectively). The longitudinal root-locus plot 
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root became stable. The opposite effect occurred with lateral stability roots. As the flight 

vehicle's CG was moved aft, the unstable aperiodic lateral stability root became increasingly 

unstable and the stable aperiodic lateral stability root became less stable. In terms of the 

lateral stability, the only positive effect resulting from moving the flight vehicle's CG aft was 

the oscillatory stability root, which characterizes the lateral oscillations of the flight vehicle 

about the confluence point, becoming more stable. 

6. Horizontal Position of the Winq 

The horizontal position of the wing, as measured from the reference point to the 

aerodynamic center of the wing, is also critical in determining both the longitudinal and lateral 

stability characteristics of the 'r~-rmwr-). The wing position was varied from 1.60 meters to 

0.60 rneters aft of the reference point, and the resulting longitudinal and lateral stability roots 

are presented in Figures A9.9a and A9.9b, respectively. The results presented in the 

longitudinal root-locus plot show that, as the wing was moved fonvard on the flight vehicle, 

the unstable longitudinal stability root became stable. Therefore, by moving the wing in the 

opposite direction that the flight vehicle CG was moved, the same stability results are achieved. 

The lateral stability results for the wing position variation were also similar to those for the CG 

variations. As the wing was tnoved foward on the flight vehicle, the two lateral aperiodic 

modes of inotion, one stable and the other unstable, both became increasinçly unstable, while 

the oscillatory mode of motion became increasingly stable. 

7. Horizontal Position of the Vertical Stabilizer 

Using the span and mean chord of the vertical stabilizer specified in the baseline 

'1'1 I A I ~ W I ~  design, the position of the vertical stabilizer was varied from 2.0 meters in front of, 

to 6.0 ineters afl of, the reference point. This variation has no effect on the trim-state or the 

longitudinal stability characteristics of the 'i'l-i~iiwi~. However, the horizontal position of the 

vertical stabilizer does significantly affect the lateral stability characteristics of the ï ' i  i~i<wi) as 
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unstable aperiodic mode of motion became more stable. In addition, the frequency of the 

lateral oscillatory motion decreased as the vertical stabilizer was moved fonvard. These 

results are corroborated by previously completed work (Ref. l), which demonstrated the 

stability enhancing properties of a fonvard rnounted vertical stabilizer on rigid-wing kites. 

8. Horizontal Position of a Second Vertical Stabilizer 

With the benefit of a fonvard rnounted vertical stabilizer shown, consideration was 

given to adding a second vertical stabilizer to the flight vehicle. The horizontal position of a 

second vertical stabilizer was varied, while the original vertical stabilizer, as specified by the 

baseline 1'1-IARWP configuration, was retained. The specifications of the second vertical 

stabilizer were identical to those of the baseline vertical stabilizer. The position of the second 

vertical stabilizer was varied from 2.0 rneters in front of, to 6.0 meters aft of, the reference 

point. These variations affected only the lateral stability characteristics of the '1'1-IARWI'. The 

results, shown in Figure A9.11, are very sirnilar to the results for the variation of the position 

of the original vertical stabilizer: see Figure A9. IO. In this case, however, the stabilizing effect 

is not as great due to the presence of the aft vertical stabilizer. 

9. Horizontal Position of the Horizontal Stabilizer 

The position of the horizontal stabilizer was varied to determine its affect on the 

longitudinal stability of the 'l'lIARwi3. Usinç the horizontal stabilizer span and chord defined by 

the baseline 'IIIAI~WI' ,  the position of the horizontal stabilizer was varied from the baseline 

position, 6.0 ineters afi of the reference point, fonvard to the reference point. Unlike the 

examination of the vertical stabilizer, a change in the position of the horizontal stabilizer 

caused the trirn-state AOA to change. Therefore, with every variation of the horizontal 

stabilizer position, the horizontal position of the confluence point was modified to maintain a 

trim-state AOA equai to 0'. Despite the resulting confluence point variations, the lateral 

stability characteristics were unaffected by the horizontal position variation of the horizontal 



3LSLUIlILGI. f i s  expectea, me iongtruainai stamiity characteristics were çreatly attected by these 

variations (see Figure A9.12). Upon observation of the results in Figure A9.12, the most 

significant result was that the unstable oscillatory mode of motion became stable as the 

position of the horizontal stabilizer neared the nose of the flight vehicle. By comparison, the 

other stable root shown was affected only slightly. The position of the horizontal stabilizer 

will be very important in the optimization of the w w w r ' s  dynamic performance. 

1 0. The S ~ a n  of the Horizontal Stabilizer 

Also of interest was the importance of the horizontal stabilizer's span in determining 

the longitudinal stability characteristics. Using the baseline '1'1-IARWP configuration, the 

horizontal stabilizer span was varied from 2.0 to 5.0 meters. The results, shown in Fiçure 

A9.13a, were surprising since they indicate that the unstable oscillatory pitching motion of the 

flight vehicle will become more unstable as the area of the horizontal stabilizer is increased. 

This result may indicate that the moments generated by the aerodynamic forces acting on the 

horizontal stabilizer are critical in causing the flight vehicle's pitching motion to become 

unstable. This is consistent with work completed in Ref. 1 where, by moving the horizontal 

stabilizer forward on the flight vehicle, the unstabIe oscillatory pitching motion became stable. 

To investiçate the effects of horizontal stabilizer span variations further, the horizontal 

stabilizer was positioned at the nose of the flight vehicle and then the span was varied the 

same as before. The results indicate that, once the oscillatory pitching motion is stable, 

increasing the horizontal stabilizer span improves the stability of the '1'1-IARWP (see Figure 

A9.13b). 

1 1 .  Horizontal Position of a Second Horizontal Stabilizer 

As was done in the analysis of the vertical stabilizer, the effects on the longitudinal 

' I ' I - IA~~WI) stability characteristics were calculated for a second horizontal stabilizer. The 

position of the second horizontal stabilizer was varied from 6.0 meters aft of, fonvard to 0.5 

meters in front of, the reference point. By comparing the results of this parameter variation, 
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A9.12, the longitudinal stability in both cases is affected in the same rnanner. However, due 

to the presence of the original horizontal stabilizer, the magnitude of the effects on the 

longitudinal stability are smaller. 

12. Flight Vehicle Control Gains 

The flight vehicle control gains are the coefficients that relate the magnitude of the 

control forces and moments to the translational and rotational perturbations of the flight 

vehicle's ca (relative to the attachment point). The three control gains, Cc,, Cc,, and Cc,, are 

based on the translational perturbations, x, y, and z, respectively. Similarly, the three control 

gains, Cc,,, CcM, and CcN, are based on the rotational perturbations, 4, 8, and \p, respectively. 

The control forces and moments generated as a result of these control gains are idealized. 

That is, the exact forces and moments are specified to act on the flight vehicle's CC; without 

any consideration as to how these forces and moments may be generated in practice. The 

longitudinal control gains are Cc,, Cc,, and Ccnr, and the lateral control gains are Cc,, Cc,., and 

CCN. 

The motivation for including control gains in the l'IIAI2Wl~ stability analysis was the 

anticipation of instabilities that are inherent in high-altitude, tethered vehicles such as the 

T I I A ~ < ~ \ ' .  Although the goal of the nrhiiwr optimization was to design a stable ~'IIARWI) ,  it is 

possible that the final ITIARWP design may still have unstable modes of motion during 

deployment, normal operation, and recovery. In these cases, additional control forces and 

moments, implernented through an onboard control system, would be required to stabilize the 

W .  In order to obtain a sense for how each control gain will aRect the '1'1-t/ziiwil 

stability, a general variation of each control gain was performed and the results presented in 

root-locus plots. The results from the variation of the lonçitudinal control gains are shown in 

Figures A9.15a, A9.15b, and A9.15c, while the results for the variation of the lateral control 

gains are shown in Figures A9.l6a, A9.1 Gb, and A9.16~.  Many of the modes of motion that 

were affected by the previously-discussed parameter variations were also affected by the 



- - - 
unstable modes of motion, the control gains will be used in an attempt to force the unstable 

modes of motion to become stable. However, as shown in Figures A9.1 Sa-c and A9.16a-c, 

the control gains can not be used soiely to stabilize the 'rr I A I ~ W ~ ) .  

C .  Airframe Modifications Discussed 

The motivation for the study of the parameter variations discussed above was to assess 

the behaviour of the stability roots while different 'rrmmw parameters were varied. ln the 

final step of the optimization process, the knowledge gained above was used to selectively 

modi@ different -rI - imwt> parameters. The goal of these modifications was to improve the 

'1'1 IARWP'S stability characteristics over those of the baseline -ri ~AIZWP. Many different TI IARWP 

configurations were analyzed during the optimization process. As the THARWI' optimization 

progressed, the parameters that were most usefil in improving the stability of the '1'1-IARW~' 

were as follows: 

. the position of the second horizontal and vertical stabilizers; 

. the area of both the original, and the second horizontal and vertical stabilizers; 

the position of the wing; 

the dihedral of the winç; and 

the position of the confluence point. 

As a result of these pararneter iterations, the final optimized TI-IARWP design was stable in ail 

modes of motion without the need for any control gains. However, there were several modes 

of motion, in both the longitudinal and lateral sense, that were very nearly unstable. In  

addition, during the launch and recovery phases of ' i ' rr~nwi)  operation, the tether will be 

shorter than it was optitnized for and may cause the -1'1-IARWP to become unstable (Ref. 1). 

For these reasons, several control gain combinations were analyzed culminating in the 

following control gain settings: 

Cc, = -10.0 N/m C,, = -10.0 N/m 

Cc! = O N/m Cc,, = - 150.0 N-inIrad 
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in conjunction with the stability-root anaIysis to better visualize the type of oscillations the 

'I'I,IARWP wouId experience when disturbed. The time-step analysis requires a set of initial 

disturbance forces which cause the 'ri-IARWP to oscillate. The initial disturbance forces were 

calculated to simulate an increased wind speed of 5.0 d s ,  in both the longitudinal and the 

lateral directions, for a tirne duration of 0.5 seconds. After 0.5 seconds the wind speeds 

returned to their equilibrium values (lx., the disturbance forces return to zero). The 

longitudinal and lateral responses following the initial disturbance are shown in Figures 

A9.17a and A9.17b. These figures illustrate how the heavily damped motions diminish 

rapidly, while the long-term motions are defined by the lightest damped and the lowest 

frequency motions. 

The final optimized TI-IARWP design differs from the baseline 1.1-IARWP design in the 

following ways: 

- the span of the aft horizontal stabilizer was increased to 4.0 meters; 

an additional horizontal stabilizer, with a span of 3.0 meters and a chord of 1.0 

meters, was positioned 1 .O meter in front of the reference point; 

a second vertical stabilizer, identical in span and mean chord to the originaI one, 

was also positioned 1 .O meter in front of the reference point; 

. the flight vehicle cc; was moved aft to a new position of 1.53 meters aft of the 

reference point; 

the wing dihedral was increased to 15'; and 

the position of the confluence point was moved fonvard to 1.39 1 meters aft of the 

reference point. 

The complete specifications for the final optiinized '1'1-~/\r<wi' configuration, including the 

control gain settings, are listed in Appendix 10. The final '1.1-ihi<wi' configuration is shown 

schematically in Figure A 1 O. 1 .  



The linearized, discrete-element stability analysis developed above is limited to 

describing the -rr r.lziiwi>'s small-perturbation characteristics. When stability analyses are 

developed for traditional aircraft, the small-perturbation stability characteristics are generally 

considered to be a good indication of the overall stability characteristics. Although the 

extension of this assurnption to the TI-WRWP may be valid for constant operating conditions, 

inevitably there will be situations when the atmospheric conditions will deviate from those 

specified for the THARWP'S equilibrium. The atmospheric condition most likely to Vary 

significantly is the prevailing wind speed. Where wind-speed variation is experienced, the 

forces acting on the ~IWRWP woutd either force it to move to a new equilibrium position or 

cause the 'rr-WRWP to become non-linearly unstable. Evaluation of the impact that these 

atmospheric variations may have on both the trirn-state and stability of the Ti-iAi<wf3 is not 

possible with the linearized stability analysis developed in this research. Only a non-linear 

stability analysis developed for the TIWRWP would allow the evaluation of these types of 

motions. Therefore, the control system developed by using the linearized discrete-element 

stability analysis is for enhancing the stability of the 'SHARWI' with respect to small 

perturbations only. 

The TIMRWP optimization process, discussed in Chapter 111, resulted in a -rr rmwi3 

design that is dynamically stable without the need for an additional control system. However, 

upon closer investigation, several longitudinal and lateral modes of motion were nearly 

unstable. For this reason, the control gains were optimized to improve the 'rr IARWP'S dynamic 

stability. The control gains that were finally chosen (see Appendix 10) determine the required 

behaviour of the 'ri IARWi, control system. 

As discussed in Section 111, the control gains define the magnitude of the control 

forces and moments acting on the flight vehicle's cc; for a given flight-vehicle perturbation. 

Tliese control forces and moments inay be generated by deflecting control surfaces located on 

the wing and on the vertical and horizontal stabilizers, both fore and aft. The algorithin 

governing the deflection of these control surfaces must account for the aerodynamic 

characteristics of the flight vehicle. This is crucial since generating a particular force or 
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deflection of a combination of the available control surfaces. The final component required to 

implement the control system is a method for accurately rneasuring, in real-time, the absolute 

position and attitude of the flight vehicle. To accomplish this, one of two systems could be 

used: 

1. a Global Positioning System ( c m )  receiver would monitor the absolute position of 

the flight vehicle while rotational accelerometers would provide flight vehicle 

attitude changes; and 

2. both translational and rotational accelerometers would provide the flight vehicle 

position and attitude changes. 

Due to advances in the electronics industry, the components required for either of these 

systems are very small and lightweight. Implementation of either control system may be 

suitabIe for the Tl-IARWP. 



The goal of this research was to show that the 'I'IIAI<WI> could provide a simple, 

inexpensive, and stable alternative to tethered aerostats for positioning payloads at high 

altitudes. Helium-filled, tethered aerostats are currently used for positioning payloads at 

higher altitudes. However, these tethered aerostats are very complex and expensive, and are 

sensitive to atrnospheric variations which may result in large variations in the payload position. 

Previous research on tethered vehicles has generally focused on tethered aerostats or 

objects towed behind aircraft or boats. The analyses developed in these previous works have, 

for the most part, drastically simplified or omitted altogether the contribution of the tether to 

the dynamics of the total system. However, one of these previous studies focused specifically 

on the development of an accurate tether model, where the tether was rnodeled by using a 

discrete-element technique that allowed for the evaluation of the dynamic tether motions. 

Since the tether dynamics are an important component of the total '1'1-IARWI' motion, the 

discrete-element tether rnodel was impIemented in the TI-IARWP stability analysis. 

The feasibility of the nImwr3 concept was completed by developing a trim-state 

analysis which calculated the equilibrium position of the tether and the flight vehicle. Through 

this analysis, it was shown that an example T I - ~ W P  is capable of positioning a payIoad mass 

of 25 kg at approximately 15 km altitude. Subsequent to the trim-state analysis, the v i ' i . i ~ i < ~ ~ >  

stability analysis was developed usinç the discrete-elernent tether model. The research 

through which this model was originally developed focused primarily on the lateral motions of 

a tethered aerostat. As a result, onIy the lateral implementation of the discrete-element tether 

model was validated. Thus, before the 'i'f-i/\i<wi3 longitudinal equations of motion were used to 

optimize the ' i ' r i m w r  design, their validity was confirmed by comparing t heir results wit h 

results frorn a '1'1-IAKWP stability analysis based on a simple tether model. 

The optimization of the 'I'~-IAI<WI' design demonstrated that a high performance fliçht 

vehicie could be made stable . Although most high-altitude tethered vehicles are inherently 

unstable, a stable -rI-rnnwi' was achieved by manipulating many of the design parameters. The 

parameters found to be tnost influential in deterrnining the stability characteristics of the 
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vehicle's CG. The resulting TI-IARWP desiçn was stable without the need for any control gains, 

at its operational altitude. However, the margin of stability was very small for some modes of 

motion. Therefore, control gains were used to improve the margin of stability for the 

optimized TI-~ARWP design. 

The T I - I A R ~ P  stability analysis was developed using several assumptions. The most 

sijnificant of these was that the tether and the flight vehicle experience small motions only. 

One of the implications of this assumption was that the results from the stability analysis, as 

well as the control-system design, were valid only for small perturbations of the ' r i i~nw~).  

Although this was a significant limitation, the atmospheric conditions can be assumed 

reasonably constant over a limited period of time. If, at some fùture time, the characterization 

of the TI-IARW'S performance and stability for larger perturbations are desired, then a non- 

linear stability analysis of the TMARWP will be required. 
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General Specifications 

Flight vehicle mass (includes payload) 
Horizontal position of the flight vehicle's CC; 

Vertical position of the flight vehicle's CG 

Horizontal position of the confluence point 
Vertical position of the confluence point 
1, moment of inertia 
1, moment of inertia 
1, moment of inertia 
1, moment of inertia 
Tether material density 
Tether elastic modulus 
Tether diameter 
Tether cross-flow coefficient of drag 
Tether axial-flow coefficient of drag 
Interna1 tether darnping 
Minimum tether angle at the attachment point 

Flight Vehicle Wing 

Span 
Root chord 
Tip chord 
Lift-curve dope 
Maximum coeficient of lie, CLmj.u 
Coefficient of moment, CM 
Dihedral 
Leading edge sweep 
1/4 line sweep 
Incidence angle 
Zero lift  angle 
Horizontal position of the aerodynamic center (AC) 

Vertical position of the AC 

Position of the AC aR of the leading edge 
(given as a percentage of the mean chord lengtli) 

Zero lift downwash angle 

100.0 kg 
1.5 m 
0.05 m 
1.5 m 

-0.5 rn 
1500 kg m2 
1700 kg m2 
2000 kg m2 

10 kg m2 
7860 kg/m3 
200 GPa 

0.001 m 
0.8 
o. 1 
0.0 N s/m 
O" 



Horizontal Stabilizer #1  

Span 
Mean chord 
Lie-curve slope 
Horizontal position of the Ac 
Vertical position of the AC 

incidence angle 
Zero lia angle 

Vertical Stabilizer # 1 

Span 
Mean chord 
Lift-curve slope 
Horizontal position of the AC 

Vertical position of the AC 

Horizontal Stabilizer #2 

Span 
Mean chord 
Lift-curve slope 
Horizontal position of the K 

Vertical position of the AC 

Incidence angle 
Zero lia angle 

Vertical Stabilizer #2 

Span 
Mean chord 
Lifi-curve dope 
Horizontal position of the AC 

Vertical position of the AC 



Fuselage 

Total enclosed volume 
Maximum width 
Maximum height 
Width at '/a fuselage length 
Heiçht at '/4 fùselage length 
Width at % fuselage length 
Height at % fùselage length 
Characteristic length 
Total length of the fuselage 
Fuselage lift-curve dope 
Height of center of pressure 
Horizontal position of the volume center 

Control Gains 



The simple ? ' I -~ / \R~I )  equations of motion were developed by combining the flight 

vehicle equations of motion with expressions for the external forces applied to the flight 

vehicle due to the tether attachment. The flight vehicle equations of motion were based on the 

general equations of unsteady motion traditionally used to analyze the stability of aircrafi 

(Refs. 6, 7). These equations including the forces and moments due to the tether attachment 

at the confluence point (denoted by the subscript ,,), are as follows: 

X + X,, - mgSINO = m(Ù + QW - RV) (2.1 a) 

Y + Y,, + rngCOSOSINQ = m ( ~  + RU - PW) (2.1 b) 

Z + Zcp + mgCOSOSM0 = m ( ~  + PV - QU) (2.1 c) 

Using the small perturbation linearized technique, the following assumptions can be applied to 

the developrnent of the ï'l-VWWP stability analysis: 

1.  the variables U, V, W, P, Q, R, O, a, Y, and the forces and moments can be 

expressed in terms of an equilibrium component and a perturbation component: 

U = U,+u, P =  p,+p, @=9,+9, X =  X, + AX, etc.; 

2. only first-order terms will be retained; 

3 .  for the reference flight condition, the flight vehicle is fixed in space and has no 

angular velocity (v, = p, = q, = r, = 4, = \l/, = 0); 

4. the stability axes are chosen such that w, = O and Un = U,,; 

5. trigonometric fùnctions can be simplified as follows: 

SIN(0, + 8) = SIN8, -+ 8COS8, 

COS(8, + 8) = COS8, - 0SIN8, 



ny appiying rne aoove mies ana DY sumacttng out tne rererence riignt conaition, ~ q s .  (2 .  I a-t) 

become: 

AX + AX,, - mgBCOS0, = mu 

AY + AY,, + mg@COSB, = m(Y + ru,) 

AZ + Mc, - mgBSIN8, = m(w - qU,) 

AL + AL,, = 1,,p - l,,i 

AM + AM,, = 1,q 

AN + AN,, = -i,,p + i,i 

Now, the A() terms can be defined in terms of the flight vehicle's dimensional stability 

derivatives as follows: 

AX = Xuu + X w w +  AX, (2.3 a) 

AY= Y,v+Ypp+Yrr+AYc (2.3 b) 

A2 = Zuu + Zww + Z,w + Z,q + AZ, (2.3 c) 

AL = L,v + L,p + Lrr +ALc (2.3d) 

AM = Muu + Mww + M,w + M,q + AM, (2.3 e) 

AN = N,v + N,p + N,r + AN, (2.30 

Substitut ing Eqs. (2.3 a-f) into Eqs. (2.2a-f) gives the general ri'i-IARWi~ equations of motion: 

mgûCOS0, + m u  - Xuu - Xww - AX, = AX,, (2.4a) 

mi. - mg$COS0, - Y, v - Y, p - (Y, - mU,)r - AY, = AY,, (2.4b) 

rngBSINB, - Z,u - Z,w +(m - Zy )w -(mu, + Z,, )q - AZ, = AZ,, (2 .4~)  

I,,p-1,:-L,v-L,p- L,r-AL, =ALc, (2.4d) 

l y , q - M , , ~ - M , v ~ - M y w - M , q - A M c  = AMc, (2.4e) 

1 , ; - Ixxp-Nvv-N,p-N,r -AN,=AN, ,  (2.49 



- 

motions of the flight vehicle are described by two independent sets of equations. The 

longitudinal motions are descnbed by Eqs. (2.4a, c, e) and the lateral motions are described by 

Eqs. (2.4b, d, f). 

The next step in developing the 'i'i-IARWP equations of motion is to define the tether 

geornetry at the confluence point. The diagrams in Figure 2. la and Figure 2.1 b show both the 

lateral and longitudinal geometry of the tether as well as the coordinate systems used to relate 

the flight vehicle to the tether. From these diagrams, the force acting on the flight vehicle at 

the confluence point can be written in terms of the dope of the tether at the confluence point. 

Figure 2.1 a. Lateral view of the simple tether mode1 

Then, for the small perturbation analysis, the tether coordinates, E l ,  ë2, and ë, , can be 

transformed to the flight vehicle coordinates, Ï i ,  , Ï i 2  , and iï, , using: 

(S. 6a) 

(2. Ga) 

(2.6a) 



'r 

Figure 2.1 b Longitudinal view of the simple tether mode1 

Applying the coordinate transformation in Eqs. (2.6a-c) to Eq. (2.5) gives the following: 

Further, if slope terms are split into equilibrium and perturbation components, the perturbation 

components of Eqs. (2.7a-c) become: 



-. ..-- - *  \ , "'"'~"'V' "'" " ""."""". " " a  , d V . . V . . C ,  U.... 

(') indicates the perturbation component. 

By referring back to Figures 2.1 a and 2.1 b, the perturbation components of the moments 

acting on the flight vehicle due to the cable are: 

With the force and moment inputs known for the flight vehicle, the relationship 

between the flight vehicle's coordinates, fi,, iï,, and ii,, and the attachment point 

coordinates, à,, Z 2 ,  and a,, is derived. These coordinate systems are shown schematically in 

Figure 2.2. First, the expression for the velocity of the flight vehicle's CG can be written as 

follows: 

By applying the coordinate transformations given by Eqs. (2.6a-c) to Eq. (2.1 O), the velocity 

of the flight vehicle's CG is given by: 

Now, assuming small perturbations of X, Y ,  and z in Eqs. (2.1 1 a-c), the velocity 

transformations become: 

u = ( U ,  +x)  

v = -Uo\ll + Y  

w = u,,e + i 



Figure 2.2. Coordinate systems used for the simple tether 
TI-NIWP analysis 

Further, these velocities are transformed into the attachment point coordinates, a , ,  à?, and 

à,, and given in terms of &L,, t) , &L,, t )  , and Y(L,, t) . First, the velocity at the tether 

point is: 

- 
where: R = pK, + qÎï2 + riï3 

- 
R, = x,,,n, + z.,.,n, 

and, with the small perturbation assumptions on p, q, and r, and the inverse o f  Eqs. (2.6a-c), 

the velocity at the tether point can be expanded fùrther to: 

At the same tirne, the velocity at the tether point can also be expressed in terms of &L,, t ) ,  

&L,, t) , and Y(L,, t ) ,  and the attachment point coordinates, 5, , E 2 ,  and à,. This 

expression cornes from the observation o f  Figure 2.2. 
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- 
el = - cos a, + sin & a, and ë, = - cos oi Z, - sin i% Z, 

Eqs. (2.14) and (2.15) are combined to give expressions for &L,, , t)  , C(L,, t) , and ?(L,, r )  

as follows: 

&L,, t)  = - c o s G ( ~  ~Bz . , . , , )  - sin a(z - Bx,) 

<(L,, t)  = sin E(x  + Bz.,,,) - cosE(i  - ex,) 

The final step in the development of the coordinate transformation is to manipulate Eqs. 

(2.16a-c) to get expressions for X .  Y ,  and 2 .  By taking [ ~ q .  (2.16a).sinn 

+ Eq. (2.16~) -COSE] we get: 

i = - i ( ~ ,  , t) sin Ei - &L,, t)  cos6 + ex,, 

Similarly, by taking [ E ~ .  (2.16a). cosE - Eq. (2.16c)~sin a] we get: 

Then, assurning that 6 is arranged such that t ( ~ , , t )  » t ( ~ , . t ) ,  the final form of the 

velocity transformations are given by: 

ln addition to Eqs. (2.17a-c), a transformation was required to relate the change in the 

direction cosines for a vector froin the 2 - 2 coordinate system to the c(L,, t)- S(L,, t )  

coordinate system. From figure 2.3. we can see that the transformation is simply as follows: 

cos III ' = cos($' + 8') = cos 4' cos 8' - sin 4' sin 8' 

sin III'  = sin($' +Of) = sin $'cosO'+ cos@'sin 8' 



Figure 2.3. Direction cosines for an arbitrary vector, V 

In the form given above, the transformation is not usefùl. However, these equations can be 

expressed in terms of the tether siope at the confluence point by using the following relations: 

cos \,\ = [Z) 
1 

sin [ IJ = (3 
1 

d5 sin = (-)(Ln. 3s t) 

By cornbining these terrns with the two equations above, the expression for ($)(Ln, t) is 

found to be: 



conditions resulting in an expression in terms of (-)(L,, , t)  and the first and second time as 
derivative of c. 

KI To simplifi the solution of the longitudinal equations of motion, (---)(Ln. t) is 

written in terms of using the following approximations: 

1.  

2. 

3. 

4. 

5. 

Using the 

expression 

the tether is approxirnately straight; 

the tether experiences small, rigid-body type perturbation rotations about the 

attachment point; 

the smail perturbation component of is given by a = < / P  where C is the 

distance from the attachment point to the confluence point (the tether length); 

referring to Figure 2.4, x = X + X' is the tether slope angle in the - 6 reference 

frame; and 

the small perturbation component of the tether slope, X' , is equivalent to the srnall 

perturbation tether rotation angle, a. 

expression for the sine of the tether angle in the C, - E, reference frame, the 

Kl for the perturbation quantity of (-)(Ln, t) is given by: 
dS 

At this point, al1 of the component equations have been developed and the final step in the 

development of the 'I'I.IARWP equations of motion will be the combination of the correct sets of 

equations into a form that facilitates their solution. 



Figure 2.4. Tether geometry used to estimate the tether dope 
perturbation 

Longitudinal Solution 

The longitudinal problem is defined by the small perturbation 1.1-IARW equations, Eqs. 

(2.4a7 c, e), the cable force equations, Eqs. (2.8a, c), the auxiliary condition, Eq (2.9a), the 

velocity transformation, Eqs. (2.12a, c), and the transformation equations, Eqs. (2.17a. c) and 

(2.18). First, substitute Eqs. (2.12a, c) into Eqs. (2.4a, c, e) to give: 

Next, substitute Eqs. (2.20a-c) into Eqs. (2.8a, c) and (2.9a), and write the results in the 

following form: 

[ ] X + [ ] Z + [ ] 0 + control terms 

The resulting equations are as follows: 



- X,.,,mgsin 8,}8 + AM, - Z,rpAXc + X.rlJZc = O (2.2 1 a) 

1 d' 
'U X +  -[m-Z,I-- - - d {-[Tl.} {T, dt' [;]:t//+{~l-uo~w -zqlz 

1 + -[mg sin 8, - u,z,] 
TO 1 

The coordinate transformations can now be substituted into the three above equations: Eqs. 

(2.17a, c )  into Eq. (2.2 1 a), and Eqs. (2.18) and (2.19) into Eqs. (2.2 1 b, c). The result is the 

system of two second-order differential equations in terms of <(Ln, t) and 8 that describe the 

longitudinal, small perturbation motion of the -nu\izwr: 

d' d' 
[{[mzm,lz+[Mu - Z,,.Xu + dt [ rn~ . , .  - M, - x.,.,z*]- dt' 



Next, the control expressions must be defined in terms of <(Ln ,t) and 0 and substituted into 

Eqs. (2.22a, b). By referring to Figure 2.2a. the expression for the position of the T I - ~ N < ~ P  

mass center can be written as follows: 

x,, = ~~~~~~~~~~~~<(l,,t)sin Z+X,.,.  cos8+~, . ,  sine 

z,, = k(L,. t)sin <r +C,(Ln, t) cos& - X .,.,. sin 9 + Z.,.,, cos0 

Assuming that ii is arranged such that c(L,,,  t) remains essentially constant for small 

perturbations, the above equations then become: 

x, ,  = -r(Ln , t) sin a + (- X .,.,, sin O ,  + Z .,.,, cos0,)0 

z,, = <(Ln. t) cosoc + (- X .,., , cosû,, - Z .,.,. sin 8,,)0 

Finally, the control expressions are written as fùnctions of Eqs. (2.23a, b): 



The substitution of Eqs. (2.23a, b) and (2.24a-c) into Eqs. (2.22a, b) completes the 

longitudinal equations of motion for the IHARW. These equations can be written in matrix 

form as follows: 

M o + i I & + K g = Q  -- (2.25) 

where: g = [:] , and 

M D and K contain the constant coefficients from Eqs. - 9  - 7  

(2.22a, b) following the above mentioned substitutions. 

The method of solving this set of two second-order differential equations is to rewrite the 

equations as four first-order differential equations by defining the following variable: 

The combination of Eqs. (2.25) and (2.26) give the system of four first-order differential 

equations as follows 

where: 

The roots for Eq. (2.27) can now be calculated using traditional eigenvalue solver techniques 

(Ref. 19). These techniques were implemented in the computer program called jdd-meth.cpp, 

a listing of which is given in Appendix 1 1 .  



The lateral problem is defined by the general small perturbation TfIAKWI' equations, 

Eqs. (2.4b, d, f), the cable force, Eq. (2.8b), the auxiliary conditions, Eqs. (2.9b, c), the 

velocity transformation, Eq. (2.12b), and the coordinate transformation, Eq. (2.17b). First, 

substitute Eq. (2.12b) into Eqs. (2.4b, d, f )  to give: 

Now apply the cable force terms, Eq. (2.8b), and the auxiliary conditions, Eqs. (2.9b, c) to 

Eqs. (2.28a-c) to give the following: 

+ AN, - X.,.,AY, = O (2.29a) 

+ AL, + Z.,.,,AYC = O (2.29b) 
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system of three second-order differential equations that describe the lateral, small perturbation 

motion of the TI-IARWP: 

+ AN, - X.,,,AY, = O (2.3 0a) 

d d' 
L, +Z.,.,,L~ + ~ : , ~ ~ ) - + ~ . ] . ~ r n g c o s 0 ~  (lx, +mx,,z.,-,)-+(L, + Z  .,.,, Y, 

dt dt' 

d 
- Z.,pL, - X ~ , Z * ~ ~ Y , ) - -  Un Lv - Z-rpUo Y, il, + AL, + Z.,.,AY, = O (30b) dt 1 

- u,Y,] il, + AY, = O (2.3 Oc) 

As with the longitudinal solution, the control expressions must be defined in terrns of the 

appropriate variables and substituted into the three above equations. The control expressions 

can be written as: 
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motion for the '1'1-IARWI? Again, the set of three second-order differential equations were 

rewritten in matrix form as six first-order differential equations and solved in the same manner 

a s  the longitudinal equations. The lateral solution techniques were also implemented in the 

computer program called jdd-meth.cpp listed in Appendix 1 1 .  



Rigid "String1' Tether Model 

The equations of motion developed in Appendix 2 for the simple 'SI-IARWP analysis 

account for the motion of the confluence point and the flight vehicle, excluding the effects of 

the tether length, shape, mass, or drag . The analysis developed below begins with the 

linearized general equations of motion from the simple TI-IAIIWI' analysis and includes the 

effects of the tether length. The tether is modeled as a rigid-link, excluding aerodynamic and 

inertial erects, that connects the confluence point to the attachment point. This analysis is 

based on previous work completed for the analysis of tethered aerostats (Ref 4). As in Ref. 

4, only the longitudinal equations of motion will be developed since the purpose of this 

analysis is to validate the longitudinal portion of the discrete-element -1.1-IARW~' analysis. As 

shown in Figure 3.1, the rigid string tether, of length L, is positioned relative to the ground at 

an angle of a = a,, + AG and the tension within the tether is give by T = T,, + AT, where the 

A( ) terms are the small perturbations from equilibrium, ( ),. 

1 "' 

Figure 3.1. Rigid "string" tether mode] 



mgBCOS8, + mu - X,u - Xww - AX, = AX,, (3. la) 

mgBSIN0,-Z,u-Zww+(m-Z,)w-(mU,+Z,)q-AZ,=AZ,, (3.Ib) 

l , ~ - M u ~ - M , ~ - M i v ~ - M , ~ - A M c = A M , ,  (3.  Ic) 

Now, the A terms, the vetocities, u and w, and the accelerations, u and w ,  need to be 

expressed in terms of the flight vehicle pitch angle, 8, the tether angle, &, and the tether 

tension, T. First, the expressions for the forces and the moment acting on the flight vehicle 

due to the tether tension at the confluence point need to be derived. From inspection of 

Figure 3.1, the tension forces acting on the confluence point are given by: 

Xi, = TCOS& 

Zf, = Tsin & 

and the resulting forces acting on the flight vehicie's center of mass are given by: 

X,, = X:, cos9 - Z:, sine 

Z,, = Z:, cos8 + X:, sin0 

Substituting Eqs. (3.2a, b) into Eqs. (3.3a, b) and retaining only the small perturbation 

quantities gives the following expressions for the tension forces acting on the flight vehicle's 

CG : 

AX,, = ATcos6, -AGT, s ina ,  -0T, sina,, 

AZ,, = AT sin a,, + A s  T, cos &, + 8 T, cos &, 

From observation of Figure 3.1, the pitching moment acting on the flight vehicle can be 

written simply as: 

AMc, = AXcpZ, ,.,, - AZc,,X-,.,, ( 3 . 4 ~ )  

The velocities and accelerations of the flight vehicle, relative to the attachment point, 

are determined by calculating the first and second time derivative of the expressions describing 



written as follows: 

where: L is the tether length, and 

Rvw is the distance from the flight vehicle's CG to the confluence point. 

Assuming only small perturbations occur and subtracting the equilibrium quantities, the above 

equations become: 

AXf, = AG Lsin -02, 

AZ:, = -AG L  COS^, + ex.,, 

Noting that: XTp = RTp sin y and 

ZTp = RTP COSY 

The velocities and acceierations are then 

u = 6 LsinG,, -&,.,, 

w =-&~cos i%,  +ex.,, 

u = 6 Lsin &, - &,., 
w = -a L COSG, + ex.,,, 

Finally, the control ternis in Eqs. (3. la-c) are given by: 

G , ,  + G,,, - 0 
dt 1 
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linearized equations of motion for the .SI-IARWP with a rigid string, tether. The complete 

equations are çiven as follows: 

d7  d 
(m L S ~ ~ ~ , ) - + ( X , L C O ~ ~ , ,  - X,Lsina, - ~ , , ~ s i n o i , ) -  

dt' dt 

+(mg cosû, +T, sin Z, + z,G,)]€~ +[- COSG,]AT = O (3. Sa) 

d 
- m u o  - Zq - x,.,G,) - +(mg sin €ln - T,, cosâ,, - X,,,G,)]€I 

dt 

+[- sin  AT = O (3.8b) 

+ (T~X-,.,, cosiin + TnZ .,,. sin a, - G,)]o 

+ (x.,.,. sin G ,  - Z.,.,, c o s Z , ) ~ ~  = 0 

Equations (3.8a-c) can be written in tnatrix forin as follows: 

M , LI ,  and K contain constant coefficients from Eqs. (3.Sa-c) 



solution is of the followinç form: 

Substituting this expression, along with its first and second derivatives, into Eq. (3.9) gives a 

fourth-order polynomial characteristic equation. Note, the characteristic equation is only 

fourth-order since there are no AT or AT terms in Eqs. (3.8a-c). The roots for Eq. (3.9) can 

now be calculated using traditional root finding techniques (Ref. 19). These techniques were 

implemented in the computer program called jdd-strg.cpp which is listed in Appendix 12. 
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Modified Rigid "String" Tether Model 

As a fbrther enhancement to the equations developed in Appendix 3, the complexity of 

the tether mode1 will be increased by including general aerodynamic and inertial effects (Ref. 

4). As with the rigid string tether model developed in Appendix 3, the analysis developed 

below uses the linearized general equations of motion developed in Appendix 2 and then 

includes the aerodynamic and inertial forces acting on the tether. The tether model, shown in 

Figure 4.1, is assumed to have a general curvature and the wind velocity, U,, is assumed 

constant over the length of the tether. If the tether remains nearly straight during its motion, 

the velocities and accelerations along the tether can be approximated by the following: 

4(s,  t) = ~ q t )  <(S. t) = s b(t) 

where: S is the position along the tether, thus, 

S = O for the attachment point, and 

S = L for the confluence point location. 

Figure 4.1. Modified rigid "string" tether model 



- --,-. \ . . - -, -, -..- W..V y-. &UL UULLVII U 3 J U l I l ~ L I V I I ,  UIG UI as L U I  Lc aLllllf; il1 l i lt:  

position S along the tether can be written as: 

f$, t) = 2KpRU, sin a ~ & ( t )  (4.2a) 

where: K is the tether cross-flow coefficient of drag, 

p is the average air density over the length of the tether, and 

R is the tether radius. 

Also, the inertial force acting at the position S along the tether can be given by: 

f , ( ~ ,  t) = t) = ,3,sG(t) 

where: p, is the mass per unit length of the tether 

Therefore, the total forces acting on the tether due to aerodynamic and inertial effects are 

calculated by integrating Eqs. (4.2a, b) over the length of the tether. These total forces are 

given by: 

L 

FD = If; ds = K ~ R U , L '  sin a & 
O 

The drag and inertial forces described in Eqs. (4.3a7 b) Vary linearly from zero at the tether 

attachment point to their maximum value at the confluence point. Since these force 

distributions are triangular in nature, the total force distribution can be approximated by 

applying 213 of the total force, Eqs. (4.3a, b), at the confluence point as follows: 

Assuming only small perturbations occur, Eq. (4.4) can be written in terms of the flight 

vehicle's stability axes: 

7 -  - - - 
Tqx = - 5 ~ p ~ ~ " L ' s i n - a ,  a - f p , ~ ' s i n a ,  a 

- - - - 
Tqz = f K ~ R U , L ~  sin &, cosa, 6 + f p,L2 cosa,, a 
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Appendix 3. Also, the velocities, accelerations, and control terms can be taken directly from 

the analysis developed in Appendix 3 .  Finally, the longitudinal linearized equations of motion 

become: 

d3 
(m L + f p,12)sin G ,  -+(x,Lcos~?, - X , ~ s i n  a, - ~ , ~ s i n Ô i ,  

dt' 

d d 2  
~ ~ ~ ~ ~ , ~ ' s i n ' ~ ~ ) - + ( ~ , s i n ~ ,  - ~ , L s i n o i , )  a:+ (-mZ,.,,)- 

dt 1 [ dt' 

d' d 
+Z,,, s i n~ , ) ]G+  (1, - M.x,.,,)-+(M,z,.,, - M,X,.,, - M,, - G , , ) ~  

dt' 

+(T,x.,.,, cos6, + T,Z.,,, sin E 0  - G,)]O 

+ (x,,, sin a, - Z,.,, cos  AT = O 



- - 

These methods are implemented in the computer program called jddmass.cpp which is listed 

in Appendix 13.  
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Simple Tether Model 
X Gain Varied 

Real 

String Tethr: ?Jodel 
X Gain Varied 

-1.2 -1 -0.8 -0.6 -0.4 -0.2 O 0.2 0.4 O. 6 

Rea l 



Modified String Tether Model 
X Gain Varied 

-7.2 -1 -0.8 -0.6 -0.4 -0.2 O 0.2 0.4 O. 6 

Real 

Simple Tet her Model 
Z Gain Varied 

Real 
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Z Gain Varied 

Real 

Modified String Tether Model 
Z Gain Varied 

Real 
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Pitch Gain Varied 

Real 

String Tet her Model 
Pitch Gain Varied 

Rea l 
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Pitch Gain Varied 

- 1 -0.8 -0.6 -0.4 -0.2 O 0.2 

Real 
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Derivatives 

The discrete-element analysis of the '~HARWP combines the linearized first-order 

equations of motion developed for airplanes in Ref. 6 and 7 (used here to describe the motions 

of the flight vehicle) with the tether equations of motion formulated using a discrete-element 

tether model. In order to use the linearized first-order equations of motion to describe the 

dynamics of the flight vehicle, the non-dimensional stability derivatives, which are an integral 

part of these equations, must be defined for the flight vehicle. These non-dimensional stability 

derivatives will be estimated using a combination of the methods established previously in Ref. 

6, 7, 15, and 16, and are presented below, organized in terms of the longitudinal and lateral 

non-dimensional stability derivatives. For reference, the following list contains frequently 

used subscripts and superscripts, and their meanings: 

( ),, lifting surface or wing, ( horizontal stabilizer, 

( )a vertical stabilizer, ( )filsc fiiselage, 

( )"" relating to the aerodynamic center of the flight vehicle 



The u Derivatives 

CxIl = Cza1 = CML1 = O since these are significant only in the following instances (which 

do not apply to the THARWP): 

1 .  transonic speeds; 

2. transitional Reynolds Nurnber; and 

3 .  extremely low Reynolds Number. 

The a Derivatives 

w 
Aspcct 
Ratio 

where: CL is the trirn-state coefficient of lift for the flight vehicle; 

(c,) is the trim-state lift-curve dope; and 

e is the Oswald's eficiency factor for the fliglit vehicle. 

where: is the trim-state coefficient of drag for the flight vehicle 

where: X,, and Z,, are the horizontal and vertical positions of the flight vehicle's 

center of gravity (CG) and 

X,, and Zn, are the horizontal and vertical positions of the flight vehicle 

neutral point (estimated by using traditional stability theory) 



nose of the flight vehicle fùselage. 

The q Derivatives 

where: XI, is the horizontal position of the aerodynamic center (AC) of the wing; 

S and i5 are the reference area and chord, respectively; 

ql9 is the ratio of the dynamic pressure at the lifting surface with the free 

stream dynamic pressure; and 

(z),s the rate of change of the lifting surface downwash with respect to 

changes in the non-dimensional pitching rate of the flight vehicle (this term 

is always zero for the 'u-imwr fliçht vehicle since there is no surface 

upstream of the wing to cause any downwash at the wing). 



where: aht is the lift curve dope for the horizontal stabilizer and 

& ht is the horizontal tail moment a m  (distance from the flight vehicle's CG 

to the AC of the horizontal stabilizer). 

where: A is the sweep angle of the lifting surface ac line 

The & Derivatives 

* & = 4.44[K,KiKll (cos hi l )X]1 '9  (Kef 7) 



\ b l  

where: Kj is a fùnction of the fuselage fineness ratio (set to K3=0.75 for a 

reasonably streamlined fùselage); 

(VOI),~~ is the enclosed volume of the fuselage; 

V,., = is the horizontal tail volume coefficient for the flight vehicle; 
SC 

A% is the sweep angle of the lifting surface quarter-chord line; 

h is the taper ratio for the lifting wing of the flight vehicle (ratio of the root 

chord to the tip chord); and 

b is the wing span. 

where: X,, is the horizontal position of the volumetric center of the fùselaçe 



The P Derivatives 

where: qvt is the ratio of the lateral dynamic pressure at the vertical stabilizer to the 

free stream lateral dynamic pressure; 

da 
- is the sidewash factor (approximately zero for a large aspect ratio 
ap 

wing and a narrow fuselage); 

Ki is based on the position of the wing relative to the fuselage (Ref. 16); 

Ki = 2.0 for a high-wing configuration 

Ki = 1 .O for a mid-wing configuration 

Ki = 1.5 for a low-wing configuration 

PL. ),, is the lateral lift-curve dope for the fuselage; (Ref. 16) 

(C L1 )h 
= 0.0525 /rad for rounded fùselages 

= O. f 243 for rectangular fuselages 

(c,~,,) is the lateral lifi-curve dope of the vertical stabilizer; and 
Vt 

r is the wing dihedral angle. 



 CL^)^, = - f r ( ~ L . ) ~ ~  

where: & is the height of the vertical stabilizer's AC relative to the flight vehicle's 

CG; 

(z,,),,~ is the height of the fuselage center of pressure relative to the flight 

vehicle's CG; and 

((2,") is the trim-state coefficient of lift for the wing. 
1s 

X x 
(C 1 i-,,.., = -0.96 KI (*)(*)(:) (?) ( R e f  1 6) 

sin A + b(h n w - h cg) 2 1 1  (Ref. 7) 
AR 
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flight vehicle7s CG; 

hi ,  w,, and h2, w2 are the heights and widths of the fuselage at YI the length 

and 3/4 the length of the fùselage, respectively; 

h, is the non-dimensional position of the neutral point of the wing 

referenced to the wing leading edge; and 

h, is the non-dimensional position of the flight vehicle7s CC; referenced to 

the winç leading edge. 

The p Derivatives 

z v t  (c,.) vt = v t ( - 2 . 2 - + ] ( C y  b % 'A (Ref. 16) 

1 b,sS,s A +- - - ( c )  (Ref. 16) 
AR +4cosA AR 1 b S 

where: qs is the ratio of the lateral dynamic pressure at the wing to the free streain 

lateral dynarnic pressure and 

1s 
7 is the change in sidewash due to a change in the flight vehicle roll 
8~ 

rate. 



plnnl'orm 

where: (C , p )  is dependant on the dihedral and taper ratio of the wing (set to 
plmform 

-0.58 for A = O  and h= 1.0) 

- 1s - 
îrorn Rcf  14 from Rc f. 14 

(this is estirnated from the drag polar of the wing airfoil) 
Is 



- where: c,, is the mean aerodynamic chord of the vertical stabilizer and 

5' is the change in sidewash due to a change in the flight vehicle yaw 
ar 

rate. 

AR(I - B') AR B + 2cos Ag tan' Ag 
1+- Z B ( A Ï C J  + AR B + 4 cos/\,: 

(Ref. 7) 
IS ARB+ZcosA tan2A,: 1 + 2% 

AR B + 4cosAï; 8 

b - 
AR = - 3 the aspect ratio 

S 

B = 41 - M' COS' A% 

where: M is the mach number for the flight vehicle at equilibrium 





The ' I ' I - I A R ~ ~ '  equations of motion, developed using Lagrange's equations and a 

discrete-element tether model, were transformed into first-order linear differential equations to 

facilitate the calculation of their solutions. In order to use the Newmark method, the 

longitudinal and the lateral equations of motion, Eqs. (74) and (76), must be rewritten in the 

form of second-order linear differential equations. The longitudinal time step analysis will be 

discussed first. 

Recall the form of the longitudinal equations of motion from Eq. (73) as follows: 

The equivalent second-order system of equations is given by: 

where: = [X z 0 6T y B  qT] is the 2N+5 element state vector; - 

M , C , and K are the mass, dampinç, and stiffness matrices, - 

respectively, constructed from Eqs. (57), (62a-d), (66a, c, e), (70a, c, e), 

and (72a, c); and 

F,. are forces and moments acting on the 'ri-IARwil due to longitudinal 

external disturbances. 

Once the substitutions are made for M , C , and K , the Newmark method can be used to 

integrate the longitudinal equations of motion over a specified time duration. Let At be the 

constant time step for which the accelerations are assumed constant. Using the Newmark 

method, the equations for the displacements and the velocities are as follows: 



where: cav = + (<' - t  + C r  -ti& ) 

Through substitution of Eqs. (7.2a-c) into Eq. (7.1) at t = t +At, the following recurrence 

formula can be written in terms of an effective stiffness matrix and load matrix: 

2 4 
where: = K + -C + -M is the effective stiffness matrix and (7.3b) 

At - At2- 

is the effective load matrix 

Note that the effective stiffness matrix is independent of time and, therefore, can be evaluated 

prior to the integration. For each time increment the effective load matrix is evaluated, the 

effective stiffness matrix is then inverted, and the displacements at t = t +At are calculated 

using : 

Subsequently, the velocities and accelerations at time = t +At can be calculated by substituting 

the displacements frorn Eq. (7.4) back into Eqs. (7.2a-c). This process was repeated until the 

end of the specified analysis duration, and this results in the total response of the *i'r rAiiwi3 to 

some çiven disturbance. Note that there must be an initial disturbance force or moment in 

order for there to be any motion of the -rr-inizwi). 

The lateral time-integration analysis was developed in the same way as above. The 

only difference was the initial system of second-order linear differential equations. The lateral 

equations of motion froin Eq. (75) were as follows: 



'I' where: - 11 = [v p r [I, p, hyi q'r] - 

The equivalent second-order system of equations is given by: 

M , C , and K are the mass, damping, and stiffness matrices, - 

respectively, constructed from Eqs. (61), (62e-i), (66b, d, f), (70b, d, f), 

and (72b); and 

F, are forces and moments acting on the T I - I A R ~ '  due to lateral external 

disturbances. 

The remaining fateral time-integration analysis is developed in the identical manner as the 

longitudinal analysis, substituting Eq. (7.5) for Eq. (7.1). Both the longitudinal and the lateral 

time-integration analyses were implemented as subroutines contained in the C++ file called 

suprkit3.cpp, which is part of the Trimstat source code listed in Appendix 14. 



Discrete-Element Tether Model 
X Gain Varied 
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Discrete-Element Tether Model 
Z Gain Varied 

-0.4 

Real 
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Discrete-Element Tether Model 
Pitch Gain Varied 



Figure A 9 1  
I, = 1000 ... 2000 kg m2 

Real 

Figure A9.2 
1, = 1500 ... 2500 kg m2 

Real 



Figure A9.3 
1, = 1200 ... 2200 kg m2 

Real 

Figure A9.4 
Trim-State Tether Profiles vs. Tether Material 

Down-wind Distance (m) 



Figure A9.5 
Effects of Minimum Tether Angle Variation 
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Figure A9.6a 
Long. Stability Roots vs. Minimum Tether Angle 

Real 



Figure A9.6b 
Lat. Stability Roots vs. Minimum Tether Angle 
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Figure A9.7 
Wing Dihedral, T = -10~. . .40~ 

Real 



Figure A9.8a 
Long. Stability Roots (X,, = 1.40. ..2.00) 

-0.5 

Real 

Figure A9.8b 
Lat. Stability Roots (X,, = 1.40 ... 2.00) 

Real 



Figure A9.9a 
Long. Stability Roots (X,, = 1.60 ... 0.60) 

-0.4 

Real 

Figure A9.9b 
Lat. Stability Roots (X,, = 1.60 ... 0.60) 

Real 



Figure A9.10 
Lat. Stability Roots vs. Vertical Stabilizer Position 
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Figure A9.11 
Lat. Stability Roots vs. Second Vertical Stabilizer Position 
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Figure A9.12 
Long. Stability Roots vs. Horizontal Stab ilizer Position 
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Figure Ag. 13a 
Long. Stability Roots vs. Horizontal Stabilizer Span (Afi) 
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Real 



Figure Ag. 13b 
Long. Stability Roots vs. Horizontal Stabilizer Span (forward) 

Rea l 

Figure Ag. 14 
Long. Stability Roots vs. Second Horizontal Stabilizer Position 
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Figure Ag. 15a 
Ccx = -50...50 
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Figure Ag. 15b 
Cc= = -50...50 
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Figure Ag. 15c 
CcM = -500.. .5OO 
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Figure Ag. 16a 
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Figure Ag. 16b 
CCL = -500.. -500 
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Figure Ag. 16c 
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Figure A9.17a 
Time-Step Analysis - Longitudinal 

Time (seconds) 

Figure A9.17b 
Time-Step Analysis - Lateral 
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General Specifications 

Flight vehicle mass (includes payload) 
Horizontal position of the flight vehicle's cc; 
Vertical position of the flight vehicle's CG 

Horizontal position of the confluence point 
Vertical position of the confluence point 
1, moment of inertia 
1, moment of inertia 
1, moment of inertia 
1, moment of inertia 
Tether material density 
Tether elastic modulus 
Tet her diameter 
Tether cross-flow coeflïcient of drag 
Tether axial-flow coefficient of drag 
Internai tether damping 
Minimum tether angle at the attachment point 

Flight Vehicle Win3 

Span 
Root chord 
Tip chord 
Lift-curve slope 
Maximum coefficient of lift, CLmaX 
Coefficient of moment, CM 
Dihedral 
Leading edge sweep 
YI line sweep 
Incidence angle 
Zero lif? angle 
Horizontal position of the aerodynamic center (AC) 

Vertical position of the AC 

Position of the AC afi of the leading edge 
(given as a percentage of the mean chord length) 

100.0 kg 
1.53 m 
0.05 in 

1.391 m 
-0.5 m 

1500 kg m2 
1700 kg m2 
2000 kg m2 

10 kg m2 
7860 kg/m3 
200 GPa 

0.001 m 
O. 8 
0.1 

100.0 N s/m 
zoo 

Zero l i f i  downwash angle 



Horizontal Stabilizer # 1 

S pan 
Mean chord 
Lie-curve slope 
Horizontal position of the AC 

Vertical position of the AC 

Incidence angle 
Zero lift angle 

Vertical Stabilizer # 1 

S pan 
Mean chord 
Lift-curve dope 
Horizontal position of the AC 
Vertical position of the AC 

Horizontal Stabilizer #2 

S pan 
Mean chord 
Lifi-curve slope 
Horizontal position of the AC 

Vertical position of the AC 

Incidence angle 
Zero lift angle 

Vertical Stabilizer #2 

S pan 
Mean chord 
Lifi-curve slope 
Horizontal position of the AC 

Vertical position of the AC 



Fuselaqe 

Total enclosed volume 
Maximum width 
Maximum height 
Width at '/4 fùselage length 
Height at '/4 fuselage length 
Width at 3/4 fuselage length 
Height at % fuselage length 
Characteristic length 
Total length o f  the fùselage 
Fuselage lie-curve siope 
Height of  center of pressure 
Horizontal position of the volume center 

Control Gains 

ccs -10.0 
ccz -10.0 
Cco -50.0 

Figure A1O.l. 3 - View Diagram of the Optimized THARWP 



uui I ipurci r i uyi ai I I  L I ~ L I I  IY IVI LI lt: I n n K v v r  ~ L ~ U I I I L Y  nr larysls 
Based on the "Simple" Tether Model 

Xifndef -JDD-METH-H- 
Xdefine _JDDMETH-H- 

void balanc(doub1e **a, int n); 
void elmhes (double **a, int n) ; 
void hqr (double **a, int n, double *wr, double *wi) ; 
void nrerror (char error-text [ ]  } ; 

JDD-METH-CPP 

//Eigen Value Calculation for JDDMethod 

ginclude 
# include 
Xinclude 
#include 
Xinclude 
Xinclude 
#include 
#include 
Pinclude 
#include 
#include 
ginclude 

cstdio .h> 
cetdlib. hr 
cmath. h> 
efloat .h> 
eexcept . h> 
<dos . h> 
estring. h> 
ciostream.hs 
ciomanip.h> 
cfstream.h> 
"matrix. hl' 
jdd-meth. hW 

const double pi=3.141592654; 
int proceed=O; 
const double res=20.0; 
char *filename = ~rootslcs.txtl~: 
fstrearn deet; 

//Function to set which gain will be varied and what the limite are 
int GainSet(matrix &G) 

( 
int test; 
proceed=O; 
do 

I 
cout<c"\n\nWhich control gain would you like to vary?:\nw; 
coutcc"1. GX\t\tl'; 
cout<cU2. GXd\nN; 
cout<cM3. GZ\t\tU ; 
coutccf14. G Z d \ n w ;  
cout<cV5. ~~\t\tl'; 
coutc<"6. GMd\n\nW; 
 COU^<<^^. ~ ~ \ t \ t l # ;  
cout<c4*8. GNd\nw; 
coutcc"9. GL\t\tM; 
coutcc8*10. GLd\nl ' ;  
cout<c"ll. GY\t\tM: 
coutcc~l2. GYd\nw ; 
cout<c"\nPlease enter the number of your choice: "; 
cin>>test; 
cout<c"\n\nW ; 

switch (test) 

( 



&. 
case 3: 
case 4: 
case 5: 
case 6: 

//Longitudinal Control Vector 
//Zero the control gain array 
matrix-zero(<;); 

- fpreset ( )  ; 
coutc<"\n\nPleaee enter the lower limit of the chosen gain: "; 

cin>>G(teet, 1) ; 
coutcc"\nNow the upper limit of the chosen gain: "; 
cin>>G(test, 2) ; 
G(test,3)=G(test, 1); 
proceed-2; 
break : 

case 7: 
case 8: 
case 9: 
case 10 : 
case 11: 
case 12: 

//Lateral Control Vector 
//Zero the control gain array 
rnatrix-zero(G); 

- fpreeet ( ) ; 
coutcc"\n\nPlease enter the lower limit of the chosen gain: "; 

cin>>G(test-6,l): 
coutcc"\nNow the upper limit of the chosen gain: "; 
cinssG(test-6.2); 
G(test-6,3) =G(test-6,l) ; 
proceed=3; 
teet-=6; 
break ; 

default : 
c~utc<~\n\nYou have made an invalid selection\n\nU; 
proceed=O; 
break ; 

1 
}while (proceed==O 1 ; 

void main ( ) 

{ 
int i, j , choice, select, invflag, flag; 
matrix G(6,3) ,M(3,3) ,M1(2,2),D(3,3) ,D1(2,2) , K ( 3  
matrix Minv(3,3) ,Mlinv(2,2) ,Dp(3,3) ,Dlp(2,2) ,Kp 
double **m,*er,*ei; 
double mass,b,S,dens,AR,Xcg,Zcg,Xls,Zls,Xcp,Zcp ,Xtp, Ztp,Xf, 1x2, Ixx, Iyy, Izz,Re; 
double Kvisc,Nfg,Azll,dEpeilondq,VH,CWo,cpo,bf; 
double grav,Uo,Thetao,To,dZdS,dYdS,dXdS,dSigfdP,~weep,dSigfdr,dSiglsdr; 
double Xnp,Znp,taper,croot,ctip,cmean,cewp,B,Mach,Temp,Sside,dSigl~dP; 
double Nf,Nle,Nlsl,dSigmadB.Ki,Vol,Gamma,Sf,Zf,Z~pb0dy,KB,lbody,hmax,hl,h2,wl,w2; 
double If, af, cf, abody, als,  il^, ihe, CLo, CDo, CNbCL, CnpZ,Cnp2, C D ~ ~ B ,  Cnrl, Cnr2; 
double KA,Klam,KH,dEpsilonda,Xt,Zt,lt,bt,ct,St,at,Xcv,atether,ath,ddS; 
double C d o f , C y b f s , C y b f , C y b b o d y , ~ y b l s , C y b , C L b f , C b b o d y ;  
double CNbf , CNblsac, CNbls, CNb, cypbody, Cypf , CypXeac, Cypla , Cyp , CLpbody ; 



----A- -16 A ,  ~ ~ L A P ,  & = A ,  GUI L , LULLU, ~ u & L u v ,  L U L  LbdG, LUrl.8, LLX; 

double CNrfac,CNrf,CNrlsac,CNr1s,CNr,Yv,Yp,Yr,Lv,Lp,Lr,Nv,Np,Nr; 
double Cxu,Czu,~u,Cxalpha,Czalpha,Cma1pha,Czalphals,Czqlsac,Czql~,Czqt,Czq; 
double Cxalphals,Cxqloac,Cxq1s,Czadot,Czadotbody,Czadotls,Czadott; 
double Cmadot , Chiadotbody, Cmadotls, Cmadott , Cxcpo, Czcpo, Cmqlsac, Cmqls, Cmqt ; 
double Cmq, Xu , Xw , Zu , Zw, Zwdot , Zq, Mu, MW, Mwdot , Mq, Lth; 

//Def ine al1 Kite parameters 
//Total Kite 
mass=50.0; 
Xcgsl-5; 
Zcg=O. 05; 
Xcp=l.31; 
zcp=-O -5; 
Xtp=Xcg-Xcp; 
ZtpsZcg- Zcp; 
Xnp=1.70; 
Znp=O .lS; 
Thetao=O.O; 
To=l63.3; 
dZdS=O -945265405; 
dYdS=O .O; 
dXdS=O.326302486; 
CD0=0.1593875390; 
atether=15.0; 
ath=atether*pi/lSO.O; 
Lth=18000; 
ddS=l.O/lth*cos(asin(dZdS) 
Nfgz0.9; 
Ixz=lO . O ; 
Ixx=1500.0; 
Iyy=1700.0; 
Izz=2000.0; 

//Aireraft maes (kg) 
//distance of CG £rom nose ref. pt. 
//distance +ve up of CG above nose ref. pt 
//distance of confluence pt. £rom nose ref. pt. 
//distance of confluence pt. above nose ref. pt. (+ve above) 
//distance of confluence pt. in front of CG 
//distance of confluence pt. below CG 
//distance of neutral pt. from nose ref. pt. 
//distance of neutral pt. above nose ref. pt. (ive above) 
//Aireraft Equilibrium AOA (degrees ) 
//Cable tension at equilibrium (Newtons) 
//SIN of longitudinal cable angle at cp 
//COS of lateral cable angle at cp 
//COS of longitudinal cable angle at cp 
//Coeff. of Drag for kite at ref. AOA 
//Angle of tether at ground (degs) 
//and in radians 
//Length of tether (meters) 
ath);//approx. for change in Eta with cable length 
//Fudge factor for Czq calculation 

/ / 
/ /  
/ /  
/ / 

//Wing Span (meters) 
//Wing root chord (meters) 
//Wing tip chord (meters) 
//distance of wing ac from nose ref. pt. 
//distance of wing ac above nose ref. pt. 
//Wing liftcurve slope 
//Incidence angle of wing (degrees) 
//Zero Lift Line angle for the airfoil (deg) 
//Wing Dihedral angle in radians 
//Wing 1/4 chord sweep (degrees) 
//ratio of velocity at 1s with freeetream velocity 
//ratio of lateral vel. at 1s with freestream lat. vel. 
//dsigma-ls/dP-hat 
//Change in sidewaeh with yaw rate at wing 
//Taper ratio of wing 
//Mean wing chord (meters) 
//Wing area (square meters) 
//Aspect Ratio 

CLo=als*(ils+Thetao+Azll)*pi/180.0; //Coeff. of lift of the wing at ref. AOA 

//Horizontal Stabilizer 
Xt=6.0; 
Zt=0 -1; 
at=4 .O; 
bt=3.0; 
ct=0.5; 
ihs=0 .O ; 
St=bt*ct; 
lt=Xt-Xcg; 
VH=~t*lt/~/cmean; 

//distance of horizontal stab. mac £rom nose ref. pt. 
//distance of horizontal etab. rnac above nose ref. pt. 
//Horizontal Stab. lift curve slope (/rads) 
//Horizontal Stab. span 
//Horizontal Stab. chord 
//Incidence angle of Horizontal Stabilator (degrees) 
//Horizontal Stab. Area 
//Distance from wing rnac to Horizontal Stab. rnac 
//Horizontal Tai1 Volume Coefficient 



//distance of vertical fin cp above Nose ref. pt. (+ve above) 
//Fin lift curve slope (/rads) 
//Fin mean aerodynamic chord 
//Fin height 
//Fin drag coeff. reference 
//ratio of velocity at fin with freestream velocity 
//Change in side-wash with sideslipe angle 
//Change in aidewash with yaw rate at vertical fin 
//deigma-fin/dp-hat 
//Fin area 
//Distance from wing rnac to fin mac 

//Fuselage 
Xcv=1.3; //distance of volume center from nose ref. pt. 
Ki=2. O; //2 for high wlng 
abody=0.0525; //Fuselage lateral liftcurve slope /rads 
Vol=l .O; //Fuselage Volume 
Zcpbody=O.l; //Distance of body cp above nose ref. pt. 
Sside=l.O; //Area of fuselage side (m2) 
lbody=G.O; //~otal length of fueelage 
hmax= 0 . 5  ; //F'uselage Maximum height 
hl=0.45; //F'uselage height at 1/4 length 
h2=0.15; //F'ueelage height at 3/4 length 
wl=O .22; //Fuselage width at 1/4 length 
w2=0 .1; //F'uselage width at 3/4 Xength 
KB=0.257*Xcg/lb0dy+0.00266667*p0~(1b0dy/hma~,2.0)-0.06*1b0dy/hmax+0.30733; 

//Atmoepheric 
grav= 9.8 1 ; //gravity (m/s2) 
dens=0.38857; //Air deneity at altitude (kg/m3) 
Kvisc=0.000037060; //Kinematic Viscosity (rn2/s) 
Temp=220.0; //Temperature at given altitude 
U0=8 .75 ; //Prevailing Wing velocity (m/s) 
dEpsilondq=0.001; //change in downwash with change in pitch rate 
~ach=~o/pow((l.4*287.DS*Temp),0.5); //Mach number 
Re=Uo*cmean/Kvisc; //~eynold's number for the wing 

/ /General 
CNbCL=O.Ol; //CNbeta/pow(Coeff of lift.2) - >  Etkin or NACA 1098 

//could refine with an equation in future 
CLppf=- O. 58 ; //(CLp)planform ->  Etkin or NACA 1098 (pg 20) 
Cnpl=-0.08; / /  - >  Etkin or NACA 1098 
Cnp2=8.5; / /  - >  Etkin or NACA 1098 
CDpls=O.Oll; //Change in CDo for le wrt AOA (/degree!!!) 
CLrCLo-0.28; / /  - >  Etkin and Reid pg 351 
Cnrl=-0.005; / /  - >  Etkin or NACA 1098 
Cnr2=-0.3; / /  - >  Etkin or NACA 1098 
//Change in Downwaeh with change in alpha 

KA=l.O/AR-l.O/(l.O+poW(AR,1.7)); 
Klam= (10.0-3.0*taper) / 7 . O ;  
KH=(l.O-fabs( (Zt-Zls)/b) )/pow(2.0*1t/bI 1.0/3.0) ; 
dEpeilonda=4 . 4 4 * p o w ( K A * K 1 a m a K H a p ~ ~ ~ ~ ~ s  (sweep*pi/180. O), 0.5),1.19) ; 

CWo=rnaes*grav*2.0/dens/pow(Uo,2.0)/S; //Coeff. of Weight 
//Coefficient of Vertical tether force at the cp. 

Czcpo=(To*dZdS)/(0.5*dens*pow~Uo,2.0)*S); 
//Coefficient of Horizontal tether force at the cp. 

Cxcpo= (To*dXdS) / (O .5*dens*pow(Uo, 2.0) * S )  ; 
//Coefficient of tether Moment 

Crncpo= (To*dXdS* ( Zcg-Zcp) i-To*dZdS* (Xcp-Xcg) 1 / (O. 5*den~*pow (Uo, 2 .  O) *S*cmean) ; 

//Calculate the Longitudinal non-dimensional stability derivatives 
//U derivatives 
/ /  x 
CxLl=O. O: 



//Alpha Derivatives 

/ /  x 
~ x a l p h a = ~ L o - ~ ~ p l s * 1 8  O. 0/pi; 

//q derivat ives 

/ /  x 
~xal~hals=(~~o-CDp~s*18O.O/pi); 
Cxqlsac=Cxalphale; 
~xqls=-~xalphals*(2.0"(Xcg-~ls)/cmean+dEpsilondq~*N£g+~xqleac*Nfg; 

//alpha-dot derivatives 

/ /  z 
Czadotbody=-2.0*0.75*~01/S/cmean; 
Czadotle=O.O; 
Czadott=-Z.O*at*VH*dEpsilonda; 
Czadot=Czadotbody+Czadotls+Czadott ; 

//Calculate the Lateral non-dimensional stability derivatives 

//Beta derivatives 

/ /  y 
~ybfs=-(af+Cdof)*Sf/S; 
Cybf=Nf*(l.O-dSigmadB)*Cybfs; 
Cybbodys-Ki*abody*pow (Vol, (2.0/3.0) 1 /S; 
Cybls=-0.75*als*pow (sin(Gamma) , 2  -0) ; 
Cyb=Cybf+Cybbody+CybIs; 



//P derivatives 

/ /  L 
CLpbody=- ( Zcg-Zcpbody) /b*Cypbody; 
CLpf =-1 . l* ( Zcg-Zf) /b*Cypf; 
CLplsac=CLppf; 
CLpls=-(Zcg-Zls)/b*Cypls+CLplsac; 
CLp=CLpbody+CLpf+CLpls ; 

//R derivatives 

/ /  
C L r f  =- (Zcg- Zf) /b*Cyrf: 
cswp=cos(sweep*pi/l80.0); 
B=pow ( (1-pow(Mach*cswp, 2. O) ) , O  .SI ; 
CLrCL=(l.O+AR*(l.O-pow(B,2.0) ) / ( ~ . O * A R * ( ~ * E + ~ . O * C S W ~ ) ) + ~ A R * B + ~ . O * ~ S ~ )  

/(~R*B+4.0*cswp)*pow(tan(sweep*pi/l80.0),2.~)/8.0)/(1.0+(~+~.~*ce~~ 
/(AR+4.0*cswp)*pow(tan(sweep*pi/180.0),2.0~/8.0~*C~r~L0; 

CLrlsac=CLrCL*CLo; 
CLrles-(Zcg-Zls)/b*Cyrls+CLrlsac; 
CLr=CLrf+CLrls; 

//Calculate the Dimensional Stability derivatives 



// L 
Lv=O.S*dens*Uo*b*S*CLb; 
Lp=O. 25*dens*Uo*pow (b, 2.0) *S*CLp 
Lr=0 .25*dens*Uo*pow (b, 2.0) *S*CLr 

trY { 
m = new double* [71 ; 
for (int j = 1; j c 7; j++) 

m [ j ]  = new doubleL71; 
er = new double [71 ; 
ei = new double[7] ; 

1 
catch (xalloc) { 

/ /  TEST FOR EXCEPTIONS. 
/ /  STEP 1 : SET UP THE ROWS . 

/ /  STEP 2: SET UP THE COLUMNS 

cout <c "Could not allocate."; 
exit (-1) ; 

1 

coutcc"\n\nEigen Value Solver to generate Roots-Locus Plots"; 

coutc<"l. Change Control gain selection and ranges.\nfl; 
coutccU2. Calculate the Longitudinal Stability Roots for the settings chosen.\nm; 
coutc<"3. Calculate the Lateral Stability Roots for the settings chosen.\nU; 
coutcc"0. Quit\nW: 
coutccl'\nPlease enter the number of your choice: "; 
cinzzchoice; 
coutc<"\n\nw; 

switch (choice) 

( 
case 1: 

select=~ainSet(G); 
break ; 

case 2: 
if (proceed==choice) 

{ 
deat.open(fiienarne,ios::outlios::app); 
dest<c"\n\n\nlongitudinal Stability Root Calculation\n\n\nu; 
dest~c'~The following stability roots have G"<cselectcc" varying from:\nu; 
destccG(select, 1) c~~~\t\n~~ccG(select, 2) c c l \ n n  'lccresccu steps. \n\n1*; 
flag=O; 
double Tr = Thetao*pi/l80.0; 
do 



M1(1,l)=mass*Ztp*sin(ath)+(ma~e*Xtp-Mwdot-Xtp*Zwdot)*coe(ath); 
M1(1,2)=-I~-mass*pow(Ztp,2.0)+Xtp*Mwdot+pow~X~p,2.O~*~Zwdot-mas~); 
M1(2,1)=-d~d~*rnas~*sin(ath)/~o+dXd~*cos~ath~/~0*~~wd0t-mass); 
Ml (2,2) =d~dS*Ztp*mas~/To+dXdS*Xtp/To* (mass- Zwdot 1 ; 
Dl (1,l) = (Mu-~tp*Xu+Xtp*Zu) *sin(ath) + (Ztp*Xw-Mw-Xtp*Zw) *cos (ath) 

+Xtp*cos (ath) *G(4,3) +~tp*ein(ath) *~(2,3) ; 

Dl (1,2) =Uo*Mwdot+Mq+Xtp*Uo*Zwdot+Xtp*Zq-Ztp*Mu+pow (Ztp, 2. O) *Xu 
- X ~ ~ * Z ~ ~ * Z ~ + X ~ ~ * M ~ - X ~ ~ * Z ~ ~ * X W + ~ O W ( X ~ ~ , ~ . O ) * Z W + G ( ~ , ~ )  
-Ztp* (Ztp*cos (Tr) -Xtp*sin(Tr) ) *G (2,3) -Xtp* (Xtp*cos (Tr) 
+Ztp*sin(Tr) ) *G(4,3) ; 

~1(2,1)=d~d~*~u*sin(ath)/~o-dXd~*~u*sin(ath~/~o+~d~*Zw*cos(ath)/~o 
-dZdS*Xw*cos (ath) /To- (dXdç*cos (ath) *G (4,3) 
+dZdS*sin(ath) * G ( 2 , 3 )  ) /To; 

D ~ ( ~ , ~ ) = ~ X ~ S * Z ~ ~ * Z U / T O - ~ Z ~ S * Z ~ ~ * X U / T O + ~ Z ~ S * X ~ ~ * X W / T O - & ~ S * X ~ ~ * Z W / T O  
-d~ds* (Uo*zwdot+Zq) /TO+ (dzds* (Ztp*coe(~r) -xtp*sin(Tr) ) 
*~(2,3)+dXd~*(Xtp*cos(Tr)+Ztp,sin(Tr) ) * G ( 4 , 3 )  /TO; 

Kl(1,l) =Xtp*cos (ath) *G(3,3) +Ztp*sin(ath) * G ( l ,  3) ; 
K1(1,2)=Uo*Mw+~tp*mas~*grav*cos(Tr)-Ztp*Uo*Xw+Xtp*Uo*Z~-Xtp*mass 

*grav*ein(Tr)+~(5,3)-~tp*(~tp*coe(Tr) -Xtp*sin(Tr) *G(l,3) 
-Xtp* (Xtp*cos (Tr) +Ztp*ein (Tr) ) *G (3,3) ; 

K1(2,1)=-(pow(~dS,2.O)+pow(dZd~,2.0))*ddS-(~d~*c0s~ath~*G~3,3)+ 
dZdS*sin(ath) *G(l, 3) ) /To; 

K1(2,2)=(dXdS*(mase*grav*sin(Tr)-~o*Z~)+dZdS*~U0*X~-maes*grav*coe(Tr)) ) 

/To-pow(dXdS, 2.0) -pow(dZdS, 2. O) + (d~ds* (ztp*cos (Tr) -Xtp 
*sin(Tr) ) * G ( l ,  3) +dXd~* (Xtp*cos(Tr) +Ztp*sin(~r) ) *~(3,3) ) /TO; 

matrix-zero (Mlinv) ; 
rnatrix-zero(D1p) ; 
rnatrix-zaro(K1p); 
if( (invflag=matrix-inv(M1,Mlinv)) !=O) 

nrerror("Mass Matrix Non-invertable!") ; 
if( (invflag=matrix_mult(Mlinv,D1,Dlp)) ! = O )  

nrerror("Matrix Multiplication error!"); 
if((invflag=matrix~mult(Mlinv,K1,Klp)) ! = O )  

nrerror("Matrix Multiplication error!"); 

} 
balanc(m, 4) ; 
elmhes (m, 4 ; 
hqr(m,4,er,ei); 
destccer[l] ccot\tUc<ei [l] cc"\nV; 
destccer [2] <<"\t\t"ccei [2] ccqt\n"; 
deetc<er [3] ccl'\t\t\t"ccei [3] c< ''\nl' ; 
destccer [41 cc "\t\t\t\tt'<cei [4] ccol\n" ; 
G(eelect.3) +=(G(select, 2) -G(select,l) )/res; 
flag++ ; 

) while ( f  lagc=res) ; 
G(select,3)=G(eelect,l); 
dest.cloee0 ; 

} else 



coutc~~\n\nControl gain parameters are 
1 
break : 

not set yet .\nu; 

case 3: 
if (proceed==choice 1 
{ 

deet.open(filename,ios::out~ioe::app); 
destccM\n\n\nLateral Stability Root ~alculation\n\n\n@'; 
dest<cmThe following etability roots have G"<<select<<" 
dest<<G(select, 1) c~''\t\n'~ccG(eelect, 2) c < \  "<cres<cW 
flag=O; 
do 

{ 
M(l,l) =mam*Xtp; 
M(1,21 =Ixz+mass*Xtp*Ztp; 
M(1,3)=-(Izz+mass*pow(Xtp,2.0)); 
M(2,l) =-mass*Ztp; 
M ( 2 , 2 ) = -  (rnase*pow(Ztp,2.0)+Ixx); 
M (2.3) =Ixz+mass*Xtp*Ztp; 
M(3,l) =-maes; 
M(3,2) =-mass*Ztp; 
M(3,3) =rnass*Xtp; 
D(l,l)=Nv-Xtp*Yv-XtpXG(6,3); 
D ( 1,2 ) =ZtptNv-Xtp*Ztp*Yv+Np-Xtp*Yp; 
D (1,3) =-Xtp*Nv+pow (Xtp, 2, O) *Yv+Nr-Xtp*Yr+G(2,3) ; 
D (2,l) =Lv+Ztp*Yv+Ztp*G (6,3 ; 
D(2,2)=ZtpXLv+pow(Ztp,2.0)*Yv+Lp+Ztp*Yp+G(4,3); 
D(2,3)=Lr+Ztp*Yr-Xtp*Lv-Xtp*Ztp*Yv; 
D(3,l) =Yv+G(6,3) ; 
D(3,2) =Ztp*Yv+Yp; 
D (3,3) =Yr-Xtp*Yv; 
K(1,l) =-Xtp*G(5,3) ; 
~(1,2)=-~tp*rnass*grav*cos(Thetao*pi/180.0~; 
K(l,3)=Xtp*Yv*Uo-Nv*Uo+G(1,3); 
K(2,l) =Ztp*G(5,3) ; 
K(2,2)=~tp*maes*grav*cos(Thetao*pi/l80.0~+G~3,3~; 
K (2,3) = -  (Uo*Lv+Ztp*Uo*Yv) ; 
K(3,1)=-To*dYdS+G(5,3) ; 

~(3,2)=~o*dZd~+mass*grav*cos(~hetao*pi/180.0~; 
K ( 3,3 ) = - (To*dXdS+Uo*Yv) ; 
matrix-zero (Minv) ; 
matrix-zero (Dp ) ; 
rnatrix-zero(Kp1; 
if((invflag=matrix-inv(M,Minv)) !=O) 

nrerror ( "Mase Matrix Non-invertable ! Il) ; 
if ( (invflag=matrixifo!=O)mult (Minv, D,Dp) 1 !=O) 

nrerror("Matrix Multiplication error!"); 
if((invflag=matrix-mult(Minv,K,Kp) 1 !=O) 

nrerror("Matrix Multiplication error!"); 

for(i=l; i<=3;i++) 

{ 
for(j=l; jc=6; j++) 

I 
if(j==i+3) m[i] [j]=1.0; else m [ i ]  [j]=O.O; 

1 
1 
for(i=4; i<=6;i++) 

{ 
for (j=l; jc=3; j++) 

( 
m[il [jI=-Kp(i-3,1); 

1 
for ( j = 4 ;  jc=6; j++) 

{ 

varying from:\nW; 
stepe.\n\nU; 



I 

1 
balanc(m, 6 )  ; 
elmhes (m, 6) ; 
hqr (m, 6, er, ei ) ; 
destccer [l] ccu\tmccei 111 cc"\nV; 
destecer [ 2 ]  cc" \t\t "ccei [2] I'\nw; 
destc<er [3] <c"\t\t\tl1<<ei [ 3 ]  cc8'\n"; 
destccer [ 4 ]  cc"\t\t\t\tilc<ei [ 4 ]  <cl'\n" ; 
destccer [ 5  J cc*\t\t\t\t\tMccei [5] ccv\n"; 
dest<cer[6] c~~\t\t\t\t\t\t~~<<ei (61 cct'\n"; 
G(select, 3) += (G(select, 2 )  -G(select, 1) ) / r e ~ ;  
f lag++ ; 

} while (flag<=ree); 
G(se1ect. 3)=G(select, 1); 
dest .close ( 1  ; 

) elee 
{ 

cout<<"\n\nControl gain parameters are not set yet.\nl'; 

1 
break ; 

case O: 
break ; 

def au1 t : 
cout<cu\n\nYou have made an invalid selection\n\nU; 
break ; 

1 

//Loop back to do another calculation 
) while [choice! = O )  ; 

fo r  (i = 1; i <7; i++) 
delete [ l  m [il ; 

delete [l er; 
deleter1 ei; 

exit ( 0 )  ; 

1 



Based on the "String" Tether Model 

Pifndef -JDD-STRG-IX- 
Pdefine -JDD-STRG-H- 

void balanc(doub1e **a, int n); 
void hqr(doub1e **a, int n, double *wr, double *wi); 
void zrhqr(doub1e *a, int m, double *rtr, double *rti); 
void nrerror(char error-text[l): 

//Eigen Value Caiculation for JDDMethod using the stiff string mode1 

Dinclude 
ginclude 
Pinclude 
ginclude 
Pinclude 
Pinclude 
Dinclude 
Pinclude 
Dinclude 
Pinclude 
Pinclude 
Dinclude 
Dinclude 

cstdio. h> 
cstdlib.h> 
<math.h> 
ccomplex . hz 
cf loat . h> 
cexcept.h> 
cdos. h> 
estring.h> 
ciostream.hr 
c iomanip . hs 
cfstream. h> 
"matrix. hW 
"jdd-strg.hN 

const double pi=3.141592654; 
int proceed=O; 
const double res=20.0; 
char *filename = "rootslcs.txtw: 
fstream dest ; 

//Function to set which gain will be varied and what the limite are 
int GainSet (matrix &G) 

( 
int test; 
proceed= 0 ; 
do 

I 
coutcc"\n\nWhich control gain would you like to vary?:\nU; 
coutcc"1. GX\t\tN; 
coutcct*2. GXd\n1I; 
coutccM3. GZ\t\tIt; 
coutccV4. GZd\nN; 
coutcc"5. GM\t\tU; 
coutc<"6. GMd\n\nl'; 
C O U ~ C C ~ ~ ~ .  ~ ~ \ t \ t " ;  
coutcc"8. GNd\nW ; 
c0ut<<*~9. GL\t\tH; 
cout<cwlO. GLd\nw; 
coutc<"ll. GY\t\t9'; 
coutcc"l2. GYd\nu; 
cout<<"\nPlease enter the number of your choice: ": 
cin>ztest; 
coutccu\n\n" ; 

switch( test) 

{ 



case 2: 
case 3: 
case 4: 
case 5: 
case 6: 

//Longitudinal Control Vector 
//Zero the control gain array 
matrix-zero (G) ; 

- fpreeet ( ) ; 
coutccM\n\nPlease enter the lower limit of the chosen gain: "; 
cin>sG(test,l) ; 
coutcc~\nNow the upper limit of the chosen gain: "; 

cin>>G(test,2) ; 
G(teet,3)=G(test,l) ; 
proceed=Z; 
break ; 

case 7: 
case 8: 
case 9: 
case 10 : 
case 11 : 
case 12: 

//Lateral Control Vector 
//Zero the control gain array 
coutcc"\n\nLateral option not implemented\n\n"; 
proceed-0; 
matrix-zero (G) ; 

coutccN\n\nPlease enter the lower limit of the chosen gain: "; 
cinssG(test-6,l) ; 
cout~c~\nNow the upper limit of the chosen gain: "; 
cins>G(test-6,2) ; 
G(test-6,3) =G(test-6,l) ; 
proceed=3; 
test-=6; 
break ; 

default : 
coutccn\n\nYou have made an invalid eelection\n\nu; 

break ; 

1 
)while (proceed==~) ; 

void main( ) 

I 
int i,j,choice,select,invflag,flag,flag; 
rnatrix G(6,31 ,PI(21) ; 
complex *xc; 
double *m,*rtr,*rti, freeult; 
double mase, b, S, dene,AR,Xcg, Zcg, X l O s , X c p ,  Zcp,Xtp, ZtplXf, 1x2, I n ,  Iyy, I z z ,  Re; 
double Kvi~c,Nfg,Azll,~psi10ndq,VH,CWo,Cmcpo,bf,altitude,Lth; 
double grav,Uo,Thetao,To,dZdS,dYdS,dxdS,dSigfdP,sweep,dSig£dr,dSiglsdr; 
double Xnp,Znp,taper,croot,ctip,cmean,cswp,B,Mach,Temp,Seide,dSigl~dP; 
double Nf,Nls,Nlsl,dSigmadB,Ki,V01,Gamma,Sf,Zf,Z~pb0dy,KB,1b0dy,hmax,hl,h2,wl,w2; 
double lf,af,cf,abody,alsli1s,ihs,CLo,CDo,~bCL,Cnp~,Cnp~,~~ple,~nr~,~nr~; 
double KA,Klam,KH,dEpsilonda,Xt,Zt,lt,bt,ct,St,at,Xcv,akether,ath; 
double Cdof,Cybfs,Cybf,Cybbody,Cyble,Cyb,CLbf,Cbbody; 
double CNbf,CNbleac,CNbls,CNb,Cyebody,Cypf,Cyp1sa~,Cyp1s,Cyp,CLpbody; 



------ - J  - A--, -JL L ,  -= - &o # ~ J A ,  -Y& L ,  LULLY, LYILUV, LUL L W d L ,  Lui. L W ,  LUL ; 

double C N r f a c , ( - N r f , C N r l s a c , C N r l s , C N r , Y v , Y p , Y ~ , N p , N r ;  
double Cxu,Czu,Cmu.Cxalpha,Czalpha,halpha,Czalpha,Czalphals,Czqlsac,Czql~,~~qt,~z~; 
double Cxalphals,Cxqlsac,Cxqls,Czadot,Czadotbody,Czadotle,Czadott; 
double Cmadot,Cmadotbody,~adot1s,Cmad0tt,C~~po,Cz~p0,halpha,Czq1sa~,~mq1s,~~t; 
double Cmq,Xu,Xw,Zu,Zw,Zwdot,Zq,Mu,Mw,Mwdot,Mq; 

//Define al1 Kite parameters 
//Total Kite 
mass=50.0; 
Xcg=l.5; 
Zcg=O -05; 
Xcp=l. 3 1 ;  
zcp=-0.5; 
Xtp=Xcg-Xcp ; 
Ztp=Zcg- Zcp; 
Xnp=1.70; 
Znp=O .15; 
Thetao-0.0; 
To=l63.3 ; 
dZdS=0.945265405; 
dYdS=O.O; 
dXdS=0.326302486; 
CDo=0.1593875390; 
atether=80.0; 
ath=atether*pi/l80.0; 
altitude=10000.0; 
~th=altitude/sin(ath) ; 
Nfg=0.9; 
1xz=lO. O; 
Ixx=1500.0; 
Ifl=1700.0; 
Izz=2000. O; 

//Aircraft mass (kg) 
//distance of CG from nose ref. pt. 
//distance +ve up of CG above noee ref. pt 
//distance of confluence pt. £rom nose ref. pt. 
//distance of confluence pt. above nose ref. pt. (+ve above) 
//distance of confluence pt. in front of CG 
//distance of confluence pt. below CG 
//distance of neutral pt. £rom nose ref. pt. 
//distance of neutral pt. above nose ref. pt. (+ve above) 
//Aircraft Equilibrium AOA (degrees) 
//Cable tension at equilibrium (Newtons) 
//SIN of longitudinal cable angle at cp 
//COS of lateral cable angle at cp 
//COS of longitudinal cable angle at cp 
//Coeff. of Drag for kite at ref. AOA 
//Angle of tether to the ground (degs) 
//and in radians 
//altitude of kite (meters) 
//Length of tether 
//Fudge factor for Czq calculation 

/ / 
/ / 
/ / 
/ / 

//Wing Span (meters) 
//Wing root chord (meters) 

//Wing tip chord (meters) 
//distance of wing ac from nose ref. pt. 
//distance of wing ac above nose ref. pt. 
//Wing liftcurve slope 
//Incidence angle of wing (degreee) 
//Zero Lift Line angle for the airfoil (deg) 
//Wing Dihedral angle in radians 
//Wing 1/4 chord sweep (degrees) 
//ratio of velocity at 1s with freestream velocity 
//ratio of lateral vel. at 1s with freestream lat. vel. 
//dsigma-ls/dP-hat 

&iglsdr=O.O; //Change in sidewaeh with yaw rate at wing 
taper=ckip/croot; //Taper ratio of wing 
crnean=(ctip+croot)/2.0; //~ e a n  wing chord (meters) 
S=cmean*b; //Wing area (square meters) 
AR=pow(b,Z.O)/S; //Aspect Ratio 
CLo=als*(ils+~hetao+Azll)*pi/l80.0; //~oeff. of lift of the wing at ref. AOA 

//Horizontal Stabilizer 
Xt=6.0; //distance of horizontal stab. mac £rom noee ref. pt. 
Zt=O -1; //distance of horizontal stab. mac above nose ref. pt. 
at=4 . O ;  //Horizontal Stab. lift curve slope (/rads) 
bt=3.0; //Horizontal Stab. span 
ct=0.5; //Horizontal Stab. chord 
ihs=O. 0; //Incidence angle of Horizontal Stabilator (degrees) 
St=bt*ct ; //Horizontal Stab. Area 
lt=Xt-Xcg; //Distance from wing mac to Horizontal Stab. m a c  
VH=St*lt/S/cinean; //Horizontal Tai1 Volume Coefficient 



//Vertical Stabilizer 
X f = 6  .O; 
Zf=0.6; 
af=4 .O; 
cf=0.5; 
bf=l.25; 
Cdof=0.0006; 
Nf=0.95; 
dSigmadB-0.0; 
dSigfdr=O.O; 
dSigfdP=O.O; 
Sf =cf*bf ; 
lf=Xf-Xcg; 

//distance of vertical fin rnac from noae ref. pt. 
//distance of vertical fin cp above Nose ref. pt. (+ve above) 
//Fin lift curve slope (/rads) 
//Fin mean aerodynamic chord 

//Fin height 
//Fin drag coeff. reference 
//ratio of velocity at fin with freestream velocity 
//Change in side-wash with sideslipa angle 
//Change in sidewash with yaw rate at vertical fin 
//Cisigrna-f in/dP-hat 

//Fin area 
//Distance from wing rnac to fin rnac 

//distance of volume center from nose ref. pt. 
//2 for high wing 

//Fuselage lateral liftcurve slope /rads 
//Fuselage Volume 
//~istance of body cp above nose ref. pt. 
//Area of fuselage side (m2) 
//Total length of fuselage 

//Fuselage Maximum height 
//Fuselage height at 1/4 length 
//Fuselage height at 3/4 length 
//Fuselage width at 1/4 length 

//hselage width at 3/4 length 

/ /Atmospher ic 
grav-9.81; //gravity (m/s2) 
dene=0.38857; //Air deneity at altitude (kg/m3) 
Kvisc=0.000037060; //Kinematic Viscosity (m2/s) 
Temp=220.0; //Temperature at given altitude 
U0=8 - 7 5  ; //Prevailing Wing velocity (m/s) 
dEpsilondq=0.001; //Change in downwash with change in pitch rate 
Mach=Uo/pow( (1.4*287.05*Temp) ,0.5) ; //Mach number 
Re=Uo*cmean/Kviec; //Reynoldls number for the wing 

/ /General 
CNbCL=O.Ol; //CNbeta/pow(Coeff of lift,2) - a  Etkin or NACA 1098 

//could refine with an equation in future 
CLppf=-0.58; //(CLp)planform - >  Etkin or NACA 1098 (pg 20) 
Cnpl= - O. O8 ; / /  - >  Etkin or NACA 1098 
Cnp2=8.5; / /  - >  Etkin or NACA 1098 
CDpls=O. 011 ; //Change in CDo for 1s wrt AOA (/degree!!!) 
CLrCLo= 0.28 ; / /  - >  Etkin and Reid pg 351 
Cnrl=-0.005; / /  - >  Etkin or NACA 1098 
Cnr2=-0.3; / /  - z  Etkin or NACA 1098 
//Change in Downwash with change in alpha 

KA=~.O/AR-~.O/(~.O+~OW(AR,I.~)); 
Klam= (10.0-3 .O*taper) /ï.O; 
KH=(l.O-fabs((Zt-Zls)/b))/b))/po~~2.0*1t/b,l.O/3.0); 
&psilonda=4.44*pow (KA*K1am*KH*pow(cos (sweep*pi/180 .O) , O -5) ,l. 19) ; 

CWo=mass*grav*2.0/dens/pow(Uo,2.0)/S; //Coef f . of Weight 
//Coefficient of Vertical tether force at the cp. 

~ z c p o =  (To*d~dS) / (O .5*dens*pow(Uo, 2.0) cS) ; 
//Coefficient of Horizontal tether force at the cp. 

Cxcpo= ( ~ o * d ~ d S )  / (0.5*dens*pow (Uo, 2. O) *SI ; 
//Coefficient of tether Moment 

Cmcpo= (To*dXdS* (Zcg-Zcp) +To*dZdS* (Xcp-Xcg) ) / (O - 5*dens*pow(~o, 2. O) *S*cmean) ; 



//Alpha Derivatives 

/ /  x 
Cxalpha=CLo-CDple*lBO.O/pi; 

//q derivatives 

/ /  x 
~xalphals= (CLo-CDpl8*18OoO/pi) ; 
Cxqlsac=Cxalphals; 
Cxqls=-Cxalphale*(2.O*(X~g-X1s)/cmean+&psi10ndq)*~fg+C~q~sac*Nfg; 

//alpha-dot derivatives 
/ /  
Czadotbody=-2.0*0.75*Vol/S/crnean; 
Czadotls=O .O; 
Czadott=-Z.O*at*VH*dEpsilonda; 
Czadot=Czadotbody+Czadotls+Czadott; 

//Calculate the Lateral non-dimensional stability derivatives 

//Beta derivatives 
/ /  y 
Cybf a=- (a£ +Cdof) *Sf / S  ; 
Cybf=Nf*(l.O-dSigmadB)*Cybfe; 
Cybbody=-Ki*abody*pow(Vo1,(2.0/3.0))/S; 
Cybls=- 0.75*ala*pow ( s i n  (Gamma), 2.0) ; 
Cyb=~ybf+Cybbody+Cybls; 
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CLbbody=- ( Zcg- Zcpbody) /b*Cybbody; 
CLb=CLbf+CLbls+CLbbody; 

//P derivatives 

/ /  y 
~ypbody=-2.0*(~cg-Zcpbody)/b*~ybbody; 
Cypf=Cybfs* (-2.2' (Zcg-Zf 1 /b+dSigfdPl *Ni; 
Cyplsac=((AR+coe(sweep*pi/l80.0))/(AR+4.O*cos(sweep*pi/~80.0))*tan(sweep*pi/l80.0) 

+l. O/AR) fCL0; 
Cypls=-Cybls*(-Z.O*(Zcg-Zls)/b+dSiglsdP)lsac; 
~yp=~ypbody+Cypf+CypIs ; 

/ /  L 
CLpbodyz- ( Zcg- Zcpbody) /b*Cypbody; 
CLpf=-1 .l* (Zcg-Zf) /b*Cypf; 
CLpleac=CLppf ; 
CLple=-(Zcg-Zls)/b*Cyple+~~pls+CLplsac; 
CLp=CLpbody+CLpf +CLpls; 

//R derivativee 

/ /  L 
CLrf=- (Zcg-Zf) /b*Cyrf; 
cewp=cos(sweep*pi/ï80.0); 
B=pow ( (1 -pow (Mach* cswp ,2. O ) ) , O. 5 ) ; 
C L r C L = ( l . O + A R * ( l . O - p o w ( B , 2 . 0 ) ) / ( 2 . 0 * A R * ( )  

/(AR*B+4.0*cswp)*pow(tan(sweep*pi/l~O.O)) 
/ (AR+4.0*cswp) *pow (tan (sweep*pi/l80. O) , S .  O) 18. O) *c~rCLo; 

CLrlsac=CLrCL*CLo; 
CLrls=-(Zcg-Zls)/b*CyrLs+C~r1eac; 
CLr=CLrf+CLrls; 

//Calculate the Dimensional Stability derivatives 



/ /  L 
Lv=O.S*dens*Uo*b*S*CLb; 
Lp=0.25*dens*Uo*pow(b,2.0)*S*CLp; 
Lr=0 .25*dens*Uo*pow (b, 2.0) *S*CLr; 

try { 
rn = new double 151 ; 
rtr = new double [SI ; 
rti = new double[5]: 
xc = new cornplex [51 ; 
resul t = new double [ 51 ; 

1 
catch (xalloc) { 

cout cc "Could not allocate. "; 
exit (-1) : 
1 

/ /  TEST FOR EXCEPTIONS. 

cout<<"\n\nEigen Value Solver to generate Roote-Locus Plots"; 
cout<cW\nJDD Method - 'String Cable'"; 

do 

( 
coutcc"\n\nOptions:\n"; 
coutcc"l. Change Control gain selection and ranges.\nN; 
coutcc"2. Calculate the Longitudinal Stability Roots for the settings chosen.\nqq; 
cout<sU3. Calculate the Lateral Stability Roots for the settings chosen.\nql; 
coutcc"0. Quit\nM; 
coutccql\nPlease enter the nunber of your choice: " ; 
cin>schoice ; 
coutc<"\n\no; 

switch (choice) 

( 
case 1: 

select=GainSet ( G )  ; 

break; 

case 2: 
if (proceed==choice) 

I 
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deetccV\n\n\n~he following stability roots have G"cceclectccW varying 

from:\nU; 
destccG(eelect,l) <c"\t\n"<<G(eelect, 2) < < n i  "<cresccfl steps.\n\nl'; 
f lag=O; 
do 

( 
PI (1) =mass*Lth*ein (ath) ; 
PI (2) =-mass*Ztp; 
PI(3)=(Zwdot-maee)*Lth*coe(ath); 
PI ( 4 )  =Xtp* (mass-Zwdot) ; 
PI (5) =Mwdot*Lth*cos (ath) ; 
PI (6 ) =In-Xtp'Mwdot; 
PI (7) =Lth* (~w*coe (ath) -Xu*sin(ath) -G(2,3) *ein(ath) ) ; 
~ 1 ( 8 ) = Z t p * ~ ~ - X t p * X w + ~ t p W 2 , 3 ) ;  
PI (9) =Lth* (~w*coe (ath) -Zu*sin(ath) +G(4,3) *cos (ath) ) ; 
PI(lO)=Ztp*Zu-Xtp*Zw-maee*Uo-Zq-G(4,3)*Xtp; 
PI (11) =Mw*Lth*cos (ath) -Mu*Lth*sin(ath) ; 
PI (12) =Ztp*Mu-Xtp*Mw-Mq-G(6,3) ; 
PI (13) =To*ein(ath) -G(l, 3) *Lth*ein(ath) ; 
PI (14) =mase*grav*coe (~hetao*pi/l80.0) +To*sin(ath) +Ztp*G(l, 3 )  ; 
PI (15) =-cos (ath) ; 
PI(16)=-To*coe(ath)+G(3,3)*Lth*coe(ath); 
PI(17)=maes*grav*sin(Thetao*pi/l80.0)-To*~os~ath)-G(3,3)*Xtp; 
PI (18) =-sin(abh) ; 
PI (19) =To* (Xtp*cos (ath) +Ztp*ein (ath) ; 
PI (20) =To* (Xtp*cos (ath) +Ztp*sin (ath) -G(5,3) ; 
PI (21) =Xtp*sin(ath) -Ztp*coe (ath) ; 

m[4] =PI (1) *(PI (4) *PI (21) -PI (6) *PI(18)) -PI(2)*(PI (3) *PI (21) - 
PI (5) *PI (18) )+PI (15) *(PI (3)*PI (6) -PI (*PI (4) ) ; 

m [ 3 ]  =PI (1) * (PI (10) *PI (21) -PI (12) *PI (18) )+PI (7) *(PI (4) *PI (21) - 
PI (6) *PI (18) ) -PI (2) * (PI (9) *PI (21) -PI (11) *PI (18) ) -PI (8) * 
(PI (3) *PI (21) -PI ( 5 )  *PI (18) )+PI (15)*(~1(3) *PI (12) + 
PI (6) *PI (9) -PI (5) *PI (10) -PI ( 4 )  *PI (11) ) ; 

m[2] =PI (1) *(PI (17) *PI (21) -PI (18) *PI (20) )+P1(7) * (PI (10) *PI (21) - 
PI (12) *PI (18) ) +PI (13) * (PI (4) *PI (21) -PI (6) *PI (18) ) -PI (2) * 
(PI (l6)"PI (21) -PI (18) *PI (19) -PI (8) * (PI (9) *PI (21) -PI (11) * 
PI (18) )-PI (14) *(PI ( 3 )  *PI (21) -PI (5) *PI (18) 1 +PI (15)*(~1(3) * 
PI (20)+PI (9) *PI (12) +PI (6) *PI (16) -PI ( W I  (17) -PI (10) *PI (11) - 
PI (4) *PI (19) ) ; 

m[l] =PI (7) * (PI (17) *PI (21) -PI (18) *PI (20) )+PI (13) * (PI (10) *PI (21) - 
PI (12) *PI(I~I )-PI ( ~ ) * ( P I ( ~ ~ ) * P I ( ~ I ) - P I ( I ~ ) * P I ( ~ ~ )  )-~1(14)* 
(PI (91 *PI (21) -PI (il) *PI (18) )+PI (15) * (pI(9) *PI (20) +PI (12) * 
PI (16) -PI (il) *PI (3.7) -PI (10) *PI (19) ; 

m[o] =PI (13) * (PI (17) *PI (21) -PI (18) *PI (20) )-PI (14) *(PI (16) *PI (21) - 
PI (18) *PI (13) )+PI (15) *(PI (16) *PI (2) -PI (17) *PI (19) ) ; 

zrhqr (m, 4, rtr, rti) ; 

for (i=l ; i c 4  : i++) 
I 

xc [il =cornplex (rtr [il , rti [il ) ; 
result [il =abs (m[O] +xc[i}* (m[1] +xc [il*(m[21 +xc[il* (ml31 +xc[i] *mi41 ) ) ) ) ; 

1 

destcertr [ll cc"\tuccrti [l] ccoq\t\t\t\tt'c<resu1t 111 ce8I\nt'; 
destcertr [2] ccoo\t\tttc<rti [2] <cl1\t\t\t "c<reeult [21 c<"\nl'; 
deetccrtr [3] cc"\t\t\totc<rti [3] c<oo\t\t"<cresult [3] cc"\nt'; 
destccrtr [4] ~c"\t\t\t\t~~<crti [4] ~e"\t~~c<result 141 cc"\nVf; 
G(seiect, 3) += (G(select, 2) -G(select, 1) ) /res; 
f lag++ ; 

) while (flag<=res); 
G(select, 3) =G(aelect, 1) ; 
dest. close ( ) ; 

} else 



case 3: 
coutcc "\n\nThis option not implemented\n\ntl ; 

/ * if (proceed==choice) 
{ 

dest.open(filename,ios::outlios::app); 
destcs"\n\n\nIiateral Stability Root Calculation"; 
destccW\n\n\nThe following stability roots have G"ccse1ectcc" varying 

from:\nW; 
destccG(se1ect. 1) ~c~~\t\n~~<eG(select, 2) < c i  "ccrescc" steps .\n\nU; 
f lag=O; 
do 

{ 
M(l,l)=mass*Xtp; 
M(1,2)=Ixz+mass*Xtp*Ztp; 
M(1.3) =-  (Izz+mass*pow(Xtp,2 - 0 )  ) ; 
M(2,1)=-mass*Ztp; 
M(2,2)=- (mass*pow~Ztp,2.0)+Ixx); 
M(2,3)=Ixz+mass*Xtp*Ztp; 
M(3,l) =-mass; 
M(3.2) =-mass*Ztp; 
M ( 3 , 3  1 =rnaes*Xtp ; 

if((invflag=matrix-inv(M,Minv)) !=O) nrerror["Mass Matrix Non-invertable!"); 
if( (invflag=matrix-mult(Minv,D,Dp)) !=O) nrerror("Matrix Multiplication 

error ! " ; 

error! " ; 

if( (invflag=matrix~rnu1t(Minv,K,Kp)) ! = O )  nrerror("Matrix Multiplication 



balane (m, 6 ; 
elmhes (m, 6 ; 
hqr (m, 6, er, ei) ; 
destccer [1] <<"\tWc<ei [l] <c'*\nu; 
dest<<er[2] cc"\t\tilceei [2] cc~~\n"; 
deetccer [3] cc"\t\t\t"ccei [ 3 ]  cc"\nU; 
dest<<er [4] c~**\t\t\t\t~~ccei [ 4 ]  cc b*\n"; 
dest<<er [SI c<**\t\t\t\t\tt*<cei [5] cc"\nt*; 
destccer [6] c<w\t\t\t\t\t\tv*ccei [fi] ~ c * ~ \ n " ;  
G(select,3)+=(G(eelect,2)-~(seh~t,l))/r~~; 
flag++; 

} while (flagc=res); 
~(seiect, 3 )  =G(select, 1) ; 
dest .close ( ) ; 

} else 
I 

cout<<~\n\n~ontrol gain parameters are not set yet.\nW; 

1 
* / break ; 

case O: 
break ; 

default: 
coutcc"\n\n~ou have made an invalid selection\n\nu; 
break; 

1 

//Loop back to do another calculation 
) while (choice!=O) ; 

deletet1 m; 
delete [ l  rtr; 
delete [ l  rti; 
delete [ l  x c ;  
delete [ ]  result ; 

exit (0) ; 
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Based on the "Modified String" Tether Model 

void balanc(doub1e **a, int n); 
void hqr (double **a, int n, double *wr, double *wi) ; 
void zrhqr(doub1e *a, int m, double *rtr, double *rti) ; 
void nrerror(char error-text[] 1 ;  

//Eigen Value Calculation for JDD-Method using the stiff string mode1 
//but including effects of Cable drag and Cable Inertia 

tinclude 
$include 
tinclude 
tinclude 
#include 
#include 
tinclude 
#include 
Rrinclude 
ginclude 
drinclude 
#include 
Ginclude 

estdio. h> 
<stdlib .h> 
emath. h> 
<complex.h> 
cfloat .h> 
cexcept.h> 
cdoa . hs 
<string.h> 
c iostream . h> 
ciomanip.h> 
cfstream.h> 
"matrix. hW 
" jdd-mass. hn 

const double pi=3.141592654; 
int proceed=O; 
const double res=20.0; 
char *filename = Mrootslco.txt"; 
fatream dest; 

//Function to set which gain will be varied and what the limits are 
int GainSet(matrix &G) 

{ 
int test; 
proceed=O: 
do 

I 
coutcc"\n\nWhich control gain would you like to vary?:\nI1; 
cout<<"l. GX\t\tW; 
cout cc "2. GXd\n" ; 
coutcc"3. GZ\t\tM; 
tout<< "4. ~ Z d \ n "  ; 
C O U ~ C C " ~ .  ~ ~ \ t \ t " ;  
cout<cW6. GMd\n\nH; 
C O U ~ < C ~ - I .  ~ ~ \ t \ t " ;  
coutcc"8. GNd\nW; 
C O U ~ C C ~ ~ ~ .  ~ ~ \ t \ t " ;  
cout<<"lO. GLd\nI1 ; 
coutcc"1l. GY\t\tV'; 
coutcc"l2. GYd\nu ; 
cout<<"\nPleaee enter the number of your choice: "; 
cin>>test; 
coutce "\n\nl* ; 

switchitest) 



-qq" *. 
case 2: 
case 3: 
case 4: 
case 5: 
case 6: 

//Longitudinal Control Vector 
//Zero the control gain array 
matrix-zero(G); 

- fpreset ( ) ; 
~out<<~'\n\n~lease enter the lower limit of the chosen gain: "; 
cini>G(test, 1) ; 
cout<<"\nNow the upper limit of the chosen gain: "; 
cinszG(test, 2) ; 
G(test,3)=G(test,l) ; 
proceed=2; 
break ; 

case 7: 
case 8: 
case 9: 
case 10 : 
case 11: 
case 12: 

//Lateral Control Vector 
//Zero the control gain array 
coutccw\n\nLateral option not implernented\n\no; 
proceed= 0 ; 
matrix-zero (G) ; 

cout<cu\n\nPleaee enter the lower limit of the chosen gain: "; 
cin>>G(teet-6.1); 
cout<<"\nNow the upper limit of the choeen gain: "; 
cin>>G(teet-6,2) ; 
G(test-6,3)=G(teet-6,l); 
proceed=3 ; 
test-=6; 
break ; 

de£ ault : 
coutcc'~\n\nYou have made an invalid eelection\n\nU; 
proceed=O ; 
break; 

1 
}while (proceed==~) ; 

void main() 

{ 
int i,j,choice,select,invElag,flag,fag; 
matrix G ( 6 , 3 ) ,  PI (21) ; 
complex *xc; 
double *m,*rtr,*rti, *result; 
double m a 6 s , b , S , d e n e , A R , X c g , Z c g , X l s , 2 1 6 , X c p , S c p , 1 ~ , 1 z z , R e ;  
double Kvisc,Nfg,Azll,dEpsilondq,vH,CWo,Cm~po,bf,altitude,Lth; 
double grav,Uo,Thetao,To,dZdS,dYdS,dxdS,dSigfdP,eweep,dSig£dr,dSiglsdr; 
double Xnp,Znp,taper,croot,ctip,cmean,~swp,B,Mach,Temp,S~ide,dSig~sdP; 
double Nf, Nls, NLsl, dSigmadB, Ki, Vol, Gamma, Sf , Zf , Zcpbody, KEl, lbody, hmax, hl, h2, wl, w 2  ; 
double lf,af,cf,abody,als,ils,ihe,CLo,CDo,CNbCL,Cnp~,Cnp2,~Dpls,~nrl,Cnr2; 
double KA,Klam,KH,dEpsilonda,Xt,Zt,1t,bt,ct,st,at,xcv,atether,ath; 
double Cdof,Cybfs,Cybf,Cybbody,CybIs,~yb,~~bf,CLb1s,CLbbody,CLb,~~bbody; 



double CLpf,CLpls,CLplsac,CLp,CLppf ,CNpbody,-p; 
double Cyrfac,Cyrf,Cyrle,Cyr,CLrf,CLrCL,~~r~~o,~~rlsac,~~rls,~~r; 
double CNrfac,CNrf,CNrlsac,~rle,CNr,Yv,Yp,Yr,L~,Lp,Lr,Nv,Np,Nr; 
double Cxu,Czu,Cmu,Cxalpha,Czalpha,Cma1pha,Czalphale,Czqlsac,Czqle,Czqt,Czq; 
double Cxalphals,Cxqlsac,Cxq1s,Czadot,~zadotbody,~zadotls,~zadott; 
double Cmadot,Cmadotbody,Cmadot1e,Cmad0tt,Cx~p0,Cz~p0,Cmq1sa~,Cmq1s,Cmqt; 
double Cmq,Xu,Xw,Zu,Zw,Zwdot,Zq,Mu,Mw,Mwdot,Mq,densth,thC~,thrad; 

//Define al1 Kite parameters 
//Total Kite 
mass=50.0; 
Xcg=l. 5 ; 
Zcg=O.OS; 
Xcp=l. 31 ; 
zcp=-0.5; 
Xtp=Xcg-Xcp; 
Ztp=Zcg- Zcp ; 
Xnp=l.70; 
Znp=O .l5; 
Thetao=O .O; 
To=l63.3 ; 
dZdS=0.945265405; 
dYdS= O. O ; 
dXdS=0.326302486; 
CDo=0.1593875390; 
atether=80.0; 
ath=atether*pi/l80.0; 
altitude=10000.0; 
Lth=altitude/sin(ath) : 
densth=0.0016; 
thCdx=0.005; 
thrad=0.007; 
Nfg=0.9; 
Ixz=lO. O; 
Ixx=1500.0; 
Iyy=1700.0; 
Izz=2000.0; 

//Aircraft mass (kg) 
//distance of CG from nose ref. pt. 
//distance +ve up of CG above noee ref. pt 
//distance of confluence pt. £rom noes ref. pt. 
//distance of confluence pt. above noee ref. pt. (7ve above) 
//distance of confluence pt. in front of CG 
//distance of confluence pt. below CG 
//distance of neutral pt. £rom nose ref. pt. 
//distance of neutral pt. above nose ref. pt. (+ve above) 
//Aircraft Equilibrium AOA (degrees) 
//Cable tension at equilibrium (Newtons) 
//SIN of longitudinal cable angle at cp 
//COS of lateral cable angle at cp 
//COS of longitudinal cable angle at cp 
//Coeff. of Drag for kite at ref. AOA 
//Angle of tether to the ground (degs) 
//and in radians 
//altitude of kite (metere) 
//Length of tether 
//Mass/meter for the tether 
//Cd for X-flow over tether 
//Tether Radius 
//Fudge factor for Czq calculation 

/ / 
/ / 
/ / 
/ / 

//Wing Span (meters) 
//Wing root chord (meters) 

//Wing tip chord (metere) 
//dietance of wing ac from nose ref. pt. 
//distance of wing ac above nose ref. pt. 
//Wing liftcurve slope 
//Incidence angle of wing (degrees) 
//Zero Lift Line angle for the airfoil (deg) 
//Wing Dihedral angle in radians 
//Wing 1/4 chord sweep (degrees) 
//ratio of velocity at 1s with freestream velocity 
//ratio of lateral vel. at 1s with freestream lat. vel. 
//dsigma-ls/dPhat 

dSiglsdr=O.O; //Change in sidewash with yaw rate at wlng 
taper=ctip/croot; //~aper ratio of wing 
cmean=(ctip+croot)/2.0; //Mean wing chord (meters) 
S=cmean*b; //Wing area (square meters) 
AR=pow(br2.0)/S; //Aspect Ratio 
CLo=als*(ils+Thetao+Azll)*pi/lSO.D; //Coeff. of lift of the wing at ref. AOA 

//Horizontal Stabilizer 
Xt=6.0; //dietance of horizontal stab. mac from noee ref. pt. 
Zt=O.l; //distance of horizontal stab. mac above nose ref. pt. 
at=4.0; //Horizontal Stab. lift curve slope (/rads) 
bt=3.0; //Horizontal Stab. span 
ct=0.5; //Horizontal Stab. chord 
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St=bt*ct; //Horizontal Stab. Area 
lt=Xt-Xcg; //Distance £rom wing mac to Horizontal Stab. mac 
VH=St*lt/S/cmean; //Horizontal Tai1 Volume Coefficient 

//Vertical Stabilizer 
Xf=6. O; //distance of vertical fin mac from nose ref. pt. 
Zf=0.6; //distance of vertical fin cp above Noee ref. pt. (+ve above) 
af=4 .O; //Fin lift curve slope (/rads) 
cf=0.5; //Fin mean aerodynamic chord 
bf=1.25; //Fin height 
Cdof=0.0006; //Fin drag coeff. reference 
Nf=0.95; //ratio of velocity at fin with freeatream velocity 
dSigmada=O. 0 ; //Change in side-wash with sideelipe angle 
dSigfdr=O.O; //Change in sidewash with yaw rate at vertical fin 
dsigf dP=0.0; //dsigma-fin/dP-hat 
Sf =cf *bf ; //Fin area 
lf=Xf-Xcg; //Distance from wing mac to fin mac 

//Fuselage 
Xcv=l .3 : //distance of volume center from nose ref. pt. 
Ki=2.0; //2 for high wing 
abody=0.0525; //Riselage lateral liftcurve slope /rads 
Vol=l. O; //Fuselage Volume 
Zcpbody=O . 1 ; //Distance of body cp above nose ref. pt. 
Sside=l.O; //Area of fuselage eide (m2) 
lbody=6.0; //Total length of fuselage 
hmax=O . 5  ; //Fuselage Maximum height 
hl=0.45; //Fuselage height at 1/4 length 
h2=0.15; //Fuselage height at 3/4 length 
wl=0.22; //Fuselage width at 1/4 length 
w2=0.1; //Fuselage width at 3/4 length 
KB=0.257*Xcg/1body+0.00266667*pow(1body/hmax,2.0)-0.06*1body/hmax+0.30733; 

/ /Atmospheric 
grav=9.81; //gravity (m/s2) 
dens=O .38857; //Air density at altitude (kg/m3) 
Kviec=0.000037060; //Kinematic Viscosity (m2/a) 
Temp=220.0; //~emperature at given altitude 
U0=8 -75; //Prevailing Wing velocity (m/s) 
dEpsilondq=0.001; //change in downwash with change in pitch rate 
Mach=Uo/pow((l.4*287.05*Temp),0.5); //Mach number 
~e=Uo*cmean/Kvisc; //Reynold1s number for the wing 

//Generai 
CNbCL=O.Ol; //CNbeta/pow(Coeff of lift,2) - >  Etkin or NACA 1098 

//could refine with an equation in future 
CLppf=-0.58; //(~~p)planform - >  Etkin or NACA 1098 (pg 20) 
Cnpl=- 0.08; / /  - >  Etkin or NACA 1098 
Cnp2 =8 .5 ; / /  - >  Etkin or NACA 1098 
CDpls=O. 011; //change in CDo for 1s wrt AOA (/degree!!!) 
CLrCLo=0.28; / /  -s Etkin and Reid pg 351 
Cnrl=-0.005; / /  - >  Etkin or NACA 1098 
Cnr2=-0.3; / /  - >  Etkin or NACA 1098 
//Change in Downwash with change in alpha 

KA=l.O/AR-1.0/(1.0+pow(AR,1.7)); 
Klam=(lO. 0-3 .O*taper}/7.0; 
KH= (1.0-fabs( (Zt-ZXs)/b) ) jpow(2.0flt/b,l-O/3.0) ; 
dEpsi1onda=4.44*pow(KA*Klam*K1am*KH*p0~(~0s(sweep*pi/180.0),0.5),1.19); 

CWo=rnass*grav*2.0/dens/pow(Uo,2.0)/S; //Coeff. of Weight 
//Coefficient of Vertical tether force at the cp. 

Czcpo= ( T O * ~ Z ~ S )  / (0.5*den~*pow (Uo, 2.0 )*SI ; 

//Coefficient of Horizontal tether force at the cp. 
Cxcpo=(To*dXdS)/(0.51rdena*pow(Uo,2.0)*S); 



//Loerrlcienc or tecner moment 
h c p o =  (To*dXdS* (Zcg-Zcp) +To*dZdS* (Xcp-Xcg) 1 / (0.5*dene*pow(Uot 2. O )  *S*cmean) ; 

//Calculate the Longitudinal non-dimensional stability derivatives 
//U derivatives 
/ /  x 
Cxu=O . O: 

/ /  M 
Cmalpha=Cxalpha* ( Zcg- Znp) /cmean-~zalpha* (Xcg-Xnp) /cmean; 

//q derivatives 

/ /  x 
Cxalphala=(CLo-CDpls*180.0/pi); 
Cxqlsac=Cxalphale; 
Cxqls=-Cxa~phals*(2.O*~Xcg-Xls~/cmean+dCpsilondq~*~£~+~x~lsac*~f~; 

//alpha-dot derivatives 
/ /  z 
Czadotbody=-2.0*0.75*Vol/S/cmean; 
Czadotls=O.O; 
Czadott=-2.0*at*W*dEpsilonda; 
Czadot=Czadotbody+Czadotls+Czadott: 

//Calculate the Lateral non-dimensional stability derivatives 

//Beta derivatives 

/ /  y 
Cybfs=-(af+Cdof}*Sf/S; 
Cybf=Nf*(l.O-dSigmadB)*Cybf~; 
Cybbody=-Ki*abody*pow (Vol, (2.0/3.0) ) /S; 



//P derivatives 

//R derivatives 

/ /  L 
CLrf=-(Zcg-Zf)/bfCyrf; 
cswp=cos (sweep*pi/l80. O) ; 
B=pow ( (1-pow (Mach*cawp, 2. O) ,O. 5 )  ; 
CLrCL=(1.0+AR*(1.0-pow(B,2.0))/(2.0*AR*(AR*B+2.0*~swp~)+(AR*B+2.0*~swp~ 

/ (AR*B+4.0*cswp) *pow(tan(sweep*pi/l80. O), 2. O )  18. O) / (1.0+ (AR+2 .O*cswp) 
/(AR+4.0*cswp)*pow(tan(sweep*pi/180.0),2.0)/8.0~*CLrCLo; 

CLrleac=CLrCL*CLo; 
CLrle=- (Zcg-Zle)/b*Cyrle+CLrlsac; 
CLr=CLrf+CLrls; 



trY I // TEST FOR EXCEPTIONS. 
rn = new double [5 ] ; 
rtr = new double [SI ; 
rti = new double [SI ; 
xc = new complex[5] ; 
result = new double [51 ; 
1 

catch (xalloc) { 
cout << "Could not allocate."; 
exit (-1) ; 

1 

coutccw\n\nEigen Value Solver to generate Roots-Locus Plots"; 
coutc<"\nJDD Method - 'String Cable' with inertia and drag"; 

coutc<"l. Change Control gain selection and ranges.\nW; 
coute<"2. Calculate the Longitudinal Stability Roots for the settings chosen.\nw; 
cout<-zW3. Calculate the Lateral Stability Roots for the settings chosen.\nw; 
coutc<"O. Quitin"; 
cout<<"\nPlease enter the number of your choice: "; 

switch(choice) 

{ 
case 1: 

select=GainSet ( G )  ; 
break : 



- -. - - - - 

if (proceed==choice) 
( 

dest .open(filename, ios: :out 1ioe::app) ; 

deatcc"\n\n\nLongitudinal Jtability Root Calculationw; 
dest<cW\n\n\nThe following stability roots have G"<<selectccW varying 

f rom: \n" ; 
deatccG(select,l)~c~~\t\n"ccG(eelect,2)~ctt\nin wccresccn steps.\n\nW; 
f lag=O ; 
do 
( 

~1(1)=densth*pow(Lth,2.0)*sin(ath)/3.0+ma~s*Lth*sin(ath); 
PI (2) =-rnass*Ztp; 
PI (3) = (Zwdot-n1as~-densth*lth/3 .O) *Lth*cos (ath) ; 
PI (4) =Xtp* (maes-Zwdot) ; 
PI ( 5 )  =Mwdot*Lth*cos (ath)+densth*pow(Lth, 2. O) / 3 .  O 

* (Ztp*sin(ath) +Xtp*cos (ath) ; 
PI (6) =In-Xtp*Mwdot; 
PI ( 7 )   t th* (~w*cos (ath) -~u*ein(ath) -~(2,3) *sin(ath) +2.0/3.0 

*th~dx*dens*thrad*Uo*~th*pow(~in(ath),2.0)); 
~1(8)=Ztp*Xu-Xtp*Xw+Ztp'G(2,3); 
PI (9)  t th* (Zw*cos (ath) -Zu*sin(ath) +~(4,3) *cos (ath) - 

2.0/3.0*th~dx*dene*thrad*Uo*Lth*sin(ath)*cos(ath)); 
~1(10)=Ztp*Zu-Xtp*Zw-mass*Uo-Zq-G(4,3)*Xtp; 
~1(11)=~th*(~w*cos(ath)-Mu*sin(ath)+2.0/3.O*thC~*dens*thrad 

*~o*~th*sin(ath)*(Ztp*sin(ath)+Xtp*cos(ath))); 
PI(l2)=Ztp*Mu-Xtp*Mw-Mq-G(6,3); 
PI (13) =To*sin(ath) -G(l, 3) *Lth*sin(ath) ; 
~1(14)=maes*~rav*cos(~hetao*pi/l80.0)+~o*~in(ath~+~tp*~(l,3~; 
PI (15) =-cos (ath) ; 
PI (16) =-To*cos (ath) +G (3,3) "Lth*cos(ath) ; 
~1(17)=mass*grav*sin(Thetao*pi/l80.0)-~o*cos(ath)-~(3,3)*~tp; 
Pi (id) =-ein(ath1: 
~1(19)=To*(Xtp*coe(ath)+Ztp*sin(ath) ) ;  
~1(20)=To*(Xtp*cos(ath)+Ztp*ain(ath))-G(5,3); 
~1(21)=Xtp*ein(ath)-Ztp*co~(ath); 

m[4] =PI (1)* (PI ( 4 )  * P m )  -PI (6) *PI (18) ) -PI (2) *(PI ( 3 )  *PI (21) - 
PI (5) *PI (18) )+PI (15) *(PI (3) *PI (5) *PI ( 4 )  ) ; 

rn[3]=~1 (l)* (PI (10)*PI(21) -PI(l2)*~1(l8) )+PI   PI ( 4 )  *PI (21)- 
PI(6) *PI (18) )-PI (2) * (PI(9)*PI(21)-PI (ll)*PI(l8) -PI(8)* 
(PI (3) *PI (21) -PI (5) *PI(18)) +PI (15) *(PI (3)*PI (12) + 
PI (6) *PI (9) -PI (5) *PI (10) - P m )  *PI (11) ) ; 

m[2] =PI (i)* (PI (17) *PI (21) -PI(18)*PI (20)) +PI (7) *(PI (10) *PI (21) - 
PI(I~)*PI(I~) )+PI(~~)*(PI(~)*PI (21) -PI (~)*PI(I~) 1   PI(^)* 
(PI (16) *PI (21) -PI (18) *PI (19) )-PI (8) *(PI ( 9 )  *PI (21) -PI (11) * 
~1(18))-~1(14)*(~1(3)*PI(21)-~1 (~)*PI(~~))+PI (I~)*(PI (3)* 
PI (20) +PI (9) *PI (12)+??1(6) *PI (16) -PI (5) *PI (17) -PI (10) *PI (11) - 
PI(4)*PI(l9) ) ;  

m[l] =PI (7)* (PI (17) *PI (21) - P m 8 1  *PI (20)) +PI(l3)* (PI (10) *PI (21) - 
PI (12) *PI (la) )-PI (8) *(PI (16) *PI (21) -PI (18) *PI (19) )-PI (14) * 
(PI (9) *PI (21) -PI (il) *PI (18) )+PI (15) * (PI (9) *PI (20) +PI (12) * 
PI (16) -PI (11) *PI (17) -PI (10) *PI (19) ) ; 

m[0] =PI (13) *(PI (17) *PI (21) -PI (18) *PI (20) ) -PI (14) *(PI (16) *PI (21) - 
PI (18) *PI (19) ) tPI(l5) * (PI (16) *PI (2) -PI (17) *PI (19) ; 

for(i=l; ic=4;i++) 

{ 
xc [il =complex(rtr [il ,rtz[il) ; 
result [il=abs(m[0l+xc[il~~m[ll+xc[i]* ~m[2]+xc[i]*~m[3]+xc[i]*rn[41) 1 ) ) ;  

1 

destccrtr [l] c<"\tWc<rti (11 <ctt\t\t\t\t"c<reeult [l] c<"\nl'; 
destccrtr [2] <<"\t\tttccrti [ 2 ]  ~c~~\t\t\t~~c<result [2] cctt\ntl; 
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G(seiect,3)+=(G(eelect,2)-~(dect,l))/reS; 
f h g + +  ; 

} while (flag<=res); 
G (select, 3) =~(select, 1) ; 
dest.cloee0 ; 

co~tc<~\n\nControl gain parameters are not set yet.\nM; 

1 
break; 

case 3: 
coutccw\n\nThis option not implemented\n\nt'; 

/ * if (proceed==choice) 
( 

dest.open(filename,ioe::out(ioe::app); 
dest<cV\n\n\nLateral Stability Root Calculation"; 
dest<cM\n\n\nThe following stability roots have G"<<eelect<<" varying 

f rom : \n" ; 
dest<<G(select, 1) <<"'\t\nlt<<G(select, 2) c < \ n  tlccresc<" steps. \n\nW ; 
f lag=O ; 
do 

{ 
M(1,l) =mass*Xtp; 
M (1,2) =Ixz+mass*Xtp*Ztp; 
M(1,3)=-(Izz+mass*pow(Xtp,2.0) ) ; 

M(2,l) =-maes*Ztp; 
M(2,2)=- (mass*pow(Ztp,2.O)+Ixx) ; 
M (2,3) =Ixz+maes*Xtp*Ztp; 
M (3,l) =-mass; 
M(3,2) =-mass*Ztp; 
M(3.3) =maes*Xtp; 

D(l,l)=Nv-Xtp*Yv-Xtp*G(6,3); 
D(1,2)=ZtpfNv-Xtp*Ztp*Yv+Np-Xtp*Yp; 
D (1,3) =-XtpXNv+pow (Xtp, 2. O) *Yv+Nr-Xtp*Yr+G (2,3) ; 
D(2,l) =Lv+Ztp*Yv+Ztp*G(6,3) ; 
D(2.2) =Ztp*Lv+pow(Ztp, 2.0) *Yv+Lp+Ztp*Yp+G(4,3) ; 
D(2,3)=Lr+Ztp*Yr-Xtp*Lv-Xtp*Ztp*Yv; 
D(3,l) =Yv+G(6,3); 
D (3,2) =Ztp*Yv+Yp: 
D (3.3) =Yr-Xtp*Yv; 

if( (invflag=matrix-inv(M,Minv))!=O) nrerror(I1Mass Matrix Non-invertable!"); 
if((invflag=matrix~mu1t(Minv,D,Dp~)!=O) nrerror("Matrix Multiplication 

error ! ) ; 

error ! " ; 
if ( (invflag=matrix-mult (Minv, K, Kp) ) !=O} nrerror ( "Matrix Multiplication 



for(j=l; j c - 3 ;  j++) 

( 
m[il ijl=-Kp(i-3. j) ; 

1 
for(j=4; jc=6; j++) 

{ 
m[i] [j]=-Dp(i-3, j-3) ; 

1 
1 
balane im, 6 )  ; 
elmhee (m, 6 )  ; 
hqr(rn,6,er,ei) ; 
destceer [l] ccn\tItccei [l] ccl'\n": 
destccer [2] ccl'\t\t "ccei [2] <cl'\n"; 
dest<<er[3] ccu\t\t\t"<<ei 131 cc"\n"; 

destc<er[4j c<"\t\t\t\t"<<ei [a l  cc''\nW; 
destccer [5l <cl'\t\t\t\t\tl'ccei [5] cc"\nW ; 
deatccer [6] ccu\t\t\t\t\t\t " < c d  [a] c<"\nW; 
~ ( ~ e l e c t ,  3) += (G(eelect, 2) -G(eelect, 1) ) /res; 
f lag++ ; 

) while ( f lage-res) ; 
G (select, 3 1 =G (select, 1) ; 
deet. close ( ) ; 

) else 
{ 

coutccl'\n\nControl gain parametere are not set yet.\nu; 
1 
break; 

caee O: 
break ; 

defaul t : 
cout<c"\n\nYou have made an invalid aelection\n\nU; 
break ; 

1 

//Loop back to do another calculation 
) while ichoice!=O); 

delete[] rn; 
delete [] rtr; 
delete [ l  rti; 
deletet] xc;  
delete [ i  result ; 

exit ( 0 )  ; 

} 



Analyses: 
- Trim-state Analysis 
- Discrete-elernent Stability Analysis 
- Time-step lntegration Analysis 

Matrix Class Declaration Ver. 0.90 
March 4, 1997 

USE AT YOUR OWN RISK! ! ! 
USE AT YOUR OWN RISK!!! 
USE AT YOUR OWN RISK!!! 

This file includes integer, double, and complex 
matrix capabilities. For examples on how to use 
theee classes see the example source files. 

/ /* t***t  by Joeleff Fitzsimmons * * * * * *  
/ / * * * * * *  Univ. of Toronto, Inetitute for Aeroepace Studiee ****** 
/ / ******  jfitzsimcSutiae.utoronto.ca ****** 
/ / ******  http://aerodyn.utiae.utoronto.ca/html/index.htm ******  
/ / ******  ****** 
/ / * * * * * *  Developed in Borland C++ Ver. 4.52 ****** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sinclude <complex.hs 
#include cfstream.h> 
Rrifndef -MATRIX-H- 
#def ine -MATRIX-H- 

class matrixi 
{ 
public : 

int m,n,init; //m rows by n columns 
int *mtx-data; //Pointer to Matrix data 
matrixi (int r=O, int c= l )  ; //matrix constructor 
-matrixi (void) ; //matrix destructor 
//Overload the ( )  operator to ref . cells in a matrix 
int &operator ( ) (int r, int c) ; 
//Overload the 0 operator to ref. cells in a vector 
int &operator ( (int r) ; 
//Overload the = operator to copy matrices 
void operator=(matrixi &mtx); 

1; 

void matrix-zero (matrixi &mtx) ; 

c las s  matrix 

public : 
int m, n, init; //m rows 
double *rntx-data; 
rnatrix(int r=O, int c=l) ; 
-matrix(void) ; 

by n columns 
//Pointer to Matrix data 
//matrix constructor 

//rnatrix deetructor 
void Resizeiint r=O, int c=l, int useprev=O); 

//Resize the matrix to new dimensions 
//and reset al1 the celle to zero 

//If useprev==l use prev. info 
//Overload the 0 operator to ref. cells in a matrix 
double &operator ( ) (int r, int c) ; 
//Overload the ( )  operator to ref. cells in a vector 



//Overload the = operator to copy matrices 
void operator=(matrix &mtx) ; 

friend ostream& operator cc(ostream& os, matrix& MM); 
friend istream& operator >s(istream& ie, matrix& MM); 

1 : 

void matrix-zero(matrix &mtx); 

int matrix-1 (matrix &mtx) ; 

int matrix-sum(rnatrix &mtxl, matrix &mtxr, matrix &sum); 

int matrix-sum(doub1e s, matrix &mtx, matrix &sum); 

int matrix-rnult(rnatrix &mtxl, matrix fmtxr, matrix &prod); 

int matrix-mult(doub1e m ,  matrix &rntx, matrix &proci); 

int matrix-inv(matrix &mtx, matrix &inv); 

int matrix-trans(matrix &mtx, matrix &mtxt); 

class rnatrixc 
{ 
public : 

int m,n,init; //m rows by n columns 
complex *mtx-data ; //Pointer to Matrix data 
matrixc(int r=O, int c=l )  ; //matrix conetructor 
-matrixc (void) ; //matrix destructor 
void Resize(int r=O, int c=l, int useprev=O); 

//Resize the matrix to new dimensions 
//and reset al1 the cells to zero 
//If useprev==l use prev. info 

//Overload the 0 operator to ref. cells in a matrix 
complex &operator ( )  (int r, int c) ; 
//Overload the ( )  operator to ref. cells in a vector 
complex & operator ( ) (int r) ; 
//Overload the * operator to multiply two complex matrices 
//matrixc &operator* (matrixc &mtx); 
//Overload the = operator to copy matrices 
void operator= (rnatrixc &mtx) ; 
//Overload the = operator to copy a double matrix to a cornplex matrix 
void operator= (matrix &mtx) ; 

1 ; 

void matrix-zero (matrixc &mtx) ; 

int matrix-I(matrixc &mtx) ; 

int matrix-sum(matrix &mtxl, matrixc &mtxr, matrixc &sum); 

int matrix-sum(matrixc &mtxl, matrix &mtxr, matrixc &sum); 

int matrix-sum(matrixc &rntxl, matrixc &mtxr, matrixc &sum); 

int matrix~sum(doub1e a, matrixc &mtx, matrixc &sum); 

int matrix-sum(comp1ex s, matrixc &mtx, matrixc &sum); 

int matrix-mult(matrix &mtxl, matrixc &mtxr, matrixc &prod); 

int matrix-mult(matrixc &mtxl, matrix &mtxr, matrixc &prod); 

int matrix-mult(matrixc &mtxl, matrixc &mtxr, matrixc &prod); 
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int matrix~mult(complex m, matrix &mtx, matrixc &prod); 

int matrix~mult(complex m, matrixc &mtx, matrixc &prodl ; 

int matrix-inv (matrixc & m t x ,  matrixc &inv) ; 

int matrix-trans (matrixc &mtx, matrixc &mtxt) ; 

tendif 
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# include 
Xinclude 
#include 
tinclude 
Oinclude 
#include 
#include 
# include 
#include 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

//Initialize the memory space for the array of the specified eize 
matrixi::matrixi(int r, int c) 
I 

init=O; 
if(r!=OI 
{ 

try 
{ 

m=r;n=c; 
mtx-data = new int Im*n] ; 

1 
catch (xalloc) 
I 

cout <c "Could not allo~ate.~; 
exit (-1) ; 

1 

//Set al1 cells in the matrix to zero 
for(int i=l; i<=m;i++) 
I 

for(int j = l ;  j<=n; j++) 
{ 

//Clean up after the matrix is not needed 
matrixi::-matrixi(void) 



i 
if (init) 

delete [] mtx-data; 

1 

//Overload the 0 operators to initialize the memory epace for a matrix or 
//to return a reference to the requested ce11 in a matrix 
//If init=O then the array hasn't been initialized yet otherwiee return a value 
int &matrixi : :operator ( ) (int r, int c) 
I 

m=r; n=c; 
mtx-data = new int [m*nl : 

I 
catch (xalloc) 

{ 
tout << I1Could not allocate. "; 

exit (-1) ; 
1 

//Set al1 celle in the matrix to zero 
for(int i=l; ic=m;i++) 

( 
for(int j=1; je=n ; j++) 

return rntx-data [ O ]  ; 

1 
else 
{ 

return mtx-data [ (r-1) *n+c-11 ; 
1 

//~verload the ( )  operators to initialize the memory space for a vector or 
//to return a reference to the requested ce11 in a vector 
//If initsO then the array hasn't been initialized yet otherwise return a value 
int &matrixi : :operator ( (int r) 

{ 
if (init==O) 
t 

t ry 
{ 

m = r  ; n=l ; 
mtx-data = new int [ml ; 

1 
catch (xalloc) 
{ 

tout << "Could not al1 
exit (-1) ; 

ocate . ; 

//Set all cells in the matrix to zero 
for(int i=L; ic=m;i++) 

{ 
mtx-data [ (i-1) *n] =O; 

1 
init=l; 
return mtx-data [O] ; 

1 
else 



//OverLoad the = operator to copy two matrices 
void matrixi::operator=(matrixi &mtx) 
I 

for(int j=l; jc=n; j++) 
{ 

mtx-data [(i-1) *n+j-11 =mtx.mtxmtxdata[o*n+j-l]=mtx.mtxdata[(i-l}*ndata[ (i-1) *n+j-11 ; 

//Zero al1 the elements in the matrix 
void matrix-zero (mat rixi &mtx) 
{ 

for (int i=l;ic=mtx.m;i++) 

( 
for(int j=i;j<=rntx.n;j++) 

{ 
mtx(i, j ) = O ;  

1 
1 

1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ /****** Double Matrix operations i t * * **  

/ /*******************************************************************  

//Initialize the memory space for the array of the specified size 
matrix::matrix(int r, int c) 
( 

init=O; 
if (r!=O) 

I 

mtx-data = new double [m*n] ; 

1 
catch {xalloc) 

{ 
tout cc IqCould not allocate. " ; 
exit (-1) ; 

1 

//set al1 cells in the matrix to zero 
ior(int i=1; ic=rn;i++) 

{ 
for(int j=l: j<=n:j++) 

{ 
mtx-data [(i-l)*n+j-11 =O-O; 

1 



//Clean up after the matrix 3s not needed 
matrix::-rnatrix(void) 

{ 
if ( init 1 

delete [] rntx-data; 

) 

//reeet the matrix to new dimensions and initialize to zero 
void 
rnatrix::Resize(int r, int c, int uaeprev) 

{ 
int mp,np,initp,i; 
double *mtx-databak; 
initp=init; 

//If useprev==l Save the original info for later use 
if (ueeprev&&init ==l) 

{ 
t rY 
{ 

mp=m;np=n; 
mtx-databak = new double [mp*npl ; 

1 
catch (xalloc) 

{ 
tout cc "Could not allocate."; 
exit(-1) ; 

1 

//copy original data to backup array 
for(i=O;i<m*n;i++) 

{ 
mtx-databak [il = mtx-data [il ; 

1 

//delete the previoue array if it was there 
if (init) 

delete [ ]  mtx-data; 

init=O; 
i£(r!=O) 
I 

try 
{ 

m=r;n=c; 
mtx-data = new double [m*nl ; 

1 
catch (xalloc) 

I 
cout < c  "Could not allocate." ; 

if(useprev&&initp==l) 

( 
//Set a l 1  celle in the matrix to prev. value if possible 
for (int i=l; ic=m;i++) 

{ 
for(int j=l; j<=n;j++) 

I 
if(ic=mp&&j<=np) 

mtx-data [ (i-1) *n+ j -11 =mtx-databak [ (i-l)*n+j-11 ; 
else 

mtx-data[ (i-l)*n+j-l]=0.0; 



else 
( 

//Set al1 cells in the matrix to zero 
for(int i=l; ic=m;i++) 

{ 

//Overload the 0 operators to initialize the memory space for a matrix or 
//to return a reference to the requested ce11 in a matrix 
//If init=O then the array hasn't been initialized yet otherwiee return a value 
double &matrix: : operator ( ( int r, int cl 
{ 

if (init==O) 
{ 

m=r;n=c; 
mtx-data = new double [m*nl ; 

1 
catch (xalloc) 

{ 
tout cc "Could not allocate . " ; 
exit(-1) ; 

1 

//Set al1 cells in the matrix to zero 
for(int i-1; ic=m;i++) 
{ 

for(int j= l ;  jc=n; j++) 

1 
init=l; 
return mtx-data [O] ; 

} 
else 
I 

return mtx-data [ (r-1) *n+c-11 ; 
1 

1 

//Overload the 0 oper'ators to initialize the memory space for a vector or 
//to return a reference to the requested ce11 in a vector 
//If init=O then the array hasn't been initialized yet otherwiee return a value 
double &matrix: :operator ( )  (int r) 

( 

mtx-data = new double[ml ; 
1 
catch (xalloc) 



cout cc "Could not allocate. " ; 
exit (-1) ; 

1 

//Set al1 cells in the matrix to zero 
for(int i=l; ic=m;i++) 

( 
mtx-data[(i-l)*n]=ü.O; 

1 
init=l; 
return mtx-data [O] ; 

1 
else 

I 
return mtx-data [r-11 ; 

1 

//Overload the = operator to copy two matrices 
void matrix: :operator= (matrix &mtx) 

t 
if(m==mtx.m&&n==mtx.n) 
I 

for(int i=l;ic=m;i++) 
{ 

for(int j=l;jc=n;j++) 

I 
if (fabs(mtx.mtx-data[ (i-1) *n+j-11 s2.2e-16) 

mtx-data[ (i-1) *n+j-11 =mtx.mtx-data[ (i-1) *n+j -11 ; 
else 

mtx-data[(i-1) *n+j-11 =O.O; 
1 

1 
1 
else 
( 

exit (-1) ; 
1 

1 

ostream& 
operator cc(ostream& os, matrix& MM) 

{ 
- fpreset ( ) ; 

/ /  return the Stream object 
return os; 

1 

istream& 
operator >>(ietream& is, matrix& MM) 
( 

- fpreset ( ) ; 
char c; 
for(int i=l;ic=MM.m;i++) 

{ 



/ /  return the Stream object 
return is; 

1 

//Zero a l1  the elements in the tnatrix 
void matrix-zero (rnatrix &mtx) 

( 
f o r  (int i=l; i<=mtx.m; i++) 
{ 

for(int j=l; j<=rntx.n; j++) 

( 

//Set the matrix equal ta an Identity matrix 
//returns O if succeesful and 1 if the matrix is not a square matrix 
int matrix-1 (matrix &mtx) 
I 

if(mtx.m==rntx.n) 
( 

f o r  (int i=l;i<=mtx.m;i++) 
{ 

for(int j=l;j<=mtx.n;j++) 
{ 

mtx(i,i)=l.O; 

} 
return (0 ; 

1 
else 
I 

return(1); 

1 
1 

//Add two matrices together 
//returns 0 if succeseful and 1 if the matrix eizes are not compatible 
int matrix~eum(matrix &mtxl, matrix &mtxr, matrix &sum) 

I 

//Add a constant to a matrix 



int matrix-sum(doub1e s, matrix &mtx, matrix &eum) 
{ 

if(mtx.m==eum.m&&mtx.n==sum.n) 

I 
for(int i=l;ic=mtx.m;i++) 
{ 

//Multiply t w o  matrices together 
//returns O if succeesful and 2 if the matrix aizee are not compatible 
int rnatrix-mult (matrix &mtxl, matrix &mtxr, matrix &prodl 
{ 

if(mtxl.n==mtxr.rn&&mtxI.m==prod.m&&mtxr.n==prod.n) 

{ 
/ /  Zero Product matrix before calculating 
matrix-zero (prod) ; 

for(int k=l;kc=mtxl.n;k++) 

I 
prod(i, j)+=rntxl(i,k)*mtxr(k, j) ; 

} 
1 

1 
return (0 ; 

1 
else 

( 
return ( 2 ) ; 

1 
1 

//Multiply a rnatrix by a constant 
//returns O if successful and 2 if the matrix eizes are not compatible 
int matrix-mult(doub1e m, matrix &mtx, matrix &prodl 

I 
if (mtx .m==prod .m&&mtx.n==prod.n) 

1 
for(int i=l;i<=mtx.m;i++) 
1 

for(int j=l; jc=mtx.n; j++) 

{ 
prod(i,j)=m*rntx(i,j); 

1 
1 
return (0 ; 

1 
el se 

I 
return ( 2  ; 

1 
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//return F=O : Inveree was successful 
//return F=3 : Matrix io non-invertable 
//return F=4 : The matrix sizes are incompatable 
int matrix-inv(matrix &mtx, matrix &inv) 

{ 
int i, j,F,X,Y,K; 
double Crnax, test, L; 
F=O ; //Flag to monitar the matrix singularity 
X=Y=I ; //Start at top left of matrix 
if(mtx.m==mtx.n&&rntx.m==inv.m==in.n) 

{ 
//Create the Identity matrix 
matrix I(mtx.rn,mtx.n); 
for (i=l;ic=I .m;i++) 

{ 
~(i,i)=l.O; 

1 

//Copy elements £rom mtx to inv 
inv-mtx; 

if (test>~max) 
( 

Cmax= test ; 
K=i; 

1 
1 

if ( C m a x c  .00001) 

{ 
F=3;/*D=O.O;*/Y++; 
break; 

1 

for(j=l; jc=inv.m; j++) 

{ 
teet=inv(X, j) ; 
inv(X, j) =inv(K, j )  ; 
inv(K,j) =test; 
if (F==O) 

{ 
test=I (X, j ; 
I(X, j)=I(K,j); 
1 (K, j )=test; 

1 
1 



//Copy Inverse matrix from 1 to inv 
inv=l ; 
return F; 

1 
else 

{ 
F=4 ; 
return F; 

//Calculate the transform of a matrix 
//returns O if succeseful and 1 if the matrix sizes are not compatible 
int matrix-trans(matrix &mtx, matrix &mtxt) 
{ 

if(mtx.m==mtxt.n&&mtx.n==mtxt.m) 

{ 
for(int i=l;ic=mtx.m;i++) 

{ 
for(int j=l;j<=mtx.n;j++) 

{ 
mtxt(j ,il =mtx(i, j) ; 

1 
1 

1 
else 

I 
return 5; 

1 
return O; 

1 

/ / * * * * * *  Cornplex Matrix operations * t ****  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

//~nitialize the memory space for the array of the specified size 
matrixc::matrixc(int r, int c) 

{ 
init=O; 
if (r!=O) 
I 

t r y  
( 

m=r;n=c; 
mtx-data = new cornplex[m*n]; 

1 
catch (xalloc) 
( 

tout "Could not allocate."; 
exit (-1) ; 

1 

//Set al1 celle in the matrix to zero 
for(int i=l; ic=rn;i++) 

I 
for(int j=1; j<=n;j++) 

I 
rnt-data [ (i-1) *n+j-11 =complex(O. O, 0.0) ; 



//Clean up after the matrix is not needed 
matrixc: : -matrixc (void) 

{ 
if (init) 

delete[] mtxdata; 
1 

//reset the matrix to new dimensions and initialize to zero 
void 
rnatrixc : : Resize ( int r, int c, int useprev) 

I 
int mp , np , initp, i ; 
complex *mtx-databak; 
initp=init; 

//If useprev==l Gave the original info for later use 

mtx-databak = new complex[mp*np]; 
1 
catch (xalloc) 

I 
cout <c llCould not allocate."; 

//copy original data to backup array 
for(i=O;icm*n;i++) 

mtx-databak [il = mtx-data [il ; 

//delete the previous array if it was there 
if(init1 

delete [ l  mtx-data; 

mtx-data = new complex [m*n] ; 

1 
catch (xalloc) 

{ 
tout <c "Could not allocate."; 
exit (-1) ; 

1 

if(useprev&&initp==l) 

{ 
//Set al1 cells in the matrix to prev 
for(int i=l; ic=m;i++) 

I 

value if possible 



1 
delete l ]  mtx-databak; 

} 
else 

( 
//Set al1 cells in the matrix to zero 
for(int i=l; ic=m;i++) 

{ 
for(int j-1; jc=n;j++) 
I 

//ûverload the 0 operators to initialize the memory space for a matrix or 
//to return a reference to the requeeted ce11 in a matrix 
//If init=O then the array hasn8t been initialized yet otherwise return a value 
complex &matrixc::operator() (int r, int c) 

( 
if(init==O) 

{ 
trY 
I 

m=r ; n=c ; 
mtx-data = new complex [m*n] ; 

1 
catch (xalloc) 

( 
tout << "Could not all~cate.~~; 
exit (-1) ; 

1 

//Set al1 cells in the matrix to zero 
for(int i=l; ic=m;i++) 

I 
for (int j=l; jc=n; j++) 

{ 
mtx-data [ (i-1) *n+j-11 =complex(O.O, O. O) ; 

1 
1 
init=l; 
return mtx-data [O] ; 

1 
else 

I 
return mtx-data [ (r-1) *n+c-l] ; 

1 
1 

//Overloaa the 0 operatore to initialize the memory space for a vector or 
//to return a reference to the requested ce11 in a vector 
//If init=O then the array hasn't been initialized yet otherwise return a value 
complex &matrixc::operator(l (int r) 

{ 
if(init==O) 

I 



mtx-data = new complex[m] ; 

1 
catch (xalloc) 

{ 
tout CC "Could not allocate."; 
exit (-1) ; 

1 

//Set al1 cells in the matrix to zero 
for (int i=l; i<=m; i++) 

{ 
mtx-data[(i-l)*n]=complex(O.O,O.O); 

1 
init=l; 
return mtx-data [O] ; 

1 
else 
{ 

return mtx-data [r-il ; 

1 
1 

//Overload the = operator to copy a double matrix to a complex rnatrix 
void matrixc::operator=(matrix &tntx) 
{ 

if (m==mtx.m&&n==mtx.n) 

{ 
for(int i=l;ic=m;i++) 
C 

for(int j=i;jc=n;j++) 

{ 
if (fabe(mtx.mtx-data[ (i-1) *n+j-ll)>l .Oe-14) 

mtx-data[ (i-1) *n+j -11 =complex(mtx.mtxXdata[ (i-1) *n+j-11 ,O.O) ; 
else 

mtx-data[(i-l)*n+j-~]=co~~~~x(O.O,O.O); 

1 
1 

1 
else 
{ 

exit (-1) ; 
1 

1 

//Overload the = operator to copy two complex matrices 
void matrixc::operator=(matrixc &mtx) 
( 

if (m==mtx.m&&n==mtx .n) 
{ 

for(int i=l;ie=m;i++) 

{ 
for(int j=l; jc=n; j++) 
( 

if(abs(mtx.mtx-data[(i-1) *n+j-lj)>l.Oe-14) 
mtx - data[(i-1) *n+j-11 =rntx.mtx-data[ (i-1) *n+j-11 ; 

else 



//Set the matrix equal to an Identity matrix 
//returns O if eucceseful and 1 if the matrix ie not a square matrix 
int rnatrix-1 (matrixc &rntxl 
I 

if(mtx.m==mtx.n) 
{ 

for(int i=l;i<=mtx.m;i++) 

{ 

return ( 0 ; 

1 
elee 

//Add two matricee (a double and a complex) together 
//returns O if eucceseful and 1 if the matrix sizes are not compatible 
int matrix-eum(matrix &rntxl, rnatrixc &mtxr, matrixc &sum) 
{ 

for (int j=l; j<=mtxl .n: j++) 
( 

aum(i, j)=complex(mtxl(i, j),O.O)+mtxr(i,j); 

1 
1 
return ( 0 ; 

{ 
return (1 ; 

//Add two matrices (a complex and a double) together 
//returns O if succeeeful and 1 if the matrix eizes are not compatible 
int matrix-sum(matrixc &mtxl, matrix &mtxr, matrixc &sum) 

I 
if(mtxl.m==mtxr.m&&mt~r.m==8um.m&&rnt~1.n==mtxr.n&&rntxr.n==6um.n) 

I 
for(int i=l:ic=mtxl.m:i++) 



/ /Add  two Complex matrices together 
//returns O if successful and 1 if the matrix eizee are not compatible 
int matrix-sum(matrixc &mtxl, matrixc &mtxr, matrixc &sum) 

{ 
if(mtxl.m==mtxr.m&&mtxr.m==sum.m&&mt~l.n==mtxr.n&&mt~r.n==~~m.n) 

( 
for(int i=l;ic=mtxl.m;i++) 

{ 
for (int j=l; j<=mtxl .n; j++) 
( 

sum 
1 

1 
return (0 1 

1 
else 

( 

(i, j)=rntxl(i, j)+mtxr(i, j); 

/ / A d d  a double constant to a complex matrix 
//returns O if successful and 1 if the matrix sizes are not compatible 
int matrix-sum (double e ,  matrixc &mtx, matrixc &sum) 

( 
if(mtx.m==sum.m&&mtx.n==6um.n) 

I 
for(int i=l;i<=mtx.m;i++) 

{ 
for(int j=l; j<=mtx.n;j++) 

t 
sum(i, j)=complex(a,O.O)+mtx(i, j) ; 

} 
1 
return ( 0 1 ; 

1 
else 

{ 
return (1 1 ; 

1 
1 

/ / A d d  a camplex constant to a complex matrix 
//returns O if succeesful and 1 if the matrix sizes are not compatible 
int matrix~sum(comp1ex s, matrixc &mtx, matrixc &eum) 
I 

if(mtx.m==sum.m&&mtx.n==sum.n) 

{ 
for (int i=l; ic=mtx.m;i++) 

{ 
for(int j=l; jc=mtx.n; j++) 

{ 
sum(i,j)=s+mtx(i,j); 

1 
} 
return (0) ; 

1 
else 



//Multiply two matrices together (one double and one complex) 
//returns O if successful and 2 if the matrix sizes are not compatible 
int matrix-mult(matrix &mtxl, matrixc &mtxr, matrixc &prodl 

I 
if(mtxl.n==mtxr.m&&mt~1.m==pr0d~m&&mt~r.n==prod.n) 

( 
/ /  Zero Product matrix before calculating 
matrix-zero (prod) ; 

//Multiply two matrices together (one complex and one double) 
//returns O if successful and 2 if the matrix aizes are not compatible 
int matrix-mult(matrixc &mtxl, matrix &mtxr, matrixc &prodl 

I 
if(mtxl.n==mtxr.m&&mtxl.m==prod.m&tmtxr.n==prod.n) 

I 
/ /  Zero Product matrix before calculating 
matrix-zero (prod) ; 

1 
1 
return 

1 
elee 
I 

return 

//Multiply two matrices together (both complex) 
//returne O if successful and 2 if the matrix sizes are not compatible 
int matrix-mult(matrixc &mtxl, matrixc &mtxr, matrixc &prodl 

{ 
if(mtxl.n==mtxr.m&&mtxl.m==prod.m&&mtxr.n==pr~d~n) 

I 
/ /  Zero Product matrix before calculating 
matrix-zero (prod) ; 



for(int i=l;i<=mtxl.m;i++) 
I 

for(int j=l;j<=mtxr.n;j++) 
( 

for (int k=l ; k<=mtxl . n: k++ 
{ 

prod(i, j) +=mtxl (i, k) *mtxr(k, j) ; 
1 

1 
1 
return ( 0 1 ; 

1 
el se 
{ 

return (2) ; 
1 

1 

//Multipiy a complex matrix by a double constant 
//returns 0 if successful and 2 if the matrix sizes are not compatible 
int matrix-mult(doub1e m,  matrixc &mtx, matrixc &prodl 

( 
if(mtx.m==prod.m&&mtx.n==prod.n) 

( 
for(int i=l;ic=rntx.m:i++) 

( 
for(int j=l; j<=mtx.n; j++) 
I 

prod(i,j)=complex(m,O.O)*mtx(i,j); 

1 
1 
return ( 0 ; 

1 
elee 

I 
return(2) ; 

1 
1 

//Multiply a double matrix by a complex constant 
//returns O if successful and 2 if the matrix sizes are not compatible 
int matrix-rnult(comp1ex m, matrix &mtx, matrixc &prodl 
{ 

I 
for (int j=l; jc=mtx.n; j++) 
I 

prod(i,j)=m*complex(mtx(i,j),0.0); 

1 
1 
return ( 0 ; 

1 
else 

I 
return ( 2 ) ; 

1 
1 

//Multiply a complex matrix by a complex conetant 
//returns O if succeseful and 2 if the matrix sizes are not compatible 
int matrixmult (cornplex m, matrixc &mtx, rnatrixc &prod) 

{ 



1 

for(int j=l; jc=mtx.n;j++) 

{ 
prod(i, j)=m*mtx(i, j); 

return ( 0 )  ; 

1 
else 

( 
return (2 ) ; 

1 
1 

//Calculate the inveree of a given matrixc 
//return F=O : Inverse was euccessful 
//return F=3: Matrix is non-invertable 
//return F=4 : The matrix sizes are incompatable 
int matrix-inv(matrixc &mtx, matrixc &inv) 

int i, j,F,X,Y,K; 
complex Cmax,test,L; 
F=O; //Flag to monitor the matrix singularity 
X=Y=l; //Start at top left of matrix 
if(mtx.m==mtx.n&&mtx.m==inv.m==in.n) 

{ 
//Create the Identity matrix 
matrixc 1 (mtx.m, mtx.n) ; 
for(i=l;ic=I.m;i++) 

{ 
1 (i,i)=complex(l.O,O.O) ; 

1 

//Copy elements from mtx to inv 
inv=mtx ; 

while(Xc=inv.m&&Y<=inv.n) 

I 
Cmax=complex(O.O,O.O);K=X; 
£or(i=X;i<=inv.m;i++) 

{ 
test=complex(abs(inv(i,Y~),O.~); 
if (abs (test) sabs (Cmax) ) 

( 
Cmax=test ; 
K=i ; 

1 
1 

if (abs (Cmax) < O .  00001) 

{ 
F=3;/"D=O.O;*/Y++; 
break ; 

1 



//Copy Inverse matrix f r o m  1 t o  inv 
inv= 1 ; 
return F; 

} 
else 

( 
F=4 ; 
return F; 

1 
1 

//Calculate the tranaform of a complex matrix 
//returno O if successful and 5 if the  rnatrix sizea are not compatible 
int matrix-trans(rnatrixc &mtx, matrixc &mtxt) 

( 
if (mtx .m==mtxt .n&&mtx .n==mtxt .m) 

{ 
for (int i=l;ic=mtx.m;i++) 

I 
for(int j=l 

( 
mtxt (j , i 

1 
1 
return ( O  ; 

} 
else 

I 
return ( 5) ; 



#define SWAP (a, b) temp= (a) ; (a) = (b) ; (b) =temp; 
#define M 7 
#def ine NSTACK 10 0 
3 include "mat rix . hlf 

void sort3(matrix& arr, matrix& brr, matrix& err) 
{ 

int i,ir=arr.m,j,k,l=l; 
int j stack=o ; 
matrixi istack; 
double a, b, c, temp: 

istack (NSTACK) ; 
for (;;) { 

if (ir-1 < M) { 
for (j=l+ï; jc=ir; j++i  { 

a=arr ( j ; 
b=brr (j ; 
c=crr (j ; 
for (i=j-l;i>=l;i--1 { 
if (arrii) c= a) break; 
arr(i+l)=arr(il ; 
brr(i+l)sbrr(i); 
crr(i+l)=crr(i) ; 

1 
arr (i+l) =a; 
brr (i+l) =b; 
crr(i+l) =c;  

1 
if ( !  jstack) { 

return; 
1 
ir-istack (jetack) ; 
l=istack( jstack-11 ; 
jstack -=  2; 

) else { 
k=(l+ir) >> 1; 
sw~~(arr(k) ,arr(i+l)) 
s~~~(brr(k),brr(l+l)) 

(arr(l+l) > arr(ir1) { 
SWAP (arr (l+l) ,arr (ir) 
s~~~(brr(l+l) , brr(ir) 
SWAP(C~~ (l+l) ,crr(ir) 1 

i=l+l ; 
jzir; 
a=arr(l+ll ; 
b=brr(l+l) ; 
c=crr(l+l) ; 
for ( ; ; )  { 

do i++; while (arr(i) c a); 
do j--; while (arr(j) > a); 
if (j c i) break; 
sw~p(arr(i),arr(j)) 



arr(j) =a; 
brr (l+l) =brr ( J 1 ; 
brr( j) =b; 
crr (l+l) =crr ( j 1 ; 
crr(j) =c; 
jstack += 2; 

/ /  if (jstack > NSTACK) nrerror("NSTACK too small in sortS."); 
if (ir-i+l >= 1-11 { 

iatack (jstack) =ir; 
istack( jstack-1) =i; 
ir=j-1; 

} else { 
istack( jstackl = j-1; 
istack( jstack-1) =l; 
l=i; 

1 
1 

1 
1 
Xundef M 
#unde£ NSTACK 
#unde£ SWAP 



int rgg(matrix& a,matrix& b,matrix& alfr,rnatrix& alfi,matrix& beta, 
const int matz,matrix& 2 ) ;  

Einclude <stdio.h> 
Cinclude cetdlib. h> 
Einclude <math-hz 
Einclude "matrix.hU 

double sign (double x, double y) : 

double epslon (double XI; 

void qzhes (matrix& a, matrix& b, const int matz,matrix& z )  ; 

int qzit(matrix& a,matrix& b,double eps1,int matz,matrix& z); 

void qzval(matrix& a,matrix& b,matrix& alfr,rnatrix& alfi, 
matrix& beta,int matz,matrix& 2 ) ;  

void qzvec(matrix& a,matrix& b,matrix& alfr,matrix& alfi, 
matrix& beta,matrix& 2 ) ;  

double 
sign(doub1e x ,  double y] 

( 
double sn: 

if(ys=O.O) 
sn=fabs (x) ; 

elee 
sn=-fabs (x) ; 

return sn; 

estimate unit roundoff in quantities of size x. 

double precision a,b,c,eps 

this program ehould function properly on al1 systems 
satisfying the following two assumptions, 

1. the base used in representing floating point 
numbers is not a power of three. 

2. the quantity a in statement 10 is repreeented to 
the accuracy used in floating point variables 
that are stored in memory. 

the statement number 10 and the go to 10 are intended to 
force optimizing compilers to generate code eatisfying 
assumption 2 . 
under these assumptions, it should be true that, 

a is not exactly equal to four-thirds, 
b hae a zero for its laet bit or digit, 
c is not exactly equal to one, 
eps measures the separation of 1.0 from 
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c about any systems where these aseumptions do not hold. 
C 

c this version dated 12/7/97 
c - >  converted to BorLand C++ by Joeleff Fitzsimmons, ü T I A S  

* / 

double 
epslon (double x) 

{ 
double a,b,c,eps; 
eps=0 . 0; 
a = 4.0/3.0; 
while (eps==O. 0) 

( 
b = a - 1.0; 
c = b + b + b ;  
eps = fabs(c-1.0); 

1 
return eps*f abs (x) ; 

1 

this subroutine is the first etep of the qz algorithm 
for solving generalized matrix eigenvalue problems, 
siam j. numer. anal. 10, 241-256(1973) by moler and Stewart. 

this subroutine accepts a pair of real general matrices and 
reduces one of them to upper hessenberg form and the other 
to upper triangular form using orthogonal transformations. 
it is usually followed by qzit, qzval and, possibly, qzvec. 

on input 

nm must be set to the row dimension of two-dimensional 
array parameters as declared in the calling program 
dimension etatement. 

n is the order of the matrices. 

a contains a real general matrix. 

b contains a real general matrix. 

matz should be set to true if the right hand traneformatione 
are to be accumulated for later use in computing 
eigenvectors, and to false otherwise. 

on output 

a has been reduced to upper hessenberg form. the elements 
below the first subdiagonal have been set to zero. 

b has been reduced to upper triangular form. the elements 
below the main diagonal have been set to zero. 

z contains the product of the right hand transformations if 
matz has been set to true otherwise, z is not referenced. 

questions and comment6 should be directed to burton s, garbow, 
mathematics and cornputer science d i v ,  argonne national laboratory 

this version dated 12/7/97 
- z  converted to Borland C++ by Joeleff Fitzsimmons, UTIAS 

* / 



-, .........L..L.L.. i i i a ~ ~  A.-.= L I  ......................... 
{ 

int i, j , k, 1, lb, 11, nkl, nml, nm2, n; 
double r,e,t,ul,u2,vl,v2,rho; 

n=a .n; 
.......... / /  .......... initialize z 

i f  (matz) 

{ 
f o r  (i=l;ic=n; i++) 

{ 
z ( i ,  j) = 0.0; 

.......... / /  .......... reduce b to upper triangular form 
i f  in > 1) 

{ 
nml = n - 1; 

f o r  (l=i; lc=nml; l++) 
{ 

11 = 1 + 1; 
B = 0.0; 

if (s == 0.0) continue; 

r = sign(sqrt (r) ,b(l,l) ) ; 

b(1,l) = b(1,l) + r; 
rho = r * b(l,l); 

t: = -t / rho; 



t = -t / who; 

/ /  .......... reduce a to upper hessenberg form, while 
. . . . . . . . . .  / / keeping b triangular 

if (n!=2) 

( 
nm2 = n - 2; 

nkl = nml - k: 
............ .......... / /  for l=n-1 etep -1 until k+l do 

for(lb=l;lbc=nkl;lb++) 

{ 
1 = n - lb; 
11 = 1 * 1; 

.......... .......... / /  zero a (l+l, k) 
s = fabs(a(1,k)) + fabs(a(l1,k)l; 
if (e==O. O) continue; 
ui = a(1,k) / a; 
u2 = a(l1,k) / e; 
r = eign(eqrt(ul*ul+u2*u2),ul); 
vl = - (u1 + r) / r; 
v2 = -u2 / r; 
u2 = v 2  / vl; 

for(j=k; j<=n; j++) 

I 
t = a(1,j) + u2 * a(l1,j); 
a(1, j) = a(1, j) + t * vl; 
a(l1.j) = a(l1, j) + t * v2; 

1 

. . . . . . . . . .  . . . . . . . . . .  / /  zero b(l+l,l) 
s = fabs(b(l1,ll)) + fabe(b(l1,l) } ; 
if (s==O. O) continue; 
ul = b(l1,ll) / B; 

u2 = b(ll,l) / a ;  
r = sign(sqrt (ul*ul+u2*~2 ) ,ul) ; 
vl = - (ul + r) / r; 
v2 = -u2 / r; 
u2 = v2 / vl; 

for (i=l; i<=ll; i++) 

{ 
t = b(i, 11) + u2 * b(i,l) ; 
b(i,ll) = b(i,lll + t * vl; 



for(i=l;ic=n;i++) 

{ 
t = a(i,ll) + u2 a(i,l); 
a(i.11) = a(i.11) + t * vl; 
a ( i , l )  = a(i,l) + t v2; 

1 

if ( !matz) continue; 

for(i=l;ic=n; i++) 

{ 
t = z(i,ll) + u2 zIi,l); 
z(i,ll) = z(i,ll) + t * vl: 
z(i,l) = z(i,l) + t * v2; 

1 

/ *  this subroutine is the second step of the qz algorithm 
for solving generalized matrix eigenvalue problems, 
siam j. numer. anal. 10, 241-256(1973) by moler and stewart, 
as modified in technical note nasa tn d-7305(1973) by ward. 

this subroutine accepta a pair of real matrices, one of them 
in upper heseenberg form and the other in upper triangular form. 
it reduces the heseenberg matrix to quasi-triangular form using 
orthogonal transformations while maintaining the triangular form 
of the other matrix. it is usually preceded by qzhes and 
followed by qzval and, possibly, qzvec. 

on input 

nm must be set to the row dimension of two-dimensional 
array parameters as declared in the calling program 
dimension statement. 

n is the order of the matrices. 

a containe a real upper hessenberg matrix. 

b contains a real upper triangular matrix. 

epsl i s  a tolerance used to determine negligible elements. 
epsl = 0.0 (or negative) may be input, in whlch case an 
element will be neglected only i f  it is less than roundoff 
error times the norm of ita matrix. if the input epsl is 
positive, then an element will be considered negligible 
if it is les5 than epsï times the norm of its matrix. a 
positive value of epsl may result in faster execution. 
but less accurate results. 

matz should be set to .truc. if the right hand transformations 
are to be accumuLated for later use in computing 
eigenvectors, and to .falee. otherwise. 

z contains, if matz has been set to .truc., the 
transformation matrix produced in the reduction 
by qzhes, if performed, or else the identity matrix. 



on output 

a has been reduced to quasi-triangular form. the elements 
below the firet subdiagonal are still zero and no two 
consecutive subdiagonal elernents are nonzero. 

b is etill in upper triangular form, although its elements 
have been altered. the location b(n,l) is ueed to etore 
epsl times the n o m  of b for later use by qzval and qzvec. 

z contains the product of the right hand transformations 
(for both steps) if matz has been set to .truc.. 

ierr is set to 
zero for normal return, 
j if the limit of 30*n iterations is exhaueted 

while the j-th eigenvalue is being sought. 

questions and comment8 should be directed to burton s. garbow, 
mathematics and computer science div, argonne national laboratory 

this version dated 12/7/97 
- z  converted to Borland C++ by Joeleff Fitzsimmone, UTIAS 

* / 

int 
qzit(matrix& a,matrix& b,double eps1,int matz,matrix& z )  

( 
int i,j,k,l,n,en,k~,k2,1d,ll,ll,na,ish,itn,its,kml, 

lml,enm2,ierr,lorl,enorn,notlas; 
double r,s,t,al,a2,a3,ep,sh,ul,u2,~3,v1,~2,~3,ani,a~l, 

a12,a21,a22,a33,a34,a43,a44,bni,b11,b12,b22,b33,b34, 
b44,epaa,epsb,anorm,bnom; 

n=a. n; 
ierr = 0; 
/ /  .......... compute epsa,epeb . . . . . . . . . .  
anonn = 0.0; 
bnorm = 0.0; 

for(i=l;i<=n;i++) 

( 
ani = 0.0; 
if (i!=i) ani = fabs(a(i,i-1)); 
bni = 0.0; 

for( j=i; jc=n; j++) 

I 
ani = ani + fabs(a(i,j)); 
bni = bni + fabs(b(i,j)); 

if (anizanorm) anorm = ani; 
if (bni>bnorm) bnorm = bni; 

1 

if (anorm==O.O) anorm = 1.0; 
if (bnorm==O.O) bnorm = 1.0; 
ep = epsl; 
if (epc=O.O) 

{ 
/ /  . . . . . . . . . .  use roundoff level if epel is zero . . . . . . . . . .  

epsa = ep * anorm; 



/ /  .......... reduce a to quasi-triangular form, while 
.......... / /  keeping b triangular 

lorl = 1; 
enorn = n; 
en = n; 
itn = 30*n; 

.......... . . . . . . . . . .  / /  begin qz step 
160: 
if (enc=2) goto 11001; 
if ( !matz) enorn = en; 
its = O; 
na = en - 1; 
enm2 = na - 1: 

170 : 
ish = 2: 

.......... / /  check for convergence or reducibility. 
.......... / /  for l=en step -1 until 1 do - -  

for(ll=i;ll<=en;ll++) 

{ 
lm1 = en - 11; 
1 = lm1 + 1; 
if (1==1) goto 195; 
if (fabs(a(l,lml))c=epsa) goto 190; 

1 

190 : 
a(1,lml) = 0.0; 
if (lena) goto 195; 
/ /  . . . . . . . . . .  1-by-1 or 2-by-2 block ieolated .......... 
en = lml; 
goto 160; 

/ /  . . . . . . . . . .  check for small top of b .......... 
195 : 

Id = 1; 

1100: 
11 = 1 + 1; 
bll = b(1,l) ; 
if (fabs (bll) >epeb) goto 1120; 
b(l,l) = 0.0; 
s = fabs(a(1,l)) + fabs(a(l1,l) 1; 
ul = a(l,l) / a; 
u2 = a(ll,l) / 0 ;  

r = sign(sqrt(ul*ul+u2*~2),ul); 
VI = - ( u ~  + r) / r; 
v2 = -u2 / r; 
u2 = v2 / vl; 

for(j=l; jc=enorn; j++) 

{ 
t = a(1, j) + u2 * a(l1,j); 
a(1, j) = a(1, j) + t * VI; 
a(11,j) = a(ll,j) + t * v2; 
t = b(1 ,  j) + u2 * b(l1,j); 
b(1 ,  j) = b(1.j) + t * vl; 
b(l1, j) = b(lL,j) + t * v2; 

} 

if (l!=l) a(1,lml) = -a(l,lml); 
lm1 = 1; 
1 = 11; 
goto 190; 



..A.. - -,a.,.., , M A L ,  

a21 = a(11,l) / bll; 
if (ish==l) goto 1140; 

.......... .......... / /  iteration etrategy 
if (itn==O) goto 11000; 
if (its==lO) goto 1155; 
/ /  .......... determine type of shift . . . . . . . . . .  
b22 = b(l1,ll) ; 
if (fabs(b22):epsb) b22 = epsb; 
b33 = b(na, na) ; 
if (fabs (b33) cepsb) b33 = epeb; 
b44 = b(en,en) ; 
if (fabs(b44)<epsb) b44 = epeb; 
a33 = a(na,na) / b33; 
a34 = a(na,en) / b44; 

a44 = a(an,en) / b44; 
b34 = b(na,en) / b44; 
t = 0.5 * (a43 * b34 - a33 - a44); 
r = t * t + a34 * a43 - a33 * a 4 4 ;  

if (reO. O) goto 1150; 
/ /  .......... determine single shift zeroth column of a ......... 
ish = 1; 
r = sqrt (r) ; 
sh = -t + r; 

if (fabs (8-a441 cfabs (sh-a44)) eh = 8; 
.......... / /  look for two consecutive ernall 

/ / sub-diagonal elemente of a. 
.......... / / for 1=en-2 step -1 until Id do - -  

for(ll=ld;llc=enrn2:11++) 

I 
1 = enm2 + Id - Il: 
if (l==Xdl goto 1140; 
lm1 = 1 - 1; 
11 = 1 + 1; 
t = a(1,l); 
if (fabs(b(1,l) )zepsb) t = t - eh * b(1,l); 
if (fabs (a(1,lml) ) c=fabs(t/a(ll,l) ) * epsa) goto 1100; 

1 

1140: 
al = al1 - ah; 
a2 = a21; 
if (l!=ld) a(1,lml) = -a(l,lml); 
goto 1160; 

/ /  . . . . . . . . . .  determine double ehift zeroth column of a .......... 
1150: 
a12 = a(1,ll) / b22; 
a22 = a(lî,ll) / b22; 
b12 = b(1,ll) / b22; 
al = ((a33 - ail) * (a44 - all) - a34 * a43 + a43 * b34 * al11 

/ a21 + a12 - al1 * bl2; 
a2 = (a22 - all) - a21 * bl2 - (a33 - al11 - (a44 - al11 

+ a43 * b34; 
a3 = a(ll+l,ll) / b22; 
goto 1160; 

/ /  . . . . . . . . . .  ad hoc shift . . . . . . . . . .  
1155: 
al = 0.0; 
a2 = 1.0; 
a3 = 1.1605; 
1160: 
its = its + 1; 



/ /  .......... main loop .......... 
for(k=l;kc=na;k++) 

{ 
notlas = k!=na&&ish==2; 
kl = k + 1; 
k2 = k + 2; 
km1 = max(k-1,l) ; 
11 = min(en, kl+ish) ; 
if (notlae) goto 1190; 
/ /  .......... zero a(k+l,k-1) ......... 
if (k!=l) 

if (k!=l) a(k1,kml) = 0.0; 
goto 1240; 

. . . . . . . . . .  / / .  ......... zero a(k+l,k-1) and a(k+2, k-1) 
Ilgo: 
if (k!=l) 
{ 

aï = a(k,kml); 
a2 = a(k1,kml); 
a3 = a(k2,kml); 

1 
s = fabs(a1) + fabs(a2) + fabs(a3); 
if (s==O.O) continue; 
ul = al / a ;  
u2 = a2 / s; 
u3 = a3 / a; 
r = sign(sqrt(u1*ui+u2*u2+~3*~3),uî); 
VI = -(ul + r) / r; 
v2 = -u2 / r; 
v3 = -u3 / r; 
u2 = v2 / vl; 
u3 = v 3  / vl; 



if (k!=l) 
{ 

a(kï,kml) = 0.0; 
a(k2,kml) = 0.0; 

1 . . . . . . . . . .  .......... / /  zero b(k+2,k+l) and b(k+2,k) 
s = fabs(b(k2,k2)) + fabe(b(k2,kl)) 4 fabs(b(k2,k)); 
if (e==O .O) goto 1240; 
ul = b(k2,k2) / s; 
u2 = b(k2,kl) / 8 ;  

u3 = b(k2,k) / s; 
r = sign (eqrt (ul*ul+uZ*u2+~3 *u3 ) , ul); 
vl = - (ul + r) / r; 
v2 = -u2 / r; 
v3 = -u3 / r; 
u2 = v2 / vl; 
u3 = v3 / vl; 

for(i=lorl;ic=ll;i++) 
{ 

t = a(i,k2) + u2 * a(i,ki.) + u 3  * a ( i , k l ;  
a(i,k2) = a(i,k2) + t * vl; 
a(i, kl) = a(i,kl) + t * V2; 
a(i,k) = a(i,k) + t * ~ 3 ;  
t = b(i,k2) + u2 * b(i,kl) + u 3  * b(i,k); 
b(i,k2) = bIi,k2) + t * vl; 
b(i,kl) = b(i,ki) + t * v2; 
b(i,k) = b(i,k) + t * v3; 

1 

for (i=l; i<=n; i++) 
{ 

t = z(i,k2) + u2 * z(i,kl) + u 3  * z(i,k); 
z(i,k2) = z(i,k2) + t * vl; 
z(i,kï) = z(i,kl) + t + v2; 
z(i,k) = z(i,k) + t * ~ 3 ;  

} 

.......... . . . . . . . . .  / / .  zero b (k+l, k) 
1240 : 
s = fabs(b(k1,kl)) + fabe(b(kl,k)); 
if (s==0.0) continue; 
ul = b(k1,kl) / S; 
u2 = b(k1,k) / s ;  
r = sign(sqrt(ul*ul+u2*~2) ,ul) ; 
vi = -(ul + r) / r: 
v 2  = -u2 / r; 
u2 E v2 / v1; 



II \ : maEz 1 conc inue ; 

for (i=l;i<=n;i++) 

.......... .......... / /  end qz step 
goto 170; 
/ /  .......... set error - -  al1 eigenvalues have not 

.......... / /  converged after 30*n iteratione 
11000: 
ierr = en; 
/ /  . . . . . . . . . .  save epsb for use by qzval and qzvec -.... 
11001: 
if (n>1) b(n,l) = epsb: 
return ierr; 

1 

/ *  this subroutine is the third step of the qz algorithm 
for solving generalized matrix eigenvalue problems, 
siam j. numer. anal. 10, 241-256(1973) by moler and Stewart. 

this subroutine accepts a pair of real matrices, one of them 
in quasi-triangular form and the other in upper triangular form. 
it reduces the quasi-triangular matrix further, so that any 
remaining 2-by-2 blocks correspond to pairs of complex 
eigenvalues, and returns quantities whose ratios give the 
generalized eigenvalues. it is ueually preceded by qzhes 
and qzit and may be followed by qzvec. 

on input 

nm must be set to the row dimension of two-dimensional 
array parameters as declared in the calling program 
dimeneion statement. 

n is the order of the matrices. 

a contains a real upper quasi-triangular matrix. 

b contains a real upper triangular matrix. in addition, 
location b(n,l) contains the tolerance quantity (epsb) 
computed and saved in qzit. 

matz should be set to .true. if the right hand transformations 
are to be accumulated for later use in computing 
eigenvectors, and to .false. otherwiee. 

z contains, if matz has been set to .truc., the 
transformation matrix produced in the reductions by qzhes 
and qzit, if performed, or else the identity matrix. 
if matz hafi been set to .false., z ie not referenced. 

on output 

a has been reduced further to a quasi-triangular matrix 
in which al1 nonzero subdiagonal elements correspond to 
pairs of complex eigenvalues. 

b is still in upper triangular form, although its elemente 
have been altered. b(n,l) is unalkered. 



alxr ana alrz concain cne real ana unaginary parts of the 
diagonal elements of the triangular matrix that would be 
obtained if a were reduced completely to triangular form 
by unitary transformations. non-zero values of alEi occur 
in pairs, the firet member positive and the second negative. 

beta contains the diagonal elements of the corresponding b, 
normalized to be real and non-negative. the generalized 
eigenvalues are then the ratios ((alfr+i*alfi)/beta) . 

z contains the product of the right hand transformations 
(for al1 three steps) if matz has been set to .true. 

questions and commente should be directed to burton B .  garbow, 
mathematics and computer science div, argonne national laboratory 

this version dated 12/7/97 
- >  converted to Borland C++ by Joeleff Fitzsimmons 

* / 

void 
qzval(matrix& a,rnatrix& b,matrix& alfr,matrix& alfi,matr 

int matz,matrix& z) 
I 

int i,j,en,na,nn,isw; 

UT1 AS 

x& beta, 

double n,c,d,e,r,s,t,an,al,a2,bn,~q,cz,di,dr,ei,ti,tr,~l, 
u2,~1,v2,a1i,all,a12,a2i,a21,a22,b11,b12,b22~6qi~s~r, 
ssi,ssr,szi,szr,alli,allr,a12i,al2r,a22i,a22r,ep~b; 

n=a.n; 
epsb = b (n,l) ; 
isw = 1; 

.......... / /  find eigenvaluee of quasi-triangular matrices. 
............ / / for en=n step -1 until 1 do 

for(nn=l;nnc=n;nn++) 
{ 

en = n + 1 - nn; 
na = en - 1; 
if [isw==2) goto 1505; 
if (en==l) goto 1410; 
if (a(en,na) !=O.O) goto 1420; 

. . . . . . . . . .  .......... / /  1-by-1 block, one real root 
1410: 
alf r (en) = a (en, en) ; 
if (b(cn,en) <O .O) alfr(en) = -alfr(en) ; 
beta(en) = fabs(b(en,en)); 
alfi(en) = 0.0; 
continue; 

. . . . . . . . . .  .......... / /  2-by-2 block 
1420: 
if (fabs (b(na,na) ) c=epsb) goto 1455; 
if (fabe(b(en,en))>epsb) goto 1430; 
al = a (en, en) ; 
a2 = a(en,na); 
bn = 0.0; 
goto 1435; 
1430: 
an = fabs(a(na,na)) + fabs(a(na,en)) + fabs(a(en,na) )+fabs(a(en,en)); 
bn = fabs(b(na,na) ) + fabs(b(na,enl + fabs(b(en,en) ) ; 
al1 = a(na,na) / an; 
a12 = a(na,en) / an; 
a21 = a(en,na) / an; 
a22 = a(en,en) / an; 
bll = b(na,na) / bn; 
b12 = b(na,en) / bn; 



e = al1 / bll; 
ei = a22 / b22; 
s = a21 / (bii * b22); 
t = (a22 - e * b22) / b22; 
if (faba(e)c=fabs(ei)) goto 1431; 
e = ei; 
t = (al1 - e * bll) / bll; 

1431: 
c = 0.5 * ( t  - s * bl2); 
d =  c * c + a * (a12 - e * b12); 
if (dcO.0) goto 1480; 

.......... / /  two real roots. 
.......... // zero both a(en,na) and b(en,na) 

al1 = al1 - e * bll; 
a12 = a12 - e * b12; 
a22 = a22 - e pb22; 
if (fabs (ail) +fabs (al21 cfabs 
al = a12; 
a2 = a n ;  
goto 1435; 

.......... .......... / /  choose and apply real z 
1435 : 
a = fabe(a1) + faba(a2); 
ul = al / s; 
u2 = a2 / s; 
r E sign(sqrt(ul*ul+u2*~2),~1); 
v l  = -(ul + r) / r; 
v2 = -u2 / r; 
u2 = v2 / v1; 

for (i-1; ic=en; i++) 

{ 
t = a(i,en) + u2 * a(i,na); 
a(i,en) = a(i,en) + t * vl; 
a(i,na) = a(i,na) + t * v2; 
t = b(i,en) + u2 * b(i,na); 
b(i,en) = b(i,en) + t * vl; 
b(i,na) = b(i,na) + t * v2; 

1 

if (!mat21 goto 1450; 

for (i=l;i<=n;i++) 

{ 
t = z(i,en) + u2 * z(i,na); 
z(i,en) = zii,en) + t * vl; 
z(i,na) = z(i,na) + t * v2; 

} 

1450: 
if (bn==O.O) goto 1475; 
if (ancfabs (el * bn) goto 1455; 
ai = b(na,na); 
a2 = b(en, na1 ; 
goto 1460; 

1455: 
ai = a(na, na) ; 



/ /  . . . . . . . . . .  choose and apply real q ......... 
1460: 
s = fabs(a1) + fabs(a2); 
if (s==O.O) goto 1475; 
ul = al / s; 
u2 = a2 / s; 
r = sign (sqrt (ul*ul+u2*u2 , ul) ; 
vl = -(ul + r) / r; 
v2 = -u2 / r; 
u2 = v2 / vl: 

1475: 
a(en,na) = 0.0; 
b(en,na) = 0.0; 
alfr(na) = a(na,na) ; 
alfr (en) = a (en, en) ; 
if (b(na,na) <O. O) alfr(na1 = -alfr(na) ; 
if (b(en,en) <O. O) alfr(en) = -alfr(en) ; 
beta(na) = fabs (b(na,na) 1 ; 
beta(en) = fabs(b(en,en)l; 
alfi (en) = 0.0; 
alfi (na) = O. O; 
goto 1505; 

/ /  .......... two complex roots . . . . . . . . . .  
1480 : 
e = e + c ;  
ei = sqrt (-dl ; 
allr = al1 - e * bll; 
alli = ei * bll; 
a12r = a12 - e * b12; 
a12i = ei * b12; 
a22r = a22 - e * b22; 
a22i = ei * b22; 
if (fabs(al1r) + fabe(al1i) + fabs(aï2r) + fabs(al2i) < 

fabs(a21) + fabs(a22r) + fabs(a22i)) goto 1482; 
al = al2r; 
ali = a12i; 
a2 = -allr; 
a2i = -alli; 
goto 1485; 

1482: 
al = a22r; 
ali = a22i; 
a2 = -a21; 
a2i = 0.0; 

/ /  . . . . . . . . . .  chooee complex z . . . . . . . . . .  
1485: 
cz = sqrt(al*al+ali*ali); 
if (cz==O.O) goto 1487; 
szr = (al * a2 + ali * a2i) / cz; 
szi = (al * a2i - ali * a2) / cz; 
r = sqrt(cz*cz+szr*szr+szi*szi); 



szr = s z r  / r; 
s z i  = e z i  / r; 
g o t o  1 4 9 0 ;  

1487 : 
e z r  = 1 . 0 ;  
s z i  = 0 . 0 :  

1 4 9 0  : 
i f  (an< (fabe (e) + e i )  * b n )  g o t o  1 4 9 2 ;  
a l  = c z  * b l l  + s z r  * b 1 2 ;  
a ï i  = s z i  * b 1 2 ;  
a 2  = s z r  * b 2 2 ;  
a 2 i  = s z i  * b 2 2 ;  
g o t o  1495;  

1 4 9 2  : 
a l  = cz  * a l1  + s z r  * a 1 2 ;  
a l i  = s z i  * a 1 2 ;  
a 2  = cz  * a 2 1  + s z r  * a 2 2 ;  
a2i = s z i  * a 2 2 ;  

/ /  . . . . . . . . . .  c h o o s e  c o m p l e x  q .......... 
1 4 9 5  : 
cq = s q r t ( a l * a l + a l i * a l i ) ;  
i f  ( cq==O.O)  g o t o  1 4 9 7 ;  
sqr = ( a l  * a 2  + a l i  * a 2 i )  / c q ;  
sqi = ( a l  * a 2 i  - a l i  * a 2 )  / cq; 
r = eqrt (cq*cq+sqr*sqr+sqi*sqi)  ; 
cq = cq / r; 
sqr = sqr / r ;  
s q i  = eqi / r;  
g o t o  1 5 0 0 ;  

1497: 

sqr = 1 . 0 ;  
sqi = 0 . 0 ;  

// . . . . . . - - . .  c o m p u t e  d i a g o n a l  e l e m e n t s  t h a t  would r e s u l t  

/ /  i f  t r a n s f o r m a t i o n s  were a p p l i e d  .......... 
1500: 
ssr = eqr * s z r  + sqi * s z i ;  
s e i  = eqr * ezi - sqi * s z r ;  
i = 1; 
tr  = cq * cz p a l 1  + cq * s z r  * a 1 2  + eqr * cz +a21 + ssr * a 2 2 ;  
t i  = cq * s z i  * a 1 2  - sqi * c z  * a 2 1  + s e i  a 2 2 ;  
dr = cq * cz * b l l  + cq * ezr * b 1 2  + e e r  * b22; 
d i  a cq * s z i  * b12 + se i  * b 2 2 ;  
g o t o  1 5 0 3 ;  

1 5 0 2  : 
i = 2 ;  
tr = 581: * a i l  - sqr * c z  * a 1 2  - cq * s z r  a 2 1  + cq * cz + a22; 
ti = -ssi * al1 - s q i  + c z  * a l 2  + c q  + s z i  * a 2 1 ;  
dr  = esr * b l l  - sqr * c z  * b 1 2  + cq * cz * b22; 
d i  = - e s i  * b l l  - sqi * c z  * b 1 2 ;  

1 5 0 3  : 
t = ti * d r  - tr * d i ;  
j = na; 
i f  ( t c 0 . 0 )  j = e n ;  
r = s q r t ( d r * d r + d i * d i l ;  
b e t a ( j )  = b n  * r; 
a l f r ( j )  = a n  * (tr * d r  + ti  * d i )  / r ;  
a l f i ( j )  = a n  * t / r: 
if ( i = = l )  g o t o  1 5 0 2 ;  



----. 
isw = 3 - isw; 

1 
b(n,l) = epsb; 

1 

/ *  this eubroutine is the optional fourth step of the qz algorithm 
c for solving generalized matrix eigenvalue problems, 
c siam j. numer. anal. 10, 241-256(1973) by moler and Stewart. 
C 

c this eubroutine accepts a pair of real matrices, one of them in 
c quasi-triangular form (in which each 2-by-2 block corresponds to 
c a pair of complex eigenvalues) and the other in upper triangular 
c form. it computes the eigenvectors of the triangular problem and 
c transforme the results back to the original coordinate system. 
c it is usually preceded by qzhes, qzit, and qzval. 
C 

c oninput 
C 

c nm muse be set to the row dimension of two-dimensional 
c array parameters as declared in the calling program 
c dimension statement. 
C 

c n is the order of the matrices. 
C 

c a contains a real upper quaei-triangular matrix. 
C 

c b contains a real upper triangular matrix. in addition, 
c location b(n,L) contains the tolerance quantity (epsb) 
c computed and saved in qzit. 
C 

c alfr, alfi, and beta are vectors with componente whose 
c ratios ((alfr+i*aXfi)/beta) are the generalized 
c eigenvalues. they are usually obtained from qzval. 
C 

c z contains the transformation matrix produced in the 
c reductions by qzhes, qzit, and qzval, if performed. 
c if the eigenvectors of the triangular problem are 
c desired, z must contain the identity matrix. 
C 

c on output 
C 

c a is unaltered. ite subdiagonal elemente provide information 
c about the etorage of the complex eigenvectors. 
C 

c b hae been destroyed. 
C 

c alfr, alfi, and beta are unaltered. 
C 

c z contains the real and imaginary parts of the eigenvectors. 
c if alfiiil .eq. 0.0, the i-th eigenvalue is real and 
c the i-th column of z contains its eigenvector. 
c if alfi(i) .ne. 0.0, the i-th eigenvalue is complex. 
c if alfi(i) .gt. 0.0, the eigenvalue is the first of 
c a complex pair and the i-th and (i+l)-th columns 
c of z contain its eigenvector. 
c if alfi(i) .lt. 0.0, the eigenvalue ia the second of 
c a complex pair and the (i-1)-th and i-th columns 
c of z contain the conjugate of ite eigenvector. 
c each eigenvector 3s normalized so that the modulus 
c of its largest component is 1.0 . 
C 

c questions and comments should be directed to burton S .  garbow, 
c mathematics and computer science div, argonne national laboratory 
C 

c this version dated 12/7/97 



void 
qzvec(matrix& a,rnatrix& b,matrix& alfr,matrix& alfi,matrix& beta,matrix& z )  

{ 
int i, j , k,m,  n, en, ii, j j ,na, nn, isw, enm2; 
double d, q ,  r, e, t, w,x, y, di, dr, ra, r u a ,  Li, tr, tl, t2 ,wl, XI, 

z z ,  zl, alfm, almi, almr, betm,epeb; 
n=a.n; 
epsb = b(n,ï); 
isw = 1; 

.......... / /  ......... for en=n step -1 until 1 do - -  
for(nn=i;nnc=n;nn++) 

( 
en = n + 1 - nn; 
na = en - 1; 
if (isw==2) goto 1795; 
if (alfi (en) !=O .O) goto 1710; 

/ /  .......... real vector .......... 
m = en; 
b(en,en) = 1.0; 
if (na==O) continue; 
alfm = alfr (ml ; 
betm = beta(m1 ; 

............ .......... / /  for i=en-1 etep -1 until 1 do 
for(ii=l;iic=na;iii+) 

{ 
i = en - ii; 
w = betm * a(i,i) - alfm * b(i,i); 
r = 0.0; 

for( j=m; j<=en; j++) 
r = r + (betm * a(i,j) - alfm * b ( i , j ) )  * b(j,en); 

if (i==ll[iew==2) goto 1630; 
if (betm * a(i,i-l)==O. 0) goto 1630; 
zz = w; 
e = r; 
goto 1690; 

1630: 
m = i; 
if (isw==2) goto 1640; 
/ /  .......... real l-by-1 block .......... 
t = w; 
if (w==O.O) t = epeb; 
b(i,en) = -r / t; 
cont iilue ; 

..... . . . . .  .......... / /  real 2-by-2 block 
1640: 
x = betm * a(i,i+l) - alfm * b(i,i+l); 
y = betrn * a(i+l,i); 
q = w * z z - x * y ;  
t =  ( x * B - Z Z * ~ )  / q ;  
b(i,en) = t; 
if (fabe(x) c=fabs ( z z )  ) goto 1650; 
b(i+l,en) = (-r - w * t) / X: 
goto 1690; 



.......... .......... / /  end real vector 
continue ; 

/ /  .......... complex vector . . . . . . . . . .  
1710: 
m = na; 
almr = alfr (ml ; 
almi = alf i (ml ; 
betm = beta(m) ; 

.......... / /  last vector component chosen imaginary so that 
. . . . . . . . . .  / /  eigenvector matrix is triangular 

y = betm * a (en, na) ; 
b(na,na) = -almi * b(en,en) / y; 
b(na,en) = (alrnr * b(en,en) - betm * a(en,en)) / y; 
b(en,na) = 0.0; 
b(en,en) = 1.0; 
enm2 = na - 1; 
if (enm2==0) goto 1795; 

/ /  .......... for i=en-2 step -1 until 1 do - -  .......... 
for(ii=l;iic=enm2;ii++) 

( 
i = na - ii; 
w = betm * a(i,i) - almr * b(i,i); 
wl = -almi * b(i,i); 
ra = 0.0; 
sa = 0.0; 

for(j=m; jc=en; j + + )  

{ 
x = betm * a(i,j) - almr * b(i,j); 
xl = -almi * b(i , ,  j) - 
ra = ra + x * b(j,na) - xi * b(j,en); 
sa = sa + x * b(j,en) + xi *b(j,na); 

1 
if (i==l( lisw==2) goto 1770; 
if (betm * a(i,i-l)==0.0) goto 1770; 
zz = w; 
zl = wl; 
r = ra; 
B = sa; 
isw = 2; 
continue : 

1770: 
m = i; 
if [isw==2) goto 1780; 

/ /  . . . . . . . . . .  complex 1-by-1 block . . . . . . . . . .  
tr = -ra; 
ti = -sa; 

1773 : 
dr = w; 
di = wl; 

/ / . . . . . .  .... cornpiex divide (tl,t2) = (tr,ti) / (dr,di) . . . . . . . . . .  
1775 : 
if (fabe(di)>fabs(dr)) goto 1777; 
rr = di / dr; 
d = dr + di * rr; 
tl = (tr + ti * rs) / d; 
t2 = (ti - tr * rr) / d; 
if (isw==l) goto 1787; 



1777 : 
rr = dr / di; 
d = dr * rr + di; 
tl = (tr * rr + ki) / d; 
t2 = (ti + rr - tr) / d; 
if (isw==l) goto 1787; 
else if(isw==2) goto 1782; 

.......... .......... / /  complex 2-by-2 block 
1780: 
x = betm * a(i,i+l) - almr * b(i, i+l) ; 
xi = -almi b(i,i+l); 
y = betm * a(i+l,i); 
t r = y * r a - w * r + w l * s ;  
t i = y * e a - w X s - w l * r ;  
d r = w *  z z -  wl * z l - x C y ;  
di = w * zl + wl * z z  - xl * y; 
if (dr==O.O&&di==O.O) dr = epsb; 
goto 1775; 

1782: 
b(i+l,na) = tl; 
b(i+l,en) = t2; 
iew = 1; 
if (fabs ( y )  > (fabs (w)  + fabs (wl) ) ) goto 1785; 
tr = -ra - x * b(i+i,na) + xl * b(i+l,en); 
ti = -sa - x * b(i+l,en) - xl * b(i+l,na) ; 
goto 1773; 

1787: 
b(i,na) = tl; 
b(i,cn) = t2; 

1 

.......... .......... / /  end complex vector 
1795: 
i e w  = 3 - isw; 

) 

. . . . . . . . . .  / /  end back substitution. 
/ / transform to original coordinate eystem. . . . . . . . . . .  / /  for j=n step -1 until 1 do - -  
for(j j=l; jj<=n; jj++) 

{ 
j = n + 1 - jj; 

for(k=l:kc=j:k++) 
zz = z z  + z(i,k) * b ( k ,  j); 

/ /  . . . . . . . . . .  normalize so that modulus of largest 
/ / component of each vector i e  1. 
/ / (isw is 1 initially from before) . . . . . . . . . .  
for (j=l; j<=n; j++) 



- - .  -, 
if (isw==2) goto 1920; 
if (alfi(j) !=O.O) goto 1945; 

continue ; 

1920 : 
for (i=l; i<=n;i++) 

{ 
r = fabs(z(i,j-1)) + fabs(z(i,jl); 
if (r!=O.O) r = r * aqrt(pow(z(i, j-l)/r82.0)+pow(z(i, j)/r,2.0)) ; 
if (r>d) d = r; 

1 

1945: 
isw = 3 - isw; 

1 
1 

/ * 
this subroutine calls the recommended sequence of 
subroutines from the eigensystem subroutine package (eispack) 
to find the eigenvalues and eigenvectors (if desired) 
for the real general generalized eigenproblem ax = (lambdalbx. 

on input 

nm muet be set to the row dimension of the two-dimensional 
array parametere as declared in the calling program 
dimension statement . 

n is the order of the matrices a and b. 

a contains a real general matrix. 

b contains a real general matrix. 

matz is an integer variable set equal to zero if 
only eigenvalues are desired. otherwise it is set to 
any non-zero integer for both eigenvalues and eigenvectors. 

on output 

alfr and alfi contain the real and imaginary parts, 
respectively, of the numerators of the eigenvalues. 

beta contains the denominators of the eigenvalues, 
which are thus given by the ratios (alfr+i*alfi)/beta. 
complex conjugate pairs of eigenvalues appear consecutively 
with the eigenvalue having the positive imaginary part first. 

z contains the real and imaginary parts of the eigenvectors 
if matz i s  not zero. if the y-th eigenvalue is real, the 
j-th column of z contains its eigenvector. if the j-th 
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imaginary parts of its eigenvector. the conjugate of this 
vector is the eigenvector for the conjugate eigenvalue. 

ierr is an integer output variable set equal to an error 
completion code described in the documentation for qzit. 
the normal completion code is zero. 

questions and commente should be directed to burton s. garbow, 
mathematics and computer science div, argonne national laboratory 

thie version dated 12/7/97 
- >  converted to Borland Cc+ by Joeleff Fitzsimmons, UTIAS 

* / 

int 
rgg(matrix& a,matrix& b,matrix& alfr,matrix& alfi,matrix& beka, 

const int matz,matrix& z) 
{ 

int ierr, tf; 

if (a.n > a.m) ierr = 10 * a.n; 

(matz == 0 )  

/ /  .......... find eigenvalues 
tf = O ;  

qzhes (a, b, tf, z) ; 
ierr=qzit (a,b, 0.0, t e )  ; 

only .......... 

qzval la, b,alfr,alfi,beta, tf,z) ; 
) else { 

/ /  .......... find both eigenvalues and eigenvectors . . . . . . . . . .  
tf = 1; 
qzhes (a, b, tf, z) ; 
ierr=qzit (a,b,O.O,tf,z) ; 
qzval (a, b,alfr,alfi, beta, tf ,z) ; 
if (ierr == 0 )  

qzvec(a, b, alfr, alfi, beta, z) ; 

1 
1 
return ierr; 

1 



Xifndef -AZTITDEF-EI- 
%define -ALTITDEF-H- 

struct tagALTIT { 
double Alt, Dens, KinVisc, Wind; 

1; 
typedef struct tagALTIT ALTIT; 

class Altitude : public tagALTIT 

( 
public : 

Altitude() ( ~ l t  = 0.0; Den8 = 0.0; KinVi~c = 0.0; Wind = 0 . 0 ; )  
Altitude( double A, double D=O.O, double K=O.O, double W=O.O) 

{ ~ l t = ~ ;  Dens=D; KinViec=K; wind=~;} 
Altitude(const Altitude far& A) 

{ ~ l t = ~ . ~ l t ;  Dens=A.Dens; ~inVisc=A.KinVisc; ~ i n d = ~ . ~ i n d ; }  
void Set( double A, double D=O.O, double KsO.0, double W=O.O) 

{ ~ l t = ~ ;  Dens=D; KinVisc=K; Wind=W;} 

/ /  Copy functions/operators 
void operator=(conet Altitude far& A) 

{ ~ l t = ~ . ~ l t ;  Dens=A.Dens; KinVisc=A.KinVisc; Wind=A.wind;} 
int operator ==(const Altitude far& A) {return Alt == ~ . ~ l t ; )  
int operator <(const Altitude far& A) (return Alt c ~ . ~ l t ; )  

1 : 
inline ostream& operator cc(oetream& os, const Altitude& A) 

{ return oe cc ' ( '  cc A.Alt ce ' , '  << A.Dene <c ' , '  cc A-KinViec 
<c ' , '  cc A.Wind <c ' ) ' ;  } 

inline istream& operator >s(ietream& ie, Altitude& A) 
{ char c; return is ss c 2s A.Alt >> c >> A.Dens ss c s> A.KinVisc 

>s c ss A-Wind >> c; } 

typedef TArraycAltitudea AltitudeArray: 
typedef TArrayIterator<Altitudes AltitudeArrayIterator; 

class AltitudeData : public AltitudeArray 

{ 
public: 

AltitudeDatao : AltitudeArray(l0, 0, 10) ( }  
-AltitudeData() { )  
void GetData(Altitude& A, AltitudeData& AD); 
double Q(doub1e Alt); 
/ /  The == operator must be defined for the container class, even if unused 
bool operator ==(conet AltitudeData& other) conet 

{ 
return &other == this; 

1 

/ /  Save the minimum and maximum altitudes 
double MinAlt,MaxAlt; 

/ /  Save the number of entries 
int numEntries; 

friend ostreamti operator cciostream& os, const AltitudeData& table); 
friend istream& operator >~(istream& is, AltitudeData& table); 



/ / 
//Altitude and AltitudeData Class Definitions 
/ / 

#indude <classlib/arrays.h> 
#include efstream.h> 
ginclude <math.hs 
finclude <float.hs 
Ginclude "altitdef .hlt 

void 
AltitudeData::GetData(Altitude& A, AltitudeData& AD) 
t 

AltitudeArrayIterator i(AD): 
int j = O ;  
while((i.Current()) .Alt<A.Alt&&(i.Current()) .Alt!=O.O) 

{ 
i++; 
j++; 

} 
if((i.Current0) .Alt==A.Alt) 

A=i . Current ( }  ; 
else if((i.Current() ).Alt==O.O) { 

i.Reetart(j-1, j); 
A-i . Current ( ) ; 

}else{ 
double lrr; 
Altitude lower,upper; 
upper=i . Current ( ; 

i.Reetart(j-1, j); 
lower=i.CurrentO; 
lrr=(A.Alt-lower.Alt)/(upper.Alt-1ower.Alt); 
A.Dens=lrr*(upper.Den8-~0wer.Den6)+10wer.Dene; 
A.KinVisc=lrr*(upper.KinVisc-lower.KinVisc)+~ower.KinVis~; 
A.Wind=lrr*(upper.Wind-lower.Wind)+lower.Wind; 

double 
AltitudeData: :Q(double Alt ) 

{ 
AltitudeArrayIterator ii*thie); 
double dens,wind; 
int j=O; 
while((i.Current()) .AltcAlt&&(i.Current()) .Alt!=O.O) 

{ 
i++; 
j++; 

1 
if((i.Current0) .~lt==Alt) 

{ 
dens= (i . Current ( ) . Dena ; 
wind= (i . Current ( 1  ) . Wind; 

1 
elee if ((i.Current0 ) .Alt==O.O) 

{ 
i.Reetart (j-1, j) ; 
dene= ( i . Current ( ) . Dens ; 
wind= (i. Current ( . Wind; 

1 
else 

{ 
double lrr; 
Altitude 1ower.upper; 
upper=i . Current ( ; 



Au"-& -s. bu& r \ , , 
lrr=(Alt-lower.Alt)/(upper.Alt-1ower.Alt); 
dens=lrr*(upper.~ens-lower.Dens)+lower.Dens; 
wind=lrr*(upper.Wind-lower.Wind)*lower.Wind; 

1 
return (0.5*dens*pow(wind,2.0)) ; 

1 

ostream& 
operator <<(ostream& os, const AltitudeData& table) 

I 
/ /  -fpreeet ( 1 ; 

/ /  Write the number of entries in the table 
os cc table .numEntries; 

// Get an iterator for the array of points 
AltitudeArrayIterator j (table) ; 

/ /  While the iterator is valid (i.e. we haven't run out of entries) 
while ( j 

/ /  Write the entry from the iterator and increment the array. 
OB cc "\nu << j++; 

/ /  return the stream object 
return os; 

1 

istream& 
operator >>(istream& ie, AltitudeData& table) 

{ 
int i; 

- fpreset ( ) ; 

while (i--) { 
Altitude A; 
is >> A; 
table.Add(A); 
if(i==table.numEntries-i) 
tabie.MinAlt=A.Alt: 

if (!i) 
table.MaxAlt=A.Alt; 

1 

/ /  return the etream object 
return is; 

1 



/ /  
/ /  Kite Data Class Definition 
/ /  
Xi f ndef -SUPERKITE-H- 
Ede f ine -SUPERKITE-H- 
Trinclude <math. h> 
Xinclude <cornplex. h> 
#include cclasslib/arrays.h> 
#indude "matrix. h" 
#indude "altitdef .hW 

void sort3 (rnatrix& arr, matrix& brr, matrix& crr) ; 

class ControlGain { 
public : 

Cont rolGain ( 1 
{ 

Ccx=Ccy=Ccz=Ccl=Ccrn=Ccn= O .  O : 
1 
void operator= ( ControlGain &CE) ; 
void Zero (void) ; 

friend ostream& operator <c(ostream& os, ControlGain& CG); 
friend istream& operator >>(ietream& ie, ControlGain& CG); 

double Ccx,Ccy,  Ccz, Ccl, Ccm, Ccn; 

1 ; 

typedef TArray<doubles TProfileVector; 
typedef TArrayIterator <double> TViter; 

class KiteData 
I 
public : 

KiteData ( 1  ; 
-KiteData ( ) ; 
char* FileForm(void); 
void FiieForm (char* FF) ; 
void KiteAlt (double A) ; 
double ~indF'unc(doub1e alt); 
double KiteAlt(void1; 
void CalculateNonDime(AltitudeData& AltData); 
void KiteCValues (void) ; 
void KiteqRN (const Altitude& A) ; 
void SetControl(const ControlGain& CG); 
void ~etControl(ControlGain& CG); 
void SpecWind(AltitudeData& AD); 
double KiteTrimAngle(void1 ; 
void ~ite~etherprof ile (void) ; 
int KiteSRoots(ControlGain& CG, AltitudeData& AltData, 

bool CheckEV, bool MLOut, int matz=L); 
void TimeStepAnalysi~(Controi.Gain& CG, AltitudeData& AltData, bool TSOut, 

bool KCMOut = f alse) ; 
int iswindfile (void) ; 

friend ostream& operator <<(ostream& os, KiteData& KD); 
friend istream& operator >>(ietream& is, KiteData& KD); 

//eq. relating tension and element drag to new segment angle 
//eq. = O when correct angle is input 
i nL ine  double tangle(doub1e angle) (return (2.0*~x*sin(angle*pi/180.0)+ 

(tmperl*teleml-2.0*Ty)*~o~(an~le*pi/l80.O)+t~~cyl*q*tdia*te~e~l* 
pow(sin(angle*pi/180.0),2.0));} 

//Returns 0.5 if i==j elee returne 1.0 
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//Returns 1.0 if i==j eïse returns 0.0 
inline double delta [int i, int jl {return (i== j ? 1.0 : 0 -0) ; } 

//Super Kite Specified Configuration 
TProfileVector *Profile; 
int N,aoaexceed,aoaset,aoaeet~max,EiglgValid,EigltValid,IWF; 
double pi,g,Nc,Clmax,aoamax,aoa1im,tGamma11irnmde1taht; 
double m a s s , e , X c g , Z c g , X c p l g , ~ c p l g , I x z , I x x , I ~ a c ,  

Thick,Dih,LEswp,Xcplt,Zcplt; 
double QCswp,iwing,azll,Xac,Zac,hacwb,Eo,Ki,dSiglsdP,CLp~lan,dSiglsdr; 
double bht,cht,aht,Thickht,Xht,Zht,iht,azllht,Netaht,bvt,cvt,avt,Tbar, 

bvt2,cvt2,avt2,Gammabar; 
double Thickvt,Xvt,Zvt,Netavt,dSigfdP,dSigf~,dSi~a~,~OA,rcl,rcd, 

ralt,rsalt,Thickvt2,Xvt2,Zvt2,Netavt2; 
double Xcv,Volfs,fsw,feh,fsc~y,fsgh,fstqw,fstqh,cfe,lfe,sigfe~B,afs,Zfscp; 
double tdens,tethE,tdia,tdiao,teleml,tCDcyl,tCDax,Tx,~y,tmperl,windvel, 

ttlen,VH,VH2,bhtZ,cht2,aht2,Thickht2,Xht2,Zht2,iht2,azllhtZ,Netaht2; 
double *Lgalfr,*Lgalfi,*Lgbeta,*Ltalfr,*Ltalfi,*Ltbeta,*WFA; 
double C x u , C z u , C m u , C L b , C N b , C y p , C L p , C N p , C L r , C y r ~ a d c ~ t , C y b ;  
double Cxalpha,Cxqls,Czalpha,Cmalpha; 
complex *Lgcheck,*Ltcheck; 
matrix AA, BB, Lgz, Ltz; 
matrixc Lgmodestretch,Lgmodeangle,Lgmodee,Ltrnodes; 
//The Step Variables 
matrix LgTS,LtTS; 
double XTS,ZTS,MTS,XTSDur,ZTSDur,MTSDur,TimeStep,TotalTime; 
double YTS,LTS,NTS,YTSDur,LTSDur,NTSDur; 
int XTSSet,ZTSSet,MTSSet,YTSSet,LTSSet,NTSSet; 

private: 
char FileName-Formula [ 15 O] ; 

//Super Kite Calculated Values 
double Alttd,W,cmean,tratio,S,AR,fratio,lht,Sht,fratioht,~ht, 

lvt,Svt,~vt2,Svt2,fratiovt2,fratiovt; 
double Sfs, f ratiof s, K2_Kl, ea, ea2, Kac, Kfe, Kht , Kht2, KB, RN£ s,RNw,  RNht ,RNvt , q, 

C M f e , C L a c , X n p , Z n p , l h t 2 , S h t Z , f r a t i o h t 2 , A t 2 ;  
double CLht,CLht2,CDfe,CDa~,CDht,CDht2,CDvt,CDvt2,Temp,~p~ilondq,Nfg,Nls, 

Nlsl,CLo,CNbCL,CLppf,Cnpl; 
double Cnp2,CDpls,CLrCLo,Cnrl,Cnr2,KA,Klam,KH,dpsilonda,CWo,Machl 

CNrfac2,CNrf2,KH2,dEp~ilonda2,CzadottS; 
double C d o f , C y b f s , C y b f , C y b b o d y , C y b l s , C L b ~ b b o d y ;  
double CNbf,CNbl~ac,cNbls,Cypbody,Cypf,Cyp1~ac,Cypls,CLpbody; 
double C L p f , C L p l s , C L p l s a c , C N p b o d y , C N p f , C N p l s a ~ b f 2 ;  
double Cyrfac,Cyrf,Cyrls,CLrf,CLrCL,CLr1sa~,CLr1s,cswp,B,Cmcpo; 
double CNrfac,CNrf,~rlsac,CNrle,Yv,Yp,Yr,Lv,Lp,Lr,Nv,Np,Nr,~p£Z,Cyrf2; 
double Czalphals,Czqlsac,Czqls,Czqt,Cyrfac2; 
double Cxalphals,Cxqlsac,Czadotbody,Czadot1s,Czadott,CLr£2; 
double Cmadotbody,Cmadotls,Cmadott,Cxcpo,Czcpo,~qlsac,~qls,~qt; 
double X u , X w , Z u , Z w , Z w d o t , Z q , M u , M w , M w d o t , M q , C y b f f 2 , C L p f 2 ;  
double CGx,CGy,CGz,CG1,CGm,CGn; 

} ;  

class VarParam { 
public : 

Var Param ( ; 

-Varparam ( ; 

int LgActive,LtActive,NSteps; 
double LgStart,LgInc,LtStart,LtInc; 

} ;  

class KiteQuery ( 
public: 

KiteQuery ( 1  ; 
-KiteQuery ( 1  ; 



void GetVarParam(VarParam& VP, ControlGain& VCG, KiteDataG KD) ; 
void SetArraySize(doub1e NI; 
void ResetKiteData(KiteData& KD) ; 
void operator=(kiteQuery &KQ); 

int LgAct ive, LtActive ; 
double StorageB,StorageX; 
rnatrixi Steps; 
matrix Start, End; 
rnatrixc LgRoota,LtRoots; 
char ~gPararn[50], LtPararnf501 ; 

1 : 

class Scale { 
public : 

Scale ( ) ; 
void SetScale(double& ymax, double& xmax, double& min); 

bool YMaxSet,XMaxSet,XMinSet; 
double YMax, XMax, m i n ;  

1; 



/ /  
//Super Kite and Environment Initialization 

/ / 

ginclude 
Xinclude 
ainclude 
Pinclude 
Xinclude 
#include 
Rrinclude 
Sinclude 
Sinclude 
#indude 

cstdio. h> 
<stdlib.h> 
ccstring.h> 
cmath . h> 
cclaeslib/arrays.hs 
cf loat .h> 
cfstream.h> 
"matrix. hW 
"rggpool . hlt 
"euprkite.hw 

//Overload the = operator to copy two ControlGain objecte 
void 

Ccx=CG.Ccx; 
Ccy=CG. Ccy; 
Ccz=CG.Ccz; 
Ccl=CG.Ccl; 
Ccm=CG.Ccm; 
Ccn=CG. Ccn; 

1 

/ /  Set al1 of the control gains to zero 
void 
ControlGain::Zero(void) 

( 
ccx=o . O ; 
ccy=o.o; 
ccz=o.o; 
Ccl=O.O; 
Ccm= O. O ; 
Ccn= O. O ; 

1 

ostream& 
operator cc (oetream& os, ControlGain& CG) 

( 
- fpreset ( ) ; 
OB <c CG. Ccx <c "\nu ; 
os cc CG.Ccy < c  "\nl'; 
os cc CG.Ccz cc "\ri"; 

OB C C  CG-Cc1 cc "\nW; 
OB cc CG.Ccm cc "\nu; 
os cc CG.Ccn cc "\nu; 

/ /  return the stream object 
return os; 

1 

ist ream& 
operator >>(ietream& is, ControlGain& CG) 

I 
- fpreset 

Ccx 

Cc z 
Cc 1 
Ccm 
Ccn 



/ /  return the stream object 
return is; 

1 

StorageB=O. O; 
StorageX=O.O; 
LgActive=l; 
LtActive=4; 
Start (8) ;End(8) ;Stepe (8) ; 
strcpy (LgParam, "'l) ; 
strcpy (LtParam, Il") ; 
for(int i=l;ic=6;i++) 

{ 
Start (i) =-10 . O ; 
End(i) =lO .O; 
Steps (i) =20; 

1 
Start (7) =O.z; 
End(71~0.3; 
Steps (7) =20; 
Start (8) =-O - 5 ;  
End(8) =0.5; 
Steps ( 8 )  =20; 

//Overload the = operator to copy two ControlGain objecte 
void KiteQuery::operator=(KiteQuery &KQ) 

I 
LgActive=KQ.LgActive; 
LtActive=KQ.LtActive; 
for (int i=l;i<=8;i++) 

I 
Start (i) =KQ.Start (i) ; 
End(i) =KQ.End(i) ; 
Steps(i) =KQ.Steps (il ; 

1 
strcpy (LgParam, KQ-LgParam) ; 
strcpy (LtParam, KQ.LtParam) ; 

1 

void 
KiteQuery::SetControl(ControlGain& CG, KiteData& KD) 

( 
int i: 
double origcg; 



{ 
switch (i) 

I 
case 1: 

origcg=CG. Ccx; 
break; 

caee 2: 
origcg=CG. Ccz ; 
break; 

case 3: 
origcg=CG . Ccm; 
break; 

case 4: 
origcg=CG.Ccy; 
break ; 

case 5: 
origcg=CG.Ccl; 
break ; 

case 6: 
origcg=CG.Ccn; 
break; 

case 7: 
Start (7) =KD.bvt2-0.3; 
if (Start (7) <O. 0) Start (7) =O. 0; 
End(7) =KD.bvt2+0.3; 
break ; 

case 8: 
Start (8) =KD.Xvt2-0.5; 
End(8)=KD.Xvt2+0.5; 
break ; 

1 

if (ic=6) 

I 
Start(i)=origcg-10.0; 
End(i)=origcg+lO.O; 

1 
Steps (i) =20; 

1 
1 

voi d 
KlteQuery::GstVarParam[VarParam& VP, ControlGain& VCG, KiteData& KD) 

{ 
VP.LgActive=LgActive; 
VP.LtActive=LtActive; 
StorageB=KD.bvtZ; 
StorageX=KD.Xvt2; 

switch (LgActive) 

I 
caee 1: 

~ ~ . ~ g ~ t a r t = V ~ ~ . C c x = S t a r t ( l ) ;  
VP.NSteps=Steps(l) ; 
VP.LgInc=(~nd(l)-~tart(l))/VP.~~tepe; 
break; 

case 2: 
VP.~gStart=VCG,Ccz=Start(2); 
VP .NStepe=Steps (2) ; 
VP .LgInc= (End(2) -~tart (2) ) /VP.NS~~PB; 
break ; 

case 3: 
V~.~gStart=VCG.Ccm=Start(3); 
VP .NStepe=Steps (3) ; 
VP.LgInc=(~nd(3)-~tart(3))/VP.NSteps; 



switch(~tActive) 

{ 
case 4 :  

~~.LtStart=VCG.Ccy=Start(4); 
Vp.LtInc= (~nd(4) -start ( 4 )  ) / V ~ - ~ ~ t e p s ;  
break ; 

case 5: 
~ ~ . ~ t S t a r t = ~ ~ ~ . C c i = S t a r t ( 5 ) :  
V p . L t I n c = ( ~ n d ( ~ ) - ~ t a r t ( ~ ) ) / V ~ . ~ ~ t e p e ;  
break ; 

case 6: 
~ p . ~ t ~ t a r t = V ~ ~ . ~ c n = s t a r t ( 6 ) ;  
VP.LtInc=(~nd(6)-~tart(6))/V~.~çtepe; 
break ; 

case 7: 
VP.LtStart=KD.bvt2=Start(7); 
VP.LtInc=(End(7)-~tart(7))/V~.~~tep~; 
break; 

caee 8: 
VP.LtStart=KD.X~t2=Start(8); 
VP.LtInc=(~nd(8)-~tart(8))/V~.~~teps; 
break ; 

1 
1 

void 
KiteQuery::SetArraySize 

( 
LgRoote.Resize(N*4+2 
LtRoots.Resize(N*2+4 

} 

(double N) 

void 

KiteData::KiteData() 
( 

Profile = new ~~rofile~ector(10, O, 1 0 0 )  ; 
I#F=l; 
pi=3.14159265359; 
g=9.81; 

strcpy (FileName-Forrnula, ll~indlOnO. w d f  ) ; 

//Initialize the Wind Data Function Array 
WFA = new double [l3] ; 
Lgalf r = new double [ I l  ; 
Lgalfi = new double[l] ; 
Ltalf r = new double [l] ; 
Ltalfi = new double [il ; 
Lgcheck = new complexIl]; 
Ltcheck = new complex[l]; 

//Specify the eigen value solution invalid 
EiglgValid= O ; 
EigltValid=O; 

//Specify not to force the AOA and specify horiz. tail aoa 
aoaoet = 0 ; 
aoasetomax=O; 



//Set default values for the Super Kite 
//Al1 values are defined ueing Metric ae etandard 

AOA=O .O; 
Alttd=ralt=5100.0; 
mase = 70.0; 
e = 0.95; 
Xcg = 1.50; 
Zcg = 0.05; 
Xcplg = 1.39; 
Zcplg = -0.50; 
Xcplt = 1.39; 
Zcplt = -0.50; 
b = 15.00; 
croot = 1.50; 
ctip = 1.50; 
awing = 5.00; 
Clmax = 2.0; 
Cmac = -0.30; 
Thick = 13.0; 
Dih = 5.0; 
LEswp = 0.0 ; 
qcswp = o. O; 
iwing = 8.0; 
azll = 13.0; 
Xac = 1-50; 

Zac = 0.20; 
hacwb = 0.30; 
Eo = 1.0; 
dSiglsdP = 0.0; 
CLp_plan = 0.0; 
dSigledr = 0.0; 
bht = 3.00; 
cht = 0.50; 
aht = 4.00; 
Thickht = 10.0; 
Xht = 6.00; 
Zht = 0 .IO; 
iht = 0.0; 
azllht = 0.0; 
Netaht = 0 -98; 
bht2 = 0.00; 
cht2 = 0.50; 
aht2 = 4.00; 
Thickht2 = 10.0; 
Xht2 = 6.00; 
Zht2 = 0.10; 
iht2 = 0.0; 
azllht2 = 0.0; 
Netaht2 = 0.98; 
bvt = 1.25; 
cvt = 0.50; 
avt = 4 . 0 0 ;  

Thickvt = 8 .O: 
Xvt = 6.00; 
Zvt = 0.60; 
Netavt = 1.00; 
bvt2 = 0.0; 
cvt2 = 0.75; 
avt2 = 4.00; 
Thickvt2 = 8.0;  
Xvt2 = 6.00; 
Zvt2 = 0.60; 
Netavt2 = 1.00; 
dSigfdP = 0.0; 

//Xite Trim Angle of Attack 
//Kite Trim Altitude 
//Kite mass 
//Kite efficiency factor 
//For-Aft CG location (from nose) 
//Vertical CG location (from nose) 
//For-Af t Confluence point iocat ion ( long) 
//Vertical Confluence point location (long) 
//For-Af t Confluence point location (lat) 
//Vertical Confluence point location (lat ) 
//Wing span (ml 
//Wing root chord (m) 
//Wing tip chord (m) 
//Wing lift curve slope (/rad) 
//Wing Stall Coeff. of lift 
/ / ~ i n g  coeff. of moment about the AC 
//Wing airfoil thickness ( %  of chord) 
//Wing dihedral angle (degreee 
//Wing LE sweep angle (degreee) 
//Wing 114 chord eweep angle (degrees) 
//Wing incidence angle (degrees) 
//Wing zero lift AOA (degrees) 
//Wing AC location aft of nose (ml 
//Wing AC Vertical location (m) 
//Position of AC on Wing 
//Zero lift downwash angle 
//Side wash due to rolling of lifting eurface(1s) 
//Roll damping effect of planform 
//side wash due to yawing of lifting surface 
//Rorz. Stab. span (rn) 
//Horiz. Stab. Chord (m) 
//Harz. Stab. lift curve slope (/rads) 
//Horiz. Stab. airfoil max thickness ( %  chord) 
//Harz. Stab. for-aft location £rom nose (ml 
//Harz. Stab. vertical location (ml 
//~orz. Stab. incidence angle (deg) 
//Harz. Stab. zero lift AOA (deg) 
//Horiz. Stab. dynamic pressure effic. 
//Harz. Stab. 2 epan (m) 
//Harz. Stab. 2 Chord (ml  
//Horiz. Stab. 2 liit curve elope (/rads) 
//Harz. Stab. 2 airfoil max thickness ( %  chord) 
//Horiz. Stab. 2 for-aft location £rom nose (m) 
//Horiz. Stab. 2 vertical location (ml 
//Harz. Stab. 2 incidence angle (deg) 
/ / ~ o r z .  Stab. 2 zero lift AOA (deg) 
/ / ~ o r z .  Stab. 2 dynamic preeeure effic. 
//Vert. Stab. total height (m) 
//Vert. Stab. mean chord (ml 
//Vert. Stab. lift curve elope (/rad) 
//Vert. Stab. airfoil max. thickness ( %  chord) 
//Vert. Stab. mean 1/4 chord for-aft dist. (ml 
//Vert. Stab. AC location Vertically (m) 
//Vert. Stab. dynamic preseure effic. 
//vert. Stab. 2 total height (m) 
//Vert. Stab. 2 mean chord (ml 
//Vert. Stab. 2 lift cunre slope (/rad) 
//Vert. Stab. 2 airfoil max. thickness i% chord) 
//Vert. Stab. 2 mean 1/4 chord for-aft dist. (m) 
//Vert. Stab. 2 AC location Vertically (ml 
//Vert. Stab. 2 dynamic pressure effic. 
//Side wash due to rolling of vertical fin 



uGryiiia- - u. v ,  

Volfs = 1.00; 
fsw = 0.25; 
fsh = 0.50; 
fsqw = 0.22; 
fsqh = 0.45; 
fstqw = 0.10; 
fstqh = 0.15; 
cfs = 2.00; 
Ifs = 6 -00; 
sigfs-B = 0 .O; 
afs = 0.0525; 
Zfscp = 0.10; 
tdens s 1010.0; 
tethE = 10.0e9; 
tdia = 0 .OOl4; 
tdiao = 0.0014; 
teleml = 10.0; 
tCDcyl = 0 - 8 ;  
tCDax = 0.1; 
tGammallim = 0.0; 
Xcv = 1.3; 
1x2 = 10.0; 
Ixx = 1500.0; 
Iyy = 1700.0; 
Izz = 2000.0; 
Nc = 1.0; //Interna1 tether damping (N*e/m) 
rcl = 0.0; //Resulting total Cl 
rcd = 0.0; //Reeulting total Cd 
ralt = 0 .O; //Resulting calculated altitude 
rsalt = 0.0; //Resulting Specified altitude 
aoal im= 0 .O ; //The AOA limit if specified 
CGx=CGy=CGz=CGl=CGm=CGn=O.O; 
TimeStep=O. 5; 
TotalTime=lO.O; 
XTS= ZTS=MTS=XTSDur= Z T S D u r = O . O  ; 
Y T S = L T S = N T S = Y T S D u r = L T S D u r = O . O ;  
XTSSet=ZTSSet=MTSSet=YTSSet=LTSSet=NTSSet=O; 

/ / v e r c .  a c a ~ .  51ae wasn raccor 
//Volume of fuselage (mA3) 
//Fuselage max. width (m) 
//Fuselage max. height (ml 
//Fuselage width at 1/4 length (ml 
//F'uselage height at 1/4 length (m) 
//Fuselage width at 3/4 length (ml 
//Fuselage height at 3/4 length (m) 
//Characteristic fuselage length (ml 
//Fuselage total length (m) 
//F'uselage eide wash factor 
//Lateral fueelage lift curve slope (/rad) 
//Fuselage lateral center of pressure height (m) 
//tether density 
//tether Elastic Modulue 
//tether diameter (;3 Confluence point 
//tether diameter @ ground 
//tether incremental length 
//tether coeff. of drag in x-flow direction 
//tether coeff. of drag in axial direction 
//min. allowable tether angle for trim state 
//Distance of fuse volume center from nose ref pt 

KiteData::-KiteDataO 

I 
delete Profile; 
delete [ 1 WFA; 
delete l l  Lgalfr; 
delete [ ]  Lgalfi; 
delete [ l  Ltalfr; 
delete [ l  Ltalfi; 
delete[] Lgcheck; 

1 

void 
KiteData : : KiteCValues (void) 

I 
double Mo= O. 1 ; 
W =g*mass ; 
cmean =(croot+ctip)/2.0; 
tratio =ctip/croot; 
S =cmean*b ; 
AR =pow(b,2.0)/S; 
fratio =Thick/100.0; 
lht =Xht -Xcg; 
Sht =bht *cht ; 
fratioht =Thickht/100.0; 
if(Sht) ARht=pow(bht,2.0)/Sht; 
else ARht=O .O ; 

/ /  Approximate Mach number 
/ /  Weight of tharwp 
/ /  Mean chord of wing 
/ /  Taper ratio of wing 
/ /  Wing area 
/ /  Wing A~pect Ratio 
/ /  Fineness ratio of wing 
/ / Horizont al taii moment arm 
/ /  Area of Horizontal tail 
/ /  Fineness ratio of Horiz. Stab. 
/ /  Horizontal taii Aspect Ratio 
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Sht2 =bhtS*cht2; / /  2 Area of Horizontal tail 
fratioht2=Thickht2/1OOoO; / /  2 Fineness ratio of Horiz. Stab. 

/ /  2 Horizontal tail Aspect Ratio 
if (Sht2) ARht2=pow(bht2,2.0) /Sht2; 
else ARht2=0.0; 
V~2=~ht2*lht2/~/cmean; / /  2 Horizontal Tai1 Volume Coefficient 
Svt =bvt*cvt ; / /  Vertical tail area 
lvt =Xcg-Xvt ; / /  Distance from wing mac to fin mac 
fratiovt =Thickvt/lOO. 0; / /  Fineness ratio of Vert. Fin 
Svt 2 =bvt2*cvt2; / /  2 Vertical tail area 
lvt 2 =Xcg- Xvt 2 ; / /  2 Distance £rom wing mac to fin mac 
fratiovt2=Thickvt2/100.0; / /  2 Fineness ratio of Vert. Fin 
Sie =pow(Volfs,(2.0/3.0)); / /  Surface area of Fuse. baeed on Volume 
f ratiof s =cfe/f ew; / /  Fineness ratio of fuselage 
if (fratiofs>ll.0) { 

K 2 K 1  = 1.0; 
}else{ 

K2-K1 = -1.822885+3.93388535*fratiof8-4.3548924*pow(fratiofs,2.0)+ 
3.2814978*p0w(frati0f6,3.0)-1.56429315*p0w(~rati0fs,4.0)+ 
0.4801706513*pow(fratiofs,5.0)-0.0973870076*pow(fra~iofs,6.0)+ 
0.0131973844*pow(fratiofs,7.0)-0.0011830478889* 
pow(fratiofs, 8 .O) +O. 00006736317705*pow(fratiofs, 9. O) - 
0.00000220699477*pow(frati0fs,10.0)+0.00000003168005374* 
pow (fratiofe, 11 .O) ; 

1 

//downwash wrt: alph (only if aft of the lifting surface) 
if (Xht>Xac) 
{ 

ea = 4.44*pow( ( (~.o/AR-1.O/ (l.O+pow(AR,l.7)) ) *(lO.O-3 .O*trati0)/7.0* 
((i.0-fabs((~ac-Zht)/b))/~ow(2.0*(~ht-~ac~/b,(l.0/3.0)))* 
pow(co~(QCewp*pi/l80.0~ ,0.5) ,l.l9) ; 

) else { 
ea = 0.0; 

1 

//downwash wrt alph for 2nd surface (only if aft of the lifting surface) 
if (Xht2>Xac) 

I 
ea2 = 4.44*p0w(((1.0/AR-1.0/(1.0+p0w(AR,1.7)))*(10.0-3.0*tra~i0)/7.0* 

( (1 .O-fabs( (Zac-Zht2) /b) ) /pow(2. O* ( ~ h t 2 - a  b ,  (1.0/3.0) ) ) * 
pow(cos (QCswp*pi/l80 .O), 0.5) ) ,1.19) ; 

} else { 
ea2 = 0.0; 

Kf s = 3.105-0.83831*fratiofs+0.142014*p0~(frat~ofs,2~0)-1.10278e-2* 
pow(fratiofs,3.0)+3.19444e-4*pow(fratiofs,4 -0) ; 

Kac = 1.0+((2.0-pow(Mo,2.0))*cos(~~8wp*pi/l80.0~ )/pow(1.0-pow(Mo,2.0)* 
pow(coe (~~swp*pi/l80. O ) ,  2 .O) ,O. 5) *fratio+l00.0*pow(fra~io,4 .O) ; 

Kht = 1.0+((2.0-pow(Mo,2.0))*cos(~Cswp*pi/l80.0)~/pow~l.O-pow~~o,2.O)* 
pow(cos (~cswp*pi/l80.0) ,2.0), 0.5) *fratioht+lOO. O*pow(fratioht,4. O) ; 

KhtZ = 1.0+ ( (2 .O-pow(Mo, 2.0) ) * C O B ( Q C E W ~ * ~ ~ / ~ ~ ~ ( M O ,  2-01 * 
pow(cos(~Cswp*pi/180.0),2.0),0.5)*fratioht2+100.0*pow(fratioht2,4.0); 

K v t  = 1.0+((2.0-pow(Mo,2.0))*cos(~Cswp*pi/l80.0))/pow~1~0-pow~~o,2.0~* 
pow(coe (~Cswp*pi/l80 .O), 2.0),0.5) *fratiovt+1OO.O*pow(fratiovt,4 - 0 )  ; 

Kvt2 = 1.0+((2.0-pow(M0,2.0))*cos(~~swp*pi/l80.0~~/pow(l.0-pow~Mo,2.0~* 
pow(coe(~~swp*pi/180.0),2.0),0.5)*fratiovt2+100.0*pow(fratiovt2,4.0~; 

//Interference factor for wing in High or Low position 
if (Zacz=O. 0) 

Ki = 4.0*Zac/fsh; 
elsc 

Ki = -3.O*Zac/fsh; 



//Change in Downwash with change in alpha (only if aft of lifting surface) 
if (lht>O.O) 
( 

K A = ~ . O / A R - ~ . O / ( ~ . O + ~ O W ( A R , ~ . ~ ) ) ;  
Klam=(lO.O-3.0*tratio)/7.0; 
KH=(1.O-fabs((~ht-Zac)/b))/pow(2.0*lht/b,1.0/3.0); 
dEpsi1onda=4.44*po~(KA*Klam*K1am*~*p0~~~0~(QCswp*pi/180.0),0.5~,1.19); 

)else( 
dEpailonda=O. 0 ;  

1 

//Change in Downwash with change in alpha for 2nd horiz. surface 
/ /  (only if aft of lifting surface) 
if (lht2>0.0) 

{ 
KA=~.O/AR-I.O/ (~.o+~ow(AR,~.~) ) ; 

Klam= (10.0-3.0*tratio) /7.0; 
KH2=(1.0-fabs ( (Zht2-zac) /b) )/pow(2.0*lht2/b,1.0/3.0) ; 
&psilonda2=4.44*pow(KA'Klam*~~*pow(cos(*pi/l80.0~,0.5~,~.19~; 

)else{ 
&psilonda2=0.0; 

1 

//Calculate the steady state untethered Neutra1 point 
Xnp=cmean*VH*aht/awing*(l.O-dEpei10nda)+cmean*~2*aht2/awing* 

(1.0-dEpsilonda2) + X a c ;  
Znp=Zac/Z. O; 

1 

void 
KiteData: :KiteAlt (double A )  

{ 
Alttd=A; 

1 

double 
KiteData: :KiteAlt (void) 

{ 
return Alttd; 

1 

void 
KiteData: :SpecWind(AltitudeData& AD) 
{ 

AltitudeArrayIterator i (AD) ; 
int j=O; 
double tempAlt,FminAlt,haxAlt.MinAlt,MinA1tIMaxA1t; 
FminAlt=WFA [l] ; 
FmaxAl t=WFA [2 1 ; 
MinAlt=AD.MinAlt; 
MaxAlt=AD.MaxAlt; 
while( (i.Current()) .Alt!=O.O) 
{ 

tempAlt= (i .Current ( )  ) .Alt; 
Altitude A; 
A= i . Current ( ) ; 
if(tempAlt<FminAlt) 

I 
~ . ~ i n d = ( t e m ~ ~ l t - ~ i d 1 t ) / ( R n i d l t - M i ~ l t / ~ 0 0 0 . 0 ) ;  



else 

{ 
A.Wind=WindRinc(tempAlt/lOOO.O); 
AD. SetData ( j ,A) ; 

1 
j ++ : 
if+; 

1 
1 

void 
KiteData::KiteqRN(const Altitudefi A) 

I 
Alttd=A.Alt ; 
windvel=A.Wind; 
q=O.S*A.Dens*pow(A.Wind,2.0); 
RNfs=~.Wind*cfs/A.KinVisc; 
RNw=A.Wind*cmean/A.KinVisc; 
RNht=A.Wind*Netaht*cht/A.KinVisc; 
RNht2=A.Wind*Netabt2*cht2/A.KinVisc; 
RNvt=A.Wind*Netavt*cvt/A.KinVisc; 
RNvt2=A.Wind*Netavt2*cvt2/A.KinViec; 

1 

void 
KiteData: :SetControl (conet ControlGain& CG) 

I 
CGx=CG . Ccx ; 
CGy=CG. Ccy; 
CGz=CG.Ccz; 
CGl=CG.Ccl; 
CGm=CG.Ccm; 
CGn=CG . Ccn ; 

1 

void 
KiteData::GetControl(ControlGain& CG) 

{ 
CG.Ccx=CGx; 
CG.Ccy=CGy: 
CG.Ccz=CGz; 
CG.Ccl=CGl; 
CG.Ccm=CGm; 
CG.Ccn=CGn; 

1 

double 

int i, j; 
double aa,bb,cc,det,aoa~,aoa2,xl,x2,f,fmid,dx,xid,rtb,~a~~,A~t; 
double ccp,origaoamax; 
Alt=O. O: 
deltaht=O.O; 
aoaexceed= 0 ; 
if(aoasetomax==-1) aoasetomax=O; 

//Calculate the maximum allowable AOA before the Wing stall AOA is exceeded 
//If the AOA is specified, check to make sure it i e  valid 

/ / 
aoamax=origaoamax=~1max/(awing*pi/l80.0)-iwing-a~~~; 
if(aoaeet&&!aoaeetomax&&aoa~imc=aoamax) 

aoamax=aoalim; 
else if(aoaset&&!aoasetomax&&aoalim~aoamax) 

aoaset omax= - 1; //indicate that aoalim was s the allowable aoamax 
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//and then calculate the new elevator AOA 

/ / 
if(!aoaset) 

I 
/ / 
//Calculate trim AOA at given altitude 

/ / 
aa=pow (awing/l80.0,2.0 *pi *q*S* (Zac-Zcplg) / (AR*e) ; 
bb=(2.0*K2-Kl*Volfe*q+awing*q*S*(Xcplg-Xac)+aht*(1.0-ea)*q*Netaht*Sht* 

(Xcplg-Xht)+aht2*(l.O-ea2)*q*Netaht2*Sht2*(Xcplg-Xht2))*pi/l80.0+ 
pow(awing/l80.0,2.0) *pi*q*S*(Zac-Zcplg) * (2.0*az11+2.0*iwing)/ (=*el ; 

ccp=(aht*(azllht+iht-Eo-ea*(azll+iwing) )*Netaht*Sht*(Xcplg-Xht) 
+aht2*(azllht2+iht2-Eo-ea2*(azXl+iwing) )*Netaht2*Sht2*(Xcplg-Xht2)) 
*q*pi/l80.0; 

cc=Cmac*q*S*cmean+awing*(azlliiwing)*q*S*(Xcplg-Xac~*pi/l8O.O+ccp+ 
2.0*Kfs*p0~(10.0,(-0.21*10g10(RNfs)-0.97~~*p0~~Sfs,2.0)*q*(Zcg-Zcp1g) 
/S+2.0*Kac*pow(lO.O, (-0.21*loglO(RNw) -0.97) *S*q* (Zac-Zcplg) +pow(awing 
* (azll+iwing) /l80.0,2.0) *pi*qiS* (Sac-Zcplg) /(AR*e) +W* (Xcg-Xcplg) ; 

det=pow(bb,2.0)-4.0*aa*cc; 
if (detc0.0) AOA=-99 .O; 
else{ 

aoal= (-bb+pow(det,O -5) 1 / (2 .O*aa) ; 
aoa2= (-bb-pow(det,O.5) 1 /(2 -O*aa) ; 
if(fabs(aoal)efabe(aoa2)) 

I 
AOA=aoal ; 
if (aoal>aoamax) 

aoaexceed=l; 
)else 

{ 
AOA=aoa2 ; 
if (aoal>aoarnax) 

aoaexceed=l; 

1 
1 

1 
//Specify the trim AOA and deterrnine the elevator aoa 
elae 

{ 
AOA=aoamax; 
aoamax=origaoamax; 
deltaht=-l.0/aht*(2.O+K2deltaht=-l.0/aht'(2.O+K2_K1*Volfs*q*AOA+K1*Volfs*q*AOA+ing* 

(azll+iwing+AOA)*q*S*(Xcp1g-Xac)+aht*AOA*(l.O-ea) *q*Netaht*Sht*(Xcplg- 
Xht)+aht*(azllht+iht-Eo-ea*(azll+iwing))*q*Netaht*Sht*(Xcplg-Xht) 1;  

deltaht+=-l.O/aht* (2.O*Kfs*pow(lO .O, (-0.2l*loglO(RNfs) -O. 97) ) *pow(Sfs, 
2.0)*q*(Zcg-Zcplg)*l80-O/~S*pi)+2.0*Kac*powlO.O, (-0.21*loglO(TZNw)-0.97 
))*~*q*(~ac-Zcplg)*l80.0/pi+pow(awing,2.O)/(l8O.O*~*e~*pow(az~l+iwing+ 
AOA,2.0)*q*S*(Zac-Zcp1g)+W*(Xcg-Xcplg)*l80.0/pi); 

1 

/ /  
//Calculate the Cm,Cl, and Cd for the kite 
/ /  
CMfe=2.0*K2~K1*Volfs*AOA*pi/(l80.0*Sfs*cf~); 
CLac=awing*pi/l80.0*(AOA+iwing+azll); 
CLht=aht*pi/l80.0*(azllht+deltaht+iht+AOA-ea*~azll+iwing+~0~) 1 ;  
CLht2=aht2*pi/lBO.O*(azllht2+iht2+AOA-ea2*(azll+iwing+A0A)); 
CDf8=2.0*Kfs*p0~(10.0, (-0.21*10glO(RNfs)-O.97) )*Sfe/S; 
CDac=2.0*Kac*pow(lO.O, (-0.21*loglO (RNw) -O. 97) ) +pow(CLac, 2.0) / (pi*AR*e) ; 
CDht=2.0*Kht*pow(lO,O, (-0.21*1oglO[RNht) -0.97) )*Sht/S+pow(CLht,2 .O) / 

(pi*AR*e) ; 
CDht2=2.0*Kht2*po~~lO.O,(-0.21*loglO(RNht2~-0.97~~*Sht2/S+pow(CLht2,2.0)/ 

(pi*AR*e) ; 
CDvt=2.0*Kht*pow(lO.O, (-0.2l*loglO(RNvt) -0.97) )*Svt/S; 
CD~t2=2.0*Kht2*p0~(lO.O, (-0.2l*l0glO(RN~t)-O.97)) *Svt/S; 



, , ----- -- --.- -.a- Y-=-& -.-LI" 

rcl=CLac+~~ht*~etaht*~ht/S+CLht2*Netaht2*Sht2/S; 
//Total Cd for the Super Kite 
rcd=CDfe+CDac+CDht*Netaht+CDht2*Netaht2+CWt*Netavt+C~t2*Netavt2; 

/ / 
//Calculate the actual attainable altitude for the given trim AOA 
/ / 
//Net vertical force 
Ty=CLac*q*S+CLht*q*Netaht*Sht+CLht2*q*Netaht2*ShtZ-W; 
//Net horizontal force 
Tx=(CDfs+CDac+CDht*Netaht+CDvt*Netavt+CDht2*Netaht2+C~t2*Netavt2)*q*S; 
tmperl=tdens*pi*pow (tdia/2.0,2.0) ; //Maes per unit length of the tether 
xacc=lOe-10; //Solver accuracy 
XI=-15. O; //Lower angle limit 
x2=90 .  O; //Upper angle limit 
ttlen=O. 0; //initialize the total tether length 
rtb=90.0; 
i=O; 
while(Tys0.0 && rtb>=tGammallim) 

{ 
if(AOA==-99.0) Ty=-99.0; 
else 

{ 
j=l; 
i++; 
ttlen+=teleml; 
f=tangle (xl) ; 
rtb = f e 0.0 ? (dx=x2-xl,xl) : (dx=xl-x2,xL); 
while (j !=O) 

{ 
fmid=tangle(xmid=rtb+(dx *=O.SI ) ;  
if (fmidc=O .O) rtb=xmid; 
if(fabs(dx)cxacc 1 1  fmid == 0.0) j=O; 

1 
Tx=Tx+tCDax*q*tdia*teleml*pow(coe(rtb*pi/l80.0),3.O)+~CDcy~*q*tdia* 

teleml*pow(sin(rtb*pi/180.0),3.0); 
Ty=Ty+tCDax*q*tdia*teleml*pow(cos(rtb*pi/l80.0~,2.0~ *sin(rtb*pi/180.0) 

-tCDcyl*q*tdia*teleml*pow(sin(rtb*pi/l80.O),2.O)*co~(rtb*pi/l8O.0)- 
tmperl*teleml*g; 

Alt+=teleml*ein(rtb*pi/18OOO); 

1 
1 
if (i>l) 

{ 
ttlen=ttlen-teleml; //Save the total tether length 
ralt=Alt-teleml*sin(rtb*pi/l80.0); //~ave the last calculated Altitude 

} 
rsalt=Alttd; //Save the last epecified Altitude 
return (Alttd = ralt) ; 

1 

void 
KiteData::KiteTetherProfile(void) 

I 
int j; 
double xl,x2,f,Emid,dx,xmid,rtb,xacc; 

//Nuder of elements 
//Empty the profile array 

/ / 
//Calculate the actual attainable altitude for the given trim AOA 
/ / 
//Net vertical force 
Ty=CLac*q*S+CLht*q*Netaht*Sht+CLhtZ*q*Netaht2*Sht2-W; 



~x=(~~fs+~~ac+~~ht*Netaht+C~vt*~etavt+~~ht2*Netaht2+Cht2*Netavt2)*q*S; 
Tbar=pow (pow (Tx, 2.0) +pow(Ty, 2.0) ,O. 5) ; //SS Net Tension at the CP 
~ammabar=atan(~y/~x); //SS Net Tension angle (radians) 
tmperl=tdens*pi*pow(tdia/2 .O, 2.0) ; //Mass/unit lgth of the tether 
xacc=lOe-10; //Solver accuracy 
XI=-15. O; //Lower angle lirnit 
~ 2 ~ 9 0 .  O; //Upper angle limit 
rtb=90.0; 
while(Ty>O.O && rtb>=tGarnmallim) 
{ 

if (AOA==-99 .O) Ty=-99 .O; 
el se 
{ 

j=l; 
f-tangle (xl) ; 
rtb = f < 0.0 ? (dx=x2-x1,xl) : (dx-x1-x2,x2) ; 
while( j !=O) 

{ 
fmid=tafigle(xmid=rtb+(dx *=0.5)); 
if(fmid<=O.O) rtb=xmid; 
if(fabe(dx)cxacc I I  fmid == 0.0) j=O; 

1 
~x=~x+t~~ax*q*tdia*teleml*pow(cos(rtb*pi/180~0),3.O~+tCDcyl*q* 

tdia*teleml*pow(sin(rtb*pi/180.0) , 3  . O )  ; 
~~=~y+t~~ax*q*tdia*teleml*pow(coe(rtb*pi/l80.0),2.0)*ain~rtb*pi/l80.0~ 

-t~~c~l*q*tdia*teleml*pow(sin[rtb*pi/l80.O),2.O)*cos(rtb*pi/l80.0~- 
tmperl*telernl*g ; 

Profile-sAdd(rtb*pi/180.0) ; 
N++; 

1 
1 
if (N>l) 

N-- ; 
1 

double 
KiteData::WindFunc(double alt) 
I 

return (wFA[~] +alt* (wFA[~] +ait* (-51 4a1t* (WFA[6] +ait* (wFA[~] +dt* 
( ~ ~ ~ [ 8 ] + a l t * ( ~ ~ ~ [ 9 ] + a ~ t * ( ~ ~ ~ [ l O ] + a l t * ( ~ ~ ~ [ l l ] + a l t * ~ ~ ~ [ l 2 ]  ) ) ) ) ) ) ) ) ) ;  

1 

voi d 
KiteData::CalculateNonDim~(AltitudeData& AltData) 

I 
//Create temporary Altitude object and init. with current kite altitude 
Altitude A(Alttd1 ; 

//Get the data asaoc. with the altitude Erom the datafile 
AftData.GetData(A, AltData) ; 

/ /General 
Temp=200.0; //Approx. Temperature at altitude (deg K) 
dEpsilondq=0.001; //Change in downwash with change in pitch rate 
Nfg=O. 9; //Fudge factor for Czq calculation 
Nls=l. O; //ratio of velocity at 1s with freestream velocity 
Nlsl=0.95; //ratio of lateral vel. at 1s with freeetream lat. vel. 
//Coeff. of lift of the wing at ref. AOA 
CLo = awing*(iwing+AOAiazl1)*pi/180.0; 
CNbCL= O. 01 ; //CNbeta/pow(Coeff of lift,21 - >  Etkin or NACA 1098 

//could refine with an equation in future 
CLppf=-0.58; //(CLp)planform - >  Etkin or NACA 1098 (pg 20) 
Cnpl=-O .08; / /  - >  Etkin or NACA 1098 
Cnp2=8.5; / /  -s Etkin or NACA 1098 
CDpls=O.Oll; //Change in CDo for 1s wrt AOA (/degree!! ! )  
CLrCLo=0.28; / /  - >  Etkin and Reid pg 351 
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Mach=A.Wind/pow((l.4*287.05*Temp),0.5): //Mach number 
//Coefficient of Vertical tether force at the cp. 

Czcpo- (Tbar*sin(Gammabar) ) / (0.5*A.Dene*pow(A.WindP2.O) * S )  ; 
//Coefficient of Horizontal tether force at the cp. 

Cxcpo= (Tbar*cos (Gammabar) / (O. S*A.Dens"pow (A, Wind, 2. O) * S )  ; 

//Coe£ficient of tether Moment 
~mcpo=(Tbar*cos(Gammabar)*(Zcg-Zcplg)+Tbar*sin(Gammabar)*(Xcplg-Xcg) ) 

/(0.5*A.Dens*pow(A.Wind,2.0)*S*cmean): 

//Calculate the Longitudinal non-dimeneional etability derivatives 
//U derivatives 

/ /  x 
Cxu=O.O; 

//Alpha Derivativee 

/ /  x 
Cxalpha=rcl-Z.o*~~o*awing/(pi*AR*e); 

//q derivatives 

/ /  x 
Cxalphals=(CLo-CDpls*18000/pi); 
~xqlsac=Cxalphals; 
Cxqls=-Cxalphals*(2.O*(~~g-~ac)/cmean+dEpsilondq)*Nfg+Cxqlsa~*N~g: 

/ /  M 
~rn~ls~c=-~i/4.0*cos (QCswp*pi/lBO.O) * ( p o w  ( * t a n ( ~ ~ * ~ i / l 8 0 .  O ,3. O) /3.0 

 AR+^. O*COS (~~swp*pi/180. O) ) +1. O )  ; 
~m~ls=~x~ls*(~c~-~ac)/cmean-~zqls*(~cg-~ac)/cmean+~qleac; 
Cmqt=-2.0/cmean*(aht*VH*lht+aht2*VH2*lht2); 
Cmq=C!mqle+Cmqt ; 

//alpha-dot derivat ives 

/ /  
Czadotbody=-2.0*0.75*Volfs/S/cmean; 
Czadotls=O.O; 
Czadott=-2.O*aht*VH*dEpsilonda; 
Czadott2=-2.O*aht2*VH2*dEpsilonda2; 
Czadot=Czadotbody+CzadotIe+Czadott+Czadott2; 

//Calaulate the Lateral non-dimensional etability derivatives 



//P derivatives 

//R derivatives 



int 
KiteData: : iswindf i l e  (voidl 

{ 
return IWF; 

1 

char * 
KiteData: : FileForm (void) 

I 
return FileName-Formula; 

} 

void 
KiteData : : FileForm (char* FF) 

operator c c  (oetream& o s ,  KiteData& W )  

I 
- fpreset ( )  ; 
os c c  string (KD e fileName-Formula) c c  "\nn ; 
os c c  KD.IWF < c  "\nv;  
os c c  KD.AOA "\ntt; 
os c c  KJ3,Alttd < c  It\n"; 
OS c c  KD.mass c c  " \nu ;  

OS c c  KD.QCswp cc "\nt'; 
os c c  KD. iwing cc "\nW ; 

os C C  KD.azll << "\nmt; 
os c c  KD.Xac ce "\nM; 
OS c c  KD.Zac <c "\nt';  
os c <  KD. hacwb cc "\nM; 



-- - -  -- .---- - - ,-- , 
os cc KD.cht cc " \ n u ;  
os cc KD.aht cc " \ n u ;  
os cc KD.Thickht cc "\nu; 
os cc KD.Xht cc " \ n u ;  
os cc KD.Zht cc " \ n u ;  
os CC KD.iht cc l8\nw; 
os cc KD-azllht cc " \ n u ;  
os cc KD.Netaht cc " \nv ;  
os CC m.bvt cc " \nu ;  
os cc KD.cvt CC " \ n W ;  
os cc KD.avt cc "\nn; 
oa cc KD.Thickvt c c  " \nu ;  
08 cc KD.Xvt cc " \no;  
os c <  KD. Zvt cc '*\nI8; 
os cc KD.Netavt cc "\n";  
os cc KD.dSigfdP c c  " \nv ;  
os cc KD.dSigfdr c c  "\n8': 
os cc KD .dSigmadB cc " \nn;  
oe cc KD.Volfs cc " \nv ;  
os cc KD.Esw cc "\n";  
OS CC KD .fsh cc 'I\nv; 
os cc KD.fsqw < c  " \nn;  
os cc KD.fsqh c c  l@\nl f ;  
os cc KD.fstqw cc " \nW;  
os cc KD-fetqh ce l@\nW; 
os cc KD.cfs c< " \nV;  
os cc KD.lfs cc ' \nM; 
os CC KD.eigfs-B c c  "\nu; 
OS cc KD.afs cc l f \nv ;  
os cc KD.Zfscp cc " \nW;  
os CC KD.tdens cc " \nW;  
OS cc KD.tdia c c  "\nu; 
os cc KD.telem1 cc "\nu; 
OS cc ~~.tCDcyl cc " \nv ;  
os cc KD.tCDax cc "\rim; 
os c <  KD.Xcv cc "\riv; 

os cc KD.Ixz cc " \nV;  
os C C  KD.Ixx cc ' \ n v ;  
os cc m . 1 ~  ec I8\n"; 
os C C  KD.Izz cc " \ n V ;  
OS cc KD.Nc cc " \ n W ;  
os cc KD.tdiao cc " \nW;  
os cc KD.tethE cc " \nw;  
os cc KD.Clmax cc " \nW;  
os cc KD.tGammallim cc " \nUr ;  
os CC KD .aoalim cc "\ng1;  
os cc m.aoaset ce " \n t t ;  
os cc KD .aoasetomax cc Iq\n"; 
os cc KD.Xcplt cc "\nN: 
os cc KD.Zcplt cc 'I\nw; 
os c <  KD.bht2 c c  " \ n u ;  
OB cc KD.cht2 c c  " \n t r ;  
os cc KD.aht2 c c  '!\n"; 
os cc KD.Thickht2 cc "\nIp; 
os cc KD.Xht2 c c  *t\nlr ;  
OS cc KD.Zht2 c c  pf \n l ' ;  
os cc KD.iht2 c c  *@\n";  
os cc KD.azllht2 cc "\ri1'; 
os cc KD.Netaht2 " \ n u ;  
os c c  KD.bvt2 cc "\nM; 
os c c  KD.cvt2 c c  "\nM; 
os ce KD.avt2 c c  " \nol ;  
os cc KD.Thickvt2 cc "\nlf; 
06 cc KD.Xvt2 c c  " \nu ;  
os cc KD.Zvt2 c c  "\nI1; 



int i, j; 
if (!KD.IWF) 
I 

for(i=O;icl3;i++) 

os cc "\n\nProfile data - element angles (rads) from kite to grnd\nN; 
TViter iterProf(*KD.Profile); 
iterProf .Restart ( )  ; 
int upperlimit = KD.Profile->GetItemsInContainer()-2; 
for(i=O;ic=upperlimit;i++) 

{ 

int N=KD.N; 
double checkmax,checkmin; 
complex checksum; 
if (Nc=l) 

N=O; 
if (KD. EiglgValid) 
{ 

os cc "\n\nEigen values and vectors - Longitudinal Analysis\n\n\nU; 
os cc "Eigen values (real on top, imag. on bottom)\nql; 
for (i=O;icN*4+6; i++) 
{ 

if(KD.Lgalfi [il > = O . O )  

os cc KD.Lgalfr[i] cc "\tw; 
if(KD.Lgalfi [il >O.O) 

0s cc "\ttl; 
} 
os cc "\nul; 
for(i=O;i<N*4+6; i++) 
{ 

if(KD.Lgalfi [il >=O.O) 
os cc KD.Lgalfi[il cc "\tV; 

if(KD.Lgalfi [il z-0.0) 
0s cc "\tt'; 

1 
os cc "\n\nEigen vectors - -  Body:\nUU; 

os ec KD.Lgz(i,j) <c "\tu; 
1 
OB cc "\n"; 

1 
os cc "\nF,lernent stretch: \ntl; 
for(i=N*2+7;ic=N*4+6;i+=S) 



1 
os cc It\nChange in long. element ang1e:\nM; 
for(i=N*2+8;i<=N*4+6;i+=2) 

{ 
for (j=S;jc=N*4+6; jcc) 

{ 

/ / *******************************************************************  
//Print the normalized mode shapes as calculated 
//Stretch Only 
O* < <  "\n\n * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 1 ;  

0s < <  "****************************Il; 

oe cc "\n Mode shapes normalized wrt total motion at confluence pointv; 
os cc due to element stretch ONLY\n\nfl; 
for(i=l;i<=4;i++) 

os cc real (KD.Lgmodestretch(i, j) ) cc '\LM; 
if(£abe(imag(KD.Lgmodestretch(l,j)))~l.Oe-IO) 

oe cc imag(KD.Lgmodestretch(i, j) ) cc "\tl#; 

1 
os cc I1\ng1; 

1 
os cc "\nTether motion (£rom grnd up) - X direction:\nu; 

os cc real(KD.Lgmodeetretch(3+2*i,j)) cc "\t"; 
if (fabs(imag(KD.Lgmodestretch(1, j))) >l.Oe-10) 

os cc imag(KD.Lgmodeetretch(3+2*i,j)) cc "\tN; 

1 
oe <c "\nS1; 

1 
os cc "\nTether motion (from grnd up) - Z direction:\n1I; 
for(i=l;i<=N;i++) 

for(j=l;jc=KD.Lgmodeetretch.n;j++) 

( 
os cc real (KD.Lgmodestretch(4+2*i, j) ) <c ll\tll; 
if(fabs(imag(KD.Lgmodestretch(l,j)))~l.~e-10) 

OB cc imag(KD.Lgmodestretch(4+2*i,j)) cc "\t"; 

1 
OB cc ll\nll; 

OS cc pt\nTether motion (from grnd up) - Total ~agnitude:\n"; 
Eor(i=l;ic=N;i++) 

{ 
for(j=l:jc=KD.Lgmodestretch.n;j++) 

I 
os cc real(pow(pow(KD.~gmodestretch(3+2*i,j),2.0~+pow~ 

~~.Lgmodestretch(4+2*i, j) ,2.0) ,0.5) cc "\tl'; 
if(£abs(imag(KD.~gmodestretch(l,j)))>l.~e-10) 

os <c irnag(pow(pow(KD.~gmode~tretch(3+2*i,j),2.0~+ 
pow(KD.Lgmodestretch(4+2*i,j),2.0),0.5)) cc "\t"; 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
//Print the normalized mode shapes as calculated 



os cc "\n Mode shapes normalized wrt total motion at confluence point"; 
os cc 'l due to element angle change ONLY\~\~"; 
for (i=l;i<=4;i++) 

{ 
for(j=i.;jc=KD.Lgmodeangle.n;j++) 

( 
os cc real(KD.Lgmodeangle(i, j)) cc "\tu; 
if(fabs(imag(KD.Lgmodeangle(l,j)))>l.0e-10) 

os ec "\nit; 

1 
os ce n\nTether motion (from grnd up) - X direction:\nlt; 
for(i=l;i<=N;i++) 

{ 
for(j=l;jc=KD.Lgmodeangle.n;j++) 

{ 
os cc real(KD.Lgmodeangle(3+2*i, j) ) ce "\tV; 
if(fabe(imag(KD.Lgmodeangle(l,j)) )zl.Oe-10) 

os cc "\nt' ; 

1 
os <c It\nTether motion (from grnd up) - Z direction: \nt'; 
for (i=l;i<=N;i++) 

{ 
for(j=ï;jc=KD.Lgmodeangle.n;j++) 

{ 
os c <  real(KD.Lgmodeangle(4+2*i,j)) cc "\tW; 

if(fabs(imag(KD.Lgmodeangle(l,j)))>l.Oe-10) 
os cc imag(KD.Lgmodeangle(4+2*i,j)) cc "\tu; 

1 
os <C l'\nu; 

} 
os cc It\nTether motion (from grnd up) - Total Magnitude:\ntV ; 
for(i=l;ic=N;i++) 

//Print the normalized mode shapes as calculated 
//Both stretch and angle change 
0s < <  ll\n\n * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *~~ ;  
og < <  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

os c <  I1\n Mode shapes normalized wrt total motion at confluence point"; 
os <c " due to both element stretch and angle change\n\nH; 
for (i=l;ic=4;i++) 

I 
for(j=l;jc=KD.Lgmodes.n;j++) 

( 
os c <  real(KD.Lgmodes(i, j) ) ce "\tt'; 
if(fabs(irnag(KD.Lgmodes(l,j)))>l.Oe-10) 

os << imag(KD.Lgmodes(i,j)} ee "\tW; 

1 
os <<  "\non; 



os CC "\n1I; 

1 
os cc "\nTether motion (from grnd up) - Z direction:\nW; 
for(i=l;ic=N;i++) 

{ 
for(j=l; jc=KD.Lgmodes.n; j++) 

os ce real(KD.Lgmodee(4+2*i,j)) cc "\tW; 
if(fabs(imag(KD.Lgmodes(ï,j) ))>l.Oe-10) 

os < e  imag(KD.Lgmodes(4+2*i,j)) cc "\t"; 

1 
oe cc 'I\n1'; 

1 
oe cc "\nTether motion (from grnd up) - Total Magnitude:\nU; 

if (real(KD.Lgcheck[O]) !=100.0) 

{ 
checkmax=checkmin=abs~KD.Lgcheck~511; 
checksum=complex ( 0.0,O. 0 ; 
os cc "\n\nResult matrix of eigen check - Longitudinal ~naiysis\n\n"; 
for(i=O;icN*4+6;i++) 

I 
for(j=O; jcNf4+6; j++) 

{ 
if (abs(KD.Lgcheck[i* (N*4+6) +j] ) >l.Oe-10) 

os cc KD.~gcheck [i* ( ~ * 4 + 6 )  +j] ec "\tW; 
else 

os cc ~'(O.O,O.O)\t"; 
if (real (Ka.~gcheck[it(N*4+6) +j] !=0.0&& 

imag(KD.~gcheck[i*(N*4+6)+j]) !=-1.0) 

I 
checksum+=KD.Lgcheck[i*(N*4+6)+jl ; 
if (ab6 (KD.Lgcheck [i* (N-6) + j l  ) >checkmax) 

checkmax=abs ( ~ ~ . ~ g c h e c k [ i *  (N*4+6) +jl ) : 
if (abs (iC~.Lgcheck [i* (N*4+6) + j] ) <checkmin) 

checkmin=abs (KD.~gcheck[i* (N*4+6) +jl ) ; 
1 

) 
os cc "\riThe average of a l 1  of the elements in the above matrix is:\nn; 
os <c checksum/(l6.0*N*(N+2.0)+12.0) cc "\nm; 
os <c "\nThe max and min of al1 of the elements in the above"; 
os c <  matrix is:\nl'; 
os cc checkmax << 8t\t" c< checkmin cc "\n1I; 



if(KD.EigltValid) 

{ 
os cc I1\n\n\nEigen values and vectors - Lateral Analysie\n\n\n"; 
os cc "Eigen values (real on top, imag. on bottom)\nU; 
for(i=O;icN*2+6;i++) 

( 
if (KD-Ltalfi [il >=O. O) 

os cc Ki3.Ltalfr[il cc "\tV; 
if (KD .Ltalf i [il >O. O) 

06 C C  "\t"; 

1 
os ce "\n"; 
for (i=O;icN*2+6;i++) 

( 
if (m.Ltalfi [il >=O.O) 

os cc K~.Ltalfi [il ec "\tt'; 
if(m.~talfi [il >O. O )  

00 CC "\tl'; 

1 
os cc "\n\nEigen vectors - -  i3ody:\nU; 

os cc KD.Ltz (i, j) cc "\ tW; 

1 
os ce I1\nlt; 

1 
os cc "\nChange in lateral element 
for(i=N+7;ie=N*2+6;i++) 

( 
for(j=3;jc=N*2+6;j++) 

{ 
os cc KD.Ltz(i, j) ce "\tu; 

1 

//Print the mode shapes as calculated 
os cc "\n\n Mode shapes normalized wrt motion at confluence point\n\nN; 
for(i=l;ic=5;i++) 

I 
for(j=l;jc=KD.Ltmodes.n;j++) 

{ 
os <c real(KD.Ltmodes(i, j)) cc tt\tn; 
if (fabs (imag(KD.Ltmodes(1, j) ) ) >l .Oe-10) 

os cc imag(KD.Ltmodes(i, j)) cc "\kW; 

1 
os cc l8\nt1; 

1 
os <c "\nTether motion (from grnd up)  - Y direction:\nw; 
for (i=l; ic=N;i++) 

( 
for(j=l;jc=KD.Ltmodes.n;j++) 

I 
os <<  real(KD.Ltmodes (5+i, j) ) cc "\tu; 
if(fabs (imag(KD.Lkmodes(1, j) ) ) >1.Oe-10) 

os cc imag (KD.Ltmodes (5+i, j )  ) cc "\tql; 

1 
06 cc lf\n" ; 

1 



~ I i c ~ n i i i d A = G I l ~ G ~ t I 1 I r l = d U ~  I W .  LiccnecJc 13 j ; 
checksum=complex ( 0.0,O. 0) ; 
os "\n\nResult matrix of eigen check - Lateral Analysiç\n\nfl; 
for(i=O;i<N*2+6;i++) 

I 
for(j=O;j<N*2+6; j++) 

{ 
if(abs(KD.Ltcheck[i*(N*2+6)+j])zl.Oe-10) 

os cc KD.Ltcheck[i* (Nf2+6)+j] << "\tu; 
else 

os << " (O.O,O.O)\t"; 
if(real(KD.Ltcheck[i*(N*2+6)+jl)!=O.O&& 

imag(KD.Ltcheck[i* (Nt2+6) +jl 1 !=-1 .O) 
I 

checksum+=KD .Ltcheck [i* (N*2+6) + j] ; 
if (abs (KD.Ltcheck[i* (N*Z+6) +jl ) zcheckmax) 

checkmax=abs(KD.Ltcheck[i*(N*2+6)+j]); 
if(abe(KD.Ltcheck[i* (N*2+6)+j] )<checkmin) 

os << "\ntt; 

1 
os cc Iq\nThe average of al1 the elements in the above matrix is:\nw; 
os c c  checksum/ (4.0*N* (N+4 .O) +12.0) <c N8\n"; 
os cc Ii\nThe max and min of al1 the elements in the above"; 
os << II matrix ie:\np@; 
os << checkmax << "\tV cc checkmin cc "\nu; 

1 
1 

/ /  return the stream object 
return os; 

1 

istream& 
operator >> (ietream& ie, KiteData& KD) 
{ 

- fpreset ( ) ; 
char temp [ISO] ; 



is > >  KD.dSiglsdP; 
is >> KD.CLpglan; 
is >> KD.dSiglsdr: 
is > >  KD-bht; 
is > >  KD-cht; 
i s  >>  KD.aht; 
is >> KD-Thickht; 
is >> KD.Xht; 
is >> KD.Zht; 
is >> KD-iht; 
is > s  KD.azllht; 
is >> KD.Netaht; 
is >s KD.bvt; 
is J >  KD.cvt; 
is >> KD.avt; 
is >> KD.Thickvt; 
is >> KD.Xvt; 
is > r  KD.Zvt; 
is >> KD.Netavt; 
is >> KD.dSigfdP; 
is >> KD.dSigfdr; 
is >> KD.dSigmadB; 
is >> KD.Volfs; 
is >-z K D .  fsw; 
is >> KD.fsh; 
is >> KD. fs*; 
ie > s  KD. fsqh; 
is >> KD.fstqw; 
ie zs KD. fetqh; 
is >> KD.cfs; 
is >> KD-lfs; 
ie >a KD.sig£e-B; 
is > >  KD.afs; 
is >> KD.Zfscp; 
is >r  KD.tden6; 
is > z  KD.tdia; 
ie >> KD.telem1; 
ie > z  KD-tCDcyl; 
is > >  KD. tCDax; 
ie >s KD.Xcv; 
is >> KD.Ixz; 
ie 2 2  KD. Ixx; 
is >> KD. Iyy; 
is >> KD.Izz; 
is >r KD.Nc; 
is > >  KD. tdiao; 
is > s  KD-tethE; 
is >> KD-Clmax; 
is >> KD.tGammallim; 
is >> KD-aoalim; 
ie >> KD.aoaset; 
is >> KD.aoasetomax; 
ie >s KD.Xcplt; 
is >> KD. Zcplt; 
is >s KD.bht2; 
is >z KD.cht2; 
is >> KD.aht2; 
is >> KD.Thickht2; 
is > >  KD.Xht2; 
is >> KD.Zht2; 
is >> KD.iht2; 
is >> KD.azllht2; 
is >> KD.Netaht2; 
is >> KD.bvt2; 
is >> KD.cvt2; 
is >> KD.avt2; 



int i; 
if ( !KD. IWF) 

for(i=O;icl3;i++) 
is >> KD.WFA[i] ; 

1 

/ /  return the stream object 
return is; 

Scale : : Scale ( 
( 

max~et=XMaxSet=XMin~et=false: 
YMax=XMax=XMin=O.O; 

1 

voi d 
ScaLe::SetScale(double& p a x ,  double& xmax, double& m i n )  



/ / 
//Super Kite Stability Roots Analysis 
/ / 

finclude <stdio.h> 
finclude cstdlib.h> 
finclude ccstring.h> 
#include <math. h> 
finclude cclasslib/arrays.h> 
3include <float.h> 
#include cfstream.hs 
finclude ciomanip.h> 
#include "matrix.hn 
f include "rggpool .hm 
#include "suprkite.hu 

Calculate the Stability Roots of a given kite-tether configuration. 
CG contains the values of the eix control gains. 
AltData contains the Altitude data for a given trim-state. 
CheckEV is set TRUE to check the mathematical validity of the Eigen value 

solution. 
MLOut ie set TRUE to output the A and B matrices for a parailel Eigen value 

check ueing MatLab. 
matz is set to 1 if the eigen vectors are to be calculated or O not to. 

int 
KiteData::KiteSRoots(ControlGain& CG, AltitudeData& AltData, 

bool CheckEV, bool MLOut , int matz) 
{ 

//Initialize the output file for the MatLab crose-check 
fstream ABout; 

//Create temporary Altitude object and init. with current kite altitude 
Altitude A(A1ttd) ; 

//Get the data assoc. with the altitude from the datafile 
AltData.GetData(A, AltData); 

const double altllim=AltData.MinAlt; 
const double altulim=AltData.MaxAit; 

//General 
Temp=200.0; //Approx. Temperature at altitude (deg K) 
&peilondq=0.001; //Change in downwash with change in pitch rate 
Nfg= 0.9 ; //Fudge factor for Czq calculation 
Nls=l. O; //ratio of velocity at 1s with freestream velocity 
Nle1=0.95; //ratio of lateral vel. at 1s with freestream lat. vel. 
//Coeff. of lift of the wing at ref. AOA 
CLo = awing*(iwing+AOA+azl1)*pi/180.0; 
CNbCL=O.Ol; //CNbeta/pow(Coeff of lift,2) - >  Etkin or NACA 1098 

//could refine with an equation in future 
CLppf=-O .58; //(CLp)planform - 7  Etkin or NACA 1098 Ipg 20) 
Cnpl=-0.08; / /  - >  Etkin or NACA 1098 
Cnp2=8.5; / /  - >  Etkin or NACA 1098 
CDpls=O .Oll; //Change in CDo for 1s wrt AOA (/degree!! ! )  

CLrCLo= 0 . 2  8 ; / /  - >  Etkin and Reid pg 351 
Cnrl=- 0.005; / /  - >  Etkin or NACA 1098 
Cnr2=-0.3; / /  - z  Etkin or NACA 1098 
C W o = m a s s * g * 2 . 0 / A . D e n s / p o w ( A . W i n d . S . O ) / S ;  //Coeff. of Weight 
Mach=A.Wind/pow((l.4*287.05*Ternp),0.5); //Mach number 
//Coefficient of Vertical tether force at the cp. 

Czcpo=(Tbar*sin(Cammabar))/(0.5*A.Dens*pow(A.Wind,2.O)*S~; 
//Coefficient of Horizontal tether force at the cp. 

Cxcpo=(Tbar*coe(Gammabar))/(0.5*A.Dens*pow(A.Wind,2.O)*S); 



~mcpo=~~*.Dar~cosrtiamma~ar~~~zcg-zcp~g~+Tbar~sin~Gammabar] *(~cplg-~cg] 1 
/ ( 0.5*A.Dens*pow (A. ~ i n d ,  2.0) *S*cmean) ; 

//Calculate the Longitudinal non-dimensional stability derivatives 
/ /U derivat ives 
/ /  x 
cxu=o. O; 

//Alpha Derivatives 
/ /  x 
Cxalpha=rcl-Z.O*CLo*awing/(pi*AR*e); 

/ /  z 
Czalpha=-awing- rcd; 

//q derivatives 

/ /  x 
Cxalphals=(CLo-CDpl~*18O.O/pi); 
Cxqlsac=Cxalphals; 
Cxqls=-Cxalphals*(2.O*(Xcg-Xac)/cmean+àEpsilondq)*Nfg+Cxqlsac*N£g; 

//alpha-dot derivatives 
/ /  z 
Czadotbody=-2.0*0.75*Volfe/S/cmean; 
Czadotls=O.O; 
Czadott=-2.O*aht*VH*dEpsilonda; 
Czadott2=-2.0*aht2*VH2*dEpsilonda2; 
Czadot=Czadotbody+Czadotl~+Czadott+Czadott2; 

//Calculate the Lateral non-dimensional stability derivatives 

//Beta derivat ives 
/ /  y 
Cybfs=-(avt+~Xhrt)*Svt/S: 
Cybf=Netavt*(l.O-dSigmadB)*Cybfs; 
Cybfs2=-(avt2+CDvt2)*Svt2/S; 



//P derivativee 

//R derivatives 



//Calculate the Dimensional Stability derivativee 

/ /Lat eral 
/ /  y 
Yv=O .S*A.Dens*A.Wind*S*Cyb; 
Yp=0.25*A.Dens*A.Wind*b*S*Cyp; 
Yr=0.25*A.Dens*A.Wind*b*S*Cyr; 

//Create three iterators to etep through the tether profile data 
TViter iterProfi(*Profile); 
TViter iterProfj(*Profile); 
TViter iterProfk(*Profile): 

//Populate the A and B matrices for the longitudinal and lateral equation~ 
int i,j,k,jj,J,Nlg,Nlt,erulg,errlt; 
double Garnmai,Gammaj,Gamrnak,~~m1,~~m2,aum3,~urra~t,Iij,Iii,tethki,ZCP,XCP; 

//If there is o n l y  one tether element the problem degeneratee to a maaaless 
//dragleas rigid elernent 
if ( N - = = l l  

N-O; 

//order of the matrices 
Nlg=N*4 +6 ; 
Nlt=N*2+6; 



//Delete previous persistent arrays 
delete [l Lgalf r; 
delete [l Lgalfi; 
delete [ ]  Ltalfr; 
delete [ 1 Ltalfi; 
delete [l Lgcheck; 
delete [ l  Ltcheck; 

//Matrices for the longitudinal and lateral equations 
matrix lgalfr(Nlgl,lgalfi(Nlg),lgbeta(Nlg),igz(Nlg,Nlg~ ; 
matrix ltalfr(N1tl ,ltalfi(NIt),lt),ltbeta(Nlt),1tz(N~t,Nlt) ; 

matrix AAlg (Nlg, Nlg) , BBlg (Nlg, Nlg) ; 
matrix AAlt(Nlt,Nlt),BBlt(Nlt,Nltl; 
matrix sorterlg(Nlg),sorterIt(Nlt); 

//Matrices and variables for Eigen calculation check 
complex eigenval; 
matrixc eigenvec,tmpcl,tmpc2,tmpvec; 

//Matrices for the calculation of total motion and final mode ehapes 
int Nmode,modenum; 
complex dcp; 
matrix cosG, sinG; 

//Reset the arrays to the new dimensions 
Lgalf r-new double [Nlgl ; 
Lgalf i-new double [Nlg] ; 
Lgz.Resize(Nlg,Nlg); 
Ltalfr=new double [Nlt] ; 
Ltalfi=new double [Nltl ; 
Ltz .Resize (Nlt ,Nit) ; 
Lgcheck = new complex[l] ; 
Ltcheck = new comp~ex[l] ; 

if (CheckEV) 
{ 

delete [ ]  Lgcheck; 
Lgcheck=new complex[~lg*Nlg]; 
delete [ 1 Ltcheck; 
Ltcheck=new complex [Nit *Nit 1 ; 

1 
else 
{ 

~gcheck [O] =complex(100.0,0) ; //flag to indicate that the 
//check is not done. 

Ltcheck [O] =complex(lOO. 0,O) ; 

) 
if(!lgalfrl I!lgalfil 1 !~talfrll !Ltalfi) 

return - 5 ;  

//Vectors for the air density and tether diameter variations as a 
//function of the tether element number 
matrix rho, Tdia; 
if (N!=O) 
I 

rho (N) ;Tdia (N) ; 
)else( 

rho(2) ;Tdia(2); 
} 

/ /  
//calculate the air deneity and tether diameter at every element 
//(starting from the confluence point) 
/ / 
iterProfi .Restart ( )  ; 

suml=O. 0; 



--- ,---.,--- - ,  - , 

{ 
curralt=Alttd-teleml/2.0*sin(iterProfi.Crrent() 1-suml; 
suml+=teleml*sin(iterProfi.Current~) 1; 
if(curraltcaltl1im) 

A.Set (altllim) ; 
elee if(curralt>altulim) 

A.Set(altulim); 
else 

A.Set (curralt) ; 
AltData.GetData(A, AltData) ; 
rho(i) =A.Dens; 
if ( N c = l )  

Tdia (i) =tdia; 
else 

Tdia(i) =tdiao+ (tdia-tdiao) * (i-1) / (N-11 ; 
iterProfi++; 

1 
if (N==l) N=O: 

//Set A back to kite altitude 
/ /  
A.Set (Alttd) ; 
AltData.~etData(A, AltData); 

//Populate the Longitudinal Matrices 
//Eq. 55a 
AAig(1,l) =xu; 
AAlg(l,2) =Xw; 
AAïg(1,4)=CG.~cx*~~~-mass*g*coe(~0~*pi/î80.0)-Tbar*sin(Gammabar); 
AAlg ( l,5 ) =cos (Gammabar) ; 
AAlg(l,6) =-Tbar*sin(Gammabar) ; 
iterProfi .Restart ( 1  ; 
for (i=2*N; i>=N+l; i- - ) 
( 

Gammai=iterProfi.Current(); 
AAlg(I,i*2+5) =-cos (Gammail *CG.Ccx; 
AAlg(l,i*2+6)=teleml*sin(Gamrnai)*CG.Ccx; 
iterProfi++; 

1 
BBlg ( 1,l) =mas6 ; 

//Eq. 55b 
AAlg(2,l) =Zu; 
AAlg(2,2) =zw; 
AAlg(2,3)=-mass*A.Wind-Zq; 
AA~g(2,4)=mass*g*sin(~OA*pi/l80.0)+Tbar*cos(Gammabar)-CG.Ccz*XCP; 
AAlg ( 2,5 ) =sin (Gammabar) ; 
AAlg(2,6)=Tbar*coe(Gammabar); 
iterProf i .Restart ( ) ; 

//Eq. 55c 
double ~wdp=~wdot/(mass-Zwdot) ; 
AAlg ( 3,l) =Mu+Mwdp*Zu ; 



~ s y  i s , s i  =i.iq+mwap- (maes-A. wina+aq] ; 
AAlg(3,4)=~~.~cm-~wd~*(mass*g*sin(~0~*pi/l80.0)-Tbar*cos~Gammabar) 

+CG.~cz*~~~)-~bar*(XCP*cos(Gammabar)+ZCP*sin(Gammabar) 1 ;  
AAlg ( 3,5) =ZCP*cos (Gammabar) -XCP*sin (Gammabar) +Mwdp*sin (Gammabar) ; 
AAlg ( 3.6 ) =-Tbar* (XCP*coe (Gammabar) +ZCP*ein   amm ma bar) -Mwdp*cos (Gammabar) ) ; 
iterProfi.Restart(); 
for(i=2*N;i>=N+l;i--1 
{ 

Gammai=iterProfi . Current ( ) : 
AAlg (3, i*2+5) =-Mwdp*sin(Gammai) *CG. C c z ;  
AAlg(3,i*2+6)=-Mwdp*teleml*cos(Gamrnai)*CG.Ccz; 
iterProfi++; 

1 
BBlg ( 3 , 3 )  =I=; 

//Eq. 42a 
AAlg(5,1)=1.0; 
AAlg(5,3)=ZCP; 
iterProf i .Restart ( ; 

for(i=N;i>=l;i--1 
{ 

Gammai=iterProfi.Current(); 
AAlg(5, i*2+S) =cos (Gammai) ; 
AAlg (5, i*2+6) =-telerni*sin(Gammai) ; 
iterProfi++; 

1 

//Eq. 42c 
AAlg(6.2)=1.0; 
AAig (6,3) =-XCP; 
AAlg (6,4 ) =-A. wind; 
iterProfi.Restart(); 
for(i=N;i>=l;i--1 
I 

~ammai=iter~rofi.Currento; 
AAlg (6, i*S+5) =sin (Gammail ; 
AAlg(6, i*2+6) =teleml*cos(Gammai) ; 
iterProfi++; 



//-Fa (Eq. 25) 
if (i>=k) 
{ 

//Note: modify in future to have the velocity Vary for each segment 
//of the tether 
iterProf j .Restart ( ; 
eurnl=O. 0; 
eurn2=0.0; 
for(j=N; j>=i+l; j--1 

( 
Gamma j =iterProfj . Current ( ) ; 
sumi+=rho(j)*~dia(j)*~in(~ammaj)*sin(Ga~mai-Gammaj)*teleml 

*sin(Gammaj-Gammak) ; 
sum2+=rho(j)*Tdia(j)*~in(Gammaj) *sin(Gammai-Gammaj)*teleml 

*cos (Gammaj -Garnmak) ; 
iterProfj++; 

} 

AAlg(i*2+5,k*2+5)=A.~ind*tC~cy~*suml-~c*de~ta(i,k); 
AAlg ( i * 2 + S ,  k*2+6) =-A.Wind*t~~cyl*telemi*eum2; 

1 
if (i>k) 

{ 
iterProfj .Restart ( ) ; 
euml=O. 0; 
sum2-0.0; 
for( j=N; j>=i; j--1 

( 
Gamma j =iterProf j . Current ( ) ; 
sumï+=rho(j)*~dia(j)*ein(Gammaj)*teleml*~~s(~ammai-~ammaj) 

*ain(Gammaj-Gammak)*E(i,j); 
eum2+=rho(j)*~dia(j)*ain(~ammaj)*teleml*cos(Gammai-Gammaj) 

* c o s  (Gammaj -Gammak) *E (i, j ) ; 
iterProfj++; 

1 



AAlg (i*2+5, k*2+5) =A.Wind*tCDcyl*suml; 
AAlg(i*2+5,k*2+6)=-A.Wind*tCDcyl*teleml*sum2; 

1 

//Set the 2N x 2N identity matrix in AAlg and BBlg 
/ / 
if (ir=k) 

{ 
AAlg(i*2+N*Z+S,k*2+5)=1.0; 
AAlg(i*2+N*2+6, kX2+6) =l. 0; 
BBlg(i*2+N*Z+S,k*2+N*2+5)=1.0; 
BBlg(i*2+N*2+6,k*2+N*2+6)=1.0; 

1 

//Set -N - Ea in A A l g  ( ~ q  9 & 2 6 )  

/ /  
//Calculate the eummation of mas5 above rnax(i,i) 
Iii=O. O ; 
for(j=i;j<N; j++) 

{ 

/ / ~ d d  the -N cornponent (Eq. 9) 
/ / 
tethki=pi*pow(~dia(i)/2.0,2.0)*tethE/telernl; 
AAlg(i*2+S, k*2+N*2+5) =-tethki*delta(i, k) ; 
AAlg(i*2+6,k*2+~*2+6)=g*teIeml*ein(Gammai)*Iii*de~ta(i,k); 
AAlg(i*2+5,k*2+N*2+6)=~~1g(i*2+6,k*2+N*2+5)=-g*~o~(Gammai)* 

Iii*delta (i,k) ; 

/ /Add the -Ea component (Eq. 26) 
/ / 
if (i==k) 

{ 
iterProf j .Restart ( )  ; 

eurnl=O. 0; 
sum2=0.0; 
sum3 =O. 0; 
for( j=N; j>=i; j--) 

( 
Garnmaj=iterProfj.CurrentO ; 



i*2+5,k*2+N*2+6)+=-0.5*tCDcyl*pow(A.Wind,2.0)*suml+Tbar 
*sin (Gammabar-Gammai ; 

i*2+6,k*2+N*2+5)+=-0.5*tCDcy~*pow(A.Wind,2.0)*~eum2+0.5*te~em~ 
*rho (i) *Tdia (i) 'pow (sin(Gammai) ,2.0) ) +Tbar 
*sin (Gammabar-Gammai ) ; 

i*2+6,k*2+N*2+6)+=0.5*tCDcyl*pow(A.Wind,2.0)*telem~*(~~m3- 
teleml*rho (i)*Tdia[i) *sin(Gammai) *cos (Gammail 1 -Tbar 
*teleml*cos(~ammabar-Gammai); 

i*2+5, k*2+N*2+5) +=-0.5*tCDcyl*pow(AAWind,2 - 0 )  *rho(k) *Tdia(k) 
*pow (sin (Gammak) ,2.0) * s i n ( ~ a m m a k )  ; 

i*2+5,k*2+N*2+6)+=-0.5*tCDcyl*pow(A.Wind,2.0)*rho(k)*Tdia(k)* 
teleml*sin (Gammak} * (2.0*co6 (Gammak) *ein(Gammai- 
Gammak)-sin(Gammak)*cos(Gammai-Gammak) ) ;  

//Copy the A and B matrices to backup matrices for post check 
if (CheckEV && matz) 

( 
AA.Reeize(Nlg.Nlg) ; 
BB . Reeize (Nlg, Nlg) ; 
eigenvec (Nlg) ; tmpcl (Nlg,Nlg) ; tmpc2 (Nlg, N v e c  (Nlg) ; 
AA=AAlg ; 
BB=BBlg; 

1 

//Save the A and B matrices to MatLab script file for 
/ /  the eigen cross-check 
if (MLOut) 
{ 

-out. open ( "Lgeigchk . ml', ios : : out ; 
ABoutcc setprecision(24 ) ; 
ABoutcc "AAlg = [ "; 
for(i=l;i<=Nlg;i++) 

I 
for(j=l;j<=Nlg;j++) 

{ 
ABout c ç  AAlg(i, j) c <  "; 



ABoutr << BBlg(i,j) <c " ": 
1 
ABout <c Il; \nef; 

1 
ABout <c '$1 \n\n [V, Dl = eig (AAlg,BBlg) \nn ; 
meut < c  "save 1greeult.txt D V -ascii -double -tabs\nW; 

ABout .close ( ) ; 

1 

//cal1 the eigen solver routine for the longitudinal case 

/ / 
errlg=rgg(~~lg,~~lg,lgalfr,lgalfi,lgbeta,matz,lgz); 

//If the function rgg returns an integer zero the function was successful 
/ / 
if (errlg==O) 
{ 

EiglgValid=l; 

//If the eigenvalue ie valid divide the real and imaginary parts 
//by the beta value 
for(i=l;ic=Nlg;i++) 
{ 

sorterlg (i =i; 
if(fabs(lgbeta(i))zl.Oe-12) 

{ 

//Check the eigen solution if required 
if(CheckEV && matz) 

( 
for(i=l;ic=Nlg;i+i) 
{ 

i£(lgalfr(i)==O.~&&lgalfi(i)==-l.0) 

I 
for(j=î; j<=Nlg; j++) 

Lgcheck[(j-l)*Nlg+i-1.]=cornplex(0.0,-l.0); 

} 
else 

{ 
eigenval=complex(lgalfr(i),lgalfi(i) ) ;  
if (lgalf i (i) >l. Oe-iO&&i<Nlg) 
{ 

for(j=l; jc=Nlg; j++) 
eigenvec(j)=complex(lg~(j,i),lgz(j,i+l) 1 ;  

) 
else if(fabs(imag(eigenval))cl.Oe-10) 

( 
for(j=i; jc=Nlg; j++) 

eigenvec ( j ) =cornplex (lgz ( j , i) ,O .0 ) ; 

1 
else 
{ 

for(j=l; jc=Nlg; j++) 
eigenvec(j)=complex(lg~(j,i-1) ,-lgz(j,i)); 



I 
matrix-rnult ( -eigenval, BBltmpcl) ; 
matrix-sum(~~,tmpcl,tmpc~); 
matrix~mult(tmpc2,eigenvec); 
for(j=l; j<=Nlg;j++) 

Lgcheck [ (j -1) *Nlg+i-11 =tmpvec (j ) ; 

//Sort the eigen values 
sort3(lgalfi,lgalfr,sorterlg); 

//copy the eigen values and vectors over to the persistent arrays 
//and count the number of eigen values/vectors (excluding complex conj) 
Nrnode= O ; 

~galfrii-11 =lgalfr (il ; 
~galfi [i-il =lgalfi (i) ; 
if (lgalfi (il >=O. 0 )  

Nmode++ ; 

( 
if (lgalfi (j) >=O. 0 1 1 (lgalfi (j 1 ==-l.O&&lgalfr( j) = = O .  0) ) 

( 

if (lgalfi(j)>O.O) 
( 

J++ ; 
j j++; 
for (i=l;ic=Nlg;i++) 

( 
Lgz(i,J)=lgz(i, j j) ; 

) 
1 

1 
1 

1 

if (N!=O&&matz) 

I 
//Calculate the motion of the confluence point for each mode and 
//divide the other motions through by this value to determine the 
//predominant motion for each mode 
//This is calculated for CP motion due to stretch only, angle change 
//only, and both stretch & angle change together 
Lgmodestretch.Resize(2*N+4,Nmode); 
Lgmodeangle.Resize(2*N+4,Nmode); 
Lgmode~.Reeize(2*N+4,Nmode); 

//Initialize and fil1 the cos and sin vectors with trimetate values 
cosG (N) ; sinG (NI ; 
iterProfi.Reetart() ; 
//ABout .open("checker. txt ", ioa: :out) ; 
for(i=N;i>=l;i--) 

{ 
cosG(i) =cos (iterprofi-Current ( 1  ) ; 



//Stretch only 

//start at 4 to skip the invalid eigenvectors 
//Iterate through the eigen values 

//Is it a valid eigen value? 

//increment the mode number 
//increment the column in the eigenvector matrix 

//Is the eigen value/vector complex? 
if (lgalfi(j)sO.O) 
( 

//Add the kite motion to the modes matrix 
for(i=l;ic=4;i++) 

Lgmodestretch(i,modenum)=comple~(Lgz(i,J),Lgz(i,J+l) 1 ;  
//Cale. the total motion (x & z) for each element due to 
//the cable stretch only. 
//Starting a i=5, every odd element ie the cumulative motion 
//in the inertial X direction and every even element is the 
//cumulative motion in the inertial Z direction. 
Lgmodestretch ( 5 ,  modenum) =cornplex (lgz(Z*N+7, J) , 

Lgz (2*N+7, J+1) ) *cosG (1) ; 
Lgmodestretch(6,modenum)=complex(Lgz(2*N+7,J). 

Lgz (2*N+7, J+l) *sinG(l) ; 
for (i=2; i<=N; i++) 

{ 
Lgmodestretch (3+2*i ,modenuml =complex(lgz (2*N+S+2*i, JI, 

Lgz(2*N+5+2*i,J+l))*coeG(i)+ 
Lgmodeatretch(l+2*i,modenum); 

Lgmodestretch(4+2*i,modenum) =complex(Lgz (2*N+5+2*i, JI, 
Lgz(Z*N+S+Z*i,J+l))*sinG(i)+ 
Lgmodestretch (2+2*iLgmodestretchO;modenum) ; 

1 
//Cale. the Mag. of the CP motion 
dcp=pow (pow(Lgmodestretch(2*N+3 ,modenum) , 2 .  O) + 

p o w  (Lgmodestretch (2*N+4 ,modenum) ,2.0 1 ,O. 5 1 ; 
//Normalize the entire mode wrt the total motion of the CP 
for (i=l;ic=2*N+4;i++) 

Lgmodeetretch(i,modenum)/=dcp; 
J++ ; 

1 
else //Or ie the eigen value/vector real only? 
{ 

//Add the kite motion to the modes matrix 
for(i=l;ic=4;i++) 

Lgmodestretch(i,modenum)=cornp1ex(Lgz(i,J) ,Omo); 
//Cale. the total motion (x  & z )  for each element 
Lgmodestretch(5,modenurn) =cornplex(Lgz (2*N+i', JI , O. O) *cosG(l) ; 
Lgmodeatretch(6,modenum) =cornplex(Lgz (2*N+7, JI , O - 0 )  *sinG(l) ; 
for (i=2;ic=N; i++) 
{ 

Lgmodestretch(3+2*i ,modenuml =complex(Lgz (2*N+5+2*i, JI, 
O .O) *cosG(i) +Lgrnodeetretch(l+2*iimodenum) ; 

Lgmodestretch(4+2*i,modenum~=complex(Lgz~2*N+5+2*i,J~, 
O.O)*ainG(i)+Lgmodeetretch(2+2*i,rnodenum); 

1 
//Calc. the Mag. of the CP motion 



~ U W  i~tt~uue~cre~cni~-~v+~ ,rnoaenurn~ , A .  U I  , u - 3 1  ; 

//Normalize the entire mode wrt the total motion of the CP 
for (i=l;ic=2*N+4;i++) 

~gmodestretch(i,modenum)/=dcp; 

1 

//Angle change only 

modenum=O; 
J=4 ; //start at 4 to skip the invalid eigenvcctors 
for( j=l; j<=Nlg; j++) //Iterate through the eigen values 

( 
if ( lga l f  i (j ) >=O. 0 )  //Is it a valid eigen value? 
{ 

modenum++; //increment the mode number 
J++; //increment the column in the eigenvector matrix 

//Is the eigen value/vector cornplex? 
if (lgalfi (j) rO.0) 
{ 

//Add the kite motion to the modes matrix 
for (i=l;i<=4;i++) 

~gmodeangle (i , modenum) =cornplex ( ~ g z  (i , J) , Lgz (i , J+l) 1 ; 
//~alc. the total motion (x  & z) for each element due to both 
//the cable stretch and the element angle change. 
//Starting a i=5, every odd element is the cumulative motion 
//in the inertial X direction and every even element is the 
//cumulative motion in the inertial Z direction. 
Lgmodeangle(5,modenum)=-complex~Lgz~2*N+8,J~,Lgz~2*N+8,J+~~~* 

teiemi*sinG(l); 
~gmodeangle (6 ,modenum) =complex(Lgz (2*N+8, J) , Lgz (2*N+B, J+l) ) * 

teleml*cosG(l); 
for (i=2;ic=N; i++) 
I 

Lgmodeangle(3+2*i,modenum)=-complex(Lgz(2*N+6+2*i,J), 
Lgz(2*N+6+2*i,J+l))*teleml*sinG(i)+ 
Lgmodeangle(l+2*i,modenum) ; 

Lgmodeangle(4+2*i,modenum)=complex(Lg~~2*N+6+2*i,J~, 
Lgz(2*N+6+2*i,J+l))*te1eml*cosG(i)+ 
Lgmodeangle(2+2*i,modenum); 

1 
//Cale. the Mag. of the CP motion 
dcp=pow(pow(Lgmodeangle(2*N+3,modenurn),2.0)+ 

pow (Lgmodeangle ( 2*N+4, modenum) ,2.0 ,O. 5 ) ; 
//~ormalize the entire mode wrt the total motion of the CP 
fo r  (i=l;i<=2*N+4;i++) 

LgmodeangleIi,modenum)/=dcp; 
J++; 

1 
else //Or is the eigen value/vector real only? 
( 

//Add the kite motion to the modes matrix 
for (i=l;ic=4; i++) 

Lgmodeangle(i,modenum)=complex(Lgz(i,J~,O.O~; 
//~alc. the total motion ( x  & z )  for each element 
Lgmodeangle(5,modenum)=-complex(Lgz(2*N+8,J~,O.O)* 

teleml*sinG(l); 
Lgmodeangle(6,modenum) =complex(Lgz(2*N+8, J) ,O.O) * 

teleml*cosG(l); 
for (i=2;i<=N;i++) 

( 
Lgmodeangle(3+~*i,modenum)=-c0mplex(Lg~(2*N+6+2*i,J),O.O)* 

teleml*sinG(i)+Lgmodeangle(l+2*i,rnodenum); 



~e.~em~-costii~r+~gmoaeangleI2+2~1,mOQenumJ; 

1 
//Cale. the Mag. of the CP motion 
dcp=pow(pow(Lgmodeangle(2*N+3,modenum),2.0~+ 

pow(~gmodeangle(2*N+4,modenum),2.0),0.5~; 
//Normalize the entire mode wrt the total motion of the CP 
for(i=l;ic=2*N+4;i++) 

~gmodeangle(i,modenum)/=dcp; 

1 

//Both stretch and angle change 

modenum=O; 
J=4 ; //start at 4 to skip the invalid eigenvectors 
for(j=l;j<=Nlg;j++) //1terate through the eigen values 

I 
if(lgalfi(j)>=o.O) //ïs it a valid eigen value? 

( 
modenum+ + ; //increment the mode number 
J++ ; //increment the column in the eigenvector matrix 

//Is the eigen value/vector complex? 

//~dd the kite motion to the modes matrix 
for (i=l; ic=4;i++) 

~gmodes(i,modenum)=complex(Lgz(i,J),Lgz(i,J+l)); 
//~alc. the total motion (x & 2) for each element due to both 
//the cable stretch and the element angle change. 
//Starting a 135, every odd element is the cumulative motion 
//in the inertial X direction and every even element is the 
//cumulative motion in the inertial Z direction. 
Lgmodee(5,modenum)=complex(~gz(2*N+7,J),Lgz(2*N+7,J+1))* 

cosG(1) -complex(Lgz (Z*N+8, J) ,Lgz (2*N+8, J+l) ) * 
teleml*sinG(l) ; 

Lgmodes(6,modenum)=complex(Lgz(2*N+8,J),Lgz~2*N+8,J+l~ ) *  
teleml*cosG(l)+complex(Lgz(2*N+7,J),Lgz(2*N+7,J+l))* 
sinG(1) ; 

for(i=2;ic=N;i++) 

{ 
~gmodee(3+2*i,modenum)=complex(~gz(2*N+5+2*3,~},Lgz(2*~+5+ 

2*i,J+1))*cosG(i)-complex(Lgz(2*N+6+2*i,J),Lgz~2*N+6+ 
2*i, J+1) ) *telemi*sin~(i) +Lgmodes (Wi,modenum) ; 

Lgmodes(4+2*i,modenum)=complex(Lgz(2*N+6+2*i,J),Lgz(2*N+6+ 
2*i, J+1) ) *teleml*cosG (il +cornplex (Lgz (2*N+5+2*i, J) , 
Lgz (2*N+S+2*i, J+l) ) *einG(i) +Lgmodes (2+2*i,modenum) ; 

1 
//cale. the Mag. of the CP motion 
dcp=pow(pow(lgmodee(2*N+3,modenum),2.0)+ 

pow (Lgmodes ( 2 *N+4, modenum) ,2.0 ) , O .  5 ) ; 
//Normalize the entire mode wrt the total motion of the CP 
for(i=l;ie=2*N+4;i++) 

Lgmodes (i , modenum) /=dcp; 
J++ ; 

1 
else //or is the eigen value/vector real only? 
( 

//Add the kite motion to the modes matrix 
for(i=l;i<=4;i++) 

Lgmodes(i,modenum)=complex(Lgz(i,J) ,0.0); 
//Cale. the total motion ( x  & z) for each element 
Lgmodes(5,modenum)=cornplex(Lgz(2*N+7,J),O.O~*co~G(l~- 

compiex(Lgz (2*N+8, J) , O. O) *teleml*sinG(l) ; 



- - - - - - - . - , . . . - . . - - - -- . - - , .- a -  .- -. . - ,-, , -. -, --A\-... A 
*coeG(l) +complex(Lgz (2*N+7, J) ,O.O) *sinG(l) ; 

for(i=Z;ic=N;i++) 

{ 
Lgmodes(3+2*i,modenum)=complex(Lgz(2*N+S+2*i,J),O.O)* 

cosG(i~-complex(Lgz(2*N+6+2*i,J),O.O~*te~eml* 
einG(i)+Lgmodes(l+2*i,modenum); 

Lgmodes(4+2*i,modenum)=comple~~Lgz(2*N+6+2*i,J),O~O)* 
teleml*cosG(i) +complex(Lgz (2*N+S+Z*i, JI , O. O) * 
einG (i) +Lgmodes (2+2*i, modenum) ; 

1 
//Cale. the Mag. of the CP motion 
dcp=pow (pow (modes (2*N+3 ,modenuml ,2.0 1 + 

pow(lgmodee (2*N+4 ,modenuml ,2. O), 0.5) ; 
//Normalize the entire mode wrt the total motion of the CP 
for(i=l;ic=2*N+4;i++) 

~gmodes(i,modenumI/=dcp; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
//Popdate the Lateral Matrices 

double Ixp,Izp,Izxp; 
Ixp= (Ixx*Izz-pow(Ixz,2.0) )/Izz; 
Izp=(Ixx*Izz-pow(Ixz,2.0))/Ixx; 
~zxp=Ixz/ (Ixx*Izz-pow(Ixz.2.0) 1 ; 

//Eq. 56a 
AAlt (1,l) =Yv; 
AAlt (1,2)=Yp; 
AAlt(1,3)=Yr-mass*A.Wind; 
AAlt(1,4)=mase*g*coe(AOA*pi/lSO.O)+Tbar*sin(Gammabar)-CG.Ccy*ZCP; 
AAlt (1,s) =-~bar*cos  amma ma bar) +CG. Ccy*XCP; 
AAlt (1,6) =-Tbar*cos (Gammabar) ; 
iterProf i .Restart ( ) ; 
for(i=2*N;i>=N+l;i--) 

{ 
Gammai=iterProf i .Current ( ) ; 
AAlt(l,i+6)=teleml*cos(Garnmai)*CG.Ccy; 
iterProfi++; 

1 
BBlt (1.1) =mass; 

//Eq. 56b 
AAlt (2,l) =Lv/Ixp+Izxp*Nv; 
AAlt (2,2)=Lp/Ixp+Izxp*Np; 
AAlt (2,3) =Lr/Ixp+Izxp*Nr; 
AAlt(2,4)=-Tbar*sin(~ammabar)*(ZCP/Ixp-Izxp*XCP 
AAlt (2,5) =-Tbarfcos  amma ma bar) * (Izxp*XCP-ZCP/Ixp 
AAlt (2,6) =Tbar*cos (Gammabar) * (ZCP/IX~-IZ~~*XCP) 
BBlt(2,2)=1.0; 

//Eq. 56c 
AAlt(3,l)=Lv*Izxp+~v/Izp; 
AAlt (3,2) =Lpf1zxp+Np/Izp; 
AAlt (3,3) =~r*Izxp+Nr/Izp; 
AAlt(3,4)=-Tbar*sin(Gammabar)*(ZCP*Izxp-XCP/Izp)+CG.Ccl*Izxp; 
AAlt(3,5)=-Tbar*cos(Gammabar) *(XCP/Izp-ZCP*Izxp)+CG.Ccn/Izp;; 
AAlt ( 3,6 ) =Tbar*cos (Gammabar) * (ZCP* 1 zxp-XCP/ Izp) ; 



//Eq. 38h 
AAlt (4,S) =1.0; 
AAlt(4,3)=-tan(AOA*pi/lSO.O); 
BBlt(4,4)=1.0; 

//Eq. 42b 
Wlt(6,1)=1.0; 
AAlt (6.2) =-ZCP; 
AAlt(6,3) =XCP; 
AAlt (6.5) =A.Wind; 
iterProfi.Restart0; 
for(i=N;i>=l;i--) 

{ 
Gammai=iterProfi.Current(); 
AAlt (6,i+6) =-teleml*cos (Gammai) ; 
iterProfi++; 

//Pb (Eq. 30) 
iterProf i . Restart ( ; 
for (i=N; i>=l; i--) 

I 
Gammai=iterProfi.Current(); 
AAlt(i+6,6}=teleml*cos(~ammai)*~bar*cos(Gammabar); 
iterProfi++; 

1 

//Mb (Eq. 8 )  
//Calculate the summation of maes above max(i,k) 
Iij=O. O ;  
for (j=max(i, k) ; j<N; j++) 
{ 

1ij+=pi*pow(Tdia(j)/2.0,2.0)*telem~*tdena; 

1 
Iij+=pi*pow(Tdia(N)/2.0,2.0)*te~eml*tden~/2.0; 
BBlt(i+6,k+6)=teleml*te1em1*cos(Gammai)*cos~Gammak)*Iij; 



I 

else if (ic=k) 
{ 

iterProf j .Restart ( ) ; 
suml=O .O; 
for( j=N;j>=k; j--) 

{ 
Gammaj =it erProf j . Current ( ) ; 

1 suml+=rho ( j 
iterProf j ++ 

1 

AAlt (i+6, k+6) = 

1 

//Set the N x N identity matrix in AAlt and BBlt 
/ /  
if (i==k) 
{ 

AAlt (i+N+6, k+6)=1.0; 
EBit (i+N+6, k+N+6) =l . O ;  

1 

Gamma j =iterProf j . Current ( ) ; 
suml+=rho(j)*~dia(j)*~eleml*pow(sin(Gammaj~,3.O~*E(i,j); 
iterProf j++; 

1 

AAlt(i+6,k+N+6)=-0.5*tCDcyl*pow(A.Wind,2.0)*teleml*cos(Gammai)* 
(suml-0.5*teleml*pow(cos (Gammai), 2.0) *rho(i) *Tdia(i) * 
sin(Gammai) )-teleml*cos(Gammai)*Tbar*cos(Gammabar) ; 

1 
elee if (ick) 

( 
AAlt(i+6,k+N+6)=0.5*tCDcyl*pow(A.Wind,2.O)*teleml*cos(Gammai)* 

rho(k)*Tdia(k)*telemlIrsin(Gammak)* 
pow ( c o s  (Garnmak) ,2.0 ) ; 

/ / ~ o p y  the A and B matrices to backup matrices for post check 
if(CheckEV && matz) 

I 
AA.Reeize(Nlt,Nlt); 
BE-Resize (Nit ,Nit) ; 
eigenvec.Resize(Nlt);tmpcl,Resize(Nlt,Nlt); 
tmpc2 .Resize (Nit ,Nit) : tmpvec.Resize (Nit) ; 
AA=AAl t ; 
BB =BBl t ; 

//Save the A and B matrices to MatLab script file for 
/ /  the eigen cross-check 



ABout .open ( "Lteigchk .ml4, ios : :out) ; 
?Boutcc set~recieion(24); 
?Boutcc "AAlt = [ "; 
for(i=l;ic=Nlt;i++) 

I 
for( j=l; jc=Nlt; j++) 

{ 
ABout cc AAlt(i,j) cc "; 

1 
-out c< "; \nu'; 

1 
ABout <c "1 \nW ; 

1 
ABout <c Il] \n\n [v, D] = eig (AAlt, BBit) \nql ; 
maut cc l4e.ave 1tresult.txt D V -ascii -double -tabs\n4*; 

mout . cloee ( ; 
1 

//cal1 the eigen solver routine for the lateral case 
/ / 
errlt=rgg(~lt,BBlt,1talf~,1talfi,ltbeta,matz,ltz) ; 

//If the function rgg returns an integer zero the function was successful 
/ /  
if (errlt==O) 

I 
EigltValid=l; 

//If the eigenvalue is valid divide the real and imaginary parts 
//by the beta value 
for(i=l;ic=Nlt;i++) 

( 
sorterlt (i) =i; 
if (fabs (ltbeta(i.1) >l.Oe-i2) 

I 
ltalfr(i)=ltalfr(i)/ltbeta(i); 
ltalfi(i)=ltalfi(i)/Itbeta(i); 

1 
elee 

I 
ltalfr(i)=O.O; 
ltalfi (il=-1.0; 

1 
} 

//Check the eigen solution if required 
if (CheckEV && matz) 

I 
for(i=l;ic=Nlt;i++) 

I 
if(ltalfr(i)==O.O&&ltalfi(i)==-1.0) 

{ 
for( j=l; jc=Nlt; j++) 

LtcheckI (j-1) *Nlt+i-11 =complex(O. O, 



//sort the eigen values 
sort3(ltalfi,ltalfr,sorterlt); 

//copy the eigen valuee and vectors over to the pereistent arrays 
//and count the number of eigen values/vectors (excluding complex conj) 
Nmodes O ; 
for(i=l;ic=Nlt;i++) 

{ 
L t a l f r  [i-11 =Italfr(i) ; 
~ t a l f i  [i-11 =ltalf i (il ; 
i f  (ltalfi (i) >=O. O) 

Nmode++ ; 

1 
if ( m a t z )  //if the eigen vectore were calculated 
I 

J-0 ; 
for (j=l; jc=Nlt; j++) 



{ 
//Calculate the motion of the confluence point for each mode and 
//divide the ather motions through by this value to determine the 
//predominant motion for each mode 
Ltmodes . Resize (N+5, Nmode) ; 

//start at 2 to skip the invalid eigenvectors 
) //Iterate through the eigen values 

//1s the 
if (ltalfi 

.O) //Is it a valid eigen value? 

//increment the mode number 
//increment the column in the eigenvector matrix 

eigen value/vector complex? 
.(j)>O.O) 

{ 
//Add the kite motion to the modes matrix 
for (i=l; i c = 5 ;  i++) 

Ltmodes(i,modenum)=complex(Ltz(i, JI ,Ltz(i, J+l) 1 ; 
//Cale. the total motion ( y )  for each element 
Ltmodes(6,modenum)=complex(Ltz(N+7,J),Ltz~N+7,J+l)) 

*teleml*cosG(l) ; 
for ( i = 2 ;  ic=N; i++) 

( 
Ltmodes(5+i,modenum)=comp1e~(Ltz(Nc6+2,J),Lgz~N+6+i,J+l~~ 

*teleml*cosG (i) +Ltmodes (4+i ,modenum) ; 

1 
//Calc. the Mag. of the CP motion 
dcp-~tmodes ( ~ + 5 ,  modenum) ; 
//Normalize the entire mode wrt the total motion of the CP 
for(i=l;ic=N+5;i++) 

~tmodes (i, modenum) /=dcp; 
J++; 

1 
else //Or is the eigen value/vector real only? 
{ 

//Add the kite motion to the modes matrix 
for(i=l;i<=S;i++) 

Ltmodes (i ,modenuml =complex(Ltz (i, J) , O .  0) ; 
//Cale. the total motion ( y )  for each element 
Ltmodee(6,modenum)=comp1ex(Ltz(N+7, JI, 0 . 0 )  

*teleml*cosG(l) ; 
for(i=2;i<=N;i++) 
( 

Ltmodes(5+i,modenum)=complex(Ltz(N+6+i,J),O.O~ 
*teleml*cos~(i)+Ltmodes(4+i,modenum); 

1 
//Cale. the Mag. of the CP motion 
dcp=Ltmodes(N+5,modenum); 
//Normalize the entire mode wrt the total motion of the CP 
for(i=l;ic=N+S;i++) 

Ltmodes (i, modenum) /=dcp; 

//If the problem only had one tether element we need to reset N to that 
//value 
if (N<=l) 

N=l; 

return errlg+errlt; 

1 



/ /  
//Super Kite Timestep Analysis 
/ / 

ninclude 
gindude 
ffinclude 
#indude 
# include 
#indude 
Dinclude 
ginclude 
tinclude 
t include 

cstdio. h> 
cstdlib.h> 
<cstring.h> 
cmath. h> 
<claselib/arraye.h> 
cfloat .h> 
<fetream.h> 
ciomanip. h> 
"matrix. h" 
"suprkite.hN 

/ /  Initialize the matrices neccessary for the timestep analyois. 
/ /  CG containe the values of the six control gains. 
// AltData contains the Altitude data for a given trim-state. 

void 
KiteData::TimeStepAnalysis(ControlGain& CG, AltitudeData& AitData, bool TSOut, 

bool KcMOut) 
{ 

//ïnitialize the output file for the MatLab cross-check 
f stream TSout : 

//Create temporary Altitude object and init. with current kite altitude 
Altitude A(A1ttd) ; 

//Get the data assoc. with the altitude from the datafile 
AltData .GetData (A, AltData) ; 

const double altllim=AltData.MinAit; 
const double altulim=AltData.MaxAlt; 

//Create three iterators to step through the tether profile data 
TViter iterProfi(*Profile); 
TViter iterProfj (*Profile); 
TViter iterProfk(*Profile); 

int i, j, k,Nlg,Nlt,Steps; 
int proceed=l; 
double ~ammai,~ammaj,Gammak,suml,sum~,sum2,sum3,~urralt,Ii~,Iii,tethki,ZCP,XCP; 

//If there ie only one tether element the problem degenerates to a massless 
//draglees rigid element 
if (N-==l) 

N=O ; 

//order of the matrices 
Nlg=N*2+5; 
Nlt =N+4 ; 

//Initialize ternporary matrices 
matrix LgK(Nlg,Nlg),LgC(Nlg,Nlg),LgM(Nlg,Nlg),~ar(Nlg,Nlg); 
matrix LgFBar(N1g) ,Lgtempl(Nlg,Nlg),LgDel(Nlg),LgDelDot(N1g),LgDelDDot(Nlg); 
matrix LgPDel(Nlg1 ,LgPDelDot(Nlg),LgPDelDDot(N1g) ; 
matrix LgKBarInv(Nlg,Nlg),Lgtemp2(Nlg),Lgtemp3(Nlg); 
matrix LtK(Nlt,Nlt),~tC(Nlt,Nlt),LtM(Nlt,N~t),Lt~ar(Nlt,Nlt); 
matrix LtFBar(Nlt),Lttempl(Nlt,N~t),LtDel(Nit),LtDelDot(N~t),LtDelDDot(Nlt) ; 

matrix LtPDei(N1t) ,LtPDelDot(Nlt),LtPDelDDot(Nlt) ; 
matrix LtKBarInv(Nlt,Nlt),Lttemp2(Nlt),Lttemp3(Nlt); 



u c s y w -  ~ u ~ a ~ l  r i i l= /  + A l l I e J L e p + A ;  

LgTS .Resize (Nlg, Steps) ; 
LtTS.Reeize(Nlt,Stepe); 

//Vectors for the air density and tether diarneter variations as a 
//function of the tether element nurnber 
matrix rho,Tdia; 
if (N!=O) 

I 
rho (NI ;Tdia (N) ; 

)else{ 
rho(2) ;Tdia(2) ; 

1 

/ /  
//calculate the air density and tether diameter at every element 
//(starting from the confluence point) 
/ /  
iterProfi .Restart ( )  ; 

suml=0.0; 
if (N==O) N=l; 
for(i=N;i>=l;i--) 

suml+=teleml*sin(iterProfi.CUrrent~) 1 ;  
if (curralt<altllim) 

A.Set(altllirn); 
else if(curralt~altulim) 

A.~et(altulim); 
else 

A.~et(curralt); 
~1t~ata.GetData (A, AltData) ; 
rho(i) =A.Dens; 
if (N<=l) 

Tdia (i) =tdia; 
else 

Tdia(i) =tdiao+ (tdia-tdiao) * (i-1) / (N-1) ; 
iterProfi++; 

1 
if (N==l) N=O; 

//set A back to kite altitude 
/ / 
A.Set (Alttd) ; 
AltData.GetData (A, Altilata) ; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
//Populate the Longitudinal Matrices if the analyeis is required 

if(XTSSet I I  ZTSSet I I  MTSSet) 
( 

//Eq. S5a 
LgC(I,l)=Xu; 
LgC(l,Z)=Xw; 
LgK(1,3)=CG.~cx*~~~-mass*~*cos~~0~*pi/l80.0)-~bar*sin(~ammabar); 
LgK(1,4)=cos(Gammabar); 
LgK(1,5)=-Tbar*sin(Garnmabar); 
iterProfi .Restart ( ) ; 
for(i=N;i>=l;i--) 

( 
Gammai=i terProf i . Current ( ) ; 
LgK(1, i * 2 + 4 )  =-cos (Garnmai) *CG.Ccx; 



/ / ~ q .  55b 
LgC(2,1)=Zu; 
LgC (2,2 1 =zw; 
LgC (2,3) =-mass*A.Wind- Zq; 
LgK(2,3)=mass*g*sin(AOA*pi/l80.0)+Tbar*co~~Gammabar)-CG.Ccz*XCP; 
LgK (2,4 ) =sin (Gammabar) ; 
LgK ( 2,5 ) =Sbar*cos (Gammabar) ; 
iterprof i .Reetart ( ) ; 
for (i=iU;i>=l;i--1 

{ 
Gammai=iterProfi.Current(); 
LgK(2, i*2+4) =-ein(Gammai) *CG-Ccz; 
LgK(2,i*2+5)=-teleml*coe(Gammai)*CG.Ccz; 
iterProf i++; 

1 
LgM(2,2)=-mass+Zwdot; 

//Eq. 55c 
double Mwdp=Mwdot/(mase-Zwdot); 
LgC(3,1)=Mu+Mwdp*Zu: 
LgC(3,2)=Mw+Mwdp*Zw; 
Lg~(3,3)=Mq+Mwdp*(maee*A~Wind+Zq); 
LgK(3,3)=CG.~cm-~wdp*(ma~o*g*sin(~0~*pi/180.0)-Tbar*cos(~ammabar) 

+~~.~cz*~~P)-~bas*(X~~*coe(~amabar)çZCP*sin(Gammabar)) ; 

~g~(3,4)=~~~*cos(Gammabar)-~~~*sin(Gammabar)+Mwdp*sin(Gammabar); 
L g K ( 3 , 5 ) = - T b a r * ( ~ ~ ~ * c o s ( ~ a m m a b a r ) + Z C P * s i a b a r )  1 ;  
iterProf i .Restart ( )  ; 

for(i=Z*N;i>=N+l;i--) 

( 
Gammai=iterProfi.Current(); 
LgK(3,i*2+4)=-Mwdp*sin(Gammai)*CG.Ccz; 
LgK(3, if 2+5) =-Mwdp*telemI*cos (Gammai) *CG.Ccz; 
iterProf i++; 

} 
LgM(3,3)=-ID; 



- A ,  A , 
{ 

Gammai=iterProfi.Current(); 
LgK(i*2+4,4)=-cos(Gammabar-Gammai); 
LgK(i*2+4,5)=Tbar*sin(Gammabar-Gammai); 
LgK(i*2+5,4)=-teleml*ein(Gammabar-Gamai); 
LgK (i*2+5,5) =-Tbar*te1.eml*cos (Gammabar-Gammai 1 ; 
iterProfi++; 

1 

//Ma (Eq. 7 )  
//Calculate the eummation of maee above max{i,ki 
Iij=O.O; 
for( j=max(i,k) : jcN: j++) 
( 

Iij+=pi*pow(Tdia(j)/2.0,2.O)*teleml*tden~; 

1 
~ i j + = ~ i * ~ o w ( ~ d i a ( ~ )  /2.0,2.0) *teleml*tden6/2 .O; 
LgM(i*2+4, k*2+4)=cos(~ammai-Gammak) * I i j ;  
LgM(i*2+4, ~ * z + s )  =teleml*ein(Gammai-~ammak) *Ii j ; 
LgM(i*2+5,k*2+4)=-teleml*ein(~ammai-Gammak)*Iij; 
LgM(i*2+5,k*2+5)=teleml*teleml*coe(Gammai-Gammak)*Iij; 

//Fa (Eq. 25) 
if (ir=k) 

{ 
//Note: modify in 
//of the tether 
iterprofj-Restart 
suml= 0.0 ; 
eum2=0.0; 
for(j=N; j>=i+l; j- 

I 

future to have the velocity Vary for each segment 

Gammaj =iterProf j . Current ( ; 
~uml+=rho(j)*~dia(j)*sin(~ammaj)*sin~Gammai-Gamma~)*te~em~ 

*ein(Garnmaj-Gamrnak) ; 
e~m2+=rho(j)*~dia(j)*sin[Gammaj)*6in(Gammai-Gammaj~*te~em~ 

*cos (Gammaj - Gammak) ; 
iterProfj++; 

1 

I 
~ a m m a j = i t e r P r o f j . C u m t O ;  
suml+=rho(j)*~dia(j)*sin(~ammaj)*teleml*cos(Gammai-~ammaj~ 

*sin{Gammaj-Gammak) *E (i, j) ; 
sum2+=rho(j)*~dia(j)*sin(~ammaj)*teleml*co~(~ammai-~ammaj) 

*cos(Gammaj-Gammak)*~(i,j); 
iterProf j ++ ; 



LgC(i*2+5,k*2+4)=-A.Wind*tCDcyl*teleml*suml; 
Lg~(i*2+5,k*2+5)=A.Wind*tCDcyl*teleml*te~em~*sum2; 

} 
if (ick) 

t 
iterProf j .Restart ( ) ; 
suml=O. 0; 
eum2=0. O; 
for(j=N;j>=k;j--) 

t 
Gammaj =iter~rof j . Current ( ) ; 
if (j s=k+l) 

euml+=rha(j)*~dia(j)*sin(~ammaj)*sin(~ammai-~ammaj)*teleml 
*sin(Gammaj-Gamrnak) ; 

~um2+=rho(j)*~dia(j)*sin(~ammaj)*sin(Gammai-Gammaj)*teleml 
*cos (Gammaj-~amrnak) *E (1, k) ; 

iterProfj++; 

1 

/ / S e t  N + Ea (Eq 9 & 26) 
/ / 
//Calculate the summation of maas above max(i,i) 
Iii=O .O; 
for(j=i; j<N; j++) 

{ 
Iii+=pi*pow(Tdia(j) /2 .O, 2.0) *teleml*tdens; 

1 
Iii+=pi*pow(Tdia(N) /2.0,2 -0) *teleml*tdena/2. O; 
//Add the N component (Eq. 9) 
/ / 
tethki=pi*po~(Tdia(i)/2~0,2.O)*tethE/teleml; 
LgK(i*2+4,k*2+4)=tethki*delta(i,k); 
LgK(i*2+5,k*2+5)=-g*teleml*ain(Gammai)*Iii*delta(i,k); 
LgK(i*2+4, k*2+5) =LgK(i*2+5, k*2+4) =g*coe (Gammai) *1iiedelta(i, k) ; 

//Add the Ea component (Eq. 26) 

/ /  
if (i==k) 

{ 
iterProf j .Reetart ( ) ; 
euml= 0.0 ; 
sum2=0.0; 



- - -  .a - . a  -.., I 

{ 
Gamma j =iterProf j . Current ( ) ; 
if (js=i+l) 

{ 
suml+=rho(j)*~dia(j)*telernl*pow(sin(~ammaj),2.0) 

*cos ( Gammai-Gammaj ) *E ( i , j ) ; 
iterProf j++; 

1 

LgK(i*2+4, k*Z+5) +=O.5*tCDcy1*pow[AAWind,2.O) *~uml-Tbar 
* sin (Gammabar - Gammai ) ; 

LgK(i*2+5, k*2+4) +=0.5*t~~cyl*pow(A.Wind,2 .O) * (eum2+0.5*teleml 
*rho(i) *~dia(i) *pow(ein(Gammai), 2 .O) ) -Tbar 
*sin(Gammabar-Gammai); 

LgK(i*2+5,k*2+5)+=-0.5*tCDcy~*pow(A.Wind,2.O~*~e~em~*~6um3- 
teleml*rho(i)*Tdia(i)*sin(Gammai)*cos(Gammai) )+Tbar 
*teleml*cos(Gammabar-Gammai); 

1 
elee if(i<k) 

{ 
LgK(i*2+4, k*2+4) +=0.5*t~~cyl*pow(A.Wind,2 -0) *rho(k) *Tdia(k) 

*pow(sin(Gammak),2.O)*sin(Gammai-Gammak) ; 
LgK(i*2+4,k*2+5)+=0.5*tCD~yl*pow(A.Wind,2.O)*rho(k)*Tdia(k)* 

teleml*sin(Gammak)*(2.0*coe(Gammak)*sin(Gammai- 
Gammak)-sin(Gammak)*cos(Gammai-Gammak)); 

LgK(i*2+5,k*2+4)+=0.S*tC~~yl*pow(A.Wind,2.O~*te~em~*rho~k~* 
Tdia(k) *pow(sin(Gammak) ,2.0) *COB (Ganunai-Gammak) ; 

~g~(i*2+5,k*2+5)+=0.S*t~~cyl*pow(A.Wind,2 .O) *teleml*rho(k)- 
Tdia (k) *teleml*sin (Gammak) * (2. O*cos (Gammak) *cos (Gammai - 
Gammak)+sin(Gammak)*sin(Gammai-Gammak) ) ;  

1 

//Save the K, C, and M matrices to text file for future evaluation 
/ / 
if ( KCMOu t ) 

( 
TSo~t.open(~LgKCM.txt",ios::out); 
TSoutce setprecision (24) ; 
TSout <c "K matrix\nN; 
TSout cc LgK; 
TSout cc "C matrix\nlt; 
TSout cc LgC; 
TSout cc "M matrix\ntt; 
TSout c <  LgM; 

//Construct KBar 
matrix-mult(2.0/TimeStep,LgC,LgKBar); 
matrix-sum (LgKBar , LgK, LgKBar) ; 
matrix-mult (4.0/pow (TimeStep, 2.0) ,LgM,Lgtempl) ; 
matrix~sum(~g~~ar,Lgtempl,LgKBar); 

//Invert KBar and specify whether the inversion was successful 
if (matrix-inv(LgKBar,LgKBarInv) !=O) 



//Loop through the time steps 
i=l; 
while (ic=Stepe && proceed) 

{ 
matrix-zero(LgFBar); 

/ /Form FBar 
if(XTSSet && XTSDurz=TirneStep*i) 

LgFBar(l)=-XTS; 
if(ZTSSet && ZTSDur>=TirneStep*i) 

LgFBar (2) =- ZTS ; 
if(MTSSet && MTSDur>=TimeStep*i) 

LgFBar(3)=-MTS; 

matrix-rnult(4.0/p0~(~imeStep,2.0),Lg~el,~te~~2~; 
matrix-rnult(4.0/~ime~te~,~g~elDot,~gtemp3); 
rnatriqeum (Lgtemp2, Lgtemp3,lgtemp3 ) ; 
matrix-eum(lgternp3,lgDelDDottLgtem~3) ; 
matrix-rnult (LgM, Lgternp3,LgtempS) ; 
m a t r i ~ - e u m ( ~ ~ ~ ~ a r , ~ g t e m ~ 2 , ~ g ~ ~ a r ) ;  //Gives New FBar 

//Multiply LgKBarInv by FBar to find the Delta Vectors 
matrix-mult(LgKBarInv,LgFBar,LgPDel); //Gives New Delta 
matrix-mult(~imeStep,~g~elDot,~gternp2) ; 
matrix-eum(~gtemp2,Lg~e~gtempS); 
matrix~mult(-l.0,Lgtemp2,Lgtemp3) ; 
matri~-eum(lgtemp3,Lg~~el,~gtemp3); 
matrix-mult(2.0/po~(TimeStep,2.O),Lgtemp3,Lgte~p2); //Cives DeltaDDotav 
rnatrix-mult(TimeStep,~gtemp2,Lgtemp3); 
rnatrix-eurn(Lgtemp3,Lg~elDot,LgPDelDot); //Gives New DeltaDot 
matrix-mult(2.0,Lgtemp2,Lgtemp3) : 
matrix-mult(-l.O,LgDel~~ot,~temp2): 
rnatri~-sum(Lgternp3,Lgtemp2,LgP~elDDot) : //Gives New DeltaDDot 

//Aseign old Delta's to storage array and reset them with the new  elt ta's 
for( j = l ;  jc=Nlg; j++) 
( 

L~TS (j, i) =~gDel( j 1 ; 
1 
LgDel=LgPDel ; 
LgDelDot=LgPDelDOt; 
~~~el~Dot=LgPDelDDot: 

//Save the Delta vectors to text file for future evaluation 
/ / 
if (TSOut ) 

TSout cc "\nLgTS\nTime Step = " cc TimeStep; 
TSout cc "\nTotal Time = " c< TotalTime ce "\n\nW; 

TSout cc TimeStep*(j-1) cc "," ;  
for(i=l;i<=LgTS.m;i++) 
( 

TSout cc LgTS(i,j) <<  " ," ;  



//Populate the Lateral Matrices if the analysis is required 

if(YTSSet I I  LTSSet I I  NTSSet) 
{ 

XCP=(Xcg-Xcplt)*cos(~0~*pi/l80.0)+(~cg-~cplt)*ain~A0A*pi/l80.0~; 
ZCP= (Zcg-Zcplt) *cos (AOA*pi/l80.0) - (~cg-Xcplt) *sin(AOAnpi/180 - O) ; 

double Ixp,Izp,Izxp; 
Ixp= (Ixx*Izz-pow(Ixz, 2 .O) )/1zz; 
Izp= (Ixx*Izz-pow(Ixz,2.o) )/Ixx; 
Izxp=Ixz/(1xx*Izz-pow(Ixz,2.o)); 

//~q. 66a 
LtC(1,l) =Yv; 
LtC(l,S)=Yp; 
~ t ~ ( 1 , 3 )  = (Yp*tan(Ao~*pi/l80. O) + ~ r - m a s e * ~ * p i / l 8 0 .  O) ; 

/ /  LtK(l,l)=O.OS: 
LtK (1,2) =mass*g*cos (~0A*~i/l80. 0) +Tbar*sin(Gammabar) -CG.Ccy*ZCP; 
LtK(1,3)=-Tbar*cos(Gammabar)+CGGCcy*XCP; 
Lt~(1,4)=-~bar*coe(Gammabar); 
iterProf i .Restart ( )  ; 
for(i=N;l>=l;i--1 

( 
Gammai=iterProf i . C u r r e n t o  ; 
LtK(1, i+4) =teleml*cos (Gammai) *CG. Ccy; 
iterProf i++; 

1 
LtM(1,l) =-mase; 

Lt C 
LtC 
LtC 

LtK 
LtK 
LtK 
LtM 

~,~)=Lv*Izx~+Nv/Iz~; 
3,2) =~p*Izxp+~p/Izp; 
3,3)=sin(AOA*pi/180.0)*(Lp*I~xp+Np/IZp) 

+cos (~0~*pi/l80.0) * (~r*~zxp+~r/Izp) ; 
3 , 2 ) = - T b a r * s i n ( ~ a m m a b a r ) * ( ~ ~ ~ * 1 z x p - ~ ~ ~ / 1 z p ) + ~ G ~ ~ ~ 1 * 1 ~ ~ ;  
3 , 3 ) = - T b a r * c o ~ ( ~ a m m a b a r ) * ( ~ ~ ~ / 1 z p - ~ C P * I z ~ ) + C G . ~ ~ n / I ~ p ; ;  
3,4) =Tbar*coe (Gammabar) * ( ZCP* Izxp-XCP/I zp) ; 
3,3) =-cos(A0~*pi/180.0) ; 

/ /W.  67 
LtC(4,1)=-1.0; 
LtC(4,2)=ZCP; 
LtC(4,3)=ZCPnsin(AOA*pi/l80.0)-XCP*cos(AOA*pi/l8O~O); 
LtK(4,3) =-A.Wind; 
iterProf i . Restart ( ) ; 
for(i=N;i>=l;i--) 

I 



iterProfi.Reetart0; 
for(i=N;i>=l;i--1 
{ 

~ammai=iter~rof i . Current ( ) ; 

//Mb (Eq. 8 )  
//Calculate the summation of maes above max(i,k) 
Iij=O.O; 
for( j=rnax(i,k) ; j:N; j++) 

( 
Iij+=pi*pow(Tdia( j) /2,0,2.0) *teleml*tdene; 

1 
Iij+=pi*pow(Tdia(N)/2.0,2.0)*teleml*tdens/2.0; 
LtM(i+4,k+4)=teleml*teIem1*~0e(Gammai)*coe(Gammak) *Iij; 

//Fb (Eq. 29) 
if (i>k) 

{ 
iterProf j .Reetart ( ) ; 
suml=O. 0 : 
for(j=N; j > = i ;  j--) 

{ 
Gammaj =iterProfj . Current ( ) ; 
suml+=rho( j)  d dia (j) *teleml*sin(~ammaj ) *E (1, j ) ; 
iterProf j++; 

1 

LtC(i+4,k+4)=0.5*tCDcyl*AA~ind*teleml*cos(Ga~mai)*teleml* 
cos (Gammak *suml ; 

1 
else if(ic=k) 

{ 
iterProf j .Restart ( ) ; 
suml=O. 0; 
for(j=N; j>=k; j--) 

{ 
Gammaj =iterProfj . Current ( ) ; 
suml+=rho(j)*~dia(j)*telem1*sin(~amrnaj)*E(i, j)*E(k, j); 
iterProf j ++ ; 

1 

LtC(i+4,k+4)=0.5*tCDcyl*A.Wind*teleml*cos(Gammai)*teleml* 
COB (Gammak) * s u m l  ; 

1 



Gamma j =iterProf j . Current ( ) ; 
euml+=rho(j)*Tdia(j)*te1em1*pow(sin(Gammaj~,3.0~*~~i,j~; 
iterProf j ++; 

1 

LtK(i+4,k+4)=0.5*tCDcyl*pow(A.Wind,2.0)*te~eml*cos~Gammai)* 
(suml-0.5*teleml*pow(cos(Gammai),2.0)*rho(i)*Tdia(i~* 
sin(Gammai))+teleml*c08(Gammai)*Tbar*cos(Gammabar) ; 

1 
else if(ick) 
{ 

LtK(i+4,k+4)=-0.5*tCD~y~*po~(A.wind,2.0)*~e~em~*co~(~ammal~* 
rho (k) *T'dia (kl *telernl*sin (Gammak) * 
pow(cos (Gammak) ,2.0) ; 

1 

//Save the K, C, and M matrices to text file for future evaluation 
/ / 
If ( KCMOut ) 
( 

TSout .open ( "LtKCM. txt Il, ios : :out ) ; 
TSoutcc setprecieion ( 2 4 )  ; 
TSout C G  l l K  matrix\nW ; 
TSout << LtK; 
TSout cc " C  matrix\nU; 
TSout cc LtC; 
TSout << "M matrix\nt' ; 
TSout << LtM; 
TSout .close ( ) ; 

1 

//Construct KEar 
matrix-mult(S.O/TimeStep,LtC,LtKBar) ; 
matrlx-sum (LtKBar, LtK, LtKBar) ; 
matrix~mult(4.0/pow(TimeStep,2.0),LtM,Lttempl~; 
matrix-eum(LtKBar,Ltternpl,LtKBar); 

//Invert KBar and specify whether the inversion was succesaful 
proceed=l ; 
if (matrix-inv(LtKBar, LtKBarInv) !=O) 

proceed=O: 

//Loop through the time steps 
i=1; 
while ( i<=S teps && proceed) 

( 
matrix-zero(LtFBar); 

//Form FBar 
if(YTÇSet && YTSDur>=TirneStep*i) 

LtFBar(1) =-YTS; 
if(LTSSet && LTSDur=-=TimeStep*i) 

LtFBar(2) =-LTS; 
if(NTSSet && NTSDur>=TirneStep*i) 

LtFBar(3) =-NTS; 



i t i c l c . r  r ~ - i i i u r ~  (UCL,  U L L ~ I I I ~ L ,  u ~ [ ; e m p >  ) ; 

matrix-sum (LtFBar, Lttemp3, LtFBar) ; 

matrix~mult(4.0/pow(TimeStep,2.0),LtDe~,Lttemp2~; 
matrix-mult(4.0/~imeStep,~tDelDot,Lttemp3) ; 
matrix-sum(Lttemp2,Lttemp3,Lttemp3); 
matrix-sum(Lttemp3,LtDelDDotILttemp3) ; 
matrix-mult(LtM,Lttemp3,Lttemp2) ; 
matrix-sum (LtFBar, Lttemp2, LtFBar) ; //Gives New FBar 

//Multiply LtKBarInv by FBar to find the Delta Vectore 
matrix-mult(LtKBarInv,LtFBar,LtPDel); //Gives New Delta 
matrix-mult(TimeStep,LtDelDot,Lttemp2); 
matrix-sum(Lttemp2,LtDel,LttempZ); 
rnatrix-mult (-1.0, Lttemp2, Lttemp3) ; 
matrix-aum(Lttemp3,ltPDel,Lttemp3) ; 
matrix~mult(2.0/pow(TimeStep,2.O),Lttemp3,Lttemp2); //Gives DeltaDDotav 
matrix-muit(TimeStep,IrttempZ,Lttemp3); 
matrix-sum(Lttemp3 ,LtDelDot ,LtPDelDot) ; //Gives New DeltaDot 
matrix-mult(2.0,Lttemp2,Lttemp3); 
matrix-mult (-1.0, LtDelDDot ,Lttemp2) ; 
matri~-eum(Lttemp3,Lttemp2,Lt~~elDDot) ;  iv ives New DeltaDDot 

//Assign old Delta's to etorage array and reset them with the new Delta's 
for(j=l; jc=Nlt;j++) 
I 

//Save the Delta vectors to text file for future evaluation 
/ / 
if (TSOut ) 

{ 
TSout .open ("LtTStep. txt ", io~: :out ; 
TSout<< setprecision(l6) ; 
TSout <c "\nLtTS\nTime Step = " cc TimeStep; 
TSout cc "\nTotal T h e  = " <c TotalTime <c "\n\nW; 
for(j=l; jc-LtTS .n; j++) 
( 

TSout << TimeStep*(j-1) cc ","; 
for (i=l;ic=LtTS.m; i++) 

I 
TSout cc LtTS(i,j) <c ","; 

1 
TSout cc "\nlf ; 

1 
TSout . close ( 1 ; 

1 
1 

//If the problem only had one tether element w e  need to reset N to that 
//value 
if ( N c = l )  

N=l ; 



#if !defined(DIALSPEC-H) 
#define DIALSPEC-H 

#if !defined(OWL-DIALOG-H) 
P include <owl/dialog.h> 
tendif 

*if !defined(-SUPERKITE-H-) 
S include "suprkite.hW 
Sendif 

#if !defined(-ALTITDEF-H-) 
# include "altitdef.hu 
#endif 

class -OWLCLASS TValidator; 

/ / 
/ /  class GenDialog 
/ /  - - - - A  - - - - - - - - - - - -  
/ / 
class GenDialog : public TDialog { 
public: 

KiteData* TernpKD; 

GenDialog(TWindow* parent, 
KiteData* KD, 
TModule* module = 0, 

TValidator* valid = 0) ; 

/ / 
/ /  Override TWindow virtual member functions 
/ / 
void TransferData(TTransferDirection); 

protected: 
/ / 
/ /  Override TWindow virtual member functions 
/ / 
void Setupwindow ( ) ; 
void CrnAoaSet ( 1  ; 
void CmAoaSetomax( ; 

private : 

/ / 
/ /  hidden to prevent accidental copying or assignment 
/ / 
GenDialog(const GenDialog&); 
GenDialog& operator=(const GenDialog&); 

TCheckBox *aoaSet; 
TCheckBox *aoaSetomax; 
TEdit *aoaLim; 
TStatic *pretext; 
TStatic *postext; 



/ / 
/ /  class WingDialog 
/ /  - - - - -  
/ / 
class WingDialog : public TDialog { 
public : 

KiteData* TempK.; 

WingDiaLog(TWindow* parent, 
KiteData* KD , 
module* module = O, 
TValidator* valid = 0 ) ;  

/ / 
/ /  merride TWindow virtual rnember functione 
/ / 
void ~raneferData(TTraneferDirection); 

protected: 
/ / 
/ /  Override TWindow virtual rnember functione 
/ /  
void SetupWindowO; 

private: 
/ / 
/ /  hidden to prevent accidental copying or assignment 
/ / 
~ingDiaLog (const WingDialog&) ; 
WingDiaLog& operator=(const WingDialog&); 

/ / 
/ /  class EmpenDialog 
/ /  - - - - -  - - - - - - - - - - - -  
/ / 
class ErnpenDialog : public TDialog { 
public : 

KiteData* TempKD; 

EmpenDialogITWindow* 
KiteData* 
TModule* 
TValidator* 

parent, 
KD, 
modula = O, 
valid = O) ; 

/ / 
/ /  Override TWindow virtual member functione 
/ / 
void ~ransferData(TTransferDirection); 

protected: 
/ / 
/ /  Override TWindow virtual rnember functions 
/ / 



private : 
/ / 
/ /  hidden to prevent accidental copying or assignment 
/ / 
EmpenDialog(const ~mpenDialog&); 
EmpenDialog& operator=(const ~mpenDialog&); 

/ / 
/ /  class Empen2Dialog 
/ / - - - - - - - - - - - - - - - - - 
/ / 
class EmpenZDialog : public TDialog { 
public: 

KiteData* TempKD; 

Empen2Dialog(TWindow* parent, 
KiteData* KD, 
module* module = O, 
TValidator* valid = 0 )  ; 

/ / 
/ /  Override TWindow virtual member functione 
/ / 
void TransferData(TTraneferDirection); 

protected: 
/ / 
/ /  Override TWindow virtual member functione 
/ / 
void SetupWindowO ; 

private: 
/ / 
/ /  hidden to prevent accidental copying or assignment 
/ / 
Ernpen2Dialog(const Empen2Dialog~i) ; 
EmpenZDialog& operator=(const Empen2Dialog&); 

class FuseDialog : public TDialog { 
public: 

KiteData* TempKD; 

FuseDialog(TWindow* parent, 
KiteData* KD, 
module* module = O, 
TValidator* valid = O) ; 



, , 
/ /  Override TWindow virtual member functions 
/ / 
void TransferData(TTran8ferDirection); 

protected: 
/ / 
/ /  Override TWindow virtual member functions 
/ / 
void SetupWindow ( ) ; 

private: 
/ / 
/ /  hidden to prevent accidental copying or aesignment 
// 
FuseDialog (const R*ecDialog&) ; 
RiseDialog& operator=(const FuseDialog&); 

/ / 
/ /  class ControiGainDialog 
/ /  - - - - -  - - - - - - - - - - - - - - - - -  
/ / 
class ControlGainDialog : public TDialog ( 
public : 

ControlGain* TempCG; 

ControlGainDialog(TWindow* parent, 
Cont roiGain* CG. 
module* module = 0, 
TValidator* valid = 0 ) ;  

/ / 
/ /  Override TWindow virtual member functions 
/ / 
void TranaferData(TTraneferDirection); 

protected: 
/ / 
/ /  Override TWindow virtual member functions 
/ / 
void SetupWindow ( 1 ; 

private : 
/ / 
/ /  hidden to prevent accidental copying or aasignment 
/ / 
ControlGainDia~og(const ControlGainDialog&); 
ControlGainDialog& operator= (const ControiGainDialog&) ; 

/ / 
/ /  class WingFormDialog 



J / 

class WindFormDialog : public TDialog { 
pub1 ic r 

KiteData* TcmpKD; 

WindFormDialog (TWindow* parent, 
Kitellata* KD, 
l''Module* module = 0, 
TValidator* valid = O}; 

/ /  
/ /  ûverride TWindow virtual member functions 
/ / 
void TransferData(TTransferDirecti0n); 

protected : 
//  
/ /  Override TWindow virtual member functions 
/ /  
void Setupwindow ( } ; 

private : 
/ / 
/ /  hidden to prevent accidental copying or aseignment 
/ /  
WindFormDialog(const WindFonnDialog&) ; 
WindFormDialog& operator= (const WindFormDialog&) ; 

/ / 
/ /  class TrimResulteDialog 
/ / - - - - - - - - - - - - - - - - - 
/ /  
class TrirnResultsDialog : public TDialog { 
public : 

KiteData* TempKD; 
int Valid; 

TrimResultsDialog(TWindow* parent, 
KiteData* KD, 
int isvalid, 
TModule* module = 0, 
TValidator* valid = 0) ; 

/ / 
/ /  Override TWindow virtual member functions 
/ / 
void Tran~ferData(TTransferDirecti0n) ; 

protected: 
/ / 
/ /  Override TWindow virtual member functions 
/ /  
void Setupwindow ( : 



A v ~ L G .  

/ / 
/ /  hidden to prevent accidental copying or aseignment 
/ / 
TrirnResultsDiaïog(const TrirnResultsDialog&); 
TrimReeultsDialog& operator=(const TrimResultsDialog&); 

/ /  
/ /  class StabilityResultsDialog 
/ /  - - - - -  . . . . . . . . . . . . . . . . . . . . . .  
/ / 
class StabilityResultsDialog : public TDialog ( 
pub1 ic : 

KiteData* TempKD; 
int N; 
matrixi LgIter,LtIter; 

StabilityResultsDialog(TWindow* parent, 
KiteData* KD, 
T'Module* module = O, 
TValidator* valid = 0) ; 

/ / 
/ /  Override TWindow virtual member functions 
/ / 
void TransferData(TTransferDirection); 

protected: 

/ /  
/ /  Override TWindow virtual member functions 
/ / 
void SetupWindow ( ) ; 
void CmUpdateLgEignVactO ; 
void CmUpdateLtEignVect(); 
void CmLgStore ( )  ; 

void CmLtStore ( ) ; 

private : 
/ / 
/ /  hidden to prevent accidental copying or assignment 
/ / 
StabilityResultsDialog(const StabilityResultsDialog&); 
StabilityResultsDialog& operator=(const StabilityResultsDialog&); 

TCheckBox* LgNorm; 
TCheckBox* LtNorm; 
TLietBox* LgEignVal; 
TListBox* LgEignVect; 
TListBox* LtEignVal; 
TListBox* LtEignVect; 



/ /  class ~ c a ~ ~ ~ ~ c y ~ e r ~ v s ~ ~ a ~ o g  
/ /  - - - - -  
/ / 
class StabilityDerivsDialog : public TDialog { 
public : 

KiteData* TempKD; 

StabilityDerivsDialog(TWindow* parent, 
KiteData* KD, 
l'Module* module = O, 
TValidator* valid = 0): 

/ / 
/ /  Override TWindow virtual member functions 
/ / 
void TransferData(TTransferDirection): 

protected : 
/ / 
/ /  Override TWindow virtual member functions 
/ / 
void SetupWindow ( ) ; 

private : 
/ / 
/ /  hidden to prevent accidental copying or aesignment 
/ / 
StabilityDerivsDialog(const StabilityDerivsDialog&) ; 
StabilityDerivsDialog& operator=(const StabiLity~erivs~ialog&); 

/ / 
/ /  class QueryVarStudyDialog 
/ /  - - - - -  - A - - - - - - - - - - - - - - - - -  

/ / 
class QueryVarStudyDialog : public TDialog ( 
pub1 ic : 

KiteData* TernpKD; 
Ki teQuery* KQRef ; 
KiteQuery* TempKQ; 
int Init; 

QueryVarStudyDialog(TWindow* parent, 
KiteData* KD, 
KiteQuery* KQ , 
TModule* module = 0, 

TValidator* valid = O) ; 

/ / 
/ /  Override TWindow virtual member functions 
/ / 
void TransferData(TTransferDirecti0n); 

protected: 



/ /  uverriae ï'winaow virtuai member tunctions 
/ /  
void SetupWindowO; 
void CmCheckRange ( ) ; 
void M p d a t e  (UINI') ; 

private : 
/ / 
/ /  hidden to prevent accidental copying or aseignrnent 
/ / 
QueryVarStudyDialogiconst QueryVarStudyDialog&); 
QueryVarStudyDialog& operator=(const QueryVarStudyDiaLog&); 

TGroupBox* LgGroupBox; 
TGroupBox* LtGroupBox; 
TRadioButton* XGain; 
TRadioButton* ZGain; 
TRadioButton* MGain; 
TRadioButton* YGain; 
TRadioButton* LGain; 
TRadioButton* NGain; 
TRadioButton* VertSpan; 
TRadioButton* VertX; 
TEdit* Lgstart; 
TEdit* Lgend; 
TEdit* Ltstart; 
TEdit* Ltend; 
TEdit* eteps; 
TButton* Calculate; 

class RLScaleDialog : public TDialog { 
public : 

Scaie* LG; 
Scale* LT: 

RLScaleDialog(TWindow* parent, 
Scaie* LGScaie, 
Scale* LTScale, 
TModule* module = O, 

TValidator* valid = O) : 

/ / 
/ /  Override TWindow virtual member functions 
/ / 
void TransferData(TTransferDirection) : 

protected : 
/ / 
/ /  Override TWindow virtual rnember functions 
/ / 
void SetupWindow ( 1 ; 
void CmUpdateTxt ( ) ; 

private : 

/ / 
/ /  hidden to prevent accidental copying or assignrnent 
/ / 



TCheckBox *ymaxlgSet ; 
TCheckBox *xmaxlgSet; 
TCheckBox *xminlgSet ; 
TCheckBox *ymaxltSet; 
TCheckBox *xmaxltSet ; 
TCheckBox *xminltSet; 
TEdi t *ymaxlg ; 
TEdi t *xmaxlg ; 
TEdi t *xminlg ; 
TEdit *ymaxlt; 
TEdi t *xmaxlt ; 
TEdi t *minit ; 
TStatic *ymaxïgtxt ; 
TStatic *xmaxigtxt ; 
TStatic *xminïgtxt; 
TStatic *yrnaxlttxt; 
TStatic *xmaxlttxt ; 
TStatic *xminlttxt; 

claes TimeStepDialog : public TDialog { 
pub1 ic : 

TimeStepDialog(TWindow* parent, 
KiteDat a* Ki3 , 
T'Module * module = 0, 
TValidator* valid = 0 )  ; 

/ / 
/ /  ûverride TWindow virtual member functions 
/ / 
void ~ransferData(TTran~ferDirecti0n) ; 

protected: 
/ / 
/ /  Override TWindow virtual member functions 
/ / 
va id Setup Window ( ; 

void CmUpdateTxt ( ; 

private : 
/ /  
/ /  hidden to prevent accidental copying or aseignrnent 
/ /  
TimeStepDialog(const TimeStepDialog&); 
TimeStepDialog& operator=lconet TimeStepDialog&); 

TCheckBox *xtsSet; 
TCheckBox *ztsSet ; 
TCheckBox *mtsSet ; 
TCheckBox *ytsSet; 
TCheckBox *ltsSet; 
TCheckBox *ntsSet; 
TEdit *thestep; 



TEdit *xts; 
TEdit *zte; 
TEdit *mts; 
TEdit *xtedur; 
TEdit *ztsdur; 
TEdit *mtsdur; 
TStatic *xtstxtl; 
TStatic *ztstxtl; 
TStatic *mtstxtl; 
TStatic *xtstxt2; 
TStatic *ztstxtS; 
TStatic *mtstxt2; 
TStatic *xtstxt3; 
TStatic *ztstxt3; 
TStatic *mtstxt3; 
TStatic *xtstxt4; 
TStatic *ztstxt4; 
TStatic *mtstxt4; 
TEdit *yts; 
TEdit *lts; 
TEdit *nts; 
TEdit *ytsdur; 
TEdit *ltsdur; 
TEdit *ntsdur; 
TStatic *ytstxtl; 
TStatic *ltstxtl; 
TStatic *ntetxtl; 
TStatic *ytstxt2; 
TStatic *ltstxt2; 
TStatic *ntstxt2; 
TStatic *ytstxt3 ; 
TStatic *Itstxt3 ; 
TStatic *ntstxt3 ; 
TStatic *ytstxt4; 
TStatic *ltstxt4; 
TStatic *ntstxt4; 
TButton* Calculate; 

/ / 
/ /  clase RLScaleDialog 
/ /  - - - - -  - - - - - - - - - - - - -  
/ / 
claee TSScaleDialog : public TDialog { 
public : 

Scale* LG; 
Scale* LT; 

TSScaleDialog (TWindow* parent, 
Scale* LGScale , 
Scale* LTScale , 
module* module = O, 
TValidator* valid = O )  ; 

/ / 
/ /  Override TWindow virtual member functions 
/ / 
void TransferData(TTransferDirection); 

protected: 

/ / 



/ / 

void setupwindow ( ; 
void CmUpdateTxt 0 ; 

private : 

/ / 
/ /  hidden to prevent accidental copying or assignment 
/ / 
TSScaleDialog(const TSScaleDialog&); 
TSScaleDialog& operator=(const ~ ~ ~ c a l e ~ i a l o g & ) ;  

TCheckBox *ymaxlgSet; 
TCheckBox *yminlgSet; 
TCheckBox *ymaxltSet; 
TCheckBox *yminltSet; 
TEdit *ymaxlg ; 
TEdit *yminlg ; 
TEdit * p a x 1  t ; 
TEdit fyrninlt ; 
TStatic *ymaxlgtxt; 
TStatic *yminlgtxt; 
TStatic *ymaxlttxt; 
TStatic *yminlttxt; 



$! include 
f include 
finclude 
ninclude 
# include 
# include 
# include 
# include 

<string.h> 
<fstream.h> 
ciornanip.ha 
<owl/edit.hs 
cowl/checkbox.hs 
<owl/validate.h> 
"dialspec . h" 
"dialspec . rhu 

char gentitle[SO]="Super Kite General Specificationev; 
char ~ingtitle[50]=~~Super Kite Wing Specificationsu; 
char empentitle[50]=vSuper Kite Primary Empennage Specificationsw; 
char empen2title[50] ="Super Kite Secondary Empennage SpecificationsM; 
char f~setitle[50]=~~Super Kite Fueelage Specifications"; 
char ~ontrolgaintitle[501=~~Super Kite Control Gain Specifications"; 
char TrimResultstitle[SO]="Super Kite Trim State - Resulte"; 
char StabilityRee~ltstitle[5O]=~ISuper Kite Stability Analysis - Resulte"; 
char windformtitle[50]="Wind Velocity F'unction Specification"; 
conet int sig = 15; 

DEFINERESPONSE_TABLE1(GenDialog, TDialog) 
EV-COMMAND ( 1 D-AOASET , CmAoaS e t ) , 
EV-COMMAND(1D-AOASETOMAX, CmAoaSetomax), 

END-RESPONSE-TABLE; 

GenDialog::GenDialog(TWindow* parent, 
KiteData* KD , 
module* module, 
TValidator* validator) 

TWindow (parent, gentit le, module , 
TDialog(parent, IDD-GENDIALOG, module) 

TempKD = KD; 
SetCaption(gentit1e); 
if (validator) 
I 
new TEdit(this,ID-MASS)-rSet~alidator(va1idator); 
new ~Edit(this,I~-EFF)->~etValidator(validator); 
new ~~dit(this,ID-XCG)->SetValidator(validator); 
new TEdit(thie,~~-ZCG)->SetValidator(validator); 
new ~Edit(thie,I~-XCPLG)->SetValidator(validator); 
new TEdit(this,~~-ZCPLG)->Set~alidator(validator) ; 

new ~~dit(thie,ID-XCPLTI->SetValidator(validator); 
new TEdit(thie,ID-ZCPLT)->~et~alidator(validator) ; 

new TEdit(this,~D-1XX)->SetValidator(validator); 
new TEdit(this,ID-IYY)->~etValidator(validator) ; 
new TEdit(this,ID-1ZZ)->~etvalidator(validator); 
new TEdit(thi6,ID-1XZ)->SetValidator(validator); 
new TEditlthis,ID-TDENSI->SetValidator(validator); 
new TEdit(this,ID-TETHE)->SetValidator(validator); 
new TEdit(this,~D-TD1A)->SetValidator(validator); 
new TEdit(this,~~-TDIA0)->SetValidator(validator); 
new TEdit(thie,~~-TELEMLI->SetValidator(validator); 
new TEdit(this,~~-TCDCYL)->SetValidator(validator); 
new TEdit(this,~D-TCDAX)->SetValidator(validator); 
new ~~dit(this,~D-TGLLIM)->~et~alidator(validator); 
new ~~dit(this,~D-TNC)->~etValidator(validator); 

aoaSet = new TCheckBox(this, IDAOASET); 
aoasetomax = new TCheckBox(thie, ID-AOASETOMAX) ; 
pretext = new  t ta tic (this, ID-PRETExT) ; 



--- ------.--- , ---------, , 
postext = new ~ ~ t a t i c ( t h i s , ~ ~ - ~ ~ s T E ~ ~ ) ;  

1 

GenDialog : : -GenDialog ( ) 

{ 
delete aoaset; 
delete aoasetomax; 
delete pretext; 
delete aoalim; 
delete postext; 

1 

void 
GenDia1og::CrnAoaSetO 

( 
if (aoa~et ->Get~heck( 1 == BF-CHECKGD 

{ 

pretext->EnableWindow(O); 
aoaLim->EnableWindow(O); 
poetext->EnableWindow(O); 

1 
elee 

( 
pretext-sEnableWindow(1) ; 
aoaLim- >EnableWindow (1) ; 

void 
GenDialog::CmAoaSetomax() 

I 
if (aoaSet- >GetCheck ( )  == BF-CHECKED&& 

aoasetomax->GetCheckO == BF-UNCHECKED ) 

{ 

/ /  eeta and gete the value6 of the items (controle) of the input dialog 

/ /  
void 
GenDialog::TransferData(TTransferDirection direction) 

( 
char Buffer[ZS] = " l l ;  



if (direction == tdSetData) { 
gcvt (TempKD- smass, sig, Buffer) ; 
SetDlgI temText ( ID-MASS , Buf f er) ; 
gcvt (TempKD- se, eig, Buf fer) ; 
SetDlgI temText (ID-EFF, Buf f er) ; 
gcvt (TempKD- sXcg, sig, Buffer) ; 
SetDlgItemText(1D-XCG, Buffer); 
gcvt (TempKD- sZcg, sig, Buffer) ; 
SetDlgItemText (ID-ZCG, Buff er) ; 
gcvt (TempKD- >Xcplg, d g ,  Buffer) ; 
SetDlgItemText (ID-XCPLG, Buf f er) ; 
gcvt (TempKD- >Zcplg, sig,Buffer) ; 
SetDlgI temText ( ID-ZCPLG, Buf fer) ; 
gcvt (TempKD- ~Xcpit, sig, Buffer) ; 
SetDlgI temText (ID-XCPLT, Buffer) ; 
gcvt (TempKD- >Zcplt, d g ,  Buffer) ; 
SetDlgItemText (ID-ZCPLT, Buffer) ; 
gcvt (TempKD- >Ixx, sig, Buffer) ; 
SetDlgItemText (ID-IXX, Buf fer} ; 
gcvt(TempKi.3->Iyy,sig,Buffer); 
SetDlgItemText (ID-IYY, Buf f er) ; 
gcvt(TempKD->Izz,eig,Buffer); 
SetDlgItemText (ID-IZZ, Buffer) ; 
gcvt(TempKD->Ixz,sig,Buffer); 
SetDlgItemText (ID-1x2, Buffer) ; 
gcvt (TempKD- >tdens, sig , Buf fer) ; 

SetDlgItemText (ID-TDENS, Bu£ fer) ; 
gcvt(TempKD->tethE/1.0e9,eigIBuffer); 
SetDlgItemText (ID-TETHE, Buf fer) ; 
gcvt (TempKD->tdia, sig, Buffer) ; 
SetDlgItemText (ID-TDIA, Buffer) ; 
gcvt (TempKD- >tdiao, sig, Buffer ; 
SetDlgItemText (ID-TDIAO, Buffer) ; 
gcvt(TempKD->telemi,sig,Buffer); 
SetDlgItemText(1D-TELEML, Buffer); 
gcvt(TempKD->tCDcyi,sig,Buffer); 
SetDlgItemText (ID-TCDCYL, Buffer) ; 
gcvt (TempKD- =-tCDax, sig, Buffer) ; 
SetDlgI temText ( ID-TCDAX, Bu£ f er) ; 
gcvt(TempKD->tGammallim,aig,Buffer); 
SetDlgItetnText(1D-TGLLIM, Buffer); 
gcvt (TempKD- >Nc, eig, Buf fer) ; 
SetDlgItemText (ID-TNC, Buffer) ; 
gcvt(TempKû->aoalim,aig,Buffer); 
SetDlgItemText(1D-AOALIM, Buffer); 
if (TempKD->aoaset) 

aoaSet->SetCheck(BF-CHECKED); 
if (TempKD- saoasetomax) 

aoasetomax- >Setcheck (BF-CHECKED) ; 
} 
else if (direction == tdGetData) { 

GetDlgItemText(1D-MAS, Buffer, sig); 
tempdbl = atof (Buffer) ; 
if(tempdbl>O.O) TempKD-zmass=tempdbl; 
GetDlgItemText(I<EFF, Buffer, sig); 
tempdbl = atof (Buffer) ; 
if(tempdbl~0.0&&tempdblc=l.O) TempKD->e=tempdbl; 
GetDlgItemText(1D-XCG, Buffer, eig); 
tempdbl = atof(Buffer1; 
TempKD- >Xcg=tempdbl ; 
GetDlgItemText(1D-ZCG, Buffer, sig); 
tempdbl = atof(Buffer1; 
TempKD- >Zcg=tempdbl; 
GetDlgI temText (ID-XCPLG, Buf fer, sig) : 
tempdbl = atof (Buffer) ; 
TempKD->Xcplg=tempdbl; 



tempdbl = atof(Buffer1; 
TempKD->Zcplg=tempdbl; 
GetDlgTtemText(1D-XCPLT, Buffer, Sig); 
tempdbl = atof(Buffer1 : 
Tempm->Xcplt=tempdbl; 
GetDlgItemText(1D-ZCPLT, Buffer, eig); 
tempdbl = atof(Buffer1; 
TempKD- >Zcplt=tempdbl; 
GetDlgItemText(1D-IXX, ~uffer, sig); 
tempdbl = atof(Buffer1; 
if(tempdbis0.0) ~empKD->Ixx=tempdbf; 
GetDlgItemText(1D-IYY, Buffer, sig); 
tempdbl = atof{Buffer); 
if(tempdbls0.0) TempKD->Iyy=tempdbl; 
GetDlgItemText ( ID-IZZ, Buf fer, sig) ; 
tempdbl = atof(i3uffer); 
if(tempdbl>O.O) TempKD->Izz=tempdbl; 
GetDlgItemText (ID-IXZ, Buffer, sig) ; 
tempdbl = atof(Buffer); 
if(tempdbl>O.O) TempKD->Ixz=tempdbl; 
GetDlgItemText(1D-TDENS, Buffer, sig) ; 
tempdbl = atof(Buffer); 
if(tempdbl>O.O) ~empKD-stdens-tempdbl; 
GetDlgItemText(1D-TETHE, ~uffer, sig) ; 
tempdbl = atof(Buffer)*l.Oe9; 
if(tempdbl>O.O) ~empKD->tethE=tempdbl; 
GetDlgItemText(1D-TDIA, Buffer, sig) ; 
tempdbl = atof(Buffer); 
if(tempdbl>O.O) ~empKD->tdia=tempdbl; 
GetDlgItemText(1D-TDIAO, Buffer, Sig); 
tempdbl = atof(Buffer1; 
if(tempdbl>O.O) ~empKD-stdiao=tempd% 
GetDlgItemText(1D-TELEML, Buffer, Sig); 
tempdbl = atof(Buffer); 
if (tempdbl>O .O) ~empKD->teleml=tempdbl; 
GetDlgItemText(1D-TCDCYL, Buffer, Sig); 
tempdbl = atof(Buffer1; 
if[tempdbl>O.O) TempKD->tCDcyl=tempdbl; 
GetDlgItemText(1D-TCDAX, Buffer, sig); 
tempdbl = atof (Buf f er) ; 
if (tempdbls0.0) ~empKD- stCDax=tempdbl; 
GetDlgItemText(1D-TGLLIM, Buffer, sig); 
ternpdbl = atof(Buffer1; 
if(tempdbl>=O.O) TempKD->tGammallim=tempdbl; 
GetDlgItemText(1D-TNC, Buffer, s i g ) ;  
TempKD- >Nc=atof (Buffer) ; 

/ /  tempdbl=atof(Buffer); 
/ /  if (tempdbl>O. 0) TempKD- >Nc=tempdbl; 

GetDlgItemText(1D-AOALIM, Buffer, Sig); 
tempdbl = atof(Buffer1; 
i£(fabs(tempdbl)c=20.0) TempKD-saoalim=tempdbl; 
if(aoa~et->GetCheckO==BF-CHECKED) 

TempKD-saoaset=l; 
else 

TempKD->aoaset=O; 
i f ( a o a ~ e t o m a x - > G ~ ~ C ~ ~ C ~ ( ) = = B F ~ C K E C K E D )  

TempKD->aoasetornax=l; 
else 

TempKD-zaoaeetomax=O; 

1 
1 

/ / 
/ /  sets the values of the items(contro1s) of the input dialog 
/ / 
void 



I 
TDialog::SetupWindow(); 
SendDlgItemMessage(1D-MASS, EM-LIMITTEXT, eig - 1, 0); 
SendDlgItemMessage(1D-EFF, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-XCG, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeesage(1D-ZCG, EMLIMITTEXT, sig - 1, O); 
SendDlgItemMessage(1D-XCPLG, EMLIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-ZCPLG, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-XCPLT, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeseage(IDDZCPLT, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-IXX, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeeeage(1D-IYY, EM-LIMITTEXT, sig - 1, 0 ) ;  

SendDlgItemMessage(1D-122, EM-LIMISTEXT, sig - 1, O); 
SendDlgItemMessage(1D-1x2, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-TDENS, EM-LIMITTEXT, sig - 1, O); 
SendDlgItemMeseage(1D-TETHE, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-TDIA, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-TDIAO, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeseage(1D-TELEML, EM-LIMITTEXT, sig - 1, 0 ) ;  
SendDlgItemMessage ( ID-TCDCYL, EM-LIMITTEXT, aig - 1, 0 ) ; 
SendDlgItemMeseage(1D-TCDAX, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeseage(1D-TGLLIM, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage ( ID-TNC, EMLIMITTEXT, sig - 1, 0 ; 
SendDlgItemMessage(1D-AOALIM, EMLIMITTEXT, sig - 1, 0 ) :  
CmAoaSet ( ) ; 
CmAoaSetomax ( ) ; 

1 

WingDialog::WingDialog(TWindow* parent, 
KiteData* m, 
TModule* module, 
TValidator* validator 

TWindow(parent, wingtitle, module), 
TDialog(parent, IDD-WINGDIALOG, module) 

( 
TempKD = KD; 

new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 

SetCaption(wingtit1e) ; 
if (validator) { 
new TEdit (this, ID-SPAN) ->SetValidator (validator) ; 
new TEdit(this,ID-CROOTI->SetValidator(validator); 
new TEdit (this, ID-CTIP) ->setValidator(validator) ; 
new ~Edit(this,ID-AwING)->~etValidator(validator); 
new TEdit (thie, ID-CLMAX) ->SetValidator (validator) ; 
new TEdit(this,I~-CMAC)->SetValidator(validator); 

(thia,I~-THICKW)->SetValidator(validator); 
(this, ID-DIH) - ssetvalidator (validator) ; 
(this, ID-LESWP) ->setValidator (validator) ; 
( 

( 
( 

( 

( 

( 
new TEdit (this, ID-EO) -zSetValidator (validator) ; 
new ~Edit (this, ID-SIGLSP) ->SetValidator (validator) ; 
new TEdit(this,ID-CLPP)->SetValidator(validator); 
new T E d i t ( t h i s , I D - S I G L S R ) - > S e t V a l i d a t o r ) ;  

1 
1 

this, ID-QCSWP) - Set~alidator (validator) ; 
t h i s , ~ ~ - ~ ~ ~ ~ ~ ) - > ~ e t ~ a l i d a t o r ( v a l i d a t o r )  ; 

this,~D-AZLLW)->~et~alidator(validator); 
thie,~D-XAC)->~et~alidator(validator); 
this,~D-ZAC)->~etValidator(validator); 
this, ID mCWB) - >~et~alidator (validator) ; - 



/ / 
/ /  sets and gets the values of the iteme (controls) of the input dialog 
/ /  
void 
WingDiaiog::TraneferData(TTransferDirecton direction) 
{ 

char Buf£er[25] = ""; 

double tempdbl ; 
if (direction == tdSetData) 

{ 
gcvt (TempKD- >b, sig, Buffer) ; 
SetDlgItemText(II3-SPAN, Buffer); 
gcvt (TempKD- >croot, sig, Buf f er) ; 
SetDlgItemText(1D-CROOT, Buffer); 
gcvt (TempKD- rctip, sig,Buffer) ; 
SetDlgitemText(1D-CTIP, Buffer); 
gcvt (TempKD- sawing, d g ,  Buffer) ; 
SetDlgItemText(1D-AWING, Buffer); 
gcvt (TempKD- >Clmax, sig, Buffer) ; 
SetDlgItemText (ID-CLMAX, Buf fer) ; 
gcvt (TempKD- >Cmac, sig, B u f i e r )  ; 
SetDlgItemText (ID-CMAC, Buf f er) ; 
gcvt (TempKD- >Thick, sig, Buf fer) ; 
SetDlgItemText(1D-THICKW, Buffer); 
gcvt ( TempKD- sDih, sig , Buffer ; 
SetDlgItemText (ID-DIH, Buffer) ; 
gcvt (TempKD- >LEswp, sig, Buf f er) ; 
SetDlgItemText(1D-LESWP, Buffer); 
gcvt (TempKû- >QCswp, sig, Buffer) ; 
SetDlgItemText(1D-QCSWP, Buffer); 
gcvt (TempKD->iwing, sig,Buffer) ; 
SetDlgItemText(1D-IWING, Buffer); 
gcvt (TempKD- >azll, sig, Buf fer) ; 
SetDlgItemText (ID-AZLLW, Buffer) ; 
gcvt (TempKD- >Xac, eig, Buffer) ; 
SetDlgItemText (ID-XAC, Buffer) ; 
gcvt (TempKD- >Zac, sig, Buf fer) ; 
SetDlgItemText(1D-ZAC, Buffer); 
gcvt (TempKD- >hacwb, sig , Buf f er) ; 
SetDlgItemText(1D-HACWB, Buffer): 
gcvt ( TempKD- >Eo, sig , Buffer) ; 
SetDlgf temText (ID-EO, Buf fer) ; 
gcvt(TempKD->dSiglsdP,eig,Buffer); 
SetDlgItemText (ID-SIGLSP, Buffer) ; 
gcvt (TempKD- >CLpglan, sig, Buffer) ; 
SetDlgItemText(1D-CLPP, Buffer); 
gcvt (~empKD-~d~igledr, eig,Buffer) ; 
SetDlgItemText (ID-SIGLSR, Buf f er) ; 

1 
else if (direction == tdGetData) 
( 

GetDlgItemText (ID-SPAN, Buf f er, sig) ; 
tempdbl = atof (Buf fer) ; 
if(tempdbls0.0) TempKD-zb = tempdbl; 
GetDlgItemText (ID-CROOT, Buf fer, sig) ; 
tempdbl = atof (Buf fer) ; 
if(tempdbl>O.O) TernpKD-zcroot = tempdbl; 
GetDlgItemText(1D-CTIP, Buffer, sig); 
tempdbl = atof (Buffer) ; 
if{tempdbl>O.O) TempKD-zctip = tempdbl; 
GetDlgItemText (IDAWING, Buf fer, sig) ; 
tempdbl = atof (Buffer) ; 
if (tempdbl>O. 0&&tempdblc6.29) TempKD-sawing = tempdbl; 



- - - - - = . . u - , % s * u , . "  , ..=-b--u-kA, = U A  , =Ay 1 , 
tempdbl = atof (Buffer) ; 
if(tempàbl>o.O) TempKD-Klmax = tempdbl; 
GetDlgItemText(1D-CMAC, Buffer, sig); 
tempdbl = atof (Buffer) ; 
TempKD->Cmac = tempdbl; 
GetDlgIternText(1D-THICKW, Buffer, sig): 
tempdbl = atof(i3uffer); 
if(tempdbls~.~&&tempdb1~40.0) TempKD->Thick = tempdbl; 
GetDlg~tamText(ID-DIH, Buffer, s i g ) ;  
tempdbl = atof (Buffer); 
TempKD->Dih = tempdbl; 
GetDlgItemText(1D-LESWP, Buffer, sig); 
tempdbl = atof (Buf fer) ; 
TempKD- sLEswp = tempdbi ; 
GetDlgItemText(1D-QCSWP, Buffer, sig); 
tempdbl = atof (Buf fer) ; 
TempKD- >QCewp = tempdbl ; 
GetDlgItemText(I~IWING, Buffer, eig) ; 
tempdbl = atof (Buffer) ; 
TempKD->iwing = tempdbi; 
Get~lgItemText(1D-AZLLW, Buffer, sig); 
tempdbl = atof (Buf fer) ; 
TempKD->azll = tempdbl; 
GetDlgIternText ( ID--, Buf fer, eig) ; 
tempdbl = atof (Buf fer) ; 
TempKD->Xac = tempdbl; 
GetDlgItemText(1D-ZAC, Buffer, eig); 
tempdbl = atof ( B u f  fer) ; 
TempKD-sZac = tempdbl; 
GetDlgItemText ( ID-HACWBi Buf fer, Sig) ; 
tempdbl = atof (Buf fer) ; 
if(tempdbl>0.0&&tempdblc1.00) ~empKD-shawb = tempdbl; 
GetDlgItemText(1D-EO, ~ u f f e r ,  sig) ; 
tempdbl = atof (Buf fer) : 
TempKD->Eo = tempdbl; 
GetDlgItemText(1D-SIGLSP, Buffer, sig); 
tempdbl = atof (Buffer) ; 
TempKD->dSigledP = tempdbl; 
GetDlgItemText(1D-CLPP, Buffer, Sig); 
tempdbl = atof (Buf fer) ; 
TempKD-2CLpglan = tempdbi; 
GetDlgItemText(1D-SIGLSR, Buffer, eig); 
tempdbl = atof (Buffer) ; 
TempKD->dSiglsdr = tempdbl; 

} 

/ / 
/ /  sets the values of the items(contro1e) of the input dialog 
/ / 
void 
WingDialog: : SetupWindow ( )  

( 
TDialog : : SetupWindow ( ) ; 
~endDlgItemMessage(1D-SPAN, EM-LIMITTEXT, sig - 1, 0) ; 
SendDlgItemMessage(1D-CROOT, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-CTIP, EM-LIMITTEXT, sig - 1, 0) ; 
SendDlgItemMessage(1D-AWING, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-CLMAX, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-CMAC, EM-LIMITTEXT, eig - 1, 0) ; 
SendDlgItemMessage(1D-THICKW, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-DIH, EM-LIMITTEXT, sig - 1, 0); 
~endDlg~temMeeeage(ID-LESWP, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-QCSWP, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-IWING, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMe~sage(1D-AZLLW, EM-LIMITTEXT, sig - 1, 0); 
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SendDlgItemMessage(IDDHACWB, EM-LIMITTEXT, sig - 1, 0 ) ;  
SendDlgItemMessage(ID_EO, EM-LIMITTEXT, eig - 1, 0 ) ;  
SendDlgItemMessage (ID-SIGLSP, EM-LIMITTEXT, sig - 1, 0) ; 
SendDlgItemMeesage(IDDCLPP, EM-LIMITTEXT, sig - 1, 0 ) ;  
SendDlgItemMessage(IDDSIGLSR, EM-LIMITTEXT, sig - 1, 0); 

1 

EmpenDialog::EmpenDialog(TWindow* parent, 
KiteData* KI), 
module* module, 
TValidator* validator) 

TWindow(parent, empentitle, module), 
TDialog (parent, IDD-EMPENDIALOG, module) 

{ 
TempKD = KD; 

SetCaption(empentit1e); 
if (validator) ( 
new TEdit(this,ID-IPTSPAN)->SetValidator(validator) ; 
new TEdit(this,ID-Cm)->SetVaLidator(va3.idator) ; 
new TEdit(thie,ID-AHT)->setvalidator(validator) ; 
new T~dit(this,~D-THICKHT)->SetValidator(validator); 
new TEdit (this, ID-XHT) - >Set~alidator (validator) ; 
new ~~dit(thie,ID-zHT)->~et~alidator(validator) ; 
new TEdit (thie, ID-IT) - >SetValidator (validator ; 
new ~~dit(this,~D~~~~Iïi')->~etValidator(validator); 
new ~Edit(this,ID-NETAHT)-rSetValidator(va1idator); 
new ~~dit(thie,ID-VTSPAN)->SetValidator(validator); 
new T~dit(this,~D-CW)->setvalidator(validator) ; 
new T~dit(this,~~-~VT)->~etvalidator(validator); 
new TEdit(this.1~-THICKVT)->SetValidator(validator); 
new T~dit(thie,ID-xVT)->Set~alidator(validator) ; 
new ~~dit(thie,~~-ZVT)->~etvalidator(validator) ; 

new TEdit(this,~~-NETAVTI->setValidator(validator); 
new TEdit(this,ID-SIGVTP)->~etValidator(validator); 
new TEdit(thi6,ID-S1GVTR)->SetValidator(validator); 
new TEdit(thie,ID-SIGVTB)->SetValidator(validator); 

1 
1 

/ / 
/ /  eete and gets the values of the items (controls) of the input dialog 
/ / 
voi d 
EmpenDialog::TransferData(TTransferDirection direction) 
I 

char Buffer[ZS] = ""; 

double ternpdbl; 
if (direction == tdSetData) ( 

gcvt (TempKD->bht, sig, Buffer) ; 
SetDlgltemText(1D-HTSPAN, Buffer); 
gcvt (TempKD- >cht , eig, Buf fer) ; 
SetDlgItemText (ID-CHT, Bu£ fer) ; 
gcvt (TempKD- >aht, eig, Buffer) ; 
SetDlgItemText (ID-AHT, Buffer) ; 
gcvt ( TempKD- ~Thickht , h g ,  Buffer ) ; 
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SetDlgItemText (ID-XHT, Buf fer) ; 
gcvt (TempKD- >Zht, sig, Buf fer) ; 
SetDlgItemText (ID-ZHT, Buf f er) ; 
gcvt(TempKD->iht,sig,Buffer); 
SetDlgItemText ( ID-IT, Buff er) ; 
gcvt(TempKD->azllht,sig,Buffer); 
SetDlgItemText ( ID-AZLLHT, Buf f er) ; 
gcvt(TempKD->Netaht,sig,Buffer); 
SetDlgItemText (ID-NETAHT, Buf fer) ; 
gcvt (TempKD- >bvt, sig, Buffer) ; 
SetDlgItemText (ID-VTSPAN, Buffer) ; 
gcvt (TempKD- >cvt, sig, Buf fer) ; 
SetDlgItemText (ID-CVT, Buff er) ; 
gcvt (TempKD- >avt, aig, Buf fer) ; 
SetDlgItemText (ID-AVT, Buffer) ; 
gcvt (TempKD- >Thickvt , h g ,  Buffer) ; 
SetDlgItemText (ID-THICKVT, Buf fer) ; 
gcvt(TempKD->Xvt,eig,Buffer); 
SetDlgItemText (ID-XVT, Buffer) ; 
gcvt (TempKD- >Zvt, sig, Buffer) ; 
SetDlgItemText ( ID-ZVT, Buf fer) ; 
gcvt(TempKD->Netavt,sig,Buffer); 
SetDlgItemText ( ID-NETAVT, Buf f er) ; 
gcvt (TempKD- sdSigf dP, sig, Buffer) ; 
SetDlgItemText (ID-SIGVTP, Buf fer) ; 
gcvt (TempKD- >dSigfdr, sig, Buf fer) ; 
SetDlgItemText (ID-SIGVTR, Buf fer) ; 
gcvt (TempKD- >dSigmadB,eig, Buffer) ; 
SetDlgItemText(1D-SIGVTB, Buffer); 

1 
else if (direction == tdGetData) { 

GetDlgItemText(1D-HTSPAN, Buffer, sig); 
tempdbl = atof (Buf fer) ; 
if (ternpdbls=O.O) TempKD->bht = tempdbl; 
GetDlgItemText (ID-CHT, Buffer, sig) ; 
tempdbl = atof (Buffer) ; 
if (ternpdbl>O -0) TempKD-scht = tempdbl; 
~et~lgItemText (ID-AHT, Buffer, sig) ; 
tempdbl = atof (Buff er) ; 
if (tempdbl>O. O&&tempdb1<6 -29) TempKD->aht = tempdbl; 
GetDlgItemText(1D-THICKHT, Buffer, sig); 
ternpdbl = atof (Buffer) ; 
if (tempdbl>O. O&&tempdb1<40.0 TempKD- >Thickht = tempdbl; 
GetDigItemText (ID-XHT, Buffer, sig) ; 
tempdbl = atof (Buff er) ; 
TempKD- >Xht = tempdbl ; 
GetDlgItemText (ID-ZHT, Buffer , Sig) ; 
tempdbl = atof (Buffer) ; 
TempKD->Zht = tempdbl; 
GetDlgItemText(1D-IT, Buffer, sig); 
tempdbl = atof (Buffer) ; 
TempKD- >iht = tempdbl; 
~et~lg1temText(IDAZLLHT, Buffer, sig); 
tempdbl = atof (Buf fer) ; 
TcmpKD- >azllht = tempdbl; 
GetDlgItemText(1D-NETAHT, Buffer, eig) ; 
tempdbl = atof (Buffer) ; 
if (tempdbl>O. O&&ternpdbl<=l. O) TernpKD->Netaht = tempdbl; 
GetDlgItemText(1D-VTSPAN, Buffer, sig); 
tempdbl = atof (Buffer) ; 
if(tempdbl>=O.O) TempKD->bvt = tempdbl; 
GetDlgItemText (ID-CVT, Buffer, sig) ; 
tempdbl = atof (Buf fer) ; 
if (tempdbl>O. 0) TempKD- >cvt = ternpdbl ; 
GetDigItemText (IDAVT, Buffer, sig) ; 
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GetDlgItemText(1D-THICKVT, Buffer, eig); 
tempdbl = atof (Buffer) : 
if (tempdbl>~. 0&&tempdblc40. O) TempKD->Thickvt = ternpdbl; 
GetDlgItemText(1D-XVT, Buffer, sig); 
tempdbl = atof (Buf fer) ; 
TempKD->Xvt = tempdbl; 
GetDlgItemText(1D-ZVT, Buffer, sig); 
tempdbl = atof (Buffer) ; 
TempKD- >Zvt = tempdbl ; 
GetDlgItemText(1D-NETAVT, Buffer, eig); 
tempdbl = atof (Buff er) ; 
if(tempdbl>0.0&ttempdblc=l.O) TempKD-~Netavt = tempdbl; 
GetDlgItemText (ID-SIGVTP. Buffer, sig) ; 
tempdbi = atof (Buffer) ; 
TempKD->dSigfdP = tempdbl; 
GetDlgItemText(1D-SIGVTR, Buffer, sig) ; 
tempdbl = atof (Buff er) ; 
TempiCD->dSigfdr = tempdbl; 
GetDlgItemText(1D-SIGVTB, Buffer, eig); 
tempdbl = atof (Bu£ f er) ; 
TempKD->dSigmadB = tempdbl; 

1 

/ /  
/ /  sets the values of the items(contro1s) of the input dialog 
/ / 
void 
EmpenDialog::SetupWindow() 

{ 
TDialog::SetupWindow(); 
SendDlgItemMessage(1D-HTSPAN, EM-LIMITTEXT, sig - 1, 0 ) ;  
SendDlgItemMeesage(1D-CHT, EM-LIMITTEXT, eig - 1, 0); 
SendDlgItemMessage(1D-m, EM-LIMITI'EXT, sig - 1, 0); 
SendDlgItemMessage(1D-THICKHT, EMLIMITTEXT, eig - 1, 0); 
SendD~gIkemMeeeage(1D-XHT, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeseage(1D-ZHT, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-IT, EM-LIMITTEXT, sig - 1, 0) ; 
SendDlgItemMeseage(1D-AZLLHT, EM-LIMITTEXT, sig - 1, 0) ; 
SendDlgXtemMeeeage(1D-M:TAHT, EM-LIMITTEXT, sig - 1, 0); 
SendDigItemMeseage(1D-VTSPAN, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeesage(ID_CVT, EMLIMITTEXT, sig - 1, 0); 
SendDlgItemMeeeage(1D-AVT, EM-LIMITTEXT, eig - 1, 0); 
SendDlgItemMeesage (ID-THICKVT, EM-LIMITTEXT, sig - 1, 0) ; 
SendDlgItemMeasage (ID-XVT, EM-LIMITTEXT, sig - 1, 0) ; 
SendDigItemMeseage (ID-ZVT, EM-LIMITTEXT, eig - 1, 0) ; 
SendDlgItemMeaeage (ID-NETAVT, EM-LIMITTEXT, sig - 1, 0 )  ; 

SendDlgItemMessage(1D-SIGVTP, EMLIMITTEXT, sig - 1, 0); 
SendDigItemMeeeage(1D-SIGVTR, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage (ID-SIGVTB, EM-LIMITTEXT, sig - 1, 0) ; 

1 

Empen2Dialog::Empen2Dia10g(TWindow* parent, 
KiteData* KD , 
Tbiodule* module, 
TValidator* validator) 

TWindow(parent, empentitle, module), 
TDiaiog(parent, IDD-EMPENZDIALOG, module) 

( 
TempKD = KD; 



seccapcion lernpenzciw ; 
if (validator) ( 
new TEdit (this , ID-H'ïSPAN2) - 7SetValidator (validator) ; 
new TEdit (this, ID-CHT2) ->SetValidator (validator) ; 
new TEdit (this, ID-AHT2) ->SetValidator (validator) ; 
new TEdit (this, ID-THICKHTS ) -r~et~alidator (validator) ; 
new TEdit(this,I~-~~~2)->Set:Va3idator(validator); 
new TEdit (thie, ID-ZHT2) ->SetValidator (validator) ; 
new ~~dit(this,~D-1~2)->SetValidator(validator); 
new TEdit (this, ID-AZLLHT2) - >SetValidator (validator) ; 
new TEdit (this, ID-NETAHT2) - SetValidator (validator) ; 
new T~dit(this,~D-VTSPAN~)->SetValidator(validator); 
new TEdit(this,ID-CVT2)->SetValidator(validator); 
new TEdit (this, ID-AVT2) ->SetValidator (validator) ; 
new ~~dit(this,1~-THI~~~~2)->~et~alidator(validator) ; 

new TEdit(this,ID-ZVT2)-> 
new TEdit(this,1<~~~2)->setValidator(validator); 

SetValidator (validator) ; 
) -~3etValidator(validator new TEdit (this , ID-NETAVT2 

1 

/ /  sets and gets the values of the items (controls) of the input dialog 
/ / 
void 
Empen2Dialog::TransferData(TTransferDirecton direction) 

C 
char Buffer[25] = ""; 
double tempdbl ; 
if (direction == tdSetData) { 

gcvt(~empK.D->bht2,eig,~u£fer); 
setDlgItemText (ID-HTSPAN2, Buf fer) ; 
gcvt (TempKD-zcht2 ,eig,~uffer) ; 
SetDlgItemText(ID~CHT21 Buffer); 
gcvt (TempKD- >aht 2, sig, ~uffer) ; 
SetDlgItemText (ID-m2, Buf f er) ; 
gcvt (~empm- sThickht 2 ,  sig, Buffer) ; 
setDlg1temText (ID-THICKHT2, Buf f er) ; 
gcvt (TempKD- sXht 2, d g ,  Buffer) ; 
SetDlgItemText(1D-XHT2, ~uffer); 
gcvt(~empKD->~ht2,eigr~uffer~; 
SetDlgItemText(1D-ZHT2, Buffer); 
gcvt (~empKü- >iht2, sig, BU-) ; 

Set~lgItemText(1D-IT2, ~uffer); 
gcvt(TempKD-zazllht2,sig,Buffer); 
SetDlgItemText(1D-AZLLHT2, Buffer); 
gcvt(~empKD->~etaht2,sig,~ufEer); 
set~lgItem~ext(1D-NETAHT2, Buffer) : 
gcvt (TempKD- >bvt2, s i g ,  Buf fer) ; 
SetDlgItemText ( ID-VTSPAN2, Bu£ f er) ; 
gcvt(~empKD->cvt2,sig,Buffer); 
SetDlgItemText(1D-CW2, ~uffer); 
gcvt ( T ~ ~ ~ K D -  savt2, sig, ~uffer) ; 

Set~lgItemText(IDAVT2, ~uffer); 
gcvt(TempKD-sThickvt2,sig,BuEfer); 
Set~l~ItemText(1D-TH1CKVT2, Buffer); 
gcvt (TempKD- sXvt2, d g ,  Buffer) ; 
Set~lgIternText(1D-XVT2. Buffer); 
gcvt (~empKD->Zvt2, eig,Buffer) ; 
~etDlgItemText(1D-ZVT2, ~uffer); 
gcvt (TempKD- sNetavt2, sig, Buffer) ; 



} 
elee if (direction == tdGetData) { 

GetDigItemText(1D-HTSPAN2, Buffer, sig); 
tempdbl = atof (Bufier) ; 
i£(tempdbl>=O.O) TempKD->bht2 = tempdbl; 
GetDîgItemText(1D-CHT2, Buffer, sig); 
tempdbl = atof(Buffer); 
if(tempdbl>O.O) TempKD->cht2 = tempdbl; 
GetDlgItemText(1D-AI3T2, Buffer, sig); 
ternpdbl = atof(Buffer1; 
if(ternpdblzO.O&&tempdb1<6.29) TernpKD->aht2 = tempdbl; 
GetDlgItemText(1D-THICKHI'2, Buffer, eig); 
tempdbl = atof(Buffer); 
if(tempdbl~0.0&&tempdb1~40.0) TempKD->Thickht2 = tempdbl; 
GetDlgItemText(1D-XHT2, Buffer, sig) ; 
tempdbl = atof liiuffer); 
TempKD-sXht2 = tempdbl; 
GetDTgItemText(1D-ZHT2, Buffer, sig); 
tempdbl = atof(Buffer); 
TempKD- >Zht2 = tempdbl; 
GetDlgItemText(1D-IT2, Buffer, sig); 
tempdbl = atof(Buffer1; 
TempKD- >ihtL = tempdbl; 
GetDigIternText(IDpZLLElT2, Buffer, sig); 
tempdbl = atof (Buf f er) ; 
TempKD->azllht2 = tempdbl; 
GetDlgItemText(1D-NETAHT2, Buffer, eig); 
tempdbl = atof(Buffer); 
if(tempdb1>0.0&&tempdblc=1.0) TempKD->Netaht2 = tempdbl; 
GetDlgIternText(1D-VïSPAN2, Buffer, sig); 
tempdbl = atof(Buffer); 
if(tempdbl>=o.O) TempKD-sbvt2 = tempdbl; 
GetDlgItemText(1D-CVT2, Buffer, s i g } ;  
tempdbl = atof(Buffer1; 
if(tempdbl>O.O) TempKD->cvtS = tempdbl; 
GetDlgItemText(1D-AVT2, Buffer, sig); 
tempdbl = atof(Buffer1; 
if(tempdbl>O.O&&temp&lc6.29) TempKD->avt2 = tempdbl; 
GetDlgItemText(1D-THICKVT2, Buffer, sig); 
tempdbl = atof(Buffer); 
if(tempdbl>0.0&&tempdb1:4OO0) TernpKD->Thickvt2 = tempdbl; 
GetDlgItemText(1D-XVT2, Buffer, eig); 
tempdbl = atof(Buffer1; 
TempKD->Xvt2 = tempdbl; 
GetDlgItemText(1D-ZVT2, Buffer, sig); 
tempdbl = atof(i3uffer); 
TempKD- >Zvt2 = tempdbl; 
GetDlgItemText(1D-NETAVT2, Buffer, eig); 
tempdbl = atof(Buffer); 
if(tempdbl>0.0&&tempdblc=l.O) TempKD-sNetavt2 = tempdbl; 

1 
1 

/ / 
/ /  sets the values of the iteme(contro1s) of the input dialog 
/ / 
void 
Empen2Dialog : :SetupWindow ( 1  
I 
TDialog::S&upWindow(); 
SendDlgItemMessage(1D-WTSPAN2, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeesage(ID_CHT2, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-AHT2, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-THICKHT2, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-XHT2, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(ID_ZHT2, EM-LIMITTEXT, sig - 1, 0); 
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SenaDlgItemMe~sage(ID~NETAHT2, EM-LIMITTEXT, eig - 1, 0 ) ;  

SendDlgItemMessage(IDDVTSPAN2, EM-LIMITTEXT, eig - 1, 0 ) ;  
SendDlgItemMessage(1D-CVT2, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-AVT2, EM-LIMITTEXT, sig - 1, 0); 
SendDigItemMeseage ( ID-THICKVT2, EM-LIMITTEXT, sig - 1, 0 ; 
SendDlgItemMeeeage(ID_XVTZ, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(IDDZVT2, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-NETAVT2, EM-LIMITTEXT, s i g  - 1, 0); 

1 

F'useDialog : : J?us eDialog (TWindow* paren t ,  
KiteData* KD, 
l'Module* module , 
TValidator* validator) 

TWindow (parent, fueetitle, modula) , 
TDialog (parent, IDD-FUSEDIALOG, module) 

{ 
TempKD = KD; 

new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 

~et~aption(fusetit1e); 
if (validator) { 
new TEdit (this, ID-VOLFS) - >set~alidator (validator) ; 
new TEdit(thie,~D-FSW)-s~et~alidator(va1idator) ; 

new TEdit(this,~D-FSH)-s~et~alidator(va1idator); 
new ~~dit(this.1~-FSQW)->~et~alidator(validator); 
new  d dit (thie, ID-FSQH) - Setvalidator (validator) ; 
new TEdit ( this , ID-FSTQW) - >~et~alidator (validator) ; 

( this , ID-FSTQH) - s~etvalidator (validator) ; 
(this, ID-CFS) -sSet~alidator (validator) ; 
( 
( 

( 

( 
( 

this, ID~LFS) -sSetValidator (validator) ; 
this,ID-SIGFSB)->SetValidator(validator); 
thie, ID-AFS} ->Setvalidator (validator) ; 
this, ID-ZFSCP) - B~et~alidator (validator) ; 
this, ID-FsXCV) - SetValidator (validator) ; 

/ / 
/ /  sets and gets the value 
/ / 
void 

of the items (control B )  of the input di 

FuseDialog::TransferData{TTraneferDirection direction) 

( 
char Buffer[25] = ""; 

double tempdbl ; 
if (direction ==  tdSetData) { 

gcvt (T~~PKD- >~olf s, sig, Buffer) ; 
SetDlgItemText(1D-VOLFç, Buffer); 
gcvt (TempKD- >few, sig, Buf fer) ; 
SetDlgItemText (ID-FSW, Buffer) ; 
gcvt (TempKD- zfsh, sig, Buffer) ; 
SetDlgItemText (ID-FSH, Buffer) ; 
gcvt (TempKD-zfsqw, sig,~uffer) ; 

SetDlgItemText (ID-FSQW, ~uffer) ; 
gcvt (~empKD- >feqh, sig, Buffer) ; 

alog 
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SetDlgItemText ( ID-FSTQW, Buf fer) ; 
gcvt(TempKD-sfetqh,eig,Buffer); 
SetDlgItemText ( ID-FSTQH, Buf f er) ; 
gcvt (TempKD- >cf s, sig,Buffer) ; 
SetDlgItemText ( ID-CFS, Buff er) ; 
gcvt(TempKD->lfs,sig,Buffer); 
SetDlgItemText (ID-LFS, Buf f er) ; 
gcvt(TernpKD->sigfs-B,eig,Buffer); 
SetDlgItemText (ID-SIGFSB, Buf fer) ; 
gcvt(TempKD->afs,sig,Buffer); 
SetDlgItemText(IDAFS, Buffer) ; 
gcvt(TempKD->Zfscp,eig,Buffer); 
SetDlgItemText (ID-ZFSCP, Buf fer) ; 
gcvt(TempKD->Xcv,sig,Buffer); 
SetDlgItemText ( ILFSXCV,  Buffer) ; 

1 
else if (direction == tdGetData) { 

GetDlgItemText(1D-VOLFS, Buffer, sig); 
tempdbl = atof(Buffer) ; 
if (tempdbl>O. 0) TempKD-sVolfs = tempdbl; 
GetDigItemText(1D-FSW, Buffer, sig); 
tempdbl = atof (Buffer); 
if (ternpdbl>O. 0) TempKD->few = tempdbl; 
GetDlgItemText ( ID-FSH, Buffer, sig) ; 
tempdbl = atof(Buffer); 
if (tempdbls0 .O) TempKD->feh = tempdbl; 
GetDlgItemText(1D-FSQW, Buffer, a i g ) ;  
tempdbl = atof (Buf fer) ; 
if (ternpdbl>O. 0) TempKD- zfeqw = tempdbl; 
GetDlgItemText ( ID-FSQH, Buffer, aig) ; 
tempdbl = atof (Buffer) ; 
if (tempdbls0 .O) TempKD-zfsqh = tempdbl; 
GetDlgItemText(1D-FSTQW, Buffer, sig); 
tempdbl = atof (Buf fer) ; 
if(ternpdbl>O.O) TempKD->fstqw = tempdbl; 
GetDlgItemText(1D-FSTQH, Buffer, sig); 
tempdbl = atof (Buf fer) ; 
if (tempdbl>O. 0) TempKD-sfstqh = ternpdbl; 
GetDlgI temText ( ID-CFS, Buff er, eig) ; 
ternpdbl = atof (Buffer) ; 
if(tempdbl>O.O) TempKD->cfs = tempdbl; 
GetDlgItemText(1D-LFS, Buffer, eig); 
tempdbl = atof (Buffer) ; 
if (tempdbl>O. 0) TempKD-slf e = tempdbl ; 
GetDlgI temText ( I R S  IGFSB, Buf fer, sig) ; 
tempdbl = atof(Buffer); 
TempKD->sigfs-B = tempdbl; 
GetDlgItemText(IDAFS, Buffer, sig); 
tempdbl = atof (Buffer) ; 
if(tempdbl>O.O&&tempdb1<6.29) TempKD->afs = tempdbl; 
GetDlgItemText(1D-ZFSCP, Buffer, sig) ; 
tempdbl = atof(Buffer); 
TempKD->Zfscp = tempdbl; 
GetDlgItemText(1D-FSXCV, Buffer, sig) ; 
tempdbl = atof (Buffer); 
if ( tempdbl>O .O ) TempKD- >Xcv = tempdbl ; 

/ / 
/ /  sets the values of the iteme(contro1s) of the input dialog 
/ / 
void 



t 
TDialog : :SetupWindow ( ) ; 
SendDlgftemMcssage(1D-VOLFS, EM-LIMITTEXT, sig - 1, 0 ) ;  

SendDlgItemMessage(1D-FSW, EM-LIMITTEXT, sig - 1, 01; 
SendDlgItetnMessage(1D-FSH, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(IDFSPW, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItetnMessage(IDDFSQH, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-FSTQW, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(IDDFSTQH, EM-LIMITTEXT, sig - 1, 0) ; 
SendDlgItemMeasage(1D-CFS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-LFS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(IDDSIGFSB, EM-LIMITTEXT, sig - 1, 0 ) ;  
SendDlgItemMessage(1D-AFS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(IDDZFSCP, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(IDDFSXCV, EM-LIMITTEXT, sig - 1, 0); 

1 

ControlGainDialog::ControlGainiJia10g(TWindow* parent, 
ControlGain* CG, 
module* module, 
TValidator* validator) 

TWindow(parent, controlgaintitle, module), 
TDialog(parent, IDD-CONTROLGAINDIALOG, module) 

t 
TempCG = CG; 

~et~aption(controlgaintit1e); 
if (validator) { 
new ~~dit(this,I~-CCX)->SetValidator(validator); 
new TEdit:(khie,ID-CCY)->SetValidator(validator); 
new TEdit (this, ID-CCZ) ->~et~alidator(validator) ; 

new TEdit(this,ID-CCL)->SetValidator(validator); 
new TEdit(this,ID-COI)->SetValidator(validator); 
new TEdit (this, ID-CCN) ->SetValidator (validator) ; 

1 
1 

/ / 
/ /  sets and gets the values of the items (controla) of the input dialog 
/ / 
void 
ControlGainDialog::TransferData(TTraneferDrect~n direction) 
I 

char Buffer(251 = ""; 

double tempdbl; 
if (direction == tdSetData) ( 

gcvt (TempCG- >Ccx, eig,Buffer) ; 
SetDlgItemText(1D-CCX, Buffer); 
gcvt (TempCG- >Ccy, sig, Buffer) ; 
~etDlgltemText (ID-CCY, Buf fer) ; 
gcvt (T~~PCG- Scz, sig , Buf f er) : 
~etDlgItemText (ID-CCZ, Buffer) ; 
gcvt (TempC~- > C d ,  sig , Buffer) ; 
SetDlgItemText (ID-CCL, Buf fer) ; 
gcvt (TempCG- >Ccm, sig, Buf fer) ; 
SetDlgItemText ( ID-CCM, Buf f er) ; 



1 
else if (direction == tdGetData) { 

GetDlgItemText(1-CCX, Buffer, sig); 
tempdbl = atof (Buffer) ; 
TempCG- >Ccx = tempdbl ; 
GetDlgItemText(1D-CCY, Buffer, sig); 
tempdbl = atof (Buffer) ; 
TempCG->Ccy = tempdbl; 
GetDlgItemText(1D-CCZ, Buffer, eig); 
tempdbl = atof (Buffer) ; 
TempCG- >Cc2 = tempdbl ; 
GetDlgItemText(1D-CCL, Buffer, sig) ; 
tempdbl = atof (Buffer) ; 
TernpCG- >Cc1 = tempdbl; 
~etDlgItemText(1D-CCM, Buffer, sig); 
tempàbl = atof (Buffer) ; 
TempCG- >Ccm = tempdbï ; 
~etDlgItemText(1D-Ca, Buffer, sig) ; 
tempdbl = atof (Buffer) ; 
TempCG-sCcn = tempdbl; 

/ / 
/ /  sets the values of the items(controle) of the input dialog 
/ /  
void 
ControlGainDiaiog::SetupWindow() 

( 
TDia1og::SetupWindowO; 
SendDlgItemMeasage(ID_CCX, EMLIMITTEXT, eig - 1, 0); 
SendDlgItemMessage(1D-CCY, EM-LIMITTEXT, eig - 1, 0); 
SendDlgItemMessage(1D-CCZ, EMLIMITTEXT, eig - 1, 0) ; 
SendDlgItemMessage(1D-CCL, EMLIMITTEXT, eig - 1, 0); 
SendDlgItemMessage(IDDCCM, EM-LIMITTEXT, eig - 1, 0); 
SendDlgItemMes~age(ID~CCN, EM-LIMITTEXT, sig - 3, 0); 

1 

WindFormDialog::WindFormDia10g(TWindow* parent, 
KiteData* KD , 
l'Module* module , 
TValidator* validator) 

TWindow(parent, windformtitle, module), 
TDialog(parent, IDD-WINDFORMULA, module) 

{ 
TernpKD = KD; 

~et~a~tion(windformtit1e) ; 

if (validator) { 
new ~Edit(thls,I~-WFORDERI->~et~alidator(validator); 
new TEdit(this,~~-~F'MAXALT)->~etValidator(validator); 
new ~~dit(this,~~-W!?M~~~~~)->~etValidator(validator); 
n e w  TEdit (this , ID-WFAO) - >setvalidator (validacor) ; 
new ~ ~ d i t ( t h i s , ~ ~ - ~ ~ ~ l )  -~~et~alidator(validator) ; 

new  d dit (this, ID-WFA2) ->SetValidator (validator) ; 



new TEdit ( thie , I D ~ W F A ~  
new TEdit(thie,ID-WFA8 
new TEdit(this,ID-WFA9 

1 
1 

& A S 1 1  

new 
new 

~ a u i c  1 L A I A D ,  Lu-nE--L 1 --'aC:LY4J.J.U4L.UK I V d l l U d L V L  I ; 

~~dit(this,~~-WFAS)->SetValidator(validator); 
~~dit(this,l~-WFA6)->SetValidator(validator); 

) ->~etValidator (validator) ; 
)-s~etValidator(va1idator); 
) - ssetvalidator (validator) ; 

/ /  sets and gets the values of the items (controle) of the input dialog 
/ / 
void 
WindFormDialog::TransferData(TTransferDirection direction) 

{ 
char Buffer[25] = ""; 
int i; 
double tempdbl; 
if (direction == tdSetData) { 

if ( ! T ~ ~ ~ K D - ~ I W F )  { 
gcvt (TempKD- >WFA [O] , eig,Buffer) ; 
SetDlgItemText(1D-WFORDER, Buffer); 
gcvt (TempKD-sWFA [l] , sig,Buffer) ; 
SetDlgItemText(1D-WFMINALT, Buffer); 
gcvt (TempKD- >WFA [2] , h g ,  Buf fer) ; 
SetDlgItemText(1D-WFlrIAXALT, Buffer); 
for(i=O;i<=TempKD->WFA[O] ;i++) 

( 
gcvt (TempKD->WFA[i+31 ,eig,Buffer) ; 
SetDlgItemText(IDWFAO+i, Buffer); 

1 
for(i=TempKD->WFA[O] +l ;i<=S;i++) 

( 
SetDlgItemText (ID-WFAO+i, l'O. 0") ; 

1 
) else{ 

SetDlgI temText ( 
strcpy (Buffer, 
SetDlgItemText( 
SetDlgItemText ( 
SetDlgItemText( 
SetDlgItemText( 
SetDlgItemText( 
SetDlgItemText( 
SetDlgItemText ( 

1 D-WFORDER , O " ) ; 
0.0") ; 
ID-WFMAXALT, Buffer); 
ID-WFMINALT, Buffer); 
ID-WFAO, Buffer); 
ID-WFA1, Buffer); 
ID-WFA2, Buffer); 
ID-WFA3, Buffer); 
ID-WFAB, Buffer); 

SetDlgItemText(1D-WFA5, Buffer); 
SetDlgItemText(1D-WFA6, Buffer); 
SetDlgItemText(1D-WFA7, Buffer); 
SetDlgItemText(1D-WFAB, Buffer); 
SetDlgItemText(1D-WFA9, Buffer); 

} 
1 
else if (direction == tdGetData) { 

GetDlgItemText(1D-WFORDER, Buffer, sig); 
tempdbl = atof(Buffer); 
if (tempdbl>=O. 0 && tempdbl<=9.0) 

{ 
double tempmin,tempmax; 
GetDlgItemText(1D-WFMINALT, Buffer, sig); 
tempmin = atof(Buffer) ; 
GetDlgItemText(1D-WFMAXALT, Buffer, s i g ) ;  



//Max altitude > Min altitude s= O 
if(tempmax>tempmin && tempmin>=O.O) 
I 

TempKD->IWF=O: 
TempKD-sFileForm("Wind Data Equation"); 
TempKD->WFA[O] = tempdbl; 
TempKD- >WFA [l] = tempmin; 
TempKD->WFA[2] = tempmax; 
for(i=O;i<=TempKD->WFA[O] ;i++) 
{ 

GetDlgItemText(1D-WFAO+i, Buffer, sig); 
TempKD->WFA[3+i] = atof (Buffer) ; 

) 
1 

1 
1 

/ /  
/ /  sets the values of the iterns(contro1s) of the input dialog 
/ /  
void 
WindFormDialog::SetupWindow() 

I 
TDialog::SetupWindow() ; 
SendûlgItemMessage(1D-WFORDER, EM-LIMITTEXT, eig - 12, 0 ) ;  
SendDlgItemMeseage(1D-WFMA%ALT, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeseage(1D-WFMINALT, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeseage(1D-WFAO, EM-LIMITTEXT, sig + 5, O ) ;  

SendDlgItemMeesage(1D-WFA1, EM-LIMITTEXT, eig + 5, 0); 
SendDlgItemMeseage(1D-WFA2, EM-LIMITTEXT, eig + 5, 0); 
SendDlgItemMeeeage(IDWFA3, EMLIMITTEXT, sig + 5, 0); 
SendDlgXtemMessage(1D-WFA4, EM-LIMITTEXT, sig + 5 ,  0); 
SendDlgItemMessage(1D-WFA5, EM-LIMITTEXT, sig + 5, 0); 
SendDlgItemMesaage(1D-WFA6, EM-LIMITTEXT, sig + 5, 0 ) ;  
SendDlgItemMeseage(1D-WFA7, EM-LIMITTEXT, sig + 5, 0); 
SendDlgItemMes~age(ID~WFA8, EM-LIMITTEXT, eig + 5, 0); 
SendDlgItemMessage(1D-WFA9, EM-LIMITTEXT, sig + 5, 0); 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TrimResultsDialog::TrimResu1tsDialog(TWindow* parent, 
KiteData* KD . 
int isvalid, 
TModule* module, 
TValidator* validator) 

TWindow(parent, TrimResultetitle, module), 
TDialog(parent, IDD-TRIMRESULTSDIALOG, module) 

TempKD = KD; 
Valid = isvalid; 

~et~aption(TrimResultetit1e) ; 

if (validator) ( 
new ~~dit(thie,~~-RMAss)->~et~alidator(validator); 
new ~~dit(thie,l~-RSPAN)->~et~alidator(validator); 
new TEdit(this,I~-RWIND)->set~alidator(validator); 
new TStatic (thie, IDRWINDFILE) ; 



ucw I ~ u I L ~ L ~ ~ ~ , I u - K ~ ~ ; )  - ~ s e ~ v a ~ r a a c o r ~ v a ~ i a a c o r ~ ;  
new ~~dit(this,I~-~~~~)->SetVa1idator(validator) ; 
new ~Edit(thie,~~-RTTLEN)->~etValidator(vdidator); 
new TEdit(this,ID-RA0A)-zSetValidator(va1idator) ; 
new TEdit(this,~~-RAoAMAX)->~et~alidator(validator); 
new T~dit(this,~~-RcL)->~etvalidator(validator); 
new T~dit(this,~~-RCD)-sSetValidator(validator) ; 

new ~~dit(this,ID-RNELEM)->SetVaLidator(validator); 
n e w  TE~~~(~~~S,~D-RTBAR)->SetVaiidator(validator); 
new ~Edit(thie,~~-RGAMMAB)->~etValidator(validator) ; 

1 

/ / 
/ /  s e t s  and gets the values of the itemo (controls) of the input dialog 
/ / 
void 
TrimResultsDialog::Tran6fer~ata(TTransferDirection direction) 
( 

char Buffer[25] = ""; 
if (direction == tdSetData) { 

gcvt (TempKD- >mas$, sig, Buff er) ; 
SetDlgIkemText(1D-RMASS, Buffer); 
gcvt(TempKD->b,sig,Buffer); 
SetDlgItemText(1D-RSPAN, Buffer); 
SetDlgItemText(1D-RWINDFILE, TempKD-sFileForm() 1 :  
if (valid) ( 

if(TempKD->aoaexceed==l) 
SetDlgItemText(1D-RAOAEXCEED, 
"Max. Wing AOA ha0 been exceeded. Please reconfigure the THARWP!") ; 

gcvt (TempKD- >windvel , sig- 9, Buffer ) ; 
SetDlgItemText(1D-RWIND, Buffer); 
gcvt(~empKD->realt,sig-9,Buffer); 
SetDlgItemText(1D-RSALT, Buffer); 
gcvt (TempKD- Brait, sig- 9, Buf fer) ; 
SetDlgItemText(1D-RALTl Buffer) ; 
gcvt(TempKD->ttlen,sig-9,Buffer); 
SetDlgItemText(1D-RTTLEN, Buffer); 
gcvt (TempKD- >AOA, sig- 9, Buffer) ; 
SetDlgItemText(1D-RAOA, Buffer) ; 
gcvt (TempKD- zaoamax, eig-  9, Buffer) ; 
SetDlgItemText(1D-RAOAMAX, Buffer) ; 
gcvt (TempKD- >rcl, sig- 9, Buf fer) ; 
SetDlgItemText(1D-RCL, Buffer); 
gcvt (TempKD- >rcd, sig-9 ,Buf fer) ; 
SetDlgIternText(IDRCD, Buffer); 
gcvt (TempKD- >N, sig- 9, Buff er) ; 
SetDlgItemText(ID-RNELEM, Buffer); 
gcvt (TempKD- >Thar, sig- 9, B u f  f er) ; 
SetDLgItemText(1D-RTBAR, Buffer); 
gcvt(~empKD-~~ammabar*180.0/TempKD->pi,6ig-9,Buffer~; 
SetDlgItemText ( IDRGAMMAB, Buf f er) ; 

)else{ 
etrcpy(Buffer, " " )  ; 

if (TempKD->AOA==-99.0) 
SetDlgItemTsxt(1D-RAOAEXCEED, 
"No solution for trim state AOA. Please reconfigure the THARWP!"); 

SetDlgItemText(1D-RWIND, Buffer); 
SetDlgItemText(1D-RSALT, Buffer); 
SetDlgItemText(1D-RUT, Buffer); 
SetDlgItemText(1D-RTTLEN, ~uffer); 



~FLYI~ILCZII ILCAL IIU-~LUUI-U.UUL, D U L L ~ Z I  ; 

SetDlgItemText(1D-RCL, Buffer); 
SetDlgItemText(1D-RCD, Buffer); 
SetDlgItemText(1D-RNELEM, Buffer); 
SetDlgItemText(1D-RTBAR, Buffer); 
SetDlgItemText(1D-RGAMMAB, Buffer); 

1 
} 

1 

/ / 
/ /  sets the values of the items(contro1s) of the input dialog 
/ / 
void 
TrirnResu1tsDialog::SetupWindow~) 

t 
TDialog: : SetupWindow ( ) ; 
SendDlgItemMessage(1D-RMASS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(IDDRSPAN, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-RWIND, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(IDDRWINDFILE, EM-LIMITTEXT, 150, 0); 
SendDlgItemMessage(IDDRAOAEXCEED, EM-LIMITTEXT, 150, 0); 
SendDlgItemMeeeage(1D-RSALT, EM-LIMITTEXT, s i g  - 1, 0 ) ;  
SendDlgItemMessage(1D-RALT, EM-LIMITTEXT, sig - 1, 0 ) ;  

SendDlgItemMeesage(1D-RTTLEN, EM-LIMITTEXT, sig - 1, 0) ; 
SendDlgItemMessage(IDDRAOA, EM-LIMITTEXT, eig - 9, 0); 
SendDlgItemMeesage(IDDRAOAMAX, EM-LIMITTEXT, eig - 9, 0); 
SendDlgItemMessage (I-, EM-LIMITTEXT, Sig - 9, 0 )  ; 
SendDlgItemMeesage(1D-RCD, EM-LIMITSEXT, sig - 9, 0); 
SendDlgItemMessage(1D-RNELEM, EM-LIMITTEXT, sig - 9, 0); 
SendDlgItemMe~eage(ID~RTBAl3, EM-LIMITTEXT, eig - 9, 0); 
SendDlgItemMeesage(1D-RGAMMAB, EM-LIMITTEXT, eig - 9, 0) ; 

1 

DEFINE-RESPONSE-TABLEL(Stabi1ityResultsDiaog TDialog) 
EV-COMMAND(1D-LGNORMALIZE, CmUpdateLgEignVect) , 
EV-COMMANn(ID-LTNORMALIZE, CmUpdateLtEignVect) , 
EV-COMMAND ( ID-LGSTORE , CmLgStore) , 
EV-COMMAND(1D-LTSTORE, CmLtStore), 
EV-LBN-SELCHANGE(1DL-LGEIGNVALS, CmUpdateLgEignVect), 
EV-LBN-SELCHANGE(1DL-LTEIGNVALS, C'm~pdateLtEignVect), 

END-RESPONSE-TABLE; 

StabilityResultsDialog::Stabi1ityRe~~ltsDialog~ 
TWindow* parent, 
KiteData* KD, 
module* module, 
TValidator* validatorl 

TWindow(parent, StabilityResultstitle, module), 
TDialog(parent, IDD-STABILITYRESULTSDIALOG, module) 

I 
TempKD = KD; 

Set~aption[~tabilityResultstitle) ; 

if (validator){ 
new TEdit(this,ID-RMASS)-zSetValidator(va1idator); 
new ~~dit(this,~~-RSPAN)-zSetValidator(va1idator); 
new TStatic(thi8,ID-RWINDFILE); 

} 
LgNorm = new T~heckBox(this, ID-LGNoRMALIZE) ; 
L t N o r m  = new TCheckBox(this, IKLTNORMALIZE); 
LgEignVal= O ; 



LgIter (N*4+6) ; 
LtIter(N*2+6) ; 

1 

StabilityResultaDialog::-StabilityResulteDialog(l 

( 
delete LgEignVal; 
delete LgEignVect : 
delete LtEignVal; 
delete LtEignVect; 
delete LgNorm; 
delete LtNorm; 

1 

void 
StabilityResultsDialog::CmUpdateLgEignVect() 

( 
char Buffert401 = ""; 
char Buf[25] = ""; 
int i; 
int index = LgEignVal->GetSelIndexO; / /  Current eelection. 
complex div,eigtmp; 
//Clear the previoue modeshape 
~gEignVect->ClearList(); 
if (index ! = LB-ERR) / /  ie something selectad? 
{ 

//Check to see if the modeehape neede to be normalized and set the 
//divisor to the appropriate value 
if (LgNorm->GetCheck() == BF-CZIECKED) 

( 
//Normalize wrt Theta 
if (Lgïter (index+ï) < O )  

div = complex(TempKD->Lgz(4,ab~(LgIter(index+l))), 
TempKD->Lgz ( 4 ,  abs (LgIter (index+l) +l) l ; 

else 
div = complex(TempKD->Lgz(4,ab~(LgIter(index+l))),O.O); 

} else 
div = complex(l.0,O.O); 

for (i=l;ic=4;i++) 

{ 
switch(i) { 

case 1: 
etrcpy(Buffer, "u: " )  ; 

break ; 
caee 2: 

strcpy (Buffer, "w:  I l )  ; 

break ; 
case 3: 

strcpy (Buffer, "q: " 1  ; 
break ; 

case 4: 
strcpy(Buffer, "theta: " 1  ; 
break ; 

1 

if(LgIter(index+ï)<0&&div!=complex(O.O,O.O) //eigenvalue is complex 



gcvt (real (eigtmp ,8, Buf) ; 
strcat (Buf fer, Buf 1 . 
gcvt ( f abs ( imag (eigtmp) ) ,8, Buf ) ; 
if (imag (eigtmp) >O. 0) 

strcat (Buffer, ' + in) ; 
else 

strcat (Buffer, - il1) ; 
strcat(Buffer,Buf); 

}else if (div!=complex(0.0,0.O)) ( //eigenvalue is real 
eigtmp=compXex(~empKD-~Lgz(i,abs(~g~ter(index+l)) ),0-0)/div; 
gcvt (real (eigtmp) ,8, Bu£  ; 
atrcat (Buf fer, Buf) ; 

1 
~gEign~ect-sAddstring (Buf fer) ; 

1 
LgEignVect-sAddString(" " 1  ; 
LgEignVect - sAddString ( "Element Stretchw ) ; 
for(i=N*2+7;ic=N*4+6;i+=2) 

( 
strcpy(Buffer, " " 1  ; 
ifILgIter(index+l)c0&&di~!=complex(O.O,O.O) //eigenvalue ie complex 

{ 
eigtmp=complex(Temp~~-~Lgz(i,abs(LgIter(index+l))), 

~empw->Lgz(i, abe (LgIter (index+l))+l) ) +l) ) /div; 
gcvt (real(eigtmp1 ,8,Buf); 
strcat (~uff er, Buf) ; 
gcvt (fabe(imag(eigtmp) ,ô,Buf) ; 
if (imag (eigtmp) >O. 0) 

strcat (Buffer, " + i") ; 
else 

stxcat(Buffer," - i"); 
strcat (Buffer,Buf) : 

)else if(div!=complex(0.0,0.0)){ //eigenvalue is real 
eigtmp=complex(~empKD-~Lgz(i,abs(~gIter(index+l)) ),0.0)/div; 
gcvt (real (eigtmp ) ,8, Buf) ; 
strcat (Buffer,Buf ; 

1 
LgEignVect->AddString(Buffer); 

1 
LgEignVect->AddString(" ") ; 
Lg~ignVect ->AddString ( "Delta Gammaw 1 ; 
for(i=N*2+8;i<=N*4+6;i+=2) 

I 
etrcpy (Buf fer, " " 1  ; 
if(~~1ter(index+l)~0&&div!=complex(O.O,O.0)) //eigenvalue is complex 

( 
eigtmp=complex(TempK~->Lgz(i,abs(LgIter(index+l) 1 1 ,  

T~~PKD-sLgz(i,abs(LgIter(index+l) )+l))/div; 
gcvt (real (eigtmp) , 8 ,  Buf) ; 
etrcat (~uffer,~uf) ; 
gcvt ( f abe (imag (eigtrnp) ) ,8,Buf) ; 
if (imag(eigtmp1 r0 .O) 

strcat (Buffer, " + i") ; 
else 

strcat(Buffer," - iv); 
strcat (Buffer,Buf); 

}else if (div!=complex(0.0,0.0)) { //eigenvalue is real 
e i g t m p = c o m p l e x ( ~ e m p I C ~ - ~ L g ~ ( i n d e x + 1 ) )  ),0.0)/div; 
gcvt (real (eigtmp) , 8  , B u 0  ; 
strcat (Buffer,Buf) ; 

1 
~g~ignvect-zAddString(Buffer); 



void 
StabilityResultsDia~og::CmUpdateLtEignVect~) 

( 
char ~uffer[40] = ""; 

char Buf [ 2 5 ]  = ""; 
int i; 
int index = LtEignVal-sGetSelIndex0; 
complex div, eigtmp; 

/ /  Current selection. 

/ /  Clear the previous modeshape 
LtEignVect-sClearLi6to; 
if ( index ! = LB-ERR ) / /  is something selected? 
( 

//Check to see if the modeehape needs to be normalized and eet the 
//divisor to the appropriate value 
if (LtNorm->GetCheck(} == BF-cHECKEDJ 

{ 
//Normalize wrt Theta 
if (LtIter (index+l) C O )  

div = complex(~emp~I3->~tz(S,abs(~tIter(index+l))), 
TempKD-sLtz(S,abs(~tIter(index+l))+l)); 

elee 
div = complex(~emp~~-~Ltz(5,abs(~t1ter(index71)),0.0); 

) else 
div = complex(l.0,0.0); 

case 1: 
strcpy(Buffer,"v: " 1 ;  
break ; 

case 2: 

break ; 
case 3: 

etrcpy(Buffer,"r: " 1 ;  
break ; 

case 4 :  
etrcpy (Buf f er, "phi : ) ; 
break ; 

case 5: 
strcpy (Buf fer, "psi : " 1  ; 
break ; 

1 

if(~t~ter(index+l)c~&&div!=complex(O.O,OO)) //eigenvalue is complex 
{ 

e i g t m p = c o m p l e x ( ~ e m p ~ ~ - ~ ~ t ~ ( i n d e x + l ~ ~  1 ,  
TempKD- >Ltz (i, abs (Lt Iter (index+l) ) +l) ) /div; 

gcvt (real(eigttnp1 ,8,Buf) ; 
strcat (Buffer, Buf 1 ; 
gcvt ( fabs (imag (eigtmp) ) ,8, ~uf) ; 
if (imag (eigtmp) > O .  0) 

strcat (Buf f er, " + i" ) ; 
else 

etrcat (Buffer, - il1) ; 
etrcat (Buff er, Buf ) ; 

)else if(div!=complex(0.0,0.0)) { //eigenvalue is real 
e i g t m p = c o r n p l e x ( ~ e m p ~ - ~ ~ t ~ ( i n d e ~ + l ~ ) ) , 0 . 0 ) / d i v ;  
gcvt(real(eigtmp),8,Buf); 
strcat (Buffer,Buf) ; 

1 
Iit~ignVect->AddstringIBuffer); 

1 



for (i=N+7;ic=N*2+6 ;i++) 

{ 
strcpyiBuffer, " " )  ; 
if (LtIter (index+l) cO&&div! =cornplex (0.0,O 0 )  ) //eigenvalue is complex 

( 
e i g t m p = c o m p l e x ( ~ e m p ~ ~ - ~ ~ t z ( i , a b ~ t l t e r ( i n d e ~ + l ~  1 1 ,  

TempKD->Ltz(i,abs(Lt~ter(index+l))+l) )/div; 
gcvt (real (eigtmp) ,8, Bufl ; 
strcat(Buffer,Buf); 
gcvt (fabs (imag(eigtmp)) ,8 ,Buf) ; 
if(irnag(eigtrnp)>O.O) 

strcat (Buffer, " + i") ; 
else 

strcat (Buffer, l1 - in) ; 
etrcat (Buffer, Buf 1 ; 

}else if(div!=complex(0.0,0.0)){ //eigenvalue is real 
eigtmp=complex(TempKD->Ltz (i, abs (LtIter ( n d e x + l  , O. O) /div; 
gcvt (real (eigtmp) ,8, Buf) ; 
strcat (Buf f er, Buf) ; 

} 
LtEignVect->AddString(Buffer); 

1 
1 

1 

void 
StabilityResu1tsDialog::CmLgStore~) 

( 
int i; 

//Initialize the output file for the individual stability root data 
fstream Stabout; 
~ t a b o u t . o p e n ( ~ ~ g ~ ~ o o t s . t x t " , i o e : : o u t ~ i o ~ p ~ ;  

//Output the eigen data to the listboxee 
if(TempKi3->EiglgValid) 

( 
for(i=O;icN*4+6;i++) 

I 
if ( ~ ~ r n ~ K ~ - > ~ g a l f i  [il 5=0.0&&! ( ~ e m ~ ~ ~ - s ~ ~ a l f r [ i ]  ==O. 0 && TempKu->Lgalfi [il ==O. 0) ) 

{ 
Stabout c <  TempKD-~Lgalfr (il c< "\tu << ~ernp~~->~galfi [il c< "\nu; 

1 
1 
Stabout <c "\nN; 

1 
Stabout.cloee0; 

1 

void 
StabilityReeulteDialog::CmLtStore() 

I 
int i; 

//Initialize the output file for the individual stability root data 
fetream Stabout; 
Stabout.open("LtSBoote.txt",ios::out~io~p~; 

//Output the eigen data to the listboxes 
if(TempKD->EigltValid) 

( 
£or(i=O;i<N*2+6;i++) 

I 
if (TempKD-zLtalfi [il >=O.O&&! (TempKD->Lta [il 0 O && ~empKD->Ltalfi fi] ==O. 0) ) 

I 



1 
Stabout cc "\nt'; 

1 
Stabout .close ( ) ; 

1 

/ / 
/ /  sets and gets the values of the items (controle) of the input dialog 
/ / 
void 
StabilityResultsDialog::TransferData(TTranserDirection direction) 

{ 
char Buffer[40] = ""; 

if (direction == tdSetData) 

{ 
gcvt (TempKD->maes, sig,Buffer) ; 
SetDlgItemText(1D-RMASS, Buffer); 
gcvt (TempKD->b, sig,Buffer) ; 
SetDlgI temText ( 1 D-RSPAN, Buf f er ; 
SetDlgItemText(1D-RWINDFILE, TempKD->FileForm()); 

/ / 
/ /  sets the values of the items(contro1s) of the input dialog 
/ /  
void 
Stabi1ityResulteDialog::SetupWindow~) 

{ 
TDialog::SetupWindow(); 
SendDlgItemMeeeage(1D-RMASS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeseage(1D-RSPAN, EM-LIMITTEXT, Sig - 1, 0); 
SendDlgItemMeseage(1D-RWINDFILE, EMLIMITTEXT, 150, 0); 

char Buffer [40] = ""; 
char Imag[25] = ""; 

int i, j,k; 
LgEignVal = new ~ ~ i s t ~ o x ( t h i s ,  IDL-LGEIGNVALS): 
LgEignVal->Attr.Style; 
LgEignVal- zCreate ( ) ; 
LgEignVal- >SetFocus ( ) ; 
LgEignVect = new TListBox(this, IDL-LGMODESHAPE); 
LgEignVect-rAttr.Style; 
LgEignVect->Create(); 
LtEignVal = new TListBox(this, IDL-LTEIGNVALS); 
LtEignVal- >Attr.Style; 
LtEignVal- sCreate ( 1  ; 
LtEignVect = new TListBox(thi8, IDL-LTMODESHAPE); 
LtEignVect->Attr.Style; 
LtEignVect->Create(); 

//Output the eigen data to the listboxes 

i=l; 
j=5; 
for(k=O;k<N*4+6;k++) 

{ 
if(~emp~~-aLgalfi [kl > = O  .O) 

t 
LgIter(i)=j; 
gcvt (~empKD- sLgalfr [kl ,l0, Buf fer) ; 
if (~empKD->Lgalfi [k] >O. O )  



gcvt (~ernpw- >Lgalfi [kl ,la, Imag) ; 
strcat (Buffer, " + i") ; 
etrcat (Buf fer, Imag) ; 
LgIter(i1 = -  j; //Set index -ve to indicate complex 
j++; 

1 
~ ~ ~ i ~ n ~ a l -  >~ddstring (Buffer) ; 
i++; 
j++ ; 

I 
if (TempKD->Ltalfi [kl >=O. O) 
( 

LtIter(i)=j; 
gcvt (~ernpKD- >~talfr [kl ,l0, Buff er); 
if (TempKD->Ltalfi [kl>0.0) 

( 
gcvt (~cmpKD->Ltalf i ik] , Wrnag) ; 
etrcat (Bu££er, " + iw) ; 
strcat(Buffer,Imag); 
Lt~ter(iJ =-j; //Set index -ve to indicate cornplex 
j++; 

1 
~ t ~ i g n ~ a l -  >Addstring ( ~ u f f  er) ; 
i++ : 

//Set both mode ehapea to be normalized initially 
~g~orrn->~etCheck(3F'-CHE~KED) ; 
L ~ N O ~ ~ - ~ S ~ ~ C ~ ~ C ~ ( B F ~ C H E C K E D )  ; 

//Update the mode ehape listboxes 
CmUpdateLgEignVectO; 
CmUpdateLtEignVectO; 



ginclude <string.h> 
Xinclude cowl/edit . hs 
Xinclude cowl/checkbox.hs 
#include cowl/validate.hs 
ninclude "dia1spec.h" 
ninclude "dialspec . rh" 

char queryvarstudytitle[5O]=~'Super Kite Variation Study Parameters"; 
char stabilityderivetitle[50]="Super Kite Non-Dimensional Stability Derivativee"; 
char RLScaletitle[50]="Super Kite Root-Locus Plot Limits"; 
char Time~teptitle[SO]="çuper Kite Root-Time Step Initialization"; 
char TSScaletitle 1501 ="Super Kite Time-Step Plot Limite" ; 
const int s i g  = 15; 

DEFINE-RESPONSE-TABLEl(QueryVarStudyDiahg TDialog) 
E V - E N - C A N G E ( I D - L G S T A R T , C ~ C ~ ~ ~ ~ R ~ ~ ~ ~ ) ,  
EV-EN-CANGE(ID-LGEND,C~C~~C~R~~~~), 
EV-EN-CANGE(ID-NSTEPS,C~C~~C~R~~~~), 
EV-EN-CHANGE(ID-LTSTART,C~C~~~~R~~~~), 
EV-EN-CHANGE(ID-LTEND,C~C~~C~R~~~~), 
EV-CHILDNOTIFY-ALL-CODES(ID-LGGROUP, CmUpdate) , 
EV-CHILD-NOTIFY-ALL-CODES (ID-LTGROUP, CmUpdate) , 

END-RES PONSE-TABLE ; 

QueryVarStudyDia~og::QueryVarStudyDialog(TWindow* parent, 
KiteData* me 
KiteQuery* KQ , 
module* module, 
TValidator* validator) 

TWindow(parent, queryvarstudytitle, module), 
TDialog(parent, IDD-QUERYVARSTUDYDIALOG, module) 

I 
TempKD = KD; 
KQRef = KQ; 
TempKQ = new KiteQuery ( 1  ; 
*TempKQ = *KQ; 
Init = O; 

~et~a~tion(queryvaretudytitle) ; 

if (validator) { 
new ~ ~ d i t ( t h i s , ~ D - ~ ~ ~ ~ ) - ~ ~ e t V a L i d a t o r ) ;  
new TEdit(this,ID-LTSSI->~et~alidator(validator); 

1 

LgGroupBox = new T~roupBox(this, ID-LGGROUP); 
LtGroupBox = new T~roup~ox(this, ID-LTGROUP); 

XGain = new ~Radio~utton(this, ID-XGAIN, LgGroupBox) ; 
ZGain = new TRadioButton(thi6, ID-ZGAIN, LgGroupBox); 
MGain = new ~~adio~utton(this, IDMGAIN, Lg~roupBox) ; 
YGain = new TRadioButton(thi.6, ID-YGAIN, LtGroupBox) ; 
LGain = new TRadioButton(thi8, ID-LGAIN, LtGroupBox); 
NGain = new TRadioButton(thi6, IDNGAIN, Lt~roup~ox); 
VertSpan = new TRadioButton(thi6, ID-VERTSPAN, ~t~roup~ox); 
VertX = new TRadioButton(this, ID-VERTX, Lt~roup~ox); 

Lgstart = new  d dit (this , IDLGsTART) ; 
Lgend = new T~dit(this,ID-LGEND); 
Ltstart = new TEdit (this, ID-LTSTART) ; 
Ltend = new TEdit(thi6,ID-LTEND); 
steps = new TEdit(this,ID-NSTEPS); 



C a l c u l a t e  = n e w  ~ ~ u t t o n ( t h i s , I D - O K ) ;  

1 

QueryVarStudyDia1og::-~ueryVarStudyIlialog() 

I 
de le te  L g G r o u p B o x ;  
de le te  L t G r o u p B o x ;  
de le te  X G a i n ;  
delete Z G a i n ;  
d e l e t e  M G a i n ;  
de le te  Y G a i n ;  
de le te  L G a i n ;  
de le te  N G a i n ;  
de le te  V e r t S p a n ;  
delete V e r t X ;  
delete L g s t a r t  ; 
delete L g e n d ;  
delete L t e t a r t  ; 
delete L t e n d ;  
delete steps; 
delete C a l c u l a t e ;  
delete TempKQ ; 

1 

void 
Q u e r y V a r S t u d y D i a l o g  : : CmCheckRange ( ) 

I 
char B u f f e r [ 2 5 ]  = ""; 
i n t  t m p e t e p s ,  e r r o r = O  ; 
double t m p e t a r t ,  t m p e n d ;  

i f  ( I n i t  1 
{ 

G e t D l g I  t e m T e x t  (ID-LGSTART, B u f f e r ,  e i g )  ; 
t m p s t a r t  = atof (Bu£ f e r )  ; 
G e t D l g I t e m T e x t  (ID-LGEND, B u f f e r ,  s i g )  ; 
t m p e n d  = atof ( B u f  f e r )  ; 
G e t D l g I  t e m T e x t  (ID-NSTEPS, B u f f e r ,  s i g )  ; 
t m p e t e p s  = atoi  ( B u f  f e r )  ; 

i f ( X G a i n - > G e t C h e c k ( )  == BF-CHECKED) 

I 
TempKQ- > S t a r t  (1) = t m p ~ t a r t  ; 
TempKQ- >End (11 = t m p e n d ;  
TempKQ- > S t e p e  (1 = t m p a t e p s  ; 
i f  ( t m p e t a r t -  t m p e n d !  = O .  O & & t r n p e t e p ~  ! = O )  

I 
g c v t  ( ( t m p e n d - t m p s t a r t )  / t m p s t e p s ,  4 , m e r )  ; 
S e t D l g I t e m T e x t  (ID-LGSS , B u f  f e r )  ; 
calculate->EnableWindow(l); 

1 
else 

{ 
S e t D l g I t e m T e x t  (ID-LGSS , 'ERROR") ; 
C a l c u l a t e -  > E n a b l e W i n d o w O  ; 
if ( t m p s t e p e = = O )  error=l; 

1 
e t r c p y  (TempKQ- r L g P a r a m ,  "X G a i n  V a r i a t i o n " )  ; 
TempKQ- > L g A c t i v e = l  ; 

1 
elee i f  ( Z G a i n -  > G e t C h e c k  ( ) == BF-CHECKED) 

I 
T e m p ~ Q -  > S t a r t  (2 ) = t m p s t a r t  ; 
TempKQ- > E n d  ( 2 )  = t m p e n d ;  
TempKQ- > S t e p s  ( 2  ) = t m p s t e p s ;  
i f  ( t m p s t a r t  - t m p e n d !  = O .  O & & t m p s t e p ~  ! = O 1  



=r-. , , L....C-..U Y I  , C M I ~ = - C ~ P ,  -x , YUL A G A  I , 
SetDlgItemText(1D-LGSS, Buffer); 
Calculate->EnableWindow(l) ; 

1 
else 

{ 
SetDlgItemText (ID-LGSS, "ERROR") ; 
Calculate-zEnableWindow(0); 
if (tmpsteps==O) error=l; 

1 
strcpy (TernpKQ- >LgParam, "2 Gain Variation" ) ; 
TempKQ-rLgActive=2; 

1 
else if (M~ain->~et~heck() == BF-CHECKED) 
{ 

TempKQ->Start ( 3  =tmpstart; 
TernpKQ- >End ( 3 =tmpend; 
~ e m ~ ~ ~ - > ~ t e p s  (3 =tmpstepe; 
if(tmpetart-tmpend!=O.O&&tmpstepe!-O) 

{ 
gcvt ( (tmpend-tmpstart) /tmpetep~, 4, Buffer) ; 
SetDlgItemText(IDLGSS, Buffer); 
Calculate->EnableWindow(l); 

} 
else 

{ 
SetDlgItemText ( I D L G S S ,  "ERROR") ; 
calculate->EnableWindow(O); 
if (trnpeteps==O) errorol; 

1 
etrcpy (TempKQ- sLgParam, I1Pitch Gain Variation" ) ; 
TempKQ- >LgAct ive=3 ; 

1 

GetDlgItemText (ID-LTSTART, Buffer, eig) : 
tmpstart = atof (Buffer) ; 
GetDlgItemText(1D-LTEND, Buffer, Sig); 
trnpend = atof (Buffer) ; 

if(YGain->~et~heckO == BF-CHECKED) 

{ 
TempKQ- sStart ( 4  =tmpstart ; 
TempKQ- >End (4 1 =tmpend; 
if(tmpetart-tmpend!=O.O&&error!=l) 

I 
gcvt ( (tmpend-tmpstart) /tmpetep~, 4, ~ u f  fer) ; 
SetDlgItemText (ID-LTSS, Buf fer) ; 

1 
el ee 

{ 
SetDlgI temText ( ID-LTSS , "ERROR" ; 
Calculat e- >EnableWindow ( O ; 

1 
strcpy (TempKQ- zLt Param, "Y Gain Variation") ; 
TempKQ- >LtActive=4 ; 

TempKQ->Start (5) =tmpstart; 
TempKQ- >End ( 5 =tmpend; 
if(trnpetart-tmpenà!=O.O&&error!=l) 

( 
gcvt ( (tmpend-tmpstart) /tmpstepe, 4 ,Buffer) ; 
SetDlgItemText(1D-LTSS, ~uffer); 

1 



I 

SetDlgItemText(1D-LTSS, "ERROR"); 
Calculate-zEnableWindow(0); 

1 
strcpy(TempKQ-zLtParam,"Ro Gain variation"); 
TempKQ-zLtActive=S; 

1 
else if (N~ain- >~etCheck ( ) == BFcHECKED) 

{ 
TempKQ->Start (6) =tmpstart ; 
TempKQ- > E n d  ( 6 ) =tmpend; 
if(tmpetart-tmpend!=O.O&&error!=l) 

( 
gcvt((tmpend-tmpstart)/tmpstepe,4,~uffer); 
SetDlgItemText(1D-LTSS, Buffer); 

1 
else 

{ 
SetDlgItemText(1D-LTSS, "ERROR") ; 
Calculate->EnableWindow(O) ; 

1 
etrcpy (TempKQ- >LtParam, "Yaw Gain Variation") ; 
TempKQ- >LtActive=6 ; 

if (tmpetart>=O. 0 )  
TempKQ- xStart (7) =tmpstart ; 

if (tmpend>=O. 0) 
~empKQ->End(7)=tmpend; 

if(tmpstart-tmpend!=O.O&&error!=l) 

{ 
gcvt((tmpend-tmpstart)/tmpeteps,4,B~ffer); 
~etDlgItemText(1D-LTSS, Buffer); 

1 
else 

{ 
SetDlgItemText(1D-LTSS, "ERROR"); 
calculate->Enable~indow(O); 

1 
strcpy(TempKQ->LtParam,"Vert. Stab. Span Variation") ; 
TempKQ- zLtActive-7 ; 

1 
else if (Vert%-zGetCheck ( ) == BFCHECKED) 

{ 
TempKQ- zStart ( 8 )  =tmpstart ; 
TempKQ- >End (8 ) =tmpend; 
if(tmpstart-tmpend!=O.O&&error!=l) 

else 

{ 
SetDlgItemText (ID-LTSS, "ERROR" ) ; 
calculate-z~nableWindow(0); 

1 
strcpy (TempKQ->LtParam, ''Vert. Stab. Position Variation") ; 
TempKQ- >LtActive=8 ; 

1 
1 

void 
QueryVarStudyDialog::CmUpdate(UINT) 

{ 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
//Longitudinal Updatee 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
if (~~ain-~GetCheckO == BF-CHECKED) 
I 

gcvt(~ernp~~->start(l),sig,~uffed; 
set~1~1temText(ID-LGSTART, Buffer); 
gcvt(~empKQ->End(l),sig,Buffer); 
SetDlgItemText(1D-LGEND, Buffer); 
gcvt(~empKQ-sSteps(l),sig,Buffer); 
SetDlgItemText(IDNSTEPS, ~uffer); 
tmpsteps-TempKQ-pSteps(1); 
if (TempKQ- >Start (1) -TempKQ->End(l) ! = O .  O&&TempKQ->Steps (1) !=O) 
{ 

gcvt ( (TempKQ->End (1) -TempKQ->Stark (1) ) /TempK~- asteps (1),4, ~uffer) ; 
SetDlgItemText ( ID-LGSS, Buff er) : 
~alculate- >EnableWindow (1) : 

1 
else 

{ 
SetDlgItemText ( ID-LGSS, "ERROR" ) ; 
~alculate- >~nableWindow ( O  ) ; 
if (tmpstepe==O) error=l; 

1 
1 
else if  gain->Get~heck() == BF-CHECKED) 
( 

gcvt(TernpKQ-sStart(2),sig,Buffer); 
SetDlgItemText(1D-LGSTART, Buffer) ; 
gcvt(TempKQ-zEnd(2),sigIBuffer); 
SetDlgItemText(1D-LGEND, Buffer); 
gcvt (TempKQ-~Stepe (2) , eig,Buf fer) ; 
SetDlgItemText(1D-NSTEPS, Buffer); 
tmpsteps=TempKQ->Steps(2); 
if(TempKQ->Start(2)-TempKQ->End(2) !=O.O&&TempKQ-sStepe(2) !=O) 

gcvt ( (TempKQ-Snd(2) -TempKQ->Start(2J ) /TempK~->Steps (2) , 4  ,~uffer) ; 
SetDlgItemText(1D-LGSS, Buffer); 
~alculate- s~nablewindow (1) ; 

1 
elee 
{ 

SetDlgI temText (ID-LGSS , "ERROR" ) ; 
calculate-s~nableWindow(0); 
if(tmpstepe==O) error=l; 

gcvt(~empKQ->Start(3),eig,Buffer); 
SetDlgItemText(1D-LGSTART, Buffer); 
gcvt (~empK~->End (3) , h g ,  Buffer) ; 
SetDlg~ternText(ID-LGEND, Buffer): 
gcvt(~empK~->~teps(3),sig,Buffer); 
SetDlglternText(1D-NSTEPS, Buffer); 
tmpeteps=TempKQ-sStepe(3); 
if(TempKQ-sStart(3)-TempKQ-zEnd(3)!=0.0&&~emp~~-~eps(3 !=O) 
{ 

gcvt ( (TempK~- >End ( 3  )-TempKQ- Start (3) ) /Temp~~- X3teps ( 3 )  , 4 ,  Buffer) ; 
~et~lgItemText(1D-LGSS, Buffer); 
Calculate- sEnableWindow (1) ; 

1 



I 
Set DlgI temText ( IDLGSS , "ERROR" ) ; 
calculate-s~nableWindow(0); 
if (tmpsteps==O) error=l; 

} 
1 

//Lateral Updates 
/ / ****************************  
if (YGain->Getcheck ( ) == BF-CHECKED) 
{ 

gcvt (TempKQ- sStart ( 4 )  , eig,Buffer) ; 
SetDlgItemText(1D-LTSTART, ~uffer); 
gcvt (TempKQ- >End (4 ) , s i g ,  Buffer) ; 
SetDlgItemText (ID-LTEND, Buf fer) ; 
if (TempKQ->Start (4) -TempKQ->End(4) !=O. O&&error!=l) 
I 

gcvt ( (TempKQ->End ( 4 )  -TempKQ->Start (4) ) /tmpsteps, 4, ~uffer) ; 
SetDlgltemText(I~LTSS, Buffer); 

1 
elee 
I 

SetDlgItemText(Il3-LTSS, "ERROR") ; 
Calculate->EnableWindow(O); 

1 

gcvt (TempKQ- >Start ( 5 )  , d g ,  Buffer) ; 
SetDlgItemText(1D-LTSTART, Buffer); 
gcvt(TempK~->~nd(5),sigr~uffer); 
~etDlgItemText(1D-LTEND, ~uffer); 
if(TempKQ-sStart(5)-~emp~Q->End(5)!=O.O&&error!=l) 

{ 
g c ~ t ( ( ~ e m p ~ ~ - ~ ~ n d ( ~ ) - ~ e m p ~ ~ - ~ ~ t a r t ( 5 ) ) / t m ~ e t e ~ ~ , 4 v B u f f e r ) ;  
SetDlgItemText(1D-LTSS, Buffer); 

1 
else 
t 

Set~lgItemText(1D-LTSS, "ERROR"); 
Calculate->EnableWindow(OI; 

1 
} else if (NGain- >~et~heck( ) == BF-cHECKED) 
( 

gcvt (TempKQ->Start ( 6 )  ,eig, Buffer) ; 
SetDlgItemText(1D-LTSTART, Buffer); 
gcvt (TempKQ- >End (6) , sig,~uffer) ; 
SetDlgItemText (ID-LTEND, Buffer) ; 
if(TempKQ-sStart(6)-TempKQ->End(6) !=O.O&&error!=l) 
{ 

gcvt ( ( T ~ ~ ~ K Q -  >End (6 ) -TempKQ- *art ( 6 ) ) / tmpstep~ ,4, ~uffer ; 
SetDlgItemText(1D-LTSS, Buffer); 

1 
else 
{ 

~et~lgItemText(1D-LTSS, "ERROR"); 
calculate->~nableWindow(O); 

1 
} else if (vert~~an- >GetCheck ( ) == BFCKECKED) 

I 
gcvt (TempKQ- zStart (7) , eig, Buf fer) ; 
SetDlgItemText (ID-LTSTART, Buffer) ; 
gcvt (TempKQ- > ~ n d  (7) , eig, Buffer) ; 
~et~lgltemText(1D-LTEND, Buffer) ; 
if(TempKQ->~tart(7)-TempKQ->End(7) !=O.O&&error!=l) 



~etDig1temText (ID-LTSS, Buf fer) ; 
1 

gcvt (TempKQ->Start ( 8  , sig,Buffer) ; 
SetDlgItemText(1D-LTSTART, Buffer) ; 
gcvt (TempKQ- >End (8 , sig, Buf f er 1 ; 
SetDlgItemText(1D-LTEND, Buffer); 
if (TempKQ-Start ( 8 )  -TempKQ->End(8) !=O.O&&error!=l) 
t 

gcvt((TempKQ-~End(8)-TempKQ-~Start(8))/~steps,4,~uffer); 
SetDlgI temText (ID-LTSS, Buf fer) ; 

1 
else 
{ 

SetDlgItemText ( ID-LTSS, llERRORw) ; 

Calculate-sEnableWindow(0); 

1 
1 
Init = 1; 
CmCheckRange ( ) ; 

1 

/ / 
/ /  sets and gets the values of the items (controls) of the input dialog 
/ / 
void 
QueryVarStudyDialog::TransferData(TTran~erDixection direction) 

if (direction == tdSetData) 
{ 

1 
else if (direction == tdGetData) 
{ 

*KQRef = *TempKQ; 
KQRef - sSetAxraySize (TempKD- >N) ; 

1 
1 

/ / 
/ /  sets the values of the items(contro1s) of the input dialog 
/ / 
void 
QueryVarStudyDialog : : SetupWindow ( ) 
I 

TDialog : : SetupWindow ( ) ; 
~endDigItemMessage(1D-LGSTART, EM-LIMITTEXT, eig - 1, 0); 
~endDlgItemMessage(1D-LGEND, EM-LIMITTEXT, sig - 1, 0); 
~endDlgItemMessage(1D-LTSTART, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-LTEND, EM-LIMITTEXT, sig - 1, 0); 
~endDlgItemMesaage(ID~NSTEPS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeesage(IDDLGSS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-LTSS, EM-LIMITTEXT, eig - 1, 0); 

switch(KQRef-sLgActive) 
{ 

case 1: 
XGain-zSetCheck(BFCHECKED); 
break ; 



switchiKQRef->LtActive) 
I 

case 4: 

case 5: 
~Gain->set~heck(~F-~H~cKED) ; 
break ; 

case 6: 
~ ~ a i n -  Setcheck (BF-cHEcKED) ; 
break ; 

case 7 :  
~ert~pan- Setcheck (BF-CHECKED) ; 

break ; 
case 8 : 

VertX- Setcheck (BF-CHECKED) ; 
break ; 

} 
Init=l; 
Cmupdate (ID-XGAIN) ; 

StabilityDeriveDialog::StabilityDerivsDialog~TWindow* parent, 
KiteData* KD, 
module* module, 
TValidator* validator) 

TWindow(parent, etabilityderivetitle, module), 
TDialogcparent, IDD-STABILITYDERIVSDIALOG, module) 

( 

new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 
new TEdit 

1 

~et~aption(stabilityderivstit1e) ; 
if (validator) { 
new TEdit (this, ID-CXU) ->SetValidator (validator) ; 
new ~~dit(this,ID-CXALPHA)->SetValidator(validator) ; 
new TEdit (this, ID-CXQ) - >SetValidator (validator) ; 
new TEdit(this,ID-CZU)->SetValidator(validator); 
new TEdit(this,ID-CZALPHA)->SetValidator(validator) ; 
new TEdit (thie , ID-CZQ) - >SetValidator (validator) ; 
new ~~dit(this,ID-~~~~~~~~0T)->SetVa1idator(validator); 

(this, ID-CMU) ->SetValidator (validator) ; 
(this,ID-CMALPHA)->SetValidator(validator); 
( 

( 

( 

( 
( 

( 
( 

this,f~ICM~) ->~et~alidator(validator); 
this,I~-CMALPHADOT)->~etValidator(validator); 
this,l~-CYBETA)-sSetValidator(validator) ; 
this,ID-CYR)->SetValidator(validator) ; 
this, ID-CYP) - SetValidator (validator) ; 
t h i e , 1 ~ - ~ ~ ~ ~ ~ ~ ) - > S e t V a 1 i d a t o r ( ~ a l i d a t 0 r )  ; 
this, ID-CNR) ->Set~alidator (validator) ; 
this, ID-CNP) - >SetValidator (validator) ; 
this,1~-CLBETAI->SetValidator(validator); 
thie , ID-CLR) - sSetValidator(va1idator) ; 
this,ID-CLP) ->SetValidator(validator) ; 



/ / 
/ /  sets and gete the values of the items (controls) of the input dialog 
/ /  
void 
StabilityDerivsDialog::TransferData(TTransferDirection direction) 
I 

char BufferiZS] = ""; 

if (direction == tdSetData) { 
gcvt (TempKD->Cxu, sig-7, Buffer) ; 
SetDlgItemText(1D-CXU, ~uffer); 
gcvt(~empKD-s~xalpha,sig-7,Buffer); 
SetDlgItemText(1D-CXALPHA, Buffer); 
qcvt (TempKD->Cxqls, eig-7,Buffer) ; 
SetDlgItemText(1D-CXQ, Buffer); 
gcvt (TempKD->Czu, sig-7, Buffer) ; 
SetDlgItemText(1D-CZU, Buffer); 
gcvt (TempKD- >Czalpha, eig-7, Buffer ) ; 
~et~lg1temText(ID~CZ~~PHA, Buffer); 
gcvt (TempKD- sCzq, sig-7, Buffer) ; 
~etDlgItemText(1D-CZQ, ~uffer); 
gcvt (TempKD- sCzadot , eig- 7 ,  BuEfer) ; 
SetDlgItemText(1D-CZALPHADOT, Buffer); 
gcvt (TempKD->Cmu, sig-7, Buffer) ; 
~et~lgItemText (ID-CMU, Buffer) ; 
gcvt(TempKD->Cmalpha,sig-7,B~ffer); 
~ct~lgItemText(1D-CWGPHA, Buffer); 
gcvt (TempKD- >Cmq, sig-7, Buffer) ; 
SetDlgItemText(1D-CMQ, Buffer); 
gcvt (TempKD- >Cmadot, sig- 7 ,  Buffer) ; 
SetDlgItemText(I~CMALPIIADOT, Buffer) ; 
gcvt(Temp~~->~yb,sig-7,Buffer); 
SetDlgItemText(1D-CYBETA, Buffer); 
gcvt(TempKD-sCyr,sig-7,~uffer); 
SetDlgItemText(1D-CYR, Buffer); 
gcvt(TernpKD->Cyp,sig-7,Buffer); 
SetDlgItemText(IDCYP, Buffer); 
gcvt(Temp~D->CNb,eig-7,Buffer); 
SetDlgItemText(1D-CNBETA, ~uffer): 
gcvt(~ernpKD->~Nr,sig-7,Buffer); 
SetDlgItemText(1D-CNR, Buffer); 
gcvt(TempKD->CNp,sig-7,BuEfer); 
SetDlgItemText(1~-CNP, ~uffer); 
gcvt(TempKD-zCLb,sig-7,Buffer); 
SetDlgItemText(1D-CLBETA, Buffer); 
gcvt (TempKD- SLr, sig-7, Buffer) ; 
~et~lgItamText(1D-CLR, Buffer); 
gcvt (TempKD- >CLp , aig-7, Buffer) ; 
~etDlgItemText(1D-CLP, Buffer); 

1 
1 

/ /  sets the values of the itemsicontrols) of the input dialog 
/ / 
voi d 
StabilityDeriveDialog::Setupiiindow~) 

{ 
TDialog : : SetupWindow ( ) ; 
SendDlgItemMessage(ID~CXU, EM-LIMITTEXT, sig - 7, 0 ) ;  
SendDlgItemMessage(1D-CXALPHA, EM-LIMITTEXT, sig - 7 ,  0 ) ;  



~ c ~ ~ u u r y ~ c ~ i i u ~ i r o u ~ ~ y r  AU-LAU, L I ~ I - L L ~ L L  L I S A L ,  sig - 1 ,  u J ; 
SendDlgItemMessage(IDDCZALPIIA, EM-LIMITTEXT, sig - 7, 0); 
SendDlgItemMessage(1D-CZQ, EM-LIMITTEXT, si9 - 7, 0); 
SendDlgItemMessage(1D-CZALPEiADOT, EM-LIMITTEXT, sig - 7, 0 ) ;  
SendDlgItemMessage(ID_CMU, EM-LIMITTEXT, sig - 7, 0); 
SendDlgItemMessage(IDDCMALPHA, EM-LIMITTEXT, sig - 7, 0); 
SendDlgItemMessage(1D-CMQ, EM-LIMITTEXT, sig - 7, 0); 
SendDlgItemMessage(IDDCMALPHADOT, EM-LIMITTEXT, sig - 7 ,  0); 
SendDlgItemMessage(1D-CYBETA, EM-LIMITTEXT, sig - 7, 0); 
SendDlgItemMeseage(1D-CYR, EM-LIMITTEXT, sig - 7, 0); 
SendDlgItemMessage(ID_CYP, EM-LIMITTEXT, sig - 7, 0); 
SendDlgItemMeesage(1D-CNBETA, EM-LIMITTEXT, sig - 7, 0); 
SendDlgItemMessage(IDD~, EM-LIMITTEXT, sig - 7 ,  0); 
SendDlgItemMessage(1D-CNP, EM-LIMITTEXT, sig - 7, 0 ) ;  
SendDlgItemMessage(IDDCLBETA, EM-LIMITTEXT, eig - 7, 0); 
SendDlgItemMessage(1D-CLR, EM-LIMITTEXT, sig - 7, 0 ) ;  
SendDlgItemMessage(1D-CLP, EM-LIMXTTEXT, sig - 7, 0); 

1 

/ / ****************************************************************  
DEFINE-RESPONSE-TABLEl(RLScaleDialog, TDialog) 
EV-COMMAND ( ID-YMAXLGSET, CmUpdateTxt ) , 
EV-COMMAND ( ID-XMAXLGSET, CmUpdat eTxt ) , 
EV-COMMAND(1D-XMINLGSET, CmUpdateTxt), 
EV-COMMAND(1D-YMAXLTSET, CmUpdateTxt), 
EV-COMMAND(1D-XMAXLTSET, MpdateTxt), 
EV-COMMAND(1D-XMINLTSET, CmUpdateTxt) , 

END_RESPONSE-TABLE; 

RLSca~eDia~og::RLScaleDialog(TWindow* parent, 
Scale* LGScale, 
Scale* LTScale, 
module* module, 
TValidator* validator) 

TWindow(parent, RLScaletitle, module), 
TDialog(parent, IDD-RLSDIALOG, module) 

{ 
LG = LGScale; 
LT = LTScale; 
SetCaption(RLScaletit1e) ; 

ymaxlgSet = new TCheckBox(this, ID-YMAXLGSET); 
xmaxlgSet = new TCheckBox(thi8, ID-XMAXLGSET); 
xminlgset = new TCheckBox(thi8, ID-XMINLGSET); 
ymaxltset = new TCheckBox(this, ID-YMAXLTSET); 
xmaxltset = new TCheckBox(thi8, ID-XMAXLTSET); 
xminltset = new TCheckBox(this, ID-XMINLTSET); 
ymaxlg = new TEdit (this , ID-YMAXLG) ; 
ymaxlg-sSetValidator(va1idator) ; 
xmaxlg = new TEdi t (this , ID-XMAXLG) ; 
xmaxlg->SetValidator(validator) ; 
xminlg = new TEdit (this, ID-XMINLG) ; 
xminlg-sSetValidator(va1idator) ; 
ymaxlt = new TEdit(this,ID-YMAXLT); 
ymaxlt-zSetValidator(va1idator) ; 
xmaxlt = new TEdit(thia,ID-XMAXLT); 
xmaxlt-sSetValidator(va1idator) ; 
xminlt = new TEdit(this,ID-XMINLT); 
xminlt->SetValidator(validator) ; 
ymaxlgtxt = new ~Static(thi8,ID-YMAXLGTXT) ; 
xmaxlgtxt = new TStatic(thi6,ID-XMAXLGTXT) ; 
xminlgtxt = new TStatic(thi8,ID-XMINLGTXT) ; 
ymaxlttxt = new TStatic(this, ID-YMAXLTTXT) ; 
xmaxlttxt = new TStatic(thi8,ID-XMAXLTTXT) ; 
xminlttxt = new TStatic(khi6,ID-XMINLTTXT) ; 



RLScaleDia1og::-R~~caleDialog() 

{ 
delete ymaxlgset; 
deleto xmaxlgset; 
delete xminlgset; 
delete ymaxltset ; 

delete xmaxlgtxt; 
delcte xminlgtxt ; 
delete ymaxlttxt; 
delete xmaxlttxt; 
delete xminlttxt; 

1 

delete 
delete 
delete 
delete 
delete 
delete 
delete 
delete 
delete 

xmaxltset 
xminltset 
ymaxlg ; 
xmaxlg ; 
xminlg ; 
ymaxl t ; 
xmaxl t ; 
xminlt ; 
ymaxlgtxt 

voi d 
RLScaieDialog::CmUpdateTxt() 

if (xmaxlgset- >GetCheck ( ) == BF-CHECKED) 

( 
xmaxlg-zEnableWindow(1); 
xmaxlgtxt- >EnableWindow (1) ; 

1 
else 



1 
xmaxlt - >~nableWindow ( 1 ) ; 

xmaxlttxt - >EnableWindow ( 1) ; 
1 
else 
I 

xmaxlt - >EnableWindow ( O ) ; 
maxlttxt->EnableWindow ( O )  ; 

1 
if (xminlt~et-s~etCheck ( ) == BF-CHI~CKED) 
{ 

/ / 
/ /  sets and gete the valuee of the items (controls) of the input dialog 
/ / 
voi d 
RLScaleDialog::TraneferData(ïTraneferDirection direction) 
{ 

char Buffer[25] = ""; 

double tempdbl ; 
if (direction == tdSetData) ( 

if (LG- >YMaxSet) 
ymaxlgset->SetCheck(BF-CHECKED); 

if (LG-sXMaxSet ) 
xmaxlgset- >Setcheck (BF-CHECKED) ; 

if (LG-sXMinSet) 
xminlgset->SetCheck(BF-CHECKED); 

if (LT- >YMaxSet) 
ymaxltset->SetCheck(BF-CHECKED); 

if (LT- sXMaxSet) 
xmaxltset - >Setcheck (BF-CHECKED) ; 

if (LT- >XMinSet) 
xminlt~et - Setcheck (BF-cHEcKED) ; 

gcvt(LG->YMax,sig,Buffer); 
Set~lgItemText (ID-YMAXLG, Buf fer) ; 
gcvt(LG->XMax,sig,Buffer); 
SetDlgItemText(1D-XMAXLG, Buffer); 
gcvt (LG- sXMin, eig, Buffer) ; 
SetDlgItemText(1D-XMINLG, BufferJ; 
gcvt (LT->YMax,sig,Buffer) ; 

Set~lgItemText (ID-YMAXLT, Buffer) ; 
gcvt(LT->XMax,sig,Buffer); 
SetDlgItemText(1D-XMAXLT, Buffer); 
gcvt (LT- >XMin, sig, Buf fer) ; 
SetDlgItemText(1D-XMINLT, Buffer); 

1 
élee if (direction == tdGetData) { 

GetDigI temText ( ID-YMAXLG, Buf f er, sig) ; 
tempdbl = atof (Buffer) ; 
if (tempdbls0.0) LG- >YMax=tempdbl; 
~etDlg1 temText ( ID-XMAXLG, Buf fer, sig) ; 
tempdbl = atof (Buffer) ; 
if (tempdbl>O. 0) LG->XMax=tempdbl; 
GetDlg~temText (ID-XMINLG, Buf fer, sig) ; 
tempdbl = atof (Buffer) ; 
if {tempdbl<O. 0) LG->XMin=tempdbl; 



- -... =-- ---- \-----.. , , 
if(tempdbl>O.o) LT->YMax=tempdbl; 
GetDlgIternText(1D-XMAXLT, Buffer, eig); 
tempdbl = atof(Buffer1 ; 
if(tempdbl>o.O) LT->XMax=tempdbl; 
GetDlgItemText(1D-XMINLT, Buffer, sig); 
tempdbl = atof (Buffer) ; 
if (tempdbl<O. 0) LT- >XMin=tempdbl; 
if(ymaxlg~et->~et~heck()==BF~~HE~KED&&~~->YMax>~.~) 

LG->YMaxSet=true; 
else 

LG->YMaxSet=false; 
if(xmaxlgSet-~GetCheck~)==BFifo==BFcHEcKED&&LG-CHECE5D&&LG-~XMax~O.O~ 

LG-sXMaxSet=true; 
else 

LG->XMaxSet=false; 
if(xminlgSet->GetChe~k()==BF~C~CKED&&LG-~XMincO.Q) 

LG- rXMinSet=true; 
else 

LG->XMinSet=false; 
if(ymaxltSet->GetCheckO==BFFCHECKED&&LT->YMax>O.O) 

LT->YMaxSet=tnie; 
elee 

LT-sYMaxSet=false; 
if(xmaxltSet->Get~heck()==BF~CHECKED&&LT->Wax>O.O) 

LT->XMaxSet=true; 
el ee 

LT->XMaxSet=false; 
if(xminltSet-~GetCheck~)==BFifo==BFcHEcKED&&LT-CHECKED&&LT-~XMincO.O) 

LT->XMinSet=true; 
else 

LT->XMinSet=false; 

/ / 
/ /  sete the values of the iteme(contro1s) of the input dialog 
/ / 
void 
RLScaleDialog::SetupWindow() 

{ 
TDialog : : SetupWindow ( ) ; 
SendDlgItemMessage(1D-YMAXLG, EM-LIMITTEXT, s i g  - 1, 0); 
SendDlgItemMessage(1D-XMAXLG, EM-LIMITTEXT, sig - 1, O); 
SendDlgItemMessage(1D-XMINLG, EM-LIMITTEXT, eig - 1, 0); 
SendDlgItemMessage(1D-YMAXLT, EM-LIMITTEXT, sig - 1, 0): 
SendDlgItemMessage(1D-XMAXLT, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-XMINLT, EM-LIMITTEXT, eig - 1, 0); 
CmUpdateTxt ( )  ; 

1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DEFINE-RESPONSE-TABLEl(TimeStepDialog, TDialog) 

EV-EN-CHANGE(ID_TIMESTEP,C~U~~~~~TX~), 
EV-EN-CHANGE(1D-TOTALTIME,CmUpdateTxt) , 
EV-COMMAND(1D-XTSSET, CmUpdateTxt) , 
EV-COMMAND ( ID-ZTSSET , CmUpdat eTxt ) , 
EV-COMMAND(IDMTSSET, CmUpdateTxt) , 
EV-COMMAND(ID-YTSSET, CmUpdateTxt) , 
EV-COMMAND(1D-LTSSET, CmUpdateTxt) , 
EV-COMMAND(ID_NTSSET, CmUpdateTxt) , 

END-RESPONSE-TABLE; 

TimeStepDialog::TirneStepDia10g(TWindow* parent, 
KiteData* KD, 
module* module, 



TWindow(parent, Timesteptitle, module), 
TDialog(parent, IDD-TIMESTEPDIALOG, module) 

{ 
TempKD = KD; 
~et~aption(TimeSteptit1e); 

xteset = new TCheckBox(this, ID-XTSSET); 
zteSet = new TCheckBox(this, ID-ZTSSET); 
mtsSet = new TCheckBox(this, ID-MTSSET); 
ytsSet = new ~check~ox(this, ID-YTSSET); 
ltsSet = new T~heck~ox(thie, IDLTSSET); 
nteSet = new TCheckBox(this, ID-NTSSET); 
timestep = new TEdit(this,ID-TIMESTEP); 
timestep->SetValidator(validator); 
totaltirne = new  d dit (this, ID-TOTALTIME) ; 
totaltirne->~etValidator(validator) ; 
xts = new TEdit (this, ID-XTS) ; 
xte->SetValidator(validator); 
zts = new TEdit (this, ID-ZTS) ; 
zts->SetValidator(validator); 
mts = new TEdit ( this , IDMTS ; 
mts-sSet~alidator(va1idator); 
xtsdur = new TEdit(thi6,ID-XTSDUR); 
xtsdur-s~etValidator(validator); 
ztsdur = new TEdit (this, ID-ZTSDüR) ; 
ztsdur->~etValidator(validator); 
mtsdur = new TEdi t ( this , IDMTSDUR) ; 
mtedur->~etValidator(validator); 
xtstxtl = new TStatic(this,ID-XTSTXTl); 
ztstxtl = new ~~tatic(this,ID-ZTSTXT1); 
mtstxtl = new TStatic(this,IDMTSTXTl) ; 
xtstxt2 = new TStatic(this,ID-XTSTXT2); 
ztstxt2 = new TStatic(this,ID-ZTSTXT2) ; 
mtetxt2 = new TStatic(this,ID_MTSTXT2); 
xtstxt3 = new TStatic(this,ID-XTSTXT3) ; 
ztstxt3 = new TStatic(this,ID-ZTSTXT3); 
mtstxt3 = new TStatic(this,IDMTSTXT3); 
xtstxtr? = new ~Static(thie,ID-XTSTXT4); 
ztetxt4 = new T~tatic(this,ID_ZTSTXT4); 
mtstxt4 = new TStatic (this, ID-MTSTXT4) ; 
yts = new TEdit(this,ID-YTS); 
yts- >Setvalidator (validator) ; 
lts = new TEdit(this,ID-LTS); 
lts->SetValidator(validator); 
nte = new TEdit(this,ID-NTS); 
nts->Setvalidator(validator); 
ytsdur = new TEdit (thie, ID-YTSDUR) ; 
ytsdur->SetValidator(validator); 
ltsdur = new TEdit (this, ID-LTSDUR) ; 
ltsdur- ~Setvalidator (validator) ; 
ntsdur = new TEdit (this, ID-NTSDUR); 
ntsdur->~etValidator(validator); 
ytstxtl = new TStatic(thi6,ID-YTSTXTI); 
ltstxtl = new T~tatic(this,ID_LTSTXTl); 
ntstxtl = new TStatic(thie,ID-NTSTXT1); 
ytstxt2 = new TStatic(this,ID-YTSTXT2); 
ltstxt2 = new T~tatic(this,ID_LTSTXT2); 
ntstxt2 = new ~static(thie,I~-NTsTXT2); 
ytstxt3 = new T~tatic(this,ID-YTSTXT3); 
ltstxt3 = new TStatic(thi6, ID-LTSTXT3) ; 
ntstxt3 = n e w  ~~tatic(this,ID_NTSTXT3); 
ytstxt4 = new T~tatic(this,ID_YTSTXT4); 
ltstxt4 = new TStatic(thie,ID_LTSTXT4); 
ntstxt4 = new TStatic(this,ID_NTSTXT4); 



TimeStepDiaiog::-~imeStepDialog0 

( 
delete xtsset; 
delete zteset; 
delete mtsSet ; 
delete ytsSet; 
delete ItsSet; 
delete ntsset; 
delete timestep; 
delete totaltirne; 
delete xte; 
delete zts; 
delete mte; 
delete xtsdur; 
delete ztsdur; 
delete mtsdur; 
delete xtstxtl; 
delete ztstxtl; 
delete mtstxtl; 
delete xtstxt2; 
delete ztstxt2; 
delete mtstxt2; 
delete xtstxt3; 
delete ztstxt3; 
delete mtstxt3; 
delete xtstxt4; 
delete ztstxt4; 
delete mtstxt4; 

, 

delete ntetxt2; 
delete ytstxt3; 
delete ltstxt3; 
delete ntstxt3; 
delete ytstxt4; 
delete ltstxt4 ; 
delete ntstxt4; 
delete Calculate; 

1 

delete 
delete 
delete 
delete 
delete 
delete 
delete 
delete 
delete 
delete 
delete 

yta; 
lts; 
nts; 
ytsdur ; 
ltadur; 
ntsdur; 
ytatxtl 
ltstxtl 
ntstxtl 
ytstxt2 
ltstxta 

void 
TirneStepDia1og::CmUpdateT~to 

I 
double tmpte,tmptime; 
char BufferI251 = ""; 

GetDlgItemText(1D-TIMESTEP, Buffer, sig); 
tmpts = atof (Bufier) ; 
GetDlgItemText(1D-TOTALTIME, Buffer, sig) ; 
tmptime = atof(Buffer); 



if (xtsset->GetCheck() == BF-CHECKED && tmpts.>O.O && tmptime>0.0) 

( 
xts-zEnableWindow(1); 
xtsdur- >EnableWindow (I); 
xtstxtl-sEnableWindow(l1; 
xtstxt2->EnableWindow(l); 
xtetxt3->EnableWindow(l); 
xtetxt4->EnableWindow(l) ; 

1 
elee 

xts->EnableWindow(O); 
xt edur- SnableWindow ( 0 ) ; 
xtstxtl- >~nableWindow (O ) ; 
xtetxt2-zEnablewindow0; 
xtetxt3->EnableWindow(O); 
xtatxt4->~nableWindow(O); 

el ee 

I 
zts- >EnableWindow (0) ; 
ztsdur->EnableWindow(0); 
ztstxtl->EnableWindow(O); 
ztstxt2->EnableWindow(O); 
ztstxt3->EnableWindow(O); 
ztstxt4->EnableWindow(O); 

1 
if (mteSet->GetCheck(} == BF-CHECKED && tmptsi0.0 && tmptime>O -0) 

{ 
rnts->EnableWindow(i); 
mtsdur- >EnableWindow ( 1 ) ; 
mt~txtl- sEnableWindow ( 1) ; 
rntstxt2-sEnableWindow(1); 
mtstxt3->~nableWindow(l) ; 
rntstxt4->Enable~indow(l) ; 

} 
elee 

mte->EnableWindow(O); 
mtsdur->EnableWindow(O) ; 
mtstxtl-zEnableWindow (O) ; 
mtstxt2->EnableWindow(O); 
mtstxt3->EnableWindow(O) ; 
mtstxt4- >EnableWindow (O ) ; 



yts->~nableWindow(O); 
ytedur->EnableWindow(O); 
ytetxtl- >EnableWindow (O) ; 
ytetxt2-sEnableWindow(0); 
yt~txt3->EnableWindow(O) ; 
ytstxt4->EnableWindow(O); 

1 
if (ItsSet-iGetCheck0 == BF-CHECKED && tmptsiO.O && tmptime>O.O) 

{ 

/ / 
/ /  sets and gets the values of the items Icontrols) of the input dialog 
/ / 
void 
TimeStepDia~og::Tran8ferData(7Tran~ferDirecio direction) 

{ 
char Buffer[ZS]  = ""; 
double tempdbl; 
if (direction == tdSetData) { 

if(TempKD->XTSSet) 
xteSet->SetCheck(BF'-CHECKED); 

if(TempKD-sZTSSet) 
~ ~ ~ S ~ ~ - > S ~ ~ C ~ ~ C ~ ( B F ~ C H E C K E D ) ;  

if (TempKD- >MTSSet ) 
mteset- >Setcheck (BFmteçet->setcheCko;CHECKED) ; 

if(TempKD->YTSSet) 
ytsset->Setcheck (BFytoçet->setcheCko;CKECKED) ; 

if (TempKiJ-iLTSSet ) 
ltsset- >Setcheck (BF-CHECKED) ; 



I I I . E > ~ ~ L -  2 a c b b l l ~ G A  \DI_LIIL5LUY 1 ; 

gcvt(TempKD-sTimeStep,sig,Buffer) ; 
SetDlgItemText(1D-TIMESTEP, Buffer); 
gcvt(~empKD->TotaiTirne,sig,Buffer); 
SetDlgItemText(1D-TOTALTIME, Buffer); 
gcvt(TempKD->XTS,sig,Buffer); 
SetDlgItemText(1D-XTS, Buffer) ; 
gcvt(TempKD->ZTS,eig,Buffer); 
SetDlgItemText(1D-ZTS, Buffer) ; 
gcvt(~empKD->MTS,sig,Buffer); 
SetDlgItemText(1D-MTS, Buffer); 
gcvt(~empKD->XT~Dur,sig,Buffer); 
SetDlgItemText(1D-XTSDUR, Buffer) ; 
gcvt(TempKD->~~~Dur,sig,Buffer); 
SetDlgItemText(XD-ZTSDUR, Buffer) ; 
gcvt (TempKD- sMTSDur , sig , Buffer) ; 
Set~lg~ternText(ID-MTSDUR, ~uffer) ; 
gcvt (TempKD- >YTS, eig, Buffer) ; 
SetDlgItemText(1D-YTS, Buffer); 
gcvt(TempKD->LTS,sig,Buffer); 
SetDlgItemText(1D-LTS, Buffer}; 
gcvt(TempKD->NTS,eig,Buffer); 
SetDlgItemText(1D-NTç, Buffer); 
gcvt(TempKD-sYTSDur,sig,Buffer); 
SetDlgItemText(1-YTSDUR, Buffer); 
gcvt(~empKD-rLT~Dur,sig,Buffer); 
SetDlg1temText(ID_LTSDUR, ~uffer) ; 
gcvt (TempKD- sNTSlhr, aig, Buf f er) ; 
SetDigItemText(1D-NTSDUR, ~uffer); 

1 
else if (direction == tdGetData) { 

Get~l~1temText(ID-T1MESTEe, Buffer, sig); 
tempdbl = atof (Buffer) ; 
if(tempdbl>O.O) TempKD->TimeStep=tempdbl; 
Get~l~1temText(1D-T0TALTIME, Buffer, sig) ; 
tempdbl = atof (Buffer) ; 
if(tempdbls0.0) TempKD->TotalTirne=tempdbl; 
GetDlgItemText(1D-XTS, Buffer, Sig); 
tempdbl = atof(Buffer1; 
TempKD->XTS=tempdbl; 
GetDlgItemText(1D-ZTS, Buffer, sig); 
tempdbl = atof(Buffer1; 
TempKD->ZTS=tempdbl; 
GetDlgItemText(1D-MTS, Buffer, sig); 
tempdbl = atof(Buffer); 
TempKD- >MTS= tempdbl ; 
GetDlgItemText(1D-XTSDUR, Buffer, sig); 
tempdbl = atof(Buffer); 
if(tempdbl>O.O) ~empKD-sXTSDur=tempdbl; 
GetDlgItemText(1D-ZTSDUR, Buffer, sig); 
tempdbl = atof(Buffer); 
if(ternpdbl>O.O) TempKD->ZTSDur=tempdbl; 
GetDlg~temText(ID-MTSDUR, Buffer, sig); 
tempdbl = atof (Buffer) ; 
if(ternpdbl>O.O) TempKD->MTSDur=tempdbl; 
GetDlgItemText(1D-YTS, Buffer, Sig); 
tempdbl = atof(Buffer); 
TempKD->YTS=tempdbl; 
GetDlgItemText(1D-LTS, Buffer, sig); 
tempdbl = atof(Buffer); 
TempKD->LTS=tempdbi; 
GetDlgItemText(1D-NTS, Buffer, sig); 
tempdbl = atof (Buffer) ; 
TempKn->NTS=tempdbi; 
GetDlgItemText(ID-YTSDüR, Buffer, sig); 
tempdbl = atof (Buf fer) ; 



GetDlgItemText(1D-LTSDUR, Buffer, sig); 
tempdbl = atof (Buf fer) ; 
if(tempdbl>O.O) TempKD->LTSDur=tempdbl; 
Get~lgItemText(1D-NTSDUR, Buffer, eig); 
tempdbl = atof (Buf fer) ; 
if(ternpdbl>O.O) TempKD->NTSDur=tempdbl; 

i f ( x t e ~ e t - > ~ e t c h e c k ( ) = = B F - C H E c i C ~ D & & T e m p K r > 0 . 0 )  
TempKD->XTSSet=true; 

else 
TempKD->XTSSet=false; 

if(zteSet-rGet~heck()==BF~~H~~~~D&&TempKD->ZTSDur>O,0) 
TempKD->ZTSSet=true; 

else 
TempKD->ZTSSet=false; 

i f ( m t e ~ e t - > ~ e t ~ h e c k ( ) = = ~ ~ ~ ~ ~ ~ c ~ ~ D & & ~ e r n p ~ - > ~ ~ ~ ~ u r > ~ , O )  
TempKD- >MTSSet=true; 

else 
TempKD->MTSSet=false; 

if (ytsSet->GetCheck ( ) ==BF-CHECKED&&TempKDr>O . O )  

TempKD- >YTSSet=true; 
el se 

TempKD->YTSSet=false; 
i f ( l t s ~ e t - > ~ e t ~ h e c k ( ) = = B ~ ~ ~ ~ ~ ~ ~ ~ ~ & & ~ e r n p ~ ~ ~ ~ u r > ~ . O )  

TempKD- >LTSSet=true; 
el se 

TempKD->LTSSet=false; 
i f ( n t e ~ e t - > ~ e t ~ h e c k ( ) = = B ~ ~ ~ ~ ~ ~ ~ ~ ~ & & ~ e r n p ~ S ~ u r > ~ . ~ )  

TempKD->NTSSet=true; 
else 

/ / 
/ /  sets the values of the items(contro1s) of the input dialog 
/ / 
void 
TimeStepDialog::SetupWindowO 

{ 
TDia1og::SetupWindowO; 
SendDlgItemMeesage(1D-TIMESTEP, EM-LIMITTEXT, sig - 1, 0 ) ;  
SendDlgItemMessage(1D-TOTALTIME, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-XTS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-ZTS, EM-LIMITTEXT, sig - 1, 0 ) ;  
SendDlgItemMessage(1D-MTS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-XTSDUR, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(IDDZTSDUR, EM-LIMITTEXT, sig - 1, 01; 
SendDlgItemMessage(1D-MTSDUR, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-YTS, EM-LIMITTEXT, sig - 1, 0 ) ;  
SendDlgItemMessage(IDLTS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeseage(1D-N'ïS, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-YTSDUR, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-LTSDUR, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMessage(1D-NTSDUR, EM-LIMITTEXT, sig - 1, 0); 
CmUpdateTxt ( ) ; 

) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DEFINE-RESPONSE-TABLEl(TSScafeDialog, TDiaiog) 
EV-COMMAND ( ID-YMAXLGSET , CmUpdateTxt ) , 
EV-COMMAND(1D-YMINLGSET, CmUpdateTxt) , 
EV-COMMAND(ID-YMAXLTSET, CrnUpdateTxt) , 
EV-COMMAND ( ID-YMINLTSET, CmUpdateTxt ) , 

END-RESPONSE-TABLE; 
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Scale* LTScale, 
module* module, 
TValidator* validator) 

TWindow (parent, TSScalet itle, module) , 
TDialog(parent, IDD-TSSDIALOG, module) 

LG = LGScale; 
LT = LTScale; 
SetCaption(TSScaletit1e); 

ymaxlgset = new TCheckBox(thi6, ID-YMAXLGSET) ; 
yminlgset = new TCheckBox (thie , ID-YMINLGSET) ; 
ymaxltset = new TCheckBox(thie, ID-YMAXLTSET); 
yminltset = new T~heck~ox(thi6, ID-YMIN'LTsET) ; 
ymaxlg = new TEdit (this, ID-YMAXL.3) ; 
ymaxlg->Set~alidator(validator); 
yminlg = new TEdit (this, ID-YMINLG) ; 
yminlg- rsetvalidator (validatorl ; 
ymaxlt = new TEdit(thie,ID-YMAXLT); 
ymaxlt-sSet~alidator(va1idator); 
yminlt = new TEdit(thi6,ID-YMINLT); 
yrninlt-sSetValidator(va1idator); 
ymaxlgtxt = new TStatic(this,ID-YMAXLGTXT); 
yminlgtxt = new TStatic(thie,ID-YMINLGTXT) ; 
ymaxlttxt = new TStatic(this,ID-YMAXLTTXT) ; 
yminlttxt = new ~static(thio,1D-YMINLTTXT); 

TSScaleDialog : : -TSScaleDialog ( ) 

{ 
delete 
delete 
delete 
delete 
delete 
delete 
delete 
delete 
delete 
delete 
delete 

ymaxlgset ; 
yminlgset ; 
ymaxltset ; 
yminltset: ; 
ymaxlg ; 
yminlg ; 
ymaxlt ; 
yminlt ; 
ymaxlgtxt ; 
yminlgtxt ; 
ymaxlttxt ; 

delete yminlttxt; 

1 

void 
TSScaleDialog : : CrnUpdateTxt ( ) 

{ 

ymaxlg- ~Enablewindow ( 1) ; 
ymaxlgtxt - >~nable~indow ( 1) ; 

1 
else 
( 

ymaxlg->~nableWindow(O); 
yrnaxlgtxt->EnableWindow(O); 

1 
if (yminlgset-z~etCheck() == BF-CHECKED) 

( 
yminlg- ~EnableWindow (1 ; 
yminlgtxt->~nable~indow(l); 

1 
else 

( 
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1 
if (ymaxltset->GetCheck() == BF-CHECKED) 
I 

ymaxlt - >EnableWindow ( 11 ; 
ymaxlttxt- >EnableWindow (1) ; 

1 
elee 
I 

yrnaxl t - sEnableWindow ( O ) ; 
ymaxlttxt->EnableWindow (01 ; 

1 
if (yminltset->GetCheck() == BFCHECKED) 
{ 

yminlt - >EnableWindow (1 ) ; 
yminlttxt - >EnableWindow (1 1 ; 

1 
else 
I 

yminl t: - sEnableWindow ( 0 ) ; 
yminlttxt - >EnableWindow ( O ) ; 

) 
1 

/ / 
/ /  sets and gets the values of the items (controls) of the input dialog 
/ / 
void 
T~~cale~ialog::Tran~ferData(ï"ïransferDirecion direction) 
{ 

char Buffer1253 = ""; 
double tempdbl; 
if (direction == tdSetData) ( 

if (LG->XMaxSet) 
ymaxlgset->s~~C~~C~(BF-CHECKED); 

if (LG- >XMinSet) 
yminlgset->SetCheck(BF-cHEcKlS~); 

if(LT->XMaxSet) 
ymaxlt~et->~etCheck(B~-CHECKED); 

if (LT- > X M i n S e t )  
yminltset->SetCheck(BF-CHECKED); 

gcvt(LG->XMax,sig,Buffer) ; 
~et~lgItem~ext(1D-YMAXLG, Buffer); 
gcvt(LG->XMin,sig,Buffer) ; 
SetDlgI temText ( ID-YMINLG, Buf f er) ; 
gcvt(LT-sXMax,sig,Buffer); 
SetDlgItemText(1D-YMAXLT, Buffer); 
gcvt (LT- >Win, sig, Buf fer) ; 
SetDlgItemText (ID-YMINLS, Buf fer) ; 

else if (direction == tdGetData) { 
GetDlgItemText(1D-YMAXLG, Buffer, sig); 
tempdbl = atof ( B u f  fer) ; 
if(ternpdbl>0.0) LG->XMax=tempdbl; 
G ~ ~ D ~ ~ I ~ ~ ~ T ~ ~ ~ ( I D - Y M I N L G ,  Buffer, sig); 
tempdbl = atof (Buf fer) ; 
if (tempdblc0.0) LG- >XMin=ternpdbl; 
GetDlgItemText (ID-YMAXLT, Buffer, sig) ; 
tempdbl = atof(Buffer); 
if (ternpdbl>O.O) LT->~~ax=tempdbl; 
GetDlgItemText(ID-YMINLT, Buffer, sig); 
tempdbl = atof ( B u f  fer) ; 
if[ternpdblcO.O) LT->XMin=tempdbl; 
i f ( y m a x l g ~ e t - > ~ e t ~ h e c k ( ) = = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ & & L ~ - ~ ~ a ~ ~ O . O )  

LG- >XMaxSet=true: 



~b->nmaxsec=ra~se; 
if(yminlg~et-~~et~he~k()==BF~CHGCKED&&LG-~XMin~O.O) 

LG->XMinSet=true; 
else 

LG->XMinSet=false; 
if(ymaxlt~et-~GetCheck()==BFifo==BFCHECKED&&LT-CHECK~~&&LT-~~ax~O.O) 

LT->XMaxSet=true; 
else 

LT-sXMaxSet=false; 
if(yrninlt~et->~et~heck()==B~-~HE~K~~&&LT->XMinc~.~) 

LT- >XMinSet=true; 
else 

LT->XMinSet=false; 

/ / 
// sets the values of the items(contro1s) of the input dialog 
/ / 
void 
TSScaleDialog::SetupWindow~) 

I 
TDialog : : SetupWindow ( ) ; 
~end~lgIternMeeeage(1D-YMAXLG, EM-LIMITTEXT, sig - 1, 0 )  ; 
SendDlgItemMeseage(IDDYMINLG, EM-LIMITTEXT, eig - 1, 0); 
SendDlgIternMessage(IDDYMAXLT, EM-LIMITTEXT, sig - 1, 0); 
SendDlgItemMeeeage(IDDYMINLT, EM-LIMITTEXT, sig - 1, 0 ) ;  
CmUpdateTxt ( ) ; 

1 



ginclude cowl/ecroller.hz 
ginclude cowl/opensave.h> 
lrinclude cowl/printer.h> 
#include <claselib/arrays.h> 
Sinclude cowl/checkbox.h> 
#indude <math.h> 
ninclude <string.h> 
#indude <fstream.h> 
3include "a1titdef.h" 
tinclude 'Isuprkite. hl' 

/ /  TWindowPrintout 

class TWindowPrintout : public TPrintout { 
public : 

TWindowPrintout(const char* title, TWindow* window); 

void GetDiai.ogInfo(int& minpage, int& rnaxPage, 
int& selFromPage, int& selToPage); 

void PrintPageIint page, TRect& rect, unsigned flags); 
void SetBanding(BO0L b) {~anding = b;) 
BOOL HasPage(int pageNumber) {return pageNuder == 1;) 

protected: 
TWindow* Window; 
BOOL Scale ; 

} ; 

/ / - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
//TStateWindow 
class TStateWindow : public TWindow { 
public : 

TStateWindow (TWindow* parent = 0 ) ; 
-TStateWindow ( ) ; 
void Paint(TDC&, BOOL, TRectSt); 
int PixelWidth; 
int PixelHeight ; 

protected: 
KiteData* KData; 
AltitudeData* AData; 
ControlGain* Control; 
KiteQuery* KQuery; 
Scale* LgScale ; 
Scale* LtScale; 
Scale* TSLgScale; 
Scalet TSLtScale; 
TOpenSaveDialog::TData* KiteFile; 
TOpenSaveDialog::TDatat AltitudeFile; 
bool IsDirty,IsNewFile,IsWindFile,IsTStateValid,IsSRootValid,ShowProf; 
bool HighSpeedTS,CheckEigVect,Sh~~R~~ts,XsRLocusValid,RootLocusOut; 
bool MatlabOut,Proceed,TimeStepO~t,IsTimeStepVa1id,Sh0~imeStep; 
double AltAcc,origMag; 
void AdjustScroller ( ) ; 

/ /  Override member function of TWindow 
bool CanClose ( ) ; 

/ /  Message response functions 
void EvSize(U1NT sizeType, TSize&) ; 
void RLDataOut ( )  ; 



v u ~ u  ciiir s l r u p e r i  \ 1 ; 

void CmFileSave ( ) ; 
void CmFileSaveAs ( ; 
void Cm~iteGeneral( ) ; 

void CrnKiteWing ( ) ; 
void CmKiteEmpen( 1 ; 
void CmKi t eEmpen2 ( ) ; 
void Cm~iteFuselage ( ) ; 
void ~mKitecontrolGain ( ) ; 

void CrnRlplotScale ( ) ; 
void CrnTSpiotScaie ( )  ; 

void CmAltitudeFile ( ) ; 
void ~m~ltitudeSaveFile() ; 

void Cm~indhinction ( ; 

void CmcalcTState ( 1  ; 
void Cm~alcStabilityO; 
void CmCalcTimeStep ( ) ; 
void CmVarStudy ( ) ; 
void CmTStateResulte ( ) ; 
void ~m~tabilityResults~); 
void Cm~tabilityDerive ( 1  ; 
void ~mTog~leProf View ( ) ; 
void CmToggleRooteView() : 
void Cm~oggïe~imeStepView~); 
void CmToggleHighSpeedTS ( ) ; 

void CmToggle~heckEigVectO ; 
void CmToggleMatlabOut ( )  ; 
void Cm~oggle~ootLocus~ut ( ) ; 
void Cm~oggle~imeStepOut:~) ; 

void CmPrint Prof ile ( ; 

void CmFile~rinterSetup ( 1 ; 
void CmAbout ( 1 ; 
void SaveFile(TOpenSaveDialog::TData* file); 
void OpenFile(TOpenSaveDialog::TData* file); 

/ /  Command-enabling functions 
void ~e~alc~tability(T~omrnandEnabler&) ; 
void CeCalcTimeS t ep (TCommandEnabler& ; 
void CeVarStudy(TCommandEnabler&) ; 
void CeStability~eeulte(~CommandEnabler&) ; 
void CeStabilityDeriva(TCommandEnabler&) ; 
void ~e~oggleProfView(TCommandEnabler&); 
void ~eToggle~ootsView(TCommandEnabler&); 
void ~ e ~ o ~ ~ l e ~ i m e ~ t e p ~ i e w ( ~ ~ o m m a n d E n a b l e r & ) ;  
void CeToggleHighSpeedTS(TCommandEnabler&); 
void ~e~oggle~heck~ig~ect(~~ommandEnabler&); 
void CeToggleMatlabOut(TCommandEnab1er&); 
void ~e~oggle~oot~ocus~ut(~CommandEnabler&); 
void ~e~o~~leTirne~tep0ut(T~ommandEnab1er&): 
void ~e~rintProfile(TCommandEnablerf}; 
void CeRlplotScale (TCommanàEnabler&) ; 
void ~eTSplot~cale(TCommandEhabler&); 

private : 
TPrinter* Printer; 
void SetupWindow ( ) ; 



/ / 
//Super Kite Trim State anaiysis 

# include 
R include 
#include 
#indude 
Ginclude 
ginclude 
Rinclude 
# include 
R include 
#include 
#indude 
# include 
Rinclude 
#include 
ginclude 
ginclude 
# include 

<stdio.h> 
cstdlib.h> 
cfstream.h> 
<iomanip.h> 
<owl/owlpch.h> 
cowl/applicat.h7 
cowl/scroller.h~ 
cowl/opensave.h> 
<owl/printer.h> 
cclasslib/arraye 
<math. hz 
<string-hz 
"altitdef.hU 
"suprkite.hU 
"dialspec.hU 
"trimstat.hW 
"trimetat .rh" 

TWindowPrintout::TWindowPrintout(const char* title, TWindow* window) 
: TPrintout (title) 

{ 
Window = window; 
Scale = TRUE; 

1 

void 
TWindowPrintout::~rint~age(int, TRect& rect, unsignedl 
{ 

/ /  Conditionally scale the DC to the window eo the printout ni11 
/ /  resemble the window 
/ / 
int prevMode; 
TSize oldVExt, oldWExt; 
if (Scale) ( 
prevMode = DC- >SetMapMode (MM-ISOTROPIC) ; 
TRect windowsize = Window->GetClientRectO; 
DC->SetViewportExt(PageSize, &oldVExt): 
DC->SetWindowExt(windowSize.~ize~), &oldWExt): 
DC-~IntersectClipRect(windowSize); 
DC- >DPtoLP (rect , 2) ; 

1 

/ /  Cal1 the window to paint itself 
Window->Paint(*DC, FALSE, rectl ; 

/ /  Restore changes made to the DC 
if (Scale) ( 
DC->SetWindowExt(oLdWExt); 
DC->SetViewportExt(oldVExt); 
DC- SetMapMode (prevMode) ; 

/ /  Do not enable page range in the print dialog since only one page ie 
/ /  available to be printed 
/ /  
void 
TWindowPrintout::GetDialogInfo~int& minpage, int& maxpage, 



/ / - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
//TStateWindow 
DEFINE-RESPONSE-TABLE1fTStateWindow, TWindow) 

EV-WM-SIZE, 
EV-COMMAND ( CM-FILENEW , CrnFi 1 eNew) , 
EV-COMMAND(CM-FILEOPEN, CmFileûpen), 
EV-COMMAND(CM-FILESAVE, OrSileSave), 
EV-COMMAND(CM_FILESAVEAS, CmFileSaveAs), 
EV-COMMAND ( %KITE-GENERAL , ChKiteGenerai ) , 
EV-COMMAND(CM-KITE-WING, CmKiteWing), 
EV-COMMAND(CM-KITEEMPEN, CmKiteEmpen) , 
EV-COMMAND (CM-KITEEMPEN2, CmKiteEmpen2 , 
EV-COMMAND (CM-KITE-FUSELAGE, CmKiteF'uselage) , 
EV-COMMAND(CM_KITE-CONTROLGAIN, CmKiteControlGain) , 
EV-COMMAND(CM-RLPLOT-SCALE, CrnRlplotScale), 
EV-COMMAND (CM_TSPLOT-SCALE, CmTSplot Scale) , 
EV-COMMAND(CMCMALTITUDE-FILE, CmAltitudeFile) , 
EV-COMMAND(CM-ALTImE-SAVE-FILE. CmAltitudeSaveFile) , 
EV-COMMAND(CM-WIND-mMCTION, CmWindFunction) , 
EV-COMMAND(CM_CALCULATE-TRIMSTATE, CmCalcTState), 
EV-COMMAND(CM-CALCULATE-STABILITY, CmCalcStability), 
EV-COMMAND(CM-CALCULATE-TIMESTEP, CmCalcTimeStep) , 
EV-COMMAND(CM-VARIATIONNSTüDY, ChiVarStudy), 
EV-COMMAND(CM_TRIMSTATEERESULTS, CmTStateResults), 
EV-COMMAND(Cm_STABILITY-RESULTS, CmStabilityResults) , 
EV-COMMAND(CM-STABILITY-DERIVS, CmStabilityDerivs) , 
EV-COMMAND(CM-TOGGLEPROFVIEW, CmToggleProfView), 
EV-COMMAND(CM_TOGGLEROOTSVIEW, CmToggleRooteView) , 
EV-COMMAND(CM-TOGGLETIMESTEPVIEW, CmToggleTimeStepView), 
EV-COMMAND(CMHIGHSPEEDTS, CmToggleHighSpeedTS), 
EV-COMMAND(CM_TOGGLECHECKEIGVECT, CmToggleCheckEigVect), 
EV-COMMAND(CM-TOGGLEMASLABOUT, CmToggleMatlabOut), 
EV-COMMAND(CM-TOGGLEROOTLOCUSOUT, CmToggleRootLocusOut), 
EV-COMMAND(CM_TOGGLETIMESTEPOüT, CmToggleTimeStepOut) , 
EV-COMMAND (CM-PRINTPROFILE, CmPrintProfile) , 
EV-COMMAND (CM-FILEPRINTERSETUP, CmFilePrinterSetup) , 
EV-COMMAND ( CM-ABOUT , CmAbout ) , 
EV-COMMANDMMANDENABLE(CM-STABILITY-RESULTS, CeStabilityResults) , 
EV-COMMANDENABLE(CM-STABILITY-DERIVS, CeStabilityDerivs) , 
EV-COMMAND-ENABLE(CM-CALCULATE-STABILITY, CeCalcStability) , 
EV-COMMANDENABLE(CM-CALCULATE-TIMESTEP, CeCalcTimeStep) , 
EV-CO--ENABLE(CM-VARIATION-STUDY, CeVarStudy) , 
EV-COMMAND-ENABLE(CM_PRINTPROFILE, CePrintProfile) , 
EV-COMMAND-ENABLE(CM-TOGGLEPROFVIEW, CeToggleProfView), 
EV-COMMAND-ENABLE(CM-TOGGLEROOTSVIEW, CeToggleRootsView) , 
EV-COMMAND-ENABLE(CM-TOGGLETIMESTEPVIEW, CeToggleTirneStepView), 
EV-COMMAND-ENABLE(CM-HIGHSPEEDTS, CeToggleHighSpeedTS) , 
EV-CO--ENABLE(CM-TOGGLECHECKEIGVECT, CeToggleCheckEigVect) , 
EV-COMMANI)ENABLE(CM-TOGGLEMATLABOUT, CeToggleMatlabOut) , 
EV-COMMAND-ENABLE(CM-TOGGLEROOTLOCUSOUT, CeToggleRootLocusOut) , 
EV-COMMANDMMANDENAELE(CMETOGGLETIMESTEPOUT, CeToggleTimeStepOut), 
EV-COMMAND-ENABLE(CMRLPL0T-SCALE, CeRlplotScale) , 
EV-COMMAND-ENABLE ( CM-TSPLOT-SCALE , CeTSplot Scale) , 

END_RES PONSE-TABLE ; 

TStateWindow::TStateWindowTWindow* parent) 
: TWindow (parent 

I 
Init(parent, O, 0 ) ;  
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Printer = new TPrinter; 
KData = new KiteData ( ) ; 
AData = new AltitudeData0 ; 
Control = new ControlGain ( ) ; 
KQuery = new KiteQuery ( 1  ; 
LgScale = new Scale ( 1 ; 
Lt Scale = new ScaleO ; 
TsLgScale = new Scale ( 1 ; 
TSLtScale = new Scale ( ) ; 
IaNewFile = t rue ; 
IsWindFile = t m e ;  
IsDirty = false; 
1sTstateValid = faise; 
IsSRootValid = f alae; 
IsRLocusValid = false; 
IeTimeStepValid = faiee; 
HighSpeedTS = true; 
CheckEigVect = falee; 
Matlabout = false; 
RootLocueOut = false; 
TirneStepOut = false; 
ShowProf = true; 
ShowRoot s = falee; 
Shodi'imeStep = false; 
Proceed = true; 

AltAcc = 10.0; 
origMag = 10.0; 
PixelWidth = O; 
PixelHeight = O; 
KiteFile = new T O ~ ~ ~ S ~ ~ ~ D ~ ~ ~ ~ ~ : : T D ~ ~ ~ ( O F N ~ H I D E R E A D ~ N L Y ~ ~ F N ~ F I L E M U S T E X ~ S T ,  

"Kite Data Files (*.kdf)lf.IC~FI", O, "", 
Ii KDF " ) ; 

AltitudeFile = new T O ~ ~ ~ S ~ ~ ~ D ~ ~ ~ ~ ~ : : T D ~ ~ ~ ( O F N _ H I D E R E A D O N L Y ~ O F N _ F I L E M U S T E X I S T ,  
"Wind Data Files (*.wdf) ~ * . w D F I ~ ~ ,  O, "", 
"WDF") ; 

//Initialize KiteQuery object with the current ~ontrolGain object 
KQuery-sSetControl(*Control, *KData); 

1 

TStateWindow::-TStateWindowO 

I 
delete Printer; 
delete KData; 
delete AData; 
delete KiteFile; 
delete Control; 
delete KQuery; 
delete LgScale; 
delete LtScale; 
delete TSLgScale; 
delete TSLtScale; 
delete AltitudeFile; 

1 

void 
TStateWindow::SetupWindow() 

{ 
TWindow::SetupWindow(); 
KData->FileFom("windlO-O.wdffl1; 
strcpy(AltitudeFi1e->FileName, KData->FileFormO); 
OpenFile (AltitudeFile) ; 

1 
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/ /  upper-moet scrollable point and the corner is the 
/ /  bottom-most. 
void 

TRect clientRect = GetClientRect(); 

/ /  only show scrollbars when image ie larger than 
/ /  the client area and we are not stretching to fit. 
/ / 
TPoint ~ a n ~ e  ( ~ a x  (~ixel~idth-client~ect . Width ( ) , O) , 

Max(Pixe1Height-clientRect.Height0, O) 1 ; 
~croller->SetRange(Range.x, Range-y); 

// Scroller->ScrollTo (O, O) ; 
if I!GetUpdateRect(clientRect, FALSE) 
Invalidate (FALSE) ; 

1 

/ /  Reset scroller range. 
/ / 
void 
TStateWindow::EvSize(UINT SizeType, TSize& Size) 

{ 
~~indow::Ev~ize(SizeType, Size); 
if (SizeType != SIZEICONIC) { 
AdjustScroller ( ) ; 
Invalidate (FALSE) ; 

void 
TStateWindow: : CmPrint Profile ( ) / /  Execute File:Print command 
( 
if (Printer) { 
TWindowPrintout printout("Print the Equilibrium Tether Profile", thie) ; 
printout.SetBanding(TRUE); 
Printer->~rint(thie, printout, TRUE); 

1 
1 

void 
TStateWindow::CrnFilePrinterSetup() / /  Execute File:Printer-eetup command 
( 
if (Printer) 
Printer->Setup(this); 

1 

bool 
TStateWindow::CanClose() 

( 
if (IeDirty) 
switch(MessageBox("Do you want to save?", 
"Super Kite configuration hae changedU,MB-YESNOCANCEL 1 MB-ICONQUESTION)) 

{ 
case IDCANCEL : 

/ /  Choosing Cancel means to abort the close - -  return false. 
return false; 

case IDYES: 
/ /  Choosing Yes means to save the drawing. 
CmFileSave ( ) ; 

1 
return true ; 

1 



. --- 
TStateWindow::CrnKiteGeneralO 

{ 
if( (GenDialog(this, KData) ) .ExecuteO==l) 

{ 
IsDirty=true; 
~s~~ t a t e ~ a l i d = ~ s ~ ~ o o t ~ a l i d = I s ~ ~ o c u s V a l i d = I s T i m e ~ t e p V a l i d = f a ~ s e ;  

1 
Invalidate ( )  ; 

1 

void 
TStateWindow::CmKiteWing() 

{ 
if ( (wingDialog (this, KData) ) .Execute 0 ==l) 
{ 

IsDirty=true; 
IsTStateValid=IsSRootVa1id=IsRLocusValid=IsTimeStepValid=£alse; 

1 
1 nvalidate ( ) ; 

1 

void 
~StateWindow::CmKiteEmpen() 

{ 
if ( (EmpenDialog (this, KData) .Execute ( ) ==l) 

I 
IsDirty=true; 
IsTStateValid=IsSRootValid=IsRLocusValid=I~TimeStepValid=false; 

1 
Invalidate ( ) ; 

} 

void 
TStateWindow::CmKiteEmpen2() 

( 
if ( (Empen2Dialog (thie , KData) ) . Execute ( ) ==l) 
{ 

IsDirty=true; 
IsTStateValid=IsSRootValid=IsRLocusVa1id=IsTimeStepValid=fal~e; 

1 
Invalidate ( ) ; 

1 

void 
TStateWindow::~m~ite~uselage() 

{ 
if ( (bseDialog (this, KData) ) .Execute ( )  = = I I  
I 

IsDirty=true; 
~ s ~ ~ t a t e ~ a l i d = ~ s ~ ~ o o t ~ a l i d = ~ a ~ ~ o c u e V a l i d = I s T i m e ~ t e p V a l i d = f a l s e ;  

1 
invalidate ( ; 

1 

void 
TStateWindow::CmKiteControlGain() 

I 
if ( (ControlGainDialog (this, Control) ) .Execute ( )  ==1) 

I 
K~ata-7SetControi(*Control) ; 
~eSRootValid=IsTimeStepValid=false; 

1 
Invalidate ( ; 

1 



AdjustScroller ( 1  ; 
Invalidate ( ; 

1 

void 
TStateWindow::CmTSplotScale() 

( 
(TSScaleDialog(this, TSLgScale, TSLtScale)).Execute(); 
AdjustScrollerO; 
Invalidate ( 1  ; 

} 

void 
TStateWindow::CmAltitudeFileO 

{ 
char buffer [l501="" ; 
if ( (TFileOpenDialog (this, "~1titudeFile) ) .Execute ( 1  == IDOK) { 

Open~ile (AltitudeFile) ; 
strcpy(buffer,~ltitudeFile-fileName); 
mata->FileFonn(buffer); 
KData->IWF=l; 
IeDirty=true; 
~s~~tate~alid=~sSRootValid=~sRLocusValid=IsTimeStepValid=false; 

1 
Invalidate ( ; 

1 

void 
T~tate~indow::CmAltitudeSaveFile~) 

( 
char buffer[lSO]=""; 
if ((TFileSaveDialog(thi6, *AltitudeFile)) .ExecuteO == IDOK) 

( 
SaveFile (AltitudeFile) ; 
strcpy(buffer,AltitudeFile->FileName); 
 data->FileForm(buffer) ; 
KData->IWF=l; 
IsDirty=true; 

1 
1 

void 
TStateWindow: :CmWindFunction() 

( 
if ( (WindFormDialog (thie, KData) ) .Execute ( ) ==l) 

I 
if (mata- sIWF==O) 

void 
TStateWindow::CmCalcTState() 

{ 
int flag=l,highct=0,lowct=0,Iternum=0; 
double scaLe,A1,A2,rate,ma~alt,minalt,percent,origA~t; 
IsTStateValid=false; 
ecale=l . O ; 



/ /  set the cureor to an hourglass - this might take awhile 
/ / 
HCURSOR oldCur = ::Setîursor(::LoadCureor(O, IDC-WAIT)); 

//Calculate the various characteristics of SuperKite that are indep. of RN's 
KData- >KiteCValues ( ) ; 

//Get the currentiy eaved Super Kite altitude 
Al=KData->KiteAit(); 

//Check to eee if the altitude is in the range of the datafile 
if(~l<minaltl l~l>rnaxaitl I~~ata->A0~==-99.0) Al=(rnaxalt+minalt)/2.0; 

//Create a temporary Altitude object 
Altitude *Ait; 

//Start the iteration loop for Calculating the Trimstate 
while(flag!=O&&IternumclOOO) 

( 
Iternum++; 

//Inetantiate the temporary Altitude object/initialize to current alt 
Alt = new Altitude(A1) ; 

//Get the data aseoc. with the altitude from the datafile 
/ /  and store them in Alt 
AData->GetData(*Ait, *Aïlata); 

//calculate the RN's and q for the given altitude 
KData-sKiteqRN(*Alt) ; 

//Set the element length ten times larger on the initial 
//altitude. Then set it back to the actual altitude. 
if (flag==l) 

mata->teleml=origAlt*origMag; 
elee if ( f lag==2 1 

mata->teleml=origAlt; 

//Calculate the "Actualu altitude given the RN's and q 
A2=KData->KiteTrimAngle(); 

//Compare the "ActualV alt. to prev. guess and change 
/ /  new guess appropriately 
if(fabs(Al-A2)~max(percenttKData-~teleml,AltAcc~) 

{ 
if (flag==3) 

{ 
if(KData-sAOA!=-99.0) 

IsTStateValid=true; 
flag=O; 

1 
else if (flag==2) 

{ 
f lag=3 ; 
percent=O.l; 

1 
elee if(flag==l) 

{ 



/ / U V ~ A J A J . U ~  WZL Crie new arcLLuae CO cne lower l i r n i t  
else if (~2<minalt) { 

++lowct ; 
if (lowct>100) { 

IsTStateValid=falee; 
flag=O ; 

} else { 
A2=minait; 
if (fabe( (A2-Al)/ (scale*5.0) )<5.0) 

Al+= ( ( (A2-Ai) /fabe (A2-AI) ) *5.0) ; 
else 

Al+= ( (A2-Al) / (scale*5.0) ) : 
1 

1 
//If the resulting altitude ie above the range for which data is 
//available set the new altitude to the upper limit 
else if(AZ>maxalt)[ 

++highct ; 
if(highcts100) ( 

IsTStateValid=false; 
flag=O ; 

) else ( 
A2 =maxalt ; 
if (fabs ( (A2-Al) / (ecale*5.0) ) < 5  . O )  
AI+= ( ( (A2-Al) /fabs (A2-Al) 1 * S .  O) ; 

elee 
Al+= ( (~2-Al) / (scale*5.0) ) ; 

1 
//If the new altitude is not within 
//the altitude another step 
else { 

if(fabs( (A2-Al)/(scale*5.0) )cS.O 

, the deeired accuracy increment 

1 
Al+=(((A2-~1)/fabe(~2-A1))*5.0); 

else 
AI+= ( (A2-Al) / (scale*5. O) ) ; 

} 
ecale+=rate; 
d e l e t e  Alt; 

1 

//Set the cursor back to arrow 
: :SetCursor (oldCur1 ; 

(TridesultsDialog(this, KData, IsTStateValid)) .Execute() ; 
~djustScroller ( ) ; 

Invalidate ( ) ; 

1 

void 

I 
if (MessageBox ( "Number of tether elemente exceeds 15. \nu 



if(Proceed) 

{ 
/ /  set the cursor to an hourglass - this might take awhile 

int err ; 
IsSRootValid=false; 

err=KData->KiteSRoots(*Control, *mata, CheckEigVect, Matlabout); 

//Set the cursor back to arrow 
::Setîursor(oldCur); 
Invalidate ( ) ; 

)else if (err==-5) 
MessageBox("Cou1d not allocate arraye. Out of Memory!" 
, 'tSuper Kite Stability Roots - -  ERRORpt, M B O K  1 MB-ICONQUESTION); 

else 
MessageBox("Error calculating the Stability Roots!" 
, "Super Kite Stability Roots - -  ERRORt8, M B O K  1 MB-ICONQUESTION); 

1 
else 

I 
Mes~ageBox(~~You muet calculate the equilibrium trimstate firaten 
, "Super Kite configuration has changedtt, MBOK 1 MB-ICONQUESTION); 

1 
AdjustScroller ( 1  ; 
Invalidate ( ) ; 

1 

void 
TStateWindow::CmCalcTimeStep() 

{ 
if(IsSRootValid&&(TimeStepDialog(thls, mata)) .Execute() == IDOK) 

{ 
mata->TimeStepAnalysis(*Control, *mata, TimeStepOut) ; 
IsTimeStepValid=true; 
if(!ShoM'imeStep) CmToggieTimeStepView~); 

AdjustScrolier ( ) ; 
invalidate ( ) ; 

1 

void 
TStateWindow::CmVarStudyO 

{ 

if ( (QueryVarStudyDialog (this, KData, KQuery) .Execute() == IDOK) 

I 
Proceed=true; 
if(KData->N>15) 

I 
if(MessageBox("Number of tether elements exceeds 15.\nU 



if ( Proceed) 

{ 
int err,i, j,f,itr; 
ControlGain VCG; 
VCG=*Control; 
IeSRootValid=f alse; 
f=4; 
if(KData-sN<=l) £=O; 
/ /  set the cursor to an hourglass - this might take awhile 
/ /  
HCURSOR oldCur = ::SetCursor(::LoadCursor(O, IDC-WAIT)); 

//Get variation parameters 
VarParam VP; 
K Q u e r y - > ~ e t ~ a r ~ a r a m ( V m G , * W a t a )  ; 

//Loop through the NSteps specified in the KQuery object 
for (i=l;ie=VP .NStepe+I; i++) 

( 
//Calculate the various characteristics of SuperKite that are indep. of RN's 
KData- >KiteCValues ( ) ; 
err=KData- zKiteSRoots (VCG, *mata, false, false, 0) ; 
if (err==O) 

{ 
itr=l: 
for(j=O;j<KQuery->LgRoots.m+f;j++) 

( 
if (mata-sLgalfi [jl>=0.0) 

//Increment the ControlGain object 
switch ( VP . LgActive ) 
{ 

case 1: 
VCG.Ccx+=VP.LgInc; 
break; 

case 2: 
VCG.Ccz+=VP.LgInc; 
break; 

case 3: 
VCG. Ccrn+=VP. LgInc; 
break; 

1 
switch(VP.LtActive) 

{ 
case 4: 



DreaK ; 

case 5: 
VCG.Ccl+=VP.LtInc; 
break ; 

case 6: 
VCG.Ccn+=VP.LtInc; 
break ; 

case 7: 
KData->bvtZ+=VP.LtInc; 
break ; 

case 8: 
KData-sXvtZ+=VP.LtInc; 
break ; 

1 
1 
IsRLocusValid = true; 

//set the cursor back ta arrow 
: :setcureor (oldCur) ; 

if ( ! ShowRoots ) CmToggleRootsView ( ) ; 

1 
} 
if(RootLocus0ut && IsRLocusValid) RLDataOutO ; 
AdjustScroller ( ) ; 
Invalidate ( ) ; 

1 

void 
TStateWindow::RLDataOut() 

{ 
int i,j,k; 

//ïnitialize the output file for the Root-Locus data 
f etream RLout ; 

//save the data fram the long. and lat. Root-Locus plots 

/ / 
RLout.open("LgRLocus.txt'.ios::out~ios::app~; 
RLoutcc setprecision(24 ; 
RLoutccflData for Longitudinal Root-Locus Plot\nl'; 
RLoutccKQuery->LgParam c< £rom cc K~uery->~tart(KQuery->LgActive); 
RLoutcc to cc KQuesy->End(KQuery->LgActive) ccW\n\n"; 
for(i=l;ic=KQuery->LgRoots.n;i++) 

{ 
for(j=l;jc=KQuery->LgRoote.m;j++) 

{ 
RLout cc real(~Query->LgRoots(j,i) 1; 
for(k=l;kc=j;k++) 

RLout cc "\tl'; 
RLout cc imag[KQuery->LgRoots(j,i) cc "\nt'; 

1 
1 
RLout cc "\n\nN; 
RLout .close ( ) ; 

RLout.open(~qLtRLocus.txt",ios::out~i~~::app); 
RLoutcc setprecision ( 2 4 )  ; 
RLout<cWData for Lateral Root-Locus ~lot\n"; 
RLout<<KQuery->LtParam cc £rom cc KQuery->~tart(KQuery->LtActive); 
RLoutcc " to " cc KQuery->End(KQuery->LtActive) ccU\n\n"; 
for(i=l;ic=KQuery-sLtRootsSn;i++) 

I 
for(j=l;jc=KQuery->LtRoote.m;j++) 



1 
RLout 
RLou t 

1 

void 

RLout cc real(~~uery->LtRoots(j,i) 1 ;  
for(k=l;kc=j;k++) 

RLout cc "\tu; 
RLout cc imag(K~uery->LtRoots(j,i)) cc '\nw; 

TStateWindow: :CmTStateResults ( )  

{ 
(TrimResultsDialog(this, KData, IeTStateValid)} .ExecuteO ; 
Invalidate ( )  ; 

void 
~~tateWindow::CmStabilityReeu1t6~) 

( 
(StabilityResultsDialog(thia, KData)) .Execute() ; 
Invalidate ( )  ; 

1 

void 
TStateWindow::CmStabilityDerive~) 

( 
KData-sCalculateNonDims(*AData); 
(StabilityDerivsDialog(this, KData)).Execute(); 
Invalidate ( 1  ; 

1 

void 
TStateWindow::CmToggleProfView() 

( 
ShowProf=true; 
ShowRoote- false; 
ShowTimeStep=falee; 
AdjustScroller ( 1  ; 
Invalidate ( 1  ; 

1 

void 
TSt atewindow : : CmToggleRooteview ( ) 

I 
ShowProf=false; 
ShowRoot a = t rue ; 
Show'ïimeStep=false; 
~djustScrolier ( ) ; 
Invalidate ( 1  ; 

1 

void 
TStateWindow : : CmToggleTimeStepView ( ) 

( 
ShowProf=false; 
ShowRoots=false; 
ShowTimeStep=true; 
PixelWidth = 5600.0/7.5; 
PixelHeLght = 8300.0/7.7 ; 
~ d j u e  tscroller ( ) ; 
Inval idate ( ) ; 

1 

void 
TStateWindow : : CmToggleHighSpeedTS ( ) 



Invalidate ( ) ; 

} 

Invalidate ( ) ; 

1 

void 
TStateWindow::CmToggleMat1abûut~) 

( 
MatlabOut=!MatlabOut; 
Invalidate ( ) ; 

1 

void 

RootLocueOut=!RootLocusOut; 
Invalidate ( ; 

1 

void 
TStateWindow::CmToggleTimeStepOut() 

I 
TimeStepOut=!TimeStepOut; 
Invalidate ( ) ; 

1 

void 
TStateWindow::CmFileNewO 

char temp [100] = essuper Kite Analysis Program" ; 

(Canclose ( ) ) ( 
//Clear filename in main window caption 
Parent->SetCaption(temp}; 

delete mata; 
mata = new KiteData ( 1  ; 
KData->~ile~orm("windl0_0.wdf"); 
etrcpy(A1titudeFiie->FileName, ~ ~ a t a - > ~ i l e ~ o r m ( ) )  ; 

OpenFile (~1titudeFiI.e) ; 

//Initialize KiteQuery object with the current ControlGain object 
KQuery->SetControl(*Control, *KData) ; 

IsDirty = falee; 
IsNewFile = true; 
IsTStateValid=IsSRootValid=IsRLocusValid=~~~ime~te~~alid=fal~e; 

invalidate ( ) ; 

1 

void 
TStateWindow::CmFileOpeno 



A& \ b6 .& .kA ."PS  \ 1 I 

{ 
if ((TFileOpenDialog(this, *KiteFile)) .ExecuteO == IDOK) 

{ 
OpenFile (KiteFile) ; 
KData- sGetContro1 (*Control) ; 
//Initialize KiteQuery object with the current ControlGain object 
KQuery-sSetControl(*Controi, *KData); 
if (mata->IWF) 
( 

strcpy(A1titudeFile->FileName, KData->FileFormo) ; 
OpenFile (AltitudeFile) ; 

}else{ 
strcpy (AltitudeFile- >FileName, "windlo-O. wdf " ; 

OpenFile (~1titudeFile) ; 
mata- SpecWind (*matal ; 

1 
1 

1 
invalidate ( 1 ; 

void 
TStateWindow::CtnFileSaveO 

( 
if ( IsNewFile) 

CmFileSaveAs ( ) ; 
else 

S a v e F i l e  (KiteFile) ; 
Invalidate ( )  ; 

1 

void 
TStateWindow::CrnFiieSaveAe() 

{ 
if (IsNewFile) 

strcpy (KiteFile->FileName, ; 

if ((TFileSaveDialog(this, *KiteFile)).Executeo == IDOK) 
SaveFile (KiteFile) ; 

Invalidate ( 1 ; 
} 

void 
TStateWindow::CmAbout() 

{ 
TDialog (this, IDD-ABOUT) .Execute ( ) ; 
Invalidate ( l ; 

1 

void 
TStateWindow::~aveFile(TOpenSaveDialog::TData* file) 

{ 
of stream os (file- >FileName) ; 
char temp [IO01 = "Super Kite Anaiysis Program - It; 

if (!os) 
MessageBox(Wnab1e to open filett, "File Error", MB-OKIMB-ICONEXCLAMATION); 

e l a e  ( 
if(file==~ltitude~ile){ 
os <z *AData; 

)else{ 



/ /  Set new file and dirty display indicator to false. 
1sNewFii.e = IsDirty = false; 

TStateWindow::OpenFiIe(TOpenSaveDialog::TData* file) 

I 
ifstream ie(fi1e->FileName); 
char temp[lOO] = "Super Kite Analysie Program - "; 

if i!ie){ 
MessageBo~(~~Unab1e to open filew, "File ErrorM, MBOK~MB-ICONEXCLAMATION); 

)else { 
if(file==~ltitude~ile)( 
AData- >Flush ( ) ; 
is ss *AData; 

}else{ 

//Set filename in main window caption 
strcat(temp,file->fileName); 
parent->~et~aption(temp); 

TStateWindow::CePrintProfile(TCommandEnabler& ce) 
{ 

/ /  Enable CmPrintProfile if ShowProf is true .  
ce.~nable(~how~rofl I~how~ootsl l~howTime~tep1; 

1 

void 
TStateWindow::CeCalcStability(TCommandEnabler& ce) 
{ 

/ /  Enable CmCalcStability if Trim state i s  already valid 
ce.Enable(IsTStateVa1id); 

1 

void 
TStateWindow::~e~alcTimeçtep(~~ommandEnaber& ce) 
{ 

/ /  Enable CeCalcTimeStep if Stability Derivativee are already valid 
ce .Enable ( IsSRootValid) ; 

1 

void 
TS tatewindow : : CeVarStudy (T~ommandEnabl.er& ce) 

I 
/ /  Enable CmVarStudy if Trim state is already valid 
ce.Enable(IeTStateValid); 

} 

void 
TStateWindow::CeStabilityResult8(TComman&naber& ce) 

I 
/ /  Enable CmStabilityReeults if the stability roots are already valid 



void 
TStateWindow::CeStabilityDeri~s~TCommandEnabler& ce) 

( 
/ /  Enable CmStabilityDerive if Trim atate is already valid 
ce.Enable(IeTStateVaLid); 

1 

void 
TStateWindow::CeToggleProfView(TCornmandEnabler& ce) 

( 
ce.SetCheck(ShowProf ? TCommandEnab1er::Checked : 

TCommandEnab1er::Unchecked); 

1 

void 
TStateWindow::CeToggleRootsView(TComman~nabler& ce) 

{ 
ce.SetCheck(ShowRoots ? TCornmandEnab1er::Checked : 

TCommandEnab1er::Unchecked); 

1 

void 
TStateWindow::CeTogg1eTimeStepVie~(T~ommandEnabler& ce) 

I 

void 
TÇtateWindow::~e~oggleHighSpeed~~(~~omman&nabler& ce) 

{ 
ce.~et~heck(WighSpeedTS ? TCommandEnab1er::Checked : 

TCommandEnab1er::Unchecked); 

1 

void 
TStateWindow::CeToggleCheckEigVect(TCommannabler& ce) 

{ 
ce.SetCheck(CheckEigVect ? TCommandEnab1er::Checked : 

TCommandEnab1er::Unchecked); 

1 

void 
TStateWindow::CeToggleMatlabO~t(TC~mmandEnaber& ce) 

{ 
ce.SetCheck(Matlab0ut ? TCommandEnab1er::Checked : 

TCommandEnab1er::Unchecked); 

1 

void 
TStateWindow::CeToggleRootL~~~sO~t(TCommannabler& ce) 

I 
ce.SetCheck(RootLocus0ut ? TCommandEnab1er::Checked : 

TCornmandEnab1er::Unchecked); 

1 

void 
TStateWindow::CeToggleTimeStepOut(TCommandEnabler& ce) 

{ 
ce.SetCheck(TimeStepOut ? TCommandEnab1er::Checked : 

TCommandEnab1er::Unchecked); 

1 

void 



- - - - - -. - - - - - --, 

{ 
/ /  Enable CmRlplotScale if Root-Locus plot is displayed 
ce .Enable (ShowRoots) ; 

1 

void 
TStateWindow::CeTSplotScale(TCommandEnabler& ce) 
I 

/ /  Enable CmTSplotScale if Time-Step plot ie displayed 
ce.Enable(ShowTimeStep); 

1 

class TStateApp : public TApplication ( 
public : 
TStateApp 0 : TAppiication( { ) 

void InitMainWindowO ; 

protected : 
TGadgetWind0w::THintMode HintMode; 

void 
TStateApp : : InitMainWindow ( ) 

{ 
/ /  Conetruct the decorated frame window 
TDecoratedFrame* frame = new TDecoratedFrame(0,"Super Kite Analysie Program" 

, new TStateWindow, true) ; 

/ /  Construct a statue bar 
TStatusBarf eb = new TStatuaBar(frame, TGadget::Recessed); 

/ /  Construct a control bar 
HintMode = TGadgetWind0w::EnterHints; 
TControlBar* cb = new l'ControlBar(frame); 
cb- >Insert ( *new TButtonGadget (CM-FILENEW, CM-FILENEW, 

TButtonGadget::Command)) ; 
cb->Insert(*new TButtonGadget(CM-FILEOPEN, %FILEOPEN, 

TButtonGadget::Command)) ; 
cb->Insert(*new TButtonGadget(CM_FILESAVE, XFILESAVE, 

TButtonGadget::Comrnand) ; 
cb->Insert(*new T B u ~ ~ o ~ G ~ ~ ~ ~ ~ ( C M _ F I L E S A V E A S ,  CM-FILESAVEAS, 

TButtonGadget::Command)) ; 
cb-sInserL(*new TSeparatorGadget) ; 
cb->Insert(*new T B u t t o n G a d g e t ( X K 1 T E - G E N E R A L ,  CM-KITE-GENERAL, 

TButtonGadget::Comrnand)) ; 
cb-sInsert(*new TButtonGadget(CM-KITE-WING, CM-KITE-WING, 

TButtonGadget::Command)) ; 
cb->~nsert(*new TButtonGadget(CM_KITE-EMPEN, CM-RITE-EMPEN, 

TButtonGadget::Command)) ; 
cb- > Insert ( *new TBut tonGadget ( CM-KITE-EMPENZ , CM-KITE-EMPEN2, 

TButtonûadget::Command)) ; 
cb->Insert(*new TButtonGadget(CM_KITE-FUSELAGE, CM-KITE-FUSELAGE, 

TButtonGadget::Comrnand)) ; 
cb->Insert(*new ~SeparatorGadget) ; 
cb->Insert(*new TBu~~o~G~~~~~(CM-CALCULATE-TRIMSTATE, 

CM-CALCULATE-TRIMSTATE, TButtonGadget::Command) ) ;  
cb->Insert(*new TButtonGadget(CM-CALCULATE-STABILITY, 

CM-CALCULATE-STABILITY, TButtonGadget::Command) 1 ;  
cb->~nsert(*new TButtonGadget(CM-VARIATION-STUDY, 

CM-VARIATION-STUJ3Y, TButtonGadget::Command) ) ;  
cb->Insert (*new TButtonGadget (CM-CALCULATE-TIMESTEP, 

CM-CALCLLATE-TIMESTEP, TButtonGadget::Command) 1 ;  
cb->Insert(*new TSeparatorGadget) ; 



/ /  Insert the status bar and control bar into the frame 
frame->Ineert(*sb, TDecoratedFrame::Bottorn); 
Erame->Insert(*cb, TDec0ratedFrame::Left); 
cb- sSetHintMode (HintMode) ; 

/ /  Set the main window and its menu 
SetMainWindow ( f rame) ; 
GetMainWindow ( 1 - >As~ignMenu ( ItCOMMANDS 1 ; 
GetMainWindow ( - >SetIcon (thie, "THARWPtt 1 ; 

int 
OwlMain(int /*argc*/, char* /*argv*/ [ ]  ) 

( 
return TStateAppO .Runo ; 

1 
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