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1995

ABSTRACT
A large number of grounding grids in substations have shapes other than a square or a

rectangle, whereas the formulas for the ground resistance of a grounding grid and the
simplified formulas for mesh and step voltages are applicable only to nearly square or
rectangular grids. A new simple equation for the estimation of grougd resistance and the
modified simple equations for the calculating of mesh and step voltages applicable to amy
practical shape of the grid is presented in the paper. ;I'he results obtaimed with this equations

have been compared with the results of the analog model tests.
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DETAIL DESIGN

Grid Resistance 2.101 Q
GPR 277.294 V
Mesh Voltage 137.504 V
Step Voltage 107.049 V
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GROUND RESISTANCE OF SQUARE GRID

RESISTIVITY OF SOIL = 15 ohm-m
DEPTH OF BURIAL = 05 m
DIAMETER OF CONDUCTOR = a mm
NUMBER OF MESHS = n
GRID a n GROUND RESISTANCE (OHM) % ERROR
SIZE(m) “ SALAMA ANALOG MODEL TEST
15.00 * 15.00 | 82.5 4 0.452 0.77 70.36
15.00 * 15.00 | 82.5 9 0.434 0.77 77.47
15.00 * 15.00 150 4 0.437 0.7 60.15
15.00 *°15.00 150 9 0.423 0.65 53.84
15.00 * 15.00 | 210 4 0.429 0.68 58.69
15.00 * 1500 | 210 9 0.416 0.62 49.09
GRID a a GROUND RESISTANCE (OHM) % ERROR
SIZE(m) SALAMA ANALOG MODEL TEST
22.50 * 22.50 | 82.5 4 0.316 0.444 40.37
22.50 * 22.50 | 825 9 0.302 0.433 43.26
22.50 * 22.50 150 4 0.306 0.416 35.84
22.50 * 22.50 150 9 0.295 0.37 25.59
22.50 * 22.50 | 210 4 0.3 0.411 36.78
22.50 * 22.50 | 210 9 0.29 0.358 23.35
GRID a a GROUND RESISTANCE (OHM) % ERROR
SIZE(m) SALAMA ANALOG MODEL TEST
30.00*30.00 82.5 4 0.244 0.23 347
30.00*30.00 82.5 9 0.232 0.25 7.56
30.00+30.00 150 4 0.236 0.225 .82
30.00*30.00 150 9 0.227 0.199 -12.21
30.00*30.00 210 4 0.232 0.204 -12.1
30.00*30.00 210 9 0.223 0.204 -8.68
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GROUND RESISTANCE OF SQUARE GRID

RESISTIVITY OF SOIL = 15 ohm-m
DEPTH OF BURIAL = 1 m
DIAMETER OF CONDUCTOR = a mm
NUMBER OF MESHS = n
GRID a a GROUND RESISTANCE (OHM) % ERROR
SIZE(m) SALAMA ANALOG MODEL TEST
15.00 * 15.00 82.5 4 0.415 0.654 57.59
15.00 * 15.00 825 9 0.399 0.65 62.91
15.00 * 15.00 150 4 0.402 0.617 53.48
15.00 * 15.00 150 9 0.388 0.555 43.04
15.00 * 15.00 210 4 0.394 0.606 53.81
15.00 * 15.00 210 9 0382 0.546 42.93
GRID a n GROUND RESISTANCE (OHM) % ERROR
SIZE(m) SALAMA ANALOG MODEL TEST
22.50 * 22.50 82.5 4 0.3 0.392 30.67
22.50 * 22.50 82.5 9 0.286 0.387 3531
22.50 * 22.50 150 4 0.29 0.378 30.34
22.50 * 22.50 150 9 0.279 0.338 21.15
22.50 * 22.50 210 4 0.285 0.358 25.61
22.50 * 22.50 210 9 0.275 0.333 21.09
GRID a n GROUND RESISTANCE (OHM) % ERROR
SIZE(m) SALAMA ANALOG MODEL TEST
30.00*30.00 825 4 0.234 0.239 2.14
30.00*30.00 82.5 9 0.223 0.233 4.48
30.00*30.00 150 4 0.227 0.208 -8.37
30.00*30.00 150 9 0.218 0.192 -11.93
30.00*30.00 210 4 0.223 0.192 -13.90
30.00*30.00 210 9 0.215 0.187 -13.02




GROUND RESISTANCE OF SQUARE GRID

RESISTIVITY OF SOIL = 15 ohm-m
DEPTH OF BURIAL = 156 m
DIAMETER OF CONDUCTOR = a mm
NUMBER OF MESHS = n
GRID a n GROUND RESISTANCE (OHM) % ERROR
SIZE(m) SALAMA ANALOG MODEL TEST
15.00 * 15.00 82.5 4 0.378 0.606 60.32
15.00 * 15.00 82.5 9 0.363 0.617 69.97
15.00 * 15.00 150 4 0.366 0.565 54.37
15.00 * 15.00 150 9 0.354 0.513 44.92
15.00 * 15.00 210 4 0.359 0.529 47.35
15.00 * 15.00 210 9 0.348 0.498 43.10
GRID a 1 GROUND RESISTANCE (OHM) % ERROR
SIZE(m) SALAMA ANALOG MODEL TEST
22.50 * 22.50 82.5 4 0.283 0.378 33.57
22.50 * 22.50 825 9 0.27 0.358 32.59
22.50 *22.50 150 4 0.274 0.358 30.66
22.50 * 22.50 150 9 0.264 0.32 21.21
22.50 ¥ 22.50 210 4 0.269 033 22.68
22.50 * 22.50 210 9 0.26 0.30% 18.85
GRID a n GROUND RESISTANCE (OHM) % ERROR
SIZE(m) SALAMA ANALOG MODEL TEST
30.00*30.00 82.5 4 0.225 0.233 3.56
30.00*30.00 82.5 9 0.214 0216 0.93
30.00%30.00 150 4 0.218 02 8.26
30.00*30.00 150 9 0.209 0.185 -11.48
30.00*30.00 210 4 0.214 0.182 -14.95
30.00*30.00 210 9 0.206 0.18 -12.62




STEP VOLTAGE OF SQUARE GRID

RESISTIVITY OF SOIL

DEPTH OF BURIAL

GRID CURRENT

DIAMETER OF CONDUCTOR

'NUMBER OF MESHS
GPR = GROUND POTENTIAL RISE
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mm

( ) =PERCENTAGE OF GPR

GRID a n STEP VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
15.00 * 15.00 82.5 4 75(16.7) 94(12.2) 25.15
15.00 * 15.00 82.5 9 73(16.8) 75(9.8) 3.57
15.00 * 15.00 150 4 - -
15.00 * 15.00 150 9 - -
15.00 * 15.00 210 4 - .
15.00 * 15.00 210 9 : -
GRID a n STEP VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
22.50 * 22.50 82.5 4 47(15.0) 66(14.9) 3941
22.50 * 22.50 82.5 9 44(14.7) 57(13.1) 27.64
22.50 * 22.50 150 4 - - -
22.50 * 22.50 150 9 - - -
22.50 * 22.50 210 4 - - -
22.50 * 22.50 210 9 . - -
GRID a n GROUND RESISTANCE (OHM) % ERROR
SIZE(m) SALAMA ANALOG MODEL TEST
30.00*30.00 82.5 4 34(14.1) 41(16.4) 20.53
30.00%30.00 82.5 9 32(13.6) 28(11.3) -10.61
30.00*30.00 150 4 - - -
30.00*30.00 150 9 - - “
30.00*30.00 210 4 - - -
30.00*30.00 210 9 - .




STEP VOLTAGE OF SQUARE GRID

RESISTIVITY OF SOIL

DEPTH OF BURIAL

GRID CURRENT

DIAMETER OF CONDUCTOR
NUMBER OF MESHS
GPR = GROUND POTENTIAL RISE
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ohm-m

3

mm

( ) = PERCENTAGE OF GPR

GRID a n STEP VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
15.00 * 15.00 | 825 4 43(10.4) 66(10.2) 52.56
15.00 * 15.00 | 82.5 9 45(11.2) 57(8.7) 26.66
15.00 * 1500 | 150 4 44(10.9) 57(9.2) 28.95
15.00 * 1500 | 150 9 45(11.7) 57(10.2) 24.33
15.00 * 15.00 | 210 4 44(11.3) 66(10.9) 48.61
15.00 * 1500 | 210 9 46(12.1) 75(13.8) 63.03
GRID a n STEP VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
22.50 * 22.50 | 82.5 4 26(8.8) 39(9.6) 4371
22.50 * 22.50 | 82.5 9 26(5.1) 47(12.2) 81.55
22.50 * 22.50 | 150 4 26(5.1) 38(10.0) 42.40
22.50 * 2250 | 150 9 26(6.4) 38(11.2) 43.46
2250 * 2250 | 210 4 27(5.4) 38(10.5) 41.24
2250 * 2250 | 210 9 27(9.7) 42(12.7) 59.61
GRID a n STEP VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
30.00%30.00 | 825 4 19(3.0) 218.7) 11.04
30.00%30.00 | 82.5 9 18(8.1) 20(8.5) 9.98
30.00*30.00 150 4 19(8.3) 19(9.1) 0.24
30.00*30.00 150 9 18(3.3) 19(9.8) 375
30.00%30.00 210 4 19(8.5) 19(9.8) -0.37
30.00*30.00 210 9 18(8.5) 19(10.1) 2.91




STEP VOLTAGE OF SQUARE GRID

RESISTIVITY OF SOIL

DEPTH OF BURIAL

GRID CURRENT

DIAMETER OF CONDUCTOR

NUMBER OF MESHS
GPR = GROUND POTENTIAL RISE

= 15
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ohm-m

g

mm

{ ) = PERCENTAGE OF GPR

GRID 2 a STEP VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
1500 * 1500 | 825 | 4 32(8.5) 38(6.2) 1671
15.00 * 15.00 | 82.5 9 35(9.6) 38(6.1) 8.24
15.00 * 15.00 | 150 4 33(9.0) 38(6.7) 15.11
1500 * 15.00 | 150 9 35(10.0) 38(7.4) 6.25
15.00 * 15.00 | 210 4 33(9.2) 38(7.1) 13.68
15.00 * 15.00 | 210 9 36(9.2) 38(7.6) 5.28
GRID a n STEP VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
2250%2250 | 825 | 4 19(6.8) 28(7.5) 47.90
22.50 * 22.50 | 825 9 20(7.3) 19(5.3) 431
22.50 * 22.50 | 150 4 19(7.0) 28(7.9) 46.56
22.50 * 2250 | 150 9 20(7.6) 19(5.9) .5.47
22.50 * 2250 | 210 4 19(7.2) 28(8.6) 45.36
2250 * 22.50 | 210 9 20(7.8) 28(9.2) 40.26
GRID a n STEP VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
30.00%30.00 | 825 | 4 13(6.0) 9(4.0) -29.61
30.00%30.00 | 82.5 9 13(6.2) 10(4.8) 22.56
30.00*30.00 | 150 4 13(6.2) 11(5.7) -16.13
30.00%30.00 | 150 9 14(6.5) 19(10.4) 39.49
30.00*30.00 | 210 4 14(6.3) 17(9.3) 24.56
30.00*30.00 210 9 14(6.6) 20(11.0) 45.33




MESH VOLTAGE OF SQUARE GRID

RESISTIVITY OF SOIL
DEPTH OF BURIAL
GRID CURRENT

DIAMETER OF CONDUCTOR

NUMBER OF MESHS

u
|~

= n

GPR = GROUND POTENTIAL RISE

( ) = PERCENTAGE OF GPR

48

ohm-m

8

maol

GRID a n MESH VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
22.50 * 22.50 82.5 4 109(34.3) 114(25.7) 4.97
22.50 * 22.50 82.5 9 78(25.7) 112(26.0) 44.67
22.50 * 22.50 150 4 - - -
22.50 * 22.50 150 9 - - -
22.50 * 22.50 210 4 - - .
22.50 * 22.50 210 9 - - -
GRID a n MESH VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
30.00*30.00 82.5 4 90(36.8) 64(25.5) -28.29
30.00*30.00 82.5 9 65(28.1) 61(24.6) -5.98
30.00*30.00 150 4 - -
30.00*30.00 150 9 - - -
30.00*30.00 210 4 - - -
30.00*30.00 210 9 - )




MESH VOLTAGE OF SQUARE GRID

RESISTIVITY OF SOIL = 15
DEPTH OF BURIAL = 1.0
GRID CURRENT = 1

DIAMETER OF CONDUCTOR = a
NUMBER OF MESHS = n
GPR = GROUND POTENTIAL RISE

( ) = PERCENTAGE OF GPR

49

ohm-m

g

mm

GRID a n MESH VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
22.50 * 22.50 82.5 4 97(32.3) 90(23.0) -6.60
22.50 * 22.50 82.5 9 69(24.0) 85¢22.0) 23.94
22.50 * 22.50 150 4 85(29.3) 76(20.2) -10.15
22.50 * 22.50 150 9 59(21.0) 36(10.7) -38.19
22.50 * 22.50 210 4 78(27.6) 85(23.6) 7.83
22.50 * 22.50 210 9 53(19.3) 51(15.2) «4.98
GRID a n MESH YOLTAGE (V) % ERRCOR
SIZE(m) SVERAK ANALOG MODEL TEST -
30.00*30.00 82.5 4. 81(34.3) 50(21.1) -37.35
30.00*30.00 82.5 9 58(26.0) 49(21.1) -15.28
30.00*30.00 150 4 72(31.5) 43(20.7) -39.97
30.00%30.00 150 9 50(23.2) 22(11.6) -55.80
30.00*30.00 210 4 67(29.9) 32(16.5) -52.49
30.00*30.00 210 9 46(21.5) 22(11.8) -52.42




MESH VOLTAGE OF SQUARE GRID

RESISTIVITY OF SOIL

DEPTH OF BURIAL

GRID CURRENT

DIAMETER OF CONDUCTCR

NUMBER OF MESHS

0
n

= n

GPR = GROUND POTENTIAL RISE
( ) = PERCENTAGE OF GPR
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ohm-m

g

mm

GRID a o MESH VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
2250 * 2250 | 825 4 91(32.1) 86(22.7) -5.60
2250 * 22.50 | 82.5 9 65(24.1) 56(15.7) -13.68
2250 * 2250 | 150 4 79(28.8) 75(21.0) 4381
22.50 * 22.50 | 150 9 55(20.9) 37(11.6) 3246
22.50 * 2250 | 210 4 72(27.0) 66(20.0) 8.94
2250 * 2250 | 210 9 49(19.1) 45(14.6) -9.02
GRID a a MESH VOLTAGE (V) % ERROR
SIZE(m) SVERAK ANALOG MODEL TEST
30.00*30.00 | 825 4 7633.6) 63(27.2) -16.30
30.00*30.00 | 825 9 55(25.5) 46(21.4) -15.31
30.00%30.00 150 4 67(30.6) 35(17.5) 47.54
30.00*30.00 150 9 47(22.5) 25(13.5) 46.83
30.00*30.00 | 210 4 62(28.9) 22(12.1) -64.39
30.00%30.00 | 210 9 43(20.8) 24(13.6) ~42.96
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Program GROUND_RESISTANCE_OF_SQUARE_AND_RECTANGULAR_GRIDS;
uses crt;
const pi = J.14159263¢;

¢ = 1.718281828;

var Ra,Rf,80,5w,L,4,4,x,Error ¢ array {1..9] of real;

(83 = Grouad resistance obtained from the analog model test
£f = Ground resistance obtained from the formuls
§1 = Leagth of the grid
S = Fidth of the grid
L = Total length of the conductor
4 = dres of the grid
d = Dismeter of the conductor
r = Fidth of 4 mesh}

n ¢ oarray [1..9] of integer;

{n = The nuaber of geshes)

Poh oreal;

(P = fesistivity of the soil
b = Depth of burial of the grid}

i integer;

begin

elrser;
writela{ ‘GROOND RESISTANCE OF SQUARE AND RECTANGULAR GRIDS "
write( ‘Resistivity of Soil = ofx-8);
gotoxy(2s,2});
read(B);
vrite( 'Deptt of Barial E 2));
gotory(25,3);
read(h);
writeln( 'Dismeter of Coaductor = 2 mw);
writeln{ ‘Namber of Neskes = 2');
writela(’ s
writeln{’ GRID GROUND RESISTANCE (ofm] 7 -
writeln{’ SIZE 2 1 5 ERRORY;
writeln(’ (z) SALANA  ANALOG NODEL TESTH;
writeln(’ 1 N
for i:=!1 to 9 do
begin
gotoxy{4,10+i);
read(5i{i]});
gotoxy({,10¢i);
write(Si(i]:8:2, ’r");
gotory(10,10+i};
read(Sw{i]};
gotoxy(10,10+i);
write{Sw[i}]:5:2);
gotoxy{20,10+i);
read(d{i]);
gotory(20,10+i);
write(d{i}:6:2);
gotoxy{31,i0+i);
read{n{i}};
gotory(3, 10+i);
write(a{il:2);
a(i]e={81{]-d[1]/1000#(SE{i}/sqre(SU{ilesulil/nlil)et) )/ (SLL  sartlSIi]esuci]/niily);
LliTe=dexli#(a{i Jesqrt{a(i]));
Alil=st{i]esw(i];




RE[i]:={D/assqrt(pi/ali]) 0/ {2spiet(i])#laltsta(i]/ {etd[i])))#(1-2.256%h sqrt(A[i]]]);
gotory(39,10¢i};
write{Ri[i]:6:3);
gotoxy(48,10+i);
read(Rafil);
if Ra[i] > 0 then
begin
gotoxy(48,10¢1);
write(Ra[i]:11:3};
Brror{i]:={Rm{i]-RE{E]}/RE(i]+100;
gotory(70,10+i);
writeln(Error{i]:7:2);
end
else
begin
gotoxy(48,10+1);
writeln(’ - -
end;
end;
writela(’ e yER
end.
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Program STEP_VOLTAGE_OF_SQUARE_AND_RECTANGULAR_GRIDS;
uses crt;
const pi = 3.14159265¢;
¢ = 2.718281818;
var Esa,Esf,Rm,R1,S1,5%,L,4,81,%5,d,x,y,24,2b,2,GPRa,GPRI, POGPRR, POGPRE, Eeror ¢ array {1..9] of real;
(Esa = Wesh voltage obtsined from the snalog medel test
£sf = Kesh voltage obtained from the forguls
Km = Ground resistsace obtained from the analog model test
Rf = Ground resistance obtained from the formuls
Sl = Leagth of the grid
S = Fidth of the grid
L = Total length of the conductor
4 = dres of the grid
Ki = dysmmetry factor
Ks = Ceometric factor
d = Dismeter of the conductor
I = Fidth of ¢ aesh
y = Spacing between parallel conductors
z4,28 = The nuaber of parallel conductors in the two dimentions
7 = The auaber of parallel conductors in one dimeation
GPRa = Ground potential rise obtained from the analog model test
GPRf = Ground potential rise obtained from the formula
POGPRm = Percentage of GPR obtained from the saslog model test
POGPRf = Perceatage of GPR vbtained fros the formuls}
o oarray [1..9] of integer;
{1 = The nuwber of mesies/
P,I,h : real;
(0 = Resistivity of the soil
I = Harigog grid current
b = Depth of burial of the grid}
j o integer;
begin
clrser; S~
writeln( 'STEF FOLTAGE OF SQUARE AND RECTANGULAR GRIDS'); :
write( 'Resistivity of Soil = obz-8’);
gotoxy(25,2);
read(P);
write( ‘Depth of Burial - );
repeat
gotory(25,1});
write(’ 4B
gotoxy(25,3);
read({h);
srtil (h >= §.25) and (7 < 2.5);
arite( 'Grid Correat = J/
gotoxy(25,4};
read(1};
vritela( ‘Diameter of Coaductor = a ),
vritela( 'Number of Nestes =)
writeln{’ Tzszzsszsss e i==33TITTIIsiizisIzoss zz227),
ariteln(’ GRID STEP VOLTAGE (7)),
writeln{’ SIZE F] 1 3§ ERROR;
writeln(’ (a SVERAX  ANALOG WODEL TEST®:
writeln(’= === SSSSSSS3sIsssTEsszsszrIizos === sszoszsosas 8y
for j:=1 to % do
begin




gotory{4,11+j);
read(S1{jl};
gotory(l,11+]);
arite(S1{j]:8:2, '1%);
gotoxy(10,11+]);
read(Sw[j]);
gotoxy(10,11+]};
write(Sw{jl:5:1);
gotoxy(20,11+j};
read(d{jl});
gotoxy{20,11+j);
write{d[j]:6:2);
gotoxy (31, ti+j);
read(a(jl);
gotoxy{31,1t+j];
write(a[j]:2);
ylil:=sart(SL{jJesulil/alil);

if ((d[j1/1000) < (0.25¢h)) and (p{j] > 1.5) then

begin

1{jle=(SLLTI-6(j1/10008 (S ] /sqrt(SLETTeswLit/nl i et} )/ (SULG 1 sqre(STL ssnE5 /alilN);

Llite=2exljle(al]esqrt{alj])]);
Aljle=St(i]ssmlil;

tAjle=Stj]/sqre(SLLIeswlil/aljll+t;
8(j1:=8u(j]/sqrt(SL{]eswljl/alil) ety

if za[j] »= 2B[j] then
2[il=ealf]
else
t{il:=eBlil;
Ki{j]:=0.656¢0.172%2(j];

Rs(jls=l/(2¢hepi) et/ ({ylileh)spi) e L-exp(-0.693%(2[j1-2)) )/ (ylil*pi);
Esf(j]:=1000#R¢14Rs [ 1¥Ri[j1/LLj];

RE(jT:=(P/4ssqre(pi/ALjT)#R/ (20pisL 1) La( 16541/ (e2d 1)) ) ¢(1-2. 25640 sqrt AI}]));

GPRE[j1:=1000¢1¢RE[j];
POGPRE[j]:=Esf(j]/GPRE[j]#100;
gotory(39,11+j);
write(Esfj]:5:0);
gotory(44,11+j);
write( ’{’,POGPRI[]]:4:1, )
gotoxy(5s,114j);
read(Esafjl};
if Esa{j] > 0 then
begin
gotory{58,11+j);
write{ ’(f= IR
gotoxy(61,11+]);
cead{Ra(j}};
GPRe{j]:=1000¢1#Rn{j];

POGPRe(j]:=Esm{j]/GPRm(j]¢100;

gotoxy(55,114]);
write({Esm{j]:3:0};
gotoxy(38,11+j);

write{ '{’,POGPRa[}]:4:1, "/
Error(j]:={Esm{jj-Esi{j])/BsT(j]¢120;

gotory(70,11+j};
writeln{Error{j]:7:1);
end

-



end.

end
else
begin
sotoxy(55,11+f);
sriteln{’ - -1
end;
end
else
begin
gotory(42,11+j);
writein{ ’- - b
ead;
end;

writeln( 'z=szzz2zzzzzzzz2zsszsssszzzzssszszsssssssss
writeln( '6PR = Grogad Potential Rise’};
writeln( ’( ] = Perceatage of GPR’);
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Program XESH_VOLTAGE_OF _SQUARE_AND_RECTANGULAR GRIDS;
gses ¢rf;
const pi = J.141592654;
¢ = 2.718281818;
var Eam,Eaf,Rm,Rf,81,5%,0,4,%1,Kit,Xk,Knt,Ra2,kn,d,1,y,24,28,2,GPRa,GPR{, POGPRa, POGPRE, Error
. array {1..9] of real;
{Emm = Nesh voltage obtained from the analog model test
Eaf = Nesh voltage obtained from the formula
R = Ground resistance obtained from the analog model test
Rf = Ground resistance obtained fros the formuls
§1 = Leagth of the grid
§v = Fidth of the grid
= Total leagth of the conductor
4 = drea of the grid
Ki = Asymaetry factor
§m = Geometric factor
d = Disaeter of the conductor
I = Fidth of 2 mesh
7 = Spacing between parallel conductors
24,28 = The qumber of parallel conductors in the two directions
z = The nuaber of parallel conductors in one direction
GPRm = Ground potential rise obtained froa the analog model test
GPRf = Grouad potential rise obtsined from the formule
POGPRm = Percentage of GPR obtained from the analog mode! test
POGPRf = Percentage of GPR obtained from the forsulef
n o oarray [1..9] of integer;
{1 = The qugber of meshes}
P,i,h ¢ oresl;
(P = Resistivity of the soil
[ = Narigua grid current
b = Depth of barial of the grid}
j o integer;
begin
cleser;
writela( 'NESE VOLTAGE OF SQUARE AKD RECTANGULAR GRIDS');
write( ‘Resistivity of Soil = ofz-2’);
gotoxy(25,2};
read(p);
write( ‘Depth of Berial z .2,
repeat
gotory(23,3);
write{’ 4B
gotoxy(23,3);
read(h);
patil (h »>= 0.25) and (h <= 2.5);
write{ '6rid Corrent = HY;
gotory(25,4);
read(1};
vriteln( ‘Dismeter of Coaductor = a £’)
writein( ‘Nomber of Neshes =2’
writeln{ ’sazzssszz=zszszszzssozssszzsszsssssczozzzsoszooomoozoszzs EEEE ss== ",
vritela{’ GRID NESH VOLTAGE (7],
writela(’ SIZE 2 1 ¥ ERROR”;
ariteln{’ (a) SVERAK  AN4LOG NODEL TEST”;
wntelq( Iozzzzozztzszzzdzzzzzsznzcass e R e e S A e '} )
for j:=! to 9 do

@



begin
gotory(4,1i+]);
read(SI{j});
gotoxy(i,11+]);
write(Si{j]:8:2,’r");
gotory(10,11+j);
read(Swljl};
gotoxy(18,i1+j);
write{sufj]:5:2);
gotoxy(20,11+j);
read(d(j1);
gotoxy(20,11+]);
write{d[j]:6:2);
gotoxy(3t,1+j);
read(nlj]};
gotoxy(31,11+f);
write(a{j]:2);
ylili=sqrt(SL{jTesw(i1/nljl];
if ((d[j1/1000) < {0.25%h}) and (y[j] > 2.5) thea
be in . sy r:
y (1= (810G -d01/10008(S Ui /sqre(SLLiTeswli]/ali stV A(SLL 1 fsqrt (STL 1%l /aliT));
Lijle=2sa(jle(alilesqrt(ali])];
Aljle=SU{j]8uli]; )
tA(j1:=8 L /sqrt(SI{ilesulii/nljl)¢t;
B{j]=swl j 1 sqrt(SIL]¥suljl/ni]}¢1;
tljlizsart(za(j]*eBli});
Ki[j]:20.656+0. 172*1[1],
Riiljlzexp(2/aljl¢la(1/ (282510} )5 ‘
Kk sqrt{ish); o
Kn%g}]:=?/(§*Pi)‘lﬂ(1000‘Y[iI*Y[f]/(lﬁ*h‘d[il)+1000'(Y[j]*2*h)*(Y[j]+2*h)/(3'7i1I*dIJI)
-1000#h/(4¢d[j1)};
Rmd{jle=Kiilj]/(2epi*Rn[j]) ¢ La(8/{2¢2 ] *pi-pi));
Kaj]: Kn1[11+xn2{11»I e
Eaf{j]:=1000+PT1sKa{ ] *Xi[j1/Lj];
R J;] =(Pf4ssqrt(pi/ALj]}ep/(2epitL ] etalt65 2]/ (e4d (1)) )8 {1-12. 256*h/sqrt(élxz)),
GPRE[j]:=t000#I#RE[ ],
POGPR{(j]:=Emf{j]/GPRE{j]4100;
gotoxy(39,11+j);
write(Enf(j]:5:0);
gotory (44, 11+j);
write( "{*,POGRRE(j]:4:1, ) 7);
gotory(5S,11+j);
read{Emn(j]);
if Ean{j] > 0 then
begin
gotoxy(S8,11+j);
write( (K= IR
gotoxy(61,11%]};
read(Rm[J]).
GPRm(j]:=1000¢1*Rm[]];
20GPRm{j]:=Eam(j]/GPRm([]]*103;
gotoxy(55,11+j};
write(Emm(j]:3:0};
gotory(S8,{1+j};
write( ’(’,P0GPRa[j]:4:1, ") s
irror(i]:={Emm{j]-Emi[j])/zallj]2165;

-~



end.

sotory(18,11+j);
writela{Erroc{ji:7:2);
end
else
begin
gotoxy(35,11+j);
griteln{’ - -
end;
end
else
begin
gotozy(42,11+j);
sritein{ ’- - -n
end;
end;

writeln{’= z
writeln{ '6GPR = Growad Potential Rise’);
writela(’( ] = Perceatage of GPR'};
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program THE_DESIGN_OF_GROUNDING_GRID;
uses crt,screen, win,

const pi = 3.141592654;
e = 2.718281828,
ReturnKey = #13;
EscKey =#27,

U%Key = #72;
LtKey = #75;
RiKey =#77;

DnKe = #80;

var No,No{,No2_2,N02_3,Pattem,DclLaLmin,DcltaLgxid,Ratio,Smax,Td,h,i,j : integer;
Counter,Countch_l,Countcr3_1,Countcr3_2,CounterB__3,Cotmte{3_4,Countcr3_5 : integer;
No2_1,No3_1,No3_2,No3_3,No3_4,No3_5 : array [0..5000; of integer; )
Kcy,Kcyl,KEf 1,Key2_2,Key2_3,Key3_1Xey3 2 Key3_3Key3_4,Key3_5ExitKey : char;
Start,Exit,UpToDn,DaToUp,LtToRt,RtToLt : boolean;
{Deltalmin = The increased portion of the length of the conductor .

Deltalgrid = The increased portion of the length of the grid on x axis or y axis

Ratio = The ratio of the length of the grid on x axis and y axis or

the ratio of the length of the grid on y axis and x axis
Smax = Maximum spacing between parallel conductors

Td = Delay time}
](:s-- STEP 1 : INI;UT DATA ---}
ubx,Lsuby,P1,P2 : real;

{Lsubx = Length of substation on x axis
Lsuby = Length of substation on y axis
P1 = Resistivity of the upper soil
P2 = Resistivity of the lower soil}
-~ STEP 2 : CONDUCTOR SIZE ---}
,H1,H2 : real;

Gauge : strin%1

{D = Diameter of the conductor

H1 = Depth of the u soil

H2 = Depth of buria of the grid
Gauge = Size of the conductor

-— 3 : TOUCH VOLTAGE & STEP VOLTAGE CRITERIOR --}
,C,P,Etouch,Estep : real;
{T = Shock and fault duration
5 = IG{qc‘iiuctioq factor
= Gri ximi
Etouch = Touggo volta%ye

Es = Step voltage
-—- STEP 4 : I]\HTIAL ESIGN ---}

in,Lgrid idy,Lcon,Scon : real;
Ncoqxﬁgony :integer;
{Lmin = um length of the conductor
Lgridx = Length of the grid on x axis
Lgridy = Lex(lﬁth of the grid on y axis

n

Leo = Total length of the conductor

Scon = ﬁ:t:mg between el conductors

Nconx = The number of the parallel conductors on x axis
Ncony = The number of the paraliel conductors on y axis
N = The number of meshes}

esh Lo D 1’15%1}%(:,%—}@1
esh,Lto , : 3
{Lmesh = 1531 thgof a mesh L
Ltotal = Total length of the conductor
Agrid = Area of the %rid

Rgl = Resistance of the grid in the uniform soil
= Reflection factor
Ccf = Shape factor
§g2 = 1({Jorrt:c tion t?ntg due c{c}) the second layer soil
4 = Resistance of the
I(J-—- STEP 6 : GRID CURREN? -1}
f,Sf,Ifault,Igrid : real; ‘

{Df = glccrcmcnt factor

St = Current division factor

Ifault = Fault current

Igrid = Grid cuxrenAR?

-I;-RSIEPal7 : COMPARISON BETWEEN GPR AND Etouch -}

: real;

GPR = Grid Igotcntial rise}

--- STEP 8 : MESH VOLTAGE AND STEP VOLTAGE ---}
x,Ncon,Ki,Kii,Kh,Km1.Km2,Km,Cm,Em,y,Ks,Cs,Es : real;
{Ncon = The number of parailel conductors in one direction
Ki = Correction factor which accounts for nonuniform current densities in electrode elements
Km = Electrode geometrical factor for mesh voltage
Cm = Nonuniformity correction factor for mesh voltage
Em = Mesh voltage
Ks = Electrode geometrical factor for step voltage
Cs = Nonuniformity correction factor for step voitage
Es = Step voltage}

g;oc;cdurc Menu;
gin

CursorOff;
textbackground(0);
clrs

Ccr;
SetHeadAttr(HighDisplay);



SetBoxAttr(HighDisplay);
gct%llgr:m( H]ghD 1spla)3),
et ay);
sevinione
etBox ouble
Wmdowgpcn(30 10,50,15);
textbackground(1);
gotoxy(2,1);

writeIn(' START %
textbackground(0);

wntclné PA ;
writeln( CHANGE DATA";
write(' EXITY),
Start:=false;

Exit:=false;

No2_1[0 :-2;
No3_1{0}:=5;

No3_2[0}:=3;

No3_3{01:=2;

No3_4[0]:=3;

No3_5[0]:=3;

Nol:=1;

T t

epcatextcolor(lS),

UpToDn =false;
DnToUp:=false;
Keyl: —rcadkey,
case Keyl of

UpKey : be
. lfln Nol=1 then begin
U ToDn =true;

tcxtback und(O)

goto (ng

Wnt:a, NP
tcxtbackzgmund(l),

oto;
sv’ﬁtcx(y %
1f Nol=2 then begin
Noi:=1;
tcxtback 0);
goto: 2:
write ATTERN );
textback und(l),

gotoxy( ), :
X(Y %
xf Nol—3 then begin

Nol:=2;
textback und(O),

v tb %-IANGE DATA ;
X ac?mund(
gotox(y( QB’A’ITERN o

end;
if 01 1—4) and (UpToDn=false) then begin

textback und(0);
ooTy(Ly

tcxtbacéggound(l)
oto!
g ’?’ g—lANGE DATA )

cnd
end;

DoKey : be
1?11301-4 then begin
DnToUp =true;

Nol:=1;
textback: und(0);
gotox (Zgro
textbackground(l) ’
gotox (y( y , ,

)

1f Nol—-3 thcn begin

Nol:=4

tcxtback ound(O)

OtOX; ( 3
%/nte g-IANGE DATA %);

textbackground(1);
gotox (ng



'cfn % 1=2 then begi
if Nol=2 then
Nol:=3; gn

tcxtbackground(O),

goto (22

wml:ack d(1); %

text un.

gotox (Zgro

wntc GE DATA );

xf 01 1) and (DnToUp=false) then begin

textbac und(0);
gotox (ng 3
toxtback und(l) '
gotoxy(2.2);
write ATTERN );
end;

end;

EscKey : be:léin1 -
ol:=0;

Exit:=true;
end

end;
until cyl—Rctm'any) or (Keyl=EscKey);
case Nol of
1 : Start:=true;
2 : begin

SetHcadA lay);
SetBoxA! {
gctsvhlgrAA splay)

et ay);
ScthHcad ’SIPH%{N "
SetBoxS lc(Double)
Window (9 71,72, 18),
for h:=0 to 2

for i:=2 to 7 do

otoxy(3+20*h,1);
O
goto A);

186

goto 3+20*h,8);
write(chr(200));
for j:=4 to 19 do begin

s

20*h,8);
wntc Sn'(188) )
for i:=3 to 7 do begin

if h=0 then

e
textcolor(6);

end;
for =4 to(]l92 ggh%:gm
goto +
Srite(cBr(219);
end;

end;
tcxtcolor(l4)
if (h=0) or (h=1) then begin
textbackground(6);
gotoxy(9+20*h,5);
en
else begin b N Aa;
textbac] und(7);
gotoxy(go
end
wnte(c(;h:}Z%S) ,chr(205),chr(205),chr(205),chr(205),chr(205));

textcol
textback; und(O),

oto +20*h,9
H xglgattcm h-4)-l),
cnd

tcxtcolor( l;

goto. 5121_
wntc (201));
for i:=3 to 20 do begin

%v?‘i(t,cz sn(%OS)),

end;



gotoxy(21,1);
wrltcz 187);

fori:=2 to 9 do begin

gow%r(‘lss»,

gotoxy(21,i);
wntc 186));

goto 2,10);
write(chr(200));
for i:=3 to 20 do begin
gotoxy(i,10
wntc (2! 5)),

W%?:g Eléll?)),

Counter2 _ l—CounthQ 1+1;
N02 1[Countcx’2 1}:=

LtToRt::false;
RtTolLt:=false;

LtKey : be
i

LtToRt:=true;
No2_1{Counter2_1]:=3;
for h:=0 to 1 do begin
if h=0 then
textcolor(0)
else
textcolor(1);
gotoxy(2+40%h,1);
wnt:z:hr(ZOI))
for i:=3 to 2

wc;-tft’:? Ew:(zosl)l),1 )'

gotoxe'gn(#to*h ,1);

for i:=2 to 9 do begin
gotoxy(2+40*h.i);
wntt):?' 186));
gotox 21+40%h,1);
186));
cnd,

gotoxy(2+40*h, 10);
write(chr(200));
for ;=3 to 20 do

goto ‘yg—(w*h
oto in.(+40*h ,10%;

cnd,

No2_1[{Counter2_1

textcolor(0)
clse
textcolor(1

)
w(;'txtt):ﬁn(-z h 1)

for i:=23 to ek h s
0[0 i M
Site(ehr(205));

gotoxe'in_(-ZO*h 1)

for i:=2 to 292d§0‘h.1)
gotox
write §1r(186))

OtoX' -20*h.i)
%vmc{ 511(186)),
goto (22-20*h 10):
write(chr(200));
for 1:=23 to 40 do begin

gotoxy(i-20*h, 10);
wntea’:hr(Z ))

gotox 1-20*h,10).
write su'(l 88));
end;

end;

02_1[Counter2_1]=1 then begin

end;
if No2_ iCountch l}-—Z then begin



if No2_ IECoumcx’Z 1]—3) and (LtToRt=false) then begin
No2_1{Counter2
for h:=0 to 1 do bcgm
if h=0 then
textcolor(0)
clse
textcolor(1);

goto [:?'53%-2 *h,1);
for i:=43 to 60 do begin
gotoxz 1-20*h,1);

205));

gotoxg'gn(-ZO*h 1)

for i:=2 to 9 do be

B
goto 61-20%*h,i);
wntc 186));

gotoxzﬁr%-ZO‘h ,10);

for i:=43 to 60 do begin
gotoxy(i-20*h, 10);
write(c 205))
end;
gotoxy(61-20*h, 10);
d'wntc chr(188));

cnd,

RtKe bc
Y 5’1111102 1[Countc12 1}=3 then begin
Lt:=true;
N02 1 Countcr2 1] =1,
for h to 1 do be,

textoolor(O)
clse
tcxtcol 1);
goto h,1);
write! c 2;
for i:=43 to 60 do begin
gotoxy(i-40*h,1);
wntc 205))

goto %1(-40‘}1 ,1);

for i:=2 to 9 do begin -
goto 4240*h,1); N

gmtﬂnuss». ¥
got ﬁ%—«)‘h ,10);

for i:=43 t°-40*h bt
goto
wm:?c’: 205))'

oto En_(-AO*h ,10);
cnd,

end;
1f No2_1{Counter2_1]=2 then begin
No2_1{Counter2_1]:=3;
for h:=0 to 1 do bcgm
if h=0 then

textcolor(0)
clse

textcolor(1);

oto: +20*h,1
& x?'511'(201 )
for i:=23 to 40 do begin

gotox g;ZO*h 15

gotox %ﬂl+20*h L1);

write

for i:=2 to 9 do begin
gotox %2“..+20“h L1);
write 186));
gotoxy(41+20*h,i);
wntc chr(186));

en
gotoxy(22+20‘h, 10);



write(chr(200));

for 1:=23 to 40 do begi
gotoxy(i+20*h,10);
wntc chr(205));

goto zuﬂo*h ,10);

write
end,

end;
if (No2_1[{Counter2_1]=1) and (RtToLt=false) then be:
No2_1 Eountcﬂ 11:=2; gin
for h:=0 to 1 do begin
if h=0 then
textcolor(0)
else
textcolor(1);
pey i
for i:=3 to 20 g’eh,bf)
otoxy(i
%vntc gn-(ZOS)

gotoxe'slr}+20*h ,1);

for i:=2 to 29 c%c(':):.:bhc’1
otoxy(2+ );
Sl
80 4
8 )l

gotox(yg‘{ZO"‘h ,10);

for i:=3 to 20 do bcem
gotoxy(i+20%h,10);
wntce' 205));

goto 1+20*h 10);
SiRaniss

(=)ol
cnd,

EscKcy Noz _1[Counter2_1]:=No2_1{Counter2_1-1];

until (Kc 1=ReturnKey) or (Key2_1=EscKey);
WindowClose;

case No2 _1{Counter2_1] of

1 : Pattern:=1;

2 : Pattern:=2;

3 : Pattern:=3;

end;
end;
3 1

begin

SetHeadA| lay);

SctBoxA ay);
SctCharA splay),

SetWinA! lag,

SetWinH

SetBoxStyle(Double);

Window! (29, 10,52,16),

textbackground(1);
gotoy f“’
wntc 127), Lminimum %
tcxtback Sn-(
writeln(' 72 ,Lx or chr(127) Ly'%
writeln(' Lx/L{)or
wqtc%n : Del y)
write(' elay Time");
No2_2:=1; y
repeat
t
UpToDn:=false;
DnToU; —falsc

Key2 —readkcy,

casc I{Z 2 of
c

y : be

LFIJ\}OZ 2=1 then begin

_ UpToDn:=true;

2b zk— il d(0);

textbackground(0);
gotoxy(2,1);
write ,chr(127). Lminimum ;
textbackground(1);

%vortx(t)cg & 5?)elay Time ')

if N02_2=2 then be
No2_2:=1; gin



textbackground(0);

gotoxy(2,2);

wntcg chr(127) Tx or ",chr(127),Ly
textbackground(1);

gotoxy(2,1);

wmc(Y ,chr(127), Lminimum Y

1fN022 3 then be
2_2:=2; gn

No
textback; und(0);
gotoxy (23,
write( Lx/Ly or LyLx 7;
textbac 2ground(l)
gotoxy(2,2
(\1vntc ,chr(127) Tx or ',chr(127),Ly

en

if 11392 2—4 thcn begin
tcxtback und(O),
goto, zg,ro'
Hextosck d(l) %
textbac und(1);
gotox (2gro
;mtc Lx/Ly or Ly/fLx );

if 02 22;2) and (UpToDn=false) then begin
tcxtback und(0);
goto (2g.r5°,
write lay Time  9);
textback und(l),
goto a/( '

%
:nd
cncL;e ;
DnKey :
3 ﬂglbx}oZ 2=5 then begin

DnToUp:=true;
0 2b 2k A d(0),
textbackground(0);
goto (2g.§°,
write! Time )
textback; 1)'
gotoxy(2, )

wntc cln(127) Lminimum %
xf N02 2-4 thcn begin

bac und(0);
tg%’il (fm ()

tcxtbackgmund( 1);
gotoxy(2
xg elay Time )

1f §02 2—3 then begin
tcxtback und(0);
goto 2gro o
write Lx/Ly or Lylx )
textbac und(1);

otoxy(Z,4);
ivritc’?Y D
1f N02 2—2 thcn begin
textback und(0);
gotox ng
wntc(y ,chx(l27) Tx or ,chr(127), Ly )
textbackground(1);
gotoxy(2,3);
wme Lx/Ly or Lyllx %
1f (N02 2—%) and (DnToUp=false) then begin
tcxtbackground(O)
gotoxy(2,1);
wmcg ,chr(127), Lminimum Y
textback und(l);
goto

wntc(y ( chr(l27) Tx or ',chr(127), Ly )

cnd
EscKcy N02 2:=0;

end;
until (Kcﬂ 2—Rcruchy) or (Key2_2=EscKey);
case No2_2



begin

1

: be,

glgctHeadAm(Hi isplay);

SctBoxAttr(HighDisplay);
SetCharAttr(HighDisplay);
SetWinA ighDisplay);
SetWinHea Y
SetBoxStyle(Double);
Window! (31,12,50,20);
textbackground(1);
gotoxy(2,1);
tentbackground(0);,
textbackground(0);
writeln 810 gO
writeln(’ 100 m
writeln(’ 500 m'
writeln(’ 1000 m’);
writeln(’ 5000 m');
write(' 10000 m');
Counter3_1:=Counter3_1+1;
No3_1[Counter3_1]:=1;
repeat

UpToDn:=false;

EnT:;)U :=falg§;

e :=readkey;
cas); Key3_1 of

ey : beg
2= ifg’:\‘io3_l[Countcr3_1]=l then begin
ToDn:=true;
No3_1[Counter3_1]:=7;

textbac und(0);
goto (2%0;
write 10m

textbackground(1);
goto (2%1-73;

write 10000 m )
end;

if No3_1{Counter3_1]=2 then begin
No3_1{Counter3_1]:=1;
textbac und(0);

"N.
1]

gotoxy(2,2);

write 50m %
textbackground(1);

goto! (fxlg;

write 10m 7

if No3_1 Cotmtcr3_1]=3 then begin

No3_1{Counter3_1}:=2;

textbac d(0);

gotoxy(2,3);

write 100m %

textbac] und(1);
to. 3
i’}iw’?( : S0m

if No3_1[Counter3_1]=4 then begin
No3 b_éi Comtixi%_)_l =3;
text H
goto £4);
%n't:(Y ¢ 500m )
tcxtbackf%vund(l);
gotoxy(2,3);
wntg 100m %
end:

if No3_1 Countcr3_1]=5 then begin
No3_1[Counter3_1]:=4;

text und(0);
goto, (f-';o ; ©
write 1000m
textbackground(1);

gotoxy(2,4);
writé?’ )500 m )

end:
if No3_1{Counter3_1]=6 then begin
No3_lt(Countcr3_l]:=5;
textbac 2g'ound(O);
gotoxy(Z,6);
writ:(Y 5000 m
tcxtbackzgmund(l);
SOtoxy(Z,5);
write 1000m 7;

%

end:
if (No3_1{Counter3_1]=7) and (UpToDn=false) then

No3b_1 Countzli% _),1]:=6;
textbackground(0);

soloxy(2 1)

write 10000 m 7



begin

textbackground(1);

gotoxy(2,6);
write 5000 m %);
end;

cnd;
DnKe
v LPII‘}O3 1[Counter3_1]=7 then begin

(=true;
N03b li(liount%r(%) 1]:=1;
textbackground(0);

goto (ng;

wnuy 10000m )
textbac! und(1);

gotoxy(Z,1);
write 0m )

end;

if No3_1 Counter3_ 1]—6 then begin
No3_ 1{Counter3_ 1]:=7;
textbac 2ground(O),
gotoxy(2,6) )00
ng k d(l) %
textbackground(1);
goto z’%‘)’
writc B3

No3bal Countzr(%)
textbac H
gotoxy(20),

write 1000 m );
textbackground(1);
gotoxy(2,6);

write! 5000m );

end;
xf No3_ 1&(Countcr3 11—4 then begin

end;
lf No3_ thounter?, 1]-5 then begin

No3_1{Counter3_1
textbac

ngé?'(Zgm N

tcxtbackgrmmd(l)
Bty 2%
write )i

end;

if No3_ I&Countch l]-3 then begin
N03bal kCountzx&%) 1
textbackground(0);
goto (ng
Wmtc)ack d(l) %
text U
gotoxy (L

LAYS
’

%
d,
if No3_ ILCOImtct?» 1}-—2 then begin

No3_1[Counter3_1}:=3;
textbac

gotog ﬁolmd(o),

textback tmd(l)
goto Eo

%

if (No3 1{Counter3_1]=1) and (DuToUp=false) then

No3_1{Counter3_1}:=2;
textbac und(0Y;
8°t0xg( )

wmgack und(l) X
text :
goto ng

write Y%
end;

end;
EscKey : No3_1{Counter3_1]:=No3_1[Counter3_1-1];

end;
until (Kc 3_1=ReturnKey) or (Key3_1=EscKey);
WindowClose;
case N03 1[Counter3 1] of

\)O\LII#MNF—-

end;
end;
2 : begin

: DeltaLmin:=10;

: DeltalLmin: -50

: DeltaLmin: —100

: Dcltame::SOO;

: Deltalmin:=1000;
: Deltal.min:=5000;
: Deltal.min:=10000;



begin

SetHeadA Ia )
SetBoxA m(‘gx{gitgl)

g“%’x;rﬁ w(HighDispl a ))’
et t ispla
SetWinHeader("); Py

SetBoxStyle(Double);
Window pcn(31)13 ,90,19);

tcxtbac(k A

gotoxy s

writeln(’ 1m Y
textbackground§0)
writeln(’

writeln(' 10m ;
writeln 50 m’

write(’ 100 m’);
Counter3_2: -Countcr3 2+l
No3 2[Countcr3 2]:=

U ToDn:=false;
EnTsoU -falg;

[} =reaakey,
casz Rey3_2 ofy

UpKey : be
pRey LPII‘:}O3 2[Coumer3 2]=1 then begin
Dn:=true;
NP3 2& ountcr3 2] =5;
textbackground(0)
gotocx(y(2 ,1);

textback und(l),
gotoxy(
write 100 m "

embxfoii _2[Counter3 2}-2 then begin

No3_2[Counter3_2
textbackground(0);

gotoxy(2.2); _
tcxtbacl%mund( 1); :

S m

end;
if No3 2{Coumcr3 "’}-—3 then begin

No3_2{Counter3_2}:=2;
textbac (0);
goto (

tcxt und(l),
gotoxy(2,2);

write: Sm %

end;
if No3_2{Counter3 2}=4 then begin
No3_2[Counter3_2):=3;

text )
goto 4).

write %
textback und(l),
goto fm

%
if (N03 2[Counter3_2]=5) and (UpToDn=false) then

No3_2[Counter3_2]:=4;
textbac u.nd(O).
goto!
wntb . IOOdra) bR
textbackgroun
ooto fm

cnd, ¥
cnd,

DnKey : be
PI?I03 %}Countcﬁ 2]=5 then begin
={rue
N03 Zi():ountcﬂ 2}=1;
textbac: 2ground(O)

goto!
Wnt:(y %
textback2ground( 1):

gotoxy(
X(Y %
end
if No3 _2{Counter3_ -4 then begin
No3_2[Counter3_2}:=5;
textbac,

d(0):
gotox (£4); e

write 50 m s



begin

3:

end;

begin

textbackground(1);
gotox (231-
write %
end;
o ounter =3 then
if No3 _2(C 3_2]=3 th begin
No3_2[Counter3_2]:=4
textbac 2gmund(O),
gotoxy(
write %
tcxtbackground( 1);

gotox(y(Z 4, ko m 5

end;
xf No3_2[Counter3 2]—2 then begin
No3_2{Counter3_2

’

textbac und(0);
gotoxa'(2gg;,

textback; und(l)
gotox (ng
write Y%

end;

if (No3_2[Counter3_2]=1) and (DnToUp=faise) then

No3_2[Counter3_2]:=2;
textbac! ground(0);
gotoxy(2, 1).

wntg k d(l) %
textbac un ;
goto ng

d,end,
EscKcy No3_2{Counter3_2]:=No3_2[Counter3_2-1};

end;

until (Kc 3_2=RetumKey) or (Key3_2=EscKey);
WindowClose;
case No3 2[Counter3_2] of

TP DeltaLgnd:=1'

2 : Deltal grid:=5;

3: DcltaLgnd 10;

4 : Deltalgrid =50

5 : Deltal grid:= 100;
end;

§§$omﬁﬁf‘g§%°‘sfi§¥’

wplay ;

SetBoxS lc(Double),
Windo (31,14,50,23);
textbac und(1);

,1);
e > 2

tcxtbackground(o

writeln(’ 4
writeln(’ 6' ;
writeln(’ 89;
writeln(’ 10%;
writeln(’' 12%;
writein(’ 14%;
write(’ 16";

Counter3_3: :=Counter3 _3+1;
No3 3[Coumcr3 3=l

T
UpToDn =false;
DnToU; —falsc,
Key3_3:=readkey;
case Key3_3 of

UpKey : be
P LF§03 3[Countcr3 3}=1 then begin

Np Dn:=true;

3_3 Counter3 _3}:=8;
textbac| ground(O)
eoto (2, 1)

tcxtbackzgmund( 1);

°0(Oy ')

end;
if No3 _3[Counter3_3}=2 then begin
No3_3[Counter3_3]:=1:

ba 0);
o



begin

en
end,

DnKey : be
1 fm No3 %}Cotmtcr:i _3]=8 then begin

textbackground(1);
gotox (ng
write "

end;

if No3_3{Counter3 3}—3 then begin
No3_3[Counter3_3}:=2;
textbac|

d(0);
gotox (ngun o

tcxtback und(l)
gotox ng
wntc(y

end;

if No3 3§‘Countch 3}—4 then begin

»

No3b 3 Countzz%f =3,
textbackground(0);
gotox (ng

wntg k d(l) |
textbackgroun:

gotox (2gro

%

d,
xf No3_3[Counter3 3 —5 thcn begin
No3_3[Counter3_3
textbac und(O),
goto! (25);
ng k, d(l)
textbac nn
goto; 2gp0
;V,mc %
1f No3_3[Counter3 3}:6 then begin
No3”3{Counter3_3):=5;
textbac

und(0);
goto 2gm , (

wm:fa ki d(l)
textbac un

gotox (ﬁo

Wntc ’

end;
if No3._3[Counter3_3]=7 then begin
No3_3{Counter3_3]:=6;
textbac,

gotox(y ) fmﬂnd(o),

tc)itbac( 6)nnd(l) :
%v(:l(t’e(y L ;

if (No3_3[Countch 3]=8) and (UpToDun=false) then

N03be3;: Countcr% 5 _3):=T;
text! und(

goto (2,3),

write Y%
textback und( 1)

goto ( /
e %

=trne;
N03b83§30unt¢‘:ir(% 5 31:=1;
textbac ;
gotoxzy(f!l)

write
tcxtbackzground(l),
gotoxy(2,1

write b5

end;
xf No3_3[Counter3 3}—7 then begin
No3_3[Counter3_3}:=8;
textbackground(0;
gotox @7
write 14 %
textbackground(1);
gotoxy(2, 8).
write: Y
end;
if No3_3{Counter3 _3]=6 then begin
No3b 3 Coumr(:i:i% )3 =7,
textbackgroun
goto zgfs‘)’,
write i
tcxtbackground( )
gotoxy(2,7);



begin

4

write(’ 14 Y%

end;
lf No3_3[Counter3 3‘5—5 then begin
No3_3[Counter3_3}:=6:
textbac ground(O)
gotox 2, 5)

tcxtback und(l);
2gr6>.

et %

end;
1f No3_3[Counter3 3]—4 then begin
No3b 3 Countt‘:jr(% )3 =5;
textbackground(0),
goto ng
writel
textback ound(l),
goto (
Sritel

end;
if No3 BEIotmtcﬂ 3}-'3 then begin

N°3ba3 Count::ili% )3
textbackground(0);
gotox (2g13:c)),

Y

tcxtback und(l)

gotoxy(Za),

gnt:g %

xf No3_3[Counter3_ 3}-—2 then begin
No3_3[Counter3_3

textbac] und(0);
goto (2gro

wnt;a k. und(l)
textbac )
goto zgro

%
if(No3 3[Counter3_3]=1) and (DnToUp=falsc) then

No3 3LCountcr3 _3}=2;
textbac
goto ,1);

tcxtback und(l)
goto zgr

end,
end;
EscKey No3_3{Counter3_3]:=No3_3{Counter3_3-1];

wtﬂ dgK 3-Rcmchy) or (Key3_3=EscKey);
in
case No3 3[Counta3 3] of

: Ratio:=2;

: Ratio: =4;
4 Raﬁo:=6;
: Ratio:=§;
: Ratio:=10;
: Ratio:=12;
: Ratio:=14;
: Ratio:=16;

*
5

'oo\m\u‘-pum.—

end;
end;
begin

Sct.HcadA lay);
SctBoxA ispiay);
SetCharA 1splay ;
SetWinA isplay);
SetWinH

SetBoxS lc(Doublc)
Windo (3 ,15,50,20);
textback; ;
gotoxy(Z, D

wntb §; d(O
textbac un
wmz:lnggro 02§
writeln(’ 15
write(’ 207;

Counter3 4—Coumcr3 4+1
No3 4[Countcr3 A=

U ToDn:=false;
DnToU :=false;
Key3 —rcadkcy,
case Key3_4 of
UpKey : begin



if No3_4[Counter3_4]=1 then begin.
UpToDn:=true;
03_4[Counter3_4]:=4;
textbackground(C);
gotoxy(2,1);
e TR
textback; 1);
ox ( ,4);
%
nd,
if No3_4[Counter3 4}—2 then begin
No3_4{Counter3_4}:=1;
textbackground(0);
gotoxy(2,2);
wmgack uln%(l)
text g0 ;
gotoxy(2, 1)
write: %

end;
if No3_4[Counter3 4 -3 mcn begin
No3_4[Counter3_4
textbac! gmund(O),
gotoxy(2,3);
write 15
textback, und(l)

goto: (
X(Y %
1f (No3 4[Counter3_4]=4) and (UpToDn=false) then

No3_4 otmu:r3 4] =3;
tcxtbac

gotoxg' \

textback und(l)
e; 023,131;

gotoxy( .
;? )
cnd,
end;
DnKey :bciFin f .
No3_ﬂCountzr3_4]=4 then begin
DnToUp:=troe;
No3_4[Counter3_4]:=1;
textbac! und(0);
SO“Q?'(ng
textback:; 1);

gotoxy( );
writ %

end;
if No3_4[Counter3 4]—3 then begin

begin

)

No3_4{Counter3_4
textbac! 0);

write gt

end;
if No3_4{Counter3 4]—2 then begin
No3_4{Counter3_4}:=3;

tcxtbac 2gﬂmnd(O),

%
background 1);
E":>txi>§r(2,3). v .

1f (No3 _4[Counter3_4]=1) and (DnToUp=false) then

No3 4£Coumcr3 A1:=2;
textbac (0);
gotoxy(2,1); _

wm§ k und(l) )
textbac ;
ootox?'(zgr0

dcnd.
end;
EscKcy No3_4[Counter3_4]:=No3_4{Counter3_4-1];

until (Ke 3_4=RetumnKey) or (Key3_4=EscKey);
WindowClose;
case No3 4[Counter3_4] of

1 : Smax:=5;

2 : Smax:=10;

3 : Smax:=15;

begin

H



4 : Smax:=20;
end;
end;

5 : begin .
Sed{cadw Jisplay);
SetBoxA! isp ay).
SetCharAttr(HighDisplay);
SetWinA isplay);
SetWinHead:

SetBoxS le(Doublc)
Window (31 16 ,50,22);
textbackground(1

gotoxé(Z ,1);

tcxtbackground%& S’)

writeln
E 1000 SY;

writelni

writeln(’ 5000 S%);

write(’ 10000 S'%;
Counter3_5: -Coun!cr3 5+1;

No3 5[Countcr3 S]:=1;

U ToDn:=false;
DnToU :=false;
Key3_5:=readkey;
casc‘}(c 3_5 (l’afc

e
— tgm 03 5[Countcr3 5]=1 then begin

Dn:=true;

NP 3_5[Counter3 5] =5;

textbac 2gmund

gotoxy(

wntg K, d(l)
textbac 2groun H

wmc 10000 S %

end:
1f No3_5[Counter3_5 —2 then begin
No3_5{Counter3_5):=1;

tcxtbac 2gmund(0)
wmgack d 1) G
text :
ootoxy(ng — ( %
cnd. '
if No3_5[Counter3_S —3 then begin
No3 SE(Countch =2;
2gnro und(0);
u?' )
s,
%00 s % -
ﬁ@ 5 =4 thcn be
No3 SECountcﬂ ﬂ gin
4);
g°‘°7( Sooos
tcxtbackzgmnnd(l),

I);
end:
if (No3_5[Counter3_5]=5) and (UpToDn=false) then

- No3_5{Counter3_5]:=4;
tcxtbac 7-ground(O)

wml:ack d(l) K
text N
goto (2833’
write 5000 S bR
end;
end;

DnKey : bchm .
No3 {}Countcﬁ _5]=5 then begin
i=true;
N03 _5 Coumcr3 5] =1;
tcxtbac 2ground

nga « Y
textbac, 2gl'ound(l).

gotoxy(.
wntc %

end:
if No3_S{Counter3_5]=4 then begin



No3_5[Couater3_5]:=5;
textbackground(0);
gotoxy(2,4);

write 50008 )
tcxtbackzround(l)
gotoxy(Z,5

write 10000 S

end;

if No3_5[Counter3 5}—3 then begin
No3_5[Counter3_5}:=4
textbac und(O),
aoto (

s

%
tcxtback und(l).
votox (ng

b3
d.,
1f No3_5[Counter3_5 -2 then begin
No3b 5 Countt(:lxio) =3;
textbackground(0);
gotox (2‘;“)
write: R
textbac und(l),

gotoxy(Z,3);
wntc 10008 %);

1f (N03 _5[Counter3_5]=1) and (DnToUp=false) then

No3 SE(Countcr3 _S}=2;
textbac

gotoxy(Z,1

write 0 S )%
textbac. und(1);
gotoxy(2,2);

write 500 ;

end,
EscKcy N03 _S5[Counter3_5]:=No3_5[Counter3_5-1];
(I§8'3 5—Retuchy) or (Key3_5=EscKey);

Wmdo
case No3 5[Countcr3 57 of
2 Td -500
3 : Td:=1000;
4 : Td:=5000:
5 : Td:=10000;
end;
end;
until Key2_2=EscKey;
Wmdowyglosc, 4
4 : begin
SctHcadA i isplay);
SetBoxA i i y{
SetCharA! lay);
SetWinA splay)
ScthHcad

SetBoxS le(Doublc),
Window: (32,15,48,18);
textbackground(1);

gotoxy( 1) .
tcxtbackground(O),
wntc( NO’),
No2_
I
Up'I’oDn =false;
gn;i)U -fa.lg;,
e :=readkey;
case Key2_3 of 4
UpKey be
No2_3=1 then begin
UpToDn:=true;
02_3:=2;
textbackground(O),
gotoxy(2,1);
write R
textback und(l),
goto: ( I)*I
write: ;
end;

if (NoZ 3—2) and (UpToDn=false) then begin

textback und(0);
gotoxy(2gro



end;

tcxtback und(l),
gotox (28!.o
write %
end;
cnd

DnKey : be
Y 1.tgl§02 3=2 then begin

DnToUp =true;

No2_3:=1,;
textbac( und(O)
oto:;

st o
tcxtbackzground(l)
goto.

wnte ;
02 3—1) and (DnToUp=faise) then begin

tcxtback und(O)

gotox ( {’ES ,
¢ .

t“c,?tl:ac( 238 d(1); )
to

%v.;'ltc ?\lO b

end;

end;
EscKey : No2_3:=2;

until (Ke
WindowClose;
case No2_3 of

1 : Exit:=true;

2 : Exit:=false;

end;
end;
1 (Stast=true) or (Exitatrus)
un tart=true) or t=true);
WindowClose;

durc Stepl;
é: ROW OF BORDER ---}

tcxtcolor(l)
for i:=0 to 2 do begin
for j:=3 to 78 do begin
if (i=0) or (i=1) then
gotoxy(] *i+1)

80‘0 g %‘)*)»

M

end;
é-—- COLUMN OF BORDER —}
or i:=1 to 24 do begi

for j:=0 to 1 do

goto 1
wntc 219), chr(219))
1f (1>8) and (1<24) then begin
x8'§11'(219),<=111"(219))

end;
textcolor(14);
textbac und(1);
gota

_3=ReturnKey) or (Key2_3=EscKey);

wnteaq'HElzlESIGN OF GROUNDING GRID');

gotox&gRé 24)

goto 57,24)
Wntcgl
NT

{---
textcolor(15);
tcxtbackoground(o

for i:=10 to 23 do begin

%v‘:;?ee’ iuél&s )):
w.;'tl(t)cz (hr(fg's)),

%5:&?;‘( 200

for j:=5 to 37 do begin
gotox
wntc?' gr(ZOS)),

’ OF TANK -}



end;

%V‘:'tl?ce' in'% 238))

for i:=11 to 2 'do begin
if Pattern=1 then
textcolor(6);
if Pattern=2 then begin
if i<14 then begin
textcolor(7);
end
else
textcolor(6);

1f Pattcm—3 then begin
if i<16 then
textcolor(7)
else
textcolor(6); .

end;
for j:=5 to 37 do begin

jii);
wnté?' 219));
cn N

tcxtcolor( 15);
if Pattern=1 then begin
textback, und(6)

goto 1),
wmé?’

clsc begin
tcxtback und(7);

gom%ppcr Soil;

tcxtbackground(ﬁ)
if Pattern=2

B gotoxy(6, 14)

otoxy(6,16
wntgc('I_Ax)yvscr Sc)n]')

end;

{+-- TOP VIEW OF TANK ---}
tcxtgglil( 15); 4Oy

textbac| und(0);

goto E‘o

wme (& )g

for j:=44 to 76 do begin

wmé? 05)):

goto 71, 9g
write(chr(1
for i:=10 to 22 do begin

wmcxz:in-;lgti)),

;?' gn‘(l 6));
gotoxe'g_%,ZS

for j:=44 to 6) do begin
w(l"tl(t)c (ﬁ'x(2385)),

oto 7
%vme g]:(18 ))
if (Pattern=1) or (Pattern=2) then

textcolor(6)

else .
textco ;

for i:=10 to 22 do begin
for3-44to76dobcgm

L)
wntcxe' 219));
end;
end;
SctHcadActr(Hl isplay);
SctBoxAttr(Hl isp ay

SctCharA 1sp ay ;
ScthA
SethHeadc ATA Y%

SetBoxS le(Double
WindowOpen(4,2,7 .7);
if Pattern=1 then

write (' Area of Substation
else

write(' Arca of Substation

X

m',chr(253))

m',chr(253));



textcolor(14);
repeat
if Pattern=1 then
gotoxy(28 )

e gotox (34 1);

if Lsubx<—0 then begin
if Pattern=1 then
gotoxy(28,1)
clse
_gotoxy(34,1);
write(' P
write(#07);
end;
until Lsubx>0;

at
if Pattern=1 then
. gotoxy(37,1)

o (43 1);
oto ;
read(Lsuby):
if Lsuby<=0 then begin
if Pattern=1 then
gotoxy(37,1)
cise
) gogoxy(‘}3, 1);
wﬁteg#07); '
end;
until Lsuby>0;
et 3) then be
ttern=2) or (Pattern= en
write(' Rcmsﬂvgt)ya of the {J gm
textcolor(14);

repest goto (34 2);
read

if P1<—O then begin
gotoxy(34,2);
write Y%
write(#07);
end;
until P1>0;

end;
textcol 1
if Pane0r§1(=§)thcn
lswmc( Resistivity of the Soil = ',chr(234),'-m")
else
write(’ Resxstmty of the Lower soil = ,chr(234),'-m);
tcxtcolar( 4);

1f Pattern=1 then
& gotoxy(28,2)
se

toxy(34,3);

\chr(234),-m);

if EgPancm-l) and (P2<=0)) or (((Pattern=2) or (Pattern=3)) and ((P2<=0) or (P2=P1))) then bcgm

toxy(28, 2)

else
_gotoxy(34,3);

write('

wntc #07);

»

until ((Pattcrn—l) and (P2>0)) or (((Pattern=2) or (Pattern=3)) and ((P2>0) and (P2<>P1)));

if Pattern=1 then
P1:=P2;
WindowClose;
D:=9.266;
Ct}au e Z/Olf\ w(lg; 3) then be;
i ttern=]) or (Patterm= en
if %aftm-l then gin

end;

1f Pattern=2 then be
Hi:=0.1; gin
H2:=0.5;

end;

end;

ure Step2;

gl1(%.’u|'sorOff;

SetHeadAttr{HighDisplay);



SetBoxAtr(HighDisplay);
SetCharAt ghD splay),
SetWinA ﬁ b)
ScthHcad CONDUCTOR SIZE *;
SetBoxS (Doubl
Window (4,2, 7
wntcln( iameter of thc Conductor = mm');
write(' Gauge =");
textcolor 14%
gotoxy(3
write(D:6:
gotoxy(30 2)
i vl
clay
WindowClose;
end;
gzocedm‘c Step3;

o —
ctHea spla
Sc@omﬁlgﬁgl
SetCharAt 1sp ay),
SetWinA 8 g?
SetWinHea TOUCH VOLTAGE & STEP VOLTAGE CRITERIOR %;
SetBoxS lc(Doublc
Window%pm 2017,7);
writeln(" Touc Voltage = VY
write(' Step Voltage = v;
if Counter=1 then begi
SetHeadA ay);
SetBoxAl ighDisp ay¥
SetCharAl 1splay),
SetWinA! i)
SetWinH SH%)DC AND FAULT DURATION %;
SetBoxStyle uble
Wmdowgpcn§39 3,
wntcln( econds Cyclcs(SOHz))’)

textback%ound(l),

writeln(' 0 01 ',chr(171),’ %
tcxtbackgmund(O),
wnte1n§ 0.12 6";
writein(' 0.3 15');
Iv\vlnte(l' 0.7 or more 35 or more’);
0:=1;

UpToDn:=false;
DnToUp:=false;
Kcy -readkey,

e ooy
A befll*}wl then begin
U ToDn =true;

textback und(0);
goto (ng 3

write( 0.01 ",ehr(171), Y
textbackground(1);

gotoxy(2,6);

write( 0.7 or more 35 or more %

end;
if No=2 then begin
No:=1;
textbac und(0);
gOORY(Z4),
wntga k. d(1) 6 K
textbac] groun ;
gotoxy(2,3);
writ 0.01 ",chr(171), %

end;
if §o—3 then begin

=2,

tcxtbackgmu.nd(O),

gotoxy(2,5);

write( 0.3 15 ;

textbackground(1);

gotoxy(2,4);

write(  0.12 6 Y
end;
if glo—d,) and (UpToDn=false) then begin

textback: und(0);
gotox (2g16‘;,

wnt; ‘ 0.7 01('i (x?)orc 35 or more Y
textbac un

gotoxy(zgm



write( 0.3 15 %
end;
end;

DnKey : be
y: tgll% o=4 then begin
DnToUp =true;

No:
tcxtbackground(O)
gotoxy(2,6);
write( 0.7 or more 35 or more %
textback; und(l)
goto: (
Bl b,

end;

if No=3 thcn begin

textback und(0);
gotox (281‘0

write . 0.3 o0 15 %
textbac] un ;

gotox (ﬁgm

writeC 0.7 or more 35 or more %

end; .
if §o—2 then begin

=3;
textback und(0);
gotox (232()),
wntc(y 0.12 6 "
tcxtbackground(l),
gotoxy(2,5);
wnte 03 15 %

1f glo-l) and (DnToUp=false) then begin

textbackgmund(O),
gotoxy(2,3);
wntcg 0.01 ',chr(171),' Y
textbackground(1);
gotoxy(2 4)
write( 0. 6 %
end;
end;

until Kcy—Retuchy,
casclNo bgf
!
Df:=1. 39
end;

T-012
Df:=

3 g

" Bro03;
Df:=1.

end;

4 : begin
Cm'sorOn

SetH la )r
SctBoxAttlr%g.-lxgghD-?sp ay);

SetCharA 1splay)
SetWinA isplay);
SetWinH

SetBoxS lc(Doublc),
Window! (41,10,74,12);

',chr(171), %

iv

or(15); .
write( T = S (0.7 ",chr(243),' T ',chr(243),' 1 S));
textcolor(14);
gotoxy(6,1);
rg a(gI'<O (T>1) th
i or en
til (T;vg(t)cé) 7)d (T<=1);

un an <=1);

WindowClose;

CursorOff;

Df:=1;

end:
end;

r/indowCIosc,
C:=1-0.106*(1-P2/P1)/(2*H1+0.106);
if Pattcrn—l) or (Pattern=2) then
s =1+0.1378/H2
clse

P:=1;



Etouch =(1.5*C*P*P1+1000)*0.116/sqrt (T)
ep:=(6*C*P*P1+1000)*0.116/sqrt
tcxtcolor(14),
textbackground(0);
gotoxy(13,1);
write(Etouc :8:2);
gotoxy(18,2);
write(Estep:8:2);
delay(Td);
WindowClose;
end;
g;oqedm'c Step4;

5 .

etHea ay);
SetBoxAmm{g;léﬁhD?;;?ay
SctCharA sp ay )
ScthHead DESIG‘I )3

writeln(’ Lcngth of thc Gnd on X Axis m);
writeln(' Length of the Grid on Y Axis m');
writeln(' The Number of Meshes on X "Y;
write(' The Number of Meshes on Y
if Countcr-l then begin

SetHead la ;
SctBoxAm'm(l"l-cliJhgggsp ay J

§’.

is

5

1

t
SethHgg UIER&T DIVISION FACTOR %;

SetBoxStyle(Double);
Wmdow (47,3, 65).

tcxtcol 15);
write( osré

tcxtcolor( 14)
goto 7 1);
read

if (S <=O) or (Sf>1) then

te(#07),
until (Sf>0) and (Sf<=1);
textcolor(15);

i‘ii?e"("éz'”

textcol g
write(S£:5:3);
SetHead Attr(HighDisplay);

(0 < Sf ',chr(243),' 1)),

SetBoxStyle(Double
Windo (47,6,76,8);
repeat
textcolor(15);
write( I = AI>0A4A))
tcxtcolc(:g(ll;t),
gotoa

if Ifault(<=0 then
write(#07);
until Ifanit>0;
WindowClose;
WindowClose;
CmsorOff

..Df*Sf“Ifa
s_uPlattcrn-l) and (Countcr<20g or ((Pattern=2) and (Counter<23)) then
in:=1.3*P2*Igrid*sqrt(T)/! 116*(1 5*C*P*P1+1000));
if mcmﬁ%) and (Counter<27 t en
:=1.3*P1*[grid*sqrt(T)/(0.116*(1.5*C*P*P1+1000));
if ((Pattern=1) and (Counter>18 ) or ((Pattern=2) and (Counter>21)) or ((Pattern=3) and (Counter>25))

then
Lmin:=Lmin+DeltaLmin;
{--- Size of the grid remains unchanged ---}
if Lsubx<=Lsuby then
Lgridx:=Lsubx
clse
Lgridx:=Lsuby;

e e
! =
Nconx =Nconx+1;

Ncony:=Nconx;
N: -(Nconx-l)*(Ncony-l).



Scon:=Lgridx/(Ncony-1);
Lcon:=Nconx*Lgridx+Ncony*Lgridy;
until (Lcon>=me) or (N>576) or (Scon<=2.5);
{-— Size of the grid is expanded to only one direction ---}
if (Leon<Lmin) or (N>576) or (Scon<=2.5) or (Scon>Smax) then begin
if Lsubx<=Lsuby then begin

Lgridx:=Lsubx;
N%gny: 1;

Ncony =Ncony+1;
Nconx:=Ncony;
at
Nco(nﬁ --NcoriJ;:':(l-]\lI B
:=(Nconx-1 cony-1);
Scon:= E‘ldx/(Ncony-l
Lgridy: con*g\lconx-
Lcon:=Nconx*Lgridx+Ncony*Lgridy;
Ratio); until ((Lcon>=Lmin) and (N<=576) and (Scon>2.5) and (Scon<=Smax)) or (Lgridy/Lgridx>
atio
unul (Ncony>=24) or (Scon<=2.5) or (Lgridy/Lgridx<=Ratio);
elsc begin
Lenidy:=Lsuby;
conx:=1;
repeat
e Nconx:=Nconx+1;
Ncony =Nconx;

Nw('% oD (Neony-1):
=(Nconx- cony-1);
Scon:= dy/(Nconx-l),
Leridx:= on*g\lcon y-
Lcon:=Nconx*Lgridx+ con *Lgridy
Ratio) until ((Lcon>=Lmin) and (N<=576) and (Soon>2 5) and (Scon<=Smax)) or (Lgridx/Lgridy>
atio);
unul (Nconx>=24) or (Scon<=2.5) or (Lgridx/Lgridy<=Ratio);
end.,
{--— Size of the grid is expanded to both directions ---}
if (Lcon<Lmin) or (N>576) or (Scon<=2.5) or (Scon>Smax) then begm
if Lsubx<=Lsuby then begin
Lgridx:=Lsubx;

Lgridx:=Lgridx+Deltalgrid;
N%l;ny:l'gn ®
at
Ncony: —Ncony+1
Nconx:=Ncony-1;

ﬁ conx.N 1 *+ 1
Sco-[(ll‘i dx)/ (Ncon)’- ),
Lgndy g‘l

Lcon:=Nconx* dx+ con

until ((Lcon>=Lmin) and (N<—5¥6) and (§con>2.5) and (Scon<=Smax)) or (Lgndy/Lgndx>

Ratio);
until (Ncony>=25) or (Scon<=2.5) or (Lgridy/Lgridx<=Ratio);
cndu:ml (Ncony<2S) and ZScorE>2.5) ) >
else begin
Lgndy =Lsuby;

L idy:=Lgridy+DeltaLgrid;
N%gmy::=l;gn v it

t
Nconx:=Nconx+1;
Ncony =Nconx-1;

Ncony =Ncony+1;
N:=(Nconx-1)*(Ncony-1);
Ec:oxzi —Lgdy/(Nconx-l)
X cony-
chgn --Nconx"’l(_N dle-l‘?con;'
until ((Lcon>=Lmin) and (N<=5 6) and (Scon>2 5) and (Scon<=Smax)) or

(Lgridx/Lgridy>Ratio
Y until 2Nconx>—25) or (Scon<=2.5) or (Lgridx/Lgridy<=Ratio};
until (Nconx<25) or (Scon>2.5);
end;
end;
textcol 14§
gotox

(3
gglléi (§n 2).

sotonytia

write((Ncony-1):3);
gotoxy(35 4)):



write((Nconx-1):3);

delay(Td);
WmdowClose,
end;
g‘r:ochure Step5;
gllét.trsorOff;
SetHeadA isplay);
SetBoxA isplay);
gctg}]i;r: 1splay)
ct
SetWinHea GRI% iESISTANCE %
SetBoxS le(Doublc
Window! 0730
Lmesh:= D/ 1000*Ncony)/(Ncony-1);
Ltotal —2"1.mcsh*(N+sqn(N))

grid:=Leridx*L,
1f attern=1) or %xP}ancm—?. then
gl _gPZ/4*sqn(p1/Agn )+P2/(2"‘p1*Ltotal)*ln(165*I.mcsh/(c*D)))"(1 -2.256*(H2-H1)/sqrt(Agrid));

cnd
1 be
ese (P§P1/4* (EllAgnd)+Pl/(2*p1*Ltotal)*ln(l65*Lmesh/(c*D)))*(1-2 .256*%H2/sqrt(Agrid));

dx— gridy thcn
else
Cf:=0.93;
Rg2:=P1*In(1-K)/(2*pi*(H1+Cf*sqrt(Agrid/(2*pi))*In(1-K)*(K- 1)/(2*K)));

end;
Rg =Rgl-Rg2;
write(’ Gnd Rc51stance = ' chr(234));
tcxtcol 14
goto 1 s

d\{'{%o g losc,

gz%:dm Stepb;
g;.rls{?apdAmﬂ-h lay);
SetBoxAttr(Hi gfayg’

SetCharAl isplay);
Sctwm%ay

Se@oﬂalc(Mubl?
windo (4' '’ 3 ’
write(' Grid Current Z) A";

gocox(gén%l ;

0SE;

gzoocdxm: StepT;

Cm'sorOff
SetHeadAl lay);
SctBoxA sp

a
SetCharAl plgy %
SetWinA IP
SetWinH GPR %);

SetBoxS lc(DoubIc
e
W'ntcln e G%’R
writeln(’
if GPR<Etouch then begin
write(' < ,Etouch:8:2,' V;
textcolor(10);
goto! (4 3)
write(GPR:8:2);
end
else begi
if GPR=Etouch then
write(' . = '[Etouch:8:2, V")
else
write(' > 'Etouch:8:2,' V";
textcolor(4);
gotox é‘4 .3);
write(GPR:8:2);
?? (Td);
clay :
WindowClose;
end;
proccdurc Step8;

Etouch"g;

v



begi
gu(liursoxOff'

SetHead Attr(HighDisplay);
SetBoxAru?Igljgﬁhﬁ?_sp ayg;
SctCl;arActélgl isplay);
SetWinA ighDi lay%; o
SetWinHeade: H VOLTAGE & STEP VOLTAGE %;
SctBongle(Doublc ;
WindowOpen(4,2,77,7);
Ncon:=s conx*Ncony);
Ki:=0.656+0.172*Ncon;
Kii:=1/exp(2/Ncon*In(2*Ncon)); )
if (Pattern=1) or (Pattern=2) then begin
=s nE +

-H1));
Kml :=q 1/ 2"pi)*1n(1800*sqr(8con)/( 16*(H2-H1)*D)+1000*sqr(Scon+2*(H2-H1))/(8*Scon*D)-1000*(H2-

H1)/(4*D));
end

clsclléchgin 42
=% +H2);
Kml:-—-%i )
if Hl<s é grid) then .
1x:=0. 75*exp(2*In(In(sqrt(Agrid)/H1)/In(10)))
else

x:=0;
g Cm:=exp(x*In(P2/P1));
end;
Km?2:=Kii/(2*pi*Kh)*In(8/(pi*(2*Ncon-1)));
i
attern=1) or (Pattern=2) then
:=P2*12.m*g*lgrid/Ltotal

se
__ Em:=Cm*P1*Km*Ki*Igrid/Ltotal;
if Nconx>=Ncony then
Ncon:=Nconx
else
Ncon:=Ncony;
Ki:=0.656+0.172*Ncon; -
if (Pattern=1) or (Pattern=2) then
=1/pi*(1/(2*(H2-H1))}+1/(Scon+H2-H1)+(1-exp((Necon-2)*In(0.5)))/Scon)

be
© Ks:g-l--l;/pi*( 1/(2*H2)+1/(Scon+H2)+( 1 -exp((Ncon-2)*In(0.5)))/Scon);
if H1<sqrt(A§ride then )
y:=exp(1/3*In(2*H2/H1))*(0.3*In(Ltotal/sqrt(Agrid))/In(10)+0.1)

clse
y:=0;
Cs:=exp(y*In(P2/P1));

eny
if (Pattern=1) or (Pattern=2) then
:=P2*Ki1*K s*Igrid/Ltotal

1se

Es:=Cs*P1*Ki*Ks*Igrid/Ltotal;
writeln(' Mesh Voltage = v,
write(’ telp Voltage = v,
tcxtcolorg 4;;
gotoxy(17,1);
write :8:2);
gotoxy(17,2);
write(Es:8:2);
delay(Td);
‘WindowClose;

cedure Step;

el

els

gin

S
ctriea 1Splay);
sretenda)
ar. ay)s
SetWinAtr( ﬂi(gﬂ%é?laé;
SetWinHeader(' CHECK MESH VOLTAGE ‘),

SetBoxStyle(Double);
Windowgpz(ngtﬁZJ N)R

writeln(’ Etouch’);
writeln(’ )
if Em<Etouch then begin
write(' < ' Etouch:8:2,) V%;
textcolior(10);
gotox&é:]js);
write :8:2);

end

write( = 'Etouch:8:2,' V)

write(’ > ' Etouch:8:2,' V');
textcolor(4);
gotoxy(4,3);
write(Em:8:2);

2?1) ’f‘;lin(tIhOOO*sqr(Scon)/(l 6*H2*D)+1000*sqr(Scon+2*H2)/(8*Scon*D)-1000*H2/(4*D));



(cigil; (Td)

a N
WinZilowCLosc;
end;

ggoc_:edm‘e Step10;
guSClutII?Iorggtr(I-h isplay)
ctHeadAt isplay);
SetBoxAttr(HighDisp ay{;
SetCharA isplay);

P CHECD!
SetWinHeader(' CHECK STEP VOLTAGE ;
SetBoxS lc(Doubl%);
Windowgpcn 4,2,71,D;
writeln(’ Estep’);

t cn

writ.t:('cp gm ' Estep:8:2,' V7
textcolor(10);

otoxy(4,3);
%zmé%s:s:)z);

write(' = 'Estep:8:2, V')
> 'Estep:8:2,’ V);

write(
textcolor(4);
gotoxy(4,3);
write(Es:8:2);
ccin?; (Td)
cla ;
Win%owClose;

end;
g;oc_:cdm'c Stepll;

gin
-— FRONT VIEW OF TANK ---}
ursorQff;
Y pricnent eidy then bég
<=| en
itg(nPattcmg'l% gr (Pattcrng:i) then begin
textbackground(6);
if Pattern=1
gotoxy(14,16)
else

gotoxy(14,18);
en
else begin

textbackground(7);
gotoxy(l%,ci@;

d;
:xrlﬁtc(' ',chr(205),chr(205),chr(205),chr(205),chr(207),chr(205),ctm(205),chr(205),chr(205),chr(205),” *,chr

(18),"
STse begi
e
if &tcmﬂ) or (Pattern=2) then begin
textbackground(6);
if Pattern=1 then
gotoxy(14,16)

clse
gotoxy(14,18);
end

else begin
textbackground(7);
gotoxy(14,14);

end;
writzéc 2053,c 205g,c 205;,0 2053,c 205),chr(2053,c 207)),
write(chr(205),chr(205),chr(205),chr(205),chr(205),chr(205)," ',chr(18));

end;
if (Pattern=2) or (Pattern=3) then begi
or i:=11 to 15 do begin en
gotoxy(32,i);
if Pattern=2 then begin
tcxtbackground?);
if (i=11) or (1i= 3) then
write(chr(179));
end

clse begi
if (1<13) or (i>13) then
write(chr(179));
end;
end;

end;
for i:=11 to 17 do begin
gotoxy(20,i);
if Pattern=1 then begi
if (i<13) or ((i>1§)mand (i<16)) then

.



write(chr(179));

end;

if Pattern=2 then be )
if (i<14) or (1>14§1tnhcn begin

if i>14 then
textbackground(6);

;v’ntc(chr( 9N

cn

end;
if Pattern=3 then begin
if (i=11) or 31—13 then
write(chr(179));

end;

end;
tcxtcolor( 1 %
if (Pattc =2) or (Pattern=3) then begin
if Pattern=2 then
textbac und(7),
gotoxy(6,11);
write! csxsuvnyl Y%

6,12
g°‘°"<Y( £ ,chr(234),"-m’);

1f Pattern=1 then begin
gotoxy(6,11);
write esxsnvxty')
gotoxy(6,12);
else be
else begin
textbackground(6);
if Pattcmgi% then
& gotoxy(6,14)
else

gotoxy(6,16);
write('Resistivi ;
if Pat(tcm—z thctx);2 4
gotoxy(6,15)
clse

gotoxy(6,17);
end;

write(=  ',chr(234),'m’);
if Pattern=1 then
otoxy(22,18);
ttern=2 then
otoxy(22,20);
if Pattern=3 then
gotoxy(22 16);
ff"(lffa( 2) (P b 3) then be;
ttern=2) or (Pattern= en begin
textbackground(7);
if Pattern=2 then
lsgotoxy(26 ,12)

e
gotox?(26 ,13);

7

end;
if Pattern=1 then begin
goto! 20 ,13);
write: m");
=}
clse
if Pglt%na;-Z thcnd?c())
text! un.
gotoxy(Z%mlt&),

els
20,12
)

end;

textcolor(14%

if (Pattern= ) or (Pattcm—3) then begin
o Pattgza'n; d(7)

textbac un

gotoxy(8, l%‘,o
write(P1:4: 0);

end;

if Pattern=1 then
gotoxy(8,12)

else begin

textbackground(6);

if Pattern=2 then
gotoxy(8,15)

se
gotoxy(8,17);

end:

write(P2:4:0);

if Pattern=1 then



5 toxy(26 18)
anm&s 20);
OLOXY! ;
if attcrnz-236t1 6c)n
oto! ;
wr%te(ny
if (Pattcm-—2) or (Pattern=3) then begin
textbackground(7);
if Pattern=2 then
gotoxy(31,12)

else
otoxy(31,13);
wntgc(Hly3 2)

if Pattern=1 then

50toxy(24 ,13);
attgm;2 tbcnd?g)gm

textbac| goun

gotoxy( 14);
1f Pattern=3 then
8018’3(3252 ,12);
write
é--- OP VI%W OF TANK ---}

or i:=14 to 18 do begin
for j:=49 to 61 do begin

0toxy(j,1);
%vnte %
f?' idx dy then be
<= y then
L dxl-Ezznd then bcggn

5
Eﬁ;‘t’c 1), chr(205),ch(208),chr(203),chr(205),chr(205),chr(203),chr(205),chr(205),chr(187));

else begin
,14);
\gw?-tl(t’:e' in—éZO1)),chr(205),chr(205),chr(203),chx(205),chr(205).chr(203),chr(205),chr(205),chr(l87));
goto

,15);
wnte %1(202) chr(205),chr(205),chr(206),chr(205),chr(205),chr(206),chr(205),chr(205),chr(185));
for 1:=16 to 17 do begin

gotong‘i_%i%4
§°‘°’?ﬁ% et

clsc
‘ﬁx{m f‘” e %82' 303 Shr08) Chr0ay chr gy
ori:=16to 1
t;?' %1(284),ch:(205),chr(205),ch1(206))
goto

xe’gn'(ZOO),chr(205),ci:n(205),c:ln'(202)),

end;
for 1:=16 to 17 do begin
goto:

dwntcgéin'(Z())S) chr(205),chr(206),chr(205),chr(205),chr(206),chr(205),chr(205),chr(185));

otoxy(53,18
%vnt;?, 20 ,chr(205),chr(202),chr(205) chr(205),chr(202),chr(205),chr(205),chr(188));
if Lgndx<—L y then be

%J?i?c( in%

t 49,19);
\gxg'l(t)ce' i]:(19 ),chr(l96) chr(196),chr(196));
{fwnte(chr(l%) chr(l96) chr(l96),chr(196) chr(196),chr(196),chr(196),chr( 196),chr(180));

ae:?: @

elsc begin 63.14);
DOIOX
write Su‘(19 )),

gotoxy(63.15);
wntc E].r(179)),

otox 63,18);
%vntc g‘u‘(193)

textcolor(15);



goto (56 20);

oto (63 16)
Write(L

soionyGo2L)
gotox 1&63 1

textcol 14)
gotoxy(6 ,20)
write(Lgridx:

gotox &568 16)

*

m '),

m’);

write!

gotox (%ndZyl),
gotox§(68 13’)

1): 3),

write((Nconx-1
if (G >Etouc and (Em>Etouch) or (Es>Estep)) then begin
( attem— attern=3)) and (Counter< ;) or ((Pattern=2) and (Counter<5)) then

attern=2) and (Counter>4) and (Counter<17)) then be
D=12 then begin

dG’augc 5/0 B.W.G. or 7/0 S.W.G';
1f B—ll .786 then begin
Gaugc ='12 mm.G.";

end;

lf D=11.684 then be;
D:=11.786; gin
Gaugc ='6/0 S.W.G.";

end;
1fD—11 .532 then be
D:=11.684; g
Gaugc ‘40 A.W.G.;

end;

1f D=10.973 then begin
D:=11.532;
Gauge: ='4/0 B.W.G.;

end;
xf B—IO 7995 then begin
Gauge: ='5/0 S.W.G.;

end;

if D=10.404 then begin
D:=10.795;
Gauge:=3/0 B.W.G.;

end;
1fD—1016 then be
D:=10.404; o

Gange—S/OAWG'
S

if §gattcm—1) or (Pattern=3)) and (Counter>5) and (Comgrn<18)) or

Gangc 4IOSWG'

end;
if 8—9 ,652 then begin
Gaugc ='10 mm.G.”;

gauge 2/0 B.W.G.
1fD-9 266 then begin

D:=5.44;

gaugc :='3/0 S.W.G.;

xf %(Partcm—l) or (Pattern=3)) and (Counter>17)) or ((Pattern=2) and (Counter>16)) then begin

Gauge:='4/0 A.W. G.;
if @ncms—l) or (Pattcm=3) then
else
H2:=0.75;
end;

if Piittcml—Z) and (Counter>16) and (Counter<21) then

if Pimcl_xinl—31) and (Counter>17) and (Counter<25) then
=H1+

if g{’ancm-Z) and (Counter>20) then

if gattcm—3) and (Counter>24) then



end;
end;
g;occdurc Step12;

xf GPR<Etouch) or (Em<Etouch) and (Es<Estep)) then begin
ctHead Attr(HighDisplay)
SetBoxAttr(HighDisp ay
SetCharAt| 1sp ay)

SetWinA i )
SetWinHea E’IPA]i DESIGN %);
SetBoxStyle(Doubie);
Wmdowgc‘pcn&{ 2,7 7)
writeln(’ Grid Resistance = ' chr(234));
writeln(' GPR = vY;

Mesh Voitage = %
write(' chp Voltage = v
textcok(n2 §
gotox&z

%v?‘tl?c(yér 02 :3);

gotoxy(20, 3)
write(Em:9:

gotoxy(20, 4)
wntc(Es :9:3);

writeln('

EntKey =readkey;
until ExitKey=EscKey;
WindowClose;

end;
end,;

ngimctVidco::truc;
CheckSnow:=true;
Pattern:=2;
Deltalmin:=1000;
DeltaLgrid:=10;
Ratio:=4;
Smax: =15
Td:=1000-
Counter2_1:=0;
Counter3 1 =0'
Counter3 2 —0
Counter3_3
Counter3_4:
Counter3_5: =0

repcat
1f Start—(:mc then begin
Counter:=0;
ExitKey: =#0;
Stepl;

Cotmtcr'—Coumcr+l

if Keypressed then
ExitKey:=readkey;
(limul (GPR<Etouch) or &-Em<Etouch) and (Es<Estep)) or (ExitKey=EscKey);
end;
until Exit=true;
end.



MANYIN 9
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unit Screen;

interface

uses crt,dos;

const Nostplay = $00;
Lolesplay = 507,
HighDisp! = $0F;
UndeereI_ow = $01
UnderLineHigh = $09;
ReverseLow = $70

ReverseHigh = $78;
BlinkLow = $87;
BlinkHi = $8F;
UndBli w = $81
UndBlinkHigh = $89;
RevBlinklow = $F0;
RevBlinkHigh = $F8;
ColorSeg = $B800;
MonoSeg = $B000;

var VideoSeg : word;
CrtType bytc absolute $0040:30049;
CursorMode : word absolute $0040:$0060;
prot\:/ed port s tAwofdA absg)lult)c $())040 :30063;
ure SetAttr (Attrib : byte
ure SetCursor (Top,Bottom : byte);
procedure CursorOn;
edure CursorOff;
xmplemcntauon
var Regs : registers;
gzoccdurc SetAttr (Attrib : byte);

o TcxtAttr-Attnb
on:
g;ochmc SetCursor (Top,Bottom : byte);

gin
Regs.AH:=
Regs.CH: —Top
Regs.CL.:=Bottom;
intr($10,Regs);
end;
ggoccdm'e CursorOn;

POrt Vpon

Port Vport+1] —I-h(CursorModc) and $DF;
Port Vport] =11,

dPort port+1]: -Lo(CursorMode)

en

g;ocedurc CursorOff;

Port

Portvﬁnn E :=Hi(CursorMode) or $20;
VBortL Tl

Port
1] -Lo(CursorModc),
end;

Port
g;ocedm‘e IdentifyCrt;
gin

casc CrtT )ec
ideoSeg:=ColorSeg;
7 : VideoSeg:=MonoSeg;
end;
b
gin
IdentifyCrt;
end.
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unit Win;
interface

uses crt,screen;
const Single = 1;

Double = 2;

Mixl =3;

Mix2 =4

BoxStyle rbyte = Smgle,
AurQOfBox ~ :byte = HighDisplay;
AtrOfWindow :'byte = is ay,

AttrOfHeader bytc = HighDisplay;
AtrOfChar bytc = HighDisplay;
HcadczOmedow stnn =
TypeOfBox 1 4,1..8] of char =
#196 179,#179,#196,#218 #191,#192,#217),
#205 #186,#186,#205.#201 #187.#200,#188),
#205.#179.#179.#205 #213,#184, #212. #1903
#196,#186.#186.#196.#214,#183,#211,#189));
var ErrorWindow : b e indicate window error typc}
ErrorWindow = o error}
ErrorWindow = 1 : Window's frame not valid}
ErrorWindow = 2 : Not eno ng memory to open window}
procedure V“gmgowBox (()}((11 %11 X2§’22 I; e)
procedure Win owO})cn e
ure WindowClose; v
procedure SetBoxStyle Attrib : byte);
procedure SctBoxAttr (Attrib : bytc;
procedure SetWinAttr (Attrib :
ure SetHeadAttr (Attrib : byte);
procedure SctCharAttr (Attrib : bytc;
procedure SctWinHeader (St : string

implementation

type ScreenLine = array[1..80] of integer;
ScreenArray = yl .25] of ScreenLine;
ScreenBloc 1..2000] of integer;

WmdowLmk = ’\ indowControlBlock;
WindowControlBlock = record
X1,Y1,X2,Y2 :integer;
XY mtcgcr
backLink mdowLmk,
ScreenCoutcnts ScreenBlock;

end;
var Actichindow WindowLink;
ScreenPtr Screann‘ay,
FixedSize mtegcr'
WindowCount : b
procedure Windowbox (Xl Y1,X2,Y2 : byte);
const Top =1;
Left =2;

B Window(X1,Y1,X2,Y2);
SctAttr(AttrOfWindow);

clrser;
window(1,1 80.25)
SctAm(S\ fBox);

%v.;;‘t)c fgoasgoxStylc Upleft]);
for X:=X1+1 to

wntc(’I‘ ype)épf%%fg%’éfs%{ﬁ: ;glogygt)]),
01} ch-Y1+1 to Y2-1 do begin

oto
érx-lt:glégoygﬁoxmoxs{ylc Left]);
ype

gotox
dwntc OtBox[BoxStyie,Right]);
en

{Bottom

goto?l‘)gl Yfg )E}ZzoxStylc LoLeft]);

for X:= (T+1 IOOfB 15 B y
write ox{Boxstyle,Bottom

wntc:(Typcg)chox[BoxStylcty LoRi t]; ]

Make 1t the current window and locate cursor to top}

ctAttr( AttrOfHeader);
gotoxy((X1+X2-Length(HeaderOfWindow)) div 2,Y1);
write(HeaderOfWindow);
Window(X1+1,Y1+1, ‘1,Y2- 1)



nd: SetAttr(AttrOfChar);
en
edure WindowOpen (Xl Yl ,X2,Y2 : byte);
I\7{'2?:810«.:!: Ope owLink; v
LineLength, Wmdow81zc I mteger
Y yte;

begin
meLcn th:=X2-X1+
WindowSize: —meLcn th*(Y2-Y1+1)*2+FixedSize;
if (X2>80) or (Y2>25) or (X2-X1<2) or (Y2-Y1<2) then
rWindow:=}

abs(McmAvaﬂ)<Wmdowsze) then
rWindow:=2
else
ErrorWindow:=0;
if ErrorWindow=0 then begi
Getmem(Block, WindowSize);
Block”.X1:=X1;
Block”A. X2:=X2;
Block”r.Y1:=Y1;
BlockA.Y2:=Y2;
Block?. X:=WhereX;
Block?.Y:=WhereY;
Block”.BackLink:=ActiveWindow;
ActiveWindow:=Block;
WindowCount:=WindowCount+1;
IBlock" JD:=WindowCount;
=
for ¥:=Y1 to Y2 do bc&n
%dcivﬁf:recnPtr“[Y 1],BlockA.ScreenContents(I],LineLength*2);
=I+LineLen

end;
WmdowBox(Xl,Yl,XZ,YZ);
end;
end;
procedure WindowClose; .
var Block WindowLink;
meLcnth,Wmdoanzc I : integer;
Y bytc,

gin
if ActiveWindow<>nil then begin
Block:=ActiveWindow;
LincLength:=BlockA X2-Block?.X1+1;
WindowSize: ‘meLcngth*(Block’\ Y2-BlockA. Y1+1)*2+FixedSize;
PImdowConmt :=WindowCount-1;
for ¥:=Block”.Y1 to Block”.Y2 do begin
Movc(Block’\ ScreenContents{I], ScrccnPtr’\[Y BlockA.X1],LineLength*2);
& I:=[+Linclength;
end;

ActiveWindow::BlockA.BackLink;
if ActiveWindow=nil then
Window(1,1,80,25)

clse
With ActiveWindow” do Window(X1+1,Y1+1,X2-1,Y2-1);
gﬁt}g (Block”.X,Block”.Y);
em(Block,WIndowSm),

be

end;
end;
gzochure InitWin;

gin
ActiveWindow:=nil;
FixedSize: —SchOf(WmdoowtmlBlock)-szcOf(Screanlock)
ScreenPtr:=Ptr(VideoSeg,0);
Window(1,1,80,25);
WindowCount:=0;
end;
rocedure SetBoxStyle (Attrib : byte);

81goxStylc:=Attrib;
end;
cedure SetWinHeader (St : string);
f?{caderOtWindow::St;
end;
cedure SetWinAttr (Attrib : byte);
imAttIOFWindow:Am'ib;
en
gcoccdurc SetBoxAttr (Attrib : byte);
AttrOfBox:=Attrib;
end;

roqedurc SetHeadAttr (Attrib : byte);

gl?\ttrOﬂ-Icadcr::Am'ib; /



end;
rocedure Set€harAttr (Attrib : byte);

gufittrOfChar::Attrib;
gmlnitWin;
end.
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