
 

United States Nuclear Regulatory Commission Official Hearing Exhibit 

In the Matter of: Entergy Nuclear Operations, Inc. 
(Indian Point Nuclear Generating Units 2 and 3) 

 

ASLBP #: 07-858-03-LR-BD01 
Docket #: 05000247 | 05000286 
Exhibit #:  Identified:  
Admitted:  Withdrawn:  
Rejected:  Stricken:  

Other:  

NYS000006-00-BD01 10/15/2012
10/15/2012

NYS000006 
Submitted: December 12, 2011 
EXCERPT

c.\.~pr.~ REGUZq" l¥ \ '" 0 >- 3: 
<1> 3: 
~ . ~ 
~1-: 0-

" ****. " 

TRANSFORMER ENGINEERING 
A Treatise on the Theory, Operation, and 

Application of Transformers 

Iy 

The late L. F. BLUME, A. BOYAJIAN, G. CAMILU, 

T. C. LENNOX. S. MINNEO, V. M. MONTSINGER 

All of 110. Tranllorme. Erogine.,inll Divi.lon of th. 

G .... 'ol Eled.ic Campo • ." Pitt.Reld. Mouachu .. ", 

seCOND EDITION 

One of a series wriHen by General fledric authors 

for the advancement of engineering pradice 

JOHN WILEY & SONS, INC., NEW YORK 
CHAPMAN & HALL, LTD., LONDON, 1951 

OAGI0001263_00001 



L. 
Copyright, 1938, 1951, General Eledric Company 

All ril/hls , ••• rved. Thi. book or Clny ", .. , 

the-reof must nol b. ,.prodl.tC'ed in any form 

without the w,ilten pe'miuion of II>. publish." 

Printed in the United SIote5 of America 

OAGI0001263 00002 



CONTENTS 

1. The General Nature of Transformer Problems 

II. Excitation Characteristics of the Transformer Exciting 
Current and Core Loss 8 

III. Non-Triple Harmonic Phenomena Due to Transformer 
Exciting Current 39 

IV. Impedance Characteristics ot Transformers 5S 

V. Impedance Characteristics of Mlilticircuit Transformers 93 

VI. Short-Circuit Currents and Voltages by the Method of 
Symmetrical Components 134 

VII, Transformer Connections 174 

VIll. Auto-Transformer Connections 246 

IX. Thermal Characteristics 01 Transformers 27S 

X. Characteristics of Transformer Circuits for Changjng 
Ratio under Load 352 

Xl. Typical Transformer Diagrams for Changing Tr<lns-
former Ratio under Load 365 

XII. Automatic Operation of Voltage-Control Equipments 376 

XIII. Applications for Voltage-Control Eqnipmcnts 386 

XIV. Phase-Angle Control 394 

XV. Characteristics of Insulations 403 

XVI. Voltage Stresses in Auto-Transformers in Y -Connection 448 

XVII. Transient Voltage Characteristics of Transformers 463 

XVIII. Insulation Coordination' of Transformers 482 

Index 495 

ix 

OAGI0001263_00003 



CHAPTER I 

THE GENERAL NATURE OF TRANSFORMER PROBLEMS 

By THE LATE L. F. BLUME 

The Transformer as a Factor in the Development of the Electrical 
Art. The almost universal use of the alternating-current system for 
the transmission and distribution of electrical energy is largely due to 
the fact that circuits of different voltages can be linked by a simple, con
venient, and reliable device-the static transformer-making it possible 
for the generator, the transmission line, the secondary distribution 
system, and, finally, the great variety of loads to be operated at their 
most suitable voltages. Without this unique ability of the transformer 
to adapt the voltage to the individual requirements of the different parts 
of a· system, and to maintain substantially. constant voltage regardless 
of the magnitude of the load, the enormous development and progress 
in the transmission and distribution of electric energy during the past 
sixty years would not ha ve been possible. 

This ability is derived from the simple fact that it is possible to couple 
the primary and secondary windings of the transformer in such a way 
that their turn ratio will determine very closely their voltage ratio and 
the inverse of their .current ratio, with the result that the output and 
input volt-amperes and output and input energies are approximately 
equal. By virtue of these simple relationships, the transformer serves 
as an economical and efficient means of deriving that voltage which is 
best suited to the needs of each individual application, and at the same 
time connecting all into one system. 

Domil1JlDt Factors in Transformer Progress. The development of 
the transformer, especially in the early period of its growth, took the 
form of a persistent attempt to approach more closely this ideal condi
tion of the Joss-less transformation of power. The most notable means 
by which this has been accomplished have been: 

(a) The development of non-aging low-loss silicon steels by virtue 
of which all transformers have become smaller, lighter. less costly. and 
more efficient for a given output. 

(b) The use of oil as an insulating and cooling medium, thereby in-
1 
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creasing greatly the per!11issibI~ voltages for a given insulation spacing. 
and at the same time greatly facilitating the carrying away of the internal 
heat through small ducts from the interior. This second factor alone 
has made it possible to extend vastly the sizes of transformers. The 
consequence of these two developments has been that large power trans
formers have reached efficiencies of approximately 99.5 per cent, 110,000 
kv-a. units are now in successful operation, 145,000 kv-a. un'its under 
construction, and still larger units are under consideration. The sig
nificance of these figures can best be appreciated by noting that during 
the first decade of the transformer business, efficiencies better than 90 
per cent were riot attainable, and, in that period, it was seriously debated 
whether transformers could be successf ully built and operated in sizes 
greater than 10 kv-a. 

(c) The improvements in solid insulating materials, methods of im
pregnation, design structure, and shielding, whereby the voltages for 
which transformers could be insulated ecoI;lomicaJly, have been increased 
indefinitely, so that today ten O1illion volts are commonp!ace in the 
laboratory. Although the highest transmission voltage at the present 
time is 287,()()() volts, the reason is not a limitation in the transformer 
design but present lack of economical projects for higher voltage trans
mission. 

The Practical Significance of the Equality of Input and Output. 
So closely does the average trans former approach the ideal that, for 
many purposes of calculation. without serious error, the transformer 
may be assumed to be a perfect device for the transformation of power. 
Accordingly, the turn ratio may be taken as the voltage ratio and the 
inverse of the current ratio. As an example of the lise fulness of thi~ 
approximation, the determination of current and voltage relations in 
polyphase transformer connections may be cited. for, by simply equat
ing the input and output kilovolt-amperes, the primary and secondary 
currents in most cases can be quickly determined. Thus, in three-phase 
to two-phase trans formations, as the three-phase kv-a. is 1.73£d 1 and 
the two-phase kv-a. 2£1[2, it follows that the equation 

l.73E)i) = 2E·d2 

is useful to determine the currents and voltages for the majority of 
transformer connections involving the transformation of three-phase 
to two-phase circuits. 

Diversity of Transformer Problems and Their Origin. To the caslIal 
reader, it may appear that this simple, approximate relationship is qllite 
inconsistent with the large variety of complicated transformer problems 
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