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COMPLETE DATA SET

Generator’s rating of the 10 area 50 Machine system (Refer Figure 3.7):

Ratings of Generators in Area 1 are:

G11=100MW, G21=184MW, G31=140MW, G41=140MW, G51=184MW.

Ratings of Generators in Area 2 are:

G12=100MW, G22=184MW, G32=140MW, G42=140MW, G52=100MW.

Ratings of Generators in Area 3 are:

G13=100MW, G23=184MW, G33=184MW, G43=135MW, G53=140MW.

Ratings of Generators in Area 4 are:

G14=100MW, G24=135MW, G34=135MW, G44=184MW, G54=184MW.

Ratings of Generators in Area 5 are:

G15=184MW, G25=184MW, G35=135MW, G45=140MW, G55=135MW.

Ratings of Generators in Area 6 are:

G16=100MW, G26=100MW, G36=100MW, G46=184MW, G56=135MW.

Ratings of Generators in Area 7 are:

G17=184MW, G27=184MW, G37=184MW, G47=100MW, G57=100MW.

Ratings of Generators in Area 8 are:

G18=140MW, G28=140MW, G38=184MW, G48=135MW, G58=184MW.
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Ratings of Generators in Area 9 are:

G19=184MW, G29=184MW, G39=184MW, G49=184MW, G59=184MW.

Ratings of Generators in Area 10 are:

G110=140MW, G210=135MW, G310=184MW, G410=184MW, G510=100MW.

UPFC between area 1 and area 2:

Transformer: X=0.03; X,=0.30;

Transmission line: X¢=0.3; X;,,=0.03;

Operating conditions: V,=1.0 p.u.; 6=40 degree;

DC Link Capacitor: C4:=0.0005; V4.=1.0 p.u.

Data Set of Sample Six Area Test System 1 (Refer Figure 5.2):

Generator 1 (100 MW): M;=16.64 MJ/MVA,; T140=5.6 sec; X14=1.192; X14=1.192;

X101=0.1269; E'q1=1.024 p.u.; Excitation System 1: K;4=18.5; T14=0.2 sec;

Generator 2 (135MW): M»=6.52 MJ/MVA,; T40=3.5sec; X23=0.8667; X2q=0.5207;

X241=0.2467; E'(»=1.024 p.u.; Excitation System 2: K,4=40; T,4=0.06 sec;

Generator 3 (140 MW): M3=16.10 MJ/MVA; T340=7.9 sec; X33=1.540; X3,=1.490;

X3401=0.1060; E'y3=1.024 p.u.; Excitation System 3: K3a=45; T34=0.06 sec;

Generator 4 (184MW): My=27.94 MI/IMVA,; T140=3.3 seC; X44=0.4993; X44=0.4819;

X401=0.0789; E'14=1.024 p.u.; Excitation System 4: K4a=18.5; T44=0.2 sec;

Generator 5 (135MW): Ms=6.52 MJ/MVA; Ts40=3.5 sec; Xsq=0.8667; X5,=0.5207;

Xs541=0.2467; E'qs=1.024 p.u.; Excitation System 5: Ksa=40; T54=0.06 sec;
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Generator 6 (100MW): Me=16.64 MI/MVA,; Tgq40=5.6 sec; Xeq=1.192; Xpq=1.192;

X641=0.1269; E'4s=1.024 p.u.; Excitation System 6: Ksa=18.5; Tsa=0.2 sec;

UPFC between area 2 and area 3:

Transformer: X=0.03; X,=0.30;

Transmission line: X¢=0.3; X;,,=0.03;

Operating conditions: V,=1.0 p.u.; 6=40 degree;

DC Link Capacitor: C4:=0.0005; V4.=1.0 p.u.

Data Set of Sample Six Area Test System 2 (Refer Figure 5.6):

Area 1 with PSS1 (G1):

Generator 1 (184 MW): M1=27.94 MJ/MVA; T140=3.3 sec; X14=0.4993; X14=0.4849;

X141=0.0789; E'(1=1.0 p.u., Ef1=1.0

Excitation System 1: K;4=18.5; T14=0.2 sec;

Area 2 with PSS2 (G2):

Generator 2 (184 MW): M»=27.94 MJ/MVA,; T240=3.3 seC; X2¢=0.4993; X,=0.4849;

X2d1:0.0789; E'q2:1.0 p.u., Efd2:l.0

Excitation System 2: K;4=18.5; T,4=0.2 sec;

Area 3 with PSS3 (G3):

Generator 3 (140 MW): M3=16.1 MJ/MVA; T340=7.9 sec; X3¢=1.54; X3,=1.49;

X341=0.1060; E'q3=1.0p.u. E43=1.0;

Excitation System 3: K3a=45; T32=0.060 sec;
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Area 4 with PSS4 (G4):

Generator 4 (184 MW): M4=27.94 MJ/MVA; T440=3.3 sec; X43=.4993; X4q=.4819;

X441=0.0789; E's=1.0p.u., Efs=1.0;

Excitation System 4: K4a=18.5; T44=0.2 sec;

Parameters for UPFC installed between two areas:

Transformer: X=0.03; X,=0.30;

Transmission line: X¢=0.3; X,,=0.03;

Operating conditions: V,=1.0 p.u.; =40 degree;

DC Link Capacitor: C4:=0.0005; V4.=1.0 p.u.

Generator 5 (140 MW): Ms=16.1; MJ/MVA; Ts4=7.9 sec; Xsq=1.54; Xs5,=1.49;

Xs541=0.1060; E'qs=1.0 p.u., Efgs=1.0;

Excitation System 5: Ksa=45; T54=0.060 sec;

Generator 6 (140 MW): Me=16.1 MJ/MVA; Teq0=7.9 sec; Xeq=1.54; Xgq=1.49;

Xed1=0.1060; E'(6=1.0p.u., Efs6=1.0;

Excitation System 6: Kga=45; Ta=0.060 sec;

Two Area Two Machine Test System (Refer Figure 3.4):

Transformer: X =0.03; X, =0.30

Transmission line: X, =0.3; X,,=0.03;

Operating conditions: V, =1.0 p.u.; & =40 degree;

DC link capacitor: C4=0.0005 p.u.; Vg =1.0 p.u.;
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Generator 1:M;=0.0255 MJ/MVA; D;=0.0sec; T140=5.044 sec, X14=0.190; X14=0.163;

X141=0.0765; E'q11=1.024;

Excitation system 1: K;4=10; T3 =0.010 sec;

Generator 2: M»=0.0255 MJ/MVA; D,=0.0 sec; T240=5.6 sec, X»3=0.190; X2,=0.163;

X241=0.0765; E'q21=1.024;

Excitation system 2: K;4=20; T,4=0.010 sec;

Two Area Four Machine Test System (Refer Figure 3.10)

Generator 1 with PSS1 (Area 1):

Generator 1 (960 MW): M1=65.46 MJ/MVA; T140= 6.7 sec; Xig= 0.1675; X14= 0.1675;

Xid1= 00208, E'q11:1.024p.u., Efd]_]_:l.o p.u.;

Excitation System 1: K;4=100; T14=0.020 sec;

Generator 2 with PSS2 (Area 1):

Generator 2 (660 MW): My= 64.56 MJ/MVA,; Tgo= 6.15eC; Xoq= 0.1715; Xpq= 0.1023;

Xoq1= 0.0440; E'421=1.024 p.u., Ef21=1.0;

Excitation System 2: K,4=100; T,4=0.020 sec;

Generator 3 with PSS3 (Area 2):

Generator 3 (600 MW): M3= 55.20MJ/MVA,; T3qo= 6.7secC; Xzq= 0.3030; X34= 0.2820;

Xazq1= 0.0560; E'q32=1.0p.u. Efd32:1.0;

Excitation System 3: K3a=100; T34=0.020 sec;

Generator 4 with PSS4 (Area 2):
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Generator 4 (390 MW): M= 38.36MJ/MVA; Tag0= 6.1sec; X43=0.3158; X4q= 0.2624;

Xad1= 0.0386; E'q42=1.0p.u. Efd42:1.0;

Excitation System 4: K4a=160; T44=0.030 sec;

Two Area Four Machine Test System (Refer Figure 5.34) (PSCAD Validation)

Generator 1 with PSS1 (Area 1):

Generator 1 (120 MW): M= 3.117MJ/MVA; T140= 6.55sec; X14= 1.014; X14=.770;

X1d1: .314; E'q11:1.0p.u., Efd11:1.0 p.u.;

Excitation System 1: K;4=200; T14=0.020 sec;

Generator 2 with PSS2 (Area 1):

Generator 2 (120 MW): My= 3.117 MJ/MVA,; Taqo= 6.55sec; Xoq= 1.014; Xpq= 0.770;

X2d1: 0.314; E'q21:1.0 p.u., Efd21:1.0;

Excitation System 2: K,a=200; T,4=0.020 sec;

Generator 3 with PSS3 (Area 2):

Generator 3 (120 MW): M3= 3.1170MJ/MVA,; T340= 6.55seC; X3¢= 1.014; X3,= 0.770;

X3d1: 0.314; E'q32:1.0p.u. Efd32:1.0;

Excitation System 3: K3a=200; T34=0.020 sec;

Generator 4 with PSS4 (Area 2):

Generator 4 (120 MW): M4= 3.117MJ/MVA; Tag0= 6.55 sec; Xaq=1.014; Xaq= 0.770;

Xyq1= 0.314; E'q42:1.0p.u. Etq4,=1.0;

Excitation System 4: K4a=200; T44=0.020 sec;
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STATCOM Parameters:

Cdc:0-005; Vdc=1.0; 8020.6981; d11:0.45; d21:.45; d12:.45; d22:.45; Xte:0-03; X811:O.3;

Xep1=.3; Xe=.3; Xp=0.3; X,,=0.03;
Parameters of Heuristic Optimization Techniques:
PSO Parameters:

No. of Particles: 70; No. of Iteration: 15; Damping Coefficient: 0.9; acceleration

coefficient c1=1.5 and c2=4-c1;

GSA Parameters:

No. of Populations: 70; No. of Iteration: 15; Go (Gravitational constant)=100; 0=20
Firefly Algorithm Parameters:

No. of fireflies: 70; No. of Iteration: 15; a (randomness)=0.5; fo=0.2; y (absorption)=1

Linearized constant used in the derivation of close loop matrix of UPFC with two
machine system model: (section 3.2.3)
=L D,coso; a, =L D,E';sind; a,; = LD,E’,sing,; a;, =L D,m, cos6, (V. /2);
=(L, /2)D,m,sing,; a, =L,D,sing, (V. /2); a,, =L, D.m, cosd,(V, /2);
=(L, /2)D;m,sing,; a,, =L Dy; a, =L,Q,c0s8.V,.; a,, =LQm,sindV,.;
a,, =L,Q,m, coso,; a, =L,Q,cos6,(V,. /2); a,, =—L,Q,sind, (V. /2);
=(L,/2)Q,m, cosd,; a,, =L,Q,siNd; a,, =L,Q,E",,C0ST; 55 = Ay +8yq;
Ay =843 +8,; &y =D, —D, X", &y; &, =D,SIiNOV,, —D; X", ay;

a,; =D,m,cosoV,, —D,X",, a;; 8, =D,m,sing, —D,X",, a,, +(D;/2)m,sind, ;
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8 =D, 086 —D; X'y 855 &g =—D;E",sin6 —D, X', &,

a, =—D,X",y a5, +D,sing, (V. /2); a,=—-D,X",, a,,+D,m, cosd,(V,/2);

8y =Q, COSOV, +Q, X585 &y, =Q, X538, —QM, SINGYV,

8y, =QM, €0s S, +(Q, / 2)M, oSS, +Q, X843 By, =Q, €086, (V. /2) +Q, X8y,
Ay :szzqa45 —Q,m,sing, (V. /2); ay :stin5+Q2X2qa47;

8y =QE ", COSO +Q, X 8y;
Qg =8y, —Qyg; A5 =8y, —Agg; Agy = Q3 —yy; A5y =y — gy A5 =5 —Ay;

Agg =g —8yy; A5y = Ay —8gy; Qg =g —yy; A5y =8y —yy; 85 =8y —8y,;

Qgg = Qyg —8yg1; gy =8y, —8yy; Qg5 = s —Qy5; Qg = Ay —Qyy; 57 =8y —ayg;

a, =—a,m,sing,l,, +a,m,cosé,l,,; &

€

, =8a,Mm,CosJ,; a,=a,m,sind,;

a,, =a,00sd, 1,y +a,sins, 1, ; a, =aml,, —am, cosd,l,,; &, =-am, cosd,;
&y =—8,M, SiNG, ; &, =—a,Coss,l,, —a,sing,l,,

81 = 8y 883 + 8,38, T 88y + 8385 By = 88y F 88

83 = 8gp8yy T 8,38, T 8855 T 838y g = Bp@y T Begllyy T 8ho8ss; T 838y

85 = 8pBy5 T 838y, + 8yp8g; T 8387, Qyg = Bpllg + B8y + 8yp8ay + 8yg8ys;

A7 = 8,87 + 858y, 8,853 T 8,38,,; Qg =, 5 + A58 + 8y + 8,85, + 3,385,

n, = _Itqf' n,=-{E lq1+ (qu = X) gl g = _(qu - X lld)ltq 3 My =Ny + N8,
Mg = Npag +MNigas,; Mg = N85, +Nig8ss; Ny = N85 + N385, 5 Nig = Npag, +Nyas;;

Nig = N85 + Mig8sg; Nyyg = Nip8gg + Myg8ss; Nyyy = Nyp8g; + N385 Ny = _(de -X Ild) ;
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v, = -1+ nzz); Ny, =N30855 Nyg = Ny8sy; Ny =Ny 8ss; Nyg = Ny 8545 Nog = Ny 8555

Ny, = Ny8gg; Nyg = Nyy8gz 5 Nyg = Ny8sg;

Fu=E'q— X'y Ry =-F X'y Ry =1, leq' Fu =R +Fpag; Fis = Fhag, + Faag;
Fio = Foags + Fiadg,s By = Fpae, + P By = Fpags + Faagss e = Fpass + iy

K
Fio = Rods; + Fiadess Fryy = Fodge + Fadess V3 =— T )
Vitlia

My =—E o+ (X = X 56) ol My ==y 5 Mg =—(X5, — X)L,

My, = Myy8; +My8as ;s Myg = My 8, +Mygdy;; Myg = Myy8y3 + Mygdlagy; My =M,y8,, + M8,
Myg = M85, + M85 Mg = Myy8,7 + My + M85 Myyy = Myy8,e + Mgy 5 My = Myy84;
Myy =—(Xpq = X20) 5 Myp =Myy8yy; My = Myy8gy 5 My, = MyyByy; Mg =My, ;

Myg =M, 8, ; My =My 85 Myg =My85,; My =M,ds; V, =(=1+m,,);

G,=E',— 1,4, X,; G,="G,;X")y; Gy =1, X2 ; G, =G, +GLa,, +G5a,,;

q2 2q ’

GlS = GlZaSZ + G‘13348; Gle = G12a33 + Gl3a'44; Gl7 = G12a34 + Gl3a45; Gls = GlZaSSl + Glsa431"

Glg = G12a36 + G13a41; GllO = GlZa37 +Gl3a42' 111 = 12339 ; -Iz-A ;
V2t 2A
XBe = XB + XBV; qu = qu + Xte; XBB :_Xbe - XZq; de = de + Xte;
Xege = X + X g5
- 2k2m2 Vdco' NZ = Zkzmeovzdco; N3 = 2E'ql_2|td Xde _2|1d Xe;

N, =214 X% 421y X Xg —2E " Xgos Ny =21, X2 +21, X X, ;
Ng =21, X%, + 214 X g Xg —2E 'y X5 Ny =21, X2, + 21, X X, ;

N8 = N1 - N4a52 - N5a61 - N6a12 N 821, = 4353 5a62 - N6a13 - N7a22"
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N,, =-N,a;, —N.a,, —N,a;, —N,a,,; N, =—N,a,, —N.a,, —N,a,—N,a,;
N, = N,a; + N.ag;, + Nga,s + N,ay,; N =N;+N,a, +Nga,;

N, = N,a; + N.ag + Ngajs + N;a,,; Njig =—N, +N,a;, + N.ag + Nga , + N,a,,;
P = Xl 56C° 6, + X 1, 5e¢’ 6,; P, ==X ; P, ==X, tang,; P, =—X_;

R =-X.tang,; R, =-Pa, -Ra; ~Pa, -Ra,; P, =R -kFa,-Ra, -PFa,-Ray,;
R =-Ra;; —Pa, —Pa; —Ray; R =-Fag, —Rag —Pa; —Ray;

P, =Pa,+Pa, +Pa,+Pa,; B, =Pa,+Pa,+1; P, =Pa,+Pa.+Pa,+Pa,;
P,=PRa, +Pa,+Pa,+Ra,; N,=2kV? m; N, =2k’m’V,;

Ny = 2E ', — 2", SIN G — 2X gy by + 2150 X ;

Ny =2E",—21,,c0s6 X, —21,,C0s6 X gz —2E";SINO+ 21, SING Xy, — 21,4 SING X g ;

02
Ny =2X % 1y —2E"; Xgo +2E",SINSX g, — 21,4 X g X e s
N,y =2X % g + 21,0 X g5 X, —2E ', COSSX . ;

N,, =2X %5y +2E " Xge —2E',SINS X g =21 X o X e 5
Nyy =2X %5150 + 21, X g X (e —2E ", COS S X g ;

Ny, =21,,E',SiNo X +21,,E' ,SiNn6 X —2E" E', c0s5 + 21, E ", COSS X, — 21,4E", COSS X e
st = _Nzoasz - N21a61 - N22a36 - N23a41" N26 = _Nzoass - N21a62 - N22a37 - N23a42

N27 = N16 - Nzoas7 - szaas - N233-44 - N21a64; N28 = _Nzoass - N21a65 - N22a34 - N23a45"
Nog = Nooasg + Njy@g; + Ny, + Njpglyg + Nyys Nag = Nig + Ny, + Noyag;

N3y = Njg + Nppaigs + Npyags + Noyas, + Nypgdy;;

N3, = =Ny + Npoag, + Npjalgs + Nppas, + Ny

Py = ligX e 56C% 8, + 1,0 X, €C* 8, —E ', Sec? 8, c0s 5 ;

Ps=-E',,c0s6-E',tang, sind; By =1; B, =cosotans, —sind; By =—X;
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Po= _qu tano,; Py = Xge; Py =—tan g, Xy,; B, = —Rgas, — Posy — Poglss — Py
P = —Pis85y — Rollg, — P, —Pydyy; Py = —Rgs; — Rogy — Py — Py

P25 = P14 - P18a58 - P19a65 - onas4 P Ays; P - P + 18a56 + F)19"5‘67 + onasz + lea48"
Py = Pig + Piglsy + Pyp@sg; Pog = By + P + Polgs + Py + Pyyayy;

P = Pigs, + Pglgs + Pools, + Pyydy;

Linearized constant used in the derivation of close loop matrix of UPFC with two

machine system model: (section 3.2.4)

(Xllq + X + xe)*(xb + va) + xe *(Xllq + Xte);

X geett
Xeezr = (Xggq + Xig + X)) *(Xyy + Xy )+ X * (Xppg + Xie) 5 Xoers = Xigg + Xie s
qu21 = XZlq + X qun =X, + X, + X1lq + X qu21 =X, + X, + sz + X

qu Xllq + X + X,; qu X21q + X + X5

Xgeerr = (X "gg+ Xig + X ) (X + Xy, ) + X * (X g+ X))
Xaeezr = (X '50q+ Xig + X ) * (X + Xy, ) + X * (X 0+ Xig) 5 Xy = X g+ Xie + X
Kanz = X g+ Kig + Xos Xigior = X 510+ Kig + X5 Koo = X 'ppq + Xig + X

Koarr = Xp + Xy + Xig + X145 Xpgor = Xy + Xy + X + X 5045

Kz = Ko+ Xy + Xig + X a5 Kpzz = Xy + Xy + Xig + X 05

M, = Xbbll/Xdeell; M, = delllxdeell; M, = Xdell/ Xeer; My = Xbel/ X gee21
M; = de21/Xdee21r' M, = Xde21/ Xeezrs My = th11/ X geerr; Mg = Xe11/ X geerns

Mg = Xya / Xeear; Myg = Xe21/ Xiears Ny = qun/ quell; N, = qun/ quell;

N3 = qu21/ queZl; N4 = quZl/ queZl; N5 = thlll quell; NG = xqt21/ queZl;

Sy =1/ A+ M, * X'+ Mg* X ",50); S, =1/ (L+ Ny * X o + Ny * X, )5
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A, =S*Mg; A, =S5*M,,; A;=S,*M,*cosd,; A, =S,*M,*cosd,;

A =-S5, *M,*E',siNS, — S, * My *E' ,,*sin &,

Ay =S *(M;+M)*sind,*V,., 12; Ag =S *(M;+M;)*m, *cosS, *V,, / 2;
Ay =S *(M, +Mg)*sind, *V,,/2; Ay =S, *(M, +Mg)*m, *cosd, *V,., /2;
AL =S*(M;+My)*m *(sing, /2)+S,*(M, + My)*m, *(sing, / 2);

A, =-S,*N;*sing,; A, =—S,*N;*sing,;

A =—(5,*Ny*E ' ;,*c0os0, +S,*Ng *E" ,,*C0S I ;

Ay =S,*(N,+N,)*cosd, *V,, /2; A =-S,*(N,+N,)*m, *sing, *V,, /2;
A; ==S,*(Ng +Ng)*cosd, *V,, 1 2; Ag=S,*(Ns+Ng)*m, *sing, *V,, / 2;
Ay, =S,*(N,+N,)*m, *coss, /2—S,*(N;+ Ng)*m, *(cosq, )/ 2;

My, =M, *X L+ M X s A =M, —M, *A; A, =M, —M, *A,;
A;=M,*cosd, —M,,, *A,; A, =M *coss, — M, * A,

As=—M,*E" ;,*sing, —M*E " ,*sin5, — My, * Ay;

A, =—(M, +M)*V,,*(Sins,) [ 2—M,;, * Ay

Ag =—(M, +My)*m, *V,,*(cosd,)/ 2—M,,, * Ay;

Ay =M, +M)*V, ,*(Sins,) 12— M, *Ag;

A, =(M;+M)*m *V, ,*(cosd, )/ 2— M, * Ay

AL =(M;+M)*m *(sing,) /12— (M, + M) *m, *(sind,)/ 2— M ;, * A, s
My, = Np* Xy N,  Xoes Ay =—N,*sing, —M,,, *A;;

A, ==N,*sing, =My, *A,; Ay =—N,*E' ;,*CcosS,— N, *E",,,*C0s 5, — M ;, *A,;;
Ao =(N;+N,;)*cosd, *(Vy, / 2)— My, * A

Ay =—(N,+N,)*m, *sing, *V,, /12— M, * Ag;
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A, :_(Nz + N4)*C055b *Vico 12— My, * Ay
Ay = (N, + NA)*mb *Siné‘b *Vieo [2—My, *Ag;

A = (N, +N)*m, #0085, / 2 (N, + N,) *m, *(€085,) / 2— My, * Ay

A=A A Ao = A~ A As= A=A Au= A=A As=As — A
A=A = A Ae=As A Ao = Ao = Aigs Ao = Ao~ Asias A = An— Ay
A=A = A A= A=A A= R = Ai As = A= Ausi Aoe = Pos = A

A =Ry = Aai A= P = Ags Ao = A=Ay 8 =3/(47Cy); 8, =3/(47Cy);

ay =—a,*m, *sing, *i, +a,*m, *cos g, *i, ; a,, =a,*M,*cosJ,; a,;=a,*m,*sing,;

8,4 =8, *C0SO, *Iy +8,*SINS, *l; 8y =a, *m, *sIiN g, *I,; —a, *m, *CoSJ, *i,;

&, ==, *M, *C0SJ,; 8, =—a,*M, *sing,; a,, =—a, *CoSJ, *i,y +a, *sing, *i,,;
A =8, A t8, " Ans Ay =8, Ay 18, T Ay

Arg =8 ™ A8 ™ Ay 8, ™ Ay 8557 Ay

Ary =8 ™ Ay 855 ™ Ay 8, ™ Ay 83 ™ Ay

Ars =80 ™ A 8™ Ay 80, Ay +855™ A

A =80y 8 ™ Ay +855™ As +8, Ay +85™ A

Arg =8 8, ™ Ag 85 ™ Aos +8y, ™ Ay +855™ Ayg;

Arg = 8y 855" Ag 855 ™ Ay 8y, ™ Ay +85™ Ay

Arro = 8y + 8 ™ A + 85 ™ Aog T80, ™ Agy +33™ Ay

Ay =8 Ay 8™ A+, ™ Ay + 8,3 ™ Ay

nNl=-i : n2l=—i _: nlz:_[Elqll_'_(Xllq_XIlld)*itd];

tq/ tq’

n22=-E 'q21+ (X21q -X I21d)*itd ]; n13= _(an =X )*itq; n23= _(XZlq =X o )*itq ;
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nl4 =nll+nl3*A,; n24=n23*A; n15=nl3*A,,; n25=n21+n23*A,,;

nl6 =n21* A, +nl3* A, ; n26 =n22* A, +n23* A,; n17 =nl2* A, +nl3*A,,;
nN27=n22*A, +n23*A,,; n18=nl2* A, +nl3* A ; n28=n22* A, +n23*A;
n110=nl12* A, +n13* A, ; n210=n22* A, +n23*A;;; n111=nl2* A, +n13*A;
n211=n22* A, +n23*Ag;; nl12=nl12* A, +nl3*Ag; n212=n22* A, +n23*A;
nl13=nl2* A, +nl13* A, ; Nn213=n22* A, +n23* A, ; n114=nl2* A, +nl3* A, ;
N214 =n22* A, +n23* A,,;; N3l=—(X;;y — X 'q); N32=n31*A,; n33=n31*A,,;
n34 =n31* A,; n35=n31*A,,; n36 =n31* A; n38=n31*A,,; n39=n31*A;
n310=n31*A; n311=n31*A,,; n312=n31*A,; vi=n32-1;

N4l=—(X, 4 — X '54); N42=n41*A; n4d3=ndl*A,; ndd=ndl* A ; nd5=ndl* A,
N46 =n41* A, ; n48=n4l* A, ; n49=n4l* A ; n410=n4l*A,; n4ll=ndl* A, ;

n412 =n41*A,,; v2=n43-1;

F11=E'y—ig * X s F12=—FL11%*X 5 F13=i, *(Xy,,2); F14= F11+ F12%A;
F15=F12*A,; F16=F12* A, + F13*A; F17=F12*A, + F13*A,,;

F18=F12* A, +F13*A,; F110=F12*A_ +F13*A; F111=F12* A, + F13*A;
F112=F12* A, +F13*A,,; F113=F12* A +F13*A,;

F114=F12* A, + F13* Ay; v3=—K,, / (V) *Ti10)

F21=E' ;—ig* X 'pg; F22=—-F21* X", ; F23=i *(X,,"); F24=F22*A;
F25=F22*A,+F21; F26=F22*A,+F23*A; F2T=F22* A, + F23* A;
F28=F22*A, +F23*A,; F210=F22* A, + F23*A,;

F211=F22* A, +F23*A,; F212=F22* A +F23*A,;
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F213=F22*A +F23*A,; F214=F22* A +F23* A ; v4=—K, | (V,, *T,.,);
MLL= —E " (Xiag = X '1oa) ¥ipg 13 M2 =~y ; ML3= —(Xpp0 — X '1p0) ¥l

ml4=mi3* A, ; m5=mi3*A,; ml6=mll* A, +mi3* A, +mi2;

ML7 =mi1* A, + mL3* A, ; ml8=mll* A, +mi3*A,; ml10=ml1* A, +mi3*A,;
M111=mi1* A, +mi3*A,; ml12=mll* A, +mi3* A, ; ml13=mll*A, +mi3*A,,
ML14 = mL1* Ay +ML3* A, M2L=—E' p,+ (Xppg = X ') iy ]; M22 =~ ;
M23= (X ppy — X '309) ¥y ; M24=M23% A, ; M25=m23* A, ;

M26 = m21* A, +M23* A,; M27 = m21* A, +m22+m23* A, ;

M28=m21* A, +M23* A, ; m210=m21* A, +m23*A,,;

M211=m21* A, + M23* A, ; m212=m21* A, +m23*A,,;

m213=m21* A, + m23* A, ;; m214=m21* A, + m23* A, ,;

M31=—(Xq — X ') M32=m31* A, ; m33=m31*A,,; m34=m31*A,;;
m35=m31*A,,; m36 =m31*A,.; m38=m31*A,,; m39=m31*A,; m310=m31*A,;
m311=m31*A,;; m312=m31*A;,; vV5=m34—-1; mal=—(X,q — X '5q);
m42=m4l* A, ; ma3=m4l*A,,; mdd=mal*A,;; ma5=mal*A,; md6=mal*A;
m48=mal*A,; md9=mal*A;; mal0=ma4l*A,; mall=mal* A, ,;

m412 =m4l1*A,,; v6 =m45-1;

GLL=E'\y—ipy * X 'y ; G12=-GL1*X 'y; G13=1i,, *(Xy,%); G14=GI2* A, ;
G15=G12*A,,; G16 =G11+GI2* A, + G13* A, ; G17 =G12* A, + G13*A,,;
G18=G12* A, +G13*A,; G110=G12* A, +G13* A, ; G111=GI12* A, +GI3* A, ;

G112 =GI12*A, +GI13*A,,; G113=G12*A,, + G13*A,;
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G114 =G12* A, +G13* Ag; V7 = Ky / (Vi *Tipn); G21=E' =iy * X '
G22=-G21*X 5y, ; G23=i,, *(X,,,7); G24=G22* A ; G25=G22* A,,;
G26=G22*A, +G23* A, ; G27=G22* A, +G23* A, +G21;

G28=G22*A, +G23*A,,; G210=G22* A, +G23*A,;
G211=G22* Ay +G23* A, ; G212=G22* A, +G23*A,,;
G213=G22* A, +G23*A,,; G214=G22* A, , +G23* Ay; V8=Kp, [V *T,,) ;
Xop = Xy + X5 Xpnge = Xoig + X

te Xllqe = an + Xies Xogpy == Xpe = Xzzq"

te /

; X

te’

Xleb = _xb -X

e 12q ;

Xoge = Xgpg + X 11de = Kyag + Xigs Xigpe = Kpe + X '1ag5

Xoope = Kpe T X 504

J1=sin(o;,); 32=sin(0,,); I3=—X ;4 ¥I1-I2*% X, 0;

JA4 = X 14 *00S(8;) — X100 ¥€0S(8,,); I5= X, *(C0S(Sy,) +C€OS(5,,));
J6=—(J1+J2)*X,; L1=c05(5,,); L2=c05(5,,); L3=—X 15 *L1-L2* X, 4 ;
L4 ==X,y *SIN(0},) — X34 *SIN(S,,) ; LE=—X,*(sin(5},) +5in(5,,)) ;

L6=—(L1+L2)*X,;

al=J1>+11%; a2=J22+L2%; a3=J32+L3*; ad=J4% + L4%; a5=J5 + L5°;
a6=J62+L6%; a7 =2*(J1*J2+L1*L2); a8=2*(J1*J3+ L1*L3);

a9 =2*(J1*J4+ L1*L4); al0 = 2*(J1*J5+ L1*L5); all=2*(J1*J6+ L1*L6);
al2=2*(J2*J3+L2*L3); al3=2*(J2*J4+L2*L4); ald=2*(J2*J5+ L2*L5);
al5=2*(J2*J6+L2*L6); al6=2*(I3*J4+L3*L4); al7 = 2*(J3*I5+ L3*L5);
al8=2*(J3*J6+L3*L6); al9=2*(J4*J5+L4*L5); a20=2*(J4*J6+ LA*L6);

a21=2*(J5*J6+L5*L6);
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BL=2*K2*m *V, 2; B2=2*K2*m2*V, ;

B3=2*al*E',,+a7*E ', +a8*i, +a9*i, +al0*i_ +all*i,;

B4=2%a2*E ', +a7*E ', +al2*i, +al3*i, +ald*i, +ald*i,;
B5=2*a3*i, +a8*E ', +al2*E ", +al6*i, +al7*i, +al8*i,;
B6=2*a4*i, +a9*E "y, +al3*E ", +al6*i, +al9*i, +a20%i,;
B7 =2*a6*i,, +all*E ', +al5*E ,,,+ al8*i, +a20*i, +a21*i;

qll gq21

B8=2*a5*i, +al0*E ', +ald*E ', +al7*i, +al9*i, +a21*i,;
BO=B1-B5*A,-B6*A,-B7*A, -B8*A,;

B10=-B5*A, —B6*A, —B7*A,—B8*A,;

Bll1=-B5*A,-B6*A, -B7*A,—-B8*A,,;
Bl2=-B5*A,,—-B6*A,—B7*A,,—B8*A,;
B13=B5*A,+B6*A,+B7*A.+B8*A,;; Bl4=B3+B5*A, +B7*A,;
B15=B4+B5*A,+B7*A,; Bl6=B5*A,+B6* A, + B7*A, +B8*A, ;
Bl7=B5*A,+B6*A,+B7*A,+B8*A,;

B18=—-B2+B5*A , +B6*A, +B7*A,, +B8*A,;
Cl=(JI*E'+ J2%E '+ I3%iy + I 4%i, + I5%iy, + I6%i,;) *sec(s,) " 2;
C2=11-J1*tan(s,); C3=L2-J2*tan(o,); C4=L3-J3*tan(s,);
C5=L4-J4*tan(s,); C6=L5-J5*tan(s,); C7=L6—-J6*tan(d,);
C8=-C4*A,-C5*A,-C6*A.-C7*A;
C9=Cl1-C4*A,-C5*A,-C6*A,-C7*A,;

Cl0=-C4*A,—-C5*A, —C6*A,, —C7*A,;

Cll=-C4*A  —C5*A,—C6*A, —C7*A,,;
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C12=C4*A, +C5*A, +C6*A, +C7*A,; C13=C2+C4*A, +CT*A,;
C14=C3+C4*A,+C7*A,; C15=C4*A, +C5*A +C6*A, +CT*A;
C16=C4* A, +C5*A,+C6*A, +CT*A,;

C17=C4* A, +C5*A,+C6*A,+C7*A,; RL=sin(3,); R2=sin(5,,);

R3=005(},); R4=c08(5,); RS =—RL* Xy, — R2* X, R6 = R3* X, + RA* X

Zlqe;
R7=R1* X, +R2*X,,..; RB=R3*X,,,, +R4*X,,,; R9=-R3* X ;.. —R4* X4

R10 = —R1*X,, ., —~ R2* X, ; RLL=R3* X, + R4* X, ;

21ge
R12 = —R1* X,,,, —R2* X, ; PL=R17"2+R3"2; P2=R2/2+R4"2;
P3=R5"2+R97"2; P4=R6"2+R10"2; P5=R7"2+R11"2;
P6=R87"2+R12"2; P7=2*(R1*R2+R3*R4); P8=2*(RL*R5+R3*R9);
P9 = 2*(R1*R6+ R3*R10); P10 = 2*(R1*R7+ R3*R11);

P11=2*(R1*R8+ R3*R12); P12 = 2*(R2*R5+ R4*R9);
P13=2*(R6*R2+R10*R4); P14 =2*(R7*R2+ R11*R4);
P15=2*(R8*R2+ R12*R4); P16 = 2*(R5*R6+ R9*R10);

P17 = 2*(R5*R7+ R9*R11); P18 =2*(R5*R8+R9*R12);

P19 = 2*(R6*R7+ RL0*R11); P20 = 2*(R6*R8+ R10*R12);
P21=2*(R7*R8+ R11*R12); P22 = 2*(R1*R4—R2*R3);
P23=2*(R1*R9—R3*R5); P24 = 2*(R1*R10— R3*R6);

P25 =2*(R1*R11- R3*R7); P26 = 2*(R1*R12— R3*R8); P27 =—-2*P1;
P28 = 2*(R2*R9— R4*R5); P29 = 2*(R2*R10— R4*R6);

P30 = 2*(R2*R11- R4*R7); P31=2*(R2*R12— R4*R8); P32 =-2*P2;

B19=2*K**V, 2*m, ; B20=2*K**V,  *m?;
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B21=2*P1*E’,,+P1*E' ,,+ P8*i,, + P9*i,, + P10*i,, + P11*i, +
P27*E",*sin(d,) —P22*E" ,,*cos(5,) —P7*E" ,,*sin(,)

B22=2*P2*E’ ,+P1*E' ,+P12%i, + P13*i  + P14*i,, + P15%i,, —
P7*E',*sin(5,) + P22*E' ;,*cos(5,) + P32*E',,*sin(&,)

B23=2*P1*E' ,+P7*E",,,+E' ,,*(P22*cos(d,) — P7*sin(5,)) + P27*E" ,,*sin(s,) +
Iy *(—P8*sin(5,) + P23*cos(6,)) + 1y, * (—P9*sin(s,) + P24*cos(6,)) +
I,y *(=P10*sin(5,) + P25*cos(d,)) +1,, * (—P11*sin(5,) + P26 * cos(5,))

B24=2*P2*E’ ,,+ PT*E' ,,+ E',;;*(-P22*cos(9,) — P7*sin(5,)) + P32*E' ,,*sin(5,) +
iy *(=P12*sin(5,) + P28*c0s(5,)) +1iy, * (—P13*sin(5,) + P29*cos(0,)) +
g * (=P14*sin(5,) + P30*c0os(6,)) +1,, * (—P15*sin(s,) + P31*cos(4,))

B25=P8*E' ,+P12*E" ,,+ E' ,,*(P23*cos(5,) — P8*sin(s,)) +
E' 2" (P28*cos(5,) — P12*sin(5,)) +2* P3*i, + P16*i,, + P17*i,, + P18%*i,,

B26 = PO*E',+PI3*E' , +E',,*(P24*C0s(5,) — P9*sin(s,)) +
E'.,,* (P29%c0s(8,) — P13*sin(8,)) + PL6*iy, +2% P4*i, +PL9*i,, + P20*i,

B27 = PLO*E',,,+ PL4*E" ,+ E',,* (P25%c0s(&,) — P10*sin(&,)) +
E',,,* (P30%c0s(8,) — PL4*sin(8,)) + PL7*iy, +P19%i, +2* P5*i,, +P21*i,,

B28=P11*E '+ PI5*E" .+ E',,* (P26*c0s(8,) — P11*sin(5,)) +
E',,,* (P31*0s(8,) — P15*Sin(8,)) + PL8*iy, +P20*i,, + P21*i,, +2*P6*i,,

B29 =sin(8,)* (-P22*E ', *E '~ P23*E ', iy — P24*E' % iy, —P25*E' %Iy,
P26*E ", * i, + P22*E " ,,*E "y~ P28*E " ,, %Iy, — P29*E ' ,,*iy, —
P30*E ", *ipg — P3L*E',*iy,) +€08(8,) * (P27 *E" ¥ E 1, ~ PT*E ', ¥ E '~

P8*E '\, %Iy, — PO*E' %Iy, — PLO*E ', *i,, — PLI*E' %I, —P7T*E ' ,,*E 'y, +
P32*E' ,,* E 'y~ PI2*E ", %1y — PI3*E' ,,* i, — PL4*E’ ,,*i,, — PIS*E’ ,,%1,)

1q
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B30 = B19+B25* A, — B26* A — B27* A, —B28* A,
B31=-B25* A, —B26* A, —B27*A, —B28*A,

B32=-B25* A, —B26* A, —B27*A, —B28* A,
B33=-B25* A, —B26*A, —B27*A,, —B28* A,
B34=B29+B25* A, +B26* A, +B27*A, +B28* A,

B35=B21+B25* A, + B27* A, ; B36 =B22+B25* A, + B27* A,
B37=B23+B25* A, +B26* A, + B27* A, + B28* A,
B38=B24+B25*A, +B26* A, + B27*A,, + B28* A,
B39=-B20+B25* A, + B26* A, +B27* A, + B28* A,

C18=(RI*E '+ R2*E " ,,— E',,* (R3*C08(6,) + RL*SIn(&,)) — E ', (R4*COS(6,) +
R2*sin(6,)) + (R5*iy, + R6*iy, + R7*i,, + R8*i,,)*sec(,) "2

C19=E",,*(R3*cos(d,) + R4*sin(s,)) —E',,,* (R4*cos(d,) + R2*sin(5,)) +
E' 1" (R1*cos(5,) —R3*sin(d,)) * tan(s,) + E',,,* (R2*cos(5,) — R4*sin(5,)) * tan(s,)

C20=R3-R1*tan(s,); C21=R4—-R2*tan(s,);

C22 =(R4*cos(s,) — R3*sin(d,))+ (R3*cos(d, )+ R1*sin(s,)) *tan(s, );
C23=(R2*cos(d,) —R4*sin(5,))+ (R4*cos(d,)+ R2*sin(5,)) *tan(s, );
C24=R9—-R5*tan(s,); C25=R10—-R6*tan(s,); C26 = R11-R7*tan(s,);
C27=R12-R8*tan(s,); C28=—-C24*A,-C25* A, —C26*A,, —C27*A;
C29=-C24*A,-C25*A,,—C26*A,,—C27*A;
C30=-C24*A,—C25*A, —C26*A,,—C27*A,_;
C31=C18-C24*A, ,—C25* A, —C26*A,,, —C27*A,;
C32=C19+C24* A, +C25* A, +C26* A, +C27*A,;;
C33=C20+C24*A, +C26*A,; C34=C21+C24*A,+C26*A,,;

C35=C22+C24* A, +C25* A, +C26* A, +C27T*A, ;
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C36=C23+C24* A, +C25% A, +C26* A, +C27T*A,,;

C37=C24*A, +C25* A, +C26* A, +C27T*A;
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