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FOREWORD 

This report was prepared by The Pennsylvania State University, College 
of Earth and Mineral Sciences, Department of Mineral Engineering, in 
conjunction with the College of Engineering, Department of Electrical 
Engineering, University Park, Pennsylvania, under USBM Grant No. 
GO155OO3. The grant was initiated under the Coal Mine Health and 
Safety Research Program. It was administered under the technical 
direction of the Pittsburgh Mining and Safety Research Center with 
Mr. G. J. Conroy acting as the technical project officer. Mr. J. A. 
Herickes was the grant administrator for the Bureau of Mines. 

This report is a summary of the work recently completed as part of 
this grant during the period 5 November, 1975 to 4 November, 1976. 
This report was submitted by the authors on 4 December, 1976. 

This technical report has been reviewed and approved. 
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iii. 

SUMMARY 

Research performed on computer modeling of mine power systems under 

USBM Grant G0155003 is described. The work was performed at The Penn­

sylvania State University from 5 November, 1975 through 4 November, 1976. 

Results presented are interim in nature, and future research is planned 

to integrate the simulations which have been developed. 

The thrust of this research has been divided into three main areas. 

1. Modification of a previously developed model (Mine Power 

System Simulation or MPSS) to include interactive operation 

and the use of default (average) load data. 

2. Development of a dynamic simulation of interdependent mine 

power system induction motors. 

3. Development of an approach to modeling of motor shaft loading 

of induction machines for mining operations. 

During the course of the current year's research, significant 

results have been achieved in all areas. Construction of an interac­

tive MPSS model has been completed and checked. This simulation was 

written in APL code and is fully interactive. In addition, default 

data representing 158 different pieces of mining equipment has been 

developed for use with the interactive model. Additional work described 

includes the construction of a dynamic simulation of interdependent 

continuous miner induction motors and the development of an approach 

for motor shaft load torque computation from experimental data. 



INTRODUCTION 

The future use of high horsepower three-phase induction motors in 

continuous coal mining operations should continue to increase in order 

to meet the nation's expanding energy requirements. As a result of 

this projected electrical mechanization increase, related electrical 

accidents may be expected to grow unless power systems are properly de­

signed for these loads. 

New ideas are constantly being suggested to overcome such problems 

as poor voltage regulation, poor power-factor, and nuisance circuit 

breaker tripping. Obviously, the cost of trying each new proposed solu­

tion is prohibitive. Yet, the industry can easily turn to computer 

simulation for the evaluation and prediction of design alternatives. 

As a step towards the achievement of such a user oriented simula­

tion, a mine power (electrical) system simulation (MPSS) was 

developed at The Pennsylvania State University under USBM Grant GO1O1729. 

This model has proven itself as a useful tool for mine power system 

design, but has also been known to have some important limitations. 

The most serious of these were: 

1. Program operation was not totally user oriented and inter­

active. In addition, large amounts of input data was 

required. 

2. Motor and motor load modeling was not included except as a 

large data input set derived from in mine voltage, current, 

power, and power factor measurements. 

3. Dynamic response and individual motor interaction was not 

considered. 



4. The power system voltage was not easily matched to the 

corresponding utility voltage. 

2. 

The purpose of the current year's work under USBM Grant G0155003 

has been to upgrade and modify the MPSS in these areas. In order to 

achieve this goal, research has been conducted in five major areas. 

These are: 

1. translation of the original MPSS into the APL language to 

achieve a user oriented and totally interactive interum model, 

2. development of a default data set for system loads which 

considerably reduces required interim simulation input, 

3. development of a dynamic model for interdependent continuous 

miner induction motors, 

4. investigation into the feasibility of determining continuous 

miner motor shaft loading from trailing cable input voltage, 

current, power, and power factor measurements, plus 

5. development of an iterative approach to MPSS which will be 

fully interactive and user oriented and will allow matching 

of power system and utility voltages. 

The first four of these research areas will be described in this 

report. The fifth will be touched upon as needed to clarify overall 

modeling objectives, but its detailed description will be deferred to 

a subsequent report due at the end of the present grant continuation 

period. 



FORMATION OF INTERACTIVE MPSS AND DEFAULT DATA 

Two goals of the present year research were to provide a com­

pletely interactive user oriented MPSS interim model, and to reduce 

required input load data. It was decided that the first of these 

could best be achieved by translation of the original MPSS (in 

FORTRAN - batch mode) into APL (an interactively oriented language). 

The second goal has been attained by construction of a default data 

set. 

Interactive Model 

Construction of the interactive MPSS model has been completed. 

The program is essentially a one-to-one mapping of FORTRAN into APL in 

order to preserve continuity. This will allow anyone with a knowledge 

to FORTRAN coding to apply his own logic to make modifications without 

a tedious and exhaustive analysis of the present APL code. The trans­

lated simulation has been thoroughly checked and is in good working 

order. 

Detailed descriptions of execution instructions, functions, storage 

considerations, departures from original MPSS, input/output, 

optimization, program listings, data structures, and four sample execu­

tion sequences are given in Appendix A. The first execution sequences 

are similar to those described for the original MPSS in a report titled 

"Evaluation of Mine Electrical Systems with Respect to Safety, Tech­

nology, Economics and Legal Considerations" by R. Stefanko, L.A. Morley, 

and A. K. Sinha, NTIS PB 225 476/AS, which was submitted to the U. S. 

Bureau of Mines in July, 1973. However, one transformer load has been 



modified to obtain a more realistic situation. The sample runs are 

self-explanatory and include computer interaction data. It should 

4, 

be noted, however, that the example runs labeled "dynamic" are simply 

manual changes in input loading and do not represent a complete time 

varying situation. 

Default Characteristics 

The last sample execution sequence given in Appendix A demonstrates 

the use of default data. This data is actually average power, current, 

and power factor at rated voltage for 53 types of mining equipment in­

cluding continuous miners, belt drives, feeder-breakers, roof bolters, 

fans, and shuttle cars. Each type includes up to four variations in 

rated horsepower and rated ac or de voltage. Thus, 158 different pieces 

of mining equipment are represented as shown in Table I. The equipment 

in this table is numbered 20-176 such that specification of the corre­

sponding number as input results in program specification of the required 

loading. Parameters in the table are in terms of three-phase power, 

phase current, and line-to-line voltage. The last colunm titled coding 

is not utilized in the APL program version. The average loading para­

meters given were obtained from in-mine measurements (taken during USBM 

Grants G0101729 and G0133077) in most cases, although some are pre­

dicted average values. 



5. 

Table 1. Default Data. 

I. CONTINUOUS MINERS (Cutting and Loading) 

A. Lee-Norse 

p I V ~ Code 

20. CMll (525hp) 181kW 422A 550V 0.45 1111131 
21. 181kW 528A 440V 0.45 1111121 

22. CM26 (400hp) 130kW 303A 550V 0.45 1111231 
23. 130kW 379A 440V 0.45 1111221 

24. CM28 (200hp) 90kW 157A 550V 0.60 1111331 
25. 90kW 197A 440V 0.60 1111321 

26. CM35 (225hp) 120kW 180A 550V 0. 7 1111431 
27. 120kW 225A 440V 0.7 1114421 

28. CM45 (500hp) 175kW 367A 550V 0.5 1111531 
29. 175kW 459A 440V 0.5 1111521 

30. CM60 (500hp) 175kW 367A 550V 0.5 1111631 
31. 175kW 459A 440V 0.5 1111621 

32. CMl00 (525hp) 18lkW 422A 550V 0.45 1111731 
33. 18lkW 528A 440V 0.45 1111721 

34. CM245 (290hp) 15lkW 226A 550V o. 7 1111831 
35. 15lkW 283A 440V 0.7 1111821 

36. HH105 (450hp) 150kW 350A 550V 0.45 1112131 
37. 150kW 437A 440A 0.45 1112121 

38. HH115 (450hp) 150kw 350A 550V 0.45 1112231 
39. 150kW 437A 440V 0.45 1112221 

40. HH265 (300hp) 157kW 235A 550V 0.7 1112331 
41. 157kW 294A 440V 0.7 1112321 

42. HH455 (450hp) 150kW 350A 550V 0.45 1112431 
43. 150kW 437A 440V 0.45 1112421 

44. HH605 (450hp) 150kW 350A 550V 0.45 1112531 
45. 150kW 437A 440V 0.45 1112521 

B. Joy 

46. ICM 405hp a-c l8lkW 316.7A 550V 0.6 1411131 
47. 181kW 395.BA 440V 0.6 1411121 
48. d-c 17lkW 329A 550V 1421131 
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Table 1. Continued. 

B. Joy (continued) 

p I V p. f. Code - -

49. 18lkW 724A 250V 1421111 

so. 475hp a-c 177kW 371. 6A 550V 0.5 1411231 
51. 177kW 464.SA 440V 0.5 1411221 
52. d-c 177kW 321.8 550V 1421231 
53. 177kW 708A 250V 1421211 

54. 8CM 350hp a-c 147kW 342.9A 550V 0.45 1421331 
55. 147kW 428.6 440V 0.45 1411321 

56. 9CM 395hp a-c 120kW 210.0A 550V 0.6 1411431 
57. 120kW 262.4A 440V 0.6 1411421 

58. 10CM 535hp a-c 18lkW 244.SA 950V 0.45 1411541 
59. 18lkW 422.2A 550V 0.45 1411531 
60. 18lkW 527.8A 440V 0.45 1411521 

61. 12CM 385hp a-c 172kW 174.2A 950V 0.6 1411641 
62. 172kW 300.9A 550V 0.6 1411631 
63. 172kW 376.2 440V 0.6 1411621 

64. 530hp a-c 214kW 216.8A 950V 0.6 1411741 
65. 214kW 374.4A 550V 0.6 1411731 
66. 214kW 468.0A 440V 0.6 1411721 

67. 14CM 350hp a-c 170kW 172. 2A 950V 0.6 1411841 
68. 170kW 297.4A 550V 0.6 1411831 
69. 170kW 371.8A 440V 0.6 1411821 

II. BELT DRIVES (All Makes) 

70 75hp a-c 39kW 58.SA 550V 0.7 2011131 
71. 39kW 73.lA 440V 0.7 2011121 
72. d-c 39kW 70.9A 550V 2021131 
73. 39kW 156.0A 250V 2021111 

74. lOOhp a-c 52kW 78.0A 550V 0.7 2011231 
75. 52kW 97.SA 440V 0.7 2011221 
76. d-c 52kW 94.6A 550V 2021231 
77. . 52kW 208A 250V 2021211 

78. 125hp a-c 65kW 97.SA 550V 0.7 2011331 
79. 65kW 121.8A 440V 0.7 2011321 
80,· d-c 65kW 118. 2A 550V 2021331 
81. 65kW 260A 250V 2021311 
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Table 1. Continued. 

B. Joy (continued) 

p I V ~ Code - -

82. 150hp a-c 78kW 116. 9A 550V 0.7 2011431 
83. 78kW 146.2A 440V 0.7 2011421 
84. d-c 78kW 141. 8A 550V 2021431 
85. 78kW 312A 250V 2021411 
86. 175hp a-c 9lkW 136.SA 550V 0.7 2011531 
87. 9lkW 170.6A 440V 0.7 2011521 
88. d-c 9lkW 165.SA 550V 2021531 
89. 9lkW 364A 250V 2021511 

90. 200hp a-c 104kW 156.0A 550V 0.7 2011631 
91. 104kW 195.0A 440V 0.7 2011621 
92. d-c 104kW 189.lA 550V 2021631 
93. 104kW 416A 250V 2021611 

94. 225hp a-c 117kW 175.SA 550V 0.7 2011731 
95. 117kW 219.3A 440V 0.7 2011721 
96. d-c 117kW 212.7A 550V 2021731 
97. 117kW 468A 250V 2021711 

98. 250hp a-c 130kW 195.0A 550V 0.7 2011831 
99. 130kW 243.7A 440V 0.7 2011821 

100. d-c 130kW 236.4A 550V 2021831 
101. 130kW 529A 250V 2021811 

102. 275hp a-c 143kW 214.4A 550V 0.7 2011931 
103. 143kW 268.lA 440V 0.7 2011921 
104. d-c 143kW 260A 550V 2021931 
105. 143kW 572A 250V 2021911 

106. 300hp a-c 156kW 233.9A 550V 0.7 2012031 
107. 156kW 292.4A 440V 0.7 2012021 
108. d-c 156kW 283.6A 550V 2022031 
109. 156kW 624A 250V 2022011 

III. FEEDERS-BREAKERS (All Makes) 

110. l00hp a-c 60kW 78,7A 550V 0.8 3011131 
111. 60kW 112. SA 440V 0.8 3011121 

112. 125hp a-c 65kW 97.SA 550V 0.7 3011231 
113. 65kW 121.8A 440V 0.7 3011221 

114. 150hp a-c 75.0kW 112.SA 550V 0.7 3011331 
115. 75.0kW 140.6A 440V o. 7 3011321 



Table 1. Continued. 

B. Joy (continued) 

p I V ~ Code 

116. 175hp a-c 78.3kW 137A 550V 0.6 3011431 
117. 78. 3kW 171. 2A 440V 0.6 3011421 

118. 200hp a-c 81. 2kW 142. lA 550V 0.6 3011531 
119. 81. 2kW 177. 6A 440V 0.6 3011521 

120. 225hp a-c 83.9kW 176.lA 550V 0.5 3011631 
83.9kW 220.2A 440V 0.5 3011621 

IV. FEEDERS (All Makes) 

122. 50hp a-c 26kW 39.0A 550V 0.7 5011131 
123. 26kW 48. 7A 440V 0.7 5011121 
124. d-c 26kW 47.3A 550V 5021131 
125. 26kW 104A 250V 5021111 

126. 75hp a-c 33.6kW 58.8A 550V 0.6 5011231 
127. 33.6kW 73.5A 440V 0.6 5011221 
128. d-c 33.6kW 61.lA 550V 5021231 
129. 33. 6kW 134.4A 250V 5021211 

130. lOOhp a-c 37.3kW 78,3A 550V 0.5 5011331 
131. 37. 3kW 97.9A 440V 0.5 5011311 
132. 37.3kW 67.8A 550V 5021331 
133. 37.3kW 84.8A 440V 5021311 

v. ROOF BOLTERS 

A. Fletcher, Galis 

134. Single Boom 40hp a-c 15kW 26.2A 550V 0.6 6211131 
135. 15kW 32,8A 440V 0.6 6211121 
136. d-c 15kW 27.3A 550V 6221131 
137. 15kW 60A 250V 6221111 

138. Double Boom 80hp a-c 30kW 52.5A 550V 0.6 6211231 
139. 30kW 65.6A 440V 0.6 6211211 
140. d-c 30kW 54.5A 550V 6221231 
141. 30kW 120A 250V 6221211 

B. Galis 

142. Single Boom 30hp a-c 10. 5kW 18.4A 550V 0.6 6211331 
143. 10.5kW 23.0A 440V 0.6 6211321 
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Table 1. Continued 

B. Galis (continued) 

p I V ~ Code 

144. d-c 10. 5kW 19.lA 550V 6221331 
145. 10.5kW 42A 250V 6221311 

VI. SECTION FANS (All a-c) 

146. 50hp 22.4kW 39.2A 550V 0.6 7011131 
147. 22.4kW 49.0A 440V 0.6 7011121 

148. 40hp 18kW 31.5A 550V 0.6 7011231 
149. 18kW 39.4A 440V 0.6 7011221 

150. 25hp ll.2kW 19.6A 550V 0.6 7011331 
151. 11. 2kW 24.5A 440V 0.6 7011321 

VII. SHUTTLE CARS (Ave. Parameters) 

A. Joy 

152. lOSC 95hp a-c 13kW 19.5A 550V o. 70 4411131 
153. 13kW 24.4A 440V 0.70 4411121 
154. 60hp d-c 13kW 23.6A 550V 4421131 
155. 13kW 52A 250V 4421111 

156. lOSC 135hp a-c 15kW 26.2A 550V 0.60 4411231 
157. 15kW 32.8A 440V 0.60 4411221 
158. 105hp d-c 15kW 27.3A 550V 4421231 
159. 15kW 60A 250V 4421211 

160. 15SC 160hp a-c 20kW 35.0A 550V 0.60 4415131 
161. 20kW 43. 7A 440V 0.60 4415121 

162. 16SC 90hp a-c lOkW 17.5A 550V 0.60 4412131 
163. lOkW 21.9A 440V 0.60 4412121 
164. 55hp d-c lOkW 18.2A 550V 4422131 
165. lOkW 40A 250V 4422111 

166. 18SC 57-1/2hp a-c 9kW 13.5A 550V 0.70 4413131 
167. 9kW 16.9A 440V o. 70 4413121 
168. 45hp a-c 9kW 16.4A 550V 4423131 
169. 9kW 36A 250V 4423111 

B. Torkar 

170. 40 40hp a-c 15kW 22.5A 550V 0.70 4311131 
171 15kW 28.lA 440V 0,70 4311121 
172 15kW 27.3A 550V 4321131 
173. 15kW 60A 250V 4321111 



10, 

Table 1. Continued 

B. Torkar (continued) 

p I V ~ Code 

174. 48 60hp a-c 18kW 37.8A 550V 0.50 4312131 
175. 18kW 47.2A 440V 0.50 4312121 
176. 60hp d-c 18kW 32. 7A 550V 4322131 
177. 18kW 72A 250V 4322111 



DYNAMIC MOTOR MODELING 

The objective of this task segment was to develop a dynamic model 

for interdependent continuous miner induction motors as a step towards 

improved load modeling for the mine power system simulation. The second 

ingredient required for this improved load model, the actual motor 

load-torque characteristics, will be discussed in the next report 

section. 

The basic assumptions for the dynamic motor model were as follows. 

1. Electrical transients are short compared with mechanical 

response times. Thus, dynamic representation of the induction 

machines is based upon steady-state theory. 

2. The mine power system can be represented by its Thevenin 

equivalent circuit. This equivalent circuit will be replaced 

by the actual mine power system simulation when the load 

simulations are integrated into the overall model. 

3. For the purpose of demonstration, a continuous miner having 

four motors was considered. However, the simulation was 

written such that more motors or equipment may be added with 

minor revisions. 

The main program and subroutine listings, program description, and 

a sample execution sequence are given in Appendix B. A flow chart 

depicting simulation logic is also included. 
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Motor Representation 

The system to be simulated can be represented as shown in Figure 1. 

The motors can be switched in or out and loads applied or removed at 

various times. The available voltage at the motor terminals thus depends 

on how many motors are on line, and on how the motors are loaded. 

i 
Point of assumed 
input voltage. 

Variable voltage Bus 
due to drop in feeder 
caused by current drawn 
by motors operating at 
various speeds under 
various loads. 

FEEDER 

constant 

Figure 1. Continuous Miner Motors 

Load 

Load 

___ ,_ Load 

The equivalent circuit of one motor is illustrated in Figure 2. 

The variables shown are as follows: 
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~ a Rl j'Xl JX2 
z 

FEEDER 
+ 

+ 
VLNC V Ge 

Z MOTOR ~. z FIELD ~ 

b 

Figure 2. Equivalent Circuit for One Motor 

Rl = stator resistance, ohms 

Xl = stator reactance. ohms 

R2 = rotor resistance, ohms 

x2 = rotor resistance, ohms 

G = core loss conductance, mhos 
C 

B = magnetizing susceptance, mhos m 

s = slip = (w - w ) /w , s 0 s 

ws = synchronous angular velocity of the rotor (in mechanical radians 
per second), and 

w = angular velocity of the rotor (in mechanical radians per second). 
0 

The equivalent impedance, Z t , can be represented as: mo or 

z rotor = R2/s + jX2 

z = (G + "B )-1 
shunt C J m 

zfield = (Zshunt Zrotor)/(Zshunt + Zrotor) 

(1) 

(2) 

(3) 



z stator 
= 

Zmotor = Zfield + Zstator 

For a particular slip, s, the impedance at motor terminals a, b 

14. 

(4) 

(5) 

(see Figure 2) is thus determined. For a specified voltage applied to 

the motor terminals, an input current can be computed by: 

ILC = VLNC/ZTOT 

where: 

ILC = complex line current, 

VLNC = complex line-to-neutral voltage, 

ZTOT = complex feeder+ motor impedance. 

(6) 

From this input current, the voltage drop across the trailing cable 

impedance is calculated; then the voltage available at the motor 

terminals (MTVOLT) can be found. The input power and power-factor can 

also be computed from VLNC and ILC. The voltage drop in the stator is 

calculated from ILC, ZSTATOR' and MTVOLT giving the voltage across 

both the magnetizing branch and the rotor equivalent circuit. Knowing 

this voltage and the rotor impedance, the rotor current is computed. 

The previous operations are handled in the subroutine VOLTAG. The 

multi-motor interaction will be discussed after the explanation of the 

torque and power computations. 

The power transferred across the air gap between the stator and 

rotor is given by: 

= (7) 



where: 

q1 = number of phases, 

12 = magnitude of the rotor current, amperes 

R2 = rotor resistance, ohms, 

The rotor copper loss is 

LossR t o or cu 

The internal mechanical power is then: 

Pgl - LossR otor cu 
= 

The mechanical power is: 

or 

P = Tw 
0 

P = (1-s) w T 
s 

Thus, the internal torque developed is: 

T 
1 
w 

s 
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(8) 

(9) 

(10) 

(11) 

This equation will fail for s = 0 but, because of the losses explained 

later, the rotor cannot turn at synchronous speed (i,e., s = O). If 

+ the value of s was varied from 1 to O and r2 calculated from the 

equivalent circuit, the internal torque - versus - slip curve would be 

produced. As explained in the following section, the accelerating 

torque is the internal torque minus the loss or load torque. 
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Figure 3. Motor Torque-Speed and Load Curves 
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For starting,the motor is connected across the feeder with no load 

except its losses. When the load changes, the load is applied while the 

motor is connected to the feeder and running. Assume, as an example, 

that a motor is to be started. Figure 3 shows the motor and load 

torques and is exaggerated for the purpose of explanation, There are 

3 actually on the order of 10 integration steps. The starting load is 

also shown much greater than its actual value. 

The torque-slip curve is as given only if no other motors are 

connected to the system. If other motors are connected, the interaction 

will alter the available voltage and thus the output torque. 

Assume for the moment that there is only one motor connected. At 

the instant the motor is connected across the trailing cable, it is at 

point "A" on the motor curve, loaded by the indicated torque. The 
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motor cannot turn instantly,so the terminal voltage at time t = O+ 

(starting time for Motor 1) can be calculated according to the trailing 

cable and motor parameters. From this, the rotor current and thus the 

output torque are computed. Power output (in this case, zero) can be 

calculated. Motor voltage is then assumed constant for some ~t, which 

means that the output torque is also constant. (This isn't acutally 

the case, but for small increments it approximates a continuous curve.) 

The difference in the motor output torque and the load torque is the 

torque available to accelerate the load. 

Acceleration of a rotating mass is governed by the following 

relationship: 

where: 

dw 
J __ o = ~T 

dt 

~T = the available accelerating torque, Newton-meters 

(12) 

J = the rotational inertia of rotor and load, Newton-meter-sec2 

dw 
__ o 

dt 
= 

2 the change in speed with respect to time, rad/sec 

Rearranging and integrating: 

w = 
0 

(13) 

To perform the integration on a digital computer, time is broken into 

small increments, and the speed change is computed and summed to 

the previous speed. 

Thus, 

where: 

wl 
0 

~T ~t 
J 

and 1 
w = w + ~w 

0 0 

2 
= the new angular speed, rad/sec 

0 0 
(14) 



From this new speed, w + 6w , a new slip is calculated. Then a 
0 0 

voltage, torque, and power output can be computed for the next time 

increment. 

This procedure continues until either of the following things 

happen. 
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1. 6T falls to zero when the motor and load torques match. When 

this occurs, the integration is not performed (6T ➔Oz>6w ➔O) 
0 

and the motor runs with constant velocity at the operating 

point determined by the intersection of the load and motor 

torque curves. 

2. An operation shift requiring a load change on this motor 

occurs. When this happens, a new load torque is applied which 

indicates a new 6T. This 6T is calculated, and a test is 

performed to determine whether it is positive or negative. If 

positive, acceleration is indicated, if negative, deceleration. 

At the end of one time increment, the new slip may not be exactly on one 

of the slip increment points. A simple equation is used to compute the 

load torque at this point by regarding the load-torque curve to be 

composed of line segments, For instance, the load-torque curve is 

composed of straight lines between A and B, Band C, and soforth. 

(There are actually 2 x 102 points describing this curve.) Therefore, 

after one 6t, the motor is operating between C and D. The new load 

torque is computed by assuming a straight-line approximation and 

calculating the intermediate load-torque value. 

Motor Interaction 

Now that the operation of the indiyidual motor has been covered, 
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motor interaction can be discussed. 

It has been shown that for any particular motor speed (slip), the 

motor can be represented as a complex impedance. Because the motors 

are to be connected in parallel, this impedance will be regarded as 

some equivalent admittance, YMOToR· Because the motors can have 

different parameters and can operate at various speeds, the admittances 

of the motors can be different so a subscript will be used to denote 

a particular motor, as YMOTOR, and so on. Instead of only one 
1 

motor connected to the trailing cable, there can be any number of 

motors. Further, the load on the trailing cable is composed of the 

sum of the individual motors. The first calculation determines the 

equivalent impedance from which the input current is calculated. The 

interaction will be demonstrated in Appendix B by running through the 

actual program procedure. Before this is done, however, the command 

structure will be described. 

Connnand Philosophy 

Up to four motors (more with minor changes) can be connected to 

the trailing cable. The motors are started and stopped by means of 

neumonic commands. A load change is also accomplished in this manner. 

The command sequence is general so any or all motors can be started, 

loaded, unloaded, and stopped in any sequence, at any particular time. 

A load change on one or more motors would occur upon maneuvering, 

changing from one operation to another, and so forth. To build the 

command list, it is necessary to know the loads that are applied to 

each motor, and how these loads change, for the above operations. 
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Table 2. Assumed Sequence of Operations 

Start hydraulic motor 

Starting Start 1st cutting motor 

► Sequence Start 2nd cutting motor 

Start conveyor motor 

Maneuver to face 
Load 

~ Sump 
Changes 

Shear 

Stop ►[ Stop cutting motors 

Motors Stop remaining motors 

Table 3. Sample Command List 

Pump Hydraulic Cutting /14 Cutting /14 
(Time) (Motor 1) (Motor 2) (Motor 3) (Motor 4) 

0 STRT 

5 STRT 

10 STRT 

15 STRT 

20 CHLl 

25 CHL2 CHLl CHLl CHLl 

30 CHL3 CHL2 CHL2 

35 STOP STOP 

40 STOP STOP 
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Assume the sequence of operations provided in Table 2 is to be 

simulated. The starting loads must be known for the starting sequence 

simulation. This load consists of friction and windage of the rotor 

and other moving parts. The loading of each motor for each operation 

must also be known. As an example, assume the loading is as follows. 

1. There is a starting load particular to each motor. 

2. Maneuvering changes the load on the pump motor only. 

3. The sumping operation changes the loading of all motors. 

4. The shearing operations changes the loading of the pump 

and cutting motors. 

The connnand list would be constructed as shown in Table 3, assuming for 

simplicity that the operation changes occur every five seconds. This 

is how the data is actually entered in the program. In other words, 

each line is a data card representing a specific operation, while each 

column is the command string for an individual motor. 

The command "STRT" tells the program to turn the particular motor 

on with its starting load applied. The commands "CHLl", 11 CHL2", and 

so on, apply a load to the motor representing some operation. For 

instance, the comn1and "CHLl", in the column representing Motor 1, 

tells the program to apply the first load~torque entered after the 

starting load-torque curve to Motor 1. "CHL2'·' applies the second load­

torque curve and so forth. The "STOP" command removes the motor from 

the trailing cable. Results for this example operation sequence are 

given in Appendix B, 
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Summary 

Based upon specified simplifying assumptions, the theory for 

dynamic modeling of in-mine induction motors has been developed and 

implemented. Results of the load modeling for a continuous miner 

example show expected variations due to motor interaction and loading. 

Planned future work on this area includes integration of motor models 

with simulations of the mine power system and motor mechanical 

loading. 



MOTOR SHAFT LOADING 

The dynamic continuous miner motor model discussed previously 

requires specification of the shaft load torque on each motor at a 

particular time for typical mining operations. This torque will, of 

course, not remain constant but will vary in time according to changes 

in the mine floor, seam characteristics, conveyor loading, and so on, 

in addition to changes which occur when changing operations such as 

from sump to shear. 

The scope of work proposed to obtain these load-torque characteris­

tics was to define models of selected continuous miner motors utilizing 

data obtained from the manufacturers. These models were then to be 

used in conjunction with in-mine test data to determine actual shaft 

torque loading. This procedure has been followed, and the theoretical 

development will be given in the following. A discussion of the 

computer programs utilized, sample output, and program listings are in 

Appendix C. 

Theoretical Development 

The equivalent circuit for an induction motor, with a trailing 

cable line impedance included, is shown in Figure 4. Torque (T) and 

slip (s) can be computed given the input voltage (Vi)' the line current 

(I.) and the power-factor (pf) or power (P). Either power or power-
1 

factor may be used, depending on which is more accurate for a given 

set of input data. For present data, power-factor is more accurate and 

will be used in the equations. 
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Figure 4. Induction Motor Equivalent Circuit 
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R2 

s 

This circuit will be solved from left to right using Kirchhoff's 

Current and Voltage Laws, with the input values being the magnitude 

of the voltage (V.) and of the line current (I.). Using the current 
1 1 

magnitude and power-factor, the complex line current Ii~ is 

Ii@ = (Ii) (pf) - j (Ii) (sin (cos -l (pf))) (15) 

where the minus sign is due to the zero reference assumed for the 

voltage. This sign indicates that the current lags input voltage for 

an inductive circuit. Applying Kirchhoff's voltage law around the 

input loop will give E]Jt: 

Kirchhoff's current law at node (A) gives the current 1
2

: 

1 
+ jX ) (17) 

m 

Kirchhoff's voltage law around the output loop gives for the slip (s): 

R 

Ellt = <-¾ + jX2) (I2f5) (18) 



or 

s = R / (E]..___f.t_ - jX ) 
2 ~ 2 

Torque (T) can then be found from: 

where 

(3) 
T = 

I 2 
2 (R2) (1-s) - (power loss term) 

s 
w 

s 

w = the synchronous speed of the motor given by 
s 

w = 4nf rad/sec2 
s p 

f = the frequency (60 HZ) 

P = the number of motor poles. 
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(18) 

(19) 

In the equation 19, the first numerator term is the power transferred 

across the air gap and, after subtracting the power loss term (which 

includes friction, windage, and stray load losses), this torque becomes 

the output torque available at the shaft. All of the preceeding 

equations are used in a computer program to solve for torque and slip 

as described later. 

One difficulty is the equation for slip. This equation involves 

phasors, and slip is real number. Therefore, if input voltage and 

current are not exact values, the angles in the denominator will not 

cancel to give a real slip value. Since input voltage, current, and 

power-factor are measured values, computed slip may be complex. This 

is utilized as a check as to the consistency of input measurements. 

At the present time, a 10% complex slip is allowed where the 



percentage is defined as 

% complex = Im (complex slip) x 100 Re (complex slip) 

26. 

(20) 

If slip is more than 10% complex, the input point is considered invalid 

and is not used. This 10% limit may be changed after many more input 

points are checked for data accuracy. The slip value, used in the 

torque equation, is its magnitude. From previous work, it is known 

that voltage and current measurements are fairly precise, but that 

power-factor values were sometimes subject to experimental error. 

Therefore, if measured power of an invalid point can be utilized to 

validate measurements, more points will be available for representing 

load torque. 

The torque discussed thus far is not the load-torque value desired, 

but is the value produced by the motor as it tries to accelerate or 

decelerate to reach the applied load. To find the actual load torque, 

the following equation is used: 

dw 
J dto = tiT (20) 

This is the dynamic load equation for an induction motor where J is 

rotating moment of inertia. Figure 5 shows a typical torque-slip 

characteristic for a motor and a load-torque curve. 
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Torque 

motor torque-speed curve 
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Figure 5. Motor and Load Torque-Speed Curves 

In finite difference form, 

(21) 

and 6T can be evaluated from the time increment between points and the 

speed at consecutive points. Expressing bw = w - wol' and letting 
0 o2 

w = ws (l-s2) and w
01 

= w (l-s1), this becomes: 
o2 s 

Jw ((l-s2) - (l-s1)) s 
6T = 

bt 

or 

w (sl-s2) 
6T J s (22) = 

6t 

6T is the torque required to accelerate the motor from s 1 to s 2 in bt 

seconds. Load torque can now be found by subtracting 6T from the 

motor torque. The actual value of torque, that 6T is subtracted from, 
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is the average of the motor torque at points 1 and 2, and the load 

torque is assigned a slip value which is the average of the slips at 

1 and 2. 

Thus: 
T2 + Tl 

T = 6T (23) Load 2 

or s2 + sl 
s = (24) Load 2 

This torque and slip are the desired load values. 

Summary 

The proposed approach to motor mechanical load modeling has been 

investigated and appears to be yielding useful results. A sample run 

of this procedure for a maneuver operation is given in Appendix C and 

shows the variability of these mechanical load torques. Planned 

future work will include the application to this method to a wide 

variety of operations in an attempt to better classify and separate 

this loading. Upon achievement of this goal, the mechanical loads will 

be integrated with the motor and mine power system models. 



APPENDIX A 

INTERACTIVE MINE POWER SYSTEM SIMULATION 



APL VERSION: MINE ELECTRICAL SIMULATOR 

(LOAD FLOW) 

(THIS VERSION OF THE M.P.S,S, ALLOWS A 
CONVERSATIONAL MODE OF COMMUNICATION 
BETWEEN THE USER AND THE PROGRAM INPUT) 



CONCLUSIONS AND RECOMMENDATIONS 

The research performed during the current project year has 

resulted in significant progress towards the removal of the limitations 

associated with the mine power system simulation. This model is now 

completely interactive, and the default data developed have provided 

a practical means for interim load modeling. 

Significant progress towards the achievement of improved load 

models which include dynamic motor and motor shaft loading 

characteristics has also been achieved, The motor models are 

presently in useable form, and incorporation of these models into 

MPSS is planned during the upcoming project year. The motor shaft 

loading has proved somewhat more elusive, but it now appears that the 

proper methods have been developed to achieve useable values. A few 

difficulties still remain relating to the classifications of shaft 

load-torque characteristics and to the separation of individual motor 

loads using cable measurements, It is expected that these will be 

resolved using present methods. Further in-mine measurements may be 

required to achieve this goal however. 

Recommended work for the future includes continued work on the 

interactive and interative approach to MPSS (progress in this area will 

be detailed in a subsequent self-contained report) in order to remove 

the voltage matching limitation and add additional simulation versatility. 

Upon achievement of this objective, the mine power system simulation 

and improved load models will be combined to achieve a dynamic balanced 

model of mine power systems. 



32. 

TO 6XECUTE TH~ NlN6 ELECTHlUAL Sl~ULATOR: 

COPY l✓ OF.!{81:'ACB MPSS F.hOi! USt.F, Libfr!:RY f.Ah01 At1D 

EXECU'l'l!..' LAI 1v PROGErAN !/!:.s8. t,'XPlHA'l'lON lJA'l'I!, :SAi.}!!; A,':i 1-1024-5 

FUNCTIONS IN WORKSPACE MESS INCLUDF: 

rUNCTIONS WRITTEN BY R.A.TIVELi 3/376 

AC LO A D S Li' IN D TL L /: DD E F.' LO N LO I i1i I 7' MPSS 
PFCC PRINT HDDlf hhLS STOFf XF~f 
'LiEQUIV 

FUNCTIONS WEITTKN iY f.t. DEPT., UNIV. OE ~LbEfTA 

ABS CADD CDIV C~ 1UL IM Ei.z~· FJ 0,ST fi)ll{ 

STOEAGE CONSILtlATIONS: 

SPACE hENAINifG IN JORKSPACE: 17004 bYT€S. 

TH& ARRAY tQUIP CONTAIVING THf EQUI?~bVT CATALOG 
ENTRitS PR~SENTLY HOUSES DATA IN COLUMN 4 WHICH IS 
NO 1' USE G • A PP li OX IN I, 'Pt LY 2 l~ t .Y '['ES CA I-: U. 11 b CO V EJ Fr E, TJ 

BY REMOVING THIS DATA. 

THE AR~AY DATA WHICH CO~TAINS THE INPUT DATA F6l 
DYNAMIC hUNS IS CUREENTLY OF LKNGTH 4-0C AND IS 
EXPAND 8 D DYNA b1 IC A LL Y BY 1 0 0 I NCH E ,\ F,' N 'I.' 8 ,l H E !i EX CT:; 6 !J F, D • 
BOTH THE INITIAL SIZA AND INCREhfHTAL lNCfEASE ~AYE& 
Rl!,'DUC /i..'D. 

TH~ OUTPUT MBSSAGES MAY Bl REDUCED BY USING A VAEIAHLf 
FILL E' D r.;z '1' H BL A iv KS I! ND ANO T fir, F: FILL£ D f1.> l7' H ASTE F: IS g S • 

IN PU 'I.' FRO bi EAT FILES TO F 1 LL T rn E: () U I :r-, AR n A Y r.; IL T, 
REDUCE STORAGE WHEN 2'Hf. bFIO OPTION IS OPE:liArIONAL. 

AN INCREAS&D USE OF LOCAL VAFIAELLS ANV htDUCTION OF 

INTERNEDIATE VARIABLES WILL ALSO INChEASE AVAI&AbLE 
STORAGE. TO RETAIM CLAfITY FOR SUB&QU&~T kODIFICATIONS 
THE'SD T"l!,'ClJNIQUES WBRJ:; l(Ef'T TO I .l.iINJ!.JUN. 



SIGNIFICANT DIFF&RENCES FROM FORTRAN VERSION: 

DC LOAD INPUT HAS BEEN ALPiRED TO COMPLY WITH THE 
DEFAULT STRUCTURE UF THE EQUIPMENT CATALOG. THE 
INFORMATION IN THE CATALOG IS STRUCTURED AS: 

POWER VOLTAGE POWER-FACTOR 
THE FORTRAN VERSION; hOWEVER, CALLS FOR DC LOAOS AS: 

VOLTAGE POWER 
THUS, THE SELECTION OF A CATALOG tNTRY WOULD HAVE 
INPUT POWER FOR VOLTAGE AND VOLTAGE FOR POWER 
THEREFORE, DC LOAD INPUT IN THg APL VERSION IS: 

POWJiR VOLTAGE 

THE EQUIPMENT CAtALOG NUMBERS HAVE BEEN 
TEMPORARILY REPLACED WITH SEQUbNTIAL NUMBSRS 
FROM 20 THRU 175. THIS ELIMINATES TdE USE OF ABOUT 
2K BYTES TO STORE THE CODE NUMHtRS 

INPUT/OUTPUT: 

TERMINAL INPUT/OUTPUT IS THE ONLY FORM PREStNTLY USED 
THE EQUIPMENT CATALOG PRESENTLY CONTAINS 4 VALUES PtR 
ENTRY: POWRE VOLTAGE POWER-FACTOR HORSE-POWER 
HORSEPOWER IS NOT USED. DURING D8FAULT SELECTION 
IT MUST bE KEPT IN MIND THAT TRE PHASE ANGL8 IS NOT 
IN THE CATALOG. THUS, TO OVEhHIUE THE POW£R-FACTOR 
THE NEW VALUE MUST BE TH£ TrlIRD VALUE IN THE LIST. 
(I.E. THE INPUT LIST: 82 0 0 ,65 OVERRIUES ONLY THE 
POWEH-FACTOh. 

OP'l.' IAIZAT ION 

NO ATTEMPT HAS BEEN MAD£ TO IMPROVE THE FORTRAN VERSION. 
THE APL CODE IS ESSENTIALLY A ONE-TO-ONE MAPPING OF THE 
FORTRAN INTO APL. THIS WILL ALLOW ANYONE TO ADD THE 
FAULT CALCULATIONS IF AND WHHN DESIRED, WITHOUT A TEDIOUS 
ANALYSIS OF THE APL CODE 

EXAMPLE EXECUTION SEQUENC~S: 
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THE FOUR EXECUTION SEQUENCES DEPICT VARIOUS OPTIONS 
AVAILABLE FOR PROGRAM EXECUTION, INPUT, AND DATA CHECKING 
THE CASE STUDY CO~TAINS: THREE PANELS ON FEEDER LINE ONB, 
AND FIVE PANELS ON P/SEDb'R LINE TlvO. TH& FOLLOWING LOAD TYl?f!.S 
AND TRANSFORMER CONNECTIONS ARE USED: 



FEEDER LINE ONE: 

PANEL LOAD 
1 1 AC 
2 3 AC 
3 1 UC 

FEBDER LINE TWO: 

TRANSFORMER 
6 y 6. 
NONE 
6 Y 6 

1 1 AC 1 DC 6 Y 6 
2 1 AC 6 Y 6 
3 1 AC Y Y 6 
4 1 AC Y 6 6 
5 1 AC 6 6 6 

CONNECTIONS 

'l.'HE LINES CONNEC'l.'ING PANELS TO F&SDER LINE'S AND FEEDER 
TO MAIN TRANSFORMER ARE SHORT AND THEREFORE ARE CONSIDERED 
AS NON-EXISTAiVT. CALCULATIONS uo N0'11 INCLUDE MAIN MINE 
TRANSFORMi!JR. 
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FEEDER LOAD 1 
XMSN LINE XMSN LINE 

PANEL n PANEL 2 PANEL 1 

FEEDER LOAD 2 

C 

PANEL n PANEL 2 PANEL 1 

FEEDER LOAD n 

PANEL n PANEL 2 PANEL 1 

MAIN MINE 

6 
TRANSFORMER 

XMSN = Transmission 

Figure 6. Overall Mine Power System Schematic 
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Table 4. Type Specifications for Transmission Line Input 

~ Size 

1 No Cable 

2 fl 8 

3 fl 6 

4 fl 4 

5 fl 2 

6 fl 1 

7 1/0 

8 '2/0 

9 3/0 

10 4/0 

11 250 MCM 

12 300 MCM 

13 350 MCM 

14 400 MCM 

15 500 MCM 



PEOGhAN LISTINGS 

( PhOGRANS WRITTEN FY: R.A.tIVALL) 



[ 1] 
[ 2] 
[3] 
[4] 
[5] 
[ 6] 

v MPSS [L] J v 
v MPSS 

INIT 
IN+NDYN+0 
(JT+- 1 123456789' 

LOOP1 : ' ' 
'*****RUN DESCRIPTION*****' 
' ' 
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[ 7] 
[8] 

INPUT TITLE FOR THIS RUN' 
MNA11JE+{J 

[ 9] ' SbLECT RUN TYP@ ASS-STATIC. D-DYNAMIC. F-FAUL 

[10] 
[11] 
[ 12] 
[13] 

[14] 

T' 
IOt?T+I.!] 
hDYN+NDYNx(IUPT='U') 
+(IOPT•'F')/NFLTS 
' SSLECT FAULT 
-LIN& TO LINE TO GROUND.' 
' 
-THR6'b PHASt SYMM8TRICAL' 

[15] ITYPE+O 

TYPE AS 1-SINGLE LINE TO GROUND 0 2 

3-LIN8 TO LINE. 4 

[16] ' SELECT FAULT LOCATION AS 0-AT MACHINE CORRECTI 
0 N CO 1.-J. PO iv EN '1' S ' 

[17] 1 TliRU 8-10 THRU 80 P 
ERCENT UF CABLE LENGTH' 

[18] 9-AT DISTRIBUTION BUS 
EAR' 

[ 19 J IPOS+[J 
[20] NFLTS:OPTNS+19pU 
[21] ' DB FAULT CODl!,S USED 1.'tlIS RUN? YES OR NO' 
[22] COUES+(1=(&CHO+~)1'Y') 
[23] ' IS DATA ECHO-CHb'CJ<.ING D/:JSIR6'/J? SOME. NONE. ALL' 

[24] ECliO+i(J 
[25] +(1=8CH01 'iv' )/NECHO 
[26] +(1=ECHOt'A')/ALL 
[27] 1 SELi!JCT ECliO-CHBCKS AS (SEPARATE NUMBERS WITH A 

[ 2 8] 

[29] 

[30] 

[31] 

bLANK.)' 

RtQ 

' 
LT X Fi•jJr 

LT IilJP8D 

CLOAD 
[32] OPT1VS[0]+1 

1-PAN6LS 
17 -XFMFr.PUX' 

2-LINl!J 
18-XFMHKVAR' 

3-NDCLOADS 
19-XPMMI IN DG' 

4-XFMRVOLTS 

[33] ALL:OPTNS[t19]+1 
[34] NECHO:+(IOPT•'D')/FOhTY 
[35] NDYN+NDYN+1 
[36] IFLG+(NVYN=1) 
[37] FOHTY:' ' 

5-XPMROC 9-AC LOAD 13 -F 

6-XFAiRSC 10-PFCOMP 14-F 

7-XFMRJ<.VA 11-XFMRPF 15-F 

8-NACLOALJS 12 -RE,'CTIFIER 16-D 

[38] NO FAULT CALCULATIONS SPECIFIED. NORMAL FLOW' 
[ 3 9] ' ' 
[40] '*****FREQ OF CURRbNT(HZ) 0 NUMBER OF FEEDER LOADS *****'.((NDYN 

>1) x22) pV8C'l'OR 
[41] F1+2 RRLS 13 
[ 4 2 J F+ F 1[ 1 J 
[43] NSECTN+F1[2] 
[44] ~1+2xPixF' 
[ 45] ' ' 



[ 4 6] 
[47] 
[48] 
[49] 
[50] 
t51J 
[52] 
[53] 
[54] 
[55] 
[56] 
[57] 
[58] 
[59] 

[60] 
[61] 
[62] 
[6 3] 
[ 6 4] 
[65] 
[66] 
[ 6 7 J 
[68] 
[6 9] 
[70] 
(71] 
[ 7 2] 
[ 7 3] 
[74] 
[ 7 5 J 
[76] 
[77] 
(78] 
[79] 

[046] 
-+(IOPT='F' )/SIXT 
NSEC+NSECTN 

LOOP2:-+(NSEC=O)/END2 
NSEC+iVSEC-1 
I I 

'****************************' 
'BEGIN LOAD FLOW FOR FEEDER' ,QT[NSECTN-NSiC] 
'****************************' 
I I 

LODFLO 
LADDER 1 
I I 

40. 

'***********************************************************' 
' P £ E DER LO AD ' , Q T [ NS EC TN - NS E' C] , 1 Pb' E' DE' R LO AD P A Ir A ME 'I.' ER S - '1.1 H RE 
E PHASE' 
PRINT 1 
-+LOOP2 

END2:LADDER 2 
NDCJ+O 
LIST+ZMINE,IMINE,NSECTN,NDCJ, 0 0 0 
P2+ X FMR LI S'l' 
RPWR+F2[1 2] 
Z1PHS+F2[3 4] 
I1PHS+F2[5 6] 
I I 

'***************************************************' 
'MINE INPUT PARAil1.E.'TE'RS-THf(E£' PHASE,' 
PRINT 2 
IPTR+O 

RUN COMPLETtU? YES OR NO' 
RUNCK+rJ 
-+(1=RUNCK1'N' )/LOOP1 
-+O 

SIXT: 'FAULTING OPTION NOT IN YET-STOP' 
V 



VINI'l.' 
L49J LLJJ 

V INI'l' 
L1J IP'l'fi+-0 
L2J HIV/2L+11',35 
L3J Pi+-3.141593 
L4J HUU'l'3+-3*0.5 

41. 

L5J V!!,'(.,''l'UH+- 1 1:'JINtL::i L,lN!!,' NUCLUAVS Xf!'fV:hVUL'l'S Xl!'/i-Jfr(}(.,' Xl!'NfrS(.,' 
XFMRKVA NACLUAVS 

L6J VE,'C'l'OH+-Vl!,'(.,''l'UH, 'ACLUAV tt'COAiP Xl•'[,jf{}JJ:' R8G"1'1Fll!,fi !:'HI!,'(,! 
FLTXFMR t'LTlMPED 

L7J VECTOR+-V~CTOR,'DCLOAD XFhEPUX XFNNKVAR Xl!'MHWINUG ' 
LBJ NAfuES+- 19 10 pVtCTOH 
L9J NVb'F+-175 
LlOJ AfILL NEQUIP W UbFAULT 
L11J VECTOR+ 1 0 0 0 0 1 0 0 0 0 0 0 550 550 550 0 550 100000 

2000 0 
L12J VECTOR+-VECTOR, 5 1000 20000 0 0.0042 100000 

550 0 0 0 0 0 100000 550 0.7 0 0 0 0 0 0 
0 0 0 0 0 0 0 60 1 0 0 

L13J VECTOH+-VECTOH, 550 100000 0 0 1 1 1 1 250 
100000 0 0 0.03 0.03 0.03 0 100 100 100 0 
0 0 0 0 

L14J VECTOH+VECTOH, 181000 550 0.45 525 181000 
440 0.45 525 130000 550 0.45 400 130000 440 
0.45 400 90000 550 0.6 200 

L15J VECTOR+-VECTOE, 90000 440 0.6 200 120000 550 
0.7 225 120000 440 0.7 225 175000 550 0.5 
500 175000 440 0.5 500 

L16J VEC'l'UH+Vl!,'U'l'UH, 1'/5000 550 0.5 500 1'/5000 
440 o.5 500 181000 550 0.45 525 181000 440 
o.45 525 151000 550 o.7 290 

L17J Vl!,'(.,''l'OH+-Vl!,'(.,''J'UH, 151000 440 o.·t 290 150000 
550 0.45 450 150000 440 0.45 450 150000 550 
0.45 450 150000 440 0.45 450 

L1BJ VEUTUH+-VECTUH, 157000 550 0.7 300 157000 
440 0.7 300 150000 550 0.45 450 150000 440 
0.45 450 150000 550 0.45 450 

L19J VECTOE+-VECTOh, 150000 440 0.45 450 181000 
550 0.6 405 181000 440 0.6 405 181000 550 
0 405 181000 250 0 405 

L20J VECTOR+VECTOR, 177000 550 0.5 475 177000 
440 o.5 475 177000 550 0 475 177000 250 0 
475 147000 550 0.45 350 

L21J VECTOR+VECTON, 147000 440 0.45 350 120000 
550 0.6 395 120000 440 0.6 395 1R1000 950 
0.45 535 181000 550 0.45 535 

L22J VECTOR+-V8C:'l'OH, 1.81000 440 0.45 535 172000 
950 0.6 385 172000 550 0.6 385 172000 440 
0.6 385 214000 950 0.6 530 

L23J VECTOH+VtCTOH, 214000 550 0.6 530 214000 
440 0.6 530 170000 950 0.6 350 170000 550 
0.6 350 170000 440 0.6 350 

L24J VECTON+-VECTOh, 39000 550 0.7 75 39000 440 
0.7 75 39000 550 0 75 39000 250 0 75 52000 
550 o.7 100 52000 440 0.1 100 

L25J VECTOR+VECTUh, 52000 550 0 100 52000 250 
0 100 65000 550 0.7 125 65000 440 0.7 125 
65000 550 0 125 65000 250 0 125 



LU26J 
[26] VECTGf+V~CTOh, 78000 550 0.7 150 78000 440 

o.7 1so 7sooo 550 o 150 78000 250 o 150 91000 
550 0.7 175 91000 440 0.7 175 

[27] VtCTOF+VftCTOR, 91000 550 0 175 91000 250 
0 175 104000 550 0.7 200 1C4GOO 440 0.7 200 
104000 550 0 200 

L2BJ VtCTOt+VECTOh, 104000 250 0 200 117000 550 
0.7 225 117000 440 0,7 225 117000 550 0 225 
117000 250 0 2?5 

L29J Vf.,,C"L'OH+VtC'l'OH, 130000 550 0,7 250 130000 
440 0.7 250 130000 550 0 250 130000 250 0 
250 143000 550 O.'/ 275 

L30J Vt'CTOH+VtG'TOh.', 143000 440 O.'/ 2'/5 143000 
550 0 275 143000 250 0 275 156000 550 0.7 
300 156000 440 OA7 300 

L31J V~CTOE+VKCTOR, 156000 550 0 300 156000 250 
0 300 60000 550 0,8 100 60000 440 0,8 100 
65000 550 0,7 125 65000 440 0.7 125 

L32J VT:iC1'0R+VbC'l'OR, 75000 550 0.7 150 75000 440 
0.7 150 81200 550 0.6 200 81200 440 0,6 200 
83900 550 0.5 225 83900 440 0,5 225 

L33J V~CTOH+VtCTON, 26000 550 0,7 SO 26000 440 
0.7 50 26000 550 0 50 26000 250 0 50 33600 
550 0,6 '/5 33600 440 0.6 75 

L34J VE'C'J'Oft'+V6'C'l'OJ-,, 33f.OO 550 0 75 33600 250 O 
75 37300 550 0.5 100 37300 440 0,5 100 37300 
550 0 100 37300 250 0 100 

L35J VECTOH+V6'CTOR, 15000 550 0,6 40 15000 440 
0.6 40 15000 550 0 40 15000 250 0 40 30000 
550 0.6 80 30000 440 0.6 80 

L36J V~CTOH+V6CTOR, 30000 550 0 80 30000 250 0 
80 10500 550 0.6 30 10500 440 0.6 30 10550 
0 30 10500 250 0 30 

L37J V5CTOh+VECTOE, 22400 550 0.6 50 22400 440 
0,6 50 18000 550 0,6 40 18000 440 0,6 40 
11200 550 0.6 25 11200 440 0.6 25 

L 3 8 J V 6' C 'l' fJ H+ V 1:., C 'l' 0 H, 13 0 0 0 5 5 0 0 • 7 9 5 13 0 0 0 4 4 0 
0,7 95 13000 550 0 95 13000 250 0 95 15000 
~50 0,6 135 15000 440 0.6 135 

L39J Vi'~C'l'ON+Vl:.,CTOl1, 1SOOO 5!::>0 0 135 15000 250 
0 135 20000 550 0,6 160 20000 440 C,6 160 
10000 550 0.6 90 10000 440 0,6 90 

L40J VECTOh+VECTOh, 10000 550 0 90 10000 250 0 
90 9000 550 0.7 57.5 9000 440 0.7 57,5 9000 
550 0 57.5 9000 250 0 57,5 

L41J V~CTOH+VtCTOH, 15000 550 0,7 40 15000 440 
0,7 40 15000 550 0 40 15000 250 0 40 18000 
550 0.5 60 18000 440 0.5 60 

L42J V~CTOR+VHCTCR, 18000 550 0 60 !8000 250 0 60 
[43J bQUIP+ 175 4 pVRCTOR 
L44J FfACT+ 0 0,034 0.034 0,034 0,04 0,039 C,037 

0,036 0,035 0.034 0,033 0,032 0,032 0,031 
0,03 

L45J ERACT+FEACT, 0,03 0,029 0,029 0,028 0.028 
0 0 0 0 0 0 0 0 0 0 

L46J RtS+ 0 0.878 0,552 0.347 0.218 0.173 0.134 
0.107 0,08500000000000001 0,06A 0,057 0,048 
0.041 0,036 0.029 0,024 0,021 0,019 0,017 
0,015 0 0 0 0 0 0 0 0 0 0 

L47J ZbE+IFF+ISECTN+ZSFCTN+ 10 2 pO 
I UR I v~r~n~+·- ~hkVTnnR VAiUFS us~n• 

42. 



43. 

'vRRLScOJ'v 
'v EEALS+NREAL RhLS lCODE 

L1] NAMNDX+lxICODE)xICODE 
L2] REALS+4p0 
~ 3] +, ,NDYN>1)A ,ICODJP0) )/TlihTY 
L4] NUM.+0 
LS] +~0=CODES)/COD 
c 6] ' ' 
L7] 'TO SELECT DbFAULT ,CATALOG) VALUES INPUT CATALOG NUMbER FOLL 

OWEV BY Zb'RO' 
LB] 'TO OVERRIDE DEFAULT ,CATALOG) VALUES: lNPUT CATALOG NUMBER FULL 

OWE'D bY-' 

1. 12] 
!_ 13 J 
L 14 J 
L1S] 
L 16 J 
L17] 
t.18] 
L19] 
L20] 
L 21] 
L22] 
L. 23] 
~24] 
L2S) 
L26] 
L27] 
L28] 
L 29] 
L30] 
L31] 
... 3 2] 
L 33] 

'v 

ZEROES TO S6LtCT OEiAULT 
ENT RI E'S' 

NON-ZEROES TO OVERRlU~ AN 
ENTRY' 

'TO INPUT ALL VALUES FROM KEYBOARD INPUT ZERO FOLLOWED BY VA 
LUES' 
F2+O 
NUM+F2 L 1] 
REALSL1,pF2)-1]+F2L1+11pF2)-1] 
+OK 

COD:'' 
REALSL1,pZER)-1]+ZERL1+1\pZER+0,ZEh+O)-1] 

OK:+(iY/lREALS=0))A(CODtS=1))/FRTY 
FTY:+~OPTNSLNAMNDX]=0)/NPRT 

'*****ECHO-CHECK OF ',NAhES_NAMNUX;], '*****' 
Rb'ALS 
'VALUES OK? YES OR NO' 
+\1=lECHO+~),'N')/1 

NPRT:+l .IFLG=0)V;ICODES0))/0 
STORE 
+0 

THRTY:REALSL1NREAL]+DATALIPTR+1NREAL] 
IPTR+IPTR+NHb'AL 
+0 

FRTY:REALS+RDDEF REALS 
+,~,ICODE=-9)ViICODE=-16))/FTY 
REALS+REALS~1,2],~l1B0t01)x-20REALS.3]).REALSL3] 
+F"l'Y 

'vRDDEFi □ ]"v 
'v REAL1+RDDEf REALS 

~1] REAL1+REALS 
,2] +lNUM=0)/TWTY 
L3] IEQUIP+NUM 
L4] CK:+1NUMS11S)/THTY 
LS] ' ERROR DEFAULT NUNbER NOT IN TABL6,~AKE ANOTHER SELECTION' 
L6] NUM+O 
1_ 7] +CK 
L8] TWTY:NUM+lxICODE)xICOVE 
.9] THTY:REAL1+RbAL1+EQUIPLNUh;]xREAL1=0 

'v 



[ 1] 
[ 2] 
[3] 
[ 4] 
[ 5] 
[6] 
[7] 
[ 8] 
[ 9] 
[10] 
[ 11] 

[ 1 J 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
[11] 
[ 12] 
[ 13] 
[ 14] 
[15] 
[16] 

[17] 
[18] 
[19] 
[20] 

[21] 
[22] 
[ 23] 
[ 24] 

VSTORE[ □ ]V 
V ST OR"B 

+(IN=1)/BYPS 
DATA+400p0 
NDATA+-400 

V 

IN+-1 
BYPS:+((IPTR+NREAL)>NDATA)/EXT 
INSRT:DATA[IPTR+1NREAL]+REALS[1NkEAL] 

IPTR+IPTR+NHEAL 
+O 

EXT:NDATA+NDATA+100 
DATA+NDATApDATA 
+INSRT 

VLADDER[O]V 
V LADDb'R FROM;J 

+(FROM=2)/TWO 
NBBT+NBE' 

HR1: J+NBE-LVBli.'l'-1 

44. 

'PANEL ';J;' TO FtB:Dli:R TRANSMISSION LIN6'',((NDYN>1)x22)pVKCTOR 
VEC+FINDTL 2 

V 

ZBE[J;]+ZBE[J;]+(VEC[1]xVEC[3]),(VEC[1]xVEC[4]) 
+(J=NBE)/TN 
ZBE[J+1;]+(ZBE[J+1;] CMUL ZB8[J;]) CDIV(ZBE[J;]+ZBE[J+1;]) 
IBE[J+1;]+IBE[J;]+IBE[J+1;] 

TN:+(O~NBET+NBET-1)/HR1 
ZSECTN[NSECTN-NSEC;]+ZBE[NbE;] 
ISECTN[NSECTN-LVSEC;]+IBE[NBB;] 
+O 

TWO:NSECTNT+NSECTN 
HR2:J+NSECTN-NSECTNT-1 

'FEBDER CABLE ';J;' TO MAIN MINE THANSFORMER',((NDYN>1)x 
22)pVECTOR 
VEC+FINDTL 2 
ZSECTN[J;]+ZSECTN[J;]+(V&C[1]xVEC[3]),(ViC[1]xVEC[4]) 
+(J=NSECTN) /TN1 
ZSECTN[J+1;]+(ZStCTN[J+1;] CMUL ZSli:CTN[J;]) CDIV(ZSECTN[J;]+ 
ZSE'CTN[J+1;]) 
ISECTN[J+1; ]+IS8CTN[J; ]+ISECT1V[J+1;] 

TN1:+(0~NSECTNT+NSECTNT-1)/HR2 
ZMINE+ZSECTN[NSECTN;] 
IMINE+ISECTN[NSECTN;] 



[ 1 J 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[ 8 J 
[9] 
[10] 
[ 11] 
[12] 
[ 13] 
[14] 
[15] 
[16] 
[17] 
[18] 
[19] 
[20] 
[21] 
[22] 
[23] 
[24] 
[25] 
[26] 
[ 27] 
[ 28] 
[ 29] 
[ 30] 
[31] 
[32] 
[33] 
[34] 
[3 5 J 
[36] 
[37] 
[38] 
[39] 
[40] 
[41] 
[42] 
[43] 
[44] 
[45] 
[46] 

[47] 
[48] 
[49] 
[50] 
[51] 
[52] 
[53] 
[54] 
[55] 

llLODFLO[ □ ]V 45. 
V LODFLO;J 

17 

'*****NUMBER OF PANELS*****',((NDYN>1)x22)pVECTOR 
F2+1 RRLS 1 
NBET+NBE+.P2[1] 
IDC+10p0 
ZPWR+IPWR+RP1'1R+IBE+ZBE+ 10 2 p0 

LP1:J+NBE-NBET-1 
I f 

'****************************' 
'BEGIN LOAD FLOW FOR PANEL' ,QT[J] 
'****************************' 
I I 

IPWR[J;]+ 0 0 
+(O~IRET+ACLOADS 0)/TEN 
ZPWR[J;]+l CDIV YPWR 
IPWR[J;]+IP 
'*****PANEL AC FEED CABLE VALUgS*****',((NDYN>1)x22)pVbCTOR 
VEC+F'INDTL 2 
TY PE+V EC[ 2] 
Z~WR[J;]+ZPWR[J;] CADD(VEC[1]xVEC[3]),(VtC[1]xVEC[4]) 

TEN:'*****NUMBER OF DC LOADS*****' ,((NDYN>1)x22)pVECTOR 
((NDYNS1)x(pOUT))pOUT+' ' 
IDC[J]+O 
F2+1 RR LS 3 
NDCJ+F2[1] 
+(O=NDCJT+NDCJ)/THR 
DCC+DCI+O 

LP2: '*****DC LOAD VALUES*****' 
'POWER(WATTS), VOLTAGE(VOLTS)' 
DC+2 RRLS -16 
DCI+DCI+DC[1]tDC[2] 
DCR+DC[1]t(DCI•2) 
'*****DC TRAILING CAB££' VALU&S*****',((NDY:v>1)x22)pV6'CTOR 
VEC+FINDTL 2 
DCC+DCC+1t(DCR+V&C[1]xVEC[3]) 
+(O~NDCJT+NDCJT-1)/LP2 
I DC[J]+DCI 
RPWR[J;]+l CDIV DCC 
'*****PANEL DC FEED CABLE VALUES*****',((NDYN>1)x22)pVtCTOR 
VEC+FINDTL 2 
RPWR[J;]+RPWR[J;] CADD(VEC[1]xVEC[3]) 

THR:LIST+ZPWR[J;] ,IPWR[J; J ,NACJ ,NDCJ ,IDC[J] ,RPWR[J; J 
£1 + X FMR LI S'1.' 
RPWR[J;]+F1[1 2] 
ZBE,'[J;]+F'1[3 4] 
IBE'[J;]+.li'1[5 6] 
'*****CABLE TO FEEDER LOAD CONNECTIUN*****',((NDYN>l)x 
22)pVE'CTOR 
VEC+FINDTL 2 
ZHE[J;]+ZBE[J;] CADb(VEC[1]xVEC[3]),(VEC[1]xVEC[4]) 
t ' 

'***********************************************************' 
'PANEL' .QT[NBE-NBET-1],' PANEL LOAD PARAMETERS - THRE't PUASB' 
Jl+J 
PRINT 3 
+(O•NBET+NBET-1)/LPl 
+O 



[ 1] 
[ 2] 
[ 3] 
[ 4 J 
[5] 
[ 6] 
[7] 
[8] 

VPRINT[ □ H 
V PRINT FROM 

-+(PROM=2)/PTWO 
-+(FROM=3)/PTW 
I1PHS+ISECTN[NSECTN-NSEC;] 
Z1PHS+ZSECTN[NSECTN-NSEC;] 
-+PTWO 

PTW:I1PHS+IBE[J1;] 
Z1PHS+ZBE[J1;] 

PTWO:V1PHS+I1PHS CMUL Z1PHS 
PF+20THETA+-3o(Z1PHS[2]tZ1PHS[1]) 
CMAG+ABS I1PHS 
VMAG+ABS(V1PHS CMUL(1.5 PJ ROOT3t2)) 

46. 

[ 9] 
[10] 
(11] 
[ 12] PMAG+ABS POWER+0.003 CMUL((CMAG[1]*2)xZ1PHS[1]) 

2)XZ1PHS[2]) 
PJ((CMAG[l]* 

[ 13] 
(14] 
[15] 
[16] 
[17] 

ANGL+THETAx180tPI 
-+((Z1PHS[1]~0)A(Z1PhS[2]~0))/PTN 
ANGL+ANGL+((Z1PHS[1]~0)A(Z1PHS[2]<0))x360 
ANGL+ANGL+(Z1PHS[1]<0)x180 

PTN: 'P(KW) Q(KVAR) S(KVA)A.7' D£GREES 
' 

' ' 
POWER,PMAG[1],ANGL,VMAG[1] 
' ' 
' I ( AMPS ) PF ' 
CMAG[1] ,PF 

V(VOLTS') 

(18] 
[19] 
[20] 
[21] 
[22] 
[ 2 3] 
[24] 
[25] 

'***********************************************************' 
' ' 
' ' 

V 

VPl?CC[ □ ]V 
V RT+PFCC 

[1] '*****POWER FACTOR CORRECTION*****',((NDYN>1)x22)pVECTOR 
[ 2] RT+O 
[3] ( (NDYNS1 )x(pOUl') )pOUT+'PAHALLE'L CORRECTION CAPACITOR (FARADS)' 
[4] F2+1 RRLS 10 
[SJ CC2+F2[1] 
[6] -+(O~RT+(O~CC2)x(-HIVAL))/O 
[7] RT+-1i(WxCC2) 

V 

VZEQUIV[ □ ]V 
V RT+ZEQUIV LIST 

[1] RT+ 0 0 
[2] -+(LIS'T[1]S1E-6)/0 
[3] RT+REQ PJ(( (LIS.2'[1]tLIST[3])*2)-RBQxRl!;Q+LIST[2]tLIS'.l'[ 

3]*2)*f2 



L 1 J 
L 2] 
L 3] 
L 4] 
L 5] 
L6] 
L7] 
L8] 
L9] 

L10] 
L11] 
,12] 
L13] 
L14] 
~15] 
L16] 
L17] 
L18] 
L19] 
L 20] 
l.21] 
L22] 
L23] 
._ 24] 
i.. 25] 
L 26] 
L 27] 
i.. 2 8] 
L 29] 
L 30] 
L 31] 
L 32] 

!. 3] 
L 4,] 
LS] 
L 6] 
i.. 7] 
LB] 
L9] 
L10] 
L 11 J 
L12] 

47. 
VACLOADS,O]V 

V IHETN+ACLOADS IMODE 

V 

IRETN+1 
'**~**NUMBER OF AC LOADS*****'•, lNDYN>1)x22)pV~CTOR 
F'2+1 RRLS 8 
+l0=NACJ+F2L1])/0 
YPWR+IP+ 0 0 
NACJT+NACJ+NACJ-1x,IMODE=1) 
+l 1IMODE=1)A~NACJ<1))/TWNT 

LP10: '*****AC LOAD VALUES*****' 
'POWER\WATTS), VOLTAGElVOLTS), PHASE ANGLE,DEGhEE'S), POWER FACTO 
R' 
F2+4 R.RLS 9 
ACP+P2L1] 
ACV+F21.2] 
THETA+F'2L3] 
ACPP+P2L4] 
ACPF+ACPF+,200THETAt180)x~ACPF=O) 
CX2+PFCC 
ACV1+ACVtlWOT3 
ACP1+ACPt3 
ZL1+iACPF*2)xR+,ACV1*2)tACP1 
ZL1+ZL1,RxACPFxlo(-20ACPF) 
ZL1+1 CVIV,1 CDIV ZLl) CADD,o PJ 1tCX2) 
IP+IP CADD,ACV1 CDIV ZLl) 
'*****AC TRAILING CABLE VALUbS*****',. 1NDYN>1)x22)pVECTOR 
F2+F'INDTL 2 
ZL2+ZL1 CADDU'2L1]xP2L3]) PJd!'2~1]xF2_4]) 
YPWR+YPWR CADD1l CDIV ZL2) 
+(O~NACJT+NACJT-1)/LP10 
IRBTN+O 
+O 

TWNT:YPWR+,2E-21) PJ 2E-21 
IRE'J.'N+O 
+O 

VFINDTLL □ ]V 
V RET+FINDTL ICODE 

ICODE+lxICODE)xICODE 

V 

l ,NDYNSl)x,pOUT))pOUT+'LENGTHlFT), TYPE, UNIT hESISTANCE,OHMS/FT 
), UNIT REACTANCE10H~S/FT)' 
RET+4 RRLS ICODE 
I+lXRETL2])xRETL2] 
I+I+1x ·,I=O) 

AG:+,,I>O)AilS30))/TENN 
I+1 
'INCORRECT CABLE TYPE, SELECT ANOTHER CABLE' 
RE'TL1]+I+O 
+AG 

T£NN:RETL3]+RETL3]+l0.001xRESLl])x,RETL3]=0) 
RETL4]+RET~4J+,0.001xREACT1.I])x\RETL4]=0) 



'iJ 
[1] 
[ 2 J 
[3] 
[4] 
[5] 
[ 6 J 
[ 7 J 
[8] 
[9] 

[ 1 OJ 
[11] 
[12] 
[13] 
[14] 
[15] 
[16] 
[17] 
[18] 
[19] 
[20] 
[21] 
[22] 
[23] 

[24] 
[25] 
[ 26] 
[27] 
[28] 

[29] 
[30] 
[31] 
[32] 
[ 33] 
[ 34] 
[35] 
[ 36] 

[37] 
[38] 
[ 39] 
[40] 
[41] 
[ 4-2 J 
[43] 

[44] 
[45] 
[ 4- 6 J 
[ 4 7] 
[48] 
[49] 
[ 50] 
[ 5 1] 
[52] 
[53] 
[54] 

'vXPMli[J]V 
fr.1'+X FM.R LI ST ;J 
XZJ?Wi:i+LIST[1 2] 
XIPIIR+LIST[3 4] 
XNACJ+LIST[5] 
XNDCJ+LIST[6] 
XIDC+LIST[7] 
XRPWR+LIST[B 9] 
J+1 
'*****TRANSFORMER CONNECTIONS*****',((NDYN>1)x22)pVECTOR 

48. 

TIN:((NDYN-5.1)x(p0UT))p0UT+'PRIMARY, SECONDARY, TERTIARY (WYE=1, 
DELTA=2), OPTION' 
F2+4 RRLS 19 
PRMRY+F2[1] 
SCNDRY+P2[2] 
TRTARY+F'2[3] 
RMETH+F2[4] 
-+(PRNRY~O)/TY 
-+(XNDCJ=O)/TTY 
'bRROR NO TRANS~ORMER-RECTIFIER FOR DC' 
-+'11 I N 

TTY:XZBUTT+XZPWR 
XIbUTT+XIPWR 
RT+XRPWR,XZBUTT,XIBUTT 
-+O 

TY: '*****POWER FACTOR CORRECTION CAPACITOR*****',( (NDYN>1)x 
2 2 ) p VI!,' C 'l' 0 R 
( ( N Jj Y N-5.1 ) x ( p OU '.L' ) ) p OUT+ 1 PR I 1"1 A RY ( FA RADS ) • SECONDARY ( FAR ADS ) 1 

F2+2 RRLS 11 
CC4+ F2[ 1 J 
CC3+F2[ 2] 
'*****FORWARD RECTIPIER RESISTANCE(OH1~)*****',((NDYN>1)x 
22)pVBCTOR 
((NDYN-5.1)x(p0UT))p0UT+' 1 

F2+1 RliLS 12 
RFW+F2[1] 
-+(O~CX3+-HIVALx(CC3-5.0))/NFIF 
CX3+ -1¾ (WxCC3) 

NFIF:-+(O~CX4+HIVALx(CC4-5.0))/NSIX 
CX4+-H ( WxCC4) 

NSIX: '*****PRIMARY,SECOfiDARY, TERTIARY VOLTAGES(VOLTS)*****' ,(( 
NVYN>l)x22)pVECTOR 
((NDYN-5.l)x(pOUT))pOUT+' 1 

F2+3 RRLS 4 
RATEP+F2[1] 
Al+RATEPtRATEAC+F2[2] 
A2+RATEPtRATEDC+F2[3] 
'*****OPEN CIRCUIT TEST DATA*****',((NDYN>1)x22)pVECTOR 
((NDYN-5.l)x(pOUT))pOUT+'VOLTAGE(VOLTS), POWER(WATTS). CURRENT(A 
MPS)' 
F2+3 RHLS 5 
Pl!iOC+F2[ 2] 
IBOC+F2[3] 
W LE+RA+O 
RA+RA + ( ( RPVOC*2 )f PEi'OC) x ( Q;z:RPVOC+F2[ 1]) 
WLE+kA+RA+HIVALx(RA=O) 
-+(O=RPVOC)/NINE 
WLE+1t(((I~OCtHPVOC)*2)-1t(RA*2))*0.5 
-+NI Iv I 

NINB:WL8+HIVAL 
NIN I : -+- ( RM ETH~ 2 ) / 0 NH 



[055] 49. 
i:. 5 o J '*****TRANSPQmijtR SHORT CIRCUIT DATA A TO B*****',( (NDYN>l)x 

22)pVECTOR 
[56] 

[57] 
[ 58] 
[59] 

(60] 
(61] 
[62] 
[63] 

(64] 
[65] 
[66] 
[67] 
[68] 

[69] 

[70] 
(71] 
[72] 
(73] 
(74] 
(75] 
[ 76] 
[77] 

((NDYNSl)x(puUT))pOUT+'VULTAGB(VOLTS), POWER(WATTS), CURRENT(A 
MPS) I 

F2+3 RRLS 6 
ZAB+ZEQUIV F2 
'*****TRANSFORMgR SHORT CIRCUIT DATA A TO C*****',((NDYN>1)x 
22) p VECTOR 
((NDYNS1)x(pOUT))pOUT 
F2+3 RR LS 6 
ZCA+ZEQUIV P2 
'*****TRANSFORMER SHORT CIRCUIT DATA B TO C*****',((NDYN>l)x 
22)pVE'CTOR 
((NVYNS1)x(pOUT))pOUT 
F2+3 RRLS 6 
ZBC+ZEQUIV F2 
+ONF 

ONH:'*****RESISTANCE PERCENT THANSFO.HMER DATA*****',((NDYN>l)x 
22) pVECTOR 

ONHI:((NDYNS1)x(pOUT))pOUT+'PbRCENT RESISTANCE, KVA, VOLTAGE FO 
R WINDING-' ;LETTER[J] 
F2+3 RRLS 7 
VOLTLL+RKVA+PCR+ 0 0 0 
PCR[J]+F2[1] 
RKVA[J]+F2[2] 
VOLTLL[J]+F'2[3] 
J+J+1, 
+(J~4)/0NHI 
1 * *** *REACTANCE' PERC bJNT TRANSFORMER DATA*****' , ( ( ND Y N>1) x 
22)pVECTOR 

[78] ((NDYNS1)x(pOUT))pOUT+'PE'RCl!,'NT R&ACTANCB A-B, B-C, k·C' 
[79] F2+3 RRLS 17 
[80] PCX12+F2[1] 
(81] PCX23+F2[2] 
(82] PCX13+F2[3] 
[83] ((NDYNS1)x(pOUT))pOUT+'KVA A-B, B-C, A-C' 
(84] F2+3 RRLS 18 
(85] XKVA12+F2[1] 
(86] XKVA23+F2[2] 
(87] XKVA13+F2[3] 
(88] +(RMETH=2)/0NTH 
[89] PCR(t3]+0.0042 
[90] PCX13+PCX23+PCX12+0.03 
(91] ONTH:KVARF+RKVA[1] 
(92] PV+VOLTLL[1]tROOT3 
(93] PC+(KVARFx1000)t(3xPV) 
[94] R+PCRx(KVARFtRKVA)xPVtPC 
[95] ZAB+(R[1]+R[2]) PJ PCX12x(KVARFtXKVA12)xPVtPC 
(96] ZBC+(R(2]+R[3]) PJ PCX23x(KVARFtXKVA23)xPVtPC 
(97] ZCA+(R(1]+R[3]) PJ PCX13x(KVARFtXKVA13)xPVtPC 
(98] ONF:ZA+(ZAB CADD ZCA CADD-ZBC) CDIV 2 
[99] ZB+(ZAB CADD ZBC CADD-ZCA) CDIV 2 
[100] ZC+(ZCA GADD ZBC CADD-ZAB) CDIV 2 
( 1 01 ] Z CC 3+ 0 • C X 3 
[102] +(XNACJ>O)/ONS 
[103] AZACEQ+HIVAL,HIVAL 

fi8~~oi§~if~~;~+(A1*2) CDIV( (1 CJJIV ZCC3)+1 CD£1l XZPW.H} 
[107] IACEQ+(XIPWR CADD XIPWR CMUL XZPWR CDIV CC3J CD V A1 



[0108] 
[ 1 0 8 ] -+ ( SC ND RY= 1 ) / 0 NS I!: V 
[109] IACEQ+IACEQ CMVL 0.5 0.288675 
[110] AZACEQ+AZACEQ CMUL 3 
[111]0NSEV:AZACEQ+AZACEQ CADD ZB 
[112] -+(TRTARY=2)/0NET 
[113] 'ERROR- VC TERTIARY IS NOT GIVEN AS DELTA CONNECTION' 
[114] 'CONTINUE WITH DELTA ASSUMED--- YES OR NO' 
[115] F2+i!J 
[116] -+(1=F21' N' )/0 
[117] TRTARY+2 
[118]0NET:-+(XNDCJ~O)/TH 
[119] IDCEQ+(XIDCtA2) CMUL 0.5 0.288675 
[120] XRPWR+((XRPWh CADD RFW) CMUL(A2*2)x3) CADD ZC 
[121] -+THI 
[122]TH:XRPWR+HIVAL,HIVAL 
[123] IDCIJQ+ 0 0 
[124]THI:Z+ZA CADD 1 CDIV((1 CDIV XRPWR) CADD 1 CDIV AZACEQ) 
[125] ZE+1 CDIV((1 CDIV RA,O) CADD 1 CDIV O,WLE) 
[126] ZINT+1 CDIV((1 CDIV Z) GADD 1 CVIV ZE) 
[127] IIN+IIN CADD(Z CMUL IIN+IACEQ CADD IDCEQ) CDIV ZE 
[128] -+(PRMRY=1)/TT8 
[129] IIN+IIN CMUL 1.5 0.866025 
[130] ZINT+ZINT CDIV 3 
[131]TTE:IPEMRY+IIN 
[132] XZBUTT+1 CDIV((1 CDIV ZINT) CADD 1 CDIV O,CX4) 
[133] XIBUTT+IPRMRY CADD(ZINT CM.UL IPRMRY) CDIV O,CX4 
[134] RT+XRPWR,XZBUTT,XIBUTT 
[135] V 

50. 



PROGRAM LISTINGS 

( PROGRAMS WRITTEN BY UNIV. OF ALBERTA ) 



VAbS 
L 3 J [UJ 

V R+ABS X 
L1J +t:J.ST 
L 2 J R+ 1 0 ~(1,1+pX)p(+fXxX)*0.5 

V 
L3J V 

VCAVD 
L3J LU] 

V H+X CADD y 

L 1 J -+ Ii "fl K 
L2J Fr.+X+Y 

V 
L3J V 

VCUIV 
[5J LLJJ 

V R+X CDIV y 
L 1 J -+[j_NK 
L2J -+(A/,(Vf0~Y)VAfO=X)p4 
L3J -+O,pLJ+'CUNPLEX DOMAIN ERROR' 
[4] R+(pX)p(,(+fXxY)tR),,(-fYxeX)tR+O=R++fYxY 

[5] V 

VCf.iU L 
[ 3 J [l~iJ 

V E+X CMUL Y 
[1] +B_NK 
[2] R+(pX)p(,-fXxY),,+fXxeY 

V 
L 3 J V 

Vl/.i 
L3J LUJ 

V R+IM X 
L1J +[iS'1' 
L2J R+ 1 0 ~ 0 1 fX 

V 

L 3 J 

L11J 
V 

L 1 J 
L2J 
L3J 
L4J 
L 5 J 
L 6 J 
L 7 J 
L 8 J 
L 9 J 
L10J 

V 
L11J 

V 

VFJ 
LUJ 
R+X F'J Y;EtX;RY;L 
+(L+(phX+pX)~phY+pY)p3 
+(A/ltX=RY)p10 
+(1=(x/RX,1),(x/RY,1))/ 7 9 
-+Lp6 
+0,pLJ+'COUPLtX LENGTH ERROR' 
-+0,pLJ+'COMPLEX RANK ERROR' 
X+(RY)pX 
-+10 
Y+(RX ).pY 
R+ ( 2 , p X ) p ( , X ) , , Y 

V 

52. 



VRB 
[3J LU] 

V R+RE X 
L 1 J -+M,S'1' 
L2J R+ 1 0 ~ 1 0 fX 

V 
L3J V 

V MST 
L4J L[JJ 

V R+f::J.ST;IrX 
L1J -+((2=1pRX),1=x/RX+(pX),1)/ 0 3 ,R+' 1 

L2J -+R+O,pLJ+'COMPL~X STRUCTURE &HHOh' 
L3J X+l,X),O 

V 
L4J 

L 16 J 
V 

l1J 
L2J 
[3] 
[4J 
[5] 

.[ 6) 
[7] 
[8] 
[9] 
u.oJ 
[11] 
L12] 
[13J 
[14] 
[15] 

V 
[16] 

V 

VB.NK 
L Li J 
R+B.NK;RX;RY;L 
-+((2=1pRX),1=x/RX+(pY),1)/ 4 3 
-+R+O,p □+'COMPLEX STRUCTURE ER~OR-2ND ARGUMENT' 
Y+(,.Y),O 
-+((2=1pRX),1=x/RX+(pX),1)/ 7 6 
-+R+O,p □+'COMPLEX STRUCTURE ERROk-1ST ARGUMENT" 
X+(,X),O 
-+(L+(pRX+pX)~pRY+pY)p9,R+"' 
-+(AJ(RX)=RY)pO 
-+(2=(x/RX),x/RY)/ 13 15 
-+Lp12 
-+R+O,pLJ+'COMPLEX LENGTH ERROR' 
-+R+O,p □+'COMPLEX RANK EkROR' 
X+(1$tpRY)~(1tRY)pX 
-+O 
Y+(1$tpRX)~(1~RX)pY 

53. 



DATA ST RUC'l'URES 



DATA STRUCTURE'S 55. 

EQUIPll50;J 
1. 000000000.l!:0 U. 0000000006'0 U • 0 U O U U U U U U l',' U 0. UUOUOUOL'06'0 
0. 0000000001!,'0 1.ooooooooot:o o.ooooooooot::o 0.000000000/';0 
o.oooooooooE:o o. ooooooooot:o o.oooooooooLo o.ooooooooot:o 
5.500000000.8'2 s. 5oooooooot.:2 5.50000000082 o. 000000000}!,'0 
5.500000000.&2 1. OOOOOOOOOE'S 2.00000000083 o.00000000060 
5.ooooooooogo 1. 0000000001!,'3 2.00000000084 o.ooooooooot:o 

--
4.200000000E 3 1.00000000085 5. 5000000006'2 0. OOOOOOOOOZ,,'O 
o.oooooooooEo o.oooooooooEo 0. 0000000001-:0 0. 000000000E.'0 
1.oooooooooEs 5.50000000082 7.000000000E 1 0.00000000000 
0. 0000000001!,'0 o.oooooooooEo o.oooooooooio 0. 0000000O0t:0 
u.0000000001!,'o o. ooooooooot:o o.ooooooooot.o O. OOOOOOOOOt,'O 
0.000000000.eo o. ooooooooot;o o.oooooooooto 0.00000000080 
6.000000000[,;1 1. ooooooooot:o o. ooooooooot:o 0.000000000.t.o 
5. 5000000006'2 1.ooooooooot.5 o.ooooouooot.u 0. 000000000[,','0 
1.ooooooouol':o 1. OOOOOOOOOf,'0 1. OOOOOOOOOt;O 1. OOOOOOOOOc,'O 
2. 5000000001','2 1. 000000000/<,'5 o.uuooooooo6'o o.ouooooooor;o 
3.000000000E 2 3.000000000[,; 2 3.000000000E' 2 0.00000000080 
1.000000000E2 1.000000000E2 1. OOOOOOOOOE,'2 0.000000000&0 
0.00000000080 0.000000000&0 0. 0000000006'0 0 • 0 0 0 0 0 0 0 U O 6' 0 
1.810000000£.5 5.50000000062 4.5U0000000t, 1 5.2500000006'2 
1.8100000001','5 4.4000000006'2 4. !:>000000001!," 1 5. 2!:>00000001!,'2 
1. 3000000006'5 5.5000000001!,'2 4.500000000.t; 1 4. OUOU00000t'2 
1.3000000001!,'5 4.4000000006'2 4.SOOOOOOOOf;' 1 4.0UOOUOOOOJ<,'2 
9.0000000001!,'4 5.5000000001!,2 6.0UOOOOOOOL': 1 2.ooooooooot,2 
9.00000000084 4.400000000E,'2 6.000000000E 1 2.00000000052 
1.200000000E'5 5.500000000£,2 7. 000000000E' 1 2.250000000E2 
1.200000000E5 4.400000000E2 7.000000000i:, 1 2.25000000082 
1.7500000001','5 5.50000000082 5. 000000000[,; 1 5.ooooooooot2 
1.750000000£'5 4.4000000001','2 5. UOOOOOOOOt: 1 5.000000000l2 
1.750000000E5 5.500000000&2 5.ooooooooot 1 5.000000000!:',2 
1.750000000£'5 4.40000000082 5.0U00000006' 1 5.oooooooooc2 
1.810000000E5 5.50000000082 4.5000000001:;' 1 5. 250000000[,,'2 
1.810000000£'5 4.400000000}.i.2 4. 5 00000000£,' 1 5.250000000.c.2 
1.510000000E5 5. 500000000Zi/2 7.0GOOOOOOOC:: 1 2. 900000000t:2 
1.510000000E5 4.40000000082 7.000000000t, 1 2. 900000C00l-12 
1.500000000E5 5.500000000E2 4.500000000!!,' 1 4.500000000t:2 
1.500000000.l!,'5 4.40000000082 4.5000000006 1 4.50000000082 
1.50000000085 5.5000000001!,'2 4.500000000t,' 1 4. 50000000082 
1.500000000£'5 4.400000000[,;2 4.5000000008 1 4.500000000!:,'2 
1. 5700000001!,'5 5. 5000000001n 7. ooooooooot: 1 3.0000000006'2 
1. 5700000006'5 4.4000000001!;2 7. 0000000001:;' 1 3.00000000082 
1. 5000000001!,'5 5.50000000082 4.500000000[,',' 1 4.5000000001,2 
1.5000000001','5 4.40000000082 4.500000l100t,' 1 4. 50000000062 
1.500000000E5 5.500000000E2 4. 5000000001', 1 4. 500000000t,2 
1.50000000085 4.40000000082 4.5000000001:;' 1 4.50000000082 
1.81000000085 5.5000000006'2 6.000000000t 1 4.050000000,'<;L' 
1.81000000085 4.4000000001:',2 6.0000000006 1 4. 0500000006'2 
1. 810000000.i!,'5 5. 500000000t.'2 o.ooooooooot:o 4.050000000t'2 
1.8100000001!,'5 2.500000000t:2 0. OOOOOOOOOt'O 4.05000000082 
1 .• 7700000001','5 5. SOOOOOOOOJ.i,'2 5.0000000008 1 4. 750000000.6'2 



56. 

EQUIPl50+i50;] 
1.770000000E5 4.400000000E2 5.000000000E, 1 4.750000000£2 
1.770000000E5 5.500000000E2 o.oooooooooEo 4.750000000E2 
1.770000000E5 2.500000000E2 o.oooooooooEo 4.750000000£'2 
1.470000000E5 5.500000000E2 4.500000000D 1 3. SOOOOOOOOE,'2 
1.470000000E5 4.400000000E2 4.500000000E 1 3.500000000E,2 
1.20000000085 5.SOOOOOOOOE2 6.000000000E 1 3.950000000E2 
1.200000000E5 4. 400000000~;'2 6.000000000E 1 3.950000000E2 
1.810000000E5 9.500000000E2 4.500000000E, 1 5.350000000E2 
1.810000000E5 5.50000000082 4.5000000008 1 5. 350000000£'2 
1.810000000E5 4.400000000E2 4.5000000008 1 5.350000000E2 
1.720000000E5 9.500000000E2 6.000000000E 1 3.850000000E2 
1.720000000E5 5.500000000E2 6.000000000E 1 3.850000000E2 
1.720000000E5 4.400000000E2 6.000000000E, 1 3.850000000E2 
2.140000000E5 9.SOOOOOOOOE2 6.000000000E 1 5.300000000E2 
2.140000000E5 5.500000000E2 6.000000000E 1 5.300000000E2 
2.140000000E5 4.400000000E2 6.000000000E 1 5.300000000£'2 
1.700000000E5 9.500000000E2 6.000000000£ 1 3.500000000E2 
1.700000000E5 5. 500000000E'2 6. 000000000b' 1 3.5000000001!,'2 
1.700000000E5 4.400000000E2 6.0000000008 1 3.500000000&2 
3.900000000E4 5.SOOOOOOOOE'2 7.000000000E 1 7.500000000E1 
3.900000000E4 4.400000000E2 7.000000000E 1 7.500000000.6'1 
3.900000000E4 s.sooooooooE2 o.oooooooooEo 7.500000000£1 
3.900000000E4 2.SOOOOOOOOE2 O. OOOOOOOOOE,'O 7.50000000081 
5.200000000E4 5.500000000E2 7.000000000E 1 1.000000000E2 
5.200000000E4 4. 400000000E'2 7.000000000E 1 1.000000000E2 
5.200000000E4 5. 500000000E'2 o.oooooooooz,;o 1.000000000E2 
5.200000000E4 2.500000000£2 o.oooooooooEo 1.000000000E2 
6 • 5 0 0 0 0 0 O·O OE 4 5.500000000E2 7.000000000E 1 1.25000000082 
6.500000000E4 4.400000000E'2 7.000000000E 1 1.250000000E2 
6.500000000E4 5.500000000E2 o.oooooooooEo 1.250000000E2 
6.S00000000E4 2.500000000E2 o.oooooooooEo 1.250000000E2 
7.800000000E'4 5. 500000000E'2 7.000000000E 1 1.500000000E2 

.7.800000000E4 4.400000000!!,'2 7. 0000000006' 1 1.5000000001!;2 
7.800000000E4 5.500000000E2 o.oooooooooz.;:o 1.5000000006'2 
7.8000000006'4 2.5oooooooot:2 0. 0000000001.<,0 1. 5000000006'2 
9.100000000E,'4 s.5000000006'2 7.000000000E 1 1.75000000082 
9.100000000E4 4.400000000E2 7.000000000E' 1 1.750000000E2 
9.100000000E4 5.500000000£'2 o.oooooooooEo 1.750000000E2 
9.100000000E4 2.500000000E2 o.oooooooooEo 1.750000000E2 
1.040000000E5 5.500000000B2 7.000000000['; 1 2.00000000082 
1.040000000E5 4.40000000082 7.000000000[,,' 1 2.ooooooooot2 
1.04000000085 5. 5000000001','2 o. ooooooooot:o 2.00000000082 
1.0400000006'5 2.50000000082 0.00000000080 2.ooooooooot2 
1.170000000.1!,'5 5.500000000[','2 7.ooooooooot: 1 2. 2500000001',2 
1.170000000I!,'5 4.400000000Z,,'2 7.000000000i',' 1 2.2!::>000000082 
1.170000000l<,'5 5.50000000082 0.0000000001:i'o 2.250000000t,'2 
1.1700000001!,'5 2.S0000000082 o.oooooooooc;o 2.2500000006'2 
1.300000000[!,'5 5.50000000082 7 .OOOOUOUUOt,' 1 2.50000000082 
1.300000UOOI!,'5 4.4000000001','2 '/ • 0 0 0 0 0 U O O O t; 1 2.!::>0000000082 
1. 300000000Z,,'5 o. !:) 000000001','2 o. uoouuouout;u 2. !:)OOOOUOUOt:2 



57. 

EQUIP(100+150;J 
1.300000000«5 2.soooooooot2 u.ooouuooouto 2.soooououu~2 
1.430000000E5 s.sooooooooE2 7.000000000E 1 2.750000000E2 
1.430000000E5 4.400000000E2 7.000000000£ 1 2.750000000E2 
1.430000000E5 5.500000000E2 o.ooooooooofo 2.750000000t2 
1.430000000£5 2.500000000E2 o.oooooooooEo 2.750000000£2 
1.560000000E5 5.500000000E2 7.000000000E 1 3.0UOOOOOOOE2 
1.560000000E5 4.400000000E2 7.000000000E 1 3.0UOOOOOOOE2 
1.560000000E5 5.500000000E2 o.oooooooooEo 3.000000000E2 
1.560000000E5 2.500000000E2 o.oooooooooto 3.000000000~2 
6.000000000E4 5.5UOOOUOOOE2 B.OOOOOOOOOE 1 1.oooooooooi2 
6.000000000E4 4.400000000B2 B.000000000& 1 1.000000000E2 
6.500000000E4 5.500000000E2 7.000000000E 1 1.250000000E2 
6.500000000E4 4.400000000E2 7.000000000b 1 1.25oooooooe2 
7.500000000E4 5.500000000E2 7.000000000& 1 1.500000000E2 
7.500000000E4 4.40000000062 7.000000000B 1 1.500000000E2 
8.120000000E4 5.500000000E2 6.000000000& 1 2.000000000E2 
B.120000000E4 4.400000000&2 6.000000000E 1 2.ouoooouuug2 
B.390000000£4 5.500000000E2 5.000000000E 1 2.250000000&2 
B.390000000E4 4.400000000E2 5.oooooooooE 1 2.250000000E2 
2.600000000E4 5.500000000&2 7.000000000E 1 5.000000000E1 
2.600000000E4 4.400000000E2 7.000000000E 1 5.000000000&1 
2.600000000E4 5.500000000€2 o.oooooooooto 5.0UOOOOOOOE1 
2.600000000E4 2.500000000E2 o.ouooooouoto 5.ouoooouou&1 
3.360000000E4 5.5UOOOOOOOE2 6.000000000E 1 7.500000000E1 
~.360000000&4 4.400000000E2 6.000000000E 1 7.50000000UE1 
3.360000000«4 5.500UUOUOOE2 o.ouoooooooto 7.5UOUUUU00t1 
3.36000000UE4 2.5UOUUUOOOE2 o.uuoououuuiu 'l.5UOUOOOOOE1 
3.73000UUOOE4 5.500UOOOOOE2 5.ooouooouoi 1 1.uuouooouut2 
3.730000000«4 4.4UOOOOOUOE2 5.0UOUUOUOOE 1 1.ooouooooug2 
3.730000000«4 5.500000000E2 o.uoouuooooto 1.ouoouoooot2 
3.730000000«4 2.5oooooooue2 o.oooooouoogu 1.uooououoot2 
1.soooooooot4 5.5000UOOOOM2 6.UUOUUUOUUt 1 4.UUUUUUUUU&l 
1.50000000UE4 4.40000000UE2 b.UUOUUUOOOE 1 4.UUOU00000&1 
1.500000000E4 5.500000000E2 u.ooouuooougo 4.UUOUUUUUOtl 
1.500000000E4 2.5UOOUOOOUE2 u.uuouuuuuutu 4.UUOUOUUOOE1 
3.000000000£4 5.500000000E2 6.000000000E 1 B.OU0000000t1 
3.000000000E4 4.400000000E2 6.UOOOOOOOOE 1 B.OUUOOOUOOE1 
3.000000000E4 5.500000000E2 o.oooooooooEo B.OOOOOOOOOB1 
3.000000000E4 2.sooooooooe2 o.oooooooooto 8.00000UOOOE1 
1.05000000084 5.500000000E2 6.0UOOOOOUOE 1 3.0UOOOOUUOE1 
1.050000000«4 4.400000000E2 6.0UOOOUOOOE 1 3.0UOOOOOOOE1 
1.055000000E4 o.oooooooooEo 3.000000000E1 1.osoooooooE4 
2.500000000E2 o.oooooooooEo 3.000000000&1 2.240000000£4 
5.500000000E2 6.000000000E 1 5.000000000E1 2.240000000E4 
4.400000000E2 6.000000000E 1 s.000000000£1 1.BOOOOOOOOE4 
5.500000000£2 6.000000000E 1 4.000000000E1 1.BOOOOOOOOE4 
4.400000000E2 6.000000000E 1 4.000000000E1 1.12ooooooor4 
5.500000000E2 6.000000000E 1 2.500000000f1 1.120000000&4 
4.400000000E2 6.000000000E 1 2.500000000£1 1.300000000£4 
5.500000000E2 7.000000000E 1 9.500000000E1 1.300000000B4 



EQUIP[150+i25;] 
4.400000000E2 
5. soooooooot, 2 
2. sooooooooz.:2 
2.500000000E2 
4. 4000000001::;'2 
5.500000000.t,'2 
'2.500000000E'2 
5.5000000006'2 
4.400000000E2 
5.500000000E2 
4.400000000E2 
5.500000000E2 
2.500000000E2 
5.500000000E2 
4.400000000E,'2 
5.500000000&'2 
2.500000000E2 
5.500000000E2 
4.400000000E2 
5.500000000E2 
2.500000000E2 
5.500000000E'2 
4.400000000E2 
5.500000000t.2 
2.50000000082 

RBACT 

7.0000000008 1 
o.ooooooooot:o 
o.ooooooooot.'o 
6.000000000E 1 
6.000000000b 1 
o.oooooooooE·o 
o.ooooooooot:o 
6.0000000008 1 
6.000000000E 1 
6.000000000E' 1 
6.0000000008 1 
o.oooooooooto 
o.oooooooooEo 
7.000000000E,' 1 
1.ooooooooot: 1 
o.ooooooooogo 
0.000000000.60 
7.000000000E 1 
7.000000000E 1 
o.oooooooooEo 
0.00000000080 
5.oooooooooE 1 
5.oooooooooE 1 
0.0000000006'0 
o. oooooooooi·o 

9.50000000061 
9. 000000000{','1 
9.500000000f:1 
1.350000000E,2 
1.3500UOOOOt,2 
1.3500000006'2 
1.3500000001','2 
1.600000000E2 
1.60000000082 
9. 0000000001'71 
9.000000000£'1 
9.00000000081 
9.000000000E'1 
5. 750000000/<,1 
5.750000000.t.1 
5.75000000061 
5.750000000E1 
4.00000000081 
4. 000000000E'l 
4. 000000000f.'1 
4.000000000£1 
6.000000000E'1 
6. ooooooooot-:1 
6. 0000000006'1 
6.000000000[:;1 

58. 

1.3000000006'4 
1.3U0000000t4 
1.500000000E4 
1.5000()0000£::4 
1.oOOOOOOOUt,4 
1.500000000&'4 
2.000000000,i,;4 
2.00000000064 
1.000000000D4 
1. 0000000O0E;4 
1.000000000E4 
1.000000000£4 
9. oooooooooz;,3 
9.000000000E'3 
9.00000000083 
9.0000000006'3 
1.50000000084 
1 • 5 0 0 0 0 0 0 0 0 l' 4 
1.500000000t.4 
1. 500000000!!,'4 
1.800000000F,'4 
1.800000000£4 
1. 800000000/_<,'4 
1.BOOUOOOOO.t,4 
1. 00000000060 

0 0.034 0.034 0.034 0.04 0.039 0.037 0.036 0.035 0.034 0.033 
U.032 0.032 0.031 0.03 U.03 0.029 0.029 0.028 0.0'28 0 
0 0 0 0 0 0 Q O 0 

RES 
0 0.878 o.552 0.347 0.218 0.173 U.134 u.101 O.U8o u.Ub8 O.Ub1 

0.048 0.041 O.U3b U.U29 0.024 u.u21 U.U19 u.011 U.Ulb 
0 U 0 0 0 U 0 0 0 0 

NAMES 
PAN I!; LS 
LlNE 
NDCLOADS 
XPMHVUL1'S 
XFMROC 
XF'MHSC 
XPMRKVA 
NAC,'LOAJJS 
ACLUAJJ 
P'l!'CUMP 
Xl!'Ml:(Pt' 
RE' C 'l' I t' l ER 
FR"/!,;Q 
FL'l'X'l!'/vlh 
F L'l'lMJ:'J!;lJ 
DCLUAU 
Xt'MHt'UX 
Xl!'MHKVAH 
VT.1AA UT.I ·1 Iii Ill' 



59. 

DATA 
60 2 3 1 0 1000 10 0 0 0 1 0 0 0 2 1 2 1 () 0 0 7200 ooo ooo 

7200 34560 8.8957727 70.5902452 2478.843 90,9 5 1000 20000 
5 1000 20000 400 1 0.000115 0.000103 ~~ 0 1000 10 0 () 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u u 0 0 0 0 0 

0 0 0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u u u u u 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 {) 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 



EX8CUTION SEQUENCE 

DYNAMIC, NO DEFAULTS, NO ECHO-CHECK 



*****RUN DESCRIPTION***** 

INPUT TITLE FOR TbIS RUN 
TEST OF APL LOAD FLOW - USER: R.A. RIVELL DATE: 12/2/76 

SELECT RUN TYPE ASS-STATIC, D-DYNAMIC, F-FAULT 

NO 

NONE 

DEFAULT COVES USED ThIS RUN? YES OR NO 

IS DATA ECHO-CHECKING DESIRED? SOME, NONE, ALL 

NO FAULT CALCULATIONS SPECIFIED, NOR~AL FLOW 

*****FREQ OF CURRENT,HZ),NUMBER OF FEEDER LOADS***** 

0: 
60 2 

**************************** 
BEGIN LOAD FLOW FOR FEEDEk 1 
**************************** 

*****NUMBER OF PANELS***** 

□: 
3 

**************************** 
BEGIN LOAD FLOW FOR PANEL 1 
**************************** 

*****NUMBER OF AC LOADS***** 

□: 
1 

*****AC LOAD VALUES***** 
POWERlWATTS), VOLTAGE~VOLTS), PhASE ANGLE~DEGREES), POWER FACTOR 

0: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION***** 
PARALLEL CORRECTION CAPACITOR ~FARADS) 

□: 
0 

*****AC TRAILING CABLE VALUES***** 

61. 

LENGTHlFT), TYPE, UNIT RESISTANCE,OHMS/FT), UNIT REACTANCE,OHMS/FT) 

□: 
1000 10 

*****PANEL AC FEED CABLE VALUES***** 
LENGTH,FT), TYPE, UNIT RESISTANCE~OHMS/FT), UNIT REACTANCE,OHMS/FT) 

□: 



0 1 

*****NUMBER OF DC LOADS***** 

□: 
0 

*****TRANSFORMER CONNECTIONS***** 
PRIMARY, SECONDARY, 'l'ERTIARY 1WYJ!,=l,DEL'l1 A=2), OPTION 

0: 
2 1 2 1 

*****POWER FACTOR CORRECTION CAPACITOR***** 
PRIMARY,FARADS), SECONDARY~FARADS) 

□: 
0 

*****FORWARD RECTIFIER RESISTANCE'\ OHMS)***** 

□: 
0 

*****PRIMARY, SECONDARY, '11BRT I ARY VOLT AGES, VOLTS)***** 

0: 
7200 550 550 

*****OPEN CIRCUIT TEST DATA***** 
VOLTAGElVOLTS), POWER\WATTS), CUkRENT,AMPS) 

0: 
7200 34560 8.8957727 

*****TRANSFORMER SHORT CIRCUIT DATA A TO b***** 
VOLTAGE~VOLTS), POWERlWATTS), CURRENT~AMPS) 

□: 
70.5902452 2478.843 90.9 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C***** 
VOLTAGElVOLTS), POWERlWATTS), CURRENT~AMPS) 

0: 
0 

*****TRANSFORMER SHORT CIRCUIT DATA B TO C***** 
VOLTAGE\VOLTS), POWERlWATTS), CURRENTlAMPS) 

□: 
0 

*****CABLE TO FEEDER LOAD CONNECTION***** 

62. 

LENGTH~FT), TYPE, UNIT RESISTANCElOHMS/FT), UNIT REACTANCElOHMS/FT) 

□: 



400 0 .000115 .000103 

*********************************************************** 
PANEL 1 PANEL LOAD PARAMETERS - THREE PHASE 
PlKW) Q\KVAR) S,KVA)AT D8GkEES 

109.5570644 125.5279707 166.6133902 48.88651004 4191.254437 

I,AMPS) PF 
22.95119209 0.6575525788 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 2 
**************************** 

*****NUMBER OF AC LOADS***** 

□: 
3 

*****AC LOAD VALUES***** 
POWERlWATTS), VOLTAGEtVOLTS), PHASE ANGLEtDEGREES), POWER FACTOR 

0: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION***** 
PARALLEL CORRECTION CAPACITOR lFARADS) 

0: 
0 

*****AC TRAILING CABLE VALUES***** 

63. 

LENGTHlFT), TYPE, UNIT RESISTANCE,OHMS/FT), UNIT REACTANCE,OHMS/FT) 

□: 
1000 10 

*****AC LOAD VALUES***** 
POWERlWATTS), VOLTAGElVOLTS), PHASE ANGLE~DEGREES), POWER FACTOR 

0: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION***** 
PARALLEL CORRECTION CAPACITOR ,FARADS) 

□: 
0 

*****AC TRAILING CABLE VALUES***** 
LENGTH,FT), TYPE, UNIT RESISTANCE\OHMS/FP), UNIT REACTANCE,OHMS/FT) 

0: 
1000 10 

*****AC LOAD VALUES***** 
POWERlWATTS), VOLTAGE,VOLTS), PHASE ANGLElDEGREES), POWER FACTOR 

0: 
72000 540 0 0.72 



*****POWER FACTOR CORRECTION***** 
PARALLEL CORRECTION CAPACITOR ,FARADS) 

0: 
0 

*****AC TRAILING CABLE VALUES***** 

64. 

LENGTHlFT), TYPE, UNIT RESISTANCE~OHMS/FT), UNIT HEACTANCE,OHMS/FT) 

U: 
1000 10 

*****PANEL AC FEED CABLE VALUES***** 
LENGTH\FT), TYPE, UNIT RESISTANCE\OHMS/FT), UNIT REACTANCE\OHMS/FT) 

□: 
0 1 

*****NUMBER OF DC LOADS***** 

0: 
0 

*****TRANSFORMER CONNECTIONS***** 
PRIMARY, SECONDARY, TERTIARY lWYt=1,DELTA=2), OPTION 

0: 
0 

*****CABLE TO FEEDER LOAD CONNECTION***** 
LENGTHlFT), TYPE, UNIT RESISTANCE~OHMS/FT), UNIT HEACTANCElOHMS/FT) 

□: 
0 1 

*********************************************************** 
PANEL 2 PANEL LOAD fARAMETERS - THREE PHASE 
P~KW) QlKVAR) S,KVA)AT DEGREES 

222.9958848 211.6901613 307.4733956 43.51012857 553.4521121 

IlAMPS) PF 
320.7501495 0.7252526169 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 3 
**************************** 

*****NUMBER OF AC LOADS***** 

□: 
0 

*****NUMBER OF DC LOADS***** 

0: 
1 



*****DC LOAD VALUES***** 
POWER~WATTS), VOLTAGE,VOLTS) 

0: 
100000 200 

*****DC TRAILING CABLE VALUSS***** 

65. 

LENGTHlFT), TYPE, UNIT RESISTANCElOHhS/FT), UNIT REACTANCE,OHMS/FT) 

0: 
1000 10 

*****PANEL DC FEED CABL& VALUES***** 
LENGTH,FT), TYPE, UNIT RESISTANCE,OHMS/JT), UNIT REACTANCE,OHMS/FT) 

0: 
0 1 

*****TRANSFORMER CONNECTIONS***** 
PRIMARY, SECONDARY, TERTIARY ,WYE=1,DELTA=2), OPTION 

0: 
2 1 2 1 

*****POWER FACTOR CORRECTION CAPACITOR***** 
PRIMARYlFARADS), SECONDARYlFARADS) 

0: 
0 

*****FORWARD RECTIFIER RESISTANCblOHMS)***** 

0: 
0 

*****PRIMARY,SECONbARY, TERTIAHY VOLTAGESlVOLTS)***** 

0: 
7200 550 550 

*****OPEN CIRCUIT TEST DATA***** 
VOLTAGE~VOLTS), POWERlWATTS), CURRENTtAMPS) 

0: 
7200 34560 8.8957727 

*****TRANSFORMER SHOkt CIRCUIT DATA A TO B***** 
VOLTAGElVOLTS), POWERlWATTS), CURRENT,AhPS) 

0: 
0 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C***** 
VOLTAGE(VOLTS), POWEhlWATTS), CURRENTlAhPS) 

0: 
70.5902452 2478.843 90.9 



*****TRANSFORMER SHORT CIRCUIT DATA B TO C***** 
VOLTAGE,VOLTS), POWER~WATTS), CURRENT,AMPS) 

0: 
0 

*****CABLE TO FEEDEk LOAD CONNECTION***** 

66. 

LENGTH~FT), TYPE, UNIT RESISTANCE\OHMS/PT), UNIT REACTANCE\OHMS/FT) 

0: 
0 1 

*********************************************************** 
PANEL 3 PANEL LOAU PARA~ETEhS - THRbE PHASE 
P\KW) Q\KVAR) S,KVA)AT DEGREES V~VOLT8) 

407.8802798 89.11502627 417.5018689 12.3245017 5312.381716 

I~AMPS) PF 
45.37415218 0.9769543807 
*********************************************************** 

PANEL 1 TO FEEDER TRANSMISSION LINE 
LENGTHlFT), TYPE, UNIT RESlSTANCE,OHMS/FT), UNIT RIACTA~CE,OHMS/FT) 

0: 
0 1 

PANEL 2 TO FEEDER TRANSMISSION LINE 
LENGTH,FT), TYPE, UNIT RESISTANCE,OHMS/FP), UNIT hEACTANCE~OHMS/FT) 

0: 
0 1 

PANEL 3 TO FEEDER TRANSMISSION LINE 
LENGTH,FT), TYPE, UNIT RESISTANCE\OHMS/FT), UNlT hEACTANCE\OHMS/PT) 

0: 
0 1 

*********************************************************** 
FEEDER LOAD 1 FEEDER LOAD PARAMETERS - THREE PHASE 
P,KW) Q,KVAR) S,KVA)AT DEGREES V\VOLTS) 

305.2199527 285.9391185 418.2348611 43.13193804 638.4883353 

llAMPS) PF 
378.1870337 0.7297812333 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR FEEDER 2 
**************************** 

*****NUMBER OF PANELS***** 
0: 

5 



**************************** 
BEGIN LOAD FLOW FOR PANEL 1 
**************************** 

*****NUMBER OF AC LOADS***** 

0: 
1 

*****AC LOAD VALUES***** 
POW ER·, WATTS) , VOLT AGE, VOLTS) • l'H ASB ANG Lb·, DEGRE b'S) , POW bR F'AC'l'O.Er. 

0: 
72000 540 0 0.72 

*****POWER FACTOR COhRbCTION***** 
PARALLEL CORRECTION CAPACITOR lFARADS) 

0: 
0 

*****AC TRAILING CABLE VALUES***** 

67. 

LENGTH~FT), TYPE, UNIT HESISTANCELOHMS/FT), UNit REACTANC6,0HMS/Ff) 

0: 
1000 10 

*****PANEL AC FEbD CABLE VALUES***** 
LENGTH,FT), TYPE, UNI1 RESISTANCE(OHMS/FT), UNIT REACPANCElOHMS/FT) 

0: 
0 1 

*****NUMBER OF DC LOADS***** 

[j: 
1 

*****DC LOAD VALUES***** 
POWER~WATTS), VOLTAGElVOLTS) 

□: 
100000 200 

*****DC TRAILING CABLE VALUES***** 
LENGTHlFT), TYPE, UNIT RESISTANCE,OHNS/FT), UNIT hEACTANCE,OhMS/FT) 

□: 
1000 10 

*****PANEL DC FEED CABLE VALUES***** 
LENGTH,FT), TYPE, UNIT RESISTANCE,OHMS/FT), UNIT hEACTANCE,OHMS/FT) 

0: 
0 1 

*****TRANSFORMER CONNECTIONS***** 
PRIMARY, SECONDARY, TERTIARY ,WYE=1,DELTA=2), OPTION 

□: 
2 1 2 1 



*****POWER FACTOR CORRECTION CA~ACITOR***** 
PRIMARY\FARADS), SECONVARY\F'ARADS) 

0: 
0 

*****FORWARD RECTIFIER RESISTANCE~OHMS)***** 

0: 
0 

*****PRIMARY,SECONDARY, TERTIARY VOLTAGES\VOLTS)***** 

0: 
7200 550 550 

*****OPEN CIRCUIT TEST DATA***** 
VOLTAGE~VOLTS), POWERlWATTS), CUHHENT\AMPS) 

0: 
7200 34560 8.8957727 

*****TRANSFORMER SHORT CIRCUIT DATA A TO b***** 
VOLTAGElVOLTS), POWERlWATTS), CURRENT,AMPS) 

0: 
70.5902452 2478.843 90.9 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C***** 
VOLTAGElVOLTS), POWERlWATTS), CURRBNTlAMPS) 

0: 
70.5902452 2478.843 90.9 

*****TRANSFORMER SHORT CIRCUIT DATA b TO C***** 
VOLTAGE(VOLTS), POWERlWATTS), CURRENT\AMPS) 

□: 
70.5902452 2478.843 90.9 

*****CABLE TO FEEDER LOAD CONNECTION***** 

68. 

LENGTHlFT), TYPE, UNIT RESISTANCE,OHMS/FT), UNIT REACTANCElOHMS/?T) 

0: 
0 1 

*********************************************************** 
PANEL 1 PANEL LOAD PARAMETERS - THREE PHASE 
P,KW) Q\KVAR) SlKVA)AT DEGREES V,VOLTS) 

372.236794 143.4099236 398.9068024 21.06994088 4464.522655 

I(AMPS) PE' 
51.5864668 0.9331422572 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 2 
**************************** 

*****NUMBER OF AC LOADS***** 

0: 
1 



*****AC LOAD VALUbS***** 
POWER\WATTS), VOLTAGElVOLTS), PHASE ANGL&\DEGhEES), POWER tACTOR 

U: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION***** 
PARALLEL CORRECTION CAPACITOR \FARADS) 

□: 
0 

*****AC TRAILING CABLE VALUES***** 

69. 

LENGTHlFT), TYPE, UNIT RESISTANCElOH~S/FT), UNIT kEACTANCE,OHMS/FT) 

0: 
1000 10 

*****PANEL AC FEED CABLE VALUES***** 
LENGTHZFT), TYPE, UNIT RESISTANCE,OHMS/FT), UNIT HEACTANCE\OHMS/FT) 

0: 
0 1 

*****NUMbER OF DC LOADS***** 

0: 
0 

*****TRANSFORMER CONNECTIONS***** 
PRIMARY, SECONDARY, TERTIARY \WYE=1.DELTA=2), OPTION 

0: 
2 1 2 1 

*****POWER FACTOR CORRECTION CAPACITOR***** 
PHIMAkY~FARADS), SECONDARY,FARADS) 

0: 
.43900E-04 0 

*****FORWARD RECTIFIER RESISTAhCE,OHMS)***** 

0: 
0 

*****PRIMARY ,SE:CONDARY, TERTIARY VOL'l'AGE;S 1,VOL'l1S)***** 

0: 
7200 550 550 

*****OPEN CIRCUIT TEST DATA***** 
VOLTAGE\VOLTS), POWERlWATTS), CURRENT\AMPS) 

□: 
7200 34560 8.8957727 

*****TRANSFORMER SHORT CIRCUIT DATA A TO b***** 
VOLTAGElVOLTS), POWER,WATTS), CURRENT,A~PS) 

0: 
70.5902452. 2478.843 90.9 



*****TRANSFORMER SHORT CIRCUIT DATA A TO C***** 
VOLTAGE,VOLTS), POWER~WATTS), CURRENTlAMPS) 

0: 
0 

*****TRANSFORMER SHORT CIRCUIT DATA b TO C***** 
VOLTAGE\VOLTS), POWER~WATTS), CURkENTlAMPS) 

0: 
0 

*****CABLE TO FEEVER LOAD CONNECTlON***** 

70. 

LENGTHtFT), TYPE, UNIT RESISTANCE,OHMS/FT), UNIT REACTANCElOHMS/FT) 

0: 
400 0 .000115 .000103 

*********************************************************** 
PANEL 2 PANEL LOAD PARAMETERS - THREE PHASE 
P,KW) QlKVAR) S~KVA)AT DEGREES ViVOLTS) 

109.5871068 164.833137 197.937609 303.6174215 4188.399249 

IlAMPS) PF 
27.28472742 0.5536446934 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 3 

**************************** 

*****NUMBER OF AC LOADS***** 

0: 
1 

*****AC LOAD VALUES***** 
POWERlWATTS), VOLTAGElVOLTS), PHASE ANGLE,DEGREES), POWER FACTOR 

□: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION***** 
PARALLEL CORRECTION CAPACITOR lFARADS) 

0: 
0 

*****AC TRAILING CABLE VALUES***** 
LENGTH~FT), TYPE, UNIT RESISTANCE~OHMS/FT), UNIT REACTANCE,OHMS/PT) 

0: 
1000 10 



71. 

*****PANEL AC FEED CABLE' VALUES***** 
LENGTHlFT), TYPE, UNIT RESISTANCE,OHMS/FT), UhIT REACTANCE'10HMS/FT) 

0: 
0 1 

*****NUMBER OF DC LOADS***** 

□: 
0 

*****TRANSFORMER CONNECTIONS***** 
PRIMARY, SECONDARY, TERTIARY ,WYE=1,DE'LTA=2), OPTION 

0: 
1 1 2 1 

*****POWER FACTOR CORRECTION CAPACITOR***** 
PRIMARY\FARADS), SECONDARY\FARADS) 

0: 
0 

*****FORWARD RECTIFIER RESISTANCE\OHMS)***** 

□: 
0 

*****PRIMARY, SECON DAR:t, TERTIARY VOL'l.' AGE'S, VOLTS)***** 

□: 
7200 550 550 

*****OPEN CIRCUI'l' TEST DATA***** 
VOLTAGE,VOLTS), POWER,WATTS), CURRENTtAMPS) 

0: 
7200 34560 8.8957727 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B***** 
VOLTAGEtVOLTS), POWER~WATTS), CURRENTlAMPS) 

0: 
70.5902452 2478.843 90.9 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C***** 
VOLTAGE,VOLTS), POWER~WATTS), CURRENT1AMPS) 

0: 
0 

*****TRANSFORMER SHORT CIRCUIT DATA E TO C***** 
VOLTAGE1.VOLTS), POWERlWATTS). CURRENT~AMPS) 

0: 
0 

*****CABLE TO FEEDER LOAD CONNECTION***** 
LENGTH\FT), TYPE, UNIT RESISTANCE1.0HMS/FT), UNIT REACTANCE10HMS/FT) 

0: 
400 0 .000115 .000103 



*********************************************************** 
PANEL 3 PANEL LOAD PARAMETERS - THRtE PHASE 
P~KW) QlKVAR) SlKVA)AT DtGREES 

109.5086282 125.4845952 166.5488615 48.88925204 7256.653227 

I~AMPS) PF 
13.25087847 0.6575165223 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 4 

**************************** 

*****NUMBER OF AC LOADS***** 

0: 
1 

*****AC LOAD VALUES***** 
POWERlWATTS). VOLTAGE\VOLTS), PHASE ANGLElDEGREES), POWER FACTOR 

□: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION***** 
PARALLEL CORRECTION CAPACITOR \FARADS) 

0: 
0 

*****AC TRAILING CABLE VALUES***** 

72. 

LENGTH,FT), TYPE, UNIT RESISTANCE\OHMS/FT), UNIT REACTANCElOHMS/FT) 

□: 
1000 10 

*****PANEL AC FEED CABLE VALUES***** 
LENGTHlFT), TYPE, UNIT RESISTA&CE\OHMS/FT), UNIT REACTANCt~OHMS/FT) 

0: 
0 1 

*****NUMBER OF VC LOAUS***** 

u: 
0 

*****TRANSFORMER CONNECTIONS***** 
PRIMARY, SECONDARY, TERTIARY lWYE=1,bELTA=2), OPTION 

0: 
1 2 2 1 



*****POWER FACTOR CORRECTION CAPACITOR***** 
PRIMARY\FARADS), SECONDARY,FARADS) 

□: 
0 

*****FORWARD RECTIFIER RESISTANCElOHMS)***** 

□: 
0 

*****PRIMARY, SBCONDARY. TE.'RT I ARY VOLTAG'i!:S, VOLTS)***** 

□: 
7200 550 550 

*****OPEN CIRCUIT TEST DATA***** 
VOLTAGElVOLTS), POWERlWATTS), CURRENT,AMPS) 

□: 
7200 34560 8.8957727 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B***** 
VOLTAGE,VOLTS), POWER,WATTS), CURRENT,AMPS) 

0: 
70.5902452 2478.843 90.9 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C***** 
VOLTAGElVOLTS), POWERlWATTS), CURRENTlAMPS) 

□: 
0 

*****TRANSFORM~R SHORT CIRCUIT DATA B TO C***** 
VOLTAGE(VOLTS), POWER~WATTS), CURRENT~AMPS) 

0: 
0 

*****CABLE TO FEEDER LOAD CONNECTION***** 

73. 

LENGTH,FT), TYPE, UNIT RESISTANCElOHMS/FT), UNIT REACTANCEtOHMS/FT) 

□: 
400 0 .000115 .000103 

*********************************************************** 
PANEL 4 PANEL LOAD PARAMETERS - THREE PHASE 
PtKW) QlKVAR) S,KVA)AT DEGREES V'i.VOLTS) 

179.4601298 234.5989885 295.3686232 52.58525299 12556.2701 

I\AMPS) PF 
13.5813544 0.6075802088 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 5 
**************************** 

*****NUMBER OF AC LOADS***** 

□: 
1 



74. 

*****AC LOAD VALUES***** 
POWER~WATTS), VOLTAGElVOLTS), PHASE ANGLElDEGREES), POWER FACTOR 

0: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION***** 
PARALLEL CORRECTION CAPACITOR ,FARADS) 

0: 
0 

*****AC TRAILING CABLE VALUES***** 
LENGTHlFT), TYPE, UNIT R6SISTANCE,OHMS/FT), UNIT REACTANCE,OHMS/FT) 

□: 
1000 10 

*****PANEL AC FEED CABLE VALUES***** 
LENGTHlFT), TYPE, UNIT RESISTANCElOHMS/FT), UNIT REACTANCElOHMS/FT) 

0: 
0 1 

*****NUMBER OF DC LOADS***** 

0: 
0 

*****TRANSFORMER CONNECTIONS***** 
PRIMARY, SECONDARY, TERTIARY ,WYE=1,DELTA=2), OPTION 

0: 
2 2 2 1 

*****POWER FACTOR CORRECTION CAPACITOR***** 
PRIMARY,FARADS), SECONDARYlFARADS) 

0: 
0 

*****FORWARD RECTIFIER RESISTANCE\OHMS}***** 

□: 
0 

*****PRIMARY,SECONDARY, TERTIARY VOLTAGEStVOLTS)***** 

0: 
7200 550 550 

*****OPEN CIRCUIT TEST DATA***** 
VOLTAGElVOLTS). POWERlWATTS), CURRENTlAMPS) 

0: 
7200 34560 8.8957727 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B***** 
VOLTAGElVOLTS), POWERlWATTS), CURRENT,AMPS) 

0: 
70.5902452 2478.843 90.9 



*****TRANSFORMER SHORT CIRCUIT DATA A TO C***** 
VOLTAGE\VOLTS), POWERlWATTS), CURRENT,AMPS) 

□: 
0 

*****TRANSFORMER SHORT CIRCUIT DATA B TO C***** 
VOLTAGElVOLTS), POWER,WATTS), CURRENTlAhPS) 

0: 
0 

*****CABLE TO FEEDER LOAD CONNECTION***** 

75. 

LENGTHlFT), TYPE, UNIT RESISTANCEtOHMS/FT), UNIT REACTA~CElOHMS/FT) 

0: 
400 0 .000115 .000103 

*********************************************************** 
PANEL 5 PANEL LOAD PARAMETERS - THREE PHASE 
P,KW) Q~KVAR) S,KVA)AT DEGREES VlVOLTS) 

179.510997 234.6445306 295.4357016 52.58278394 7251.013104 

It AMPS) PF 
23.52359311 0.6076144353 
*********************************************************** 

PANEL 1 TO FEEDER TRANSMISSION LINE 
LENGTHlFT), TYPE, UNIT RESISTANCElOHMS/FT), UNIT REACTANCElOHMS/FT) 

□: 
0 1 

PANEL 2 TO FEEDER TRANSMISSION LINE 
LENGTHlFT), TYPE, UNIT RESISTANCElOHMS/FT), UNIT REACTANCElOHMS/FT) 

0: 
0 1 

PANEL 3 TO FEEDER TRANSMISSION LINE 
LENGTHlFT), TYPE, UNIT RESISTANCE,OHMS/FT), UNIT REACTANCE,OHMS/FT) 

0: 
0 1 

PANEL 4 TO FEEDER TRANSMISSION LINE 
LENGTHlFT), TYPE, UNIT RESISTANCE,OHMS/FT), UNIT REACTANCElOHMS/FT) 

0: 
0 1 

PANEL 5 TO FEEDER TRANSMISSION LINE 
LENGTH,FT), TYPE, UNIT RESISTANCElOHMS/FT). UNIT R&ACTANCElOHMS/FT) 

□: 
0 1 



*********************************************************** 
FEEDER LOAD 2 FEEDER LOAD PARAMETERS - THREE PHASE 
PlKW) QlKVAR) SlKVA)AT DEGREES VtVOLTS) 

1217.396126 236.6047618 1240.175448 10.99849887 6211.355434 

l(AMPS) PF 
115.2752626 0.9816321782 
*********************************************************** 

FEEDER CABLE 1 TO MAIN MINE TRANSFORMER 

76. 

LENGTHlFT), TYPE, UNIT RESISTANCElOHMS/FT), UNIT REACTANCElOHMS/FT) 

0: 
0 1 

FEEDER CABLE 2 TO MAIN MINE TRANSFORMER 
LENGTHlFT), TYPE, UNIT RESISTANCElOHkS/FT), UNIT REACTANCEtOhMS/FT) 

□: 
0 1 

*****TRANSFORMER CONNECTIONS***** 
PRIMARY, SECONDARY, TERTIARY \WYE=1,DELTA=2), OP'l'ION 

□: 
0 

*************************************************** 
MINE INPUT PARAMETERS-THREE PHASE 
PtKW) QlKVAR) SlKVA)AT DEGREES VlVOLTS) 

502.8933018 456.0251954 678.8671828 42.20183319 802.8237921 

I1.AMPS) PF 
488.2069447 0.7407830495 
*********************************************************** 

RUN COMPLETED? YES OR NO 

NO 



EXECUTION SEQU&NCE 

DYNAMIC, NO DEFAULTS, NO ECHO-CHECK 

LOADS SAME AS BEFOEE 



*****RUN DESCRIPTION***** 

INPUT TITLE FOR THIS RUN 
DATA SET 2 LOADS ONLY (SAME AS BEFORE) 

SELECT RUN TYPE ASS-STATIC, D-VYNAMIC, F-FAULT 
D 

NO 

NONE 

DEFAULT CODES USED THIS RUN? YES OR NO 

IS DATA ECHO-CHECKING DESIRED? SOME, NONE, ALL 

NO FAULT CALCULATIONS SPECIFIED, NORMAL FLOW 

78. 

*****FREQ OF CURRENT(HZ) ,NUMB8R OF FEEDER LOADS *****- PREVIOUS VALUES USED 

**************************** 
BEGIN LOAD FLOW FOR FEEDER 1 
**************************** 

*****NUN.BER OF PANELS*****- PRBV IOUS VA LU ES USED 

**************************** 
BEGIN LOAD FLOW FOR PANEL 1 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHASE ANGLE(DEGRtES), POWEH FACTOR 

0: 
72000 540 0 0.72 



79. 

*****POWBR FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CAELE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PREVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****POWER FACTOR CORRE'CTION CAPACITOR*****- PREVIOUS VALUES USED 

*****FORWARD RECTIFIER RESISTANCE(OHMS)*****- PREVIOUS VALUES USED 

*****PRIMARY,SECONDARY, TERTIARY VOLTAGES(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B*****- PREVIOUS VALUES USED 

*****'l.'RANSFORMEH SHOR'I.' CIRCUIT LJATA A TO C*****- PREVIOUS VALUE'S USED 

*****TRANSFORMER SHORT CIRCUIT DATA B TO C*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 1 PANEL LOAD PARAMETERS - THREE PHASE 
P( KW) Q( KVAR) S( KVA) A'I.' Dl!:GR 6'8S V(VOLTS) 

109.5570644 125.5279707 166.6133902 48.88651004 4191.254437 

I(AMPS) PF 
22.95119209 0.6575525788 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 2 

**************************** 

*****NUMBER OP AC LOADS*****- PREVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHASE liil.'JLE(DEGR6ES), POW BR FACTOR 

0: 
72000 540 0 0.72 



*****POWER FACTOR CORRBCTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHASE ANGLE(DEGREES), POWER FACTOR 

□: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION*****- PR~VIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHASE ANGLE(DEGREES), POWER FACTOR 

0: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PREVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDEh LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 2 PANEL LOAD PARAMETERS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V(VOLTS) 

222.9958848 211.6901613 307.4733956 43.51012857 553.4521121 

I( AMPS) PF 
320.7501495 0.7252526169 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 3 

**************************** 

*****NUMBER OF AC LOADS*****- PRBVIOUS VALUES USED 
*****NUMBER OF DC LOADS*****- PR8VIOUS VALUES USED 

*****DC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS) 

□: 
100000 200 

80. 



81. 
*****DC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL DC FEED CAHLE VALUES*****- PREVIOUS VALUES USED 

*****TRANSFORMER CONN8CTIONS*****- PREVIOUS VALUE'S US8D 

*****POWER FACTOR CORRECTION CAPACITOR*****- PREVIOUS VALUES USED 

*****FORWARD RECTIFIER RESISTANCE(OHMS)*****- PREVIOUS VALUES USED 

***** PRIMARY ,SECONDARY, TE RT I ARY VO L'l'AGE S( VOLTS)***** - PREVIOUS VA LUFJS USED 

*****OPEN CIRCUIT TtST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA B TO C*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 3 PANEL LOAD PARAMETERS - THREE PHASt 
P(KW) Q(KVAR) S(KVA)AT DEGREES V(VOLTS) 

407.8802798 89.11502627 417.5018689 12.3245017 5312.381716 

I(AMPS) PF 
45.37415218 0.9769543807 
*********************************************************** 

PANEL 1 TO FEEDER TRANSMISSION LINE- PREVIOUS VALUES USED 

PANEL 2 TO FEEDER TRANSMISSION LINE- PREVIOUS VALUES USED 

PANEL 3 TO FEEDER TRANSMISSION LINg- PREVIOUS VALUES USED 

*********************************************************** 
FEEDER LOAD 1 F'EEDBR LOAD PARA/vJE'Tb'RS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V(VOLTS) 

305.2199527 285.9391185 418.2348611 43,13193804 638.4883353 

I(AMPS) PF 
378.1870337 0.7297812333 
*********************************************************** 



**************************** 
BEGIN LOAD FLOW FOR FEEDER 2 
**************************** 

*****NUMBER OF PANELS*****- PR£VIOUS VALUES USED 

**************************** 
BEGIN LOAD FLOW FOR PANEL 1 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHASE ANGLE(DEGREES), POWER FACTOR 

□: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PR£VIOUS VALUES USED 

. *****DC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS) 

□: 
100000 200 

82. 



83. 
*****DC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL DC FEED CAHLE VALUES*****- PREVIOUS VALUES USED 

*****TRANSFOHMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****POWER FACTOR CORRECTION CAPACITOH*****- PREVIOUS VALUES USED 

*****FORi-lARD RECTIPIER Rb'SISTANC8(0HMS)*****- P!iE'VIOUS VALUE'S US&D 

*****PRIMARY,SBCONDARY, TERTIARY VOLTAGES(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B*****- PREVIOUS VALUES USED 

*****T~ANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA b TO C*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONhECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 1 PANEL LOAD PARAMETERS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V( VOLTS) 

372.236794 143.4099236 398.9068024 21.06994088 4464.522655 

I(AMPS) PF 
51.5864668 0.9331422572 

'*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 2 
**************************** 

*****NUMBER OF AC LOAUS*****- PREVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWE:R(WATTS), VOLTAGE( VOLTS), PHASE ANGLE(DE'GRBES), POWER FACTOR 

0: 
72000 540 0 0.72 



*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PREVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALugs USED 

84. 

*****POWER FACTOR CORRECTION CAPACITOR*****- PREVIOUS VALUES USED 

*****FORWARD RECTIFIER RE'SISTANCi!,'(OHMS)*****- PREVIOUS VALUES USEV 

*****PRIMARY ,SE.'CONDARY, TERTIARY VOLTAGES(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA b TO C*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 2 PANEL LOAD PARAMETERS - THhEE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V ( VOLTS) 

109.5871068 164.833137 197.937609 303.6174215 4188.399249 

I(AMPS) PF' 
27.28472742 0.5536446934 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 3 

**************************** 

'*****NUMBER OF AC LOADS*****- PREVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS). VOLTAGE(VOLTS), PHASE A~GLE(DEGREES), POW6R FACTOR 

0: 
72000 51+0 0 0.72 



85. 
*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES UStD 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PREVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****POWER FACTOR CORRECTION CAPACITOR*****- PREVIOUS VALUES USED 

*****FORWARD RECTIFIER RbSIS'l'ANCE(OHMS)*****- PREVIOUS VALU!!)S USBD 

*****PRIMARY ,SECONDAfr.Y, TEH'l'IARY VOLTAGES(VOLTS)*****- PREVIOUS VALUb'S USED 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIHCUIT DATA A TO B*****- PREVIOUS VALUBS USBD 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSFORME'R SliORT CIRCUIT UA1'A b TO C*****- PRBVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 3 PANEL LOAD PARAMETERS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREE'S V(VOLTS) 

109.5086282 125.4845952 166.5488615 48.88925204 7256.653227 

I(A/11.PS) PF 
13.25087847 0.6575165223 
*********************************************************** 

****0*********************** 
BEGIN LOAD FLOW FOR PANEL 4 

**************************** 

*****NUMBER OF AC LOADS*****- PRBVIOUS VALUES USED 
*****AC LOAD VALUtS***** 
POWER(WATTS), VOLTAGE(VOLTS), PHASE ANGLE(D8GREE:S), POWER FACTOR 

0: 
72000 540 0 0.72 



86. 
*****POWER fACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALU&S*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PREVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****POW~R FACTOR CORRECTION CAPACITOR*****- PREVIOUS VALUES USED 

*****FORWARD RECTIF'IBR R&'SISTANCE(OliMS)*****- P!:i.EVIOUS VALUES USED 

*****PRIMARY.SECONDARY, TERTIARY VOLTAGES(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT Tl!,'ST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHOR'l' CIRCUIT DATA A TO B*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PRE'VIOUS VALUES USED 

*****TRANSFORMER SHOR'!' CIRCUIT DA'l'A B TO C*****- PR8VIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 4 PANEL LOAD PARAMETERS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGRSE,'S V(VOLTS) 

179.4601298 234.5989885 295.3686232 52.58525299 12556.2701 

I(AMPS) PF 
13.5813544 0.6075802088 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 5 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHASE ANGLE(DEGREES). POWER FACTOR 

□: 
72000 540 0 0.72 



87. 
*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USEV 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PRKVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PREVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****POWER FACTOR CORRECTION CAPACITOR*****- PREVIOUS VALUES USED 

*****FORWARD RECTIFIER RESISTANCE(OHMS)*****- PREVIOUS VALUES USED 

*****PRIMARY,SECONDARY, TERTIARY VOLTAGES(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSE'ORMER SHORT CIRCUIT IJATA B TO C*****- PRBVIOUS VALUE'S USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 5 PANEL LOAD PARAMETERS - THREE PhASE 
P(KW) Q(KVAk) S(KVA)AT DBGREES V(VOLTS) 

179.510997 234.6445306 295.4357016 52.58278394 7251.013104 

I(AMPS) PF 
23.52359311 0.6076144353 
*********************************************************** 



PANEL 1 TO FEEDER TRANSMISSION LINE- PREVIOUS VALUES USED 

PANEL 2 TO FEEDER TRANSMISSION LINE- PREVIOUS VALUES USED 

PANEL 3 TO FEEDER TRANSMISSION LINE- PREVIOUS VALUES USED 

PANEL 4 TO FEEDER TRANSMISSION LINE- PREVIOUS VALUES USED 

PANEL 5 TO FEEDER TRANSMISSION LINE- PREVIOUS VALUES USED 

*********************************************************** 
FEEDER LOAD 2 FEEDER LOAD PARAMETERS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGRgES V(VOLTS) 

1217.396126 236.6047618 1240.175448 10.99849887 6211.355434 

I(AMPS) PF 
115.2752626 0.9816321782 
*********************************************************** 

FEEDER CABLE 1 TO MAIN ~INE TRANSFORMER- PREVIOUS VALUES USED 

FEEDER CABLE 2 TO MAIN MINE TRANSFORMER- PREVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PR~VIOUS VALUES USED 

*************************************************** 
MINE INPUT PARAMETERS-THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT VEGRBES V(VOLTS) 

502.8933018 456.0251954 678.8671828 42.20183319 802.8237921 

I(AMPS) PF 
488.2069447 0.7407830495 
*********************************************************** 

RUN COMPLETED? YKS OR NO 
NO 

88. 



EXECUTION SKQUENCt 

DYNAMIC, NO DtFAULTS, NO iCHO-CHECK 

VAhY LOAU~ 



*****RUN DESCRIPTION***** 

INPUT TITLE FOR THIS RUN 
VARY LOADS IN THIS RUN 

D 

NO 

NONB 

SELECT RUN TYPE ASS-STATIC, D-DYNAMIC, F-FAULT 

DEFAULT CODES USED THIS RUN? Y&S OR NO 

IS DATA ECBO-CHBCKING DESIRED? SOME, NONE, ALL 

NO FAULT CALCULATIONS SPECIFIED, NORMAL FLOW 

90, 

*****FREQ OF CURRENT(HZ),NUMBEH OF FEEDER LOADS*****- PREVIOUS VALUES USED 

**************************** 
BEGIN LOAD FLOW FOR FEEDER 1 
**************************** 

*****NUMBER OF PALVE;LS*****- PREVIOUS VALUE'S US6D 

**************************** 
BEGIN LOAD FLOW FOR PANEL 1 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALUES US&D 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHASE ANGLE(DEGRtES), POWER FACTOR 

□: 
72000 540 0 0.72 



*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CAbLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PREVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

91. 

*****POWER FACTOR CORRECTION CAPACITOR*****- PREVIOUS VALUES USED 

*****FORWARD RECTIFIER RESISTANCE(OHMS)*****- PREVIOUS VALUES USED 

*****PRIMARY ,S"J!:CONDARY, TERTIARY VOLTAGES(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER Sl:iORT CIRCUIT DATA A TO 13*****- PREVIOUS VALUES US8D 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHOR1' l'IRCUI'l' DATA B TO C*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 1 PANEL LOAD PARAMETERS - THhEE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V(VOLTS) 

109.5570644 125.5279707 166.6133902 48.88651004 4191.254437 

I(AMPS) PF 
22.95119209 0.6575525788 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR PANEL 2 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS) • VOLTAGE(VOLTS) • PHASE' AlVGLE(DEGR8BS) • POWl!,'R FACTOR 

LI: 
72000 540 0 0.72 



*****POWE'R FACTOR CORRECTION*****- PRfVIOUS VALUE'S USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****AC LOAD VALUbS***** 
POWER(WATTS). VOLTAGE(VOLTS), PHASE ANGLE(DEGR/J&S), POWER FACTOR 

0: 
36000 540 0 0.65 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUtS USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE( VOLTS), PHASE ANGLE(D8GR&ES), POWER PACTOR 

□: 
95000 540 0 0.70 

*****POWER FACTOR CORRECTION***~*- PREVIOUS VALugs USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PR/JVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 2 PANEL LOAD PARAMETERS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V ( VOLTS) 

210.2734667 212.1499486 298.7014086 45.25451165 554.4195012 

I(AMPS) PF 
311.0556867 0.7039587382 
*********************************************************** 

92. 



**************************** 
BEGIN LOAD FLOW FOR PANEL 3 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALUES USED 
*****NUMBER OF DC LOADS*****- PHEVIOUS VALUES USED 

*****DC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS) 

U: 
10000 200 

*****DC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL DC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

93. 

*****POWER FACTOR CORRECTION CAPACITOR*****- PREVIOUS VALUES USED 

****~FORWARD RECTIFIER RESISTANCE(OhMS)*****- PREVIOUS VALUES USED 

*****PRIMARY,SECONUARY, TERTIARY VOLTAGES(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT TEST DATA*****- PRgVIOUS VALUES USED 

*****TRANSFORMER SdORT CIRCUIT DATA A TO B*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHONT CIRCUIT DATA B TO C*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 3 PANEL LOAD PARAMETERS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V(VOLTS) 

73.06608951 66.40572055 98.73385011 42.26595652 4612.576682 

I(AMPS) PF 
12.35838857 0.7400307941 
*********************************************************** 



PANEL 1 TO FEEDER TRANSMISSION LINE- PR£VIOUS VALUES USED 

PANEL 2 TO FEEDER TRANSMISSION LINE- PREVIOUS VALUES USED 

PANEL 3 TO FEEDER TRANSMISSlON LINE- PREVIOUS VALUiS USED 

*********************************************************** 
FEEDER LOAD 1 FEEDER LOAD PARAMETERS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V(VOLTS) 

251.5319931 253,9615076 357,4420105 45.27536918 602,1359418 

I( AMPS) PF 
342.7286542 0,7037001408 
*********************************************************** 

**************************** 
BEGIN LOAD FLOW FOR FEEDtR 2 
**************************** 

*****NUMBER OF PANELS*****- PREVIOUS VALUES USED 

**************************** 
BEGIN LOAD FLOW FOR PANEL 1 
**************************** 

*****NUMBER OF AC LOADS*****- PRgVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWBR(WATTS), VOLTAGE(VOL'l.'S), Ph ASE ANGLB(!JEGREES), POWER FACTOR 

0: 
72000 540 0 0,72 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

•****NUMBER OF DC LOADS*****- PREVIOUS VALUES USEO 

*****DC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS) 

0: 
15000 200 

94. 



95. 

*****DC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL DC FEED CABLE VALUES*****- PREVIOUS VALU~S USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****POWER FACTOR CORRECTION CAPACITOR*****- PREVIOUS VALUES USED 

*****FORWARD RECTIFIER RESISTANCE(OHMS)*****- PREVIOUS VALUES USED 

*****PRIMARY,SECONUARY, TERTIARY VOLTAG8S(VOLTS)*****- PREVIOUS VALUBS USED 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIHCUIT DATA A TO B*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSFORMER SdORT CIRCUIT UATA B TO C*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 1 PANEL LOAD PARAfuETERS - THREE PHASE 
P(KW) q(KVAR) S(KVA)AT D&GRE&S V(VOLTS) 

122.7143125 104.8666894 161.4181682 40.51585676 3828.955377 

I(AMPS) Pl? 
24.33949046 0.7602261494 
*********************************************************** 



**************************** 
BEGIN LOAD FLOW FOR PANEL 2 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIUUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHASE ANGLE(DE'GFr.isES), POWER I/ACTOR 

□: 
95000 540 0 0.70 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF UC LOADS*****- PRBVIOUS VALUES USBD 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

96. 

*** **POWER FACTOR CORRECT ION C APACI'l'OR** ** •- PREVIOUS VA LUbS U S8D 

*****FORWARD RECTil!'IE'R RESISTANC8(0HivjS)*****.:.. PHE'VIOUS VALUHS USED 

*****PRIMARY,SECONDARY, TERTIARY VOLTAGES(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT TEST DATA*****- PR&VIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT JJATA A 'J.'0 B*****- PREVIOUS VALUES USED 

*****TRANSFOEMER ShORT CIRCUIT DATA A TUC*****- PREVIOUS VALUES USED 

*****'1.'RANSPORMER SHOR'l' CIRCUIT DATA B TO C*****- PRE.'VIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 2 PANEL LOAD PARAMETERS - THREE PHAS8 
P(KW) Q(KVAR) S(KVA)AT DEGREES V(VOL'J.'S) 

135.2234374 140.4268412 194.9489054 313.9185708 4226.206195 

I( AMPS) PF 
26.63235011 0.6936352736 
*********************************************************** 



**************************** 
BEGIN LOAD FLOW FOR PANBL 3 
**************************** 

*****NU~BER OF AC LOAVS*****- PREVIOUS VALU&S USED 
*****AC LOAD VALUES***** 
POWER(WA1''l'S), VOL'l'AGF.;(VOL'l'S), PHASE' ANGLE(!JEGhl!,b6), l:'OWEH. F'ACTUR 

[]: 
72000 540 0 0.72 

*****POWER FACTOR CORb&CTION*****- PREVIOUS VALUE'S USbD 

*****AC TRAILING CABLE VALUES*****- PhEVIOUS VALUES USEU 

*****PANEL AC FEED CAbLE VALUES*****- PHtVIOVS VALUES USED 

*****NUMHbR OF DC LOADS*****- PR&VIOUS VALUSS usgu 

*****TRANSFORMER CONNECTIONS*****- PhEVIOUS VALUES USED 

*****POWER FACTOR CORhECTION CAPACITOR*****- PE&VIOUS VALUES UStD 

*****FORWARD RECTIFitE RtSISTANC6(UH~S)*****- PkEVIOUS VALUtS USED 

97. 

* * * * * PR IN ARY , SE' C ()ND A Er. Y , TE' R 'l' I AR Y VO L 'l' AG "Ii, 5 ( VOL TS) * * * * * - P l:i & VI O /JS VA LU I.!,' S US l!,' D 

*****OPtN CIRCUIT TEST DATA*****- PRgVIOUS VALU&S USEU 

*****TRANSFORM&H ShO.Er.T CIRCUIT DATA A TO B*****- PREVIOUS VALUtS USED 

*****TRANSFORMER SHOhT CIRCUIT DATA A TO C*****- PR&VIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA B TO C*****- PRtVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNgCTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 3 PANEL LOAD PARAMETE'RS - THREE' PHAS& 
P(KW) Q(KVAR) S(KVA)AT DEGkE~S V(VOLTS) 

109.5086282 125.4845952 166.5488615 48.88925204 725G.653227 

I( AMPS) PF 
13.25087847 0.6575165223 
*********************************************************** 



**************************** 
BEGIN LOAD FLOW FOR PANEL 4 

**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALU&S USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGB(VOLTS), PHASE, ANGL8(DEGREES), POWER FACTOR 

0: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PRf!.'VIOUS VALUES USBD 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

98. 

*****POW ER FACTOR CORRBCT ION CAPACITOR*****- PRE'V IOUS VALUES U Si!JD 

*****FORWARD RECTIFIER RESISTANCE(OtiMS)*****- PREVIOUS VALUES USBD 

*****PRIMARY ,SECONDARY, TB RT I ARY VOLTAGSS(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CihCUIT DATA A TO B*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA B TO C*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALVBS USBD 

*********************************************************** 
PANEL 4 PANEL LOAD PARAMETERS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V(VOLTS) 

179.4601298 234.5989885 295.3686232 52.58525299 12556.2701 

I(AMPS) PF 
13.5813544 0.6075802088 
*********************************************************** 



**************************** 
BEGIN LOAD PLOW FOR PANEL 5 
**************************** 

*****NU~BER OF AC LOADS*****- PREVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHAS8 ANGLE(DBGREES), POW8R FACTOR 

□: 
72000 540 0 0.72 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALU&S*****- PREVIOUS VALUES USED 

*****NUMBER OF /JC LOADS*****- PR8VIOUS VALU8S USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

99. 

*****POWER FACTOR CORRECTION CAPACITOH*****- Pfi8VIOUS VALUES USED 

*****FORWARD RECTIFI8R RESISTANCE(OHMS)*****- PREVIOUS VALUES USED 

*****PRIMARY ,SBCONDARY, TERTIAhY VOLTAGBS(VOLTS)*****- PREVIOUS VALUES USE'D 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA B TO C*****- PREVIOUS VALUES USED 

*****CABLE TO F8EDER LOAD COIVN8CTIOiv*****- PREVIOUS VALUES USBD 

*********************************************************** 
PANEL 5 PANEL LOAD PARAMETERS - THRE& PHASE 
P ( Krn Q (KV AR) S ( KV A ) AT DEG R 8 ES V(VOLTS) 

179.510997 234.6445306 295.4357016 52.58278394 7251.013104 

I(AMPS) PP 
23.52359311 0.6076144353 
*********************************************************** 



PANEL 1 'l'O PEEDEli TRANS1vJISSION LIN&- PREVIOUS vALUE'S USf:D 

PANEL 2 TO F'EB,'DER TRANSMISSION LINE- PREVIOUS VALU8S USEJJ 

PANEL 3 TO FEJSDii:R TRAlvSr4ISSIOlV LifVl!,- PH8VIOUS VALU8S USED 

PANEL 4 TO FBEDER 'l'RAN S,vJI SSION LINE- PREVIOUS VALUE'S USEU 

PANEL 5 TO FEED/i,'R TRAt'vSMISSION Llfvl!,- PR8VIOUS VALUES USi,D 

*********************************************************** 
FEEJJER LOAD 2 FBEDER LOAD PARAME1'6RS - l'HREti: PHASE 
P( KW) Q (KV AR) S (KV A ) A 1' JJi!,' Ci ii 6' £ S V (VO LT S) 

902.1507645 304.7115603 952.2211596 18.66297295 6321.829731 

I(AMPS) PE' 
86.96297848 0.9474172626 
*********************************************************** 

FEl!}DER CAbLE 1 TO MAIN MILVE' ThANSFORi,1ER- PR8VIOUS VALUJES USE'D 

FBEDER CABLB 2 '1:0 ,l.iAI:V 1'vJIN8 TftAN:JFORiv.iER- PRBVIOUS VALU6'S US8D 

*****TRANSF'ORMtR CONN&CTIONS*****- PRtVIOUS VALUiS USED 

*************************************************** 
NIN~' INPU'l PARAMETERS-THREi'E Ph'ASE 
P(KW) Q(KVAR) S(KVA)AT U6GR6ES V(i/OL'I'S) 

387.5068475 383.044965 544.8715464 44.6682274 735.5033019 

I( AMPS) PF 
427.7094789 0.7111893621 
*********************************************************** 

RUN COMPLETgD? YES OR NO 
NO 

100. 
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*****RUN DESCRIPTION***** 

INPUT TITL6 FOR THIS hUN 
TEST DEFAULTS IN EQUIPM£NT CATALOG AND &CHO-Ch&CK INPUT 

SELACT RUN TYPE ASS-STATIC, D-DYNAMIC, F-FAULT 
D 

YES 

ALL 

DEFAULT CUUtS US&U TdIS RUN? Y&S OR NO 

IS DATA £'CHO-CHECKING DE'SildilJ? S'OME', NONE, ALL 

NO FAULT CALCULATIONS SPECIFI~D, WORMAL FLOW 

102. 

*****FREQ OF CURRtNT(HZ),NUMB&R UF FEEUER LOAUS *****- PREVIOUS VALUiS US&D 

**************************** 
BEGIN LOAD FLOW FOR FEBDBH 1 
**************************** 

*****NUMBER OF PANELS*****- PRgVIOUS VALUtS US~D 

**************************** 
B&GIN LOAD FLOW FOR PANEL 1 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VULTS), PHAS6 ANGLli(DlsGh£ES), POW8R FACTOR 

TO SELECT DEFAULT (CATALOG) VALUE'S 
TO OVtRRIDE DEFAULT (CATALOG) VALUES: 

TO INPUT ALL VALUES FRON KEYBOAhD 
0: 

82 0 
*****ECHO-CHECK OF ACLOAD 
78000 550 0.7953988302 0.7 
VALUES OK? YES OR NO 
YES 

***** 

INPUT CATALOG aUMHtR FOLLOJED bY Z&HU 
IdPUT CATALOU NUMHER FOLLOW8D BY­
ZBHOEb TO siLECT DEFAULT ENTRitS 
NON-ZEROES TO OVERRIDt AN ENTRY 
IN~UT ZERO FOLLOW~U BY VALUES 



103. 
*****POWtR FACTOR CORRtCTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PR@VIUUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PREVIOUS VALUES US&U 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****POWER FACTOR COERECTIOh CAPACITOR*****- PEiVIOUS VALUES USED 

*****FORWARD RECTIFIER RESISTANCE(OHMS)*****- PREVIOUS VALUES USED 

*****PRIMARY,SECONDARY, TERTIARY VOLTAGES(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B*****- PREVIOUS VALUE'S USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA B TO C*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES US~D 

*********************************************************** 
PANEL 1 PANEL LOAD PAHAivitTJJ:RS - THREE PHAS8 
P(KW) Q(KVAR) S(KVA)AT Dt~R&ES V(VOL'l'S) 

117.4727095 138.2117711 181,3899974 49.63721391 4276.176737 

I(AMPS) PP 
24.49046666 0.6476250685 
*********************************************************** 



**************************** 
BEGIN LOAD FLOW FOH. PAN&'L 2 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALU€S USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHASE ANGLE(DEGREES), POWER FACTOR 

104. 

TO SELECT DEFAULT (CATALOG) VALUES INPUT CATALOG NUMB@R FOLLO~ED BY ZERO 
TO OVERRIDE DEFAULT (CATALOG) VALUES: I&PUT CATALOG NUMBER FOLL0WtD BY-

ZEROES TO SELECT DEFAULT ENTRIES 
N0N-Z8R0E'S TO OV'F:RRIDE AN ENTRY 

TO INPUT ALL VALUES FROM KEYBOARD INPUT ZERO FOLLOWED BY VALUES 
0: 

82 0 
*****ECHO-CHECK OF ACL0AD 
78000 550 0.7953988302 0.7 
VALUES OK? YES OR NO 
YES 

***** 

*****POWER FACTOR CORRHCTI0N*****- PREVIOUS VALUES USEU 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****AC LOAD VALUES***** 
POWER(WATTS) • VOLTAGE(VOLTS) • PHASE ANULE'(IJE,'GREF.,S) • PO!✓ ER FAC1'0R 

TO SELECT DEFAULT (CATALOG) VALUES INPUT CATALOG NUMBEH F0LLOWtD BY ZtRO 
TO OVERRIDE DEFAULT (CATALOG) VALU&S: IJPUT CATALOG NUMB&R FOLLOWED BY-

ZEROES TO SELECT DEFAULT £NTRIE'S 
NON-ZEROES fQ OVERRIDE AN ENTRY 

TO INPUT ALL VALUES FROM KEYBOARD INPUT ZERO FOLLOWED BY VALUES 
0: 

82 0 
*****ECHO-CHECK OF ACLOAD 
78000 550 0,7953988302 0.7 
VALU@S OK? YES OR NO 
YES 

***** 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USE& 

*****AC TRAILING CABLE VALUE'S*****- PREVIOUS VALUES USED 

*****AC LOAD VALUE'S***** 
POWfi.:R(WATTS), VOLTAGB(VOLTS), PHASE,' A1VGLE(DEGRE6'S), P0WtR FACTOR 

TO S8LECT DEFAULT (CATALOG) VALUES 
TO OVERRIDE' DEFAUL'l' (CA'l'AL0G) VALUES: 

TO INPUT ALL VALUES FROM KBYBOARV 
0: 

82 0 0 ,65 

INPUT CATALOG NUNBER FOLLOWED BY ZERO 
INPUT CATALOG NUMBER FOLLOWED BY­
ZEROES TO StLEC'P DE'PAULT !.EdTRIE'S 
NON-ZEROES TO OVERRIDE AN ENTRY 
INPUT Z~R0 FOLLOWED BY VALUES 



*****ECHO-CHECK OF ACLOAD ***** 
78000 550 0.8632118901 0.65 
VALUES OK? YES OR NO 
YES 
*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING GABL& VALUES*****- PREVIOUS VALUE'S USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF DC LOADS*****- PREVIOUS VALUES US€D 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD COhNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANBL 2 PANEL LOAD PARAM.&TERS - TitR8E PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGRE'!!,S V(VOLTS) 

242.8103635 254.7245924 351.911197 46.37176704 564.8196286 

I( AMPS) PF 
359.7184199 0.689976237 
*********************************************************** 

**************************** 
BBGIN LOAD FLOW FOR PANJ!}L 3 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALUES US£D 
*****NUMBER OF DC LOADS*****- PREVIOUS VALUES USED 

*****DC LOAD VALUES***** 
POWER(~ATTS), VOLTAGE(VOLTS) 

105. 

TO SELECT DEFAULT (CATALOG) VALU~S 
TO OVERRIDE DEFAULT (CATALOG) VALUES: 

INPUT CATALOG NUMBER FOLLOWtD BY ZERO 
INPUT C.4TALOG NUMb6'R FOLLOWED BY­
ZEROi!.S <I'O SELE'CT DEFAULT 8N'l'RI8S 
NOIV-ZEH088 TO OVBRF.IIJE AN Ei✓TRY 

TO INPUT ALL VALUES FROM KEYEOAftD 
J: 

89 0 
*****ECHO-CHECK OF DCLOAD 
91000 250 1.570796327 0 
VALUEB OK? YES OR NO 
YES 

***** 

INPUT Z8h0 FOLLOWED BY VALUES 



*****DC TRAILING CABLE VALUES*****- PR~VIOUS VALU€S USED 

*****PANEL DC FEED CABLE VALUES*****- PREVIOUS VALUSS USED 

*****TRANSFORMER CONNECTIONS*****- PRtVIOUS VALJ&S USED 

*****POWER FACTOR CORRECTION CAPACITOR*****- PREVIOUS VALUES USED 

106. 

*****FOR~ARD RECTIFIER R8SISTANC€(0HMS)*****- PREVIOUS VALUES USED 

*****PRJivJARY ,SECONDARY, TEltTIARY VOLTAGE'S(VOLl'S)****·k- Pfrb'VIO/JS VALUES USl!,'D 

*****OPEN CIRCUIT TEST DATA*****- PRiVIOUS VALU6S USED 

*****TRANSFORMER SHORT CIRCUIT DATA ATOE*****- PRiVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PREVIOUS VALUES UStD 

*****TRANSFORMER SHORT CIRCUIT DATA B TO C*****- PREVIOUS VALUES USED 

*****CABL&' TO F8E'DBR LOAU CONN8CTIOi✓*****- PREVIOUS VALUE'S USBD 

*********************************************************** 
PANEL 3 PANEL LOAD PARAMETBHS - 1'HREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V ( VOLTS) 

378.0010874 121.8549784 397.156717 17.8675932 6234.58494 

I(AMPS) PF 
36.77847678 0.9517680836 
*********************************************************** 

PANEL 1 TO P8'EDER TRANSt,.iISSION LINE - PREVIOUS VALUES USED 

PANEL 2 TO FEEDER TRANSMISSION LIN6 - PR8VIOUS VALUE'S USEU 

PANEL 3 TO PEEVER TRAivSMlSSION LIN/s - PREVIOUS VALUES USED 

*********************************************************** 
FEEDER LOAD 1 FEEDER LOAD PARAME.TERS - THREE PH ASE 
P(KW) Q(KVAR) S(KVA)AT DEGR&ES V(VOLTS) 

314.9569502 327.8794735 454.6458287 4G.15161966 636.5647647 

I( AMPS) PF 
412.3537873 0.6927523145 
*********************************************************** 



107. 

**************************** 
BEGIN LOAD FLOW FOR FEEDER 2 
**************************** 

*****NUMBER OF PANELS*****- PREVIOUS VALUES UStD 

**************************** 
BEGIN LOAD FLOW FOR PANEL 1 
**************************** 

*****NU~BER OF AC LOADS*****- PREVIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGE(VOLTS), PHAS8 ANGL8(DEGRE8S), POWER FAC'i'OR 

TO SELECT DEFAULT (CATALOG) VALUES 
TO OVERRIDE DEFAULT (CATALOG) VALUES: 

TO INPUT ALL VALUES FROM KEYBOARD 
□: 

82 0 
*****ECHO-CHECK OF ACLOAU 
78000 550 0.7953988302 0.7 
VALUES OK? YES OR NO 
YES 

***** 

I~PUT CATALOG NU~BER FOLLOWED BY Z&RO 
INPUT CATALOG NUMBER FOLLOWED BY­
ZEROES TO SELECT DEFAULT ENTRIES 
NON-ZEROES TO OVERRIDE AN ENTRY 
INPUT ZERO FGLLOf-lE'D BY VALU8S 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUJS*****- PREVIOUS VALUES USED 

*****PANEL AC PEE'D CABLE' VALUES*****- PREVIOUS VALUS'S USBD 

*****NUMBER OE' DC LOADS*****- PRl!JVIOUS VALUt·S US8U 

*****DC LOAD VALUES***** 
POWER(WATTS), VOLTAGE'(VOLTS) 

TO SELE'CT DEFAULT (CATALOG) VALUES 
TO OVBHRIDB DEPAULT (CATALO/J) VALUE'S: 

TO INPUT ALL VALUES FROM KEYBOARD 

0: 
89 100000 0 

*****ECHO-CHECK OF DCLOAD 
100000 250 1.570796327 0 
VALUES OK? YES OR NO 
YES 

***** 

INPUT CATALOG DUMBER FOLLOW&D BY ZERO 
INPUT CATALOG NUMbBR FOLLOWED BY­
ZEROES TO S&LBCT DEFAULT ENTRIES 
NON-ZEROES TO OVERRIDE AN ENTRY 
INPUT ZERO FOLLOWED BY VALU&S 



*****DC TRAILING GABL€ VALUES*****- PRtVIOUS VALU8S USiD 

*****PANEL DC FEED CABL& VALU8S*****- PHEVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****POWER FACTOR CORRECTION CAPACITOk*****- PREVIOUS VALUES USED 

108. 

*****FORWARD RECTIFIER RESISTANCE(OHMS)*****- PR~VIOUS VALUES USED 

*****PRINARY,SECONDARY, TERTIARY VOLTAG8S(VOLTS)*****- PREVIOUS VALUES USED 

*****OPEN CIRCUIT TEST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B*****- PR&VIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT UATA A '1.1 0 C*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA b TO C*****- PR8VIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALU&S USED 

*********************************************************** 
PAN BL 1 PAN EL LO AD PAR A ME 'I' 8 RS - TH fU!,'ii,' PH A SI!} 
P(KW) Q(KVAR) S(KVA)AT DEGH&ES V(VOLTS) 

339.6773772 173.7688674 381.5446761 27.09293484 4786.198583 

I( AMPS) PF 
46,02502752 0.8902689475 
*********************************************************** 



**************************** 
BEGIN LOAD FLOW FOR PAN8L 2 

**************************** 

*****NUMBER OF AC LOADS*****- PR£VIOUS VALUES USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAGl!.:(VOL'l'S), PHAS8 ANGLE(D8GRE'!l,'S), PO{v8R PACTOR 

109. 

TO SELECT DEFAULT (CATALOG) VAl,Ugs 
TO OVERRIDE DtFAULT (CATALOG) VALUES: 

I,VPU'l' CA1'ALOG NUMBER POLLOWl!,D BY Zl!iBO 
INPUT CA1'ALOG NU!dBE:R FOLD0rv8D BY­
ZEROl!iS TO SELECT DEFAULT ~NTRieS 
NON-ZiRO&S TO OVERRIDb AN ENTRY 

TO INPUT ALL VALUES FRO~ KEYHOARD IN~UT Zl!.:RO FOLLOWED BY VALUES 
0: 

82 0 
*****ECHO-CHECK OF ACLOAD 
78000 550 0.7953988302 0.7 
VALUES OK? YES OR NO 
YES 

***** 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUtS USED 

*****AC TRAILING CABLt VALUE'S*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PRtVIOUS VALU&S USED 

*****NUMBER OF DC LOADS*****- PR&VIOUS VALUES USED 

*****TRANSFORMl!.:R CONNECTIONS*****- PR~VIOUb VALUES USED 

*****POWER FACTOR CORRECTION CAPACITOR*****- PREVIOUS VALUES USED 

*****FORWARD RECTIFIER RESISTANCE(OdMS)*****- PREVIOUS VALUES USED 

*****PRIMARY,SECONDARY, 'l'ERTIARY VOLTAGBS(VOLTS)*****- PREVIOUS VALUES USE!J 

*****OPEN CIRCUIT TBST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA A TO b*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT !JATA A '1'0 C*****- PRE'VIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA H TO C*****- PREVIOUS VALUES USED 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 2 PANEL LOAD PARAMETBRS - TBkE£ PHASE 
P(KW) Q(KVAR) S(KVA)AT DEGREES V(VOLTS) 

117.492491 164.0297983 201,7678373 305.6135571 4273.263736 

I( AMPS) PP 
27,26036172 0,5823152618 
*********************************************************** 



**************************** 
BEGIN LOAD FLOW FOR PANEL 3 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALUES USE~ 
*****AC LOAD VALUES***** 
POWER(r-vATTS), VOLl'AGE(VOLTS), PHASE, ANGL8(DEGR&ES), POivER FACTOR 

110. 

TO SELECT DEFAULT (CATALOG) VALUE'S 
TO OVERRIDE DEFAULT (CATALOG) VALUtS: 

I&PUT CATALOG NUMBER FOLLOWED bY ziRo 
INPUT CATALOG NUMbBR FOLLO~SD BY­
Zb'R08S TO SELEC'I' JJEFAUL1 8lVTRn;s 
NON-ZEROES TO OVERRIDE Aj KNTRY 

TO INPUT ALL VALUES FROM KEYHOARD 
□: 

I1VPU'l1 ZERO E'OLLOJ6D bY VALUES 

24 0 
*****ECHO-CHECK OF ACLOAD 
90000 550 0.927295218 0.6 
VALUES OK? YES OR NO 
YES 

***** 

*****POWER FACTOR CORRECTION*****- PREVIOUS VALUES USED 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALUES USED 

*****NUMBER OF UC LOADS*****- PREVIOUS VALUES USED 

*****TRANSF'OR1'1JE'R CONNE'CTIONS*****- PH8VIOUS VALUES USEu 

*****POWER FACTOR COHRtCTION CAPACITOR*****- PREVIOUS VALU~S US&O 

*****FORWARD RECTIFIEh RESISTANCE(OBMS)*****- PREVIOUS VALUES USEL 

*****PRIMARY ,SBCONDARY, TERTIARY VOLTAG8S(VOLT!:l)*****- PREVIOUS VALUES USt!.:D 

*****OPEN CIRCUIT TES'l' DA'I'A*****- PREVIOUS VALUES USEiJ 

*****TRANSFORMER SHORT CIRCUIT DATA A TO B***k*- PREVIOUS VALUES USED 

*****TRANSFORMER ShORT CIRCUIT DATA A TUC*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CIRCUIT DATA 8 TO C*****- PREVIOUS VALUES USEL 

*****CABLE TO FEEDER LOAD CONNECTION*****- PREVIOUS VALUES usiD 

*********************************************************** 
PANEL 3 PANEL LOAD PARAMtTEHS - THREB PHA!:JE 
P(KW) Q(KVAR) S(KVA)AT VtGR8BS V (VOL 'i' S) 

132.3245193 180.7578489 224.0160225 53.79384917 7461.203298 

I( AMPS) PF 
17.33443062 0.5906922097 
*********************************************************** 



***~************************ 
BEGIN LOAD FLOW FOR PANE£ 4 

**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALUES USBD 
*****AC LOAD VALUES***** 
POWER ( WAT '11 S ) , VO LT AG ii, ( VO L '1' S ) , Ph' AS I!,' A NG LE ( U Ii: G .ti'E e S ) , P OW f!,'fi F ACT O Fr 

111. 

TO SELBC'l' D/i:FAULT (CATALOG) VALUii,'S 
TO OVbRRIDE DEFAULT (CATALOG) VALU&S: 

l1VPUT CA'l'ALOG NfJi¼bE'R FOLLOliED BY ZE'RO 
INPUT CATALOG NUMBER FOLLOWED bY­
ZEROES TO SBLECT DEFAULT ENTRiiS 
NON-ZEROtS TO OVERRIDE AN ENTRY 

TO INPUT ALL VALUES FROM KEYBOAhD 
0: 

IN !? UT Z E' R O FOL LO Iv ED B i.' VA LU £' S 

29 170000 
*****ECHO-CHECK OF ACLOAU 
170000 440 1.047197551 0.5 
VALUES OK? YES OR NO 
YE'S 

***** 

*****POWER FACTOR CORHECtION*****- PHbVIOUS VALUtS USED 

*****AC TRAILING CABLE VALU&S*****- ~R&VIOUS iALUES USEb 

*****PANEL AC FbKD CABLb VALUiS*****- PhEVIOUS VALU&S USED 

*****NUMBER OF UC LOADS*****- PREVIOUS VALUES US&U 

*****TRANSFORMER CON!v8C1'IONS*****- i:'Rt:VIUUS VALUl!,'S USE;D 

*****POWER FACTOR CORR8CTION CAPACITOR*****- PR&VIOUS VALUES USED 

*****FOR~ARD RECTIFIER RESISTANC€(0H~S)*****- PREVIOUS VALUES USED 

*****PRIMARY ,SECONDARY, TERTIARY VOLTAGES( VOLTS)*****- i!H6'VIUUS VALU8S U86'U 

*****OPEN CIRCUIT TtST DATA*****- PRtVIUUS VALUtS USED 

*****TRANSFORMER SHORT CIRCUII' UATA A TO B*****- PREVIOUS VALU8S US8D 

*****TRANSFORMER SHORT CIHCUIT DATA A TO C*****- PRtVIOUS VALU&S USED 

*****TRANSFORMER SHORT CIRCUII' DATA BTU C*****- PR~VIOUS VALUtS USED 

*****CABLE TO FEEDER LOAD COdNECTION*****- PREVIOUS VALUES US&b 

*********************************************************** 
PANEL 4 PAJVE'L LOAD PAJiAillET8RS - THF.EE PdASb 
P(KW) Q(KVAR) S(KVA)AT DEGR8ES V(VOLTS) 

293.7671834 444.7326977 532.9974957 56.55332696 11141.31932 

I(AMPS) PF 
27.62026999 0.5511605321 
*********************************************************** 



**************************** 
BEGIN LOAU FLOW FOR PANEL 5 
**************************** 

*****NUMBER OF AC LOADS*****- PREVIOUS VALU&S USED 
*****AC LOAD VALUES***** 
POWER(WATTS), VOLTAG£(VOLTS), PHASA ANGLE(L~URtES), POWER FACTOR 

112. 

TO SELECT DEFAULT (CATALOG) VALUES INPUT CATALOG NUN86R FOLLOWED BY ZiRO 
TO OVERRiD& DEFAULT (CATALOG) VALUES: INPUT CATALOG NUNbER FOLLOWED BY-

ZERUES TO SEL6CT DEFAULT @NTRiiS 
fvON-ZEROES TO OV/i,'RRIDE Ati £,;NTRY 

TO INPUT ALL VALUES FHOM KtYbOARD INPUT ZERO FOLLOWED EY VALUES 
0: 

82 0 
*****ECHO-CHECK OF ACLOAD 
78000 550 0.7953988302 0.7 
VALUES OK? YES OR NO 
YES 

** * ** 

*****POWER FACTOR CORRECTION*****- PRtVIOUS VALU£S USBb 

*****AC TRAILING CABLE VALUES*****- PREVIOUS VALUES USED 

*****PANEL AC FEED CABLE VALUES*****- PREVIOUS VALU~S USED 

*****NUMBER OF DC LOADS*****- PREVIOUS VALUES USED 

*****TRANSFORMER CONNECTIONS*****- PREVIOUS VALUES USED 

*****POWE~ FACTOR CORRECTION CAPACITOb*****- PREVIOUS VALUES USED 

*****FORWARD RECTIFIER RESISTANCE(OdMS)*****- PREVIOUS VALUE'S USED 

*****PRDIJARY,SBCONDARY, TBHTIARY VOLTAGES(VULTS)*****- PR8VIOUS VALUES US8D 

*****OPEN CIRCUIT TtST DATA*****- PREVIOUS VALUES USED 

*****TRANSFORMER SHORT CiliCUIT DA1'A A TO 8*****- FliBVIOUS VALUES USBD 

*****TRANSFORMER SHORT CIRCUIT DATA A TO C*****- PirE'VIOUS VALU8S US8D 

*****TRANSFORMER SHORT CIRCUIT DATA B TO C*****- PREVIOUS VALUES USED 

*****CAHLE TO FEEDER LOAD CONN&CTION*****- PREVIOUS VALUES USED 

*********************************************************** 
PANEL 5 PANEL LOAD PARAMETERS - THREE PrlASE 
P ( KW ) ,J (KV AR ) S ( KV A ) AT DEGRE t, S V(VOLTS) 

190.2601413 251.744858 315.5541077 52.91925499 7397.225595 

I(AMPS) PF 
24.62886209 0.602939834 
*********************************************************** 



PANE,'L 1 TO FEEDER TRAN S1vJI S SI ON LINE- PR8VIOUS V ALU Mi USED 

PANEL 2 TO PEEDER T RAivS;"1JSSION LIN6- Plib'VIOUS V ALU l!,'S US8D 

PAN£'£ 3 TO FEE'DER 'l'RANSMISSION LIN!!,-- PRBVIOUS V ALU E,'S US8D 

PANE'L 4 TO F8E'01:!; R THAL>ISMI SSIUtV LIN&- PRb'VIOUS VALU8S USED 

PANEL 5 '1'0 PEEVER TRANSMISSION LINb'- PREVIOUS VALUE'S USBD 

*********************************************************** 
FEEDER LOAD 2 FEEDER LOAD PARAM6TEhS - THREE PHASE 
P(KW) Q(KVAR) S(KVA)AT DEURtES V(VOLTS) 

1495.830166 509.0542561 1580.077251 18.79423551 7122.890715 

I(AMPS) PF 
128.0741293 0.9466816666 
*********************************************************** 

FEE'DBR CABLE 1 TO MAIN MINI!,' TRANSFOR,,JE'R- Pl1EVIOUS VALUE'S US£D 

FEEDER CABLE 2 TO MAiiV ;11lNE TRANSFORMER- PRI!lVIOUS VALUES USE'U 

*****TkANSFORMER CONNECTIONS*****- PREVIOUS VALU6'S UStD 

*************************************************** 
MINE INPUT PARAMETERS-'l'Hhi!ll!J PHASE 
P (KW) Q ( KV A Ji ) S ( AV A ) A T 06' GR 6' 1:, S V(VOLl'S) 

525.307467 533.4084916 748.6471491 45.43839913 806.9365195 

I(AMPS) PF 
535.64515 0.7016756394 
*********************************************************** 

RUN COMPLETED? YES Oh NO 
YES 
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11.5. 

Program Execution - Commands 

The neumonic commands are read by the main program (see Figure 8) 

under an.A4 format. The variables into which the commands are read 

form an integer array. After one line of commands is read, the 

program checks each location in the command array (CMD) to see if a 

"STOP" command has been entered. If so, the location in the array 

"OFF" corresponding to the stopped motor is set to 11 1": 

If (CMD(X) .EQ. STOP) OFF(X) = 1. 

The subroutine "STPMOT", [STP MOTors] is then called. This sub­

routine checks to see if all motors are stopped, i.e., all locations 

in the array 11 OFF11 are set to 11 111
.) and if this is the case, signals 

the end of the program execution by setting STPRN [SToP RuNning] to 11 111
• 

The actual operation and load changes are handled by the COMAND 

[COMmAND] subroutine. The vector containing the commands is passed 

from MAIN to COMAND. This is one line of the command list, excluding 

the time entry. For each entry (corresponding to a particular motor), 

a series of tests is performed. The tests are of the form: 

IF (PCMD(X) .EQ. STRT) GO TO 1. 

"PCMD" is the command array. 11 X11 is the motor index. STRT is an 

integer variable which has been initialized to the value 'STRT'. The 

internal representation for the value of PCMD is compared with the in­

ternal representation of the variable STRT. If they agree, some 

action is taken, in this case, to start the motor. The motor is 

turned on by setting the entry in the "ON" vector to "l". The entry 

in the vector MLD [Motor LoaD] is set to the load torque curve 
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applicable for the particular operation, in the case, number 1. 

If they do not agree, the next test is performed, etc. If there 

is no agreement, the conditions pertaining to that motor are not 

altered. 
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Program Execution - Motor Interaction 

The program sequence handling the motor operations will now be 

described. Assume the command sequence is at a point where Motor 1 is 

running under load and Motor 2 is to be started. 

The COMAND subroutine has been executed and has assigned a starting 

load to Motor 2. There was no command in the Motor 1 string so its 

operation remains unaltered. The next call is to subroutine VOLTAG. 

Motor parameters are now all subscripted, i.e., Rl(X), Xl(X), ZRO(X), 

etc, This subroutine contains a DO loop which sets an index to indi­

cate Motor 1. A test is performed to determine whether the motor is 

"ON". (If ON(l) = 1, Motor 1 has been connected to the feeder.) 

In the example case to be described, Motor 1 is on. The impedances 

of Motor 1 are then computed and stored in the vector YMOT, as an ad­

mittance, in position YMOT(l). The DO loop is now executed again, this 

time for Motor 2. The ON test is performed for Motor 2 and it is found 

to be ON also. Its slip is 1, because it is just being started. The 

rotor and then motor impendances of Motor 2 are computed and stored in 

position 2 of YMOT as an admittance. The DO loop is executed two more 

times for Motors 3 and 4. They are found to be off, and their admit­

tances are set to zero, i.e., they are not connected to the feeder. 

Now the admittances are summed, converted to impedances, and con­

nected to the feeder impedance. The input current and power-factor 

are calculated as described previously. 

The voltage at the motor terminals is then computed with an 

equivalent impedance representing both motors. This is the end of the 

VOLTAG subroutine. 
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The TQOUT [TorQue OUTput] subroutine is the next subroutine called. 

This routine contains a DO loop and test sequence similar to the VOLTAG 

subroutine. If a motor is "ON", the following procedure is followed. 

Knowing the voltage at the motor terminals and the individual admittance 

of each motor (computed and stored by VOLTAG), the individual input 

currents for each motor are calculated. The rotor currents and output 

torques are then computed. 

The output subroutine WRTOUT [WRiTe OUT data] is then called to 

print out computed data. External torque is computed in this subroutine 

by subtracting friction, windage, and losses from the computed internal 

torque. From this external torque, power output is determined using 

the known operating speed. Then, the RUNMOT [RUN MOTors] subroutine is 

called. 

RUNMOT and its associated subroutine TEST are the decision making 

subroutines which determine if the motors will accelerate, decelerate, 

or operate at constant velocity. A DO loop and test sequence is used 

in this subroutine also. If the motor is not on, it is by-passed. 

If it is found to be on, the TEST subroutine is called by RUNMOT. The 

Torque Differential DTRQ (6T) is computed. A test is then performed 

to determine whether 6T is positive, negative or zero. If positive, an 

acceleration is indicated; if negative, a deceleration; and if zero, 

the velocity of the motor will not change. Assuming Motor 1 is up to 

speed, the latter will occur. The DO loop will then execute again, 

Motor 2 will be found to be on, and TEST is called. This time an ac 

celeration is indicated, and the subroutine ACELR8 [ACcELRate + 8] is 

called. 
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ACELR8 preforms the integration and speed change. A straight line 

approximation is used to compute the actual load. Output torque, com­

puted by TQOUT, and load torque are used to compute torque differential. 

Integration is then performed, and the velocity change required by the 

accelerating torque acting over ~tis computed. The new angular velo­

city is then stored, and a new operating point on the torque slip 

curve is computed. Control then returns to RUNMOT and motors 3 and 4 

are bypassed. At this point, the main program regains control and time 

is checked to determine whether a command change is required. 

Program Execution - Load Charges 

Data is entered such that a particular command list is associated 

with the time that a command will go into effect. The first line 

always starts at O seconds. This line is read into CMD, while the time 

0 is stored in CHGTME. This value of time is NOT actually used. The 

program assumes it is zero. Before going through all calculations, the 

next command line is read. Just before this, the first line is trans­

ferred into PCMD. Thus, there are two command lines in memory before 

the program continues, and the value in CHGTME is the second one in 

the time column. PCMD and not CMD is passed to COMAND. Therefore, the 

first line of commands control execution. The second line is held back 

until needed as described below. 

COMAND sets up program execution under control of PCMD commands. 

These commands remain in effect until the program goes through enough 

time increments so the sum of these increments equals CHGTME. (Because 

of numerical error, the program is set up to accept a range of values 

as "equal".) At this point, control breaks out of the loop, and a 

third line of commands is read into CMD after the second line is 
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transferred into PCMD. A new CHGTME now exists, and COMAND sets up 

the program under control of the new PCMD line. 

A load change is accomplished by a command in the motor's command 

string requiring a new load curve. STRT requires a particular load 

curve. The motor accelerates under this load until one of the previ­

ously described conditions occurs. If a new command string is called 

before the motor gets up to speed and a load change is indicated, it 

is handled in the following way. 

The new load curve is used. The motor speed is the most recently 

computed value. Using this speed, output torque is computed. RUNMOT 

compares this with the new load and determines whether acceleration, 

deceleration, or no action is required. The procedure then continues 

as before. 

Study of an Example Simulation 

A sample of output of the dynamic motor model is shown in Figures 

10 and 11- Figure 10 shows motor voltage, current, power and power­

factor at the motor end of the trailing cable as a junction of time. 

Figure 11 shows voltage, current and speed for all motors. In these 

figures only two sample sets of points are corrected for clarity. Other 

points may be connected in the same manner. The plotting routine does 

not plot multiple points if they occur at the same spot on the graph. 

Time= 0.0 sec. Input voltage (line to line)= 483.0 volts 

MOTOR 1: Started 

Voltage drops sharply to 450 volts due to the load applied to the 

trailing cable. 

As the motor accelerates: 
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1. Input current drops 

2. Input power drops 

3. Power-factor increases to a maximum value, then drops 

sharply 

4. Output torque drops to zero 
} Not Plotted 

S. Output power drops to zero 

6. Voltage decreases slightly then returns to 481.7 volts 

The lower voltage is due to the voltage dropped across the trailing 

cable impedance, caused by the no load current drawn by MOTOR 1. 

Time= 1.0 sec 

MOTOR 3: Started 

Conditions as above. 

Torque output of MOTOR 1 becomes negative. 

Explanations: 

Torque output is defined here as the difference between the 

torque produced by the motor's internal power, and the loss 

due to friction and windage. 

Referring to Figure 9, assume MOTOR 1 is operating on curve A at 

the point of intersection with L. Suddenly the available voltage 

drops due to the start of MOTOR 3. Because of the Rotor's rota­

tional inertia, it cannot change speed instantaneously. However, 

the reduced voltage input produces a drop in input current, and 

subsequently a drop in output power. The motor now is constrained 

(for this instant) to operate on curve B. The torque the motor 

can produce is not less than the loss torque and the motor must 
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decelerate. MOTOR 1 does decelerate, and then resumes almost 

its previous speed, as MOTOR 3 comes up to speed. This pro­

cedure is essentially repeated until all motors are started. 

Time= 4.0 sec 

A light load is applied to MOTOR 2, and its speed drops. The 

motor input voltage also drops slightly. This, however, is 

not enough drop to affect the other·motors appreciably. The 

power-factor increases, as does the input power. 



124. 

Time= 5.0 sec 

MOTOR 1 is loaded, and the only measurable change is the power­

factor, which increases slightly. 

Time= 6.0 sec 

MOTORS 3 and 4 are loaded. The current drawn increases sharply, 

as does the power input. The input voltage drops. The power­

factor increases sharply. 

Time= 7.0 sec 

All motors are operating near full load, and the input current 

and power are very large. The motor voltage is near 420 volts, 

down 40 volts from NO LOAD. Power-factor is near unity. The 

loads are now removed, and the motors are disconnected. The 

voltage rises, while power-factor, power, and current drop to 

no load conditions 
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PL1T OF VOL~AGE -V- PF -F- CUPF~vm -C- POWPR -P-

VOLTAGE 400.00 
PWR. FM'.. 0.00 
CURRENT 0.00 
POWER ( VA ) 0. 00 

420.00 
0 .. 20 

200.00 
200000.00 

440.00 
0 .. 40 

4 00. 00 
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0 .. 15 0 
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'100000.00 
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() .. 80 1.00 
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*·········*············ ·······*·· ·······*·· ...... ·*···· 
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Figure 10. Continued. 



4.00000 LOAD 
4.05000 
4.10000 
4.15000 
4.20000 
4.25000 
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4.35000 
4.40000 
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I p C F V 
.,. p C F' V 1 

T p C' F V 
I p C F V 
I p C F V 
T p C F V 
T p .. (" F V 
T p C f V 
I p C F V 

l I p C F V 
r p C F V 
I p C I<' V 

I p C F V 
I p C F V 
I p C F V 
I p C F V 
I p C F V 
I p C F V 
I p C f V 
I p C F V 
T p C F V 
I p C p V 
,:- p C F V 
I p C F V 
T p C F V ... 
I p C F V 
I p C 'P V 
T p C p V 
I p C F' V 

*···· ·····*·· ....... * ..... ·····*·· ...... ··*·········*·· .. 

fir,ure 10. Continued. 



6.00000 LOAD 
6.05000 
6.10000 INC 
6.15000 
6.20000 
6.25000 
6. 30000 
6.35000 
6.40000 
f;.45000 
6.50000 
6.55000 
6.60000 
6.65000 
6.70000 
6.75000 
6.80000 
6.85000 
6. 90000 
6.95000 
7. 00 000 LJ\TC i 
7.05000 J 
7.10000 4 
7.15000 
7.20000 
7.25000 
7.30000 
7.35000 
7.40000 
7.45000 
7.50000 
7.55000 
7.60000 
7.65000 
7.70000 
7.75000 
7.80000 
7.85000 
7.90000 
1.gsooo 

400.00 
o.oo 
o.oo 
o.oo 

420.00 
o. 20 

200.00 
200000. 00 

440.0C 
0.40 

400.00 
400000. 00 

U60.00 
0.60 

f00.00 
r,00000.00 

128. 

4PO.OO S00.00 
O.RO 1.00 

800.00 1000.00 
000000.001000000.oo 

*··· ..... ·*······ .. ·*·· ....... -l:. .......... * ...•..•. ·*· .. . 
-------~-----------------------------------------------· 

3 I p C-- .. - F' - - -- --· -v ----- -4 I ~ F 

2 I VP C F 
I VP C F 
I V'P C ·F 
T VP C F 
I VP C F 
I VP C p 

I VP C F 
,:- VP r. F 
T VP C F 
T VP C p ... 
I VP C 'P 

T VP C F 
I VP ,.. y I.., 

I VP C F 
I VP C F 
I VP 

,.. F '-

I VF r: F 
I VP C: F 
I -"r C F 
I v~ r---c f' 
I V p C F 
T V p C r 
I V p C F 
T V p r- F ,_. 

I V p C F 
I V p (' F 
I V p r F 
I V p (' f' 

I V p C F 
I V p C F 
I V p C r' 
t V 'P (' F 
I V p r: F 
I V 0 r F 

T V p C F 
I V p C F 

I V p C F 
I V p C T' 

*··· ······*·· ·······*·· ...... ·*·· ....... * .......... * . .... 

Fir,ure 10. Continued. 



8.00000 lDLE 
8.05000 
a.,0000 
8.15000 DEC 
8.20000 
8.25000 
8 .. 30000 
8.35000 
8.40000 
8.45000 
8.50000 
8. 55000 
8.60000 
8.65000 
8.70000 
8.75000 
8.80000 
8.85000 
8. 90000 
8.95000 
9.00000 IDLE 
9.05000 
9 .. 10000 
9.15000 
9.20000 
9.25000 
9.30000 
9.35000 
9.40000 
9.45000 
(}.50000 
9.55000 
9.60000 
9.65000 
9.70000 
9.75000 
9.80000 
9.85000 
9.90000 
9.95000 

400.00 
o.oo 
o.oo 
o.oo 

420.00 
0.20 

200.00 
200000.00 

,, 40. 0 0 
0.40 

4 00. 00 
400000.00 

4EO.OO 
0.60 

600.00 
000000.00 

129. 

4RO.OO S00.00 
0.80 1.00 

800.00 1000.00 
800000.001000000.00 

-------------------------------------------------------
1 I V - - - _.2.----- --C f' 

3 I p c--.r------"~- -- -- ·- -. ·- - -v 
4 I p (' F V 

2 I p C F V 
I p C 'P V 
I p C F V 
I p C F V 
I p C F V 
T p C F V 
T p C F V 
I p (' F " I p C p V 
I p C F V 
I p C r' V 

I p C ? V 
I p C F V 
T p C F V 
! p C F' V 
I p C 'P V 
I p C F V 

2 I p C F V, 
I p C 1T 

T p C V 
I p C V 
T. p C V 
T p C V 
T p C V 
I p C V 
I p C V 
I p C V 
I p C V 
I p C V 
T p C V 
I p C V 
T p C V 
T p C V 
I r C V 
I p C V 
I p C V 

I p C V 

• ........ ··*· ........ ·*·· ....... *·· ...... ·*· ........ * . ... 

Figure 10. Continued. 



10.00000 STOP 
10.05000 
10.10000 
10.15000 
10.20000 
10.25000 
10.30000 
10.35000 
10.40000 
10.45000 
10.50000 
10.5',000 
10.60000 
10.65000 
10.70000 
10.75000 
10.80000 
10.85000 
1 o. 90000 
10.95000 
11.00000 STOP 
11.05000 
11.10000 
11.15000 
11.20000 
11.25000 
11. 3 00 00 
11.35000 
11.40000 
11.usooo 
11.50000 
1 1.55000 
11.60000 
11.65000 
11.70000 
11.75000 
11.80000 
11.85000 
11.90000 
11.Qt;OOO 

; T ( l I' 2 

4 0 o. 00 
o .. 00 
0.00 
o.oo 

u20.oo 
o .. 20 

200.00 
200000~00 

440.00 
o. uo 

4 00. 00 
400000.00 

UF0.00 
o .. 60 

600.00 
600000.0(' 

130. 

4Po.on c:oo. Of\ 
0.80 1.00 

800.00 1000.00 
800000.001000000.00 

··········*·········*···················*·········*·-·· 
------------------------------------------------------J . PC' F V L 

4 I pr: F V 
T pr: F V -
I PC F V 
I PC F' V 
'I PC F V ,. PC F V .i. 

! 1?C f' V 
I PC F V 
I PC '17 ir 

T PC F V 
I PC F V 
T PC F V 
:: PC F' V 
I PC F V 
"[ T.>('. 'P V 
T l'C F V J,_ 

T PC r' V 
T PC F V 
I PC F v, 

1 ! re' F' V 
I PC". f V 
T DC :P V 
I PC 'J,' V 
T PC r' V 
I PC F " ! PC p \f 

T nc F V 
T PC F V 
T PC 'f,' V 
T PC F V 
I rye ,.. 

V 
I PC p V 
T nc F' V 
I PC f' V 
I PC "' V 
I PC F V 
T DC F' 1, 

I PC F V 

I P('. p V 

*·········*·········"l-'.·········*·········*·········*·••il 

Figure 10. Continued. 



131. 

PLOT CF V0L1AGE -V- CURnEN~ -1,2,3,4- SPEED -A,B,C,~-

VOLTAGE 400.00 420.00 
fi0.00 

1760.00 

440.00 
120.00 

1770.00 

460.00 
180.00 

1780.00 

480.00 
240.00 

1700.00 

500. 00 
.300.00 

1800.00 
Clll(lll~'n 0.00 
SPEED 1750.00 

0.00000 START l 
0.05000 
0.10000 
0.15000 
0.20000 
0.25000 
0.30000 
0.35000 
0.40000 
0.45000 
o. soooo 
0.55000 
0.60000 
0.65000 
0.70000 
0.75000 
0.80000 
0.85000 
o. 90000 
0.95000 
1.00000 START 3 
1.05000 
1.10000 
1.15000 
1.20000 
1.25000 
1.30000 
1.35000 
1.40000 
1.45000 
1.50000 
1 .. 55000 
1.60000 
1.65000 
1.70000 
1.75000 
1.80000 
1.85000 
1. 90000 
1.qc:000 

*·········*·········*······ .. ··*·········*·········*···· 
-------------------------------------------------------DI4 ,,v 

DI4 V 
DT4 V 
DIU V- -- - . -·~· -·- - ' 

DT4 
__ 1 .._,_,....,...,.... . .,.,._,,,.. ··•-· . .::.v.:. 

'· 
DI4 1~--- V A 
DI4 1 V A 
DI4 1 " A 
DI4 1 V P. 

DI4 ~ V A 
DT4 1 Voltage V A 
nT4 .. V A I 

D!4 1 Current V A 
DI4 1 of motor 1 V A 
DI4 1 V 'A 
DI4 1 V A 
DI4 1 V l!, 

DI4 1 V ,._ 

DT4 1 V ]\ 

l';T 4 1 --- . .-.- -- V 'P 
DIU 1 V·- ·- ·- .-• 

~ 

DI4 1 V r, 
DI4 1 V 'fi. 
nI4 1 V r,_ 

DI4 1 V A 
nI4 1 V Speed ·p._ 

DI4 1 V of motor 1 
.,,_ 

DT4 1 V A 
/ 

DI4 1 V-. -- :a. 

DI4 1 "l -- -v (' _, 

DI4 1 3 V C' 
nT4 1 3 V C 
DI4 1 3 V C 
1)!4 1 3 V C I 

DI4 1 3 V C 
l1T 4 1 1 V C 

nr4 1 '3 I V C 

DT4 1 , V C 
DI4 1 3 V C 

Dilr , 3 V C 

*·········*···················*·········*·········*··· 

Figure> 11. Dynr1mic Voltag~, Current, and 
Speed o[ all Motors. 



132. 

-------------------------------------------------------400.00 420000 440.00 460.00 480.00 r::.oo. 00 
o.oo f;Q.00 120.00 190.00 240.00 300.00 

1750.00 1-760. 00 1170.00 1780.00 1790.00 1800.00 1 

*·········*·· ....... * .••••. ···*·. ·······*·········*·· ... 
-------------------------------------------------------2.00000 START 4 DT.2 1 3 V C 

2.05000 DI2 1 1 V C 
2.10000 DI2 1 1 V C 
2.15000 D::'."2 1 3 V C 
2.20000 DI2 1 3 V (, 

2.2sooo DI2 1 3 V C 
2.30000 DI2 1 3 V C' 
2.35000 DI2 1 3 V C 
2.40000 DI2 1 3 V- - -- C - - - - --2.45000 BI2 1 4 -· -- ··v D 
2.50000 BI2 1 4 V n 
2.55000 BT2 1 4 V D 
2.60000 BI? ~ u V 1) 

2.65000 BI2 1 4 V D 
2.70000 BT2 1 4 V D 
2.75000 BT2 1 4 V D 
2.80000 BI2 1 4 V n 
2.85000 BI2 1 4 V D 
2.90000 B;'.2 1 4 V D 
2.95000 FIT2 1 4 -V 1) 

3. 00000 START 2 BI 1 4 v- - - --
D -

3.05000 BI 1 4 V D 
3.10000 RI 1 4 V n 
3.15000 BT ., 4 V D 
3.20000 !H 1 4 V D 
3.25000 BI 1 4 V D 

3.30000 BI 1 4 V fl 
3.35000 BI 1 4 V D 
3.40000 BI 1 4 V- - ··- D -·-- --3.45000 T 1 24 - V DB 
1.50000 I 1 24 V DP 
1.ssooo T 1 24 u DR 
3.60000 T 1 ?4 V DB 
3.65000 T 1 24 V OB 
3.7000() T 1 2 ti V DR 
3.75000 I 1 24 V DR 
3.80000 I 1 24 V DR 
3.85000 T 1 24 V DR 
3.90000 I 1 24 V !)R 
1.oc:000 I 1 24 V DB 

)X'·········*·········*·········,ec·········*·········*···· 

Figure 11. Continued. 



133. 

-------------------------------------------------------4 0 o. 00 4:?0.00 440.00 4f0.00 480.00 ~.on.on 
o.oo fO.00 120.00 180.00 2 40. 0.0 300.00 

1750.00 1700.00 1770.00 178().0() 1790.00 1800.00 

*······· ··*·· ·······*·· ·······*·· ·······*·········*·· .. 
------------------------------------------------------4.00000 L0An 2 I 1 24 V DB 

4.05000 T 1 4 2 V 'P, D 
4.10000 I 1 4 2 V B D 

4.15000 I 1 4 2 V B T) 

4. 20000 I 1 4 2 V A D 
4.25000 I , 4 " V R T) <. 

4. 30000 ! 1 4 2 V R D 

4.35000 I 1 4 2 V B D 
4.UOOOO I 1 4 2 V p D 
4.45000 I 1 4 2 V B D 

4.50000 
.,. 

~ u 2 V R D .J.. 

4. 55000 I 1 4 2 V R D 
4.60000 T 1 4 ?. V R D 
4.65000 T 1 4 ·- 2 V B D 
4.70000 T 1 4 2 V B D 
4.75000 I 1 4 2 V n n 
4.80000 T 1 4 2 V B D 
4.85000 - 1 4 2 V n D 
4.90000 T , 4 2 V B D 
4.95000 I 1 4 2 V R D 
5.00000 LOAD l T 1 4 2 V B n 
5.05000 I 1 u 2 V A B D 
5.10000 I 1 4 2 V ,, B D 
5.15000 T 1 4 2 V !I. B J) 

5.20000 I 1 4 ') V A B n 
5.25000 T 1 4 2 V A p n 
5.30000 I 1 4 2 V A ~ n 
5.35000 ! 1 4 2 V A B D 
5.40000 I 1 4 2 V A R D 
S.45000 ! 1 u 2 V A B D 
5 .. 50000 T 1 4 2 V A B D 
5 .. 55000 ::!' 1 4 2 V A B D 
5.60000 .,. 1 4 2 V /\. B D 
5. 65000 T 1 4 2 V A R D --
5.70000 I 1 4 ') V J\. 8 D ,._ 

5.7SOOO T 1 4 ?. V A R n 
r;_ 80 000 T 1 4 2 V Pa B D 
5.85000 I 1 4 2 V A p n 
S.90000 T , 4 2 V A B D 
5.95000 .,. 1 14 ~ V ~ p. 1J 

*·········*·········*·········*·········x,:.·········*···· 

Figure 11. Continued 



6.00000 
6.05000 
6.10000 
6.15000 
6.20000 
6.2S000 
6.10000 
6.35000 
6.40000 
6.45000 
6.50000 
6.55000 
6.60000 
6.65000 
6.70000 
6.75000 
6.80000 
6.85000 
6.90000 
6.95000 
7.00000 
7.05000 
7.10000 
7.15000 
7.20000 
7.25000 
7.30000 
7.35000 
7.40000 
7.45000 
7.50000 
7.55000 
7.60000 
7.65000 
7.70000 
7.75000 
7.80000 
7.85000 
'1.90000 
-,_ 95000 

-------------------------------------------------------400.00 U?J.00 440.00 460.00 4AO.OO 500.00 
0.00 60.00 120e00 1RO.OO 240.00 300.00 

1750.00 1 160.00 1710.00 1 780.0C 1790.00 1800.00 

LOAD 3 
4 

l\lC '2 

n:c 1 
'3 
4 

*· ........ *· ....... ·*· ........ *· ........ *· ........ ~- .. . 
T 1 4 2 -- V B D 
I 1 v-- - 24 Tl --,, 
I 1 V 24 n A 
I 1 V 24 D A 
I 1 V 24 D A 
I 1 V 24 D A 
I 1 V 24 P A 
I 1 V 24 D ~ 

I 1 V 24 n ~ 

I 1 V 24 D ~ 
I 1 V 24 n ~ 

I 1 '' 24 D A 
I 1 V 24 ~ A 
T 1 V 24 D A 
T 1 V 24 Tl A 
I 1 V 24 D A 
I 1 V 24 D ~ 

T 1 V 24 n A 
I 1 V 24 n A 
T 1 V 24 D A 
I 1 ___.v 2 4 n A. 
I -.........._, AV - -- D 2 I3 4 
I V D 2 B 4 
T V D 2 P U 
I V D 2 B 4 
T V D 2 B 4 
I V n 2 P 4 
I V D 2 P U 

I V D 2 F 4 
T V D 2 R 4 
I V D 2 B 4 
T V D 2 P 4 
I V D 2 F 4 
I V D 2 r 4 
I V D 2 B 4 
T v D 2 B 4 
I V D 2 B 4 
I V D 2 P U 

I ' V D 2 P 4 

T * •. • • . • • t • * ~ • • • • .. •. * .. ~ • ~ • .... : • ~ •. •. •. • * .. • • .... • ""• ... 

Figure 11. Continued. 



8.00000 
8.05000 
8.10000 
8.1SOOO 
8.20000 
8.25000 
8.30000 
8.35000 
8.40000 
9.45000 
8.50000 
8.55000 
8.60000 
8.65000 
8.70000 
8.75000 
8.80000 
8.85000 
8.90000 
8.95000 
9.00000 
9.05000 
9.10000 
9.15000 
9.20000 
q_2sooo 
9.30000 
9.35000 
9.40000 
9.45000 
9.'50000 
q_55000 
9.60000 
9.65000 
9.70000 
9.75000 
9.80000 
9.85000 
q_ C\0000 
q_q5000 

135. 

400.00-- -420.00 440.00 460.00 4RO.OO S00.00 
0.00 60.00 120.00 1A0.00 240.0r. 100.00 

1?SO.OO 11fi0.00 1710.00 1780.00 1790.00 1900.00 

j 

4 
DEC 'l. 

lDLE 2 

*··· ....... ·*·· .... ···*·· ........ * ........ ··*······ .. ·*·· .. 
T 

I 
I 
I 
I 
T 

T 
I 
T 

I 
I 
I 
T 
I 
I 
I 
I 
T ... ... 
I 
I 
I 
I 
T 

I 
1 
I 
T 

I 
I 
I 
T 
T 

I 
I 
T 

I 
T. 
i 

-·---------------------------------------------------------/'Tl V- D 2 R U 
1 4 ?. - - - - -V 
1 4 2 V 
1 4 2 V 
1 4 ?. V 
1 4 2 V 
1 4 2 V 
1 4 2 V 
1 4 2 V 
1 4 ? v 
1 4 2 V 
1 4 2 V 
1 4 2 V 
1 4 2 V 
1 4 2 V 
1 4 2 V 
1 4 2 V 
1 U 2 V 
1 4 2 V 
1 4 2 V 
1 4 2 V 
1 24 
1 24 
1 24 
1 24 
1 24 
1 24 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 

B D 
R D 
B D 
B D 
B D 
B D 
R D 
R n 
R D 
R D 
R D 
n n 
R D 
B D 
B D 
R D 
B D 
B D 
B D 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DR 
DB 
DB 
DB 
DR 
DR 
DB 
DR 
nn 

*···. ·····*········ ·*·· ....... * ...... ····*····· ... ·*· .. .. 

Jigure 11. Continued. 



136. 

-------------------------------------------------------400.00 U20.00 440.0C 460.00 UR0.00 ~00.00 
0.00 60.00 120.00 180.00 240.00 300QOO 

1750.00 17 60.00 1770.00 1780.00 1790.00 1800.00 
* ••••••••• * .•••.•••. * ......... * .......... ,$i: ........... *· .. t 

------------------------------------------------------· 10.00000 STOP :3 DT4 1 2 V AB 
10.05000 /1 DI4 1 2 V T\ B 
10.10000 DI4 , 2 V AB 
10.15000 DI4 1 2 V AR 
10.20000 DI4 1 2 V AB 
10. 25000 DT4 , 2 V AB 
10. :rnooo rr4 1 

,.., 
'17 AR L 

10.35000 DI4 1 2 ,., AB 
10.40000 DI4 1 

,.., 
V AB L. 

10.45000 DI4 1 2 V AB 
10.50000 nru 1 " V AB ,, 
10.55000 DT4 , .... V AB L'. 

1 o. fi 0000 DI4 1 2 V ~. B 
10. 65000 DI4 1 2 V AB 
10.70000 DI4 1 ,.., 

V AB ,:. 

10.75000 DI4 1 2 V A 13 
10.80000 DI4 1 2 V AB 
10. 85000 DJ4 1 2 V AB 
10.90000 DI4 1 2 V l'\. B 
10.95000 DI4 ,., 1 2 V AB 
11.00000 STOP i DI4 ✓' /, V R 

11.05000 DI4 2 V R 
,,.10000 DIU ?. V p 

11.15000 DI4 2 V n 
11.20000 DI4 2 V B 
11. 25000 DI4 2 V p 

11.30000 DI4 2 V R 
11.35000 DIU 2 V 'Fl 

11.40000 nr4 2 V B 
11.45000 T)I4 2 V R 
11. soooo DI4 2 V R 
11.55000 DT4 2 V B 

11.60000 DI4 2 V B 
11.65000 DT4 2 V B 
11. 70000 DI4 ,, V B 
11.75000 DI4 2 V B 
11.80000 DT4 2 V R 
11. 85000 D14 2 V R 

11. 90000 D! 4 2 V R 
11.95000 DI4 2 V B 

·;TOP !. * .......... * ••••••••• ,I: .. ·······*'·· ...... ·*•··••·· ···*···. 

Figure 11. Continued. 



Program Listing 

COMPLEX VLNC,ZST(4) 
REAL SLIP(4),AVEL(4),R2(4),TOUT(4),11(4),PF(4) 
REAL TQLD(4,5,201) 

137. 

INTEGER TNMOT,CHGTME,CMD(4),PCMD(4),X,ITINDX(4) ,ACCEL,DECEL,NVELCG 
$,MLD(4) ,ENDEX,ON(4) ,OFF(4) ,OUT6,PROCED 

INTEGER STOP/'STOP'/ 
COMMON /INDEX/ITINDX 
COMMON /STATE/ON 
comJON I DYNH IC/ A cc EL' DEC EL, NVELCG 
IN5=5 
OUT6=6 
L=O 
CALL READ IN ( T NM OT , V L NC , ZS T , R 2 , T Q L D , nm ES , 0 lJ T I NC ) 

THRES=.001 
DO 3 X=l,4 
SLIP(X)=l 
ON(X)=O 
OFF(X)=O 
ITINDX(X)=l 
AVEL(X)=O 
Il(X)=O 
TOUT(X)=O 

3 CONTINUE 
ISTPRN=O 
ACCEL=3 
DECEL=l 
NVELCG=2 
I=l 
READ(IN5, lOOO)CHGTHE,CMD(l) ,CMD(2) ,CMD(3) ,CMD(4) 

1000 FORMAT(lOX, 110, 10X,A4, 1X,A4, 1X,A4, 1X,A4) 
5 DO 1 X=l,TNMOT 

PCHD(X)=CMD(X) 
IF(CMD(X) .EQ.STOP)OFF(X)=l 

1 CONTINUE 
CALL STPMOT(AVEL,TNMOT,OFF,ISTPRN,TOUT,Il) 
IF(ISTPRN.EQ.l)GO TO 10 
READ(IN5, lOOO)CHGTME,CMD(l) ,CMD(2) ,CMD(3) ,CMD(4) 
CALL COMAND(PCMD,MLD,TNMOT) 

2 CALL VOLTAG(VLNC,ZST,R2,SLIP,TNMOT,I) 
CALL TQOUT(ZST,R2,TOUT,SLIP,TNMOT,Il) 
IF(L.EQ.O)GO TO 13 
IF(L.EQ.IFIX((OUTINC/TMRES)+TMRES))GO TO 13 
L=L+l 
GO TO 6 

13 CALL WRTOUT(VLNC,TOUT,AVEL,Il,I,TMRES,TQLD,SLIP,PROCED) 
L=l 

6 CALL RUNMOT(TNMOT,SLIP,CHGTME,TMRES,AVEL,l,MLD,TQLD,TOUT,PROCED) 
IF(I*TMRES+TMRES.GT.CHGTME)GO TO 15 
I=I+l 
GO TO 2 

15 IF(ISTPRN.EQ.l)GO TO 10 
I=I+l 
GO TO 5 

10 STOP 
END 

18350 



SUBROUTINE READIN(TNHOT,VLNC,ZST,R2,TQLD,TMRF:S,OUTINC) 
COMPLEX VLNC,ZSH(4),ZST(4),ZFEED,YCF 

138. 

REAL R 1 ( 4) , X 1 ( 4 ) , G C ( 4) , RM ( 4 ) , POLES ( 4 ) , TQ L n ( 4 , 5 , 201 ) , SYN AV ( 4) 
$,SYNSPD(4),R2(4),X2(4),JW(4) 

INTEGER TNLTC(4),X,TNMOT,OUT6 
COMMON /R8/RES,SYNAV 
COMMON /VOLT/YCF,RF,XF,X2,ZSH,ZFEED 
COMMON /INERT/JW 
IN5=5 
OUT6=6 
READ(IN5,lOO)OUTINC 
READ,TNMOT 
READ(IN5,lOO)FREQ,VLL 
READ(IN5,lOO)FDLGTH,OPTF,ROPTF 

100 FORMAT(8Fl0.5) 
PI=3.14159 
RES=.005 
N=IFIX(l./RES) 
NPl=N+l 
RF=OPTF*FDLGTH 
XF=ROPTF*FDLGTH 
ZFEED=CMPLX(RF,XF) 
VLNC=CHPLX(VLL/SQRT(3.) ,0.) 
VLN=CABS(VLNC) 
YCF=(O.,O.) 
WRITE(OUT6,lOOO)VLL 
WRITE(OUT6,lOOl)TNMOT 
WRITE(OUT6,l002) 
WRITE(OUT6,l003) 
DO 10 X=l,TNMOT 
READ(INS, 100) Rl (X) ,Xl (X) ,R2(X) ,X2(X) ,GC(X), BM(X), POLES(X) ,JW(X) 
SYNSPD(X)=l20.*FREQ/POLES(X) 
SYNAV(X)=2.*PI*SYNSPD(X)/60. 
ZSH(X)=l/CMPLX(GC(X),-BM(X)) 
ZST(X)=CMPLX(Rl(X) ,Xl(X)) 
WRITE ( 0 UT 6 , 10 0 4) X, R 1 ( X) , X 1 ( X) , R 2 ( X) , X 2 ( X) , G C ( X) , BM ( X) , SYN SP D ( X) 
READ,TNLTC(X) 
CALL REDLTC(TQLD,NPl,TNLTC,X) 

10 CONTINUE 
1000 FORMAf(lOX,'LINE TO LINE VOLTAGE' ,SX,Fl0.5/) 
1001 FORMAT(lOX,'NUMBER OF MOTORS IN SIMULATION',3X,I2/) 
1002 FORMAT(20X,'Rl- STATOR',SX,'Xl- STATOR',5X,'R2- ROTOR',5X,'X2- R 

$0TOR', SX, 'GC- CORE', SX,' BM-MAGNET.' , SX, 'SYNCHRONOUS') 
1003 FORHAT(20X,'RESISTANCE' ,6X,'REACTANCE' ,SX,'RESISTANCE' ,6X,'REACTAN 

$CE' ,SX,'LOSS COND.' ,4X,'SUSCEPTANCE' ,llX,'SPEED'//) 
1004 FORMAT(lOX,'MOTOR',Il,4X,Fl0.5,5X,Fl0.5,5X,Fl0.5,5X,Fl0.5,5X,Fl0.5 

$,5X,Fl0.5,6X,Fl0.5/) 
WRITE(OUT6,2000) 

2000 FORHAT(' l' ,60X, 'MOTORl', 12X, 't!OTOR2', 12X, 'MOTOR3', 12X, 'MOTOR4') 
RETURN 
END 
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SUBROUTINE REDLTC(TQLD,NPl,TNLTC,X) 
INTEGER TNLTC(4) ,X 
REAL TQLD(4,5,201) 
DO 10 J=l,NPl 
READ,TQLD(X,1,J) 

10 CONTINUE 
IF(TNLTC(X) .EQ. l)GO TO 201 
L=TNLTC(X) 
DO 20 I=2,L 
DO 30 J=l,NPl 
READ,TEMP 
TQLD(X,I,J)=TENP+TQLD(X,l,J) 

30 CONTINUE 
20 CONTINUE 
201 RETURN 

END 
18350 

SUBROUTINE STPMOT(AVEL,TNHOT,OFF,ISTPRN,TOUT,Il) 
REAL AVEL(4),11(4),TOUT(4) 
INTEGER ON(4) ,OFF(4) ,X,TNMOT 
COMMON /STATE/ON 
DO 10 X=l,4 
IF(OFF(X).EQ.O)GO TO 10 
ON(X)=O 
AVEL(X)=O. 
TOUT(X)=O. 
Il(X)=O. 

10 CONTINUE 
IF(OFF(l).EQ.l)GO TO 1 
GO TO 5 

1 IF(TNMOT.EQ.l)GO TO 4 
IF(OFF(2).EQ.l)GO TO 2 
GO TO 5 

2 IF(TNMOT.EQ.2)GO TO 4 
IF(OFF(3).EQ.l)GO TO 3 
GO TO 5 

3 IF(TNMOT.EQ.3)GO TO 4 
IF(OFF(4).EQ.l)GO TO 4 
GO TO 5 

4 ISTPRN=l 
5 RETURN 

END 
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SUBROUTINE COtlAND(PCMD,NLD,TNHOT) 
INTEGER CHL1/'CHL1'/,CHL2/'CHL2'/ 
INTEGER STRT/'STRT'/ 
INTEGER PCMD(4) ,MLD(4),0N(4),X,TNMOT 
COMMON /STATE/ON 
DO 10 X=l,TNMOT 
IF(PCMD(X). EQ. STRT)GO TO 1 
IF(PCMD(X).EQ.CHLl)GO TO 2 
IF(PCMD(X).EQ.CHL2)GO TO 3 
GO TO 10 

1 ON(X)=l 
MLD(X)=l 
GO TO 10 

2 ON(X)=l 
HLD(X)=2 
GO TO 10 

3 ON(X)=l 
MLD(X)=3 

10 CONTINUE 
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RETURN 
END 

SUBROUTINE VOLTAG(VLNC,ZST,R2,SLIP,TNMOT,I) 

140. 

COHPLEX ZR0(4),ZFIELD,ZSH(4),ZMOT,ZST(4),YMOT(4),YMOTS,ZTOT,YCF,ZF 
$EED,VLNC,ILC,MTVOLT,YTEMP 

REAL R 2 ( 4) , X 2 ( 4 ) , IL, PF, SLIP ( 4 ) 
INTEGER TNMOT,X,ON(4) 
COMMON /VOLT/YCF,RF,XF,X2,ZSH,ZFEED 
COMMON /TRQ/ZRO,YMOT,MTVOLT 
COMHON /STATE/ON 
COMMON /OUT/IL,PF,VOLTIN 
DO 10 X=l,TNHOT 
IF(ON(X) .EQ.O) GO TO 8 
ZRO(X)=CMPLX(R2(X)/SLIP(X),X2(X)) 
ZFIELD=ZSH(X)*ZRO(X)/(ZSH(X)+ZRO(X)) 
ZMOT=ZFIELD+ZST(X) 
GO TO 9 

8 Y !'1 OT ( X) = ( 0 . , 0. ) 
GO TO 10 

9 YMOT(X)=l/ZMOT 
10 CONTINUE 

YTEMP=(O.,O.) 
DO 20 X=l,TNMOT 
YMOTS=YMOT(X)+YTEMP 
YTEMP =YMOT S 

20 CONTINUE 
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ZTOT=(l/(YMOTS+YCF))+ZFEED 
ILC=VLNC/ZTOT 
IL=CABS(ILC) 
PF=COS(ATAN(AIMAG(ZTOT)/REAL(ZTOT))) 
MTVOLT=VLNC-ILC*ZFEED 
VOLTIN=CABS(NTVOLT)*SQRT(3.) 
RETURN 
END 



SUBROUTINE TQOUT(ZST,R2,TOUT,SLIP,TNMOT,Il) 
COMPLEX IlC,ElC,ZST(4),I2C,MTVOLT,YMOT(4) ,ZR0(4) 
REAL SYNAV(4) ,R2(4) ,SLIP(4) ,TOUT(4) ,11(4) ,12 
INTEGER TNMOT,X,ON(4) 
COMHON/STATE/ON 
COMMON /TRQ/ZRO,YMOT,MTVOLT 
COMMON /R8/RES,SYNAV 
DO 10 X=l, TNHOT 
IF(ON(X).EQ.O)GO TO 10 
IlC=MTVOLT*YMOT(X) 
Il(X)=CABS(IlC) 
ElC=MTVOLT-IlC*ZST(X) 
I2C=E1C/ZRO(X) 
12 = CABS(I2C) 
TOUT(X)=(l./SYNAV(X))*3*(I2**2)*R2(X)/SLIP(X) 

10 CONTINUE 
RETURN 
END 
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SUBROUTINE RUNMOT(TNMOT,SLIP,CHGTME,TMRES,AVEL,I,MLD,TQLD,TOUT,PRO 
$CED) 

REAL TQLD(4,5,201) ,AVEL(4),SLIP(4),TOUT(4) 
INTEGER TNMOT,X,MLD(4),PROCED,CHGTME,ON(4) 
COMMON /STATE/ON 
DO 10 X=l, TNllOT 
IF(ON(X).EQ.O)GO TO 10 
IMLD=MLD(X) 
CALL TEST(X,TQLD,TOUT,IMLD,PROCED) 
GO TO(ll,l0,13),PROCED 

11 CALL DCELRB(X,SLIP,TQLD,TOUT,IMLD,AVEL,I,TMRES) 
GO TO 10 

13 CALL ACELR8(X,SLIP,TQLD,TOUT,IMLD,AVEL,I,TMRES) 
10 CONTINUE 
9 RETURN 
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END 

SUBROUTINE TEST(X,TQLD,TOUT,IMLD,PROCED) 
REAL TQLD(4,5,201),TOUT(4) 
INTEGER PROCED,X,ACCEL,DECEL,NVELCG,ITINDX(4) 
COMMON /DYNMIC/ACCEL,DECEL,NVELCG 
COMMON /INDEX/ITINDX 
JTINDX=ITINDX(X) 
DTRQ=TOUT(X)-TQLD(X,IMLD,JTINDX) 
IF(DTRQ.GT.O.)PROCED=ACCEL 
IF(DTRQ.LT.O.)PROCED=DECEL 
IF(DTRQ.EQ.O.)RROCED=NVELCG 
RETURN 
END 
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SUBROUTINE WRTOUT(VLNC,TOUT,AVEL,11,I,TMRES,TQLD,SLIP,PROCED) 
COl!PLEX VLNC 
REAL TOUT ( 4 ) , AVE L ( 4 ) , 11 ( 4 ) , SPEED ( 4 ) , IL , TEXT ( 4 ) , POUT ( 4 ) , T Q LO ( 4 , 5 , 2 0 

$1),SLIP{4),SYNAV(4) 
INTEGER X,OUT6,0N(4),ITINDX(4),PROCED 
COMMON /OUT/IL,PF,VOLTIN 
COHHON /STATE/ON 
COMMON /INDEX/ITINDX 
COMMON /R8/RES,SYNAV 
PI=3.14159 
OUT6=6 
DO 10 X=l,4 
SPEED(X)=AVEL(X)*60./(2.*PI) 
IF(ON(X).EQ.l)GO TO 5 
TEXT(X)=O.O 
GO TO 4 

5 IF(I.EQ.l)GO TO 1 
GO T0(2,1,1),PROCED 

1 PTINDX=ITINDX(X)+l 
GO TO 3 

2 PTINDX=ITINDX(X)-1 
3 JTINDX=ITINDX(X) 

TINDX=(-(((SLIP(X)-1.)/RES)-1.)) 
ANLTQ=((TQLD(X,1,PTINDX)-TQLD(X,1,JTINDX))/(PTINDX-JTINOX))* 

$(TINDX-JTINDX)+TQLD(X,l,JTINDX) 
TEXT(X)=TOUT(X)-ANLTQ 

4 POUT(X)=TEXT(X)*AVEL(X)/746. 
10 CONTINUE 

VLN=CABS(VLNC) 
POWER=3.*IL*VLN 
TIME=I*TMRES-TMRES 
WRITE(OUT6,lOOO)TIME,SPEED(l),SPEED(2),SPEED(3),SPEED(4) 
WRITE ( 0 UT 6, 100 1 ) IL, TEXT ( 1 ) , TEXT ( 2 ) , TEXT ( 3) , TEXT ( 4) 
WRITE ( 0 UT 6, 10 0 2) PF, 11 ( 1) , 11 ( 2) , 11 ( 3) , 11 ( 4) 
WRITE(OUT6, 1003)POWER,POUT(l) ,POUT(2) ,POUT{3) ,POUT(4) 
WRITE(OUT6,1004)VOLTIN 

1000 FORMAT(lOX,'TIME',lOX,Fl0.5,SX,'SPEED' ,13X,Fl0.2,8X,Fl0.2,8X, 
$ F 10. 2, 8X, F 10. 2) 

1001 FORMAT(lOX,'LINE CURRENT',2X,Fl0.2,5X,'TORQUE OUT',8X,Fl0.2,8X, 
$Fl0.2,8X,Fl0.2,8X,Fl0.2) 

1002 FORHAT(lOX,'POWER FACTOR',2X,Fl0.2,5X,'MOTOR CNT',9X,Fl0.2,8X, 
$Flo. 2, 8X, Flo. 2, BX, Flo. 2) 

1003 FORHAT(lOX,'POWER' ,4X,Fl5.2,5X,'POWER OUT' ,9X,Fl0.2,8X,Fl0.2,8X, 
$Fl0.2,8X,Fl0.2) 

1004 FORMAT(lOX,'MOTOR VOLTAGE',lX,Fl0.2/) 
RETURN 
END 
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SUBROUTINE DCELR8(X,SLIP,TQLD,TOUTM,IMLD,AVELM,I,TMRES) 
REAL SLIP(4),SYNAV(4),AVELM(4),TQLD(4,5,20l),TOUTM(4),JW(4) 
INTEGER X,ITINDX(4) 
COMMON /R8/RES,SYNAV 
COMMON /INDEX/ITINDX 
COMMON /INERT/JW 
AVELTS=SYNAV(X)*(l.-SLIP(X)) 
PTINDX=ITINDX(X)-1 
JTINDX=ITINOX(X) 
TINDX=(-(((SLIP(X)-1.)/RES)-1.)) 
ATQLD=((TQLD(X,IMLD,PTINDX)-TQLD(X,IMLD,JTINDX))/(PTINDX-JTINDX)) 

l*(TINDX-JTINDX)+TQLD(X,IMLD,JTINDX) 
DTRQ=TOUTM(X)-ATQLD 
IF(DTRQ.GE.O.)GO TO 4 
DAVEL=(l./JW(X))*DTRQ*TMRES 
GO TO 5 

4 DAVEL=O 
5 AVELM(X)=DAVEL+AVELTS 
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SLIP(X)=(SYNAV{X)-AVELM(X))/SYNAV(X) 
TINDX=(-(((SLIP(X)-1.)/RES)-1.)) 
ITINDX(X)=IFIX(TINDX) 
RETURN 
END 

SUBROUTINE ACELR8(X,SLIP,TQLD,TOUTM,IMLD,AVELM,l,TMRES) 
REAL SLIP ( 4 ) , SYN AV ( 4 ) , AVE L M ( 4 ) , T Q L D ( 4 , 5 , 2 0 1 ) , TOUT M ( 4 ) , J W ( 4 ) 
INTEGER X,ITINDX(4) 
COMMON /R8/RES,SYNAV 
COMMON /INDEX/ITINDX 
COMMON /INERT/JW 
AVELTS=SYNAV(X)*(l.-SLIP(X)) 
PTINDX=ITINDX(X)+l 
JTINDX=ITINDX(X) 
TINDX=(-(((SLIP(X)-l.)JRES)-1.)) 
ATQLD=((TQLD(X,IMLD,PTINDX)-TQLD(X,IMLD,JTINOX))/(PTINDX-JTINDX)) 

l*(TINDX-JTINDX)+TQLD(X,IMLD,JTINDX) 
DTRQ=TOUTM(X)-ATQLD 
IF(DTRQ.LE.O.)GO TO 4 
DAVEL=(l./JW(X))*DTRQ*TMRES 
GO TO 5 

4 DAVEL=O. 
5 AVELM(X)=DAVEL+AVELTS 
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IF(AVELM(X) .GE.SYNAV(X))AVELM(X)=SYNAV(X)-.OOl*SYNAV(X) 
SLIP(X)=(SYNAV(X)-AVELM(X))/SYNAV(X) 
TINDX=(-(((SLIP(X)-1.)/RES)-1.)) 
ITINDX(X)=IFIX(TINDX) 
RETURN 
END 



APPENDIX C 

MOTOR LOAD TORQUES 
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The Computer Program 

The computer program consists of a main calling routine and three 

subroutines. The first subroutine, MOTHYD, is called after the dimen­

sion and common statements. MOTHYD reads the length and size of the 

feeder line and calculates its impedance. MOTHYD also reads the equiva­

lent circuit parameters for the motor. This data is used to calculate 

the torque and slip the motor must have for a given set of voltage, 

current, and power-factor inputs. The equations used are those derived 

in the theoretical development section of this report. These torque 

and slip values along with the corresponding voltage, current, and 

power-factor are then printed in order of input. Subroutine SORT is 

then called to sort the torque values in order of decreasing slip, and 

the values are printed out in order of decreasing slip. The actual 

load torque values are then calculated, printed, and graphed in order 

of input. SORT is used again to arrange the load-torque values in order 

of decreasing slip. These values then are printed and graphed. The 

graphing routine, GRAPH, uses computer center subroutines. SCALEN and 

GRAPHN. 

The following section is a variable listing for each subroutine. 

Variables used in more than one routine are listed with the first rou­

tine in which they appear. Any variable not included is a dummy pro­

gramming variable whose meaning is evident from the program control. 

Afterwards, a listing of the complete program and subroutines is given. 



Program Variables 

Subroutine MOTHYD 

WLNGTH 

ISIZE 

ROR 

ROX 

CZFEED 

IHP 

IVLL 

IIN 

ISPD 

RlHYD 

XlHYD 

R2HYD 

X2HYD 

RCHYD 

XMHYD 

PLSHYD 

IPOLE 

CHDRXl 

CHDRX2 

CHDCGB 

CHDCR2 

length of the feeder 

size of the feeder 

resistance per 1000 ft of the feeder 

reactance per 1000 ft of the feeder 

impedance of the full feeder line 

horsepower of the motor 

rated line - line voltage of the motor 

rated line current of the motor 

synchronous speed of the motor 

R
1 

of the equivalent circuit 

x
1 

of the equivalent circuit 

R
2 

of the equivalent circuit 

x
2 

of the equivalent circuit 

R of the equivalent circuit 
C 

X of the equivalent circuit 
m 

power loss term in torque equation (5) 

number of poles the motor has 

R
1
+jX

1 
of the equivalent circuit 

o
1

o+jX
2 

of the equivalent circuit 

1 ---- of the equivalent circuit 
RC + jXm 

R
2 

+ ixO of the equivalent circuit 

Main Calling Routine 

VI 

11 

input line - line voltage 

input line current 
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PF 

en 

CEl 

CI2 

CSLIP 

s 

PERCOM 

TOUT 

DELTOR 

SLIPTL 

TORLD3 

Subroutine SORT 

SLARGE 

K 
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power factor between line to neutral voltage and line 

current 

I. e of the equivalent 
l. -

El¢ of the equivalent 

12 o of the equivalent 

the complex slip 

the magnitude of CSLIP 

the percent complex of 

output torque 

6T of equation (8) 

slip of equation (14) 

circuit 

circuit 

circuit 

the slip 

the load torque of equation (13) 

temporary variable used during sorting 

array 

Subroutine GRAPH 

SCLFAC 

MIN 

MAX 

LABEL 

SLIP 

TOUT 

VALUE 

an array for scale factors for converting points for 

plotting 

an array for min function values for the function being 

plotted 

an array for max function values for the function 

being plotted 

an array to hold labelling points 

the independent variable (slip) being plotted 

the independent variable (torque) being plotted 

an array to convert slip and torque to double precision 

values 
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Subroutine SCALEN 

Variables not known, internal computer program used to set the 

scale factors for plotting 

Subroutine GRAPHN 

Variables not known, internal computer program used to prepare the 

input values (slip and torque) in a line for printing. 

Sample Run 

This demonstration was made on a Joy 10 CM continuous miner oper­

ating in the Pittsburgh Seam. The example is for a maneuver operation 

where only the hydraulic pump motor is used. Only a small set of 

input data is used to give an idea of the type of output from the pro­

gram. The input values are line-to-line voltage, line current and 

power-factor. Table 5 is a listing of trailing cable statistics and 

information about the specific motor used in this run. Table 6 shows 

values of motor torque and slip for a particular time input. The com­

plex slip and percent complex are also printed to check for invalid 

points. Input voltage, current, and power-factor values are also 

listed. The time increment of the input values is 0.2 seconds between 

points. Table 7 is a print out of the same data in order of decreasing 

slip. Table 8 gives the value of slip, 6T, and load torque, respec­

tively. These torque values are the ones which are used for the load­

torque curves. Figure 12 shows a plot versus time of the load torque 

and slip values. Table 9 is a listing of these points printed in order 

of decreasing slip, and Figure 13 is the corresponding computer plot. 

During this operation, the load on the motor is not constant but 

is actually represented by a series of changing loads as can be shown 
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by looking at Figure 12. Reading from top to bottom, one possible ex­

planation is that initially the continuous miner is operating on the 

level and requiring fairly constant torque. Then, the continuous miner 

comes to a down slope requiring less torque to run the motor because 

gravity would aid in this motion. Next, the continuous miner has 

reached an upward incline and, to overcome the added pull of gravity, 

the motor must supply more torque. Finally, the machine goes back 

down the incline and either ends up on the level or continues down the 

incline. There is only one possible explanation for this set of data. 

To determine which operation these loads actually represent, many more 

points must be considered to see if torque patterns develop related to 

time studies. If no pattern can be found, more data may have to be 

taken on a continuous miner with a better time study on operating 

conditions. 
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Table 5, feeder Line (Tra,iling Cable) and Motor Parameters. 

*** FEEDER LINE SPECIFICATIONS *** 
LENGTH= 800.00 FEET 

*** 

SIZE= 4/0 GAUGE 
RESISTANCE= 0.07170 OHMS/1000. FEFT 
REACTANCE= 0.02900 OHMS/1000. PEET 
FEEDER IMPEDANCE=( 0.05736 0.02320) OHMS 

HYDRAULIC MOTOR PARAMETERS *** 

135 HORSEPOWER 1800 RPM 
440 VOLTS L-L 165 AMPS 

4 POLE 

R1= 0.0290 OHMS X1= 0.1900 OHMS 
R2= 0.0195 OHJIIS X2= 0.1790 CHMS 
RC= 93.0 OHMS XC= 4. 6 

WINDAGE,FRICTION,ETC. LOSSES= 2000. 00 WATTS 



Table 6. Motor Torque and Slip at a Specified Time. 

*** VALUES PRINTED ACCORDING TO TIME ORDEB OF INPUT *** 

TIP!E SLIP TORQUE COMPLEX SLIP PERCENT MAGNITUDE INPtJT MAGNITUDE INPUT POW FAC 
(NT. Pl.) COMPLEX VOLTAGE (VOLTS) CURFENT (A MPS) 

1 0.00458 239. 76 ( 0.00458-0.00005) 1.0659 480. Ll-7 86.86 0.71 
2 0.00449 235.85 ( 0.00449 0.00002) 0.3411 480.47 85. 52 0.71 
3 0.00456 238.77 ( o. 00456-0. 00003) 0.7169 480.47 86.52 0.71 
4 O.OO!i35 228.24 ( 0.00435 0.00000) 0.0829 480. 47 84. 19 0.70 
5 0.00443 233.47 ( o. 00443 o. 00011) 2.4736 480.47 84.19 0.71 
6 0.00447 235. 81 ( 0.00446 0.00016) 3.5224 480.4? 84. 19 0.72 
7 0.00463 244.63 ( 0.00462 0.00020) 4. 29 40 480.47 85.52 0.73 
8 0.00478 252. 54 ( 0.00477 0.00022) 4.6986 480.47 86. 86 0.74 
9 0.00495 262.42 ( o. 00494 o. 00030) 6.0735 480.47 88. 16 o.--rF 

10 0.00477 252.25 ( 0.00477 0.00022) 4.5749 480.47 86. 86 0. 7!+ 
11 0.00482 255.64 ( 0.00481 0.00029} 6. 04 38 480.47 86.86 0.75 
12 o. 00454 239.05 ( 0.00454 0.00008) 1. 80 35 480.47 85. 52 0.72 
13 0.00364 189.32 ( 0.00363-0.00017) 4. 54 97 480.47 78.84 0.63 
14 0.00379 199.01 ( 0.00379 0.00001) 0.1622 480. 47 78. 84 0.66 
15 0.00377 197.41 ( 0.003"77-0.00002) o. 59 24 480.47 78.84 0.66 
16 0.00368 192.09 ( 0.00368-0.00012) 3.16?7 480.47 78.84 0.64 
17 0.00413 216.98 ( 0.00412 0.00006) 1. 5563 480.47 81. 51 0.69 
18 0.00fi17 324.75 ( 0.00616 0.00030) 4.8603 480.47 101.56 0.80 
19 0.00630 331.60 ( 0.00629 0.00032) 5. 13 51 480.47 10 2. q 0 o.81 
20 0.00658 346.41 ( 0.00656 0.00041) 6.1913 480.47 105.57 0.82 
21 0.00661 349.19 ( 0.00659 0.00048) 7.3175 480.47 105. 57 0.83 
22 0.00684 360.69 ( 0.00683 0.00048) 7. 0755 480.47 108. 24 0.83 
23 0.00687 362.57 ( 0.00685 0.00054) 7. 8229 480.47 108. 24 0.81.1 
24 0.00680 356.96 ( 0.00679 0.00038) 5. 57 20 480.47 108.24 0.83 
25 0.00640 326.07 ( o. 00638-0. 00050) 7.8682 480.47 108. 24 0.76 
26 0.00593 304.18 ( 0.00591-0.00041) 6.9901 480.U7 102.90 0. "1', 

27 0.00426 224.02 ( 0.00426 0.00006) 1. 4392 480.47 82. 85 0.70 

.... 
l..n .... . 



Table 7. - Motor Torque and Slip in Order of Decreasing Slip 

*** VALUES PRINTED ACCORDING TO SLIP !N DESCENDING ORDER *** 

TIME SLIP TOFQUE COMPLEX SLIP PEFCENT MAGNITUDE INPUT MAGNITUDE INPUT P('W FAC 
(NT. M.) COMPLEX . VOLTAGE (VOLTS) CURFENT {.HIPS) 

23 0.00687 362.57 ( 0.00685 0.00054) 7. 82 29 480.47 108.24 0.84 
22 0.00684 360.69 ( 0.00683 0.00048) 7.0755 480.47 108.24 0.83 
24 0.00680 356.96 ( 0.00679 0.00038) 5.5720 480.47 1 08. 24 0.83 
21 0.00661 349.19 ( 0. 0 0 6 5 9 O. 0 0 0 4 8) 7.3175 480.47 105.57 0.83 
20 0.00658 346.41 ( 0.00656 0~00041) 6.1913 1+80. 47 105. 57 0.82 
25 0.00640 326.07 ( 0.00638-0.00050) 7.8682 480.47 108. 24 0.76 
19 0.00630 331.60 ( 0.00629 0.00032) 5.1351 480.47 102.90 0.81 
18 0.00617 324.75 ( 0.00616 0.00030) 4.8603 480.47 101.56 0.80 
26 0.00593 304.18 ( 0.00591-0.00041) 6.9901 480.47 102. 90 0.7'5 

9 0.00495 262.42 ( 0.00494 0.00030) 6. 07 35 480.47 88.16 0.i6 
11 0.00Ii82 255.64 ( 0.00481 0.00029) 6.0438 480.47 86.86 0.75 

8 0.00478 252.54 ( 0.00477 0.00022) 4.6986 480.47 86.86 0.7U 
10 0.00477 252.25 ( 0.00477 0.00022) 4. 57 49 480.47 86. 86 0.74 
7 0.00463 244. 63 ( o. 00462 o. 00020) 4. 2940 480.47 85.52 0.73 
1 0.00458 239.76 ( 0.00458-0.00005) 1.065q 480.47 86.86 0.71 
3 0.00456 238.77 ( o. 00 4 56-0. 0000 3} 0.7169 480.47 86.52 o. "'71 

12 0.00454 239.05 ( 0.00454 0.00008) 1. 80 35 480.47 85. 52 0.72 
2 0.00449 235. 85 { o. 00449 o. 00002) o. 3411 480.47 85. 52 0.71 
6 0.00447 235. 81 ( 0.00446 0.00016) 3.5224 480.47 84. 19 0.72 
5 0.00443 233.47 ( 0.00443 0.00011) 2.4736 480.47 84. 19 0.71 
4 0.00435 228.24 ( 0.00435 0.00000} 0.0829 480.47 84. 19 0. 70 

27 0.00426 224. 02 { 0.00426 0.00006) 1.4392 480.47 82.85 0. 1 0 
17 0.00413 216.98 ( 0.00412 0.00006) 1.5563 480.47 B 1. 51 0.69 
14 0.00379 199.01 ( 0.00379 0.00001) 0.1622 480.47 78.84 0.66 
15 0.00377 197.41 ( 0.00377-0.00002) 0.5924 480.47 78. 84 0.66 
16 0.00368 192.09 ( 0.00368-0.00012) 3.1677 480.47 78.84 0.64 
13 0.00364 189. 32 ( 0.003€3-0.00017) 4. 54 97 480.47 78.84 0.63 

1--" 
\JI 
N . 
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Table 8. Slip, Torque Change, and Load Torque 

TIME SLIP DEtTOR LOAD !ORQUE 

1 0.0045 0.0458 237.7605 
2 0.0045 -0.0342 237.3465 
3 0.0045 0.1101 233.3981 
4 0.0044 -0.0429 230.8995 
5 0.0044 -0.0191 234.6580 
6 0.0045 -0.0850 240.3043 
7 0.0047 -0.0774 248.6610 
8 0.0049 -0.0924 257.5725 
9 0.0049 0.0946 257.2441 

10 0.0048 -o. 0268 253.9716 
11 0.0047 0.1470 247.1976 
12 0.0041 0. 4787 213.7059 
13 0.0037 -0.0834 194.2456 
14 0.0038 0.0136 198.1976 
15 0.0037 0.0457 194.7084 
16 0.0039 -0.2341 204.7729 
17 0.0051 -1.0793 271.9480 
18 0.0062 -0.0689 328.2439 
19 0.0064 -0.1451 339.1472 
20 0.0066 -o. 0185 347.8171 
21 0.0067 -0.1222 355.0632 
22 0.0069 -0.0121 361.6421 
23 0.0068 0.0363 359. 7273 
24 0.0066 0.2108 341.3052 
25 0.0062 0.2473 314.8767 
26 0.0051 0.8808 263.2170 
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Figure 12. Computer Plot of Load Torque and Slip. 
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Table 9. Slip, Torque Change, and Load Torque 
in Order of Decreasing Slip. 

TIME SLIP DELTOR LOAD TORQUE 

22 0.0069 -0.0121 361.6421 
23 0.0068 0.0363 359.7273 
21 0.0067 -o. 1222 355.0632 
24 0.0066 0.2108 341.3052 
20 0.0066 -0.0185 347.8171 
19 0.0064 -0.1451 339.1472 
18 0.0062 -0.0689 328.2439 
25 0.0062 0.2473 314.8767 
17 0.0051 -1. 0793 271.9480 
26 0.0051 0.8808 263. 2170 

8 0.0049 -0.0924 257.5725 
9 0.0049 0.0946 257.2441 

10 0.0048 -o. 0268 253.9716 
7 0.0047 -0.0774 248.6610 

11 0.0047 0.1470 247.1976 
6 0.0045 -0.0850 240. 3 04 3 
1 0.0045 0.0458 237.7605 
2 0.0045 -0.0342 237.31J65 
3 0.0045 o. 1101 233.3981 
5 0.0044 -0.0191 234.6580 
4 0.0044 -0.0429 230.8995 

12 0.0041 0. 4787 213.7059 
16 0.0039 -0.2341 204.7729 
14 0.0038 0.0136 198.1976 
15 0.0037 0.0457 194.7084 
13 0.0037 -0.0834 194.2456 

155. 



LOlD ~OROOE AID SLIP VERSUS TI!E 
0.0036, 0.00396 o.ooue o. OOll61 

o.oo 110.00 i20.oo 330.00 
0.00493 
uo.oo 

0.00525 
550.00 

0.00557 
660.00 

0.00590 
770.00 

0.00622 
880.00 

0.00654 
990.00 

0.0068'7 
'1100.00 

•••••••••• • ••••••••• • •••..•.•• • •.••.••••••.••••.••• • •••.•••••••..••.••. • ...••.••. • •.•...... * ...•..... * 

I T SI 
I T S I 

.I T s I 
I '1' s I 
t 'I' s I 
I '! s I 
I 'J' s I 
I T s I 
I T s I 
I T s I 
I T s I 
I T s I 
I T s I 
I T s I 
I '?' s I 
I T s I 
I T s I 
I T s r 
I 'J' s I 
I T s I 
I 'l' s I 
I s T I 
I s T I 
I s 'r I 
I s T I 
I s T I 

*···············································································*·····~ ....•......... * -----~--~-----~-------------------------~------------------------------~--------------------------

Figure 13. Computer Plot of Load Tor~ue an~ Slip in Order of Decreasin~ Sli?-

I-' __ , 
Q'\ 



157. 
Program Listing, 

C >> 
C >> 
C >> 

C >> 
C >> 
C >> 
C >> 

HYDRAULIC HOTOR TRIAL tlAIH CALLING ROUTIHE 

111PLICIT COt!PLEX(C) 
DHlENSIOll CSLIP(500) 
REAL VI(SOO),II(SOO),PF(SOO),TOUT(500),PERCO!!(SOO),SLIP(500) 
REAL SLIPTL(500),TORLD3(500),DELTOR(500) 
I I! T EGER K ( 5 0 0 ) , H ( 5 0 0 ) , J J A A ( 5 0 0 ) , K KM H ( 5 0 0 ) 
COMMON /CORFAC/ CZFEED,SQR3 
COH110N /HYDllOT/ CHDRX1,CHDCGB,CHDCR2,CHDCX2,R2HYD,PLSHYD,RPLHYD,SP 

lDHYD 
COHHOH /VAf'..IAL/ CSLIP,Vl,ll,Pf,TOUT,SLIP,PERCOH,K,l1 
IN5=5 
IOUT6=6 

CALL SUBROUTitlE MOTHYD TO READ IN AND PRilJT Tllf, FEED[!{ LI;lE 
IMPEDANCE VALUES AND THE l!OTOR PARAHETEP.S 

CALL lLOTHYD 
URITE(IOUT6,2020) 

2020 FOlWAT('l*** VALUES PRINTED ACCORDING TO TIME ORDER OF INPIJT 
1 , ) 
WRITE(IOUT6,4000) 

4000 FORHAT('- TI!tE SLIP TORqUE COHPLEX SLIP PERCEtIT 

C >> 
c >> 
C >> 

l,lAGNITUDE IIHU7 tlAGNITUDE INPUT 
223X,'COMPLEX VOLTAGE (VOLTS) 

POU FAC '/' ',17X,'(NT.H.)', 
CURRENT (Ar!PS)'/' ') 

SECTIOH TO CALCULATE THE TORQUE AUD SLIP VALUES 

JJ=O 
DO 10 I=l, 10000 
RE AD (IN 5 , 1 0 0 , Erm= 3 8 ) VI ( I ) , I I ( I ) , PF ( I ) 

100 FORllAT(8Fl0.4) 
VI(I)=VI(l) 
RII=II(I) 
PFF=PF(I) 
IF(AHS(PFF).LE. 1.0) GO TO 3 
JJ=JJ+l 
!,f(JJ)=I 
GO TO 10 

3 Cil=CMPLX(RII*PFF,RII*SIN(-ARCOS(PFF))) 
CE 1 = ( CH PL X (VI ( I ) / S QR 3, 0. 0 ) ) - ( (CZ FEED +C HD RX 1 ) *CI 1 ) 
CI2=Cll-(CEl*CHDCGP.) 
CSLIPC=CHDCR2/((CE1/CI2)-C!IDCX2) 
CSLIP(I)=CSLIPC 
S=CABS(CSLIPC) 
SLIP(I)=S 
PEI~C OH (I ) = 100. ,., AR S ( A Hf AG (CSL I PC) /REAL (CSL I PC) ) 
TOUT(I)=(((l.-S)*3.*(CABS(CI2)**2)*R2HYD/S)-PLSHYD)/((l.-S)*SPDllY 

lD*.1047193) 
KJ=I-JJ 
K(!(J)=l 
\m IT E (IOU T 6 , 4 0 1 0 ) I , S , TOUT ( I ) , C SL I PC , PE RC OH ( I ) , VI ( I ) , TT I I , PF ( I ) 

10 CONTINUE 
4010 FOR.HAT(' ',14,F9.5,Fll.2,' (',2F8.S,')',F10.4,6X,F9.2,10X,F9.2,6X 

l,F9.2) 
88 IF(JJ.EQ.O) GO TO 7 

imITE(IOUT6, 7000) (11(1),L=l,JJ) 
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7000 FORtfAT('3**'~ ERROR THESE INPUT POINTS HERE IrlVALID, POWER FACTOR G 
lREATER THAM 1.0'/' ',4( liX,I4,18(',',I4))) 

C >> 
C >> 
C >> 
C >> 

CALL SUBROUTINE SORT TO SORT TllE TORQUE VALUES ACCORDING TO 
DECREASING ORDER OF SLIP 

7 CALL SORT(KJ,K,SLIP) 
WRITE(IOUT6,2000) 

2000 FORMAT('l*** VALUES PRINTED ACCORDING TO SLIP IN DESCENDING ORDER 
1 ***') 
WRITE(IOUT6,4000) 
DO 40 J=l,KJ 
I =K (J) 
WRITE(IOUT6,4010) I,SLIP(I),TOUT(I),CSLIP(I),PERCOM(I),VI(I),II(I) 

l,PF(I) 
40 CONTINUE 

SLPMAX=SLIP(K(l)) 
SLPHIN=SLI P (K (KJ)) 
WRITE(IOUT6,6000) 

6000 FORHAT('l','TIHE',9X,'SLIP',7X,'Dl~LTOR',2X,'LOAD TORQUE'/' ') 
C >> 
C >> 
C >> 

CALCULATING THE ACTUAL LOAD TORQUE AND SLIP 

KJNl=KJ-1 
DO 50 JA=l,KJ!il 
DELTOR(JA)=(.56)*(188.4)*(SLIP(JA)-SLIP(JA+l))/(.2) 
SLIPTL(JA)=SLIP(JA)+((SLIP(JA+l)-SLIP(JA))/2.0) 
TORLD3(JA)=(TOUT(JA)+((TOUT(JA+l)-TOUT(JA))/2.))-DELTOR(JA) 
JJAA(JA)=JA 

50 CONTINUE 

5000 
53 
C >> 
C >> 
C >> 
C >> 

C >> 
C >> 
C >> 

DO 53 JJDD=l,KJtll 
YRITE(IOUT6,5000) JJDD,SLIPTL(JJDD),DELTOR(JJDD),TORLDJ(JJDD) 
KKHH(JJDD)=JJDD 
FORMAT(' ',I4,6(3X,Fl0.4)) 
CONTHIUE 

CALL SUBROUTINE GRAPH TO PLOT LOAD TORQUE AND SLIP ACCORDING 
TO TIJIC ORDER OF INPUT 

CALL GRAPII(KJHl,SLP}IIN,SLPHAX,SLIPTL,TORLDJ,l:nrn) 

CALL SUBROUTINE SORT TO SORT THE LOAD TORQUE VALUES ACCORDING 
TO DECREASING ORDER OF SLIP 

CALL SORT(K-Till,JJAA,SLIPTL) 
WRITE(IOUT6,6000) 
DO 5 5 INC = 1 , K JM 1 
JAINC=JJAA(It/C) 
IJRITE (IOUT 6, 5000) JAINC, SLI PTL (J A INC), DELTOR (J;\ INC), TOP,LD 3 (JA I!lC) 

55 CotlTINUE 
C >> 
C >> 
C >> 
C >> 

CALL SlJBHOllTINE GRAPH TO PLOT LOAD TORQUE AND SLIP Ill ORDER OF 
DECREASING. SLIP 

CALL GRAPH(KJHl,SLPHIN,SLl'!IAX,SLIPTL,TOP.LD3,JJA/\) 
STOP 
END 
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SUBROUTINE MOTHYD 
C >> 
C >> 
C >> 

SUB ltoUT INE TO READ AllD PP. It-Jr THE FEEDER VALUES A ND THE !10TOR 
PARAl1ETEKS 

C >> 
HlPLICIT COHPLEX(C) 
C011HON /HYDIIOT / CHDRXl, CHDCGB, CHDCR2, CHDCX2, R2HYD, PLSHYD, RPLllYD, SP 

1 D 11 YD 
COHHOM /CORFAC/ CiFEED,SQR3 
Hl5=5 
IOUT6=6 
SQR3=SQRT(3.0) 
READ(IN5,300) HLtlGTH,ISIZE,ROR,ROX 

300 FORHAT(F13.2,I2,Fl0.6,Fl0.6) 
CZ FEE lJ =CH PL X ( HLN GT H i<ROR / 1 0 () 0. , WLN GT 11*P.OX/100 0. ) 
WRITE(IOUT6,5000) WLNGTH,ISIZE,ROR,ROX 

5000 FOR11AT('l*** FEEDER LINE SPECIFICATIOflS ***'/'O LENGTH=',F8. 
12,' FEET'/' SIZE=',13,'/0 GAUGE'/' RESISTANCE=',F8.5,' 0 
2IJHS/1000. FEET'/' REACTAMCE= ',F8.5,' OllllS/1000. FEET') 

\!RITE (IOUT6, 5010) CZ FEED 
5010 FORHAT(' FEEDEJ\ Il1PEDANCE=(',2f8.5,' ) 01111S') 

READ (It~'5, 200) 11IP, IVLL, IIN, ISPD 
200 FORMAT(4Il0) 

SPD!IYD=FLOAT (ISPD) 
READ(IN5,100) RlllYD,XlHYD,P.2JIYD,X2HYD,RCllYD,XHHYD,PLSHYD 

100 FORl!AT(8Fl0.4) 
IPOLE=l20*60/ISPU 
\JR IT E (IO UT 6, 2 0 0 0) 

2000 FORUAT('J*** HYDRAULIC HOTOR PARAHETERS ***') 
WltlTE(IOUT6, 1000) I'lP, ISPD, IVLL, IIN, IPOLE 

1000 FORHAT('- ',13,' HORSEP017ER ',14,' RPII'/' ',13,' VOLTS L-L 
1 ',14,' AHPS'/' ',14,' POLE') 

WRIT E ( IO UT 6 , 1 0 1 0 ) R 1H YD , X 1 HY 11 , R 2 H YD , X 2 H YD , RC HY D , XH HY D , PL S HY D 
1010 FORltAT('O Rl=',F8.4,' OHl!S Xl=',F8.4,' 0IU1S'/' R2=',P8.4,' 

10 HHS X 2 =' , F g. 4, ' 0 HMS ' /' RC=' , F 8. 1, ' 0 HUS XC =' , F 8. 1 /' 0 H 1 
2NDAGE,FRICTION,ETC. LOSSES= ',FB.2,' WATTS') 

CHDRXl=CHPLX(l-: lllYD, XlHYD) 
CHDCX2~CHPLX(O.O,X2HYD) 
CHDCGB=CHPLX( 1. 0/RCHYD, -1. 0/Xl!HYD) 
CHDCR2=CHPLX(R2HYD • O. 0) 
RETURU 
END 



C >> 
C >> 
C >> 

SUBROUTINE SORT(KJ,K,SLIP) 

SUBROUTINE TO SORT THE VALUES 

DIMENSION K(500),SLIP(500) 
I 1~11 =KJ -1 
DO 20 J=l,IIHl 
SLARGE=SLIP(K(J)) 
JPl=J+l 
IFLAG=O 
DO 30 L=JPl,KJ 
IF(SLARGE.GE.SLIP(K(L)))GO TU 30 
IFLAG=l 
SLARGE=SLIP(K(L)) 
N=L 

30 CONTINUE 
IF(IFLAG.EQ.O) GO TO 20 
TEMP=K(J) 
K(J)=K(N) 
K(N)=TEHP 

20 CONTINUE 
RETIJRtl 
EHD 
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SUB ROUT IN E GRAPH ( N Ul 1 , SL PU IN , S L PH AX , SL I P , TOUT , Y.. ) 
C >> 
C >> SUBROUTINE FOR PLOTHIG USING INTERNAL COHPUTER PROGRAHS 
C >> 

DOUBLE PRECIS IOU HIN (2) ,HAX(2), SCLFAC (2), LABEL ( 11), VALUE (2) 
REAL SLIP(NUH),TOUT(NUM) 
INTEGER K(NU!-1) 
LOGICAL*! CH(2),LINE(l03) 
DA TA CH/ ' S ' , 'T ' / , 11 IN ( 2 ) / 0. OD O / , HAX ( 2 ) /1100. OD O / 
IOUT6=6 
11 IN ( 1 ) =SL Pl! IN 
HAX (1) =S LPMAX 
SCLFAC ( 1 )= (H.AX( 1 )-HIN (1)) /10. ODO 
SCLFAC(2)=(MAX(2)-MIN(2))/10.0D0 
CALL SCALEN(2,HIN,SCLFAC) 
WRITE(IOUT6, 1000) 

1000 FORHAT('l',25X,'LOAD TORQUE AND SLIP VERSUS Tll-lE') 
DO 20KP=l,11 
LABEL (RP)= (KP-1) *SCLFAC ( 1 )+!!IN (1) 

20 CONTitWE 
URITE(lOUT6,2000) LABEL 

2000 FORHAT(' ',9X,'SLIP',9X,11Fl0.5) 
DO 30 KU=l,11 
LABEL(KU)=(KU-l)*SCLFAC(2)+HIN(2) 

30 CONTINUE 
WRITE(IOUT6,3000) LABEL 

3000 FORHAT(' ',6X,'TORQUE (N.M.)',3X,11Fl0.2) 
WRITE(IOUT6,4000) 

4000 FORMAT(' ',29X,10('*•••••••••'),'*'/' ',29X,101('-')) 
DO 40 M=l,NUH 
KH=K (H) 
VALUE O )=SLIP (Kil) 
VALUE(2)=TOUT(KM) 
CALL GRAPHN(2,LINE,VALUE,CH) 
WRITE(IOUT6,5000) M,LINE 

5 0 0 0 F ORHAT (' S ' , I 1 3, 9X, A 1, 'I ' , 10 1 A 1, 'I ' , A 1 ) 
40 CONTINUC 

TTRITE(IOUT6,4000) 
RETURN 
END 




