FINAL REPORT ON THE ANALYSIS
OF THE ELECTRICAL DISTRIBUTION SYSTEM
AND EMERGENCY GENERATOR CAPABILITY
OF THE VERY LARGE ARRAY SITE
UNDER SUBCONTRACT VLA-373 OF NSF AST 79-08925

Submitted to:

National Radio Astronomy Observatory
P, 0. Box O
Socorro, New Mexico 87801

by

Peter W, Sauer 496~50-7100
Assistant Professor of Electrical Engineering
155 Electrical Engineering Building
University of Illinois at Urbana-Champaign
Urbana, Illinois 61801

March 1982



—f=

TABLE OF CONTENTS

I. INTRODUCTION = — = = = = = = = = = = = = = = = = = = = = = — - = 1
II. STEADY STATE SYSTEM ANALYSIS — — ~ - = — = = - = — = = = = = = = 3
2.1 CableModel =~ — = = = = — c = m e m ;= - === - - - =~ 3
2.2 Load Model = — = = = = = = = = = = = = = - = = = = = = ~— 5
2.3 Generator Model = — = = = = = = = = — = = = = = = = = = 7
2.4 Network Model = = = = == = = = = = = = = = = = = = = - 7
2.5 Voltage and Power Flow Analysis = -~ = = = = = = - = — - 12
2.6 Resonant Frequency Analysis —- = — == === == === - 14
2.7 Generator Reactive Power Capabilities =~ - —- - ~- - = - = 23
III. TRANSIENT SYSTEM ANALYSIS = = = = = = — = = = = = = = = = = — = = 25
3.1 Network and Load Model = = = = = = = = = — — = = = = = = 27
3.2 Generator Model = — = = = = - — = = = = = = = = = = = = 33
3.3 Automatic Voltage Regulator and Exciter Models — = = = - 41
3.4 Governor and Diesel Engine Model — = = = = = = -~ - - - - 50
3.5 Interfacing the Component Models — - - - — - - - - - -+ 58
3.6 Initial Conditions, Post Initial Conditions
and Solution Method - — — — = = = = = = = = = = - - 71
3.7 Simulation Resultg — = = = = = = = = = = = = = = = = — = 77
3.8 Equilibrium and Eigenvalue Analysis - - - - - - - - - = 94
3.9 Field Tests = — = = = =~ = = = = = = = = = = — = - — — = 95
IV. CONCLUSIONS AND RECOMMENDATIONS = = = = = = = = = = = = = = = = = 100

REFERENCES = = = = = = = - = = e = e e e e = = e = = = = = = = = — 102






