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VOLUME VI

PREFACE

The Cogeneration Technology Alternatives Study (CTAS) was perf')rmed by the
National Aeronautics and Space Administration, Lewis Research Center, for the
Department of Energy, Division of Fossi! Fuel Utilization. CTAS was aimed at
providing information which will assist the Department of Energy in establishing
research and development funding priorities and emphasis in tr e ;,:-ea of advanced
energy conversion system technology for advanced industrial cogeneration applica-
tions. CTAS included two Department of Energy-sponsored/National Aeronautics
and Space Administration-contracted studies conducted in parallel by industrial
teams along with analyses and evaluations by the National Aeronautics and Space
Administration's Lewis Research Center.

This document describes the work conducted by Power Systems Division of United
Technologies Corporation under National Aeronautics and Space Administration
contract DEN3-30. This United Technologies contractor report is one of a set of
reports describing CTAS results. The other reports are the following: Cogenera-
tion Technology Alternatives Study (CTAS) Volume I - Summary NASA TM 81400,
Cogeneration Technology Alternatives Study (CTAS) General Electric Final Report
NASA CR 159765-159770 and Cogeneration Technology Alternatives Studies (CTAS)
Volume II - Comparison and Evaluation of Results, NASA TM 81401.

This United Technologies contractor report for the CTAS study is contained in six
volumes:

Volume I	 - Summary Report, DOE/NASA/0030-80/1 NASA CR 159759
Volume II	 - Industrial Process Characteristics, DOE/NASA/0030-80/2

NASA CR 159760
Volume I I I	 - Energy Conversion System Characteristics, DOE//NASA/

0030-80/3 NASA CR 159761
Volume IV	 - Heat Sources, Balance of Plant, and Auxiliary Systems,

DOE/NASA/0030-80/4 159762
Volume V	 - Analytical Approach and Results, DOE/NASA/0030-80/5

159763
Volume VI	 - Computer Data, DOE/NASA/0030-80/6 NASA CR 159764

The results of the computer analysis are summarized in this Volume VI.

V(

vii	 ?'RECEDING PAGE BLANK NOT PILMED
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Introduction

The objective of the Cogeneration Technology Alternatives Study was to provide
data for advanced energy conversion systems in industrial cogeneration applica-
tions. The potential technical capabilities of energy conversion systems in the
1985 - 2000 time period have been defined with emphasise on systems using coal,
coal-derived fuels or alternate fuels. 	 Industrial process data developed for the
large energy consuming industries serve as a framework for the cogeneration
applications.	 Groundrules for the study were established and other necessary
equipment (balance-of-plant) was defined. This combination of technical infor-
mation, energy conversion system data, groundrules, industrial process information
and balance-of-plant characteristics have been analyzed to evaluate energy con-
sumption, capital and operating costs and emissions.	 This volume incl. , des a
summary of the computer output.

Table VI-1 identifies the current and advanced energy conversion systems which
are the subject of this study. The fuels used by each conversion system are also
included. Table VI-2 lists the industrial processes included in the study.
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Summary Data

Table VI-3 presents the General Summary results for the analysis of each energy
conversion system applied in each industrial application, depicted in Figure VI-1.
In Table VI-3  the energy conversion system is designed to meet 'all of the elec-
trical energy requirements. Thermal deficiencies are met with an auxiliary furnace
and excess thermal energy is wasted. This approach or strategy is denoted
"Strategy - Match E" at the top of the appropriate summary pages. The energy
conversion system is also identified at the top of the General Summary pages. The
results for each industry are tabulated separately and include the following items:

Fuel Energy Savings Ratio* = Non-Cogeneration Fuel Use*-Cogeneration Fuel Use
Non-Generation Fuel Use

Total fuel savings - in trillion BTU at the National level assuming the fuel
savings per unit process output (BTU/ton) is applicable to all plants in the
industry.

Utility fuel savings - in trillion BTU at the National level assuming the utility
fuel savings are applicable to all plants in the industry.

Cost Savings Ratio = Non-cogeneration cost-cogeneration cost
Non-cogeneration cost

The Cost Savings Ratio is based on levelized annual costs to the industrialist
for all energy services.

Cost Savings - Thousand dollars; the levelized annual cost savings at the
National level, assuming the cost savings in the model plant are applicable to
all plants in the industry.

Capital Costs - thousand dollars; the incremental cost of the equipment and
installation to provide the cogeneration energy conversion system.

Emissions Savings Ratio = Non-cogeneration emissions-Cogeneration emissions
Non-cogeneration emissions

Emissions Savings	 -Tons per year saved at the plant location.
-Tons per year saved including the utility emissions.
-Total saved.

ECS Size - Megawatts; energy conversion s% stem electrical rating. If an
asterisk is used, the powerplant size is smaller than the minimum size defined.
However, the data for these cases are included in the summary.

Note that industries numbered 21 and 22, glass containers and cement, are not
included in Table VI-3 since they are only considered for bottoming applications.

*Non -cogeneration fuel use includes utility fuel use.

-2-
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At the bottom of the General Summary are the total fuel, cost and emission savings
for all cases (including negative savings), cases which only save fuel, cost saving
cases only, cases which save total emissions, cases providing both fuel and cost
savings, and finally, all situations with fuel, cost and emission savings. These
savings are at the National level assuming the savings in the various model plants
(BTU/ton) are applicable to all plants with that type process.

Following the General Summary for each energy conversion system is the National
Summary page which presents the fuel, cost and emission savings which potentially
could result if the energy conversion system were used throughout industry and
achieved savings consistent with the model plants studied.

The National Fuel Savings Summary presents the fuel savings by type for the
cogeneration system compared with the non-cogeneration furnaces at the industrial
plant and the fuel consumed by the utility to provide the plant electricity. The
only fuel attributed to the utility is coal; and the mixture of fuels used by utilities
is not included in this summary. Also, the assumption is made that the energy
conversion system uses only one fuel. Negative sign, signify an increase in the
consumption of that type fuel, generally the conversion system fuel.

If the conversion system employs coal-derived fuel, a final national summary is
provided assuming coal-derived fuels or coal are available and used in the non-
cogeneration cases as well as in the cogeneration system. In these cases, the
national saving of petroleum-based fuels is listed as zero (since coal-derived fuel
was assumed substituted) and the principal fuel becomes coal. A conversion
efficiency from solid coal to coal-derived liquids of 70 percent was used in pre-
paring this summary.

Summary tables are presented for other cogeneration strategies. Table VI-4 pre-
sents the General Summary, the National Summary, and the National Fuel Savings
Summaries for the strategy where the conversion system is sized to provide the
thermal energy required by the industrial process and electricity is imported or
exported from or to the utility grid. This strategy is marked "Match T". In
Table VI-5 the summary data for the strategy denoted "optimum" is presented. In
this strategy the energy conversion system is selected to provide maximum fuel
savings for each cogeneration application. The results with energy conversion
systems using heat pumps to enhance heat recovery usefulness are summarized in
Table VI-6  and labeled "Match Heat Pump".

The glass container and cement indi. , stries provide high temperature heat and are
candidates for bottoming cogeneration applications where the industrial waste heat
is converted to electricity used by the plant or fed to the utility grid. Table VI-7
presents the summary results for the current steam turbine and the advanced
organic rankine cyc;- conversion systems for these bottoming applications.

Selected Detail Data

Further detail information was developed for each combination of energy conversion
system, industrial process, and cogeneration strategy. This detail information is
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presented for the twenty cases listed in Table VI-8  which were selected for de-
tailed review in the course of the program. Table VI-9 presents a six-page com-
puter printout for each of the twenty cases. The industry, the energy conversion
system, the matching strategy, the annual plant production and the national pro-
duction for the industrial process for the year being considered are indicated on
the first page.

Page two provides energy consumption for the cogeneration and non-cogeneration
cases at the national level assuming energy consumption in the model plant is
applicable to all plants producing like products. The selected energy conversion
system technoloCy is numerically indicated along with the design option selected
(i.e., 13-3 is conversion system 13, design option 3). Fuel utilization by type is
given for both non-cogeneration and cogeneration cases. The total fuel consump-
tion is listed at the "site" (plant and utility) and source (coal mine) for coal-
derived fuels. If a specific industry produces a by-product fuel which can be
utilized, the extent of utilization is indicated in the by-product fuel column. The
total electric consumption for the industrial process at the national level is pre-
sented along with the fuel requirement to produce that electricity. The total fuel
energy saved is the difference between the fuel used in the non-cogeneration case
(including the utility fuel) and the fuel used in the cogeneration case. The total
natural gas and oil saved is defined in the same manner as total fuel saved, except
only the oil and gas usage is included.

Page three presents energy utilization ratios and plant level energy data. The
fuel energy savings ratio is provided. The ratios U/Uo and F/Uo, and ECS fuel/
Uo are the ratios of the utility fuel required (U), the furnace fuel used (F) and
the conversion system fuel used to the energy used by the utility to provide
electricity to the industrial plant in the non-cogeneration case. In some indus-
tries, a specified fuel is necessary for the production of the final product and any
such fuel requirement is indicated, relative to the fuel used at the utility in the
non-cogeneration cases, as "specified fuel/Uo." The next section of page 3 pre-
sents the conversion system design option, size in MWe, and the number of units
installed. The electrical efficiency is the electrical output divided by fuel energy
input (HHV). The sensible waste heat ratio (A) is defined as the sensible heat
available divided by the total heat rejected (exclusive of electricity) by the con-
version system.

Two sections follow; the first presents the conversion system available waste heat
ratios (R') by thermal category, and the second section presents the recovered
waste heat ratio (R) for the specific industrial application.

The total R' is the summation of the individual avaiiable waste-heat ratios, ex-
cluding hot gas, and represents the maximum available thermal energy as steam
and hot water. The recovered waste heat ratio (R) section indicates how much
and in which thermal categories the available waste heat was utilized. At the
bottom of this page, the parasitic requirements (electrical and thermal) are given
along with the coefficient of performance of the heat pump, if utilized.

-4-
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cogeneration plants. These costs are given in 1978 dollars. The cost accounting
categories used are as follows:

Cost Category	 Category Description

	

1.0	 Fuel/Waste Handling & Storage

	

2.0	 Conversion System Heat Source

	

3.0	 Energy Conversion System

	

4.0	 Thermal Storage

	

5.0	 Supplementary Heat (Furnaces & Boilers)

	

6.0	 Heat Rejection System

	

7.0	 Other Balance-of-Plant Items

	

8.0	 Indirect Costs

These basic cost accounting categories are further subdivided in the printouts.
Cogeneration system costs are broken into equipment and installation costs while
the non-cogeneration costs are only presented as the total. The cost of borrowing
money during Vie construction period adds to the total indebtedness and is reflec-
ted in the capita cost expenditure listed at the bottom of the page.

Page five report! the annual operating costs (in 1978 dollars) and environmental
impact of the installation for the typical plant. The operating fuel costs are listed
by fuel type for the 1990 start-up year. The cost of any purchased electricity,
and systems o peration and maintenance are presented in this section. If the
cogt-+eration -,patching strategy results in the sale of electricity Lo the grid, the
cost credii to the industry appears as a negative number in this category. The
next cost section presents the levelized costs over the economic life of the system.
The levelized annual cost is comprised of the levelized fixed charges to recover the
capital investment and the levelized operating costs.

'The cost savings are defined as the cost difference between the non-cogeneration
and cogeneration case (non-cogeneration minus cogeneration).

The environmental impact data are presented both at the plant site and at the
utility. The pollutant species indicated are sulfur oxides, nitrogen oxides, hydro-
carbons, and particulates and are given in tons/year for the typical plant. The
emissions savings ratio is based on the summation of emissions at the plant and
utility for the cogeneration and non-cogeneration cases. The amount of solid
wastes produced (tons/year) by the operation of the non-cogeneration and cogen-
eration plants is given at the bottom of this page. This value reflects solid wastes
from the operation of coal-fired h,=at sources and waste disposal systems.

-5-
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V 4 Further economic data are presented on the sixth page. The start up year (1990)
and base year of cost estimates appear first in the results followed by an indica-
tion of the depreciation methodology, the after-tax cost-of-capital, annual fixed
charge rate (on invested capital), and the general inflation rate assumed. The
subsequent columnar data present specific information about the cogeneration and
noncogeneration systems with respect to their capital costs, life-cycle costs, and
annularized (levelized) costs. The levelized annual cost savings ratio represents
the difference in annularized costs divided by the noncogeneration system costs
and is expressed as a decimal value. The data include the cogeneration system
payback period and discounted-cash-flow rate-of-return (after taxes). The net
present value based on the incremental cash flow differences between the non-
cogeneration and cogeneration systems is presented. Finally, the major economic
input data for this case is noted at the bottom of the page.

Energy Conversion Systems

The conversion system characteristics are presented in Table VI-10  for the various
design options evaluated in the study. This table includes the size rarge for the
conversion system and the electrical and thermal performance in relation to the
higher heating value of the fuel consumed for a nominal rating. The predicted
emissions are presented. The capital and operating and maintenance costs are
listed. The convertor physical size and installation time are included.

Industrial Processes

The energy requirements for each of the industrial processes projected to the year
1985 are given in Table VI-11. A typical or model plant has been postulated for
each industrial process and the size of this representative plant and the number of
operating days per year are listed. The electrical requirements are listed in terms
of consumption and peak demand for both the productive and non-productive days.
The thermal requirements are stated in the same terms for each thermal bin. The
overall electrical to thermal energy requirement ratio is included. To permit scale
up to national levels the projected national annual production is listed along with
the share of the 4 digit Standard Industrial Classification represented by the
process. Projected fuel use is broken down for the non-cogeneration case.

-6-
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TABLE VI-1

ENERGY CONVERSION SYSTEMS

Energy
Conversion

Number	 System	 Technology	 Fuel

CURRENT TECHNOLOGY - TOPPING APPLICATIONS

1	 Steam Turbine Petroleum,	 Boiler Grade
2	 Steam Turbine Coal (FGD)
3	 Diesel High Speed Petroleum	 Distillate
4	 Diesel Low Speed Petroleum Boiler Grade
5	 Gas Turbine Direct Petroleum Distillate
6	 Combined Cycle Direct Petroleum	 Distillate

ADVANCED TECHNOLOGY" - TOPPING APPLICATION

7 Steam Turbine Coal Derived Boiler Grace
8 Steam Turbine Coal (AFB)
9 Diesel High Speed Coal Derived	 Distillate

10 Diesel Low Speed Coal Derived Boiler Grade
11 Diesel Low Speed Coal (pulverized)
12 Gas Turbine Direct Petroleum Boiler Grade
13 Gas Turbine Direct Coal Derived Boiler Grade
14 Gas Turbine Direct Coal Derived Low BTU Gas
15 Gas Turbine Direct Coal (PFB)
16 Gas Turbine Indirect Coal (AFB)
17 Gas Turbine Closed Cycle Coal Derived Boiler Grade
18 Gas Turbine Closed Cycle Coal (AFB)
19 Steam Injection Gas Turbine Direct Petroleum Boiler Grade
20 Steam Injection Gas Turbine Direct Coal Derived Boiler Brade
21 Steam Injection Gas Turbine Direct Coal (PFB)
22 Steam Infection Gas Turbine Indirect Coal (AFB)
23 Combined Cycle Direct Petroleum Boiler Grade
24 Combined Cycle Direct Coal Derived	 Boiler
25 Combined Cycle Direct Coal (PFB)
26 Combined Cycle Indirect Coal (AFB)
27 Fuel	 Cell Low Temp Petroleum	 Distillate
28 Fuel	 Cell Low Temp Coal Derived	 Distillate
29 Fuel	 Cell High Temp Petroleum	 Distillate
30 Fuel	 Cell High Temp Coal Derived	 Distillate
31 Fuel	 Cell High Temp Coal (Gasifier)
32 Stirling Coal Derived Boiler Grade
33 Stirling Coal (AFB)
34 Thermionics Coal Derived Boiler Grade
35 Thermionics Compound Coal Derived Boiler Grade

CURRENT TECHNOLOGY - BOTTOMING APPLICATIONS
36 Steam Turbine By-Product Heat

ADVANCED TECHNOLOGY - BOTTOMING APPLICATIONS
37 Organic Rankine By-Product Heat

-7-
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TABLE VI - 2

INDUSTRIAL PLANTS/PROCESSES

Standard
Industrial

Classification

20 Food 1. Meat Packing
2. Bakery
3. Malt Beverages

22 Textiles 4. Textile Mill

24 Lumber 5. Saw Mill

26 Paper 6. Newsprint
7. Writing Paper
8. Corrugated Paper
9. Boxboard

28 Chemicals 10. Chlorine
11. Alumina
12. Low Density Polyethylene
13. I-iigh	 Density Polyethylene
14. Polyvinyl Chloride
15. Butadiene Rubber
16. Nylon
17. Styrene
18. Ethylene

29 Petroleum 19. Refinery

30 Rubber 20. Tires

32 Stone and Glass 21. Bottles
22. Portland Cement

33 Primary Metals 23. Integrated	 Steel	 Mill
24. Iron Foundry
25. Copper

37 Transportation 26. Motor Vehicles
Equipment

_ A



TABLE VI-3
SUMMARY RESULTS
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1< N0 N N h P A J h O N Q ,ĥ pp O N .t O N m f^ q Q y^i m, M	 '.1 N M r r &A M N J M d h ^+ Q In in	 r r 1 h M M d N A 1 M V1 O Oim 1 0	 r	 M	 .+	 M	 I r r r
1 r	 ,

I
>a«	 h A A •} M N -r d J P M A -061 bN M Q N Q Q M d O O {0 , •! J P O ON W Y M Q IJ1 n A P O N A	 h ^ O	 A	 N•O M	 u1 P& .J .O I •J J f- r.Y ►- M h rJ N	 N M {n Q W rJ O In h ! r in •0 P C q POI S	 J I ry1 u) h	 hN	 A O M Q .O J O A o d P h40 J tJ h O M P r P-1 YI .. N Q P P h r h J M 1}1 1t1 h	 N	 r r 1f1 tJ h b O, tj li Jf DS a«	 N	 n	 -r	 M	 ul	 0 ?-1 n
N '	 ; N fJ N N
N N	 t

O P h .» O M	 d 61 A N O N N h M .0 N O O P N M rJ I A A P O n^W 1-	 A P h N J Ln d h O Q P P Q O 4 111 1n O0 .1 P	 P O I p-r  N N 61 O M J N O h .O h P J Q 1n Q J) r q O I tJ rJ -^i	 P A h O O h h .} P O q O O Q r <^ •O Cl ,n r M r N h l h h 0 01<	 1	 1 M d M N Q N h	 h N N 1	 i	 r	 M N Q M M M I •O d O •bI J	 1	 1	 1	 1	 1	 1	 1	 r	 1	 1	 1	 1	 I	 r	 1	 r	 1	 1	 I 1 0 0 •D 	 WW	 1 6	 1	 1	 ,	 I r	 1	 ,
1	 t	 1	 1
=	 1
f	 1
< N O P N	 A •+ h N O Or P h N Q ,l1 P	 M
r M 11 u•r h h	 N N	 M40h O O	 h P	 O	

J O N A yJ
	w z p- M J N In In n a M M In	 0 1n J	 In o 0 0	 o n °t sY N N -(W={^ O O O O O O O O O O O O O O O O O O O O O O O O

1- W N
Q	 t+ 1 -- A r N J .+ .+ M r N Q r O O M T O A M CJ O -. 1 0 0 n 0 -O [•r
H	 h J M u1 O N Q P h N J N M r0 r0 r o o M .O to IA - h, 0 0 A o
inJ	 h 1n M P0 M h P A r` N M	 N', 11 b M P	 P r 1 0 l h n	< Y O M h N0 J S J S	 N r .! M h T d r ! r P Q r P n I d v1 r^! ^- N o P h h } N r •O J 1J n M P A O M h .O ,r M Q o M •O M 1 0 0 7J qN Q O M r .+ S Q N N Q N	 + M + <J	 r O J) [J f N M 1 I fJ rJ• Il U N	 r	 •	 M	 M	 1 O •O C u
<	 r ru

N M .J -- -+ In o .} Q P CO	 O to	 ! cm ,O M N o, r r r. o r, oH	 f^ N b N .} O ^+ M O In P N h O ^ O M r^ r 	 M ,1• N P tf, I rQ EI rl
• 4•) < O d P Q lr1	 .! P 111 O J r	 ,	 a InJt O^ M r N r N -! O O 1fl O I •+ O C7	 N	 '0	 M	 CO	 N	 4	 rJ	 1n 1 N N 1•1

47 L J ON	 I	 In	 1	 n •O P h OJ	 O 1n h	 N J J h	 .J M 1n t^	 1fl I 0 :i P	 O• M J O	 r	 •O	 1	 1	 t	 411	 1 0 C' rm> O N	 I r .. N rJ
.c
N

I
W
J H	 J '0 MrJ	 , h M M 0 N •O M •O •O P	 P h J 111O	 O O .! M Mw O 0 L	 d	 P J o N	 a) •o	 vr. o N P p r	 1n o	 r.11O	 o o a	 or	 N o -	 o r o 0 0	 0	 - oI-. U rW	 < o O O O O O O O O o O O O O o 0 o O O O o 0 o OO. CL I

O
Q Y N o n P Q n d r d IA	 O A h h r J h o N M Q •! N t •T1	 .n ^ O^ O
►+ ►• J ^7 Q M Q	 r P Ilt N T N 40 M M
r H W	 J r r h P P In O h P M J 1n h 1 o h p P	 rn I- co P I (1. J 11 ..• J	 N	 S	 -•^	 rJ	 Jn..W>
C N

J \ 	 1n h N M	 In 1n P to P 1n d P J P Q I^	 N P 1n d J	 I N • 1 r o .. p
W O J N O A /) rJ r J J M P to 1n N N -- -. Q O f` In 3`	 r'	 J• t J' rJ	 M M M rJ m N	 . f	 S rJ M	 r	 fJ	 J'	 r01 rh	 O I •+.+
J u O ] r
W h W >

In -	 a
N
w N Y
L.)	 C)
O L n cn	 LA	 UN	 c	 h	 q o	 t	 o	 N	 o	 J	 0, rr•	 1,	 - T	 -J	 1n 1n 	 r I
Q w 0_ P .p	 O A	 N •O P h 1fl .J P r. O O O •^ .T	 T P rJ PH	 M N fJ N	 M O <I	 J r1	 •1 O O U .J O r/- W `+ H
I N J` 

a 
O O O O O O O O o O <9 O o O O O O O O o O O O O

► Y W{n
0: 0 >	 >
t U W
^ J	 J	 1	 ^ 4.'1 YO	 J	 Y J W	 _J	 J	 J	 2 Y ON ^`.	 J	 N M	 S	 L'7	 J R	 J .- -1 K ^
J W	 L	 J	 G	 W C [t	 W r	 G ._ 4 Ua r	 W	 J W a	 J Y	 W	 1.
W	 l.^	 U• U	

V.
W d	 0. J	 W	 In ^.	 W	 VI u ?

,Z W	 r	 0c O4 O	 C p v	 R	 W	 v	 r,
W U	 Y	 W c)^_ O. W O	 J L`	 W	 H I V,LD z Y	 u	 > < J	 H 4 w	 0	 I	 w ^	 r O	 u ^ V v •+t	 Oc	 <	 W 1J. J	 u'	 <	 -1 	 z	 4	 L,	 N	 w	 W	 4	 ,	 ,, ,•VI	 d ' d	 N 2 z 7 0	 ;7 _	 tJ Hl< O N	 L 0. r.	 cu l<	 O w	 w	 w	 y1 U	 w R 

1 4	 -r
<	 r- 1•. Y	 W	 tlf 1•- ([	 U	 O	 R	 ^.'	 U	 2	 W	 W Y	 Cu	 r J >	 Y H a X J	 Z	 J	 J t	

3	
Q 1, ti

r.	 L 6l = Y 31	 1 u u V a J	 4 ^^	 N W	 r :. u u 1 I	 1-
r N M	 ! 1n J) f` CO P O	 rJ	 !	 1n •O r- p	 G MM	 1r1	 t 	 JO O O O O O O O O	 •+ r r -. -.	 .. .. 1 1 [ J	 a .^	 J

O O $ O O O O O C 0O o nc r, 4 o c	 n	 o C c r

-45-	 11	 _



Power Systems Division

e

1 a s t o •r o
1 rn M Vj	 .0

J I N N w	 01 < t n. R	 P
t r M W m	 co
1 0 1 P P J	 J I

N 1 1- 1 \n IA \n	 In 1
L7
Y

i
1

J	 1
J W	 11••1 Q < Q	 Iy<< W )r•

1
I

•oa M O Me rl.	 1O	 1N J- r 1 •O J7 •nr)	 \•nn In	 n H	 1
M^RQJ 1

!
a J M	 MPCrJ	 N !N

W r 1 r h b 1

onl-
0

PPw	 ro a	 1M
in 1(II t

W N
2 >	 1

r$ I ac-60,00   O 0
L I- 1 N N •JJ	 •O 1u	 F- 1 •O 1J 0	 •0 1

1?
1 4

1
1

M !n M	 M
a? M	 M 11 J 1 rJ Y) M	 M J J	 1

W 1 4 1 M M I r1	 In R	 \'1	 1
1 1 1	 1	 •	 1 Q^	 1
7c 1 u r	 1
u 1 I	 1
r 1	 I

1	 1

1	 1> 1	 a	 I
(^ 1	 W J	 1

! WH 1	 J u	 11	 1	 Iti ,	 I
> 4 O r

a I ca •	 O •	 O\n 1	 I	 tJ	 I
f I

n	
J1J 1.4 I	 1

1- N ! ) W rJ	 rJ O W	 I{n r J H O
< VI n

I
1

vl"1 '7	 OW
P n_ N	 In

u r
7 i<	 1

y1 • ^- 0 O ! O O 1A	 l2 > 1- r J	 IW r Ir UH 1 10	 ', a I.J L J	 1
y 6 J J M	 M < W .+	 I

ti <u I

N O .
'n	 1

Q 1 ^ • J ti

y> f a T n o n O O G

Wa N 9 J^1	 On N ^U1- .rJ N [TL^ •.. O 1
O v	 P
T	 "l

\7 J
1

< l9 J O 1 0.1.1 I.l P	 P 1	 r	 V)r J 0 1 .O a 0	 O -K I	 ' 	 y

o0 y C3 N
O J
J •(

T7 N 1 J U11'1
J -.^u W ► W a
2
lJ 1+ Q

L)
U < O J J	 I

W < ^- J V) 4 0-.
a J v. W W	 1

^ O W :.	 1

N W Q 1 A m 00 .0 0 I•^ V_	 W	 1

<n LL
H J (9 N

1
o n -.
P o O	 a ^ _J <	 1

W J

n  • o	 .
0 I 1	 1

t7 O J Y1 .+ 1 1	 u1	 I
Q W ti
V F ^ I rJ rl DG LO ILLO\ h rJ	 - J 	 IJ	 tJ 1

I O J	 {n '^
•r J ") I 1.	 1	 • J	 r JM M MI	 M I Jl	 y

h W .: cJ 1(	 N
U O .d •-•

0
I I	 J 9	 I

W H W 's l 1 1	 1-	 l7
`I •1 • 1 •(	 I

ul O 1 1	 .•	 1
H •^ I

y
W

N

u Y	 l^
O JJ 1 V7 N
Q v u
= 1 J J W • J V1\J 1 ' ll !.1 1
W♦ U U 4U c^. ^. I

1 V! •

0 1 uJ w l'1	 _.	 31 1
WV I

1
L J vl I	 •+ V I
K K :. -

I
I

> J U vl H KO •( n 1 J	 ti Li)

b y W 1
rl l'1 O 1' I1

•• P K 1 1	 t	 :J
~ u I ., r,	 o utY VI Y, .	 l.+

W .. I ^ J ti V1 J J^ I L.1 1
I H I V :J W u. I

FCR•1333

rJ rJ 90 .11 O	 rJ r1 .00 00a T, rJ N	 a U rJ rJ
r- n N	 rJ	 F. h f l	 NM M M M	 M In M M

 
M

nn••.0-0
P P M M	 P P 	 M

rJ rJ	 N rJ

.r •raloloo	 •raaroe)o
0 0 -1 J	 O O! J
a ul J T	 a I, J J
I^ h .p	 O	 f, I . '0 	 41

000000	 000000

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

0 0 0 0 0 0	 000000

h h J O i^ O	 h 1. ,0 O (1 O
r - •n	 In	 '.n	 unv 0'-	 n	 ncJ l-	 r.

ln lnLAaLno	 1n fl noIno
CJ IJ'	 fJ	 !rJ •J	 J
J J J J	 r J T T

	

I	 I

LTL7' ?0o o	 r	 -nl- n
l:l ^ ^	 r)	 f L'
L	 .J
T	 `	 Mt	 1 ! r.	 r^

C

V^	l') 	 [1	 1'I

{n H	 L'i r^

	

G u	 _	 U w

	

K	 :J	 •Sv^

	

J J •.	 Ll	 U	 J _l Y. y
V	 U

	

U U U	 J G u

	

Lt 31 L)	 U JJ U

	

t) •J•I	 .'I

	

J y y	 J

	

♦-• J U IJ •• K L	 •i J U V 1-•

4	 111	 1 f	 l^

	

^•^. ^ ^ L7 ti ep	 - .- w

^) r	 ll
1	 U	 1	 L'

Ij

	

r ^: J .. ^ J J	 •i J r- I J ..

YI CJ	 1J	 •• V	 r7	 -

V'

-46-
	

I'



Power Systems Division	 FCR-1333

It	 It	 1t	 >K	 >r	 f	 !	 *	 1t	 f	 •	 1k

^ u W" O -0 .+ O O ^+	 P •O J M h J N U1 J P	 *O 'a M O J
O U N 3_ M	 M P N O P J N -0 J	 N -0 J O M P O P -0 N U1 O

W UI	 J O	 O P r U1 O J -0 O P -0 . ••1 !' M M	 -0 O P UI O
•O r J M J •+ ^	 N	 P ^	 ..

J J M U1 P	 -0	 O M J J O	 .0 M N P O in J -0 co I-0-0 O O O O
M M U1 P N O U1	 h M O U1 O O	 P O P h W co M U1 P 1 0-0 -+

J J	 -0 O	 -0 N h O O	 N P Ill U1 S J O h co O N 111 O1 1n Ln CJ N
1-K O O	 O J 111 J -0 S U1 J N J h N M	 -7 -0 U1 P U1 N 0 1 1 I} h h
I 1•- M .^ ^ U1 111 Uf S N J UI ^ O M J	 •'+	 1	 -0M .•1 J U1 .O 1 U1 U1 N N

U1 l O	 .•1	 M	 M	 1-0 •O 1 •7
to 1 1Y 	1 ^ ^ .+	 .+

1
M	 1

t	 h -0 -0 W M NJ J O M -0 111 N M O N O O M J O -0 Ln I J J P O P ON W Y M O N h -0 P O CJ .O	 h 111 -0 co -0 -0 M N U1 P r P .7 -0 I J J h h

	

Y M•• M h cJ N	 N M 111 O co Na LA h J	 U1 0 P0 O M J S. O O n h
N H -. -0 O M O -0 J O -0 O 17 P h O J N h -0 M P -+ P O O 1 M 0 	 h

	

C J U1 -r N co	 P h 2 h J M N U1 h	 N	 •+ -+ 111 N h .1 O I N CJ .0 -0O W o-a	 N	 Let^	 M	 U1	 ^ 1 0 CO M M
H C H•	 I cli C J N N
U1	 Q	 1

N M	 1
H

h .•r CJ N P N O O M co O JV N J N N P O O U1 O	 co W M O M O
W FQ 	O U1 'J O M O U1 O P O P c) -0 P U1 h N N CO M M Ul P -0 I h h 0 -0F P .O -0	 O -0 OO P h O O -0	 P -0 ^^ h ^ O P .+ co M 1 N N U1 1I Z O -0 O M ^} O O	 ^+ W O -0 N ^ .r O h O h M .r J Ln7 1-0 O V O

1 Q N 1 I M J J M P M O N h N M 1 I	 1 N J N O M !^1 ^} t-0-0 S S
I J	 1	 1	 1	 1	 I	 I	 1	 1	 1	 I	 I	 1	 1	 N	 1	 1	 1 1 •+ •^ P	 P

W	 1 C	 1	 1	 1	 I ^ ••. 1	 1
1	 I	 1

I

U N	 1

Q O N O M Ln O P .r P U1 U1 J h N J M -+ M N J UI .O O -0 J P W= H L7 H J M	 O O h h P M M 10 -0 h J h co O O 111 -0 -0 M -0 h
N t^ M J f. 1 J J M CJ M Uf	 J J J	 J	 O O	 M M M

Y L7 w Q
O	 M O

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
(.7 I••1 > C' O O O O O O O O O O O O O O O O O O O O O O O O
W Q	 I

r W v1
t
P	 N J ••+ -0	 N co •+	 M .••. N O •	 O O M N S -0 MJ O ••• 1 1 .+ -+ ) 0 M O
1. 	h J M Ut O CJ co P h N J CJ M O O	 O O co -0 U1	 h I P h M M
N J	 h 1J1 M P O M h P -0 h N M ^ •+ 171 U1 O M CJ	 O N O I O O
Q 1- O M h N O J J J S J N	 S M h S O	 S	 P O M P M -0 JJ fl h

Y H N O P h h J (0	 -0 1 co h M P -0 -0 M h -0 P M O O M -0 M 1 0 0 QJ 9
O* MO	 M .r • •. J O N N O N	 .+ M .^ Na ••+ . 	 -0 N In61 N M J I N N0 •O

s C u ^^	 ..^	 .-.	 M	 M	 1-0-0 P P
t	 I ^ -.

u	 I1
1

	

CJ M J	 ^ U1 O J M P O •+ h M h O ••+ M Co 0 h N O I N CJ -. O^ O
N	 O CJ O N J O	 M O Ul P N h o P O M O P M P O P O I S •} -+Ln ce	 h t71 M -0 -0	 O co	 J L'1 O 1 M	 N	 J) J O M 171 O I O O M M

• U< O J P co 111 O S P In O .} -- I O U1	 N O Ill J7 P O h h N UI I 171 P T S
U' J O N I	 171	 -0 P h co	 O U1 h	 N S P -0 J M N h U) 1-0 O C P

H J O	 ••+	 -0	 1	 1	 I	 in I P P^
m> O N	 1 .+ f J N

.= p	 1
• N	 1
C
Wp H	 J h N O h M M J N 0 M .O 0 ? M P r- S W O O M M M

I(1 Q -0 -0 M1	 P d O N h O rJ P .O M O •O cJ O N U1 O CJ h
J O I•^ O O O	 O	 ^ N O	 O	 O O O	 O	 O
4 U	 t••	

^	 ...	 ..I	 •-•	 .••.	 .-.	 ...

O	 Q O O O O O O O O O O O O O O O O O O O O O O O OU	 ^	 1	 I	 1	 1	 1
W	 O h P O h J	 J U1	 C! -0 h h CJ h O N M O J N -0 O I M M P O P O
H 1- J fn O UI Q h	 .•s P LnN P CJ co M M ,} O h d M W h J N M I CW .p -+ .•^
Ii H W ^. S ^ ^ h P P M o h P M .1 Ul h	 cJ	 -+ P Ul co N O P I c. rJ N N
• J	 .•a	 N	 J	 •'+	 N	 J	 1

C r W >	 1
rr r a
q ^ N	 I
H	 N h N M	 UI U1 0: U1 P U1 -0 P J 7• O h	 P 111 1 J ^+ 1 cJ CJ -+ O -+ O

J	 1 J7 .() r J	 N
W O J N O -0 co N	 S J M P O in N N	 .» co O h -0 M -0 P Li O I -. P P
> K J 0 N	 M M M N O CJ Q	 J 1 M	 .-. 7] CJ P N M J 1 •• ^
W F- /-• w	 N	 -•.	 ...I	 i
-IUO^.r	 1

W F- tr l	 1
N ^	 Q	 I

N ^	 N	 1

W H Y

C •' n: 0	 111 -0 IJl O h O O -0 O N O J P M N S J U1 -0 O M O .+ CJ
G. •S w c7 O P O	 O h O !J d P h U1 S P h O O C)	 -	 .} P N P
4 W	 M N CJ N	 "I O N CJ CJ	 M O O O N O	 N •+

/- W
I L'1 > K O O O O O O O O O O O O O O O O O O O O O O O O

J •'( LY
Y > u- t!!

Q 0 O	 U
K O W	 _J^ J	 J

C	 J	 Y J W	 C'1	 1	 O w>

	

J	 J	 )- O	 M	 I	 V1 K
N u	 J	 H Q'	 H 2 H 7J	 J P	 1 J J w l L'1
J W	 =	 J	 d	 Y W O C	 H	 W	 1 Ci CiK H	 W	 J C• K	 J Y .J	 W	 F 7	 W I	 U L'. O
C	 (^	 C u	 H W 6	 O J	 W	 N O	 J I	 to N t'. .-+a.
z^ 	 :.	 ¢ c 	a p	 CL	 M	 V, Ln :	 )
W c J	 L'.1 d	 HC 1L p	 J U	 =	 W	 M 1	 K Q	 = •-1
O	 >	 LJ	 > ¢ J	 H M ul	 Ln	 W_ O	 r C7	 W I J U U .•^

1 C	 d	 W W J H 0 . K	 K	 L•1	 W	 W	 -C (Y	 > I J

a	
> yn y

L7 > N	 fl L7 c	 H (x	 O M	 W	 _	 W J	 M ry O:	 I 4 L^ -f
4 O CA	 $	 4	 WL	 H	 © (Y _ O	 7 W	 4J J O 0 U'	 W	 i (^ L)
H Q 7	 ►• H F- W	 in Y C	 O	 O	 C O O:	 W

	

_ fY	 W >• L C I	 L7 M
U	 O	 Q 'L J > 3. J	 a x J O ?[	 J	 J	 1- !Y H Q	 r 1	 r+ 'f1 C7 ti

O	 w K	 W	 O O 2 J O H O	 72 O O 1 l i	 u v)
N w	 a: [:]	 3 N z S U "i U < J 2 a N	 N w a H OH I.7 U	 I .7 a u

r 1 N N ti ./1 U
O	 fJ M J U1 -0 f\ (Q P O	 N M T 171 J) h	 CQ P	 O M .} In .O I J	 L'1O O O O O O O O O	 •^	 fJ fJ fJ N cJ I Q J ♦- y) J J

	

H	 U V!
C1 O 0 O O O O O O O O O O[) n O O O O O O O O O I C; J C: - 7 J

z - -	 - Z -	 L	 -	 2 Z	 1- u u W

-47-	 1	 11	 r



Power Systems Division	 FCR-1333
F'

0

1
O^ O

P P^J 1 n f` O	 O
1< 1 M M P	 P

N 1 I- I N 111 co 'J N	 tJ .^ 	 O
U 11 JJ W 1I r,	 N	 wM "1 M	 n

-1 I ...^ -r	 .•.
H cx < 1>Q 1 4.DMO MO 1-W 1

Y- i
ogn >- coco Ln	 in iH 1 J J M	 11 !

N4' J 1 9.01 N	 N NZ W H 1 Arco	 O 0 1 t,11 —0; •+O 1•. tv- C- 0oQ. 1 PP 40	 p ^: t (*P r1	 M PPM	 MH 1 W H 1 + -^ O	 10 rN r O	 CO
N N

N
1 =>

I.-
1 N N N N

O 1 P P J O J O N 1
= r 1 u1 M •o	 •0 1
W 1 2 1 .+a 	 co	 co

 M	 M 1I Q 1 OOQ	 J 1 J •? 00 CO nn P p 0, oIJ 1 N N .0	 10 J J 1 00 -*	 J hh M	 IrW 1 4 1 J J M	 M Q W 1 OO4	 S O O •0 	 .O1 1 1	 /	 1	 I 0^ I n I` .Q	 .Q
2 1 U W 1 i i
U
H

1 1
1

t
1

Q 1 1= 1
1 t m	 O O O O 0 0 0 0 0 0Y 1	 IY 1 N	 PLl PU' 1	 W J f I	 l:l hr-1 W

H
1	 J W
1	 1 H^

1
I

d O P	 P0
N N I	 IY ^( /	 I	 O N. 1 1	 1

O y' 1 CO N 	C40 1	 1	 tD 1
1- 1-Jf 11 CO NN	 N.0 .OM	 M 1

Dw
I1

N 1 S30	 Ln W N1t N< Ln<	 O 1 PP 111	 L11 M> < 1 O 00 000 OOOp00
LU t Y O O 1 O O N	 U1 Y H H J 1W >r HUN 1 co	 .+ d' m CY J 1
> Q 1

IT
J J M	 M $ W H 1

H 4 1 N_ O F-• 1}-Q U 11
_
^ U)7i J H 71
N Y d (^ 1

Y Y 1 M M S O J O O OW Q; G7 / MMta	 m N -rU 1 000000 000000
h-4
J r•

NtY
(^ d O

t
t

JJIn	 LA
O O r-	 rl

C7
1	 7

1
1Q ^ C7 ^ JOH J O 11 X0.00`	 P

.0 •p •O 10
w
>

1	 1	 N
1	 1	 4

1
1

Y N
L7

W > ON
Q O

I
I

.O .Qn 4
N

I U 1
I

O J {fl 1 N 1
J Q tY 1 J U"O= W 1- W :=1 1 N N M O M O 0 0 0 0 0 07 J O N , H ui 1 0) c) r,	 n.: H O ti > J W 1 O O CJ	 ^J
U /" -1 V Q O J J 1 .p L CJ	 N
I-:_ O Q ^^ O7 1U J W CJ W 1

^ O w a t
w m tt ^^ oo•oo r U.	 w

H Y	 N ( ..rO	 O 4 H 1 N In ttt O L1 O a  OOOOQ H 1- J U N t O O .•y Z Q 1 CJ <J c ♦ 	 fJ^ W N W	 r 1 P P p	 O W J 1 S? S	 SW J	 H lltH (L > j 11 J JO H 11 1	 1	 1	 I
W
L)

r
O

f-	 d0
O	 N ^-r

I
1

1	 GC ^-
1In

1
1L) LU1 IL	 r 1

L) ►- 1 l ap
\ H 1

to (i	 icoN	 < J	 N 1 1 J ^ l P O P O O O O O O O1 U J	 N r'1 1 r-r, >` N	 N I J 1 in In d)	 co4 J G? 1 M M M	 M I Q 1 •O •D n	 t'{)F W 1, CJ ) 1 !2 N 1 .- nl	 MVW O	 H '+0 UH LL> 11 1' Q!	 /-- (^ /I Z ••r
4 1 ! A 1
N O 1 1	 .^ 1

Q
W
F-
Ul p
Y

H
U1

U 1'O J J J	 =1 •' In H " N H ^' V1 H
Q 1t O W>YY	 P4 11 >->O 7> U	 Y>-ON >S 1 J J W 4 U1 ! J J W< N U	 -! J W < eNU 1 = ' 4) U Ul u ;! ' N uw I

_0 0 4 1 0 0 4	 _ J	 p 0"
Y 1 V U)O 1 U cn U W	 u 

t NN	 c'. H r Y	 cnN	 r^.. O	 W G^	 c^ ^C
W

1
1

W W N :: N
NN	 HN

1
1

F-	 W c:1 N O N
H	 N N (}N[(1

W	 W W fn ^, rn
In G) L^NG'J1 Q 4 :: 1 J	 4 :' > r-1 J	 d Q ::	 HY 1 IJ	 U^ :^U r 1 N J U U w•1 d '"W d J U V	 S.O 4 (Y 1 J	 >	 {71 W lX I H J	 '• y) W O J	 > V1 W> O t QNN •l O 1 74 Ln N 4 U-'--1 NP O

+ 4
U
W

1
1

(DL)NHH
N

U
W

1
I

0 Ln	 b
N	 Ln

0 t NF a
L2	 Gn

H I 1 H H 0 n N F 1 = 1 H M V1 U H = 1 H n N C) H•• O 4 1 1>> : u" 4 1 J l i l	 U to r-i	 1	 > Z U LnN u 1 a40	 O V 1 0-	 <c ^,	 O r	 •r<C	 O
LY 1 trl V7	 M V 1 U1 N N .5 u O	 G7 w .+ M UQ OW 11 J	 {/)	 jQ J N N J J 1 W J	 Nh< J F- N J J J J	 .7U <' J N V7 J .+r 1 F- +L N	 W i 1 c7 .-. ^j av ;.: r ;l r	 .- 	 W :.1 OaO.^_ 70 1 00007= 70 1-r0 00:" =: .a1 h- W U w a1 W t 1- W U W w w t u. U ui r ry

-48-	
i	

I 



Power Systems Division	 FCR-1333

V(

f*	 >r	 n 	 R	 .x.	 Y1	 111	 i	 •	 It	 n 	 •
g
o.-   M .O N N O O h h M O• N r	 h I 	 O .O '+ •T !J M 1

 V N S M	 M P N 1 O d 1 O` N M M .O 1 O M 111 .O C^	 M U1
yl 0

V1 .. 1 O .+	 C; P	 M M M r .O P h 111 O

	

.O r 1 H 1 .. -^	 N	 P ...	 r
tr P S C' h J CO CD	 .O P h N fJ OT Ul O 1 O' LM •O `+ Ut CO I O N1 M 0 CO oS O 0. M 10O17 O	 JO N U1 P 1 d 0 ^ h h J I CJ N r O

	

J M N O O h h co cJ •O -r	 M O N h T .O r r O h M NP I r M 10 O
1 Q N h fp J 7 1 M h 1 •O t0 J M M r P 1 IA N Ll o r •O r 1 1 11 ^ P O

	

M 1 1M 0. M O	 H N M	 ^ O CJ N M M 1 1 In P .O O
(II I Q	 N	 1	 .+	 CJ	 I r	 r	 O
^Ir	 '..	 I
:^	 I

i K	 h .O •O N M N r 1 1 m M .O U1 N M co N O co M J O .O U1 1 -7 ! 0 0 0 0
N W	 M co N h .Or O- O N -O	 h LA ,O co .O Z M N U1 P	 O• 7 .O 1 •7 <n N L
Y M` M h N N	 N M U1 co (0 N O U1 h -7 ^ O .O O` .O O M J •T 1 (O O• .O r-

N r1 ^ y O M O .O 1 O •O O 1 O• h dl 17 N h .O M 1A
O• r 01 10 O I O P (1 .+

1 J N	 N co V P h ^ h4 M N Ln h	 N	 r r	 11 h O O I ( 1 .+ N N
O W w	 N	 O	 -+	 M	 111	 -. 1'0 d •O J
^•. Q. r	 1 CJ N N rJ
N 7
N N

r= V	 N h N -O d h M .O 1 M 1 O O O S M N N O o) P O • 	h I h CJ O. 0 1 0
W r

	

	 P h -D M P M Ill .-. O O P J In CJ M r N h O O O` r h .+ I r •O O t11
H P N r N M O .7 M N h O h h U1 h h N h h .O O O co In I h JJ O h

I	 O P N P .O 	 O r N -T .O 1 M O N N O `+	 S ^ CO	 O 1 h O cJ M
1 a	 N	 1	 .+ 1 Ln 111 1 N 1 	 cO	 N O M J	 1	 .-	 1	 M -• 11	 O	 J In	 U1 1 .O C! Ut -+
I J	 1	 1	 1	 1	 1	 1	 1	 N	 1	 I	 i	 1	 I	 N	 I	 M	 1	 1	 1 1 •O 01 L/1	 7

Wl a	 1	 I	 I	 1	 1	 I r r .^	 ..
I	 1	 1	 1	 1

1
V 111	 '
Q O :'1 O N CJ .O N -^ O h h O h 1 h 1 cO O• 0) d O• " t- U1 -. h N
'L H o H Ll N .T H h O CO N In co O` O cJ O 	 M O r N1 In It H LI •p

N h- N M	 M M M N N N M O M M M	 M O O O c 1 O CJ N cJ
vl . a(^ M i	 O O O O O O O O O O O O O O O O O O O O O O O O

W L -C	
I

H W .la r	 rC	 1 •O M O P 1 O O O h co N o N ^.	 O'	 .O O' M O h 1 1 .O !1 O J o
f.	 r O .O .J O J J ^ O N h M M h O• 1 co CJ Itl c1 O 10 Ol	 •u 1 -. •T ^ •O
N J	 M	 .O	

.O IC-0 O M M
	 N	 .O	 !7	 O`	 t`	 •T f^	 M

 cc,
O• O N CJ ^1 1 •O O o -7

R 1-- O O• CJ O`	 T 	 N 1 M 10 .O ^' h !I O• M N rO O' O	 <J ^	 O J	 1 O • CJ J .]
1R H Ll O M P -7 L'1 W O r Q) L, 	 P O P •T •D O P h O N	 TI 11 t` Ill	

." I M .O M L'1
♦ H O O M J M	 O P O 10 rJ n U1 J J .O O• "" N !J M O O• N co N L1 1 .;. ^. rn if
x CL U N r	 r J	 fJ	 S	 r	 r h	 h	 r .•+ I f l O In M
a	 S T M H

u	 ;
1

1h O O ?
CJ 

r 1 N 1n J U1 P O•
M 	 1A

T
 M O

In c J
d h J 111 .O o 1 •T T co O rn a

VI	 •T P ^	 (O r	 r N r M	 h .O	 O	 P -T M O P r Ll ^- -T
C7 C_	 h O h O M co O r +^ J r C P P W •J) ^ c0 M H O M O	 I O h P
11 K o J co M .O U1 .7 o J •O N S -+ M .	 W	 , N O cJ , J N -0 U7 0 -7 O

J O	 N 1 M co co	 r S Ol 1 M M 60 r	 .O c0 b u1 O`	 P Ln I h M r 1 C1
•` H J O	 1	 1 N	 r L1 r 1	 ^ 1 ^+	 ^	 1 .T cJ W M
m 7 O .,	 1	 U1	 1 W q W TJ

a v1	 '_	 1
J
a /-	 N .O .O "' W U1 1n 1	 O O O r CJ J M O•	 O -. C -OL L1	 J)	 111

11	 P	
Ln

O 1!]	 O	 ^'	 P	 •O	 O•	 1	 fJ	 f-	 U1	 O`	 O	 U1	 rJ	 M	 •O	 cc	 J	 Z,	 ll1	 ^J	 O	 O	 L^	 r`
U C H O	 O In	 N cJ CJ	 O 	̂ O rJ M M	 O :J	 O

UC	 Q O O O O O O O O O O O O O O O O O O O O O O O O
W
C
IL.	 O h P	 h 1	 1 U1	 O •O h h N h o rJ M m J CJ d O I M L1 C O C O
r 'n	

^	 r	
tJ M M

^., H_ 11 T	 CO h .+ r C. 6`1 CJ P N q M M J O h .O M 6n h .1 N M J .1 .• l J

U r+ LJ Z IT ^ ^• h P O• Ln O h	 H ,T U1
t	

h	 N	 .+ P	 vt co r O O l u (J < .J u
W J	 •-^	 tJ	 1	 I

r W >r	
x

O ^ u1

H	 h In .O M N 1 M

	

C9 	 O .O O	 h U1 O 1 e0	 N P L1 O I S + n O M O

	

W l:) J ltl h N N h	 .O O •O fJ t- M O In O• O N r O L'1 h '^ r O r I M M M M
a J n	 ^+	 + r M	 + P	 I	 I	 1	 m	 J	 +	 + 1

J U Ow r- a >	 '

w rf-
U J	 .
O L .^ N	 r1 M h o O• h M ^+ M	 L'1 M .O O Gl n U1 0 .+ U1 o J)	 f`

	

rz a w c^ J !^ O M h	 M ? f	 m T M O r	 t` M	 O O N J ^ 1 J L1
Cr W	 O O O O O	 O O O	 O O O O O O O O O O O O O O
H W1 V1 :. ^ O o O O o O O o o O o 0 o O o o O o 0 0 0 0 0 0
` J 4^	 I	 1	 1

N Y W {()
^[ U u.	 J	 I	 C^ ^•

` J	 Y J W	 L^	 O _r

	

J	 'j	 J	 J	 2	 O
^-	 J	 w	 H " 2 c;	 J G:	 J J W L,

	

1.'1	 ...	 W	 Y	 P-	 Q	 W	 I	 t'. :.
J W	 =	 J	 CL	 W C u	 W __	 I U CJ
a F-	 W	 J Q a	 J Y J	 W	 '••	 W 1	 U

	

LO U	 M W	 O J T	 W	 VI O	 J I V1 L1	 ^
0` p	 ^'	 a r•I	 d L S	 (L O U	 Qp W	 'J	 W w :^ (
W U	 Y	 W ICI	 1-- Z W D	 J :J	 L	 - I	 u

v Q O:	 4	 W W J r (^ Q 4 L	 .: L7 L W	 W	 W	 a 4	 > 1	 7 L'. ..-
!.;	 Y-	 S	 (^	 QJ	 F.	 O: r 	!'7	 '^	 I••1	 Z	 W	 rl	 Z	 W	 J	 =	 r.	 CY	 I Q L'111) c
a p	 L^	 =	 d	 H	 W	 CY	 p	 LI	 W	 W	 J	 CJ	 L'1	 L7	 W	 R: I	 (^ 10,L- M
F- Z	 :J	 N H W	 0. M- O'	 C	 Q	 C Q	 ^-	 C,	 W W >- .'.. ct I	 -	 UI
u_	 M	 a	 Y	 J	 3	 =	 r	 iC	 J	 C	 '	

r	
>-	 ^-	 r	 :c	 d	 1 .. .-. Ln C: •-

.I < a C -t u tY U O	 J O '. O r-	 '- '- w .,	 '3 O G I .>	 u
f 1 M	 W v S L'1 z 1 U C) U a J = C In	 617 W C, H ."' U C ._	 ^- E =
O	 U M	 L1 J) n co O` O	 tJ	 M S L1 J) t` O P 	 M .T L1 •O	 J	 Ct

O O O O O O O O0

	

-.	 r	 .-.	 ..	 ..	 (C",	 rJ	 1J	 N	 Q J H ^; J J
I I-- IJ L^	 .-

	

O 0 C O O Q O O O O O C O rl 	 ('! O O	 O C	 O ^. _

-49-	 1	 I1



Power Systems Division	 FCR-1333

0

1 1O cohO P0
co

M	 PJ 1 O1p1 < 1 .+ ti .+	 n
1	 h"' 1 111 J IT	 M
1 O 1 P 0N	 J I O` ul 0 O 111 O O' to M O IA O

NI	 1-- 1 n M n	 M 1 O` O	 111 S O` O	 in
ulZ 1

1
JJ W 11 N N N	 Nr..r	 r fJ N N	 N.-err	 ...

NQ- <7 1
>< 1 .0 0 0 0 F W 1
< W Y
Ht y I

I

01.O r 0	 C.1
O N 0 • 	t1 O

F-
1
t04

N 1 J PJ	 0` 1
IAujJ 1 Pr	 M N

W M 1 1^•O •f	 cJ C) I MflOMO n ill flOMO
O d= i P co O•	co 0: = I P Ic1	 0	 cJ P 1(1 .O	 N

IA N 1
W H
-^ >

1
1

. r r	 r
N N N	 N

.r .+...	 r
N tJ N	 N

H d 1

IN-1 0
= 1•- 11 .ONO' Otf10.p to 0	 Ol ON tI
W	 F- 1 n 111 IA	 N 1

1 Z n r M	 r
1 41 J 11 .T N t/	 OO O .O	 co J J 11 f^ O' •0 O .0 O1!1 01 0	 t\ T P •0 O .O O1J1 N O	 f`

W 1	 0. 1 Itl 111 LIt	 S < W 1 C CJ tJ N fJ cJ1+1 1	 1	 1	 1 O M 1 O O r	 O
= 1 l.7 W 1 N N cJ	 C.) N CJ CJ	 CJ
U 1 1 1 1	 1	 1	 I 1	 1	 1	 1
r 1 1
< 1 1= 1

1 I 000000 O o 0 0 0 0Y I	 d' 1(7 1	 W J 1
t W

f
1	 J W
I	 I H^

1
I

< 1	 I	 O0
p C 1 dNd0c00 I	 I	 J I

!-
N

1
I

co M N	 co
(^.Od	 •?

1
O W

1
1iny

f l JI- OQ V I O 11 J71;.0	 nM r r	 P W rt-> Q I 0 0 0 0 0 0 0 0 O o 0 0
W n H U N 1 M O P	 .0 IY m C J 1
> IL I n N .+	 O ¢ W Ht 1
N̂ Qu

1
1

.+ -+ ..	 .+ =
--

N O h
LO

1
1

Q 1 ^
N

* J H
K ¢ O

Y 1 O 1 N O J 0 O OWW N 1 M.J M	 P N rU 1 00 O OO O 00000 O
h- ¢ NO: I ..b	 mr L7 1J :_
¢ i

Z .1; 0]- J O I
1

tP 0	 M
S rJ r	 P H

1	 1
1	 1	 U:

1
I

Y J) 0
H J O
> O N

1
1

111 M N	 P
IT 1A 0	 0

>
Q

I	 I	 Q
I U

1
I

t'J IL Q O 1 fJ CJ M	 N N 1
o f a in 1 NJ 4 . 1 J 42 r-

=  D I fl M1 ^0 CJ O fJ M -. 0" O
-.- O t 49 O H W IY I )^YJ •-+ lf 	 "a O .-. 111	 b

O O W >J L. 1 O ^'1 O O 4l O	 S
U I- U U ¢0 J J 1 v3 ^^ .O	 Ln L u1 '0 	 Jl
wa J N a .+W I
1- Z ¢W

^ ^ o
J W 60W a

I
1

H
1OH LL m 1 CO 0 M O LA O W

/-Q h Y	 N►- J ly CJ 1I .+ fJ '0	 •Oo 0` .O	 IA <
z

L 1-O d
I1 LA f'` to O n O

'J	 CJ
tf1 n 1A O n Ofl -. tJ

U M U.; z -'1 I V t` co	 P, W J I J	 I	 J	 1 J	 I	 S	 I
L•.: W

cx
J^ H M
M W> R

1
I

J J
O H

I 1	 I I	 1

W H Q O 1 0. h
t7 O S	 N r 1 I P.-	 V7 I
O 1 W
u 1- 7 I o• an W o to o I a p

1 \t', 1-J	 N d I1 JO o	 IAN N N	 N II J 11 S O cjIA f^ CJ^ L,)	 onoIn
H I-W Z fJ 1 I Q N 1 t°)	 In .! r.l ^^	 M
U O 7 H•I -- 1 1 1 -^ -' -+	 -+ -+ --^	 --^	 -+W I- W> '^ 1 1 N O I
^ 4 z

N o
I
1

I¢
I Z

I
1

H r 1

`aW
V1 O

Y N
47 Y	 0 Y	 O C[	 Y	 l^J J l:.l	 J
p

O 1
1

^ C'1 I.-1
O w> I

N `r
0 w i

'- L1-	 U J j
Z 1I

L Y	 ul ¢J J W •1 0
1I Y Y	 L')J J W- t!7 47 -tU	 --! J W a N

W I 00¢ I 00d J	 JO•tH 1
1

UL'70
V) N	 w H

1
1

U V)0
Y	 V) N	 .^

W	 U 0 O
J	 V) .r1	 Li

p 1 W iJ L'1 .. L') 1 h	 w V7 ^ L) W	 1.: ul t') ^ U)
W 1 1A 47 1	 .•I N H	 t(1	 L'1 l'I H Ll V7 . i ('+ r+ N

Y I J U U H d Y H J U U `+ -t O J U U .^
O a J	 l n W C` J	 > L+ i:l
C' O C7 1 l^ LJ If. h W L7
-+ d W 1 t1 W I L')	 -	 N 1'1	 -	 11
•
• N

<
U

1
1

1>>	 U L1
¢ Q H
	

G
Q
U

1
1

I	 U	 '.l
.^	 -t	 j	 p

rr	 I:U L9
p	 -r .1 C:	 O

C I N 41	 31 U 1 Li L) ^-^ N U N Ln

a o 1 J	 w	 - I W^	 u)	 - ^J J	 ^^	 .
W ^ 1 a J H L7 J J I P-	 J H;^, J J C1 .t J h .'. J J
Y 1

I
H t4 t') H LI W
O	 0	 - O 1

IJ
lJ)	 J	 :.7

4	 '.1	 ra	 Yl
O	 -	 O1 H LL U W LL W 1 r L- U .^. W^ F" W U w tV .^

-50-



Power Systems Division 	 FCR-1333

V4

•s r : *	 w t t r »	 x
.•. N W	 P h h O O .•. . -+ M M O J O J !1 M P	 .. A LA O .O N
O UN .L r	 M O N M h M O m	 O h P N O 11 J) N N J O h 111
W MN	 J O •-. N O n O d Mcy, J i- P P •O ••^ S M MN h M O 1(1 O

^	 .. ..	 N	 O ti	 H

N h P !J N M N LA P J O .T 07 (D N N O h .O — P lt. r N I P h O P 0
J	 1 P N P •O P LA ••+ N P P W N O JO L J .O h O J.O I J M .^ M

J O	 P h J m h N M M N M 2 O O PT J a co M .O J M I .. J P J
I 4 O J M	 ^ h O .O .O .O .- O	 y	 1	 I	 0. o	 O y !^ ^ 1 J] ICI .? LA
1 1^ N	 N N N h N .J. 	

!J 1 cJ .O J •O
N I O	 I hNN cJ
^	 I
N	 1
Q Q	 h •O .O 1 M N ••. 'T S O M •O N N M ON N N M J O .O N I M N O O N o
N W %- M 0 LA h a P O N .O 	 t. to .D (O •O d ell

	

. J	 Ln	 P	 P	 J	 .O I S ti LCI	 ••+
Y h•• M h CJ N	 N M M co (.O N O LA h J ^ LA o 0, J) O M 1 J I O .O h •O

N M .+ .O O M	 .O 'T O .O O .1 P h O J N h .O M O ^+ P 	 O l 0 -. •••. •-•
b. J LA .'•1 N O P P h .+ h J M LA N h	 cJ	 -• •'• Y1 N h CO O I N LA ? 111

O W H	 N	 LA	 .•.	 M	 LA	 — 1 co h .P.. h:. C.H	 I N
N	 'N NH
^ O	 N O• h N	 O• P	

1
N to 1 W N h d N •O .+ LA M N N N LA M I N M0 O M O

W F-	 P O• O LU J M M N O O N .O 10	 .O CJP 1 .O P P -. M M U O O I O .h 10 h
H J N M 1 h M IA N lit 1(10 .O .O J	 M0 M co J h O .•. I h . f.

1 2 O N .D .O .O O M N O J M O LA .-. M h co .O M.O .•. M O P 1 T '0 .O .D
I t M ••.	 .O h h L'1 1 Ll1 P M J 1 .O	 I	 ..	 1 N O J O .O h h I P W P W
I J	 1	 1	 1	 1	 1	 I	 1	 .	 I	 M	 1	 ^+	 1	 1	 1	 1	 ••+	 I	 1	 I	 1	 1 I O S M	 J

W	 1  C.	 1	 1	 1	 1	 I	 I N I ^+	 11	 1	 1	 1
I

U

Q O 1.10 LA O	 J O M .O (O .O •••• S .T N m h LA (0 N .T N LA lA P M
= H O H M W h .O P N h h P N r O .O LA IA h o -•. J M N	 N M
f N H

> 
Ml7 N K O O O O O O O O O O O O O O O O O O O O O O O O

Ix

W : Q	 1	 1
!• W N

	

-	 -.LA h T J M M O• m J LA h d O cc P h	 -n h c N	 !^ O 1 CO O O O O O
H	 LA	 N .T CJ M N	 h h P ^•• O (A CJ .+ -+ N 1 O LA QJ N M CJI	 J J •T

N J0. P J) M 1 IO d O (O (J O P N 0) N M O O O P M L to M I In N 	 to
Q ^- O M .O J J M N P LA co !J •O OCJ P d cJ •-• J CJ O .O h .f LA I	 11) .? M

>tt H N O O	 d P N O	 J (0 •O O d M O O P (0 P -. Q1 .O aJ LA M I O .n M •O
1 H O 0 M LA LA .O	 W O N h LA	 LA L P	 N N M O P N CJ CJ LA 1 0M 10 L'1

7L CL U N	 .•.	 •-.	 Lfl	 cIJ	 J	 ^	 •'+	 h	 h	 `••	 -• 1 M
Q	 1 1 ^• cJ
L)

1

co .O O IA .O P J co .O LA .r N LA O 4 O P ? P (0 d h 1 h l •T M 1A O M ON	 O O ^ .O •O h M .•. .O P O O JJ LA 41 	 '1 O h 1 J) CJ M P i^^ ,J -^
LD U,a!b N	 I(1 LA h M M .O M d LA	 ] J O O h •1 'T CAP 	 N (J	 O 17)O
W V i 0 h .O LA O h	 P N N P ... In M ,j O	 O h	 .•. .O N O J I T O O n7
Q J O ••+ M M h M Lt1 O ^ J P M J •••• CJ -. 	 h O	 M P W

M	
.O cJ I P M C] M

H J O	 I	 I	 !n ^( N	 1	 ^ lA M	 I	 •O 1	 •O

J> O N	 1	 ... LA	 1 h h N hQ ^ =	 1
O N	 'U	 1
p H	 .O 1 M co O P N M O ••• -. -•• P IA T co N CJ 1 h P M N N
W 1.1 O J LAM h .O	 47 h 7 CJ h h -T •O M O M 1- J7 n O LA O M
(xO H O cJ	 .O	 N N	 O O O O	 O CJ M M O O	 O

W	 4 O O O O O O O O O O O O O O O O O O O O O O O O
a'	 1	 I	 1	 I	 1

1..
W	 O h P O h J	 1 LC1	 O .O h h N h O CJ M O J cJO O I M -1 CJ O -^ O
n•I H J 0 co N	 h	 P LA N P rJ O M M 1 O h .O M LA h 1 N M I .O .p	 .p
p H W i J ^ ^ h P P LA O h P M S IA h 	 CJ	 .-. O In CJ	 CJ ^+
r; J O H	 N	 J	 •-•	 cJ	 J	 I

H H IL ^	 'H Q
	

1

P h 1 M M M N J h	 •O N .rj y N P .O h	 (O	 .O	 1 (O ? M <^ ? O

W p J N P O	 P P (J O L11 h P O h LA J O `•. O O M S CO h h CO I N -+ CJ
> W Q J (7	 I	 1	 I	 1	 I	 N	 1	 M	 1	 1	 I	 I	 I	 .+	 ar	 1	 IJl	 1	 I	 1 I
W ti H W i	 1	 1	 .-.	 1	 1IJ U O H
W H W >

(n	 a
N Z	 NW H rU U
O L C N	 IA h O h M P N O O J tr M (^ f- O to M P co J M P	 ?
fY Qw 0 O P	 N co •O	 O Ln LA	 + O	 ^. h L1 O	 ^ O O M .1 .+ S ^T Mt1 u, ^' H O O O O O O O O O O O CJ O o O O o O O O O O O O

1- lJ H H
1 U, > Q O O O O O O O O O O O O O rJ O O O O O O O O O O

._j Q (Y	 1	 1	 I	 1
Y )- W N
Cz L7 ^	 r	 (^
O W	 J

L -J	 J	 I	 - v1 r.

O	 J	 Y J W	 -	 I	 _	 C ^

JW	 .~	 W	 1	 O (.. `T
w	 H W a	 O J $	 W	 0 O

W O 	 Q IU.	 = CL	 a O U V•-	 2	 w	 U I W wLl  L1 r l
W (J	 ]C	 W	 CJ	 OV-'	 M	 W	

Ll	
J	 G]	 L	

O	
- 1	 `( '( C

L.7 •"	 }•	 U	 >	 Q	 J	 H	 O'	 w	 N	 1	 W	 7	 1•-	 U	 W I J IJ U •-• •:
.1	 cc	 Y1	 LW	 ui	 .:	 W	 4	 CIL	 > I J	 !. i .^

N •.	 r	 d	 l7	 m	 H	 Of	 l7	 O	 r	 W	 --"	 W	 J	 (1'	 .-.	 LY	 1 Q In N •:
Q [^	 t^1	 Z	 =	 CL	 H	 w	 Q	 LA	 L, _'J L'1 I b
1•• O	 H H •-	 (0 H	 CL	 O L	 O	 r	 O	 tY	 >-	 n	 W W	 >	 LL O 1	 ^.`.
U 	 J	 u	 :-C	 1	 H	 Q:	 Y	 J U	 S	 _l	 J	 H	 (`_	 ^-	 Z	 4	 I I.	 "1	 1•-

N	 w Q	 O	 W O: O O	 J O	 O O I I	 V
N r	 .. m L Z N	 1 U co U Q J ^. LL to	 U-) w a /- H u U : I d u [^

I	 Noy. nU
p	 .".	 N	 M	 .T	 N	 •O	 h	 eCJ	 (j	 M	 -̂.	 ,y	 .'1J.	 O	 M	 T	 LTi	 J) I J	 L"

O o q O O O O O o	 -. -•	 J N C J c J N I	 r J^ J J

O O	 r7 O [^ O O	 C? S7 O (^	 C? n	 n	 O	 r)	 n	 G	 n ^^	 r7	 r]	 C? ^% I O	 (^ ::	 1J

-51-	
1	 11



M IT •-c O It 0	 M •} .-I O J O
a` M ^t M	 P M J M
1 LnN N	 1111, N

n M M O M 0 n M M O M OP r O	 P• •. O••+ M N M	 .+ M u1 M

-00.000O r- n N
.p n M n
N •O P •0
fJ -+

1	 1	 1	 1

000000 0 0 0 0 0 0

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

0 0 0 0 0 0	 C200000

fJ M 1- O M O N M .t O M O
O L'1 -7	 Ln 0 7 1	 N
.O r In	 1 1 J In	 1

In O U*l O O O to O :n O O ON	 r, N	 N1	 1 J	 1
I	 I 1	 I

?ci rho 00 tcoto -) Q	 10 In r:J <I	 (a
-O , T O	

^ •Cj .T OS ^+ M .-r M	 r

•-OP 00 OO o n 0
.p n M n
N .p P •O
N -^
1	 1	 1	 1

U
io

Y	 c? ^	 >-	 u
J W	 J11 H ^_	 "^ !n H
O W > U i.J >

I	 Y	 0^ a1 O	 >- r	 .11
1	 _J ...1 W U N

u

1

U	 z _J W u NU1	 O CJ a J	 u U -^c
U C10I	 Y	 C) N	 : n

W	 U 
'r, 

O
N Ln	 H1	 /-	 W w In	 ;1 IAW	 w L' C7	 '^1

1	 J	 •t •( J	 4Y	 1	 1'+ J UU U U
1_	 I	 r J	 > l7 W CJ J	 > 61 W
G	 1	 Q Ll) 47 -T U d 1.1 !n -^

W	 1	 4.1	 L11 l^	 L^
Q	 1	 J	 I	 U L1 I>> ;' U '.'1u	 a	 o o	 r^;v	 o

I	 V) N H e0 u ^	 U• C'1 •+ •e U
1	 W J J J	 In
1	 r Q J r 11 J J

Ll
U '^ J r Cl J J

3) U	 IJ	 :Di	 r W u w u. W r+ O L.r- U W	 ...

1

	

J	 I

	

J W	 I

	

Q ^	 1

	

H ^	 1
O	 1
N	 I

	

N	 1

	

O	 1

	

K .'.	 1
W H 1
S > 1

	

1- Q	 I
O N 1

1
I

J J 1
Qw 1on 1

	

u U.	 I
1
1	 1
1	 I
1
1	 II	 ^	 1
1	 W J	 I1	 J W	 11 I HL	 1I 1 Q W	 I
I	 1 IYl	 I1

	

O W	 1
W 1'

	

> Q	 1M r H -i

	

^ m a J	 1
Q	 W H	 1

	

t CJ O H	 1

	

N	 1	^ >R J H	 1
h . •t p

cc
Lei	 U	 I

O	 1
I	 I	 I

H	 I I f1>	 Ila	 I
Q	 1 O	 1
N	 1

J	 J	 1
W

1-1 W cr
W > J WQ J J
J N CL H W
Q	 r O ^ I

J u L
O w a	 1
H 01	 W W

=J 4

	

W J	 1

	

H	 1O	 II cr H	 1
1 r N	 I
I W H	 1
Ia0
1	 1
I J	 1
I -Z	 1

N
1 ^ ^	 1
I r U
I ^f	 1
I 	̂ 11

Power Systems Division	 FCR-1333

P,
0

1 M o P o 0 0
1 M M P	 M

J 1 •O •p n	 .p
1 Q 1 N a) cJ	 m
1	 F-
t 0

1
1

m v n 	 d
M P P	 P

G7	 I H 1 N	 .a
O 11
H Q-'> Q 1 J 10 0 0 0 0Q W Y 1 .0 n M	 nNY F 1 :0 0 n	 OM 1 S S O	 SN01 JZ W H 11 P MfJ	 Mn.. o
O a l- 1 0•	 N	 MH	 ^ 1
N N I
NH O 1 P M f J O M0
^H 1 NN Min
W 1 2 1 N Ln .+	 LnLn

1 Q 1 0 J	 co
1J 1 It•O

W
I	

Q. 1 n N 111	 N
1 1 11	 1	 1
= 1
U 1
H
Q

V
1 WH
Y Q
O 1 N 0 0 0 co 0
H ON I 0 Q	 4
N

Y Q O O 1 M P 111	 PN >< F- O o 1 rn N P	 n
W >F H U h I M O N	 O
1>r M. 111 P	 Ln4 1
r U 1
+Y I

(C Y I O N .J O N O
W (X N I N0 U. 	M
h-Q © Ncx 1 nP •)	 PJ;_ W OIL O 1 •p -+P
Q" Q J O 1 C4 1M	 1^ H	 O 1 1 1C7 J > ON 1 N U1 0	 11n	 d	 11L3O Q 4 0 1 N rJ fJ	 N
U J O Y1 1
J Q
O

U
H

1

:: O O NH W O
U 1•• C U
W Q H
r ^ W

7
O

u
u r

H W d 1 0 n N ON ON 1 -• co 0	 07Q H h- J O N I 0I1 P	 n
CX M H 1:J 1 P rJ L	 NW

H
J	 H 4
H W > t

W /	 Q O
O F- N -+
O \U O O 1 ^. O S Or 1 0,P M 1	 M

1 O J	 In m I 1	 In N	 1n
W 2 J l^ 1u	 N
U
u

O	 «.
W r W> t I

Z
N O IH •--Ir

LWH
N

u T	 c^O J
J 1 N HO O w >
$ 1 T T	 N Q=
U

J J W u V1Z C' Uw O OF U '1 O
U C

O
1
I

N 4'1 	C,-H
w w	 ._ LnW i N l'1 V H 470

LJ I y d	 ^• ••Iry Y 1 J U U ^--r -!O C`. I J	 Vl W
P i

>
P O

O
U 1

Q N V1 c
L7 t^ N r .0

+ -1 W
/^ 1 ^1	

0
I	 ^•	 C1 O /-••	 fJ 1 I	 >	 C'1u U Q	 O	 Cl

Q NNH e^U
' O I J	 NW I Q J V_ V• J JY 1 H W l7 •--r lJ W

I O 0O = 7:JH 3_ U W W W

F'

-52-



Power Systems Division	 FCR-1333

VI

0 	 1*
r N W -` N ^ N	 O b n N d O	 d P 1fl d d O O N M10 N M PO U N 3 H	 M P N M O h J O M N 01 d .? O J r` 61 P	 M U1 O

W H	 J O r r O P .0 U1 O J d O P d r M M J z d P n Ln O
d .r 1 M J r r	 N	 P r	 r

M M U1 d e0 N 10	 N m M M .O n O M d O N	 r O O J I J7 J) -. O -+ O
N d	 H N J d r	 M M MN U1 M n V	 O r N O P P 1 P 0

J O P n n N r P G co P M n r` J h N N n n a0 J r` P O 1 0 d 0̀ n
1< M O N S n M n co co n d P M	 N d r I 6, O M r d U1 I O O P PU 1 0 M r r N d d J M J M r P H IA	 r	 I	

M M 
U1 M d i 0In pl)

 0 t; n^ I r	 r	 I r ., ., .,
+	 1
w	 1
< Q	 n d d J M N r J J P M d UI N M ON 10 O M J0 d 1A I J J^ 0 0 0
N Lo	 M O M N .da P O cJ d	 N 0 Q O d d MW M P	 P J d I .T J 0 O

> 1•` M n N N	 N M M O O N O I A r J w M J7 P O O M J J I O1 M cJ N
N_ M	 .di O H O d J O d O J P N 00 J N I` d M P r P O O I O o h n

C J M	 N40 P P n r n J M U1 If1 n	 N	 -+ r M N r` O O I N N N Ns W-	 N	 1R	 r	 M	 in	 O O J) d
M G 1"•	 I N N N N
N	 1

N N	
1

N '
L p̀N N r co 111 O M N N	 O M P %nJ .? d d d N f` N d r 1 0 O c7 O o] O
W H	 •'( fl J M M N M	 U1 C7 J O J N ^+ P N J t` O O O M !^ I J J M M►- M f0 U1 N P r M U1 O O n M O M n in M M r O M .0 J M I .+ •+ J JI '^ co UI f` O O M d O 10 N N P P n -• r- dJ a0 O d r r to 1 0 0 n n

t<	 I	 I N M M N O N d ^+ M	 N1 	1	
I	 1	 1	 N a-I 

n N M M I P P O• P
I J	 I	 1	 1	 1	 1	 1	 1	 r	 I	 1	 I	 1	 1	 I	 1 I 	 P d	 m

W	 l a	 1	 I	 I	 I	 I	 r	 1	 1
1	 1=	 1u ;	 1

Q O M O P 1H U1 J M M M P O N M P M .+ O fJ N -• N 111 r in d N
L r C'7 " 90 O J J0 (A N M co co P •O N P O M	 •+ r`	 n J	 N

N "L rM J N IA J U1 J H M M r M IA J N U1 O O o J o J J J
> M N QV r > of 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C.
W L %F-WV1Q

(0 d P O O o N d J r	 J r` N O M M M N P M n OP l O o rJ o rJ o
r	 r N O N N O 43. N d O O r` M J o O M J P N J 0 O l T T t` h
Ip J	 J M d N N M co t` P M M •T M	 r` P CO M 4 P n J J) O I J 1, d d
4 F 0 J P r r cJ M cJ .? .T d O M -+ O CO O	 d J P P M J S I N N M rn

f H M O J7 J O O O O O O n d P J 4J J7 N J O	 O n M h N P I rJ cJ P CI•
7 H O O .O J M P J7 M M O M n .+ .O N J	 ^ ^ O O .. O M d d l -... r J N
* IL u N	 M	 .7	 J	 I M M .r r

x	 1 rJ N
u

I

N N J J M J d o7 P O P M J P r J d P P P •T _d •S M I M M M O M O
N	 P J t` J O co co u .O LA cJ N r` M rr J7 J O M	 o	 O I n r` t` n

M.O N M .O N O J O co J O O P r J co •+ J N c 	 M CJ 9 P 1 0' O• M M
Lam') Q O N M N O O P M 7 co J •"r O O P	 M t\ O	 M r C7 M O I r J r J h rl.
r J 0	 M 1 N J P d 'T d N I	 J M	 •+ J d	 M M P M M I M M rJ N

• > O N	 rJ1	 1	 I r r	 N
LO < O
• to	 1

co

L Y••	 f` f` O N J n J M O N N M J O d P P rJ O n O O M
D N O O J	 M r` c  M O cJ n O O t` J O J •O •? O (o M r- O M
W O	 O cJ O O N N •••1 	 N O	 O	 O O O O O	 O O

p	 < O O O O O O O O O O O O O O O O O O O O O O O O0•,	 cz	 I	 1	 1	 1	 1	 1
HW
G	 O n P O N J	 J M	 O d	 t` cJ t` O N M O J N .O O I M M .. O O

p H J 0 N M O r`	 P M N P cl O M M J O r^ •O M M N J CJ M 1 +7 J S T
W .. W	 S •+ r r` P P M O n P H J M f` 	 cJ	 .•+ P M co n O F I N N N cJ
a J 0 •-•	 N	 J	 ^	 N	 J	 1
M I••l LL >	 1
W h• Q	 1
^	 FP	 1

H
u	 (^	 N	 M P O N M S M	 M M O M O cJ M M n N M M I c'] •A o O

JWW LJ: J toN O M M O .0 P .+ O d P J M N P O O	 M	 J t` cJ l u O o
> .••r	 J	 N	 M	 J	 J	 N	 cC	 M	 •O	 UI	 rJ	 M	 .••r	 c 	 O	 J	 M	 J I •-. .-. -••	 —
W O r W	 fJ	 N	 cJ	 1
J . wW	 >1-- LL >	 1
N J	 Q	 1

M U	 N
W Y }
u u (^
O	 N	 n n N d M O 'f •OrJ P n P T^ P W M M t` f J -• d M	 J
[:	 I L7 O O n N (J O IT lo, t` O O M M .r co O (J O O t.1?T O M0
G	 .; w N	 M J M (J	 N M O rn M N	 M O O O rJ O N N N
J W /-I U >< O O O O O O O O O O O O O O O O o O O O O O O O

Y ti W N	 } ^^G L: O	 J_ O W	 J	 1	 '_ N '•+J•' O	 J	 Y J W	 C7	 1	 V W :•
D r	 J	 J	 S Y O	 r	 Y	 I r	 U1 •t
to	 J	 M d'	 H	 b	 N	 J P	 t	 J W 11:

M	 L W	 W 1-• Ix J	 W p	 I	 ' L7 U
JW	 L	 J	 G	 W O a	 "+	 W	 1 O J •* '.1 /-	 W	 J C Q	 J } J	 W	 v- E5	 W	 V (l G
G	 L7 U	 w W G	 O J 2	 W0 O	 J I U7 U,	 •-•
W p	 < 1+	 L 4	 0. O u F-	 CL	 W	 U	 w N L'1
.'. W ►(	 ct 	 IY	 Q	 p	 G	 J	 d	 L	 p	 r-r	 N 'Q (`^ .-+ In
W u	 W WY	 1- a W0(7	 }	 U	 > Q J Z	 H IY W	 N	 Y I	 W	 1 O	 W I J U V •^ 4
q ^	 •1	 W G J - C^_ Q •c .'. < E, N =W	 W	 W	 Q =	 > I r	 In W

V1	 I	 G U' O	 H M ' (70 H	 W =H <	 W J	 CL H C	 I -C '11 ,1 d
.1 O N 	 G 1"1 O © cr 

r O W > W ' W J O N	 W d 1	 L7; 11 l- w
i- Q O	 1-• r H W	 L7 1-•	 O 7.	 O Y G O [C	 lX W W Y (- V I	 _-	 L
U	 p	 4	 Y.	 J	 >	 S	 3	 r	 CY	 X	 J	 O	 "'•	 J	 r•	 J	 r-	 r	 '-	 rC-I	 of	 4	 I	 ... ^. C; F-.

M :,	 W 4 < O Z W P O C	 J D	 O F- Y /- } lu	 ~ C O O I I ~. l I' t^ :n
N 1•+	 r Cl r :l N Z 3 u l; U a J ., G M r N W G - H U u Z I	 •+ .*	 :^

	

v to	 u

p	 .+ N M J to J) n co P o	 N M J M O n O P O M ,T M J7 1 ..:	 N_
O	 O O O O O O O	 J <J rJ (J <J 1 4 J h L7 J Jr	 _	 W 11
O O	 O O O O O 0 O O O (7 O O C O O O O
r r z. r r r r r ^. r L ^- ^-	 - ^• ^. r r r r r r r r I .- 1r ._ W LL r

-53-	 1if



Power Systems Division	 FCR-1333
V'

r.
O

1 .+HOMO
1 M M N	 Ni i1

1 H 1

 0.MOa	 C,
P P O	 OI O 1 .+•+	 PP•0.00,	 N I f` f` 000 O n n 00 00N I H 1 1 JJO	 O J JO	 O7 1 J I P	 P P	 P

1 J J M	 M4
J J M	 M

04
< M I

>{
NNH

i
1

.•O .OJOdO 1•-W 1
eq co4	 J tMW1 11 0 •T	 +P P M	 M N t=	 H 1 n f•0	 O (O I r n 0000 r P. 0000

N
W
n j ; P P P	 P W M P M	 M P	 M	 M
y

1
N N N	 N N N N	 N

M$ I
1`

1 ^?+O.r O O1/1
;
I

~ ►^ 4-j CYW 1 Z 1I NN P	 CPI
00 P.	 n 1

1{ 1 C, A • N	 N 1 4It 0000 J J0000I J 1 LA LIM •••1 -J J 1 O O N	 N 0 0 N	 NW1 l a 11 M M 00	 M1	 1	 1	 1 { WO^ 11 Q0 co 0	 O^Af`	 (. co Go 0	 Ot'` nt`	 nx 1 u W I

u 1 1 Ir{ 1

1

I

IZ II 1 000000 oca0000
>•t, 1	 cr1	 W J t1 W 1	 J W 1
h 1	 I M D 1^•' { I	 1 Q LL 14' I 00.00.00 I	 1	 (Q I

H h-N 11 N N M	 MM 10 f.	 f` 1 O W 1IN J ►- O 1 0 0 d	 •O H
N *n a n o 1-U 0

I1 M M o	 oN N•0	 .0 Y >>{>
HH-J 1I 0 0 0 0 0 0 0 0 0 0 0 0

W A, H U N 1 P R O	 O m C J 1> CL 1 •0 •O Ifl	 {(1 -KQ W H 1H { 1 N O 1-• Ir{ u II -̂ hat J H 1
I

C 1, • 1 O O P O C O N < OO O 1
W <
F- Q

N
N P

I
1

oo rn	 0
n 1) G

N
t9

^+U II 00	 0 00 0 0 0 0	 0 00
J
a

O{ O
Z J O

1
1

0 0 0	 co0
o

•O d N	 N
'
l-4

I	 I
1	 I	 N

1
1Ir J O 1 P C r-	 f, > 1	 I	 a 1CJC) l.7 4 0 1 N I

O J N I N 1
Ja 1n I J (^_
O' h w I M M D O J O M M .T O J O^ O L ^ H W K I 0 0 M	 M O .n	 MH W 0

O w > J W 1 O O •T	 J 0 0 1	 ST

U F-u

W Q
W
J

U
J

a a- J
N C- w

I
I

O O N	 CJ
N N r O O cJ	 N

rJ	 1H ^ O < /- 0 O I 1	 1	 I	 I I	 I	 1	 ^

O
C
W /

'-
OM

JW 1.1 WW K
I

H d iD I 0 0 0 0 0 0 t- W	 W^- Y	 N 1 •+ O	 O { : H I n O P_ O IJ1	 n O f` O•S O h- J l7 CJ I O O M	 M = Q 1 ci I	 -+cJ rJ rJ •+C.1
C
W

W
a'

H W :; • ••1J^ H ^' 1
1

P 0• co	 m W JJ J 11 1:1
	 J	 1	 1
IT

1	 1 •T	 J	 I	 1I	 1H H Y. > k 1 O H 1W
L3

w H	 QO7	 Ln -^ 1
1

1 M
1	 F- N

1
1O W HL)

u
U O 1 n n o 0 0 0 I a 0
W 1- 1 J J O	 O 1 I 1 LA l O T O J	 O , T O

t NJ	 m 1 .•1
 '0,

	 P I J 1 P N P	 O• Ln
M 111 P	 PH 4 J 0 I J - T M	 M 1 4 1 .0 ,O J7 ,O r

O w1- ^ u t 1 KGB 1
t-yr-	 n n.-a ^n

WJ
O O H -+H W 7 't

*11	 ([
II1

1 7 QI	 F- G7I	 (
11IU in O 1 I ^ 11

L!
In

u o
Y N

Y	 0 Y	 c? a	 Y	 uO J J 1,1	 JJ 1 (/1 H IA H >	 Z In .+O 1 O w 1 U u 1> O w>I Y Y	 V, a 1 Y Y	 N Q O	 Y Y	 0) 4xU 11 J J W< NN U_ 11 J J wV1 U U	 _J J W • J N'. W U_W 1 O U Q 1 O U 4 J	 U O a-U U
{

I w	 U
D
W

11
i

Ln

WN N	 l•1 HW	 n(!)
N N 0 1-1 0

11
1

0
Y	 r1 - N ZwH	 W	 ^. N
N	 O N L'1 .-1 N

0
4JN '-,	 L'1 HW	 W (fl :_- l'l
N N .7 1..1 NU I { Q Z> H 1 J	 a-1	 7 r-1 J	 % 4	 > HY 1 JU UI-1 x L Y HJUUH •t i 4 J U U x-14O Q 0: 1 J	 > UI W C I f J	 > 0 W O J	 > 0 W

0' 1-Q' O O(.7 I1 a N V, Q(1 11 W H b CJ0 I1 Q 0 0 41^ 	 111 H y U K M 0 41:J t) Ln 1- <
•+ a W I Z Z	 N W i In	 in U	 Nh- I I H	 VI O F- r 1 O	 1	 ^I C1 U I- H re L', O 1-•• M a I 1> >	 U a 1 -J t	 >	 U L!1 1>	 ; Lt L•1N U 1 Q : U	 O U 1 a	 Q a (7	 O O	 4 of b	 O
tY i IN I11 H " U 1 In N H Q U :.7	 v) V,
Q OW Z I1 J	 NQ J h N J J I1 W -i	 NN Q J F .^ J J J J	 L7U •t _J 1- M J J
Y 1 M IIl 'l1 H 11J 111 ( H H W '.7 H W W ^ H W :^	 1111 OOC=» I IJ)000	 J O HO UO _^»N W I.J 1 J W W I 1- :- U W W— /- W ^! W W la

-54- it



Power Systems Division	 FCR-1333

N W	 N ^ N	 O O h N O m r d P N d .p O CO N M m N M PO V N 3 M	 M P N el 	 h J 4 N N N d .t O7 J f` IA P ^^ M N OW 
1!1 

13...• J O •+ •+ O P O 0 0 1 Ot0 P O	 M M 4 ••+ .O P h U1 O.O r J M J— r	 N	 P .+	 r
N h O r M P N 4 M O N h O N d N	 M O N M	 IO 1P P h O h 0
N N O	 IA S N n P P -0 O O M O N S IA CO CD N r h 	 I N N CO 0

J M J O r M O L1 J •+ M r-	 C0 P Ill CO IA N IA Cd P N O 10 1 N a) P P
I t	 O N N J O N O d M 1 1 N0 N M	 O O d h -0 J— I P P h hI H M .+ r N O O 1	 1 1-0Cf r P M 1	 '^'	 1 .0.1 M IN W M 

O I M h-0 dv 1 01-- 1 ^.	 1 .r r ..1	 r1
M Q	 1
t`	 h S •O 1A M N .•+ J J Q M .O to N M m N40 CO M J O d kn 1 M M h O N O
N W' • M W I{1 h d P O N .p	 h ICS O O .0 •O M N W P.•1 P 1 O I J J O O

	

y ►. M h N N	 N M IA m O N O 1C1 h 1	 M -0 P .0 t0 M 1 J 10 CON NN Yr r -y O M O O J O O O 1 P h f, 1 N 1, .p M PPQ O 1 O O h h

	

O J N r N CD P P h ++ 1+ J M LC1 Kl NO 	N	 r	 IJ1 N h Q O 1 N N N tJ$aF	 N	 IA	 -+	 M	 61	 r 1 CDO-0 -0
1 NN N cy

N	 1
N N	 1
M
L	 N P O J O M .O h N CO O P O y .O MP to M N Ib IA h I h h M O M 0

	N J -0 C I O h J h N O 1 10 1 h P P Ir h	 P h h J 1 r NNO M N r O N h O -0 J N P .Oi N O N P CD M N {O ••n M O O1 O rJ N
1	 O -0 I	 M .O r0 l0 O N P .7	 P •+ IO •O N N N Mf M 1 w 1 r P P

N 1	 1 M M f4 N <D H H r ,p e.l N1	 I1	 1	 1 N N N P N M M 1 c c ^ h
I J	 f	 /	 1	 1	 1	 I	 1	 1	 1	 1	 1	 .•+	 1	 1	 1/ 00 S	 Pyl	 1 CL	 1	 1	 1	 i .+	 1	 1

1	 1	 1	 1
1
t

t O N 0 M O d O •+ h d Q M O P	 O .7 N d N M M O h IA P d_ IH U N N 1 ••+ O h -r m O r Ill d M O &n h P O •+ •O f^ d -+ h Oin r M 1 N N IA N r15 M M Ifl •+ u1 S J ••r 1 O O O H O 1 M M
W r< fY O O O O O O O O O O O 6 O O O O O O O 6 O O O O
h W Nd d d P O O O N -0 J r r .J h IA O 0 

CO
N 1 N P M M r- 

O
P 1-0-0 co 0^ 0

F	 r	 N m N N CO P N d N C) N N 1 O	 M tf1 P h .+ h	 1 h H J -1
N J	 1 M d N N M CO h P M In .1 N	 r- O` CO M I` P n 1 d g I M M 1 J

4 F- O 1 P .•+ •••. N IA N .11 d O N	 O O O dJ -0 M P (11

	

N	 1	 S 1 .•. -. cJ	 tJ
f 1•- N O -0 1 O O W O co O h d P S CO -0 IA J CO ^. O n M tr N P I N N T PM O o .O 1 M P -0 M M O M h r -0 N 1	 ••+ ^+ O O It O M -0 -0 I .•+ N CJ
t	 I N N ^+ •+
u	 11

f

rJ N 1 J M It -0 O P O P N J PJ -0 P t- P 1 J 1 In 1 0 (5 111  O M o
N	 P J h J O CO O N -0 N N N	 M r -0 J O N r b h	 O I g O p O

N Ix	 d N N -0 N O J O CD 1 O O Ol .+ 1 0) ••^ J J cJ M CO O T I D LD •J J
IA i' O N N N O O P 1A 1 CO 1 r m m P	 to h CO CO IA r P IA 0 I N ry r-
L	

n
J O	 M 1 N 1 P -0 P -0 h 1	 1 N	 ••+ S -0	 M M P IA M I J S M M

M J O	 I	 .n	 d	 •••	 1	 IA	 1 h {^ r•> O N	 1	 I	 / r .... N	 N
IO d D
• y1	 1

m	 1

• ►-	 hN O N J f` 1 M J N N N 7 O .O P P N	 N O 40. to
V1 0 O 1	 to h rJ M O N f, O	 1 O 1 .0 J O	 IA r- P NW O M O cJ O O N N	 rJ O	 O	 O O O O O	 O O

O O O O O O O O O o O O o o O O O O O O q O O OJ	 ♦Y	 /	 1	 1	 I	 I
O
[.1 Y N O h P CO h 1	 S to	 O -0 t` h N h O N M @ J N d O I  

N
M e-j r 0 •-• O

	

r	
~	 1 	 -T	 .T

0 1- J (2) 0 0	 N N P rJ CO M M 1 O f\ d M LA h S N M I .O •O J t
W H W	 N O f+ P M IT N h	 lA	 h CO P I N Cy N cJ
Cc J O M	 CJ	 1	 r	 C.1	 1	 1
H M LLJ H d
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Mî ir 7 ẁ !.^ r +0 3N P riN 'A•f f f P ci
.q r^ O r r+ .w a t, IA.,

;: r O M d a d 0 N to A P O ti o r a a O • J a 0 Q. d M	 4 4 9 15
^ M N O O sJ N1 1A e7 a O• rt1 .. O O t-* r J 9 M N to	 i a c3

y I.i 
•r .^ 0P r n M1 r

n u ri U
t+

T 0 '	 + .'

•_it ri >_ t.J r rA

N W f•• r
riri ^1	 NW r ^

•+ 4^-i p: :rl t ? O A O N O T >! .+ /1 N r el b a01 n.'i	 ^ Yt a • ^ O M M1 .A. a "t d .^ Ae 10 a C
8 fr <+

O
O O

a
N t+

ilii r '^ f/ ^ ti r ti O N t+ z+ O ti t^
.

ti E3
.

-
Y W ri n..t y9	 9 .[ a • O O O

.
a V O ° a O

.
O C. Q b O O 4 O O 0 O O A

W J t	 r w wt	 ^ «.iW y Y W t4 Y t	 ^	 Y9 H
t W w ti r. w q uu^F

4 F
i J Y

W
4

w

U
I
.A

Q N P_
J
[ h.

W
rk

N
it.

1 t	 IAA
U	 t	 Ui "	 •1 	 •n

ttj ti i a°t R g pi e1 r i.7
) Y	 r n

s Ae 3 q J Y ,s t^ yf
_

++	 .J U U f+li
s

'

_
s

4 C, f	 J	 -f V. +I

tt ^ ^ Z; it O^ i t .^ f3 !r U w u	 ^t a .a
N .Qy,y ^ Hrf w

s' H
d

1-4
^

61.
'! d : w .^. —

2 Q	 a	 ,y
^	 ^	 i	 ,.	 ^ ^	 i

N N L
ft Û 9Ci
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ŵ 1-	 Q o
O	 Vl .+

1
i

1 ^ r-
I	 r U1

t
I

I	 I I	 I
0
U

H
4. O 1 co 10 (C O ti O

1 W H
I	 6. p

I ^
h-

J	 N m
1
1

r r.O	 ,0
q^ I	 J 1

i
—o-.o

L1	 1 f^	 f^
,r •z --o -.o
L1 ^. f^	 (^

a J V 1 l a I ,o u ,o a
07r-I I I = Q t ... -. ...	 -..

w h- I^ > t 1 I	 r- u I
J Q R I I
U L1 O

U

O

O

U U

Y Nt_q Y	 U C7 s	 Y 	_
O
J 1

_J
^ V) ^-I

J	 -
^ N 1-1

W	 _
>	 N r

O 1 O W I C w J w JI YY	 o^ -1 I ^- Y 	s•( v	 r-	 tea.
= 1 J J W Q V1 1 J J W Q (t) U	 J J lit •1 N

WH i1 O U KU L1 O
I

I O U • t 	 -U ['7 -j O U R
Ll	 U ^' v

^- t G'1	 (,^.	 t	 r H	 1P N (: rr N '1 Ill c) ti	 .')

W Y
1
I

Q d^^
J U U ^•" •T Y

I J	 Q	 4 ...	 I--I
I-y J U U. L J	 4 R ^^ .- I

'^ J U U •-+ •1 :.
O CL C 1 J	 (/) w CY 1-- . 1	 N w C -'	 > U7 .-.

C) Ln
P^ U I (7 (7 J7 1•• b L.7 I :: l ^ H "0 U I ' : c1 H b

U W 1 -	 t/1 W 1 Ul	 -	 41 (7	 -	 V1
•• d

h-d 1I 1	 .y N Oh-
I>! .- U U1

h'Q
I r ;Jl CJ!	 >	 U' l

1	 ^+ H V1 C: 1--b- I	 1_	 Z U III
U I r •1 O	 0 u C	 =)	 O o	 •T l	 O

I N V) N	 U 1	 N :1 :i .a U
4 O
W ^

t
I

J	 N
Q J H L7 J J

J	 V)
^1 J N i1 J J

J J
(^ Q J h- ^1 J J

Y I F- W C^ H w_ _W J L. r+ W W

I h- 1.- U w 11 .^ ^ .. 'v w u. ^ r . U .++ u- W

-160- II



Power Systems Division	 FCR-1333

r U1 W^N J CJ .?	 M q n P n	 n M O S O f` U1 'O to	 P {11O U N L co O •O	 O •O	 M O N d •O O P 01, M r` to O J N U1
W M

	

IA	 N O .•+ O O Ln P O	 M U1 O r O O O O P M r N O r N
r	 J M	 N	 r

O P PN	 N J M M L N P	 P S co 111 In	 r` In I r f- r n -+ o
d 10 CJ J) J) M fl	 CO •O M N rl O O J .O S P P N O .} r 1 . •+T P M P MJ P O U1 n O O N O M N CJ 111 •O P 111 n M P uh 	 O 1	 r` I r rl M M M M

I Q P M
C', S
	 M O	 f^	 1	 N N J "^ 	 O 10 N •O •O	 CO P I 'T (O r W«I H .•^	 .+	 .+ r N 111 j J	 N N O	 N	 t 111 lA r 0^ •O

	

N 1 0	 r	 r	 1 U1 111 •T 	 J

	

17 t ►'	 I

'	 1
M

	

Q W 	M .+ •o P S •••^ O O t` O M P J M O r (7, O t` r` 111 P P M 1 .T N .T M .T M

	

VI W )-	 (n P O pn j In CJ	 IA N O N d P CalU1 V] U1 pn 0I r p M M M M> F •O C1 O co M •D M O O N P Ln O P •O 111 COO •O P P O r` M O I MI Orr 111 r U1

	

IJ7 M	 S P 111 J	 In	 S P	 Ul JJ O N .•^	 co	 CJO N	 CO O	 .^ r M « M(Y J M	 N	 N M M •O M .+	 .•+	 IT Ut O r 1	 r CJ1 r O .T 1 T J	O W I •a	 N	 N	 I T P •G	 J7

	

M W H	 1In D1
N

	

r z	 1
"

	

L O	 M N r` O M O M	 U1 M P M U1 N r O O In P N M O N CO I M S M •O M O

	

W 1-	 111 r` .O N J	 .O O M 111 d m	 r O N O M J	 •OT	 T .O 1 0 U1 S P S PH •O t\ Ln	 f` O 111 O •O O	 O M O	 Q7 rl n M r` O O N	 1 P r` r^ rl rl r\

	

1$	 O M P O M	 N	 N M MO	 1 P	 co O 111 N O	 1 CO 
107 CJCJ n lNJ f^

	

I Q	 1	 1	 47	 N	 I	 I	 1	 1	 M	 P	 I	 1	 1 N 1 	 ••^ 

	

I J	 1	 1	 I	 I	 I	 I	 1	 I	 1	 1	 1	 !	 1 I M M N	 N

	

l a	 I^	 1
w N	 ^

a 0 u, O Ln N co r` u1 o N	 m	 M S .O 111 M J) .o rJ	 T	 T •O	 nO N V Iti N M uJ CJ N O O S O f` O	 M IT O N t0 M M dO O lA dlA iL H CJ	 N O	 CJ M M O O O CO O	 O	 O O O O O O OY N H Q
(^ M> x O O O O O O O O O O O O O O O O O O O CO O O O O
W i Q	 1
F- w N
Q

T ^J I. .T •O N .T O M	 U1 M [) IA P P O •S O S	 CO I P 111 M n M D
!-	 N	 U1	 O	 T	 M	 N.0 	 P	 r`	 P	 Ill	 M	 O	 P	 t`	 U1	 •O	 .('J	 M	 o I M T •n !^?
n J	 P P N	 CJ V O U1 O N	 O -O S O M CJ	 r •T •T	 7 rJ I W -.3 rl T N

	

Q /- O	 C7	 J)	 r`	 O	 r`	 P	 cJ	 U1	 P	 ,p	 L1	 nl	 M	 1A	 Cu	 O	 ^	 n 1 •j toUl 1 P M C' ! M't /- N O 1 P S S M U1	 CJ f\	 U1 Ln	 CJ	 rl	 L1	 111	 -O	 M	 1	 lA	 O	 P	 r` t r	 .1 L1 1 '1 .A
t O 0 a « S CJ	 « M N M U) « « « N	 M CO d M P	 M J 1 U M ai M p

U	 1
I
I

rl M	 r\ O	 r- O M p CJ O T P O P co CO M	 T P 0 O I M U1 7 n S C

	

N	 u1 (` U1 O	 M	 T P O O O-T U1 P u1 n? M M u1 O Ul M	 T O - 1 T«
N	 .1	 11	 m	 Ul	 JJ	 P	 f^	 M	 (^	 (`	 rJ	 U	 CJ	 OO	 P	 C!)	 Ui	 aJ	 L1 r'1 •CJ -•1

	

l.7 l'J •1 O	 M	 S	 O	 W	 f`	 O	 U)	 f,	 P	 O	 (O	 lJ	 N	 M	 CO	 O	 JJ	 fJ	 •+	 G	 CJ I J) r- 1. f` CI n

	

J O	 N	 I	 M	 «	 M	 n	 f^	 M	 M	 1	 I	 I	 1	 1	 I.	 .+	 .^	 CJ	 111 1 L1 U O f U f^

	

m H r O	 1	 I	 1	 CJ	 «	 I	 I	 i	 1	 I	 I	 I	 I I C/ C J J) .^ O .-

	

^ O N	 I
• 'T D
a N	 1

W	 1O
H	 S P CJ r S M 1A lA d O S T O f\ O	 tvO	 L1 OJ (,•)	 O	 M	 -O	 M	 -T	 t`	 CJ	 1	 J	 M	 1n	 fv	 CJ	 M	 t\	 O	 O	 M	 C

d U	 O	 O O O O O	 O O O O O O O O O	 O O O O O
O U /-

O

U	 Q O o 0 o O o O O o 0 0 0 0 o O o CO O o o O O o O
1	 1	 1	 I	 1	 I	 I	 1	 I	 I	 1	 1	 1	 1	 I	 I

HY.	 J) In N U1 C!	 11 1`	 P	 S	 N	 rJ JJ M	 S	 'T O	 t`	 «	 O CJ N CJ ••. d O .q O
W Y In Ln	 1 Cn -

	

H J ('7	 P	 •T	 U1	 1	 CS	 P	 t`O	 d	 U1	 U1	 C	 <J	 -•1	 U1	 t`	 h	 N	 P	 CJ	 n	 P I nl W ;fl	 Lnd l-I W 	c..	 CJ	 CJ	 CJ	 d	 M	 ..	 «	 S	 Ln	 -+	 M	 r	 .n

	

J H	 N	 «
In w >

7 V)
A

O	 M	 t\	 tlp	 O	 r`	 C 	 T	 In	 CJ	 ^J	 O	 O	 CO	 M	 O	 In I P	 O CJ r7
J •^	 17	 f.
W	 In	 ltl	 CJ	 M	 r	 Q	 r^	 S	 [J	 O	 CJ	 .T	 «	 r	 M	 -+	 O	 LT	 S	 f\	 .^	 L1	 1 to :.1 r • 1	 M r

	

l W Q J l7	 •r	 r	 «	 .r .-. M	 In	 1	 N `S	 T	 1

	

W ._ H W ^	 -1	 ..1	 1
J « Q. H W
N C..	 Q

V1 J	 Ln	 IW '- L
V 7
U i .i C1	 M	 !^	 M	 rz	 P	 rJ	 f	 U1	 sO	 CJ	 P	 ll1	2 J u • '1 Q	 T	 1n	 n	 O	 L1	 P	 t`	 /'^	 r l	 ' J	 r,	 P	 O	 M	 M
C< W	 O	 O « O •-+ rl •-. O O O O O O '^ O O O O O U O O

H W ti 1-
1 1n	 .1 	 O O O O O O O O O O O O O O O O O O O O '7, O O

a C7 U
4 U w

J	 J	 ^ tJ) .
Q	 J	 Y	 .l	 'W	 t 1	 1	 Ci u

6) i	 J	 J	 •M O (
	

1-	 I	 N T
l;) S	 CY	 H	 S	 !1	 J	 [y	 J W J L1U	 L	 W H	 J	 W C_:	 1 L.J W	 ^	 J	 [i	 W G 2	 W	 Li U

I'1	 l7	 U	 [1	 U	 J	 2	 W	 N	 G	 -J	 N to	 L'^J US a	 ... G u	 C	 W	 u	 J In
w cJ	 u	 W	 H G W G	 J U	 W	 2	 .,
lJ ^	 U	 -	 4	 J	 C	 W	 r1	 W	 .^	 I-	 I J LJ .^	 _

4	 2	 W	 W	 J	 (1	 •f 	 .T	 -	 !n	 _	 4	 lJ.	 ! 	 U

N .-	 C1	 (^	 W	 _	 fY	 _	 C?	 -	 _	 -	 W	 .7	 ^-1	 •Y	 1 Q L7 ' ^
h• C	 =J	 H	 H w In H- u.	 U	 G >- u C	 R	 a w w	 [L O	 - _
V	 C]	 ^1	 J	 j	 R	 __	 Z	 -	 I-	 C	 4	 I'..	 -

	

..	 = m	 P O.	 U W U Q .J _ C- N ^. N W G H .. (.J U	 K	 _	 -
V I VI.	 J

l7	 fJ	 M LA	 n	 r-	 u7	 t^	 O	 «	 T	 In	 O	 h	 ZJ	 O	 rn	 f	 to
Z	

G
CJ	 O	 O	 O	 U	 O	 O	 O	 O	 •-+	 r	 .-.	 -+	 .-+	 f J	 C J	 C J	 t J	 I J	 e( J ti V

O O O	 G 7 O rf n n ^^	 O O C t	 n rf n t7 Q O c ^; U_

F(



Power Systems Division FCR-1333

V4

0

1 hPo tO.j1 •.	 P P P Pfn
J 1 T M O N O N1 4 I N 111 M M M M

1 0
1 0

I ^^ P y N M
MTNP N ah Na N.1to I H 1 N M y U1 In (11 (!1 CJ M O h O ht,7 f J 1 O O M .- M + h u h	 h

H 4> 4
4 W Y

1I toS N^+tV •^.p M Ln OLn O Hu.0 11
N ^H I ..h M 1l1MU1 M- I

Mtn^J I1 rh h .CJ h ,p(nNaP S P N 1

W H 1 h.p •O	 •D t7 1 h I,a pna hh TM aF-)
0 a ►- 1 MM CJ	 N d' 1 P P h..h T T h..h
H 1 UJ H 1 ^ P	 P -+ T	 P
N N 1 S> 1 N C-4 N N .r	 .'n
N r ` 1

HO I M1 ^+ A•r•	 :P ON I
LI— I (nom 10TJaP I
W	 F 1 NMNh CJ h 1

I $I	 c 11 CONS ^a.O1 to M tn M 1 N •O .O M.O M MOr
I	 .J I (n a T N h J) h •O h .O

L 14 t '•t	 1	 1 4 W 1 N .r P M P M a M N	 N1 1	 1 O:) I N CJ
= I U W 1 1	 1	 1	 I
H 1 1 I
r 1
CL0

1
1

1

1 1 N•"+•••^ LI	 '60, OO OOOO
Cl 1 I P (n T Cl 1	 W J 1 P M .j M .j M

1 WF••
1	 ^/ W1	 I H D 1I CJ fJ ^+	 I	 .+	 1cJ N •+

Y Q I	 I o W 1 1	 1	 1
I,'] 1 .p	 CJ O N O I	 I	 m 1

H 1 M CJ ^+P ^+T 1 1
/- N 1 to .+M PMU O W 1
N J ^- O 1 h CJ M O M O W 1-'* O t ..T S ^' .j ^>> 4 I O OO 0 00 000000
N

40
1-- O O 1

C,
N O J M - M Y H H J I

W t H U N 1 )Jl M h M	 M m [-+' J I
CL I

Cj
S S,	 N q W H 1

H
r

4
U I 1.

N O V)
Nq U) ♦ J H

U) s	 t vN I O .O N M CJ M O OW Q' N I O M Q) O A T N -+ U CDOOOOO O O O O O O
'- 1 LnG 1 T O t J c1) CJ ') L.^ IJ i (.J l7 Q O I tl M CO L') UJ (n 1	 1 I4 m J OH J O II h P to 1) U) ^)O M (n M In M H> I	 1	 V71	 I	 R 1I
Y In l U N •••, ^+ cJ	 N 4 t	 (:J 1
L 4 0 N
O	 .j C N NJ f W I J

W
('7 _

I CJ •. CJ Ln N O O O O 0 0
U

Ln
(n U H W I

Ln
O) T/	 L, 1nIn 1n

H J p W J W I O w 
U H •^ U 4 p J J I

rn
d ul M	 M

W ^f O J N Ce H w 1
r^ U 4 F- C^ 1

J 
^ o

a.
w tl 1

H

H

W

H

Y	 L"Y 1 L1 ,j O (.;J O© I LP h 0 0 0 0 O O O O O O
Q Y•• J (^ N Ij Q I cJ .^
Ix Q H W :.• I M M f.J	 N W J J	 1
W Ln J	 1-•1	 1( I J J I 1

IL H W	 X I p H 1
W
L:1

Q. H	 ; O
•n -.

I
1

I CY H
I	 1- N i

O In W H

U •O 7H I1
co M Pl; ^T NM	 t')	 L'1	 U1	 .t}	 l!'1

1 G;]I 1 S •+ ry a r1J T O O O O O O
1 J	 (N co I ^9 w n I J I (:, M O	 r^ ^.

W Q J c7 1 .-.	 ...	 .. I	 Q I :J	 r l	 J.
O i 1 I	 7 •1 I .-. r

[O H W 7 A 1 I	 ^ (.7 1
z . I a

i
1

^ w rJ 1 Z 1

`a
W

(n o
H

Y N
V r	 L7 t7 tz	 L`
p J W	 J	 '

U 1 U LO 1 O W> CL W i

1 J J W •1 Ln V) U	 u Q 40

w
1"•

I

O O-
U In U

N N	 !l rr

)
I
I

G L)
U 11 U

Y	 N L7	 C'I H
J	 U U ^i
.J	 U !.1 U
U	 V) N	 L'J ^+

Q I W W Ir l^'	 U) W	 .^ V)	 L7
W N (.1 1 1 l'1 H V'1
U I Q- ) J	 R •f J	 k •1 :_

UlO I (^: 1 _ :1) W .1: h -.	 . V) W U J	 .	 W
U C'J l7 '^ L ', N H ad L7 I L y^ U^ F- M l•) ^-; V) Ln b

Ln

•• h q 1 '_	 -	 '_ U L7 Q I J 1	 U 1	 -	 '	 CJ to 

O' (.7 l) H	 U 1

C',

N ,.	 ^ 06
I 
	 N U

^. C7 J	 N I W	 In J J	 ;P

W ^ 1 Q J /- Jl J J I -	 -J	 - In J J !` Q .^ H V) J J

-162-



Power Systems Division	 FCR-1333

V
R

.•+ N W^ It S r f\ r d P •-1 .p d0 d n 1 1 M Ift M M 111 n N n O O
O U N 7V. d O 111 O O M J M P d N d M N O 17 P d O 1 S 111 M ry

	

N .. N O r O O O d T	 r N O O O O O O NO 1- O O O
r	 N N	 N	 +

r. t` 111 L11 P O N 0 O P r d N O T O O •t co N Ol Ln r T 1 0 J T •1 ^_
Ol 	N 1c1 r` J O N d r M J J N N T M m M .-. n M M Ln I J M d T 10

J 1N	 M	 LA d	 co r` J N	 N d O N !0 N d M M S	 6A 10' -. Q Ol J S
I q M !J N	 I	 M N P d N M 1	 N O d r 111 N .+ .••. I d ^ T) L11 d cJ M
I h .+	 .•+	 .^^	 .•+ O	 M M	 1	 N	 CJ	 r	 1	 I .S M r J N M

{A I O	 '+	 1	 1	 I CJ N N	 N

^ 1 r	 1^	 1
M	 1
f LuNN L11 n N d 1 Ol N n .O d T LA T r` co M O .? It rl Go I n 111 O O• N LV
ill W Y r M	 d N J d d O P O M M N M P It N S co W •••• Lll cJ 1 Ln M O J J C•

)` ►- M d P LA n P W n O d	 P O r0 N N Ol d d N S n N -^ I cJ O J J d d
N H O J LA N 1 M N 1 co P 111 1 N N N	 d d co 1 P N .O N 10 J r- •1 J T
_ CC J N	 N	 •+ N N M r	 IT — M	 M	 I Cr) M M cici

I L A &A Ln	 Ln
M C h
N 7	 I
N NM

CJW O	 1 P r` O M M Ln n P r` M O O Pa O• P N O .011 LA O d '0V. I d 1 M O r` n
W h	 ^ NN O N O	 NM P c0 O 1, O O .+ O d CO Lf1	 d 1 r LA M In 111 N

h 1'. M1 L11 t j cM r P O r+ M O n N M L11	 T N P O	 IA I M 1l LA N r h

	

1 2 1 N M CJ co d M n	 M P 1	 N	 1 S d L11 N 1 K1 In to I T ^1 H cJ cJ M
I q	 r	 I	 r	 I	 I	 1	 .•^	 I	 r	 1	 1	 t	 1	 I	 N	 N	 U	 1	 N	 1	 I	 1 I M U N CJ O r
I J	 1	 1	 1	 I	 I	 I	 I M N M	 M
I C	 1	 1	 1	 1	 1	 I

^	 I
1

M N	 1
C O N O M	 N	 d N P	 co O M d T O	 M T M M O O O
O M l7 H L11 T O O N d d 1	 Lfl S O O O LA	 111	 O	 O	 O
N h	 O N O	 O	 N N 6 O O O O O O	 O O O O O O OY h H 4

O IM J a' O O O O O O O O O O O O O O O O O O O O O O O O
W^ a	 1	 I	 1	 I	 1
H W N
4	 _
Ix	 aI M h M N0 O M T S d Ln	 T0	 O N L11 N co m '0 I N rl O cJ M T
I--	 CJ T M	 M N t11 4l1 Oj	 M cJ Ln J T 0 T J O	 S N J L I r - - N t J CD
N J	 J O co .O 10 i11 .O	 N d r^	 L11 J d O N 2N ci M M n n cl 1 0 In 7 M

Q Y-• O	 d	 r`	 LJ•	 d	 d	 411	 .0	 -1	 O	 P	 O	 cJ	 O	 .11	 N	 00	 R
	

(7, 	 LA	 co	 O	 P I- CJ In J h ^'•
• h N O N T M M m	 N N L1 N O M t11 411 O d	 M O d N t0 O LA I .+ T O '0 U !^
.F H ^; O ci N GD M S N d N n r` r M r CJ •^	 d CJ -IDM LA r S LA I ..1 N r i: J O NG U N r	 N	 N	 r LA	 In	 I M 

L, 
r, M O

U	 I11
M	 !J	 J	 cJ	 M	 n	 r^	 L11	 .+	 ut	 O	 M	 N	 d	 P	 f\	 P	 S	 co	 d	 111 I f` S c11 co •7 -+

c•1	 N	 d	 O	 40	 N	 L.1	 ul	 to	 L_1	 M	 111	 .0	 M	 O	 T	 LT	 r^	 M	 O	 N I cl fv O .O i^ lA
N C	 J fJ	 N 111	

(Y'
	 O cJ r^	 m r2

	

T'0
	 O LA	 W d	 to d CJ	 .0	 LAM O . .J ^ N

LO q 0 c.i	 M 611 J P	 T cJ N M S d	 N T	 M T	 M M to '061 I S .••. .1 Cl '^ M
J O	 LA T M	 N J	 Lil J O Lit P T r-	 n 1 • 1 O O GJ cJ T

HJ O	 1	 LA	 '^	 N	 r	 L11	 I	 1	 .•. M .-. rJ cJ
> O N	 1	 r L(7	 I co co O m.. q O

m LA	 1W	 L
a h	 d T d M S M N T M CO T	 f` N O L11 LA O d cJ T	 M M
J N Q O S P	 O	 d b f`	 f`	 t` O M h M ^ .1 M O ^ M h
4 0 H O	 O O N	 cJ N	 O O O	 O N M M	 O	 O
O U hu	 a o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

^	 1	 1	 1

r-}_	 Lfl M N J S N N M d N O d T d	 f` T N N O 11, LA O t\ 1 O rn
^
 M O• CJ

W	 L7 1 J	 O rJ .:J -•
r J 11 d 1 S N S M f0 f\ d O 1 J •ti N N O M d Q 1 .D fJ lA d 1 111 -S 111 S

r J^ H	 r	 .+	 1
t'1 H W	 I
CL	 a

ar
M Ln	 m M N M o T M CO CO n N m r o	 i d J o .-• Ln

J	 n	 L T _T

W - J 11 O r T O tv d .O	 O M d O O ^ O O r` P	 •-. V1	 N N I M M N C J
W a J.	 ••.	 ••+	 ••+	 J	 J	 1	 1	 r	 N	 I	 I

W h W O	 H	 I
J H O J	 1

CJ I- 6a_ i	 I
N [.
V6 ^	 N	 1
W r Y
U 0	 _	 _Q= (): L1	 Cl1 P O d r	 O O

1
'	 rM0	 M T	 O T CJ LA J r	 CJ O

C -: W l7 O P M	 O ul LA LA cJ v	 O !n O O O S	 n O O	 O
.- w ^ 	 O O	 O	 O	 fJ CJ O O O O O O O O O O O O O O O

h W r•+ H
I N 7 a O O O O O O O O O O O O O O O O O O O O O O O O

J d C	 I	 1	 I	 I

Y Y W G7	 Y L72 C: O
aou.	 -J

J	 J	 N
Q	 J	 Y J W	 l^	 I	 O W i

J	 J	 Y O	 Y	 I	 Y ^- V1 .1
V1	 J	 H C	 h	 H d	 _H	 J C	 1 J J w Q G1

U	 H WW	 F-•	 It	 W	 O	 1	 .4 u
J W	 =	 J	 G	 Y W ^) Q	 H	 W	 I O O a
a h	 W	 J Q' L	 J	 J	 W	 h 0	 W 1	 U ;,1 U
Y	 l.D	 L.D UH W C	 Q J u	 W	 Ln O	 J 1	 N
W O	 a	 = O.	 C O U	 c	 W	 U 1 W Gl V7

W	 1-1	 C tY	 a O	 a	 O	 H r	 N .1 :> t,^
'J U	 u	 W W	 h C w O	 J	 T_	 W '	 I a -1
L.7 It Y	 U	 Q J	 4 W	 N	 W O	 h O	 W r J U U H •f
> (Y	 'L	 LO W J	 1:	 O:a	 V1	 W -	 W	 CL C	 I J	 > L7 W

N> h	 4 c7 U	 H [Y	 U O	 w	 W J	 H C	 -i ^ ^; n
a ;>	 61	 G	 "^	 Liz	 r-1	 O	 :u	 '-	 C	 N	 L7	 W	 a	 i^ _1 N 1- .e
r a	 h H r w	 lA 4-• cY	 O	 O	 R D a	 :S w w Y a G I	 -	 Vl
l:	 d	 a :^ J > 3 S H	 `^ ._^ 7 Z	 -	 r C ^- a d I-	 I .+ .`-. J7 H

Lp 	JJ	 a O " w h G O	 J G' H c	 I-	 w H	 [[ O O	 I	 u c-
L.I	 !n	 3 N -. 1 U W u q J S a .. z N w a h H L9 U -	 •r .1

	

c1	 .^ U
p	 c 1 M J. LA J) n n T O	 N M .J	 Ic	 r	 T T	 O M	 J	 LA	 -O	 6,
-.	 O O O	 O O	 O	 O	 O	 O	 -' -^	 ^	 cJ	 CJ	 fJ	 cJ	 cJ I a J ^- V .̂ J

ti
a n o c o n 0	 o n o	 r n	 n	 n r? o p o 0 0

-163-	 ^'



Power Systems Division FCR-1333

IV

0

1 O W M )[1 /. .p1 {A N P r •O OJ	 1 'Q J O cJ  	 -+I	 Q	 I U) S J^ •1 lf1T
1	 F-	 1 P -. M O co f-1 Q	 1 o-+O -+O I	 o. ..1N•j 0•(O-N1	 U-	 1

l7	 1
.+ .+ -+	 ..

J

LM	 cj	 011	 14 M (J M N P
1	 N M N ••+ N

f) M	 M P aCJ
N M N .•+ N

UJM Q
Q	 1 O• n O. <H W 11Q W 1•	 1 CJ

•O •O •'^ CJ .p O O I
Ifl N F-	 1 IA 	 S .• M 1- 1M	 1 C4O fJ •O M .j j 1
N 4'J	 1W	 1N

N 
O
V1-+ 111 0 1N	 -Y 0

InU' On 11	 f1	 M P O n V1	 MO	 O0 
O.()	 H	 1 NW N	 CJ Q' ^ I	 O` (1 N .+ N{ fJP )(1	 .+ N

N

V) V) '	1 1	 N .1..x.1	 .1r N •S+ -̂ .	 .Ji2 >
N N Q 1
MO	 I N10 LA 10 Din 1
Lh-	 1 .+NP P(A 1
W	 F-	 1 Ph 401`n O 1

1	 1 1 fr OnITOI Q	 1 -•1M co 11 M 1	 co P IT •O -+M cO`?.p .••1MI J	 II d	 I
-•1 01 0	 P.•+	 I	 ^^	 1

..J J
Q W 1	 N -+ M (11 O lfl1	 CJ fb lfl	 1	 2	 1 N .+ M In O 1f1f J (0 LA	 1	 .3	 I1 1	 I O 7 I	 CJ  n—	 ^^ -j h f>)

N -+	 .nom1 U u. I	 N .•+
M 1 1 1	 1	 1	 1	 1 1	 1	 1	 1

CL 1 1

CL 1 10 1
1 1	 0 0 cc 00 000000 

)` I 1
U W1	 W J 11 W
H

1	 J W
1	 I H^

1
1

)- Q 1	 I	 O IJ. 1
q ^ 1 .O N O CJ In fI 1	 I(.J 1^ H 1 ^ M -•^ N •D N 1 1Ln N 1 N N f^ t\ .y O W 1VI X J H O	 1

It 	 I -+ f` O 111 •1M rd CJ P 111 W H^> Q 1	 0 0 0 0 0 0 000000 I
W • 0- U N	 1 tP .T M J7 	 .-+ K d	 J 1
> d	 1 n •D -Q	 N

LA Q W M 1
M d L N p H
F-
d

U
1 ^

N
t -J M 1

N r 1 p
1 o01.1 f,a o0W

W'S' N	 1 «) m N U 1 1 •1 N -+ U 1	 O O O O 00 tl 0 0000
H •1 N	 1 N ^i l/l U ^J f` l9 1J :' L7 1 O	 I b 1 .1 -.V• 1 P 1	 1 I
d .". J n	 1 M M U, Ln f, L11 1	 I	 N 1U) J O	 I •+ f` 11 1 S P •J >> 1	 1	 4 1> V) OJN> r ffJ Q 1	 1.^ 1
(7 Q p	 1

cj
N N fJ	 N

N
N 1

O JJ Q m 1
1 J N7 v

O .'_ Q F W ;,: W 1	 N 111 In	 N fT N In N In	 n
.: O N O o-•1	 fYW 1	 U u	 P LL'I h S

LI) IU cJ 1T In 	 1J O W > J W 1	 O O f,	 O O O	
C
C:17

U H U < O J J I	 'p	 111	 L'1	 111 VIW L!) 	 l•W 1 O -J N cJ: `-1 W I
H U d La 7

J W lJ LL I
'- ^ O W L 1

O H ) M
NH WW d	 1Y	 N	 t O N T a V1 -•M Ui , T 1 d 1 I-4 W	 WL F- 1	 N n U1 O f` O Ln t- N O f` bd 1- J	 fJ (J	 .-+	 <J fJ -+ r 1
^ Q M W ^	 1 (J -- •+	 •+ W J 1	 •?	 1	 -j	 1 S	 1	 1	 I
W 1•i J	 f-1	 ► 	 I J J 1	 1	 I 1	 1

O N W>	 I O 1••1 I
W o. /-	 d o	 i I i

I I	 H U) 10
O V1 W N
U I O -+	 (J S I G p

•O M	 1
01

M fJ M O P
ci

11 1 I	 S	 M (^• N S S n M C^ C S
1 W

J	 In C31d J 1'	 1
CJ M N .+ CJ-r .+ .+	 n 1 J1 1 I	 V) N f-	 --1 OI	 d	 L,)•+ .-1	 .-• LL•1 (J f^ •+	 U

C1	 •-•	 .r
H W^ N	 1 I	 CY.	 (/) 1	 ( jS r J M	 J S (J M ~ (I

CY ^( Y R
^ N o	 1 1 Z I

dW
U! N

N
(7 >	 l7 L	 l.7 ^	 O
O J J W	 J
J I Z C1 rr Z N >	 ' N ti
O I O w> I	 O w> O w>I r>•	 Ln -f I	 >>	 V) 1 oI J J y -1 C7

7 U, CJ
I	 J J W ti V)

U
U	 -J LL) •1 N

UW I U,O 1	 U U 1 J	 O U 1

q I lu uJ V7	 In I	 H	 w w {!)	 V) W	 w W V1	 1n
w t Li u) I -) .. (n 1	 V^ C7 (D ti N V) v7 1^ .-r V)
U 1I •j 1J U U r-1 .f = 1` I	 J	 1 •fH J U U •J	 .j +'	 > H

U U t-1 1 i
O Q CY J	 '• V) W CL I	 F-	 J	 -.	 VI v1 O J	 • N 1u
Lr > O -1 Ln 'n	 ! 0 7 -1 V) 	 _ u -J 1n n

-+ •J W	 1
1-	 I -	 NI	 •- 1+ L1 U H

W
/-

I	 0	 V11	 O I n	 ♦ .1 O H LO-	 V)
""•	 1	 r-1 H Lt O /--

.. IQ d	 I 1_	 U N •1 i	 J I	 U N 1	 ^•	 -'	 :J V1U	 I a a U	 CJ U 1	 d	 -t -+ ;^	 O f1	 1= U	 O
[{ t !n N .-1 rq U 1	 L'i V1 H b U :^	 N 0	 U^t .'^ t J	 V) 1	 W	 L'. J J	 N

1 R J /- N J J
t

I	 1-- •f J H 1^ J J () • t J H Vl J J
> 1 H W' 1 H w LJ I	 '+ ti W U) 1-+ W L J r W ^') '-1	 i l l

I OL)O^OJ I	 NOOO	 J .O ^(J :_7,1 /- W U W W w 1	 H W U W .^. w 1- lL U W .^ LV

-1sa-
I'



Power Systems Division	 FCR-1333

IV r N W — M P O d O co f.l O n 00 -+ P h M N 0 •} O N M•} h LO P
O U N	 J N O N N h O P O	 P O N P	 h P	 P O	 S N O

	

.	 .	 ..n	 .
N —	 O O N O M .'1 J J J J N M N S 111 M O J J J	 + Nr	 r	 .•. .. .. .. r .+ r .. r r	 r .-. r .. r r .•. r

d OO d M •0	 M N LO h h 1fl h S P P M M d	 h Ln 1 .•. .+ O r p
O	 O h M M ,J 1l1 P •O	 cm .O	 O N O O P0 P	 LA I 0 0 0 O

J S N O S Ill h .3 r Ln J O P 1. .Q ^ r r h S lf1 fJ .+ N a, 1 •7 J J1 dl a J r O M h •} 'G O h LA M co h OM O N M d 1f1 P O ,1 I.'• 1 0 .0 P P

	

I H d r L M N M h Min P to M N Ln •+ r ^	 rl •O rn M P O I h h P P
N I Q	 r	 r	 IA	 N	 r I P P J J
L^ 1 r	 1 r r--	 1H	 1
a-	 P	 CO O M N O -t_d O In d J O h O P N P cQ M0 h P 1 M O M O M O
N W Y J IA O CJ d M -O o7) r fJ lA P O h M M P 00 d O P N Irt I P O 1,	 T
). f r O PP	 M h M to 0 M O P O N N d O 10 h M M L'1 O I IA lA 0) 46

	

N M f. d J J) co	 M	 4 O O P CO N N CJ ^ M •TG) J P cJ N I cO Q] IA Y1
ct J O M P O P	 J U) (0 •} W Ln O O J M lA P CJ O	 N O M P Ln . 1 S

O W 1-1 CJ	 .+ r	 r N J ••^ IA	 y N Y1 M M I P P fJ N
1 in 	 r

N M	 1

V) N	 1
M
= O	 O P	 O h O J M M n Ln P n M O 1 P M d d ^ O r J r J J M/ o M 0
W H	 J M (0 IA O O M M N in O d O P P	 N m P d O O r O I P P J J►- h fR	 J d •O h •t P M M O	 M O	 to M	 N O f1 M cJ 1 r .. N CIA

1	 N J J M o d n Ln O IA to O r	 P N P P O M to P O co I N CJ d •O

	

1 < J fJ M h h f. d ^ M J M N d	 N N M O W J h Ir. O N I C) 1T) •} •}I J	 i	 1	 1	 1	 M	 M	 I	 I	 I	 1	 1	 P	 N 	 N	 N I P O' f^	 n
I CL	 1	 I	 1	 1	 1	 1	 1	 1	 I	 1	 1	 I	 1	 I M In I	 1

1	 1	 1
L	 I^•y ^	 I
H4 U N O M 1 J In In lA IAd S J) O O In P N d O 1 co d P N -} to
O Ln z 

1•
 I.-4 d •O J) 1 !, d O M P N N 10IA J) h O cJ d 1 N d d

N'. •• N N	 Jr	 N N N N N N fJ CJ N N ^J N N O O	 fJ O cJ cJ cJ
YV1 I •• I a0 H> [Y O O O O O O O O O O O O O O 1^ O O O O O C O O O
W Ln.c W N
a	 _
Q:	 Ln •A Ln J a In d n	 o M fo d h o J P .. o 0 1 A to 1 n m M0 M o
/-	 O	 O)	 •1	 S	 O	 P	 M	 d	 J	 O	 •1 	 10	 N	 lA	 cJ	 0	 (31	 .T	 •1 1 LIJ 0) N	 N

V) J	 O O P P .t C) h	 S	 O M P	 h S C)	 O O	 I W 11 h f`-
Q i- O W f- rJ Ln P P	 d O 'T	 O O MfJ o O	 U P M J o •T t Ln In M MH in J fJ	 h cJ P ^ tf1 O M JO M M	 T O In d f^ (J P (J P h O M I S 7 O O

	

- O O P CJ P •p •T N N U) O C) P O J c0 CJ	 O -} 'AJ) O q)	 UJYI d U N ••.	 •^(	 r C	 r N	 •••. O r J	 r CJ I M M W Or
u 1

I

h O } P M Ln Q) O M O O in	 O } J	 O P N O N 't I 'n M Ln O Ln O
N	 n O "•1 P d M	 T Ln h O	 O M In cJ h d •T	 O P N P 1n I f^ h Ll Ln

N C	 P	 Ln	 M	 CJ	 In	 P	 P	 R)	 S	 (J	 rJ	 M	 fJ	 f^	 O	 M	 r^	 •U	 07	 LA

	

rJ	 •+ 1	 ^+ P	 Ln
l7 O M flt	 M O	 O ,? P d J h •O	 J d CJ O P O O •O O h h^

-J O •.1 M O	 I	 ^ d	 O ^O rQ	 Q J	 1	 1	 •O O to d S O ej 1 0 0 Ln InInH J O	 fC.1CJI	 1	 N	 I	 I	 I	 I	 1	 N	 (J	 N	 fJ 1 PQ- In
7 O N	 1	 I	 I	 1	 1	 1	 1	 I	 1	 1 I N CJ
q O	 1	 1 1 1
N	 1

1

H	 h r>7 O Ln	 h	 Ln	 N fJ cA	 d	 CJ	 0d P CJ Ln O	 to	 -T	 M	 ••+
H N 6 N rJ O 11 O r1 M .-. L7 O	 rJ	 O Ln h M S	 •O 10 P	 h L•1
L	

P
'1 O 	 O N h O O O M	 S O O	 P O	 O O M O O M M
r U F-	

-. ^. -.	 ^	 ~
O	 Q O O O O O O O O O O O O O O O O O O O o O O O O

^	 I	 I	 1	 I	 1	 1	 I	 I	 1	 I	 L	 I	 I	 I	 1	 1	 1	 1	 I	 1

W	 h h M P h h O LA O	 P d O to J	 M J7 J	 } N h	 I h h P 0 P O> ♦n	 I M M Ln P
H J l7 M M N P	 In M T h ? P L0 M	 P O co O e, f 	 M Ln -+

J H W =. J	 M u) P P O P . 1 h	 -	 1 (:) Ln M M J P	 Q	 fO h Cl	 1 Ln n •-. r
q J	 r	 ...	 -.	 -.	 J	 -r	 .7	 ..	 .r	 J	 .-.	 J	 r J	 M 1
OHL.>	 r	 1
U ^-	 q	 1

O
W	 h O N d Ln d fJ N J J In fJ O P In O	 O P h J '7• M O I fJ (1 O O O O

J W I M ri ? ?
W '^ J to P P M d h LA P r` I, O	 P T Q cJ — Cj L n O O O	 O d 1 M M J •O
l :^ • 1 J 1^	 O	 ••.	 O

	

Ln .7 Ln O M 'T	 P	 L J	 W N .--I N	 n O	 Ln Jl h I M M
J S O O I•(	 -.	 1

L)'- W J	 I
!n M	 n
N T	 N	 I

W
U J 0
O W r Ln	 a)	 MO=)	 •O	 M	 1	 .t	 h	 rl	 •O	 P	 h	 IA	 In	 In	 In	 o	 M	 rJ	 Ln	 U)	 to	 In	 J
CL V1 .0 . 1 O	 M	 (J	 .1	 M	 fJ	 fJ	 n)	 I^	 to	 P	 l	 J	 S	 -t	 P	 ^?	 lA	 •1	 .1	 -+
L.L W	 N J M 1 1 J J} M M J M M 1 1 S S	 O	 S O M T •T

H W . tI p ^ .t ^ o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
J V)

Y W N	 Y Q
Ln

d L 3 	 Ja u W	 _

•	 J	 Y	 t^	 1	 O LJ" O	 '_ 
J W	

>	 I Y Y _^ q
J	 H LY	 H	 O LY)	 J	 LY	 1	 J J IU • 1 Ln

U	 L W	 ^ H t7 )	 W

	

W	 O	
i	 L'1 U

J W	 L	 J	 Q	 ar-1	 W	 O G -c
q r	 W	 J (Y q	 J	 3 	 w	 H O	 W I	 U L1 U
o-	 0	 L^ U	 w V	 O J	 w	 N O	 J I N to	 .-.

H	 13L 	 a	 q	 q 	 4	 l7	 H I	 U1 L'I t9 ti V)
W U	 .•	 W	 W I'-	 LL	 a,	 O	 J	 I:.)	 r	 W	 I	 '1	 J
l.7	 Y	 U	 %	 4	 J	 -	 Cl	 lI,	 N	 1	 U,	 L)	 H	 O	 W I J U U' •f ,

.j	 Q	 •f	 IU Ll	 J	 li	 '1	 V	 •f	 N	 W	 W	 W	 Z	 LL.	 J I J	 i V) W

Ln	 H	 LL	 I'1	 ..J	 R	 L''	 C, 	 W	 1-.	 w	 J	 a	 .+	 ri.	 I q Ln L'1 •f
•j O	 N	 ...	 L	 W	 R.	 _	 D	 w	 -	 W	 _	 w	 J	 O	 1/'I	 L7	 R 1	 L^ •, L'I H y
^•• .j	 J	 H	 H	 W	 Ifl	 LS	 U	 V	 :1	 _	 Cl	 W	 W	 i	 C1	 C^ I	 _	 V1
(•!	 [']	 q	 3	 L1:	 Y,	 J	 Z	 J	 S	 /-	 a	 fl	 H I I	 r1 {/ 1--

P	 w	 •1	 .c	 (7	 ..,	 R	 G	 O	 '^	 r-	 H	 r	 w	 ,-c	 [)'	 CJ	 [^,	 1 ~.	 U n
it	 W	 :a Ln	 1 U O	 u	 u	 -^ .- ._	 v)	 ti N w a	 H .-t •.^ U L	 .f	 O

I	 L I L .••. •4 U
Q	 -+	 f l	 M	 J	 LA	 O	 Ln	 -

O	 O	 O	 U	 U	 O	 O	 C'.	 O	 •+	 •-.	 r	 ..	 r	 -	 N	 N	 r J I J	 c J	 •! J 1- t' 1 _J J
`	 I H W i'1 .••.
C)0 C? 0n n n n i	 o n n n - n n n n n n n n	 n: c :_

z	 _ _	 L _	 _	 —	 1 r 



Power Systems Division	 FCR-1333

V4
N
O

I OO  fnOInO1 d	 M	 Md
J	 1 If1	 N	 N

1<	 I
WN N N	 N1 0	 I1 0	 I M11%  h	 h

d	 J P ^•	 0N 1 N	 1 ddr	 ^+'0 1	 ha 101	 dd0	 O Ln	 U%IJ♦MSul
V	 1 J I	 N N N	 N M M N	 N
$	 I J W 1	 •'+ N	 N h h N	 Ntit ^ < O 1	 -+ -+} <	 I KId ^+O rO W 1
4 W T	 1 P P O	 O 0

O 1
N T F	 1 0 0 0	 o H 1

M	 1 J T P	 P 10 tYJ	 1W N	 I hh O	 oN N O	 O N0 1	 hh PO h hPOP 0
04 ►-	 I 1 cc

cli
1	 PP N	 N P PN	 NN

H 	 '.,7	 1 NN N W N 1	 rh	 h rh	 h
N	 1 => I	 N N N N_y•̂
^•1 {•l	 1 Ln LA r OJO Oh 1

b-
Yl	 H	 1 Ln Ln hr 1

I	 i	 1 S.7 M	 1d1 1	 M M N0 N0 N N M O M0
I J	 1 d d Ln	 M ..1 -J 1	 •+ Y1	 Ln

N
N 1f1 N	 N

l a	 1 S J N	 N < W 1	 N N M	 M r	 IAI ^+ r	 I	 1 0 1	 Ia q r	 r N .1I I	 1 U ^ 1
r+ 1 1 1
H
CL

1
I

1
10 1

1 I
	

00,004)o OQQOOCTL7 1	 (7:1	 W J I	 S S P	 P1	 coO	 I	 I
1 W I	 J W 1	 1(1 Ill1 I	 1 M u- 1T < 1	 1	 OIL I	 1	 1I NN irOco O 1	 1	 (p 1

N I NIn S	 d 1
I• N 1 h h N	 N O W I
N n

JN 0	 1O< N	 1 coIAn LAM	 M
 I11 O	 O W H7 7 4 I	 M M .•^ O ^+ O 0 0 0 0 0 0

N # 1•• O O	 1 h h N	 CJ T ^•• M J 1	 -^ O	 O
W • H U N	 1 r Lll	 0 LY m a J I	 •t)	 O	 T	 'T

> a	 1 M M cJ	 fJ Q W M 1	 M M N	 N
PI Q	 1 r r N O H 1	 1	 1

. Ir
4

u	 1
I j

In
s J ^+ I

N a < O 1T 1 N N fJ O fJ O O OW N	 I d O C] N r U 1	 0 0 0 0 0 0 000C200 
I- Q N C	 I P O	

CD
L7 IJ O Q O	 1 M Mrn	 I!1	 N&n
-, 1	 I I< ,^ J O	 1 O O T	 •T 1	 I	 N 11••1 J O	 1 h h M	 M >> 1	 1	 4 ITL7 > On	 I r V) 1	 1^ 1

0O J
f O	 1
N 1	 1

N
Ln 1

J Q 1 J
0
l^Q'. W I	 NCJ 00 O O O O O O O O0N O M W C I	 7 0	 O$ M O W > J W 1	 O O wJ	 (>70

U V)^^ U 4O-+J 1	 ddW 4 M J N	 '-I W 1
M- 2 p d I•• O 1
_

7 O
J W W W
W 4

I
I

Q 1•` M O
H1-

W
W
O co	 1T	 N	 I

h 1i n O Ln 0
N <1 L1	 ill

I-4 W	 WL H 1	 tll 1A 0 0 0 0 0 0 0 0 0 0< H J (^ N	 I •TT 1^	 N $ ' Q I	 N <J
tY J M W:	 1 P s M	 M W J 1	 S .TW 4 J^ IN #	 1 r r J J 1	 I

O M W># O H

W U H	 Q O	 1 1 LY N I
l7 ^	 N •+	 I I	 H (.0 1
Ou OW 1 h h r o r o I	 w .+a o l

w /- o0	 o r r do 00 0000001 4 J	 N U	 I N N N	 N I J I	 I11	 111	 -+
N Q J l7	 I r CJ	 N I Q 1	 J7 W W	 pL-. W r N	 I .•n r 1	 Cr Ln I	 -T	 •.	 "^

OD M r	 I 1	 O • 1 I	 •^ -+
O h- tL > t	 f I /- 0 I
N H#	 1 I	 Q 1

r
In 0	 I
r

I ^ 1
I

J
W
N
W
M
O O
T V)
L5 L^ T _^ a
(^ J _J W	 J
J
Q

1 ^ UI ti
O W

- N I^-I
U

^_	 _^ N r^-^
Ut T T	 ^= I	 T +-	 Ln 4 V	 >	 V 2

I J J W -t N 1	 J J W Q N V	 -_^ J W •f N
U I Z N U 1	 ^) U V': U
W1 1

I
O U •t
NIJI U N..

1	 U U H
I	 >	 I3) N U l'11Ui

J	 U O d
O	 NN U , OM

p 1 W W 0 ^= VI I	 W LLI L1	 !n W	 W tl Ill	 N
W V1 v) f'1 H Vl V') N L': H 0
U 1 Q 4 7 > r 1	 J	 4 -t .: l r1 J	 .4 Q ^. > H

T	 I J U U U U - • 1
P> O	 I Q 1n IP H O I	 4 I'1 In -t U v N t1 H
P O 0	 I 0 L7 N H y L:J I	 11 N H M 0 ;1 V) N H
r Q W	 1

t-	 1
-	 N

1	 I^I r•I N O WH f	 N	 (<1
I	 O	 1 I r '+	 n O /-

t7	
'MI	 .^-I	 ^.	 CJ f-

1 VI Ln r W U 1	 L'l N H W U ,	 V') V) «+ W UQ O I J	 0 W J	 L1 J	 V)
W I •! J h- L'1 J-J •-• ct J H to J J LI 4 J '- Ln J JT 1 N W V) N W LIA Z1- W to r W W

1 H W LJ W W W I	 1- W U W r LL- H W U W LL. r

-166- I'



Power Systems Division
	

FCR-1333

_	 •
r	0 W	 to N N tl O O P O	 J n	 O •+ O
O V N^	 M O 'f N -0 N J P P a M	 P n (0 P	 -0 ^ M M N
W h ^1fl .. M O O N O (0 in m d 1 to 07 n 1 4 M O [fl O M 1 n J N

r	 r	 N N N N N N r N tH	 N ^ N N N	 N N

n M M O VtN	 N O n	 tJ T 1 O N P a O rT IA n 1 0 0 0 0 •O O
S R d P O FD N	 61 •D -D N O N M n M MM 1n h O I M M- M

J CO 10 .V	 O h CO N O rJ m 1N40N N b M M 0 P •+ rJ O h I n n O O
1 Q Lh 1+ VI M h h -0 N O O 1f1 O O M A •O n IT d7 -+ d O O >1 . P P 10 Q
I H P N M C •O d m h N IA -0 N d M ^ .+ M n 41 n O Y1 O 11, I S •f ^

N 1 0	 1	 1	 r	 I	 1	 1	 r 1fl N •f N r M d	 1	 1	 1	 1	 P 1 M	 1	 h n I n n N 1fl
t9 I N	 1	 1	 1	 I	 1	 1	 1	 t	 1	 .+	 1	 r	 1	 1 I n n 1	 1

1	 1	 1	 1

w	 1
a

	

-a .[	 e o o 11 M C1 o N N a n .o M J d ao N m	 0 0 o J N I ., .. 0 0 0 0

	

>n W >- O h P n -0 P Cl N •D ^ Cl 0 ^ M	 L••• -0 n O M T	 P Ir P 1^ -+
h N ^ N	 N N N J Q) Cl O M n a ^ J O M	

r ^
_N ,r -J QJ O M M co .O M P P O M P P	 1A N -+ N	 rpp Or P 0") ;J 1 -d. 0 h n

a J 171 J P O P P n N Ma	 N r

	

1 N tJ1 M h N N to	 •^ !. N n	 •• 1 0 0 M M
W h .+	 ++	 N O M N M r ? n	 .+ P [!1 h	 N P I M VI -0 dp., ¢ H	 !I	 1 O O

^ ^	 1

2: 0	 d M M 171 co M N M M IT n •1 J d N N to O h P N P P P 1 • J d O d a
W /-	 J d in d 10 n J to n n	 N M M J O S J n O S J N P 1 •T J J 1

1	 1' N J O J h O O J 1 O P 1l1 N P r O O N d d a -0 r h I M M	 .+

	

1	 1	 O -0 N	 f o	 n	 co N O J S rPn W r- -O u1 Cl P, IP^I .O i 0 111 Ill 1tll -N[ti d cJ n d d d M d P !0 aD O O J	 _	 _	 _
I J N	 1	 M	 J J I[1 P N N +n J	 t	 1	 t	 CO O t0	 U1 n I N <J•l	 I d	 1	 1	 I	 1	 1	 1	 .-.	 1	 1	 1	 1	 1	 •+	 1	 J	 ^	 1	 1	 r	 ^ 1 1•J O ••'•	 r

F	 1	 1	 I	 1	 1	 1	 1^ ••. I	 1
1	 1	 I

w N	 1

¢ V 1/1 O P M .J P O M O [A J 	 n J CJ •+ n ... O J ^ d M O e7 a
O h l7 1-a rn P P O OV	 41 P M h a0 r- .•• rT P O O J m [r1 rO •O M f- d

N ^ /•• J Itl 121	 d Ul N 111 111	 n n n n lit -0 N O M h O •J n h
> N ►. [l7 r•r > [Y O O O O O O O O O O O O O O O O O O O O O O O O
W .`. •'[	 I	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 I	 I	 I	 I	 1	 1	 1	 1	 1	 1	 1	 1	 1
H W NRQ	 1 h to rJ	 •T	 N r, M d O P O Ill P LM a N M O P P O 1 can O h 0
r	 n CO N N	 a) fJ -J r^ D'	 O n P	 +. ? N P	 J N:J O 1 rJN n n
N J	 O J)	 H n 4:1	 r~ H	 O •O r+ QI O n O O h ^ .O .S L M f r -, fl- n

• f i-- O P O P	 lT^ M h <J FO P T	 h	 M	 lfl	 O O P N Q I .p :0 N rJ
• r- ' 7 O	 CT O •O	 a) U O h n •OO N 4n O	

T
q m10	 d) J

J 
Ln P J N M N N	 I •O A^ ^

! nw 0 0 d h VO O O) N	 r	 -	 Ifl1 N <	 111 M P cD C7 O N 111 1 P O N N
! L7.. V ms's	<J	 O	 O

Q	 <J	 .+ I O O
V	 1 ^

1

M ? P O M O O J M a J N .O O O <J •J	 h L^. n O an 1n 1 M M? O P O
N	 M	 1J7	 n	 7	 C•	 O	 P	 N	 •+ 	tJ	 N	 o	 P	 U)	 J	 U1	 O	 P	 U1	 f+	 trj r, rJ cJ -^	 •••

N C	 O H h O	 M O O f- r- J •O M tJ (J (c7 M h ,T O O e7 O PI h I -r	 T	 T
17 .f A	 r!7	 P	 rJ	 RJ	 1A	 O	 <J	 Z,S	 O	 T	 d	 .O	 O	 N	 h	 O 1 M rn r^	 I+

p ..• O	 T	 J	 P	 P	 O	 T U1	 P'	 M	 J	 rl	 M	 an	 N	 1	 Cu	 u	 ry	 f	 11	 1	 •O J 1 .1 •T
(J, 1••• J O	 1	 1	 S	 "^	 ]	 1	 O	 1	 1	 1	 M	 P	 .•+	 N	 f- 1 0 0^
O+ O Y.	 1	 1	 1	 1	 1	 1	 1	 ,	 cJ	 I	 1	 •^	 I O O
a N	 1 1 1

W	 I
r 1--	 O	 O rJ O d O P N CJ M	 h	 M N	 P	 •O 'O	 -1 •O 1[1
O 31	 C	 t'J	 CJ	 M	 yl	 O	 O	 rJ	 M	 U1	 P	 1f1	 111	 ^J	 I^	 ?	 rJ	 Jl	 M	 .n	 A	 1fl	 -
11J O	 H .S h N c J	 M N M o 0 o N r- H o	 o -^ M o o	 w
U hC,	 K O O O O O O O O O O	 O cJ N O O O O O f1 O O fJ lJ

'J	 a	 1	 1	 1	 I	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 (	 4	 1	 f	 {	 1	 1	 1

H

Q	 J P .O ^ n ,S N h	 h L M d N n	 M P O 1 N O aG ^ + -+ ^ O •+ O
W Y	 L7	

^ ^
	 r	 1 P] '>J O	 "'

(] h J l7 10 f- O n	 r. h O P	 rrJ O	 •J O	 P P O h	 N P I h r- 1r1 P
H IJ	 S M .p n P P	 O N PO	 'T	 .J N N J	 P .-•	 .T O) f- O O r P P

LL) 0174	 IT	 r <J
O F- 

r Z
	 1

U ^	 N1	 I

Q	 O	 ,O d J J O ] M J U\ n O cq S tJ d r• P .T h L M O I Q O O O O
J W	 f.
W W J	 c7 n	 111	 ^J	 It1	 P	 'O	 -T	 M	 O	 d	 en	 P	 P	 .O	 P	 -T	 A	 O	 M n	 ,J	 N I r^ r-^ N
> G 4 J	 n w L tJ M M	 -1 M O •O M tfj	 1,'. n	 D	 <J <.J h P M M
J	 C =.
	 -.	 1

N G	 n
V7 J	 N	 I

W

U J (]C7 ..J N	 v1	 1 L. G7	 411 cO 	 .+ O	 CJ O	 d .fI	 J	 J1	 P	 r n	 OO	 o
4 v+ . ^ 'J f'•	 J	 O	 M t?	 W	 J L J	 C) "I P	 P N f-	 P P
... W	 M rJ cJ N M M r7	 M M	 <J •-• ^ N <J O O	 p ^	 •+
I p `^ > -f O 0 o c o o c^ o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W L	 >	

7CR .. W	 .J

	

J	 1 0 r
•	 J	 -J	 C	 17	 ^.	 Y ^.	 u. ••
Y7 ::.	 J	 Yr	 (iY•••	 ..1	 CJ	 _	 J	 Q	 1	 J J 11I •f l7

V	 I.	 w	 W	 1-	 rt	 W	 r 	 1	 1'l (.'
J W	 L	 J	 T W O LL	 1••I	 W	 '	 Q V " r	 -•
•2 /+	 W	 J	 O:	 J	 Y	 J	 W	 H	 7	 W r	 ..} '.7 C.
S	 t7	 U U	 41 ¢	 LL J 2	 W	 [fl O	 -	 N N	 .-u 	 (1 O lr H	 Q	 W	 U	 4. . lP N

[L	 ¢	 O	 G75	 1.1 1 .r V1i±	 y	 ^,	 a	 r,	 [i	 -[
4; _	 U	 '.	 •¢	 J	 r	 fc w	 N	 •	 w ,	 r- [^	 w	 .J V r.. y

• L	 (L	 v	 W W	 J	 t_	 •t	 H	 4	 -	 C7	 U_:	 W	 -	 wJ	 4	 Q	 > I J	 '6 W
3^ ?	 r-	 ¢	 l7	 ^	 fc	 .7	 O	 r;-1	 _	 w	 .^.,	 J	 (`.	 H	 tf	 { a v^ '^ -•
4 O	 fn	 (1	 ^)	 Ir	 (-	 Q	 l.:	 W	 W	 J	 L)	 N	 u	 W	 11 1	 1' t/1 H 4
r q	 1••	 H	 1--	 W	 u)	 r.0	 u	 (^	 ([	 J	 G	 W	 W	 4	 U I	 ^: -	 C^

p	 -	 •i	 'f	 O	 ^i	 .r	 .2	 [.)	 O	 J	 U	 :7	 t-	 `	 G	 r ; ; r+ .111 1.

	

.•+	 L	 :L L u In z	 1 u W u	 a J	 t	 ._	 an	 J1 W CL r 1-1 u u	 I	 K :J ^.
t7	 rJ	 M	 .1	 an	 D	 n	 (I	 R	 O	 cJ	 f	 111	 S'	 r`	 h	 <''	 O	 M	 1	 L1	 .p	 J	 (^u a o u o 0 0 0 0	 -^	 - --	 N N N u rJ t J ^. L . .J .^

C O f7 O f7 O C? n n (^ 	 O <; d	 O n n n p [] r7 C1	 ;

-167-	 i	 (^



Power Systems Division
	 FCR-1333

V'
	

P
O

1 S r .r tl .f tl
1 N rJ M	 M

I< 1 M} 1 O	 O
I Q 1 S SO	 o 1 -! S d0-0O -0.0d0 d0

N I H I Q •O tJ	 N 1 1N h M	 M r^ tY	 0
l:7 i N N I	 I J I = O y	 O ^^ N	 N

1 1	 1 J W 1
OW ^KLu I OO.7

Nhr 1 ;0Nh	 N 1-- 1
M 1 O' O. N	 (^ 1

^' W ► ' 1 1 d• O O	 •O ^^ 0 0 0 0 r r O O O O
1.0.1 a? 1 NM M WW H 1 .- r r
N 1 => 1 N N N N

yl — ► 	 [ 1
O N O O N ;

W	 N 1 0 W-0	 4 1
1 1 N"N	 n
1 KI J I1 O y .0	 -0.•r	 d	 -0 J J /1 00.00-01'>tr N tp	 O 00 d0Q t0 OJ	 0
1 6 I NN f	 .1 <W r` 00N	 N

I -0 •O	 I	 i O D 1 .+ fJ	 fJ I	 1
1 1	 1 u r M M

N i I i
^ 1 1
IL 1 I
o 1 1 N N M O M O 0 0 0 0 0 0

1	 a 1 M M 1f/	 61Ur 1	 W J 1 0 0 fJ	 N
1 W 1	 J W I M M J	 N

r.• 1	 1	 ^ r J Q 1	 1
y, < 1	 I O W 1 1	 I

2 1 . T • T 0 0 0 0 1	 I	 W 1•
F.

r
N

I
1

o 0 0	 0
M M J	 J

1
O W

I
1

N
't

J h O
< N O

1
1

O d 0	 O
O .O !	 J

W H
>;

 21, I 0 0 0 0 0 0 0 0 0 0 0 0

N • 1- O O I to W !-	 1^ H 1
W • H U N 1 cJ c J S	 S

M. r-m G J 1
0. 1 M M U	 cJ '1 H t

H1-, <
U

1
1

M M
^

r J (^ .-La
L]

1
1< 1 ^

N
♦ J H
•K O

1
1 b T N O Y1 O O G

W a
Cc N 1 O Of-	 h N t-) 1 00 O 000 000000

r -1J N Qt7 ( O t1 c J t J -t	 .+
fT O`	 P

0 I	 I
i
1

( Q "--- J O 1 rJ cJ ^^	 f^ H 1	 I	 V1 1
j CK J O i f^ P	 P > I	 1	 K I

>• N U > OM < 1 U 1
t^ (O I M M V)
O J 1Y N I I	 1 IA I
Jn < W

J
1 J 1 N rJ M r7 M O 0 0 0 0 0 08 O In O M W (}: 1 CO	 fJ	 fJ

j H O O W > J W 1 O O tJ	 N
U ^'- 6J U d O J J 1 -0 V
W d Q J< Y) 1	 Wo^

I
W

O
J W W W
w d

n MUOUO ►• W	 W
1- y^j Y	 N I O R r`	 w ( T r I N to 0 0 0 O 0 0 0 0 0 0
< p H J I'1 N 1 h fw !	 J ^ ^< 1 cJ	 •: J

J N W ^,J O .-1 • 1I ld tl tJ	 cJM M W JJ J 11 J J1	 I
4 W > G.+ 1

W G `-	 .i o i :Y ^ 1
U U ^	 Y1 .. 1 .- N I
O I	 W .-c 1.J p 7 1 UT f a 0 .D O I	 [i p O O O

1 W
1-

J	 N m
I
r

N toM
O O O	 O

1
I J

1
1

S T .1 O O O
1!1	 In	 ^J	 'lJ

0 O0

V] fJ .n .. 1	 1 V1 I^ JO ^ H ;
1 J 4 I

3 r W 1 1 ^ O I
O R • I	 •1 I
J N O^ I 1	 ^. I
JW
N
W

n
^

l7 l7 ^-	 l7
'

V1

y
Q	 t9

O1
J

VI In H
W

N	 I--I
G I L) W i 1 C W> >

1 > r	 L7 4
Y)

1 r r	 L i +1^ J ul 4 lO u	 ^'	 -'-	 (/1	 •1
lr	 J J W .t VI

UNU .^	 L.) U
-'W 1 O O d 1 U U a G O

1-- 1 U Ill C") 1 U N H U N :J
Q 1 V W t.•1	 LO 1 1..•	 W W L1 ,: (rl Lr	 W I.1 Vl .: L]
W I V1 N L'1 .-1 N r•1	 N	 rr l •I .^ VI L7 N	 --' Yl

O 2 1- J	 r trl W G J	 • VI W.^O > LJ 1 < J1 11	 .} U I •S '] 0 -f U -1 In :"
P O U' I l7 l	 w% .- ^• LD 1 I) I	 t'I H- L'	 V I H M
< W 11 VI.•-	 Vt [J	 f-

WH 11 NJlr^-I	 :^ t7	 Vl1r I^ J	 -
.. p K I	 U LO ( ; I	 LO

C.	 • T'	 ;	 G 1•-	 I	 i - ;-J1
LV 1̂ 	 O u A	 tl 4 G	 •

U) Y'	 °• U y) yl H N lJ O	 L] L^ c	 'JI U
W 1 4 J I- ttl J J I J H N J J cl •: J 1- V1 J J,-i 1 H	 ..	 ' r1 ti	 .J=]	 CJ - `LL]

I
;

1	 ..lVI Ll ^J C: ^_	 :] r♦ f;.	 n ::	 ytJ̀

-168- I'



Power Systems Division	 FCR-1333

^'	 r IJ1 W ^" N # A O_ O N ^	 P P H O 1 m d m O d h N h M h N
O U N .L N J O	 (J d M -.t O /0p1 N d O W P fJ O P S M	 N

W H	 r

	

N- N O O O O N d	 C fJ O b P .O J M O N O P b h O N
^	 r r	 N N N N N N ^	 r	 fJ r N	 N r	 N
f+1 O d P h P rJ 1 M T J O J ^ A M A M ^ •A fJ P b O I -+ •+ 1 0 1 0
N N N N P N N -1 ^ u) aU O	 u1 A T •O M fJ J N M r ^ 1 rJ rJ ry U

	J 	 r O rn f VI	 N h O P PP- M O A N O P •T ^ P O 1 O n r. A
1 .f -f P -t P A	 ^ 41 P M h O O h N O 1 N S N 61 d M T 1 J N O O
I h O T d N A P M P d T P .T N d M .•. J ® N b •t d N 4/ 1 J -J 1 11

	y1 I p	 1	 •t	 1	 1	 M	 d	 fJ	 .t	 N	 r	 1	 1	 1	 1	 1	 I	 M	 1	 M	 I	 r	 I fJ N N	 fJ

l^ I!	 I	 1	 1	 1	 I	 1	 1	 1	 1	 N	 1	 1	 IrQ I h h lA	 N

	

1	 1	 1	 1	 1	 11
7 Q'	 O M o (O -O co O• CJ .O N N Q IA P O O O -T O h A I rJ N A 0 0 0

K	 r r
N W	 N A r 1 d P kn P d ^ N V1 'O r0 ^ d O P N tfT	 P M IA I n n J	 ,

r ! A d	 = ^ N 4n ^ N	 .•+ O N /- h .+ M O O N b M O M l h h r. t-
(A rN r m M	 O d d d	 r	 r M	 ) A	 P .1 •1 I fJ J n A

J N(71P A P P P 1/ N 4 to N N f J /fVJ n O P P rJ h J n l A 1^ N N
CJ .+J bl ^	 r j	 M 41 M 6-1 fr1 r	 ^ O	 h	 '+ P 1 h h N N
M a r	 N	 I O g W d
N

Y1 IA	 1

$W	 N ^ N O O •+ O O O h .D O P fJ h O d N r Ln •O P Ln A I N N fJ O fJ O
W H	 In O P WI O O U) S co O M N h M 0 	 A N 1 n d N 6, .v I O O M M

to r,	 y p Q d .t rU M	 P
P •+ P r- ^ O O O M G N N Ln 1A M I A h 1A to

1^ N h A O N n A N f	 .1	 A	 ^d A .+ d	 N O A N W rD I N N •J7 W
1< N O N O h b N N S CI Z P O •T A S P N fJ m d S d .n 1 -^ -^
I J N	 M P	 A N d P O N r ^ 1	 1	 1	 fJ r m r tJ W 1 0 0 rfl

	I d	 I	 ^	 t	 1	 ^	 ^	 1	 ••+	 1	 1	 1	 1	 1	 1	 1	 N	 I	 I	 1	 1	 .+ 1-0 y .r•.	 ^
1	 1	 1 I r r

1	 1	 1	 1	 1
M V

G O In 	40 N N m N M N O d N rl J
O	 In N r f- W tU lA 111 O A W P 7J f! O h

	

 14 P r	 A E7 N 1A

ifl t`	 N 1^ A m d n h d A d f• A d O O d rJ G S d O S d 41
L9 •- Q O O O O O O O O O O O O O O O O O O O O O O O O
W i '*	 I	 1	 1	 1	 I	 I	 1	 1	 I	 1	 1	 1	 1	 1	 1	 I	 1	 I	 1	 1	 1	 I	 I	 I

Y- W Ul
K	 A1	 v A O	 fJ d A P T	 S •t 7 O 11 1 d) 0 0 d ON M .+ O	 r r	 r	 r rJ	 ^	 r	 r

O	 ...	 .d.	 O	 J	 r0	 ^)	 -f	 .b.	 •v	 n N-r	 (,^	 M	 O	 ,?	 1	 O	 d	 ^J	 d I t ' r r
N J	 M	 P	 t11	 r)1	 T	 U)	 P	 (J	 M	 a!	 •+	 J)	 I^	 d	 .)	 O	 O	 J	 f	 O R U	 •J

4 r- OM	 h	 S	 -•	 n	 1A	 .+	 rJ	 c7	 M	 O	 11	 P	 V	 rJ	 m	 ^	 L	 O	 •.•	 rJ	 1. 1 rrl	 ...	 .-r

•	 !.1 C7	 n	 •f	 n1	 h	 r	 rl	 C^	 O	 (I	 T	 IA	 4I	 n	 P	 -+	 •	 M	 _..	 W	 T	 N	 f^ i O O 1J	 fJ
r U	 UJ (J	 T O J1	 -'	 Cl) d O	 1 rJ L N O

	

O	 'A	 T	
M	 O	 P	 A	 J 1 i - n	 r•• d V Y. rJ r (+ N I.1 -• M n M to fJ r	 r	 r P .+ n	 ••+	 ^	 ^ I^ ?	 C

^	 N	 I P P d d
u	 ;

1
ry	 d r[J M r ? G h N M 61 '0	 It	 (J	 O O ? J) P P I rJ <J n O A O

n	 A	 M M o o m	 n	 o	 r. o o M	 J Ln o 1 I n n r r
N Ex	 (,	 ry	 1	 n r	 -O	 N	 P	 yn a	 r J	 U -•	 n	 M	 O	 to P	 .T	 r_	 O I	 M n n

	L7 -[ O O O n n	 I^	 .J	 7 O f 	 J (J	 n rr	 ') O M 'nP	 •+	 d l r r	 J
- J O -• f	 •1 P M M to r P M	 M	 t	 d r -^ M r J ILl (J rfj n to	 r l 0 0 M M
r J O	 I	 1 N	 r	 M	 f 	 r	 I	 I	 S	 M	 d l y^ d D

1 O ^r	 1	 1	 1	 /J

L o
N

►.	 L	 fJ O A rJ A n r T O rJN n	 O P h r r}) O (J a)
O	

1
O cn	 O	 r+ P	 u7	 .^	 '.	 .O	 r.	 n	 r	 O	 .f	 N	 O	 M	 ^^	 n	 -•

W J	 r 7	 1	 -• I'	 O M ^	 -• r J r J r J	 ••+	 O O	 O O J	 r U	 ^
V''-•f O O O O O O O O O O 7 O O O O O O O O O O O O O

a	 ct	 I	 I	 r	 1	 I	 I	 I	 I
W

n	 T M U) -. r d d	 '_	 10 m d d	 n	 A P n	 o	 N rJ	 1 rJ	 r J	 a	 .•1 rr7 v ^- o

4. r J	 T O O -+	 to	 n SJ	 OI-	 P	 r
	O 	 s r:) M M ^, O rn O	 r0	 In	 ^ O O

_	 -	 r)'.	 r	 tJ	 .T	 LJ1	 r'	 rJ	 7	 U	 C^	 fJ	 h	 M	 O I n]	 J 

a r•1	 r J	 I

	

_	 1G ^ { 9
:J 7 N

U	 G .1 O 41	 r (J M	 O O rJ P P M P ^+ rJ 4	 n	 n

	

?] 	 P	 '^ .'^ O

.., W J	 Ln	 <J	 -O	 -r	 ,1	 M	 r J	 f	 tr1	 h	 r	 /	 01	 ? I +	 '-

	

J t	 n	 r	 IA	 Q/	 M	 M	 _	 .1	 r1	 1	 lA	 M	 r	 r J	 .^	 .y	 f.	 /	 +	 r	 r J	 M	 ly 1' J

W y ^ 1-	 ..	 '- 	 ^	 1
_ J 1

N G~ W R	
1
1^, J	 t!I

W -
J

rl +!	 f	 d	 (I	 :!	 :A	 n	 r	 n	 h	 <1	 P	 d	 N	 )	 'r)	 ,O	 Ql	 111	 rJ n 	 (J	 A

L:. l') I	 y	 d	 CJ	 .r	 U,	 r1	 u1	 /,	 T	 V	 .y	
r^	 O	 .I	 Jl	 ^ ^A	 .L-.	 V -1I^

M	 (J	 c J	 a	 --.	 .-.	 -	 •^	 c.	 q
I C W j :,7 O O O O O O O O O O O O O O O O O	 U O f1 O O O

rx

lQ .^ J	 J

n y	 J	 -	 J	 W	 t7	 1	 ^/ ..
Ln	 J	 J	 S	 O	 J 2	 1 J J v ) U)

u
1-	 Ln	 LW^i 	 rU-•	

5	 (1 J	 Z	 LL	 N	 J i	 'n ^) V l • v
O	 a	 ` N

	
LL 4 V J	 a	 O	 u 

I	 it y. In .: L'
.. W	 0. 1	 r	 ^	 • -i
l7	 U	 -	 ^t J	 r P	 W

	

In	 i.J	 W	 H	 n	 W	 V V •-•	 u

	

c	 CD

t(1	 r-	 C.	 W	 N	 ,1	 _	 ^	 '-1	 r.	 'f	 .^	 ^•	 ^^	 r	
W	 J	 n	 rr	 (r	 4 t^ In •t	 r.^	 L1	 Z	 L	 ._	 W	 ,..	 'J	 .I

r	 _	 .t	 (`	 y	 IJ	 J	 U	 :_]	 .-	 F-	 H

	

 
l
L.	 G	 n 1	 I	 ? L.J :1

	

1--1	 ^-	 W	 ^	 ..	 U)	 ^	 .^	 V	 -.	 •..r	 4	 J	 ^	 --	 l'1	 r	 .n	 W	 ..	 H	 r	 .,	 V	 v I	 .. `t	 L
1	 V1	 •

!^	 rJ	 M	 .A	 G	 y	 ''	 C	 r1	 M	 J	 U'I	 J	 T	 P	 t)	 M	 •	 ,n	 A I J	 •^

n	 ?^,	 r, r n C ^.	 c7 c^ n	 n r,	 n n r. 	 n c n 1 0	 -

-169-	 1	
I,	 r



J
L1

Q 4J >1	 Y Y N +r
J .J W 4 N

I	 z	 L-JU
O O 4U 1,"

I	 :7 I17	 1'1 hV-1
W L7 V

I	 :n J)
4 Q ^ ? •-1J L: U •

1	 J	 V) W
I	 4 U1 :.1 ..
I	 L'- t L1 1-
1	 -	 Nr	 I .̀-I H ^.'t 0 1-
I	 1 J ^	 U l^

1	 ^ { L'7 H a1 U
Q J H J J

;1
O OZ>.J

O
U_

O 4	 IY
n r	 U
P	 U
.- 4	 w
..	 QU
.t O
Y

V

4
U

Power Systems Di%, ision
	

FC R -1333

h
F'	 o

1 O O N O N O
1 O O P PJ O O

1 0 1 d ^^+	 ^ 1
N	 1	 I•- I In Ln P	 P 1
U 1 N ci. J	 1

M Q:
1 1	 1 J W	 1

a O	 I
> a 1 f0 •O O J7 O H W	 1
Q W Y 1 •D •J h	 h p	 1
111 )• 1"• 1 M M .•• f	 1

&n Ix
M

= uj J
r W H

1
1
1

N N •O	 •O
* P10	 O•t J N	 N

I
N
IZ	 1

O a H 1 O O M	 M ex Z	 1
H 1 M M fJ	 N W H	 1
N N I  _•

07-- 	 IN z
H O 1 0 0 0 0 0 0 O N	 1
` ►- 1 10 .O N	 cJ 1
W	 f i P P M	 M 1

1 1 0 0 C	 O
I a I M M 1	 J 1I J 1 •+ -T	 J J J	 1

i'
D

I d 1
I

.O •O N	 cJ
to M •I, 	J

Q W	 1
o

I	 1	 1	 I U W	 1
H 1 1	 I

1	 1CLa 1	 I
p 1I
> 1	 C(!1 1	 W J	 1

1 Wp. 1	 J W	 11	 1 H ^	 1
Y 4 1 0 W
C2 2 1 O C IO O •O O 1	 I	 61:1	 1
^ H 1 N N 1'1	 M 1	 1
h- N 1 f^ 1^ .+ O W	 1
N * J P• O

a In O 1I J S f.	 nP P O	 O W H> 4	 1
N • F- Oo 1 J,OO	 o Y 1-•rJ	 1
W # H U N 1 f^ n f^ CCl CY J	 1

Q. 1 •-• I fn	 M .S IL H	 I
4 1 M M cJ	 t`: cJ p !••	 1

F-
Q

U 1

I ^
N	 I

>t J H	 1
N •. 4 O,• 1 -.f 0 O O

W ly 1 P P n	 f\ N --• U
•- Q In 

cr̂
N fJ J	 -7 L7 1

1
J
Q ^ l7 Q O

^ J O
I
1

S?	 J)
^ O cJ	 rJ H

I	 1	 1
I	 I	 N	 I

^ H J O 1 + •O	 -O - '	 14	 I
> N > J .n I J d P	 P 4 I	 l7	 I
L^ a p 1 in 1
O J
r Q

N I
1 J (T	 1

O _ W
1- Z)

O l'l ^ H W a	 I
U H W U Q O J J
w 4!-• 2 N

H
J
4 N LZ H ^:	 1f- O M	 I

rr J W J W
W D O W

O > H H
H

J
^

mY	 N
1
1

n r^ J O O O
M M O	 O

N
4

W	 W
^ h	 1

1 n f` •+ W JW JQ
J^ H t
` W> s I

1
fl fJ fJ	 N J J	 1O Hw

U
U
U

i 0
7	 '/i

I 1	 CY ^	
I

1 H L^	 I
O w
U p p I t\ t ti n p n o I	 O

W H 1 N rJ CJ	 N 1

G
0

4 J :)'
h w :: cJ

1
I

c0 r:J f^	 t^ 1	 1
1	 ',Y 0	 I

O^ •+ -• t I	 O a	 1_
r_,ii = I I ru	 I

O Q R 1	 4	 t
J JJ G 1 I	 ^	 I

hrlr- 0 ^C	 hrnrp0W0
N N N N	 M Mh h M M	 •O •O '•+
0 co h h	 P P 0 O

hh..oHo	 hh.-.o.,o
P P P P	 P P P P

•li
N 

O O	 N N O O

	

N NN	 N N N N

S't M 4 •O •O MOOOO •O M N	 P P 0 0M
N Ci 

M M	 1r1 M P P {n In M M

`1 J •OO •OO	 00 00 OO.Jim O O
M M

^ •a In	 In
1	 1	 I	 I

0 0 0 0 0 0	 000000

0 0 0 0 0 0	 00000C

N fJ t11 O 0 O P P J o 1 O0 :7 .• S h n r.	 f`
V O J J 1n 1 Ln	 0
•O vJ N 1J1

Ln '.1 O
cJ .J

O O O O O O O O O
J S

I	 1

•Q D n S .^ J	 ,f

C
H
N

	

C7 ^	 r i^
J	 _

L•1	 inU 'Ln <

	

Y Y	 L'1 K	 C:	 Y Y	 L7 •^

	

J J 'W K N U	 -% W K In
V1 U	 U _

C 0 4	 J <

	

v 1? L	 I..	 U =^ D

	

L 1 S	 L7	 L7
..!	 - 4	 J	 Q c	 > .+
H J^	 K J Li U ti K _
r	 ^^: W	 C J	 ^ Vii W

	

L'1	 Q :^ T

	

t'1 N fn b	 17 :. m Jl
-L'	

Ln ^0
L'1	 -	 -^7	 '1	 U1

I	 ^	 U ^l	 I	 ^ ^ U '7

	

L'1 N M U	 In Ln	 cE U
W J V	 J J
-! J ^- L7 J J L J C r	 ^ J^

	

1- L_ U ^.. r .^	 r .^ U

I 70-
	

I 1



Power Systems Division	 FCR-1333

F`	 r CA W- m	 ^O *+ M N	 J O h M P 0 1	 O P O N M h
O U N 'L •O	 P O h 1 P h .O	 N 1[I M O t0	 1 h 1 CJ N NW H

h- O O LA O O C6 m m h J	 O O• .O h M O In J O a0 h m LA
.O	 N	 r,	 90	 -+	 0-	 .+	 •-.

N J h O	 IT N cO O O h h N O Ln M O	 0• h 1O M 1 T CO h r h rLA 1 M P Ifl L7 P 1 M Ol •O P 0 S W M CO P Ln h ri S M J I M M r LA ... LAJ 1	 N M c0 M CJ M h O 111 O 01 1 O h in J 00 h M J m •+ I.3 W ,o co •O co
I Q 10 O CJ	 LA h O •O P N 1	 h h .O M .D •O M h h O	 M I O G r- it1 /, LA1 1•' r^ .+	 h	 M	 ••+ LA P M	 •O	 .O	 O	 M	 M .+	 ^.	 M	 U1	 h	 10	 KI	 N I r0 a) !^ r 1, .+

U 1 H	 N	 I J 1 J J
H	 I
Q Q	 40 .O O h O` N N .O	 O` h •O 111 N h O	 r J M _S O J) h 1 IA LA h P h 0•
N1 W >• co M	 O	 N O` .O O P	 O 111	 •O cO 0• J) P	 O	 P M	 P	 IA P 1 cJ cJ P cJ 01 CJ1• F P	 O h O N O •T C', co co O to h0	 M t0 M -T O M h KJ I T P to o W ON H "T 1 01 1A0` O 1 O S O M P h co N fJ fJ LA CJ .O	 O` M10 1 rn 1J1 M P +1 V
$ (Y _J O .•+ P J	 Ol CJ O d 1Ol 111 N h N N LA O	 J O CJ h LA ,U 1 111 iA P P
O w H .•+	 r O .w m	 r	 P r LA	 r ••+ I M M -•
H CL	 N	 1 •O •O .O 	 •ON	 I
N NH
L O	 •O N M h N CO O CO	 O O P M	 N N Mto h	 0• .O •T 1 1 •1 L0 Cl co CJ
W N	 M C, N N N O h LA •O CJ N LA	 J	 M O	 M Ln P 1 CJ U) 1 O) C) h cJ h cJ

L.. 1l1 P O M W h h cO N h M P •O M O 1 a) M LA J] N P P h I 0 0 P W P QJP
I
	 M •O 1 •O co M M M O	 h Ol	 •D O 'f1 P0 W J m	 O LA •O0 1 LA m IA .

I Q CJ 1 N	 M M •O 1 h M h	 N 1	 1	 M N N LA cJ 7 S l h h r1 J	 1	 I	 I	 1	 I	 1	 I	 1	 I	 1	 I	 1	 Ln	 1	 1	 I	 1	 I lAl	 1A LA	 LAr.	 a	 ^	 ^	 i	 1
=	 1it N	 IF "-

O N O CJ O M N M 1 M M CJ cQ N N Q cr M	 CJ •T •O 0) M M
O H L7 H to	 - LA	 1 O LA Ln LA U) •1	 •O N J	 O i[1 h U)LA h C) to LA

N -zF•-	 LA	 1	 LA	 M	 LA	 LA	 to	 to	 In	 1	 1	 In	 L11	 LA	 u1	 N	 O	 1	 Lf1	 o	 M	 tll	 LA
>- N r •i

	

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
U H O0 O O O O O O O O O O O O O o O O O. O O O O oW v
H W N
Q

CO CJ 111 S co	 Cu O M M O N N O J] P d N S 2 N	
LA O

0•	 1 ?) m f J rl N 01
F- 10 m CJ 1 M <0 .O P	 O P h M C) CJ cu M Q h	 .O	 I C) W r M "+ MN J	 7	 O 1 N N .O P J O M r O T	 O IA O O O CJ M Cl to-O J LJ P <JQ 1 •" O O S P cA L1 M h 1 O• S h	 h O	 P 1 ,,r •7 h h P •T 1 J O b L1 (n '.:1• N L1 O S LJ1 CJ r- M	 M	 O 111	 .p lA lP h h	 O P M O <J CJ L11 ^O J 7 M 1 Y1't H O O L11 "^ M N CJ CJ M 1 1	 N M .^+ CJ	 CJ O P M LA CJ	 1 N 1 ^T ^j O c J U 14* •^ u N	 r	 r	 •••	 ••^	 co	 M	 1 CJ cJ rQ	 i <J (J N r CJ 

r
U 11

O •O O l0	 N N M	 h .O O 1Jl h S, C^ N .O CJ Lnh P0 M O O LA •-^ uA -+N	 M O O	 M N .i) O	 C) to CJ M N C, CJ S N	 M CJ CJ N LA I d J M M M M
!n-13	 co	 J)	 LnO`	 r-	 .0	 O	 •T	 fJ	 j 	 •O	 J	 1	 Ln	 h	 T	 LA	 J)	 JJ I LI t:1 f	 ,-J rC l7 ; O	 O M	 <J •T 41 M O O M h	 rn f^ h •O r 	 cD	 7 P Lt P I -. r P N ^` flZ J rj Ltt I M S M h	 T M M M M •O	 r	 P M O• ? •O M -+	 M i J MO H J O	 r M r .O	 r	 i	 1	 .O	 r •-•• ! P P O O
1 0 N	 N	 I J 'T	 LnC ^ DW N	 IJ	 IH

O 1-	 .O h O IA M N M O d S to m P co S 111	 N 6ol	 O
U N	 .(J	 rJ	 (J	 -j	 N	 CJ	 "^O r-+	 O	 O	 N N CJ cJ O O N cJ	 O L]	 fJ O ^• tl ru ra o O O 0 O o O o o c o 0 0 0 0 0 0 0 0 0 0 0 0 0

2	 1	 1	 1

W

N O h 1 •1 •O 1 •O -- •O O h h O h O M P to J N h h •s f^ W? ^.7
O> N	 u J JW H JIJ co M fl•	 17	 CO	 CO J U) 0.	 U	 Cd	 M	 •rt O O	 O`	 'r1	 N1	 P	 M

'	
O •`	 r_

C -A :) =	 P	 ••••	 P	 S	 O•	 P	 J	 .11	 P	 W	 S	 i.'1	 1^	 N	 N	 j	 P	 T	 P	 i^	 1	 N i LA Llt L^	 Lnti J O H	 Ill	 -+	 1	 ••-•	 h	 S	 •-•	 r I
LL .-9 LL >	 fJ	 1H Z
• 0 N
U
W	 h	 1 O •D M M c0 d IA •O d h L O	 M LA N {	 O	 fJ I: J. J f J C r J O

J =	 M rn Y. rJ
W r J	

fJ
0 

L
J (+ M	 C CJ LO N 10	 r O S c7 N 'J P M O h	 M	 "I ! .^

> O Q J L7	 1	 111	 N	 ••+	 M	 L11	 COL>7	 1	 M	 N	 J	 ••^	 N	 v	 f-	 IA	 .1	 coM	 P I M i r1 Y)	 M
'A' " H W	 M	 N	 O	 fJ	 1
J t'1 U n H	 fJ	 1

z H LL s
V) e	 QN u	 N
W C`: 0
U 7
O H C L1	 to O tO N L1 P M M CJ S CO Lc) M O	 L7	 h •D M M L sO:	 w li O	 -D	 L7	 D	 O	 r-	 •O	 r-	 r-	 h	 LJ1	 L1	 h	 CJ	 J	 h	 <J	 Lry	 r-	 'A	 r-	 M
4 U1 ^_	 M	 M CJ	 <J M M M M cJ ^+ M M M N	 O M M O CJ M r1Q W `+ 1•-
1 l.) ^ Q O O O O O O O O O O O O O O O O O O O O O O O O
Y > W N
M L77	 r
1 U W

O	 J	 J W	 :^	 1	 O u jLO	 _J	 J	 OU1	
Ix

=	 J	 H Or	 ti -	 O	 J 'Y	 J J W •S L;
U	 .^	 .., w	 W	 -	 w	 .)	 -

Q Y-•	 W	 J 4' Q	 J	 J	 L- 7	 W	 LJ L1 '
Ct	 L^	 0 U	 W a	 G J	 L1 O	 d1 L^	 -^

W	 M a	 a o	 (L	 o _	 L':w U	 L	 w pJ	 H ... W C	 J C.l 
Q	 (y	 Q	 W LL J	 ('J •i 'S	 Q	 L1	 LJ	 W	 ^f	 !

'i	 ^	 w	 F	 lar	 _	 c1	 O,	 U	 U	 :t	 C:	 w	 W	 V	 C_ i	 -	 ^')

H	 L	 L1 z 1 U ._. U .1 J r LL Lrt	 N W a.
J+	 m J

[)	 111	 ,O r J	 -O G O O U C O O O r r ... r .- r	 .-. ..- 
	 .

	 J

D	 O	 C1 O n	 O C	 c1 0 r O	 -)	 O C-1 O C` O ;J _	 ,



Power Systems Division

1.0

1 MM.D NI.OM
1 d o r m	 10J	 1 1/1 1!) U1 M V1 M1	 Q	 I dd POO . 01	

1'- 	
1 1111n COMCOM

I	 O	 1 P P M	 M 1
N I H	 1 M M M	 M IO	 )

1
..I ..I .•n	 H J	 1

J W	 1

] Q	 I SJ S•OJ•D W	 1
Q W Y	 1 (O M O O D rn O	 I0
N r F-	 I hh SM•1 M H	 1

H	 1
N	 J	 1 fJN Th S hMM.+ 

^	
.••1

1NW 
H	 1= W M 'r1	 T	 . T 0	 1

O d F-	 1 O` P O	 m C	 1
H	 ^	 1
N N	 1

^ + ••^	 ^ W H	 1
S>	 1

N r- Q	 1H Q	 1 S S h r n h r+ O N	 1
Lr	 I CO COMh Mh 1W CD, I

I^	 1 t0 ap -1 M J M
I Q	 1I	 J	 I hh N	 0.+N +A M 0	 O IJ J	 1

z l	 a	 1
1

N N n	 1n
1

0 D	 I
O 7	 1

1 u aL	 1i•1 1 1	 1
H I	 Ia 1	 1
0 1

Y 1	 (Y	 I
1,7 ;	 W J	 1

1 W

H
J W	 1

1	 1	 ^	 I
q 1	 I 0 W

O cx N	 co h r>)rJ I	 I	 W	 1i h h N ^+ N 1	 1
H EnN I Oo .+h-+h p W	 1
N # .J F- O	 14 t1 O	 1 P C	 hCl) ! 7 ••^ •D -^ •O W h

-	 <	 1
N ; M- 0 0	 1 C 111 M 111 M Y r-	 J	 I
W n HUN	 i S T •O IJ	 N

7
C

CL
m a J	 1

; J O 111	 t11
n

E H	 1
H
F-

Q
U E

N O V-	 1
0

V.
Q Ln # J

N Q 
0

#	 O	 1
Y 1 (P Q h	 h 07 O C

W C N	 1 h lr h of h Q) N ^+ U	 I
r s 1 u1 n .+ 1n 1» 1n 41J O C) K O	 1 O CJ N	 N .0 1	 1Q Z) C

=	 O	 IJ O .O O •O
a H 1	 I	 N	 I

7 U' H J O	 1 h h 1I1	 V1 J I	 I	 Q	 1
r N J O N M M T	 S Z 17	 1
N

O J
CL'

W
4 O	 1

N
-+ .+ "	 -. N 1

N
J Q J J 0 i:

r+wC	 I72 O N J
LO O 1L ? J W	 )

UH U G O J_JW Q
rz tz

J
a V) (x 	W

-0D
r J w w	 I
W

a r•
O w ri	 1

.. cJ	 1 .. (n •o N •0 1- ^	 w

C C J	 I
W H 1^ Y 4	 1 O r•I	 I

w 1-	 a o	 ) 1	 a /-	 I

U F- N .•^	 1 I r- N
O U w ..	 1

C H	 I O O - M .+ M 1	 1
1 H

O
J	 N
Q J 17	 1 0 0 tT	 (T i	 q	 1

W CJ , H^	 I I	 O Q	 IIy ? #	 1 1	 ^-	 l7	 1
a #	 1 1	 -•	 I

O N o	 1 I	 ^	 I
G .+ 1
7
r

N

Ij

t^ r	 t2
O J	 '
J 1 'A

O O W
1 N K 1

J J W g N
U 1 .'_ N U I
W

_
O O K )

F V N U
1 LM N	 C7 HO 1 LL1 W N r: V1 1

tj
Y	 I J U U ^'- I ? I

O q
iT y C	 1

O	 I
J	 U7W
Q rA N-

C
U	 1

T O i9	 I .^ t!1 Ul L- .0 U
.n  W   IA W	 1

••	 fl
V-	 1
Q	 I

:1 O -0
I	 ^^	 : U :")

F•	 1
4r U	 1 <1 C :.1	 CJ U	 I

1Y 1 N tll .-+ 31 U I
K O 1 J	 V1
W ^ 1 4 J /- V) J J I

'
tJ

O 1̂ '^ ., J1
1 r :.. u ,,., w w I

FCR-1333

MMh coh co	 MM h COh COO O.+M.+M'^O.•^rl .M
S J CO O	 T •T tp NO O P P	 0 0 0• O

h h N 1 M I n M	 h h M M M MCT (T 1n •'+ •11 .+	 PCT 111 •-I 1(1 .r
N N N N	 N N N N

'D•0 03 0, 	 .n D 07 CT COPS -T O .-. O	 .; S O -+ O —
•O JJ h h	 •n JJ h h
•O •D In	 to	 J] 1n	 In

O00000	 000000

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

O o 0 o o 0	 0 0 0 0 0 (3

ry, 1),	 to O	 r7. O N O N O
O J "^ I M I	 O i1 M I M 1
^J 1 to	 IIl	 fJ ^^ to	 111
f1 ^1 •-.	 N c1 ^

I	 I	 I	 I	 I	 I	 I	 1

V1 0) to O 111 O	 111 In 'n O N O
fJ 11 fJ	 CJ	 J 1 e J	 CJ
J S J d	 J •7T S

I	 i	 i	 I	 1	 1	 1	 I

V) Vl .a ^

	

0	 In Li 0	 co ^+
.O o O	 -O	 O ^ -^	 •O
,1 h h	 ,- h h

O
r
N

Y	 ('}	 Q',	 Y	 C7
J	 W	 J

	

O W~	 U W H
r r	 (n •4	 O	 V) •f	J J I 11 ^t V)	 V	 J LJ Q V)

	

V)U _	 U1 UO O Q	 J U0UNO W	 UV)0

	

Y J) 0 c` .+	 J	 0, N	 r+1-	 W W N	 V)	 w	 w L1 ^')	 (7
J d K ^ 	J Q Q	 rlrr J U V	 •f J U U>r• J	 ^ W	 > U"I W7 K cn r^ .n + U Q V"• f -f

U	 r- .Il	 l7 l J N 1-- ^l
tr.	 ^ Ul	 11	 N

1^	 ^ V ;A	 H I  	 V ^a	 f=ro	 -	 o

	

V7 V) r-. b U	 -	 N V') ^' 'a U
W J	 V7	 J J	 V^

	

C1 .-+ lJ UJ	 ^ 1 •-+
H U_ li w ^ ...	 F- W U .0 .^ .r

F'

S 1 h N h	 .T •^ h N h N

-1712'
	

I'



Power Systems Division	 FCR-1333

^'	 o u 1.W1 Z 
CO ..	 a o n s IT 	 0 N W1 	 LA 	 CCO CO s o a p"

	 N
W H -

N 	 co O t11 O O O O in n J	 LT .D P M O	 J O f0 n LD In

	

lJ1 P •p !J O •p N:	 OT P d MNN ^ J O M N in M I O O h N h CV
N M J N N	 CJ	 h M O	 P P h N P M J	 J P O 1 J J O N '-0 CJ

J	 0) o N h O U)	 O P tp .p N •p M P CO	 .O J N co PIN J 1 J 1 111 h iR h	I Q J P O O •O .1 h M •O 1!1	 M L 1J♦ N N 1n J J N N h '0 P 1	 ^+ •p •••• •p1 1- h	 h	 M	 ltl CO N	 .?	 .O	 h	 M	 U) ••+ •r M	 0	 h	 Ln	 J O	 1 0` Ol P .r P ..
N 1 p	 J	 "'I	 M	 S	 M	 .••I 1 L •O L[1	 111
U' 1	 N	 I J. T J J
^	 1
H	 1
Q Q	 43 •O O n P N N •O '^a O h	 o L11 N r- co .'a .+	 T M J O .O h I 111 M Ip Lci P
N W Y 0) M w	 N P O O P	 -3 Ln .p CO P d P O J M	 P LA P I h h -T CJ J n

> F- P	 O h O N O J P	 CO O Lh h O	 M O CO J O M h0 I M M 0 0 0 0
N H •S J P Ij1 P d Ir O J O In P h CO N N N N 7. •OP M m 10 LA M P M P

p; J G	 •••. P	 J	 O• N O ap J P	 U1 U1 h N N L11 PT O	 N h 1n •p 1 111 111 P	 P
O LJ H	 ++	 '•'I	 .p	 •+	 111	 P	 —	 Lll	 M M .+
H Ll H	 N	 1 a0 a0 ap	 •O
U1	 1
N N	 1
1-1
L O	 .O	 _	 'T C1 •p J O LO P N o •O J M O T O J	 LO	 J I N N h .S h J
W Y	 •p O	 P P O M P 0 J 111 N J CO O P h O	 P O J .p P I M M w L 111 O•

1•- 9 M O J 10 N L11 CJ P CO O JM O Ln	 111 a0 N P d) Lf1 M J 1 P C J •O J d
v	 O J P LA n CJ .p h CO S J LA	 M .p P •p	 h O P	 L11 P 1 M M ^ h h
I Q M 1 N	 J M r J P M	 N N 1	 I	 J N M •O M J J 1 .p •O

 00
I J	 1	 1	 I	 1	 1	 1	 1	 1	 1	 I	 1	 1	 M	 1	 1	 1	 1	 1 •p .( .p	 OL	 I d	 1	 i	 1	 ^	 1

^	 1 1 1 1	 ^
L	 1
M N	 1

CL U N O	 CJL11	 O	 U1	 cJ	 '41	 M	 In	 to	 M	 •O	 L11	 M	 O`	 CJ	 O	 M	 N	 M	 CJ	 CJ
O J••J 15 h1	 N	 CJ	 fl	 P	 •7	 0	 CJ	 cJ	 N	 cJ	 P	 co	 d	 N	 .p	 MI 	 h	 LnCJ	 CJ

N F•' L11	 S	 Ln"i	 U!	 Ll	 LA 111 S	 J	 J	 Ln	 J	 J	 N	 O	 T	 U1	 O	 M	 M 111
Y U7 H -t
C7 I •n >	 O O O p O O L'J O O O O O O O O O O O O O O O O O
W KH W N
Q(1r	 U. h 01 lA O h	 L) N r:1 O h 'T P M J CO h P 0 O O O M I N r- -T O •T O
P-	 L	 U1	 U7	 U\	 CO •T L	 T)	 d	 ifl	 m	 h	 CJ	 111	 O	 O	 N	 N G)	 V'1 I h h ! ul -1 r
!n .-!	 411	 h	 61	 P	 M	 ul	 d	 <C	 O	 J)	 P	 In	 CJ	 M	 h	 N	 CJ	 •O	 M	 fJ	 111	 m I O O M 4./ • r

Q H O M M LA h J	 M d	 •T 1 N J h O O h O	 P •p S S .J1 M M^ •••I •7
f H N O M 4J1 N h M o M 	 to 111 ?h h	 O cJ N	 CJ cJ -7 i J J h M h M
n Iti O O 111	 ...	 M	 N	 N	 CJ M M	 J	 CJ	 M -a	 CJ	 N O	 iJM	 J	 14S	 111 t	 -+ h CJ '^ r1
C U Jr	 ^	 -.	 -a	 -+ GJ	 M	 t N N O -^ o .+
Q	 I CJ fJ N	 cJ
U

I
I

•p M	 N O h CO O P O M J P P CJ n S O 1 O	 O
N	 ,O Ul LJ1 O O P h P O T	 J	 cp O to S o 2111 d •O N I7 1	 ^ON Q	 r'1 h P d	 J	 J r- L11 S h -O U1 U) h N o W	 Ul O	 I o o -.

q c 7 K O h M	 N V1 P d O N Mr-	 M h h •p r^ O N	 .7` d O 1 P
 0 2" .[ N -O N

c- J O U)	 1	 M J M h	 T M M M M •O --	 .•+	 O" d P P .p M cJ I S  v M vJ M
;,J rwJ O	 •••I	 M	 .•+	 •6	 -+	 1	 I	 CJ	 •a	 .+	 n 1 0 0 •+> O N	 CJ	 1 U) M U1	 to

-: N	 1

d	 I
(Y H	 h .O 	 Ln M M M	 h U) d P O 0 In ,O J J M co U1 in cJ
W .^ O S fJ N O	 d h S	 CJ LA h	 U1 N .V O .p N cJ L1 iJ	 d CJ M 411
O O	 O	 •• O	 C1 N CJ rJ O O N N	 O O	 CJ O ^ cJ
U FJ	 Q O O O O O O O O O O O O O O O O O O O O O O O Oa	 C	 1	 1	 I

O
u

-• CA	 O h J J •O	 S d	 •p •p h h •p h O M J 111 J Nh h l 1 •! 13' y P
>V,	 Ad d

W r J ^^ CJ M fl f l 10	 O 1 lIt 11	 V7 M M O OP M fJl (*	 h .T M I^	 O	 I^
fY a-J W	 O	 .+	 P	 l	 P	 L	 .0	 L1	 L	 O	 L'1	 h	 N	 fJ	 S	 P	 •T	 T	 aJ	 h	 l	 4P 1 .11 4A Ul	 In

J	 Ul	 J	 ^	 S	 ^ -+ 1
w H w	 cJ

2I-• ^	 U7	 1Uw	 h J J W •O H. M ^ •O M d •D h d O -+ M U1 M 4A J O	 N I U O cJ v 0 0
J	 J	 1
W r•a J	 N	 d	 h	 M	 t^:J	 •p	 CJ	 C1	 d	 H	 O	 ^1	 c)	 rJ	 tD	 M	 T	 h	 M	 M	 I f. f.
> D J t7 Ln	 U)	 rJ ^a M Ln	 10M	 T	 M CJ J	 N d U tll	 S M C P I M I rl M	 M
W  ^- w	 M	 N	 rJ	 I
J W O H1	 CJ

LL
N
U O	 N
W n' >

V	 ctc- a 'n	 u1 t m N LA L M M N	 1, CO L	 M n	 P CO	 li	 H M	 o
n	 d	 W	 v.l	 O	 h	 d	 h	 ! 	 h	 L1	 111	 h	 rJ	 f^	 h	 CJ	 U1	 ('J	 f^	 l!\	 f.

:l l'1	 M	 Ki	 CJ	 ^	 fJ	 M	 M	 M	 M	 .l	 •-'	 Irl	 M	 M	 cJ	 -+	 O	 Iat	 I•t	 O	 N	 H	 M
I V W > q O O O O O O O O O O O O O O O O O O O O O O O O

J K

cr ci >	 >	 :^
K U W	 J

J	 J	 _ V^
O	 J	 J W	 f,	 1	 0 w

7 ^	 J	 J	 =	 n	 I	 > >- t. -.
{/I	 J	 'S	 '-	 M	 J	 CY	 J V7

U	 H	 = W	 W 1-•	 ci	 W _	 1	 tf1 li
ul	 Z	 J	 G	 W U d	 W	 O ^.

cl
O:	 cI	 U	 U	 w	 G	 O	 J	 .0	 L31	 r	 VI •.
w 0	 -	 K _	 1	 CL O U 1-	 Q	 W	 U	 •^ 11, U

CL
w t):.7	 ^•	 a.	 O	 J	 C.:	 W	 •S
L7 r	 Ll	 •1	 J	 H ct W	 N	 W	 D	 :J	 J	 •f :~

U1	 w	 J	 C7	 ^f	 't	 -	 ^!	 -	 V1	 _	 w	 W	 W	 Q	 _	 ~ V'1 u.
31	 W	 l^	 CJ	 C	 -	 f^	 W	 -	 __	 W	 n	 `+	 'Z	 K	 `^ •f
Q ^ M	 ^	 ^ L:J Q	 O W	 cm 17

M	 W .¢ K r K	 O c- 	 -J G	 O	 I-- w	 - Q	 C..	 lyL	 W	 LO	 z	 u	 W	 CJ	 K	 J	 ...	 N	 ui	 .v	 ^-	 H	 U	 u	 ^_
n	 CJ M ei	 O h to t* O	 M 1 u1 d h	 C	 rJ M	 U1 L

^ o n n n n o n o n o c c n n n	 n o n -, r o	 -	 --

-173-	 1	
if



Power Systems Division	 FCR-1333

^'	 h0

1 N h• O On1 a M1 MIflP (110..11
J	 1 W co P O P O

I	 Q	 1 J J P fJ p• N
1	 H	 1
1	 0	 1 ca 03 p MM MLnLn0	 O 1	 t-11 M N/ h 0 h0

N	 1	 h-	 I M M H	 M 1	 LA IAh In h M .D .p 1 1 .j 1/7	 1 ..rte	 ... J 1	 1 •T to	 7) ao(D 1	 Ji .J uJ I	 O O P	 P a a ^O	 a
N a• Q ^ 1	 .^ r
> K	 1 CO	 N •D co a.4 W Y	 1 IJ CJ O o o o O iV1 y' H	 1 h h 7 M .j M H 1M	 1 .+ .+ M h M h 1
NU J	 1
."',. W H	 1

M M r
M M S ~J r NL I	 hhMMMM HH M

O d /'-	 1 P P p	 p C ^ 1	 P P 1f1 .+ (^ ••^ P P tJ1 -^ 1f1 ..
N	 1 •+ •+ ••+	 w W N 1
N N	 1

In :
2?
r <

1	 N N N	 N
I

N N N	 N
I-/0	 1 N N Cj h	 h ON I

1
eaa0•j0•j 1uj

W	 H	 1 co QJ ,t h 1 h II	 Z	 1 a • O M J MI	 Q	 1I	 J	 1 t o n.+hh h H	 M J J 1	 t111J1h PhP1	 1 1 (2 .+ O •^ as L Th 1hO •n U CJ P N1 a	 1 N lfl 61	 (11 Q W 1	 a s h	 h a •U -J	 N
^ 1 1	 I	 1	 1 O 7 I	 a vJ 111	 1l1 S 1 1	 S

M I I I
1- 1 1
a I 1
0 11 I	 hha(naw 000000Y 1	 (Y' 1	 PPfJ '+C1^
(,J I	 W J I	 a a M I M I

i w I	 J lJl I	 4) ^) P	 P
^•. I	 I	 H 1	 fJ IJ ^+> Q I	 I	 O IL 1	 1	 1	 1	 1

p C 1 o Qo o <n n Ln t	 I	 m 1
H 1 O O u) .p cxj a 1 I

H N I
-T

-^+ j O w I
N

*
J	 oF-	 I
d N O	 1

U) 'n 
h	 hN 

h
111	 h	 h

h	 M ^O H a
W r

^> Q I	 0 0 0 0 0 0 0 0 0 0 0 0
N /" O O	 1 Y P- w J 1
w a H U N

O O . 1 h NJ
. 7	 Ll C

J
J	 1.1 N	 J O J

> a	 1 .1,	 J IA	 Ill K lJ H I
H •i	 I r CJ	 H 1
1- U	 I N I
Q i J H 1

Q -r I 00 111 .j M
N o OO Ow G N	 1 M <.) .^ S O ,• L'1 ^ U 1	 0 0 0 0 0 0 O O O C O o

r K tn¢	 1 hr(o.o(a.^ (^ I
J^ O L7 't O	 I 1	 1 1Q ^ R. ^ J O	 t •+ LT ,J P O H I	 I	 N i

J o F-I J O	 1 0 0 h	 f^ Ll 1	 I	 Q I
Y In > O N	 I S T .!	 1 1	 I, 1
L7
O J

C
J

Ln O	 I
n

.-. ^....	 .s N
N

I

J d 6J 1 J

O H U 1	 fJ N a O O O O O O OD cr t-

H w O W > J W I	 0 0 0	 O
u J 1	 L U J	 1
W ^[
r- Z J

J
Q

IJ7 ^ ^ W
1- Lu

I
I

Q J w w w I_
O O U W w 1

U U 1 H
r+ m	 I o n •a r W	 w
r p Y	 I

I-	 1
e 0- . 0' Q - L1 1	 o ul11 1 cl 000000

Q W 1- J U CJ	 !
L)

W u) P	 P
W

^. W d 1	 U 1 1 ^J	 cJ
Q CC H'^	 1 f^ 1^ a	 a W J I	 J J J	 -j

w r. ;.- i^	 I C Ir I
W f-	 { O	 I I	 ',Y H tL1 H 7	 U7 -+	 1 I	 r L1
O U w r-1 1

I
d F-	 1

J	 (,^ ;J	 I
1fl 1Iln M h In

Al•1 -T	 47
I
t	 J

1	 j a h tT h ;(
I	 Ifl	 v',1 	

-

0 0 0 O r 0

p Q J ll	 1 O C c,	P 1	 4 L 1	 J	 1/

N w >•	 I 1 H L7 i
M Q	 f	 I I	 Q I
^ {A O
(Y .••I I
J
H

N{O O
Y N
L1 (7 Y	 / 1 ^	 Y	 ^1
Q J J W	 J	 "

O I U W i I	 O .V U .V
1 Y Y	 Vl -z LO a -	 u1	 J

Z I J J w •: N I	 J 	 L1 L-)	 V)

W 1 U U Q I	 V U K J	 L' U
1- I u (^ ON O I	 u rn E1	 ^-	 N N	 (1 .. u n41	 UI L7	 (^
p I w w L1 Z C1 I	 H	 ^ LJ C1	 'S W	 I (1	 L1
W t If V1 (.) `+ .7 H	 Vl .'] t	 H L'I (".	 L1	 H	 til
V 1

?-	 I
•1 •S :

J U u •-^ Q I`
1	 J	 i Q ^
I	 H J V U '+ 'f

J	 ^[ ^J ^> F+
•t J if V	 :-_

O Q (TI J	 > V7 W 2 H J	 l V7 '..! G- 1	 V^	 -.
C O	 I Q ,J1 V) 1	 :3 It Ll r.n K U • 1	 (^ '.n
P p L	 I 11 11 LI) H -1 L9 I	 L 	 'o VI	 I-	 s1 ^	 L) F-'	 SJ

Ln
H

••	 Y! d	 1 1	 > .- U (n Q J	 1	 ""	 J L7 1	 -^	 IJ	 Vl.w U	 1 r S C'	 U U t	 .•	 - l-'	 O
L I N V7 >~ M U

^
1	 111	 6') r+	 U L I	 :I b Li

1d rl I J	 f^i 1	 W J	 J1  ^ J	 V'
W Q J 1-• . 1 J J r- G J 1-- L 11 • 1 J ^- V 1 J J
Y t F--	 '.J	 I.	.•1 '.^	 ^

1 H .._ l..J w W u. I	 F- k U W tL a r	 U .-. W .^

-174- 11



Power Systems Division	 FCR-1333

F(
•+ N W^ M h •O P 1 O M M S P In in N 1 P O J) P P M r r O0 0 N= O O M 1 O 1 .O O 111 O	 .O P O M M h	 O P •O N c M
W H

VI	 M O N O O 0 h LA hO O N N N M .-. O IA S r O O 1 h
N	 In M .r .a	 N	 (O	 N

in	 •O ,O h O h M T .O h Z N h N o P P S	 ' N 1n S M I cO cp r. h h hM M U S O J N M p• O M P	 .O h	 P .O h M J) J in .O I .O . O M O M OJ .O	 M + M J) r'7 Ln P h .O M	 N J	 ,O	 O	 .O N M h (SI CJ I N C1 .+ M .•+ M1 4 M .o M h J	 r CD rn in P• .O r. a •o h In s J P .O M o7	 r. I a o J J r 1
N I O M
	 M .+ .+	 M 1A N Ln 

.•w N .^ .^	 N	 M	 J)	
in	 'T

^	 .^	 1A 1n 1 Lo N T .•..Y H

(7 I C	 11 S .r 1
N	 M1 M M M

N	 1>
T C(	 '+ h	 N M (w .. M S h in	 o .O co O .O •? M O•	 r	 J) O• h in I CJ CJ 0 M N M

N > h h S O LA O J M	 O	 O P O O M •	 cJ
h O In r` ^ M CJ O 'O I P P r11 0 n 

O
M

_	 -	 c0	 Q)	 O	 to I o) co T O !to H .O co .O M P N 1 M .O	 (11 J P	 O O h	 in L1 P fJ ON cJ I M r1 to P In P+ J S	 J cJ	 J h O h M J N •+ M .••r	 IA P M S P N h O 1? P U) c0O W F•1	 N	 ••n	 O•	 w	 I M M M M
I"'1 W ^'	 N	 I J J J JV1
N N	 1

O	 h .O In J) S P J O O N co	 O co In In u1 (A M J J M M I M M rn J n .YW 1-	 JO cJ In -. h J h M h M N O• P CJ h .O O O C, P O h M O 1 CJ N O• h e r-1- O M •O 1 N co S .O Cf) M S O M O co O .O	 O S P S CO M 1 .O ") N N f J NI ' M fJ :J .O U) h IA P O	 O h	 O	 h	 .	 O	 M I M M {A.+ r NI Q	 ti	 1	 .•+	 I	 1	 •-^	 h	 N	 1	 I
(A	 N

1	 1
CJ	

M	 (n
O 	 M	

LA	
P	 O

1	 CJ	 K I S T •S	 SI J	 1	 1	 1	 1	 1	 I	 1	 1	 1	 1	 in	 I	 1	 1	 I	 I P O' O`	 O`CL	 1	 1	 1	 1	 1
I
1

1-
ll O 111 O P M	 h h CO P N L	 O cJ J •O O P M .r N n O .1 np f•I L'J H h L	 JJ cl P P	 O h O- P S	 O O	 h N h cJ M JJ to

N ^'. H M N J •'^ 	 N J S 1	 cJ O	 <J Ir1 N N O Y M O	 M M
> N .r
V •+ >	 O O O O O O O O O O O O O O O o o O O O O o O o
W	 Vj
1•- W In
Q .O h O CO P 1 1 + r- .•+ P M an h P O O 	 N N O P

S	

G P'n	 r- h
N 

h N	
O
S 0	

O	 <	 n	 O	 M
•^ P h h L1 h P cJ M .O to P	 O 0cy) o	 S J1 I .+ .-. T	 r Jn J	 +

(n 
VI	

JO S h	 11 O O r-	 J	 .	 M	 O O h	 P I	 c) 1 
O` O
r.) OQ F' O M O	 L) J) r	 S O '0 d + d h <J 01	

l	 r
f^ ([t M r-	 cJ rc, P	 In Io	

M
O C,
	,

Lt H Ln J	 h	 T	 a,	 F,	 Ll	 P	 C)	 S	 d	 •-+
cJ 	O•	 uL1	 {n	 S	 In	 01	 .0	 <	 lA	 ^-	 .O	 .O	 Cj	 1 1	 M (!`. L co LnG Ow	 -	 c7	 P	 n	 ul	 S	 P	 '1	 1	 M	 O	 •-.	 ..•	 h	 rl	 P	 L')	 J	 N	 tT I c7 M r Itl _T 111

J	 1
1I

N o r CJ rn•'r O .O O o .- S O O CJ	 S P S O :7 lr O h 1 S -S In D In 11N	 P	 O.	 fJ	 c7	 n	 r\	 .O	 r.	 P	 S	 O	 J)	 f^	 JJ	 NO	 (J1	 r'^	 1	 0	 o	 O	 In	 -. o !^ o r.n ¢	 M co h O ?	 A o •O	 L1 S N J)	 n	 f P	 J	 J	 n QJ P u1 I N r 1+	 . PCJ i O M M	 O	 rJ	 S	 M	 M M !^	 .p	 .T	 h	 O	 l!)	 rJ	 M	 h	 d	 ({7	 O	 J	 Ln	 rJ 1 ^J r iJ S O Sz J cJ M	 t!'1 •+	 O W W O	 r t` 1 J h • -+ + N •O t` O	 L'1 Ln	 P J O OH J O	 I	 + + ,O CJ .T	 M ti N	 ••. •••. 1 0 0+O:>0N	 LA	 I OOO M
w X G
H 10
WMN 1--	 .O h M o O CO	 1 S O 1'7 O r O	 M M o h In C) 	 M 1J1 NZ 'n O o CD P	 M	 ..	 M	 n	 -O .^ W	 J h	 S	 tv	 f.	 cJ	 -	 .S	 rJ	 P	 v	 .O
L7 O	 o 0	 0 o u M M	 o ..	 .-	 o O !%1 N o 0 rJ -.
J	 a CO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 o aa	 aOu r^ P	 O	 1	 S	 fJ IA o	 M <J	 _	 ,O	 N 1	 h	 ,p	 Lr1	 ro
W r- J 4	 M h	 M	 rl	 m	 O P	 J) cJcJ M 7	 M	 P	 r`	 ,!1	 r! <JO	 P	 .p r•	 -	 GH 'W C	 _	 cJ	 J	 111	 `	 tv	 .T	 ^J	 .-.	 M	 1	 O	 TT	 r- 	 rJ	 -O	 h	 .T f -T	 JJ J H	 +	 1W 1"! •L j	 cJ	 1
u

7 N

U
IL	 OM	 O	 S	 17	 f^	 .^	 O	 r+J	 <J	 rJ	 O	 •O	 OJ	 P	 lA	 •+	 h	 h	 .T 1 N r1 t1 411 C7 S

W .•^ J	 N	 •+	 S	 1I1	 d1	 O	 n	 4)	 -	 M	 O	 C'	 h	 4n	 M	 Ln	 O	 M	 <J	 L'1 I I --	 T ..4 J Cn	 r J	 N	 -+	 •-.	 r J	 M	 M	 M	 L^	 -+	 +	 +	 c.	 C J	 m	 •-	 M	 M	 r. 1 1 r 1
W	 W	 r	 n
JwU7)H	 -,

^ W ^Ln H	 Q

W r
U :J
.J .- 2 Ln 	 r_	 n	 J	 4n	 N	 P	 Ln	 L^	 '.^	 r1	 .n	 m	 <J	 0	 0¢ W I) O O ^' u o n N N M M	 o	 CJ	 c	 P L'1 i^	 ;p	 r^CL N	 rJ O	 N	 N	 M cJ <J •+ + O	 -+ -.	 <J	 O	 O	 cJ	 <J	 G	 U rJW 1-

1	 a o 0 o c o 0 0 0 0 0 0 0 C 0 0 0 0 0 0 0 0 o C o
l_J V1

J	 " Ln
._ rJ	 J 

J	 J	 C	 -	 r '^	 L,
(n	 J	 F••	 _	 C1	 J C.	 J J W	 LnU	 H	 ^,	 W	 W	 r	 CY	 .J	 UJ	 L:	 ^ - r U
^ W	 ^	

J .-. G

	 ^- r	 ^	
CL	 W	 i	 ^ ._. a

r-	 W	 J ¢ a	 J	 r-	 w	 u In

CL
¢	 (7	 1. H

	
W G	 O J	 J	 N G	 Ln N	 ..

.r	 C ¢	 c a	 ..	 O	 _	 O _	 ^, .tJ	 u	 W W	 G	 r7	 J L7	 WV ..	 L	 U	 a J	 (i_	 Ln	 4J =7	 /- C	 W J V u H' C ¢	 L J H	 C	 Ln	 W	 W	 -	 -1	 j J	 j LN ' •	 r	 a	 11	 .]	 2	 ^^	 a	 -'	 -	 J	 ^	 H	 a	 • , . 	 •.•
17

u 	 2 a 	J	 _S	 t7 J	 (1	 _	 W	 W	 L..	 u	 _ __

••	 H	 ._	 :^	 ..(	 L7	 ..	 w	 u	 w	 V	 -1J	 .^	 L7	 Ln	 w	 (L	 H	 LJ	 L)	 4 ( (;, '.
:'!	 r J	 t	 ^	 m	 P	 o	 r J	 M	 4n	 r	 r--	 c	 c	 O	 s	 v.	 .c 	 _~..	 O	 O	 =^	 O	 O	 U	 O	 O	 O	 -.	 -.	 -.	 -.	 -.	 J	 cJ	 rJ	 .	 J .J

- 175 -	 I,



Power Systems Division	 FCR-1333

rl
O

1	 ep In -j M " M1 h h rJ N" CJJ
1<

1
I

N N N 1 O a
•O rD J h -1 h

1 N 1 h h 0 N0  N
1 0 1 N N I !	 N

i
1 •D O O o P P P M1 M N/ O• M 0•

N 1 1- 1 O ?P	 P 1 PP ff) N TN MP ?0. CJ
t J 1 1 11 U) LA	 Ill (71O P	 Pz$ 1 J W I •O •O •O	 •O O O O	 O

M K d I .^ ..1 r	 .->.J I 000' 1110 • N H w I
LAJ en

N ]~ H I N N O M O POI ^- 1M
L1 DL J

1
1

00dh.Th
lfl 171 M •+ M .. (/)

1
W N 1 O O O	 O l7 1 hh .1M 1M hh a MTMO a ^ 1 fJ N N	 N ^^ 1 T? O r <O H O• P m .•♦ Q H

H 1 .+ ^+ •-1	 ••+ W H 1
N 'n I = I N N N	 N N N N	 N
Yl ^ 1-d 1
^+ O I .. a0 •-• ap O N 1
LY- 1 a a^oo^o 1
W	 1- I -D .D I1 1 M M	 O c` O1 < 1 h f. J)..	 .-.-010 I O O tA A1,b h .DSO'-DC 0IJ 1 h h h	 h J J 1 N cJ -•1	 1	 1 CJ CJ N CJ N cJ

L I d 1I N CJ N	 NI	 1	 1	 1 Q W
O

11 h h h	 hh h h	 n T P IT	 fT
•O .Q L	 J)I U W 1 1	 1

M 1 1
I- 1 1
IL i 1o I

1 I a ,t.T o a o 0 0 0 o a o>- 1	 IX i m •-) rp	 aJO 1 	 JW 1
1 W1••

1	 J W
1	 I H^ I1 b O ?J	 cDt	 1	 I	 I

r < O w
O 1 N N CJ + N .+ 1	 1	 O 1

1-- 1 171 N •+ O	 O1--1 1 1
1-- {!1 1 111 171 M	 M O O W 1
N

!
J f- O
Q	 O

1
1

f	 t
171 171 N1 M M M

C J h i7) !^ G)
W N
? Q I O O O O O O O O O 0 0 O

N X 1"• 0O O 1
0
.p J) O	 P P Y r- H J 1

W ! H LJ N I C4 f.W O] h N	 CJ O	 J I
> a 1 •D .J .D	 ,p 4 w H 1
M d 1 •-1 .. ^I 	 H N Q H I
1
Q

U
1 ^

N
Y J H I

N t	 O
)X 1 `, cJ coto CJS •1 L O OW

W (Y N I tJ CJ S • T	 1 6 T L7 •+ U 1 O O O O O O O O O O O O
1-- Q N CY I -7 S O 171 O . L7 1
J^ 11 d 0 1

0
tt1 L1 CJ tT N T I	 I 1

4 ^ Z J o nn ^	 .O 1	 1	 (!l 1
V) H J O I T P P	 P I	 I	 d I

>•• N > O N N fJ cJ	 N d 1 O I
U W Q Q I N Cl CJ	 CJ N I
O J N NJ d I_,) iO 0 H H W - W 1 rJ cJ r- CO r, CO Ol!* O C O)?

O N N - W (Y I x	 f-	 h I- .fi h	 -
Lj H d O W > J W 1 0 0 0	 O

0
f- f^ f^	 !^

W< U U Q C -J J •i+ D O	 JO
W Q
r Z J

J
4

N Ot r w
r 0^ 1•j J W .^ W I

O J LJ 1
O u
H
H O

C3
Q

Y	 L1
1
1

Cj	 MO M -D
S -T M r M .+

H
-t

W	 W
/- 1 f L1 to O 171 O O O O O O O

W H J r'J fJ r .J d 1 CJ 11	 [J
ly H ^J t W J I S S 'T	 7

W J> r-. f 1 .. ^ r	 ti J J I r	 t	 1	 I

:J r	 : 0 1 1	 ^	 /-.
V' F-- ^	 N ^ 1 1	 Y- N I

OV UW 1 d O 7n c• P O
w HI d p

a 1- I U IT M cJ'yl N I I S 1 -t ' • T 111 O O O O O r'1
I H J	 L1 W I 1:1 i1 Ll	 L7 I J V1 ..1 ;'	 -^ L1	 •. r'1	 rli

p Q J c_') 1 .p O A	 •O 1 d 1 ^ vJ	 P O v O	 O
H W ^ N I _	 117 I . j j	 T	 -? -•	 •-.	 •-.	 .-•

H LL T Y 1 1	 '- U' I
N •C	 Y I '^ I
m N o Z
a -+ 1

H

N
-i -
L7 C

H
?- t1
:D >	 C7 >	 L1 Lc	 '7
O J J W	 JJ 1 ^ N Uf	 .-1

1 Y	 Q I }	 ^1 K (^	 rl.	 •'
V	 J^	 -1 V1I J J W -( V] I J J W 4 !n

W
r

I
r

U O Q
U In p

1
1

V U -'
U '.	 ii

J	 J J •1
w	 U :; L

I N V1	 l7 H In t7
2:1
	 VI	 l721p I ww rn :_ V1 1 H	 w1u r,1^_ c'1  I wN:: v4

H
)v I J U U 1"1 •i :^ 1 H J U lI H •1 J (.: „! 1-+	 _

O j
P j

Q
O

!
t

J	 1 ^J
4 l^ N O

1- J	 L1 W.J -S (P L1 - ^. J	 11 WU Q 4'1 tr) '>
P O '.J I r Z I Z L'I L- b r, l "i	 L r 1-	W Z 0 ti H
^I d W I C71 W L1	 -	 :!1 11	 t'-1

H
~-

1	 n-r (1 V 1"- :^	 I-_ I	 -
^.. 4 I	 ?._ U N d  J . r	 1.	 r.'1

U I U	 C) U
Ir

Jf J) H .a U N •. M V .J	 L7 •, ti V
2 7 1 J	 ^1	 - J	 J	 I!"' tri

W ^, Q J 1-	 i J J I - •S - ti L^, J _J •t J ti l;" J J
N ti	 L7 	 r W -J 'J1 u W 'W

1 H k U W W LL 1--	 -^	 .0 u. 1-	 .^.	 U ... W	 r^

-1/6- I 



Power Systems Division	 FCR-1333

F^ VI W	 O O P ?	 W •D .} .} r` -} J N O M	 0 N O M n M M O•
O U N Z n	 P P o M 1p	 P O .O	 S w CJ 	 O	 N P O •D
W H

N . + •0 O M O O 16 n O O J ID J .O M M N O M J .O .} M 7 O
Vl	 •+	 P	 V)	 N	 In	 cJ	 `+	 CO	 J!	 •+

t\ C• J) N n O	 P J	 M O N N	 T M •p CJ L O 1 M In P N 0• O
J co b N co N J Vl In J) N O •p CJ N •O •O	 T N J M r` J •p 1 M M r^ M t`

J N M M O M r, n O P J J	 n S 111 In M J J M J O S J I P C• r M .+	1< P O d .p .O n JN N M M M N O O r\	 co In t` In O P M I Y1 M P •O P
1 H J	 17 N `+ M M O co	 J N N J .^	 M J J) M J •+ J J) 1 J) O Y+ .+ M

O I Q	 M	 N	 M	 N	 1 11 q) 1p In
l .7 1 F-	 N	 I M n 11	 M1
N	 1
4 -1 	 M 01 co	 M O•m N r n O V1 U N M O O J) M M co •C M 1 r, r\ M M M OV) W Y O O• P M J1 O O M O J J c0 P n rn f` r, N P P M0 •T .p i co d1 N J) rJr H O P CO .O •T P M n r, J) h C) P M J 	 .p P M d .0 J 10 7 1 M n P J P
N N M N .p .O P M J M	 T -p O co	 CJ t` N	 0 M P h O J O 1 C^ P .p CJ• •O

J rr	 r` J	 O7 n M N O as M J f` "+ •"I M O O M N M n 0 1(0 17) p •OQ W H	 J	 "^	 M	 •^	 P	 J	 ••+ 1 <J 1 J ( J	 CJ
H C H	 N	 I M M M M
in	 I
u) N	 1
N -'

L O	 co O N O• J O ^ P co O N co 1	 .O .O CJ T M O N .O r .O I N N •p .T L O
W N M 9 N P •p r• .O tQ N OJ M M	 O	 r- r J P M O O I f1) M •T N J

	

/- M •O M •p P	 M .0 n	 M	 N	 O` O M J	 M	 M N O I 7 J r, P r,
1	 .p 4 O O •O O P M re M M O• cJ •O J O CJ O N S N M n I M M N p n
I` N	 1 M CJ	 fJ	 M J P J	 M	 I	 I	 N M M N O	 N MI CJ rJ cJ N
I J	 1	 I	 1	 1	 I	 1	 I	 1	 1	 1	 1	 1	 1	 M	 1	 I	 1	 I	 I J •7 J	 J

^'	 I d	 1	 I	 I	 I
D	 1	 1	 1	 1	 1

^	 1
H N	 1
N
CL 0 N O M O In J M n J M M M O O O_ M M M	 M J M O M r, .0Q H (^ H M d	 M S P .O M M N fJ M	 r` m J) O M CJ m M M .} P

V) ^	 J M J N	 J J J J M M	 M M M c cJ o	 M O	 M M
r V) a
" H a'O O O O O O O O O O O O0 O O O O O O O O O O O
W : `i
r W N
<	 _ _

P O M O co	 O m n r` M 6 M cJ t) O co r, Ln	 rDr, M I N rJ •O t ^O OH	 co	 N P S V• M P M co O 1-	 )^ Cn O Ill J] M 111 N •T	 M I h n M T 1n
N J	 O CJ	 •T	 I`	 .O r	 O	 ICI	 0	 .0	 1

1	 M	 .cj	 M O	 n N	 P	 O	 ^T I •T T M n 11
< In O	 N	 O	 O	 M	 M	 .p	 n	 J)	 In	 O	 .O	 p	 •O	 In	 CL1	 r•	 .	 O	 C', 	 (J 1 M r1	 .n T.f 1-• U1 O	 -1	 O	 co	 (J	 O	 N	 a-	 M	

JJ	
P	 MM M	 CJ	 M	 J	 OcJ	 M	 P	 •7	 Mn	 1 p	 JJ	 1)	 fJ	 (J II n t` ,) O O

H J O	 r^	 J	 cC.1)^O	 ql	 P	 P	 fI	 f^	 tT	 -^	 n	 r	 N	 CJ	 r

	

S	 ^	 O O r. T) -M1 G	 N	 O	 •-•.	 .Q	 O
DQ	 n	 L D O 

u	 I1
I

•p 	.p	 N	 M	 Ill	 cJ	 O	 CJ	 p	 C\	 N	 0	 r	 r`	 tQ	 .7	 `^	 N	 •p	 r-	 CJ t M Irl p 111 J O
{n	 uJ O h rJ P M CJ O	 O O O` M J)	 J N O P O M M rJ M (.^ rT r 1I •J`

N !Y	 O	 O .[1	 r, M	 O	 M	 r\	 S	 -p	 C.	 M	 O	 M	 v')	 :1)	 P	 M M a Ih r,•
l7 Q O J .O N t\	 M M 111	 O	 O W	 T O J M M 1>) P	 fJ <J	 In r` I (J rJ T ?

J O	 M M 111	 0 CJ n M J J 47	 `+ J cJ C)	 r- N (J P I L ^U O M OH J O	 I	 ^ r	 M	 ... M	 r	 J	 .T	 fJ `+ ...	 1 T T O^ J(^ N	 I	 -. M	 1 P P P i T
Q p^	 II

„] )-	 O N O P f` M M N J O (71 n f` O o CJ	 N N 171 .p n .T 0)
W In	 O	 t.1	 O	 n	 .p	 r-	 M	 cJ	 ICI	 t`	 !^	 r J	 ( )
C O N O	 O O CJ M M M M N O O	 O	 (J M M .+ O fJ C1
U

J	 Q O O O O O O O f> O O O O O O O O O O O O O O O O
Q	 4
Q
U P	 P .O 1n O	 T	 O O O• O rl P M M M n O 1;) J S b rrJai 1 p 0
r N

c r J •^	 o cJ	 ^'^	 m	 P	 (:	 t\	 n M	 P !10	 dl	 7	 rf) rJ M C	 cJ	 P
J. ^ W = 	 ^ •- n	 J	 v M c,	 ^ M n	 p -. .-. J	 U.	 e• r J, r r	 J
H J ^	 .,r	 .^	 iJ	 r-	 M
W H W j	 J

H 1

H	 N
U
W	 C,	 In	 O	 O	 f.	 J	 t`	 r,. 	 r,.	 M	 n	 C-	 J)	 1	 1	 M	 •1	 1ft	 P	 -•	 P	 rJ rJ :7 ^ _i O

w r J J) r, M m	 .T ^]	 0	 1	 ItI	 J	 •p S	 m	 J) M .p CJ	 T	 c	 ?	 vfl- y' J '._^	 M	 fJ	 ^	 ^J	 M	 O	 Ill	 «1	 CJ	 ....	 H	 CJ	 <J	 S	 uI	 rJ	 CJ	 r	 M	 _j I (J rJ 1.1fJ
W	 W	 n1	 ^	 1,	 r	 IJ W O J `-I	 "1	 I

F u 1
N .-	 4

:J
W C' 1'•

O 1- R G' )	110	 f';	 U	 J)	 n	 rJ	 CJ Y 	 M1.	 (J	 -1	 O	 M	 S	 dl	 lf1	 M	 M	 [)
C<	 ,7	 M	 n	 r^	 M	 y	 M	 11)	 aJ	 (J	 M	 q^	 M	 C	 M	 O	 <1	 t'l'7	 CJ 	 fJ	 CJ	 ^	 O	 ^	 ^	 CJ	 -=	 .	 U	 M	 CJ	 .1

Z wI O • •1 O O O O O O O O O O O O O O O O O O O p O O O O` J R cc

77

:.J 1n
d U J	 -J

	

J	 7 In .-.

Lrl

_•	 J	 J	 $	 p	 1	 UI

J (LJ	 =	 J	 c- W	 O	 .c	 Li	 O U .1
Q	 1^	 u U	 W :1	 O J =	 W	 60 U	 1	 t,'1
J O	 Cl	 .J_	 b	 u	 1_-	 OL	 u.	 (.J	 f _

-^ a	 C^ ^	 Q O	 4	 O _
W 11	 :l	 W	 C]	 J	 1:j	 W	 _
0	 O

U	 C.J	 a	 J	 1	 r	 :J	 a
^^ -	 ^	 (^ c	 r. o	 o	 J i^	 r	 :- W	 v	 ^	 ^^

O	 rJ	 n	 -^	 o	 ..J	 M	 j	 a1	 p	 .,	 ^	 o	 M	 T	 r.



Power Systems Division
	

FCR-1333

Vt

h
O

I M M N r N 01 MM J r.}
J 1 M MOluI Q1 H 11 •O J 37	 Inco Y7 M	 MM

1 0 1 h h h	 h 1 r -. J •o r •^ J O J OV1 1 H I O O O	 O 1 h N M Nl i Ih h	 M c l.-^ ...r	 r J	 1
co
O roof	 m rl<7 

cu	
O! J W	 1 h h h	 h r lh h h	 h

M I r < J	 1
>< 1 NN•o P00 F66	 I
Q W 1• 1 0` O• MMM O	 1
N Tr /- 1 CO O co .`. d F	 I

M
0 M J

11 1[I N N O (Jr -. h r rl I111W H 1 Y1 Ln 'T	 •T l7	 I h h r M .+ O h h	 M .+ p
O0. 1 11 tlIn	 11	 1f1 ^'r	 1 T P h..+h P O• h rf.
N 1 r •'y r"r	 A W H	 1
N (/)N - I L 7	 1r < N N N	 N N N rJ	 N

wO I M MP rJ N O Vl	 1=1- 1 J 'T r, hh 1
W	 1-1 rI Q

111
lfl 111 P N O•P P M y MN N M	 M

1
I h h 0 •+ O O h h 0 •- O O

I J 1 h h h	 h J J	 1 M M M I M M M M 1 MI d 1 J J S	 J < W	 1 •O •O O	 J) •o .D •O	 •O
1 1	 1	 1	 I O	 1 S J •I	 J J IT J	 J

= 1 U w	 1
77,	 1	 1M I 1	 1 I	 I	 1

H 1	 1
G 1	 I
U 1

1	 1 0 0 0 0 0 0 O O O O o 01	 ^	 1(!J 1	 W J	 I
1 W

H
1	 J W	 I
i	 I	 H 7	 1

Q 1	 1	 0 LL
O C I •f JNMCJO 1	 1	 m	 1
^ H 1 .O	 h Y1 h 1	 I
1•` N 1 N N	 cJ t . fJ W	 I
N J F- O 1 M :l1 M J M W r-i 4	 0 1 0 0 •0 h •0 7> Q	 1 0 0 0 0 0 0 0 0 0 0 0 0
N n

01- O O 1 M M r M -. Tk c•	 J	 1W • M U N 1 J •f ^ 1fl O D: m^ J	 1a
'J 4 1 G1 ^) h	 h •1 W r	 1r
1̂-

Q
U

1 r r r	 r _ N O 1-	 i
N

4 1 ^ ♦ J ^n
N t •r O	 I

L I O O O M O O O O
W ♦y' N 1 0 0 0 •T n N r U	 I 0 000010 0 0 0 0 0 0
- Q o o co [D
J '-

0 (
[7 4 7 I

- 10
J J +7 C ) L 1	 I	 I

C O
V)

:; J O
J 0

11 "	
)L) 'r 111	 ?,

L1	 cJ
> I	 I	 N	 1

I	 I	 Q	 1
V1

> 
O 1 rJ 11N N r	 1 ClCA Q I	 U	 1Ll 4Q Q I H1 M M	 M N I

O J0
J Q

N I
J

N	 1

- 1•• W U	 1 N c J (o J' O N rJ	 O C^ O
.'.. O co N O .-+	 ^	 IW LO11c	 .V0	 d tto 7j	 O

0
_^ H O W J W	 I O Q O	 O G O LJ	 O
U r a U 4 O J J	 1 L _p •J	 J v J J]	 JJ
W 4 J {fl a ^ w	 1
H z J C r O O

4 J W J LL

O OU 7DH O w G1
w m t ch A to r. '0 O 1- LL	 W
H O Y	 ff: I `	 L^ -r 111 Q I u1 lJl 61 O lA O ^. 1 r1 111 O i!1 O
< W F J Ur N i M M M	 M J C	 1 N !J ( I	 C, 11	 r.1	 r	 ,	 I

J 1 + r .+	 .r .^ J	 I I	 I	 I	 r 1	 I	 1	 r
LL N Y. H 1 U H	 I

W N	 Q O I	 ;C	 (-	 1
C7 H ^	 N r 1 I	 1-`	 In	 I
Ou Uw 1 r .n	 0

I W H	 I
1 Go¢ r- I r^nrlr•^t'1 I

^
r^ lnc*o r ar*ul	 tl

1 w J	 !n {i.J I QI rj ,-J	 ^, i J 1(1 .: M G M 1 ^l M .•-r

O < J c9
N W J ^J

I
I

( 	 r h	 fv I	 Q	 I
11	 L'r	 I

o Ji	 ,D

^S	 ' 	 T
J v L	 n
T a a	 T

W O i I I-	 I •^ ... ti	 r + -+ r	 .-

m
4 t
L7 O 1

I	 4
1 ^ 	1

r

N
R

l7 O

^ to
U 7 >	 ^.

O J
O 1 U^:,> I O'W c..

I In R I 1`	 L^ U	 •1

1-1
I
1

J J w Q N
'..l	 U

'
I

_J	 .J	 '.	 i- __	 U
U	 1 H	 r

-	 rJ
W
r

I
1
1

O U
U 0

!P S	 17 1+

I
i
1

O U
U 61

L'1	 n

..	 •1
J 3^

7	 N [1

U I 4 r 1 J	 C •1 J	 J
I •^ U :J	 •2 ^ I H J U U •^	 - ^_4	 J	 l..i U r..r •1C3

P CkO 4 N [__	 1 ••	 1 U a :n r
.-. W - w	 1 N	 _ c0	 - 	 071

1•• 'n 1 _	 1	 r'1
..	 U1 Q I	 -'	 I J	 .1 4 i	 J r1 1	 U[

C :] 1 J	 t1 I ^ `	 `

rl.,lY •
r-1

r h-	 .r J	 ,.. i	 .L I r- r. ^) w .._ 1 H 3. U u^ LL LL

- i 1 k - I'



Power Systems Division 	 FCR-1333

N W -	 J O 1 ^ N O P 1P h d t N •O •O h N N O 1 J) .O
/	 O U N	 P O {21 M O ,O h O O 1 M M P 4J M h h	 M 1f1 O P W N

W MN ^• N O ^ O O 1 c0 O O O 1 ^ 1+ .n N O O U1 O M M N N N
N '+ J J	 r h	 CJ

J U1 111 h h M h O	 n Ol ^	 O 'O r 1 N P M CO 1 h N l h 11 '0 h '0 O
r0 h N M h U1 111 •0 1fl •O CJ h J) O N	 a N	 0,10

	O N O J 1 •T S fJ M N
J co h	 .p U1 CJ	 N N	 LA h P 	 10 M P M r P	 N M ti 1 •T J "• 1:1 •+

I Q r. N •O CO P J] M J J O M •O •O N M N J) JJ O P .•+ JO S I •O OT p J
1 F•. 1+	 ^	 N	 •O	 w •O	 P ^	 ^	 CJ	 Ill	 •O	 + ^	 N M 1O = Ll	 111

N 1 O	 y	 I .^	 ...	 ^
I F•	 I N N IV	 CJ

z
>^t<	 ^ N O N •O O -+ J J M N P N •^ m M	 U1	 O •T P •T P 1 IA U1 N .p h 0
N {Y )• •A ^ O •O h •O O N v) O h u1^ ^ ^ P O U1 J) ^ O (10' ILA,	

I CP P O f- O
)• ►1 P	 O	 •O fJ •O 1	 M	 U)	 co	 d O O N fJ •C	 IA	 fJ	 0	 111 ^ • 	 1J1	 J 1 N h .-r l^

N_ H N Ul co U1 O S J 2 AD N . -1 N N N •O J ^ M	 M J J 47 U) 1 d ^A M W H
O W M '^	

1J 1.	 M h ^ h O M .". ^ fJ	 S P17M J ^ S t!1 I M M fJ ^J

	

CJ	 ••^	 1Pi	 ^	 1 0 0 O O
t•-I d H	 I M M M M
N ^	 '
sn U1	 '
Iti= U	 h f0 it •T  	 Ui U1 M -T •O M co 1 N N O h M M h .O !A h h I O40
W /-	 J N N M d P_ J N O J CD M M U1 ^	 M co J ^ Or- ^ h I J .T 47 .fl rn

f1	 fJ J10 O	 N •O S M M N U1 t0 O N O S U1 h J N N 1 M M C , Q0,
1	 1fl fJ N 10O	 J N N	 {11 U1 P N ^ ^ •O M M M O N ^ I O O W ( 3)
1	 ^	 I	 ^	 I	 1	 r M ^ ^ ^	 1	 1	 1	 1	 I	 N M IT r •T ^ fJ N 1 n h p •O
I J	 1	 1	 I	 I	 1	 1	 1	 I	 I	 h	 1	 1	 1	 1	 1 1 O O W	 CD
I d	 I	 1	 1	 1	 1	 I

1
1

H y	 1

d N O ^ O M J U'1 •O	 b P co •O 111 tO to h 00 U1 N N P U1 ^ .•. U1 M
O N 1.I1 t•-I O fJ In * QJ fJ M N N M t!1 M P	 CJ C) h •U P O CJ M 2
 r- cJ	 tJ O O N U1 J 1	 O O 	tJ O	 O fJ N O O	 N

U'	 d O O O O O O O O O O O O O O O O O O O O O O O O
W  ^(
H W ♦A	 _
tY	 •O h P P r- •O O 11 •O	 f J r- N11 a) N 1 O T .O o J	 P I J s t-

fJ	 t	

.0 N O
r	 111	 10	 h	 t`	

r

	

h	 •- h	 h !^	 •'^ h a, O	 Ln W O	 Yf,	 fJ r M U1 O I U Ln I 
'	 UI J	 D	 N	 .O 	 P	 ^	 h	 ^.	 ^	 P	 !T	 P	 Ifl	 Ul	 O	 U1	 f^	 Ul	 .n	 M	 M	 M	 U^ 1 U7 111 '1 P J

Q 1- O	 fJ	 •O	 U1	 h	 '+	 O	 J)	 O	 r1	 N	 LA	 h	 IT	 M	 N	 N	 h	 fJ	 U	 P	 .T	 t11	 'Tl 1 r` I^ '-I .+ '^)
• 1- N O O h 1 rJ N	 p fJ	 P N fJJ ,Y O d a M •7 P U M T	 f. h I P P ^.r rJ P

r ^U r] M fJ '0 •D fJ	 1 O Ul O h 'S M M N ^ •+ W w J rD J Ml O M I. • T J P
T G U	 fJ	 {11 lfl r M ..

K	 V	 1 111 P IJ1	 N
U	 II

k	 I

t	 111	 U1	 1n	 h	 •O	 f J	 r i	 M U1	 P	 r»	 CJ	 2	 fJ	 U1	 ^	 CO	 ^	 ^	 •T	 t`	 P 1 rp 0O .^ O O
N	 •-1	 (J	 cJ	 •p	 rJ	 rp	 P	 ^	 h	 .T	 11	 <J	 --I	 N	 -+	 <J 	 cJ	 `p	 .Ma	 fJ ; 111 111 -+ J •-.

!n (\•	 •O	 <A	 rn	 Vj	 J	 I-	 O	 rO	 1J1	 Cl	 0	 ,p	 h	 o	 U	 T	 'T	 J	 J	 o I n h O? n
l') .1 o n h U	 r •- Ul -T h ^' J h O +J	 V P h O rJ h .- c 1 M U n I O O U -. O

J O	 r rJ	 P h rD M	 •A U1 N fJ •T	 J fJ L -O f\ P P h O U •'+ P -+
ti J 0	 1	 •-J •O N M	 ^ 1 h	 I f J J Y

T
	 -T

- 
O 

N	 1	 .^	 i coW 10'D I 4J
K O
n	 I

m
W
H 1- P L•1 P rV	 T •T •O P CO h P ^ M O	 1 •O t` -. M N h h ^- N
N O O N o	 r 	 h n M .p .j N T P •-^ M W O L'1 rJ Ul n O U1 0

JO	 O	 O M	 M M M •^	 O O	 ^ O f J M M -+ O -^ ••+ -+
Q U h-O	 Q O O O O O O O O O O O O O O O O O O U O O O O O
U	 ^	 I	 I
0W	 fTJh h M ^ n	 S Lr1 f^ ^ M	 S	 TJ fJ P	 •T	 1D `D M M h M	 '» I fJ rJ P p rT O^ 
t•I H J ('	 O Y 	 JJ	 T	 W	 fJ	 O•	 n	 <J	 .T	 T	 ^	 .-.	 O	 •O	 M	 If1	 O	 111	 ^	 J1	 M	 V1	 ^ I ^] i r]	 cfj

y, H W	 M	 CJ	 ^	 H	 J1	 fJ	 f 	 P	 CJ	 -+	 -+	 <J	 T	 -	 rJ	 M	 •-	 :fl	 f1 fJ r J	 . J
H	 ci	 r^

H .^ W	 I
U
W ^ U)	 I

M	 CJ	 O	 a	 N	 M	 M	 .S	 111	 N	 •O	 'D	 a	 '•1	 P	 4J	 ?	 L	 111	 cl	 P 1 U O :1 •^ ,1 O
rnW J Ln	 N M f` O M P h co P ail 111 111 	 N O f0 d	 a M	 rJ f J O C r V

] .. Q J I	 .••.	 .r	 1•	 r J	 J	 h	 •O	 fO	 "'	 N	 rt}	 c 	 ...	 v	 : J	 . J I f J . J .-.	 .-.
W	 F- L J	 ^	 N	 I
W O ^ H	 I_ ^ W ^	 I

N ..	 K
r iJ	 U)	 '

uJ	 r1. _J 0	 M	 ...	 o	 •r	 . Y 	 a	 r j 	 n	 h	 .,	 -	 r±	 ...	 1n	 o	 fJ
U ^- :Y N	 .j	 h	 t`	 U1	 T	 -T	 r.	 rQ	 1J 7 C:)
	 M	 Ill	 p	 'u	 P	 J`	 T	 111	 P	 M	 h	 r•^	 '.f1	 J)	 V	 u	 iT	 -+	 M	 n

	

G 0 ^ N •-. U ^ CJ O	 T M M .-• O O O O -+ <) r U N -+ O V -^
k W r^ 1-I l+ ? Q O O O O O O O O O O O O O O U O U O O O l'i O U O

» W In

rJ 
W	 J

` J	 J	 1	 CJ .l r-.
w 7	 J	 J	 W	 (^	 I	 D 1^1 -

V)	 J
U	 M	 J_	 J	 W h-

	

C, 	 1W	 I	 ^ 	 31 V
J W	 r	 J •- N	 r i U [1	 rr	 L t •;

Q	 C)	 0	 rU-r	 ^	 W	 Q	 U	 J	 ^	 1")	 ID	
J	 IW ',n r	 n

W	 1-r	 Q	 Q	
.-	

K	 D	 4	 O	 C 	 L.• r I^ .-
I)	 .	 w W	 h- 6. w O	 J W	 W	 -	 •a
K	 IY	 a	 J	 .+	 11	 ._.	 •1 	 to	 laJ	 ._.	 W	 •1	 ti	 . , -

•F f C.	 N	 H	 V)	 H	 fJ:	 (J	 _	 :]	 '	 :t	 J	 v	 W	
..	 '

^	 .y	 1.	 ... 	 ^	 U 	 1	 U	 ll	 V 1	 W	 U.	 U
O	 ••y	 rJ	 M	 111	 1)	 f.	 M	 P	 O	 rJ	 .r.	 T	 y	 a	 -i	 C`	 O	 M	 S	 tj

I F-
n n r] 9	 nr? n o o	 nn r1 n n	 n c	 c	 17" i Y



Power Systems Division	 FCR-1333

0

1 It IT 	 in 

J 11 P P (` O nN N J) N •O
1 A 1 CO {p	 -T

I b I •TJ-T^1 I PP.TOJO PP JO.T0
in	 1 J CJ N N -1 -T N N Nl7 I J I P P P	 P P P P	 P

I I Ifl LnIj1	 N ICI &n v1	 M1ti cz>< I .p 4a, O PO
<'
h•d^ 1C W )~ I 17 0 0 M ONs• F I 0003.0 0 H i

M
J

1
1

' J O J

^S 1 •+	 •r y1
1

W M t PPP	 P Q 1 n n	 M	 O n1%	 M •-I OFòI a= co 00	 CO I Pon_., n_ n .n_
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ĵ { 1	 1 P h A A 0 H W 1d W} 1	 •n 1r..r.» O 1yl } H 1	 0 0 N O lit !^ iM 1	 1 •YAOA 1

W N I	 f,C•.a
PLnNMN

a
WN

1 AA 00. 00 AA 00. 00
pM

Md
5

1
1 MM	 A A

Of 01 1 2> 1 Nr Nr
FA

1	 N	 M O N O O N 1
L H Vi	 O P NW N 1W F 1	 0 M N N 0 1

1
M

.O-L1	 nM.OnIi <I J 1	 0.0 ..L ln-^ JJ 11 PM.D •O .00IT 40 0Ati1 .01n010hMAi	 0. 1	 MN -+•p ^+1	 .r	 t	 1	 .+	 1 <WO 7 11 MMA NALL1 •0 N 0. N 1A-INS+
1 u W 1 .+ i

F 1 1 1
d 1 1

= W 1 1= 1
1 1 M M 0 0 0 0 0 0 0 0 0 0Y 1	 C 1 1.00	 M	 M00M	 Mt9 1	 W J 1

I N	 NH 1	 1	 1-1 7< 1	 l 06. 1 1	 1
Q

}

7 h` 1.00.0040 1	 1 M 1
H fA 1	 Ln N N	 N O W 1h LfL JHO{ y 0 1	 11 M1	 M1	 10 10 Ln	 an W 1-» d I 000000 0000000 * 1-00 1	 OIAJ	 S Y H M J 1
W
>

n H u N
a

1	 131 111 O	 O
I	 MI Ln CJ	 N

MQ
m C JW M

1
1_ M d 1 = N O H 1

Q
u 1

j R J M ifA 000 1Ix
W C N

1	 11•Y 010
1	 A n 0	 0 N -+ U 1 0 0 0 0 0 0 0 0 0 0 0 0

} Q cm a 1	 M M N	 N t 7 1-j W Q O 1	 tT P •^	 .-. 1	 1 1
d r D O 1	 S 1 M	 M M 1	 1 H 1d M J 1	 •- M	 M > 1	 1Q 1YN C > O N 1 d 1	 LO 1L9 O 40 I	 I	 I N 1
O JJ+ IY N 11 J NLj^ 1
0 —z0 J N W> z>HWC 11 N SM 0 M 0co	 W0e3 000000co	 ca

H H O L L. > J W / O Ln N IT 111 J	 1u 1- • O u 40 -1 -1 1 •0 N	 M M	 M
W d1- z p J-x co C H W0 I1

J W in LL 1

O W> H 0H W 4 1tM M Q t	 0? CJT NO 1- W W}	 tn /	 ... Ln 0)Ln10 a La- 1 1p L00000 000000
d W I-.J (nN 1	 O•Y J Ln S = O Q 1 00

1 M O H W z .ti 1	 P Ln N M N W J 1 1 1W J
J	 M J<
M W>*

1
1

J J
O H

I
1

1	 1
C CD•O+ HL2 O :)0— 1 i	 VN 1O u IW H 1

u J I	 P P co 0 co 0 l a a 0• 0Ln O O In	 01 W L-•J	 Ln m i	 1 1 0	 Ln1	 000. 	 P II J 1I Ln 0 to 0 0t- Oco fh q1 n	 f.= M Q J (^ i	 ci N / Q 1 A O N N N n	 A
O 1- LU	 ri 1 I C (n 1 1 Ln	 P P	 PO O M-I 1 I O Q 1 .rW P' W> i 1 1	 1-• L7 1

d=N O 1t I Q1 2 11
z r 1

r
J

H
N OM

•
Y
t7 Y	 t7 }	 (^

N
C	 }	 L7

O
J Zj M1	 N N>

W	 7	 L
0>

O 1	 O W> I O w>
z	 p W>

1	 YY	 NQ 1 YY	 N4 O Ina
$ 1	 J J W 4 N 1 WJ J	 Q N

j
U 	 J W Q N

:J
1	 ^ ^ Nu 1 ^	 V1U "^N U

-
W
1••

1	 0 0
1	 U V1 0

u	 0 1
1

0 0 1 
V1 0U	
0 J	 O O K

W	 U N O
I	 N N	 Q H I 3.-N N	 V H n	 :nN	 0w

Q 1	 W W 17	 In 1 H	 W W 0 ^'. V7 ll	 W W Ln .'. V7
W t	 N 131 L, H Ln I M	 In N L) H N VI N L7 H IN

i > H1J^J{dj u H QL J	 Q 4 r > H2 Y -ti	 JU U.+ r aJU UH xO '2 C I	 J	 > VL W C 1 h J	 > V) W 0 J	 > V) W

1. 0•> O I	 Q Vf 01 O 1 7d V) 'A .4 U4  Ln -xPO LJ 1	 0L20F-b 1.9 1 00 to V) 0V7 F-!
€€ ^< H I HM N O F•• f 1 I HH N OI- 1 ►1 HN Ot-•• N Q I	 I > > 7. {..: N 4 1 J I > > .. U VI 1-t	 1	 > >	 I..0 In
- M u I	 d Q 0	 O U 1 a	 .440a O	 Q '{ O	 O
1 C I	 VIW H y U 1 WV1HNu 7	 V)0-M1.1

Q O 1	 J	 y	 . 1 W J	 N J J	 NW 1	 Q J H 0 J J 1 (.- Q J L- N J J U Q J H V I J J} 1	 H W In M lu uiI	 O O O Z 7 7 0I H N W N^ W W0 0 0 0 .. 0 7 $ N W 0 N W W
H 0 7 0 L 0 0

I	 r LL u W W 1L I H W u W W N. r- W u W W ti

FCR-1333

-281-
	

II



Power Systems Division 	 FCR-1333

p W 	 SO 1 	p O IT P	 p	 N S 4 N 4 Y1 O O P t` O O N O
O u N	 O N O O O .& 1N N O IH r 10 + .t P M O O a r O O J q

W N .. O O N N O p	 N M IA r P O n N S O O 10 tD O O a rN N N N N N r r	 N	 r
N O a J N r 0 41 0 P M 1 ^• N YI IA t- m N 1p N N S M f r NIT co N a

J a M N O a r O M P J O N O	 ID P a O M p N a Ib N 1 1A r M N h
1< 	 1A M61N N P O 1n M 4 m S N r Q .^ n a 1 J a In N

40	
I a J In O -O

1 H 4	 M r .t M O "I	 a N M	 r P P N .0 M M 1 1 M M O r PM; p	 r	 r	 N	 r t`	 J r	 i Pgq•^t+^	 ;a	 a
M	 1
< 4	 n a a N M N r .} J p M a N N M O N O m M IT O a 111 I S N 1A S N 0
p Y F` M n N N O N M W .p 

r t- IA a b a a M N M P	 P J a I S g a a O•
N O[O q	 M ,	 S .+ In a P a 10 M 4 J I IJ S .0 CO M

N M	 a O M q a 1 /0 a O 1 P n m S N n 2M P w P co O 1 0 N J
d' J U1 r N p P ? n r h S M 1f1 N n	 N	 ^+ in N f% co O I N P N f l. P

$Wd lH	
N	 111	 r	 M	

in
	 r 1 m^Phq1 N r

1n	 1N N	 tH Z
L O	 n a O r P S M O P O r N a S m M 41 r a 1n /b IA N N 1 .+ O M 1 1 0
W H	 N O •^ N a r N m N N P M N n O n In a P n a r M N I P tJ 10 P P

M S O N J r N r P M M 0 p M a + ^+ S W q n N a N I a M G M a
~ I" r h r 1 r r% p O N W O M a N M S O n 1 N a N0 l to n O to J

6 1< M	 .^ In .+ 111 M	 1 t` N P M S 1 r O q M M J M M O I M 1n N M P
11I J 	 1	 1	 1	 1	 1 r 1 N 1	 1	 1	 t	 1 r t` N 1 d

	
1	 1 1 r r N O1 D.	 1	 1	 ^"

	

1	 1	 /	 11
` y	 1
W O Ul Q O r m M O m In 1 n q N {n h O m r O O a M O O r 1
x H O M O M 1n .+ O q	 M a P O q N O N N O O N 1n O O "1 a

W Z !•• O N O M O M M N N M r M M M	 M O O O N O O N Cl!
{^ w> Q O O O O O O O O O O O O O O O O O O O O O O O O
W L <1- W N
IY	 O ID h n O N P n O Mm t• P S a O O O r a O O a P I O a co O J O
I--	 O q a	 O r M M P m N 0 M r O	 r J	 co Cv I C M a 10
N J	 r r a	 P O 1 1\ P 111 O q M O h	 In S	 a M1 a P h r

4 N O	 M a n	 N P O q a M r S N r N	 n N	 In P I M M J
1 r N O	 P 1 a	 M P h 1n a a M M n p P	 10 M	 O In I h -O a O

0. U N	 a r N	 P r M N 1 1 w a P r N 2M a 1 P J a N

	

r	 r	 r	 r r IP m a a
<	 I N N N N
u	 ^

1
OO a M O O M n fv a	 r P O l`J N O O q q O O r a I P iJ1 h o h a

N	 r a h	 P 1 In a N q a	 P a	 N M	 q Cl a h P
N M	 N	 U1	 q co M co J M a P In q J	 h a	 CJ r, 0 n P M
0 .40	 a P N	 S q P q P 0 111 M a h	 N a	 T P l h a J 111

.J O	 :n N M	 P t` O q h M n M M	 O IT	 co J I O P N coHJO	 1	 1	 1	 M	 1	 01	 1 a Inh a> Q ,	 In	 l a a a a
4 O	 I
N	 11
11••	 OJ _ N	 IA M M a M PM co N M O O O O In o O M to
M Q O P	 0 7 a q a q P co N N N P n O O a	 O O S C
O H O M r O 7	 O	 o O O O 1l1	 O O	 o
u r< 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Q'	 1	 1	 1

	

O n P q	 S	 S q	 O a n f` N h O N M q 1 CJ a g I M h a 1n -
LA 

0
LD Y N	 _ _

	

LL r J C7 co q0 h	 • P to N P N m M M 1 O h a M 111 h -1 N M 1 a g h h h
Q H W	 J -+ -+ h P P It1 O h P M J In h 	 N	 r P 111 co h co P 1 N ••+ ^ ^J A N	 f J	 N	 1	 11J H I L>	 1
O > N	 1
U	 O O h S O h tD ID "! a J q P M M J O0 J P O O h M I M .P N O CJ O

W J N O r O O O M P J OJ M O CO P M r M O O In C; O O 111 C I J J 7 J
> H 4 J V	 1 .-.	 N r a t!	 1 N	 r	 h ^	 ^ r l
W U H W^	 1J = O O H
W H W >	 1N	 d	 1

N 10	 M	 1
WU H t7Q J C MO a O h O c7 t` to S to M In O a O co O O co O O O Cl) fJ
(Y C W :7 O O u P O P h N J	 10 a M	 h	 O O r O O O U Pp rn J H O O O O O	 N O	 O	 O O O	 O O O O
I M > 4 O O O O O O O O O O o o O O O O O O o o O O O OJ G OC	 I
} y W M
aO7	 r c7
ROLL	 ^_ '= O	 JJ	

t7 >Y J W	 OO	 1	 W

M r	 J	 J	 S } {^	 }	 1 }} M-f

	

J	 H C	 H 2 H Q	 H	 J C	 1 J J W 4 M
V	 H	 = W	 W H 0 O	 Z	 W Cl	 1	 M U

J W	 J	 4	 } W O ^	 H	 W	 1 O O Q Y
d F	 W '	 J C 4	 J )- J	 W	 h- O	 W I	 U M O
M	 (7	 1D u	 _H W IL	 O J X	 W	 M Q	 J I L: t/l t•} H
_u O	 4 H	 a	 a O u F.

	
LL	 ru-1 I e.7 c1 N * MLn(z MW U	 Y	 W O	 !^ d W O	 a J m	 L	 W Z	 O I G 4 .". > H

0= }	 U	 > < J Z	 ►- 0: W	 M	 Y I	 W	 !- O	 W i J u U H Q L
4 M	 d	 W LL JH {,^ 4 4 ^'. <	 N	 W	 W = W	 4 G	 > I J	 > N W

M> r	 a CL9 0	 w Q	 0 O H	 W	 M Z	 Z W J	 a H M	 I Q M N 4
4 0 M	 L a H n 0 M w O W > W Z W J O M U	 W C 1 CD U M F- .4
H 4 O	 1- w F- W	 M f 1Y	 O L	 O Y tY O C Y C W W } 1< O I	 C7
U	 O	 4 Y J	 3 3 w Q X J O 3	 J r J r = ►-	 r a CL. /- I 1 H .+ ^^ C r-

M '^	 W < 4 O 4 W {Y O O S J OH O r )• H H W H 	C O O 1 1>> U 0
M r	 r m = 3 M Z :L u m u < J S	 N	 M W a } i•I l7 u L I 4 oO

	

1	 M In r e6 U
O	 r tJ M 1 M a n 10 P O	 N M J M a h	 P O M J M a 1 J	 M
r	 O O O O O O O O O	 CJ C. CJ N fJ 1 J t^ H W W

O O Z O O O Z O O O $ 2 T 2 Z O O O O c; 	 O O O 1 0 0 0 O 7
^	 I H N. U W LL LL

-282-	 1	 11



FCR-1333Power Systems Division

T ` hO

1 ^tNSh 00
OJ 1 Ln	 r-hinp0h

1 inn1 O 1 610.}000 00
1 HIVY! 1 PMM.OM 1 N.OM	 M LA	 I"N•0M	 M

w J 1 10	 4D y y W .On
M 1 t' 1 -1 N ••4	 .y
> 1 •0O^}O1O

wM 0
HW 1

N^FY- 1 40 W 1M 1 N_0•+0	 4 1
ZN WM 1 AOP W%•O 15 1 h0_Mh MO hOMNM O
O It I

.- 1 O` f, h.^h 0••2 1 P	 PP. V	 .	 Cy. Na-
N 1 W I.1 1 ^SMhM .+.TMhM
N IA 1 S> 1 N ••/ ^+	 •'•1 N	 •+

07.9 OhLH
W H

1
1 QNNhN 1

1 = 1 N 0.	 01IL 1 t 1 PYf 0 M1M MM M 400 .+MM MOO
=77 1 J1 4 11 PP Md in.0 N01 IT

JJ< W 1t •040.0 M'T0	 ut•O -1 •040.0 M SOr N •O ^'
d 1 1	 1	 •^	 1 0 M 1 W 0104 411400 •00

1 u M. t 1	 1	 1	 1 1	 1	 1	 1
1 t 1`

1 1
y1 1 1

= 1 1 0 0 0 0 0 0 0 0 0 0 0 0y 1	 ^ 1u. 1	 W J I
1 W1- 1	 1 M 1

WO	 ON 1 m10- 1 O 
co
	 O 1

1- y 1 0• M N	 O 0 W 1
h 4 N 0 1 n	 M N.00 ><* 1 000=00 0 0 0 0 0 0
W * NUN 1 0.0	 r•Nn M m M J 1
> IL 1 .r ..• •,	 n.• W N 11.,1 < t O F 1
Q

i iN 4 0
IY Y 1 S O	 O v OW ^ y 1 a-	 LnPOh	 O N --I U 1 000000 000000
►-Q 0 c 1 QNQ	 1 17 tJEQ U' Q O2 J 0 11 hU1M	 toh N C.	 P 2M 1	 1I	 I N 11

7 M J O 1 S ••+h 	 N > 1	 1< 1
Yul >041. 1 .0 

.0 .0 H 1 40
LD ^ i

1
N d1 1

C? Y 1 W
z =

1 WOMWWO N11 CON1	 N Oz0 (f1 = it W M 1 40111 CJ OM CO 1n Na P., = H O W > J W I O O S • 0 0 0 0 1 -00
U/- u 40.1-1 1 .c MMNM yMrn NM

J UI Ex M W 11W.= <
$

1- O 7
J W 0 W

1
1o ^a

IO.1H
-
d mY	 1.1 11 O N S 7• N Oy-^00 1"•4 W	 WLI-• 1 Oh u1 Oho 111^t11 O1^ O

< W ► • J O N 1 O •-• M 1 P r O Q I N •+ CJ	 •-1 N •+ N	 -^
C Q H W= 1 Phh•+.Q W J 1 .t	 1	 J	 1 S	 l .t	 1
W J -) M x 1 J J 1 1	 I 1	 1

J H W ^ 4l 1 O 1.1 1

C7 O ^	 4) ^+ I 1 F- N I

o u I W M

u 1 0.10400 1 D.O
W FJ	 U1 97 1I

10
M

FftQ co	 P1co47.10	 O 1I J 11 tfl.0 -^NCJOn Q^ O Oto 111 a, -I a- On POO!n
H 4 J (3 1 •-•r•+	 -^ 1 4 1 tr O nN r 1nO h U1
O j S ^	 W0	 ^O IA .0SL11 	 0111

G 7H N I 1 O4

67
4 Y
N o

1
I

I Q
1 2

I
1

J

CH ^
ON

Y N
to OO J	 Z J W	 J
J
O

1
1

"{/1N
O W> 1

ZNH
O W>

ZM H
O W>

1 YY	 NQJ W 4 N 11 YY	 V1Q'	 W 4 In_J O	 YT	 N4U	 J J W Q 41
-'J	 OOQuW I OOQU^ I 00uto0

F 1 U IAO 1 UN O W	 UN O

p
1
1

NN	 C7 H
W W N=N

1
I

Y	 NN	 C)►- W 61  N
NN	 L,

W	 W W t1Z In
W 1 N N 0 M N 1 M	 NIA u• H 1N Ul N 1, H 0

-u 1 4 4 2> $4 1 J	 4 4 .'_ > H J	 Q Q	 H
O Q Y

a'
I
I

J L7 UH4=
J	 > In W

Y
Q'

1
1

HJ Uu H 4._.
(•- J> N W

QJUU H'4
O J	 > N W

tT> O I QU1 W-x O 1 0Q0V1K UQ0ul
C O Q 4 CO 1 L, c0 M I- -4 IJI I- K
~ Q ^
•• M

h
<

1
1

I M H61 O F-
1>> '• U N

H
4

I
I

O 1 H H"OF
J I >>	 U 0

I M•1H N O M-
H 1>> — U N

M u 1 -X<0 	 O U 1 a	 4 4 0	 O 0	 4 4 0	 O
I NN Iti -4u I NNHw4u 00- "u

K O I J	 In 1 W J	 111 J J	 N
MAz t 4JH-'n JJ I I-4 JH VI JJ U4 JH NJJ
j. t1 I- W W I-1 W WODO^» II M H W 0W W111070	 » H W N H W W1-10(3

1 Y W u W W W 1 P- W UW W W h- W U W r w

-283-	 1	 11	 M



Power Systems Division 	 FCR-1333

r Y1 W O O O O O O O O O O O O O O O O O O O O O O O OO N N O O O O O O C O O O O O O O O O O O O O O O O O
W in L O O O O O O O O O O O O O o O O O O O O O O O o

Mt A 0 O N d 4 N 0 r n 0 O r 0' r N O N O N.0d 1A I O. O O IT.0	 O.0 O N N M O 0 N N O .O O O .D	 O O O LA Ifl O O Q, .+ I M	 M
J S.p N kn N d N O	 N N J N N O LA O .O O 1 J N .0 S N I P	 A

	

I K O M LA N N 4 n P J r r- P. M tr 1 co r n d ^ J N N O I M	 M

	

1 I-. co NM O 	 N M 10 O f` n O r N .+ P O O^ .O M .} 1 1 N	 Ntll 1 O	 r r r r d r .p	 r	 M	 M n P	 O	 10	 .O^' t H	 N	 -Z	 1 ^+	 r1 rM	 1
> ?
K K	 M .O d M M N .+ J J P M .0 N N M O N O O M J0 .O 10 1 S 00 1 ccN W Y M O N n .0 O, O N d	 n M .0 O .O .0 M N t11 P .^ P 1 •D 1 0	 O

	

Y 1- M n N NM M 1t1 10 O N O M n 12' ^+ Y1 •0 P *.p O M 1 •7 1 0	 O
Z r: J N	 N O P p. d O 10 O S P n l0 J N A .p M P .+ P O O 1 0	 O

	

Rn	 N J M N O n	 N	 r M 111 N t` O OI N	 N
O W M	 N	 1A	 r	 M	 IA	 r 1 CO	 Q
114 0.

► 	 i N	 N

h ^'	 1
M '^
L O	 J NI O J M ' C. M P 0 M M	 1 n coY1 O e 1 0 o r o 0
W !-	 N O O S Jf	 tt1 N .0 O P J J N m M Ln .O O• N •O .+ I!1 O I P	 P

	

F M O M N J P Ma M	 ^+ 0. O O O	 J 1 N n N O t` i co	 O

	

1 2 t, O N P 1 a. M O n OM O N1 P O N J O O N N p J P 1 cJ	 N6 1	 M	 M .^ ^+ r f ^+ N N M .+ r N r	 O O n M Q N LA L/11 0	 O40 	 coCL
	 N	 .•^	 r f• N	 S	 1 0	 O1

rN	 i
K-•W O N d C OO O O O O O O 0 O O O O 0 O O O O O O O 0 OZ' M t9 M O O O O O O O O O O O O O 0 0 e O 0 O O O O O OLIPt- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Y11MK .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
Q M> 0: O O O O O O O O O O O O O O O O O O O O O O O 0
W =a
I-WN
K^	 O O O O O O O O O O O O O O O O O O O O O O O o I1 0 0 0 0 0 0H 
N J	 1

Q ►-o	 1
1r 1- in o	 1

s a g a	 i
<	 1u	 1

1
1

0 O O 0 O O O O O O O 0 O 0 0 0 0 0 O O O 0 O 0 1 0 0 0 0 0 0
N

N ^	 1u Q o	 i
J O	 i

M J O	 1
O N	 1

W 4 O	 1
O N	 1Q	 I
CLD h	 O O O O O O O O O O O O O O O O O O O O O O o 0N O O O O O O O O O O O 17 O O O O O O o O o O O O O
IY O N O O O O O O O O O O -1, O O O O O O O O O O O O O
W u h .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
J	 < O O. O. O O. O O O O O O O O O O O O O. O. O. O O. O O
M	 IxO
n	 O r Q` co P d	 d N	 O 10 rl n N 1` 0 N M co •t fJ •D co I M O O M O O
O LM	 N-1	 N 	NW h J 0 LO LA O n	 O' M N O` N O M M d O n •O M L4 n .? fJ M 1 .p	 .D>	 N P P L11 O n P M .1 Ln N	 N	 .a O• N O n (0 0. I N	 cJ
M J :3 F•1	 CJ	 f	 .^	 N	 .7	 1
tY M lL >
W h Q	 1
O D H	 1

J	 OO	 O	 O	 OO O O	 O O O O O	 O O O O	 O O O O O O 0 1 0 0 0 O O OJ Iw O J rf O O O O O O O O O O O O O O O O O O O O O b O O I> U Q J VW 0 W
J N O 7 ►1	 1
u r W >

n .»	 a	 1
N :	 N
W O Y
0..0
O CIL L7N	 O O O O O O O O O O O O O O O O O0 O O O O O OC to O O O O O O O O O O O O O0 O O O O o O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0OW M h

	

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
I 1-' > Q O O O O O O O ^ O O O O O O O O O O O O O O O O

J d 0:T Y W N
nLI)	 u
[ O la.	 J
i J	 J	 P H^. O	 J	 Y J W	 L7	 1	 O w i

	

J	 J	 = >- O	 Y	 I Y T N 0((1	 J	 M 'Z'	 I- Z M Ca	 _	 J Ix	 1 J J W U N
O	 N	 L W	 W H 0 O	 W O	 1	 -x U_

J W	 J	 d	 Y W O	 H	 W	 I O U 4Q r	 W	 J 0: Q	 J Y JW	 H Q	 W
J 

1	 U ON O
C	 z	 O U	 M W d	 O J S	 W	 N O	 1 W (P z r•.= W	 Z	 K `+	 = a	 a O V H	 C uW	 1 w w N V1
W U

W	 M	 W	 Q O	 a	 7	 O	 H I	 L'7 J7 ^_) .-+ L7
W	 Y	 W coIfl	 F 0. W O	 J p	 L	 W	 = 1-2LO	 Y	 U	 > Q J	 h M W	 N	 Y I	 W J	 F- O	 W 1 J u u r aQ IY	 a	 W W J :+ u Q t L	 Z N Z W	 W Z W	 d tY	 > I J	 V1 w
N> F-	 G. c Q	 H M Z 0 O "	 W	 .•r	 W J	 ^ H d'	 1 Z L'1 0
< O N	 :	 Z	 G. ►^ 7 0 ct IN O W > W Z W J O N LO	 W Z I t.7 I V I f- -1/- Q O	 h M H W	 N h	 O	 O Y M O M T a W W Y 1 O I	 L7u	 O	 Q Y J > S 3 M IY x J	 Z	 J Y J T 2 F CL h- Q	 h 1 1 hl .+ ' 1 O h

S	 W Q -t O Q W M O 0 -' J O N O 1- Y I- h W M Z M O O I I>	 U ,n
M 1=1	 L m L 3 N Z 3 u M u K J 2 M 0 Z N W CL 1- 1-1 0 u r l -.t O O

I	 N L'1 .•+ 3. VO	 N M S 111 •D n O P O	 N M J IA .O n O P O I1 J N •O I J	 V7^-	 O O O O O O O O O	 N cJ N cJ fl I Q J h L7 J
1 H vl . ^	 WO O O O O O	 O O O O O O O O O O O O O O A O n I C O

	

Z r 'L r r r r r r r r Z r r r	 t r Z r r r r l ^- W L: '-+ + ,+•

-284-	 1 11



Power Systems Division	 FCR-1333

0

J 1
e00000
^	 O
lNII	 M1 H 1

N 1 
C,

1 (Y 1 000000 000000
U 1 M	 M J  1
S 1 J 4J 1

1 1 0 0	 0 0.1p H W 1
N> H H1 O.^	 OQ} 1

Wh1 1 N	 1^ {{{N^^^ 1 No 0I, 0 Na Or, G-^M 6? P	 P W M ; _P P
N 

2
N2 1 => 1 N	 N N	 N

NO 1 800000 ply 1
W ~ O	 O1 1

IL a O	 0 0J MMS J J ; ^h 0 0^ 0 0^
14

1 N	 N O O 1 N	 N 61	 61
H 1 1 1
< 1 1
W= 11 1

1 t 000000 000000
> 1	 pC 1
l7 I	 W J 1

1 1- 1	 I M F t
< 1	 1	 L 1
fY 1 000000 I	 I 1

IN 1 O W 1N # K t O i M>-( 1 000000 000000N # 1 0 O 1 > 1-MJ 1
* CL U N 1 < co W N 1►+

Y- <
U

I
1 ^N. O H

N
1
1

< 1 nt J H 1
N R < O 1W T 1 000000 0 0WM ((N,̂ ^ ^+U 1 000000 000000 

.~J N	 0 1 Z 1	 I i< 1.1	 0 1 > i	 i< i>N >ON
-C

1 <
N

1	 {,^ 1
U J O 1 N iJ< < 1 J to r 
OY C

i:J
F- W =O 1 N06N00 NOON00

S M O U. > J W 1 O	 O O	 OU .O	 dW t
H $

W
J

J
< N C IH W

Y-- Q O
I
1J W m W 1

F- tu 
a 1Vly

H

N
O

m
T	 N

1
1

q 0000o MN OIL	 W I 0 cc 0 00 000000 < W F- J 0 1 O	 O $ 5 14- 1ck > H W Z 1 P	 P W J IW H J L6 > # 1 J J tH W> n 1 p M 1W
l7

LWW
O

H	 < O
J	 In +

I
I

1 d' /-
I H N

1
I

1u J I o 0 0 0 0 o i G p
< I- 1 1 t O o 0 0 0 0 000000 I OU J	 N m<J tO I1 I J1< 11 n	 h0	 co 1l	 nN	 co

F W .'- N 1 1 ck N 1 ,	 1 J	 J
N p 66 N + 1 1 < I .-.	 .. .+	 r
u ^W>+^ 1 1 H(7 1.+ a» I I Q I
C

In 0
.+

1 1	 ., 1
1

r.

W _
r Ohl
i^ T	 (^ T	 L7 N^	 >-	 CS()

I
Ĵ
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TABLE VI-1
SUMMARY RESULTS

BOTTOMING APPLICATIONS



.«N W ^ M
ovH'y, I^.r

W 
N..• 00

O M1f1 OJ M 1^1 ! h P1 rN l p^Ir
M
>O<< O M
N o r M rM !^ PO JW N►ynr
N 7NwL 00W r

11 <1 J
1 n

M Nr
CL O N O h NOMl7^+S•O
N =roo

W N> 0 0 0
W ^ ^r W N
^	 O N

0 C3

r	 h hN J h Pti-OPtl1

n n U N

u

S NN S SN C N h
k1' 4 0 h 

N-^J O
M J O
> O N< ON

1-	 m O
N O o -^q r+o 0
u r-s o 0

P -+
Y NMJ 0 pP

6j N W
N J
fl	

>
H IL

7 Nu
JNW J to + M> 1 •t J l7	 .+W 1- WJ O7r+
N	 4
f!1	 N
W N
U C ap wtY V1M.}
C W 0 O 1110
a N	 V O

^[ W N h
I H tirt 0 0

J
LLA  

V) !Y
m OZ)l7>
I	 U,
r IL
r_ In
V) 4{n J

{1
J

C ^W N
W O
00 H

< r 47 W W
r C d :• 1-UF-LJ N

Y1 Z ^)^Wu v+
0
Z	 •n PM pi 

11
00
Z Z

-238-



ouN^P^
W 1.1 r 'Y1rNQ

h N
P O

^h01 i N d1 h N1 0
Ir

< ct h NN W ^ R O
} r h O
M N

a W 
y N

w 4 r

Wr
1 ^11 d̂

r N_

6^N0 S^-C^+41^-' d0
^1A it K

W L< p 0 0
r W N

h
^+	 P •t
N J	 P liti 1-O do• r 61 0 4,t rQO .t S
• d U N

U

r n
N P n

N Q S J1
oo 6mrJO•nw

r J Q

> d N
< O
N

r	 - r
N O o 0O .. o r
U .9

.900
IY

J 61
W J L"^ 1 ^

W H ^_
O
r W

4^	 K
61	 Y1

`	
1^

C
C Q 11 _ rJ ^
a W `•..no
Q w

> < 4 O
-^ J K d

Y ' W Yl
Y ^

t ^

u
i
= r^
r+ ri

u	 ..
t'

t^	 > Lt
C S _> —

V N
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TABLE VI-8

CASES FOR DETAIL REVIEW
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TABLE VI - 8

CASES FOR DETAIL REVIEW

Stretegy

Match Industrial

Energy Conversion ',ystem 	 Fuel	 Industry	 Requirement for:

Current Steam Turbine Coal-FGD Corrugated Paper Electric

Advanced Steam Turbine Coal-AFB Corrugated Paper Maximum Energy Savings

Advanced High Speed Diesel Coal-Derived Textile Mill Electric

Distillate

Advanced Low Speed Diesel Coal-Derived Chlorine Electric

Boiler Fuel

Advanced Low Speed Diesel Powdered Coal Newsprint Mill Electric

Advanced Gas Turbine Petroleum Corrugated Paper Maximum Energy

Boiler Fuel Savings

Advanced Gas Turbine Coal-Derived Chlorine Electric

Boiler Fuel

Advanced Gas Turbine Gasified Coal Writing Paper Electric

A d vanced Gas Turbine Coal-PBF Petroleum Refinery Maximum Energy

Savings

Advanced Gas Turbine Coal-AFB Corrugated Paper Electric

Advanced Closed Cycle Coal-AFB Writing Paper Electric

Gas Turbine

Advanced Steam Injected Coal-Derived Chlorine Electric

Gas Turbine Boiler Fuel

Advanced Combined Cvcle Coal-Derived Low Density Electric

Boiler Fuel Polyethylene

Advanced Combined Cycle Coal-PFB Newsprint	 "fill Electric

Advanced Low-Temperature Coal-Derived Meat Packing Electric

Fuel Cell Distillate

Advanced High-Temperature Coal-Derived Chlurine Electric

Fuel	 Cell Distillate

:advanced High-Temperature Gasified Coal Newsprint	 Mill Electric

Fuel	 Cell

Advanced Stirling Engine Coal-AFB Corrugated Paper Electric

Advanced Thermionic Coal-Derived Corrugated Paper Electric

Converter Boiler Fuel

,advanced Organic By-Product Hot Cement --------

Rankine Cycle Gas
-290-
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TABLE VI-9
EXTENDED INFORMATION FOR TWENTY CASES
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O
P	

g

v

co

e
r-	 g
<	 11U
W
N

J	 W ^
O	 1	 (^

u 0' = O
^' U J

N r Y-` O
4

N	 11	 (>
W

U W •• H
N =
N .0> O

a' lD W
iL W HO	 r u
W < W
= C.J

O N h- W
►' 0 N

-369-	
I'



Power Systems Division FCR-1333

	1	 ? M	 M	 .010 O	 OM	 OM

	

h• 1	 M0 cooIt10	 q[a	 [Or	 fOr	 00 C! 	 00	 00

	

< /	 .000000..0	 co 40 N	 .OP	 .OP	 00 O	 00	 00	 00

	

Q W 1	
1 N
	 .O 10 d	 J J	 S J

^	 1

	

W	 1

1

1

	

u	 1

	

1	 -'1	 .^ O N	 O n	 Ln [J M	 ep' A	 M r	 S O

	

C Y 1	 0 0 0 0 C. .+ 00	 00	 h N M	 M O	 P .0	 { f 1 J

	

HO 1	 C; C; C; 0* C, W1 0 0	 PM	 00	 OM	 J M

	

W J	 4	 J N	 P 1 .0	 J J	 [J	 1

	

W O 1	 J	 J .O	 J	 ^	 1
J	 1

W = 1

	

Ln u	 1

	

W	 1

H

_	 7
_	 ^	 a	 n	 r

(^	 r	 m
Q	 N

r	 N	 N
m	 N $	 #

•	 O 1	 Y i	 #
N	 W	 i	 • ►+ l7	 L7 O	 i

r	 o	 * I- t"	 u	 o
»	 -j J	 O r- W	 W ..
i W	 J Q	 L $ O$p 1-	JD	 VI W W W W	 W	 W

	

q J /N o	 Q	 VI	 VI	 >	 > N	 u

	

.J t 1- ^+	 H	 J	 J < J 0	 ^ t,v J 0 
M
N N	 ►-	 W0 W u W N	 N	 0

	

N O W	 a	 U	 U 7	 >	 O

	

r LM O OL	 Y	 Y	 C W Y	 IJ1 > _	 t!1

	

w w O O	 Ln	 H w —	 Lx 	 N r	 _
rIf100: W W	 U K"7	 7	 7u.	 OU1 MM Ls4 4	 >	 O	 7 r 	 0 LM	 0
N	

L7 r-
u	 p W m ►- m	 'Z

	

W	 alO7 1^0 d)	 La 
ri O ^ W N LY fY	 O W L

W W	
U i	 +( l7 W	 G a+ r

J J	 ^[ W W	 J	 Q J N U N J	 J	 > N	0 0	 W W LL W	 w P .+ W W J J r /T	 ♦ .+ Jr fY O O	 O: O U	 # i# a O tJ H R 1 # R• i N##7 O [a Q: J J J J W IL W U O J• s r • IL W C: O	 •# N•	 •*rr r o w.( t x	 r tl	 Q 00 U O Q	 r :J	 700	 O O JOOJ4 W WO OO tlr rr.l O O r- r	W	 /- H p r r-.	 J-. LJ n..rW ZI- au W  WO a 0	 O-- j — ON In O •[	 r, W O,-.O	 r	 H r	 W	 r	 r .,	 p	 uW

-370-
I'



Power Systems Division
	

FCR-1333

V(

Sr
0WMr
M
uW
ILN
NW
J

N

^J
7r
1•
a
MJM
xa

r

1 1

o O00 o a o 0 1 0 0	 l e r..,
O O O O M C! 0 O 0 O O O O O O O I 

0
0 0 

0 
0 0 1

0 F",	 O
...1 O O O O O O 00000 0 0	 0 0 1

1 I
1 1
1 1

1 1
uhP .+ 0 d O O O N N Ln	 N/ N r LA 0 1 0 ON O 1 O O IH O N h M4 1 ,p Ou0 I M O—O 10 O J M P r, 0 0 M t n 1 0 0	 N O 1 •+ O

O O r N 1 0 • 0	 1 0 P1 O O O O N O O 0 0 0 0 0 1 00	 0 0
1

M Hr <to
a N
r

t tNIJ O N
J > ^ O
^ N W N

W W^ V

Gc w -+ W O a
W uj	 W W H u U
W W	 U 7 •' W
W J ^ ^

7
t O W O

U
'-•

J W	 O N O W o: .+
W ^N V/

0
^ W ^ u

W
^r aN :.,N.: wIL W O

` $ O O O 21I	 rinM l
O	 1	 1111
NW H Cie  OM O it

0 -9 O O000
W	 M M M H M

W W ♦Y >
W S M

h- F- Y- ►- F• H_	 J W < < d d ^L << P' W O W W W W

..	 fY 1 W W W W W
W	 - U W 1/f n N N V1 11fN	 W J dY ^- t.r
Fr 1V ^ d 3^ .: 3 3 3
N O W H

N J J J J .J
N	 N	 m W ry m c.]

W	 W N Q t< d •(

a
J
H
O f J 0 0 0

0 LnT n	 rn i
1 1 ^ 1as •aa
O O U O
N 0- 1 M H
r- ►. < ^- r

a rs e a
Fr 1- < 1- 1-d < W d QW W S W W

2 = ^ Y
WW W H W W

P.- I-
 N -f V1 {!7

d K = A 4

.^ J = r
l

s0  OU Ofd
U U W U U
W W CX W W
C It tt M

a	 ^

J	 1	 I

H	 1
O	 1
r	 '-	 I

s	 1 7
L - I
^	 1

O F-	 1
W [O	 1

CL	 1
H .p	 1
	

J
^ =	 1
Q I	 1

W O I W
Ct	 1n 1
ft O	 1
W ul ^ 1 M

J

C. J F. I
d C I

Y	 IU I

M x	 1
	

II
4 W I
M = 1L i 7
1Ji H C

-1 C I
4 4 {••! I

	

9	 1

	

r1	 1

	

N	 1

	

<	 1

	

K	 1LW

1

	

W	 1
1

	

u	 ^

1
W l9	 1
U O 1U J 1W $ 1J	 i
W 2 1
N u 1

	

r	 ^

i
M
r

z
ijO

J
W

r
M
J

-371-



Power Systems Division 	 FCR-1333

V'

z	 1 •1 hOO M 4; C; 0 0 0 0 0 0 0 0 0 O p N.+ d O- M N p1 N	 WM	 M O	 aN	 N Nw N^.+JN N f Mr.f M A
a, 	0P	 OP	 O

d u{ ; N	 M

K N 1u 1..
6 J 1 .	 .	 .	 . .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 . . . . .	 .	 .	 . .	 .	 . .	 .	 .Y -9	 1 AOOA OON. ON N	 OOOMOO. d O N q[Q •.IA PN.-r d-•OY r H ir 0 1 .Q	 .pO

M	 M N IN	 A	 J&A O NP S N e.1 4• H 1 O Fn d	 dMA	 111 a 1!1 H1	 OaN	 d
M M

.-q w
A	 4

W 1Y	 1 M	 ^ h	 n
1l^ 1i J ^ 1M ^

O Z' H 1 0000 OOOpq 000000000 O A qO NO MAO .>♦ rAO u < 1 O•.pi	 .n M	 M N	 N M S	 •te a W 40 q	 .fJ; A	 n ..• M N	 M MNa N	 aNN

N W yYrl iH	 1
N u ►+ 1O W

W H I neon oe •!e •f _fV	 Oeoh oo e4 o M J o o Q.p 0(11 •+ -.o M1J
O

y1 $ 1W 1 a	 dA	 A P	 O O iH	 A	 N0 O	 O	 P
f1
in

q
Ln

[J	 M
V1	 LM

q.+ Od b r.
M	 q

H r	 l N A	 In	 N In	 (n Q= N	 MM
CL

#	 1. w 1 M	 O ^ A	 A
K r	 1u r	 I

W 1

J
O

-1 aU) In a x	 W
<
e>r
«
> W

J
O

_
N

W W
r- r-	 -

O
N

y 4
O W^ u W tY G	 t9 r- c^ .: of n
N M	 N H W F- W I^ W

F-
H q O

N tY 0 _ O ^
crM W- ^W	 O ^ U

M '
N ti 1-

W< N u W ^+ d C u I1L O {nW W W •r>• OQ
^	 N fn H ^ UU R N W _

< W ' N O cH> O !- W VI IJ W
E 1" inL1 < - (9 Q W W ... J O f
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A'	 YtrQQ a J"Ĵ CO GC W r	 Hr W	 VIGpp aC r • • • • • •	 V •16L 'r•	 W Z L Z W W . !•^ N /. •.H G	 << Z	 hZ V O N NN: A1 h Al AI Al V	 a 00V1 •N
p	 Z	 Z	 W •L	 Z	 C	 a
Z	 W	 W	 Z.	 W	 '^	 C	 N

-446-

1



I

t

t

i

i	 !

i

i
F

i 1	 ;	 0 0! foeo ioo
r ;Coe Oococcoo i0I

i oeoo; ooao	 ^ jo

S o o:•'6G01	 •	 •	 e ^!	 I	 001 IO♦ 000 00000000	 t
acco'co	 I ^Or

i

S	 000 i	 O Q
C Z4+ 1	 coo OOOOccoo O

`-̂ i	 I 000a,0000 to
I

C GO 00	 O'	 in v;	 00^ !O,O ,no	 0 O• r	 O	 1- 10	 • rV• ,v •	 •'
Ieogl

.0	 O	 QO	 00N-o^eoe-c ^+
1 s

! i	 (	 t coocicoao	 { ^o

i	 ;r e a' e`n	 -	 ee`	 oe'0o	 z	 n c 	 • •! jo
•	 •	 . aa..	 .O	 ?M	 OO. .•O•• 000 n► ;OOOOIn'O e

i 1	 I 0. 00	 C00. 0	 i joJ
i_ I	 I C	 I I
I I

^
N 1/1	 '	 `1

1
t• i I	 1

UP Iz

I y =	 I	 I^-J r	 y1J f •.i I.1 ►
c I n :	 I	 a.	 i=ur :ws'rr^ c	 A	 : 19 al<_ nTT2' Z	 JOW •	 'X

C '>	 W a
r YQ Y ' ••• K Y. r.
N W W W -	 J<	 N

'i
pISO-S'	 S ^>	 L ='ICI • -• W •r '

t <V 'Air'y =J S:; JU''^> I O:	 J C •••' ►• H N'. N 7 J	 2	 i WI W
s t =Z' rTW^:WUAW.J	 ' OW1.r^r 1• V 	WJIW J r Nr' I-

Q PK	 9. Cw	 0c 0Yi:su0 K
1n CKr ^" KJCC OCoi W' r0 b. -u:2< K
Q

W== Z' W W $• 1 r. P r V i
Z W W 2 Z

t	 i
	

,
3
	

t

I

i

^	 r	 l

t

I

i !

I i

I !• O A P O 010 O: •

JO'r, 0Ole o'
J	 ;I!

N II
M	

I
^ !

,

i
I I 1

rx	 joo
1

t0 i

00	 00; 'NN rI	 N N O •. p^ r	 i O,.• O i t^
0 C fm Al

t

Ca
i 1 p

dc
(Z if	 I

I -

J	 I IQ Q ^ i lr ^ .9 if ie\\ \ IN!YJ	 I	 I W G X'4 — N I+ i/I - fi..	 ^ 2	 ^^ r crs i 2 ••^.^ s w
i n	 — •	 7— u. Y N s

b-O	 W W.L r O	 U t:
"'	 '3 W

W ►z z Z x
c	 l ^» r J

I H	 W W < W r•—fa; ly c
=.. ^^ f 3 ' f,f cy N6n.6 J<^ LtG s_ KUUV it

t s 	I r K: Y Y -MM W .: ! ti 11L Y.
I J

O i- N N f^ •[ Q J t r N M , W W W W f
IN O	 S f C •••• • U 9 n n ^IAN
ju lR Sn.aha M V <HNINn N
W	 t V O N

L !!i7 _

i

I	 I

!

i

1	 ^

I

t

!	 i

I	 i
t	 i

I	 i

t

I	 'i

1
FCR, 133"	

I

(	 I

I	 ,

i

I

1	 !

i	
1
t

I

i

i	 I	 :

i	 I

1



i

i

i

I
i

{r

i	 I

i
1

i

i

i	 1
i

I	 ^

}

I	 j

1	 '

Ii

i
s

1

i

i
1

i
1
i

i

{I I^ I
i (	 i

1 091 i
r' 1N eoo

I
01000001

i

j 0000'0000 101 (
1 1 1	 00 i

y IOt !000 000000000
W 1	 I 00000000 i0^

al ;ooa oq000 0000,0001se►
I

I (0
00000000 O

Y C OO -sI •+	 10 N1 0-0aO a N:N N	 I~ tlnN 6*
(O
A^Ib p..W t^000^0•1^1^	 ?' h

c 11,- oa0g0000 0
u

n (
1	 ^

^oo•^ a:
1	 iIooa1► a oV i OON i0

z i•^• '	 •	 s	 •^Orl^
t	

Ih
O JNr•1 • •A	 N•+000'	 OPP10 I'A

(- aooaooao o

(
N	 I W

s ^	 I i ac
j

^
I€

7 Ni	 I = W M ^, . r

^i^tL ( Yom•••► ^	 i I	 N x i
Z	 Iu i NL^^ 17	 26 P •Vti 1 J ! i - Wr ( ^	 I 1 M Z , ^.^I >r K Y, Z	 1 I	 W ^ K N H.
— Y	 Z ZI = O YY<̂̂tt'^ ►^ W 1^!Yr C	 s Z	 Ir

WE 6 A. V —' Q i W . W C	 I	 W u, r i
91	 `s.1w! Yr1YNV1iN	 L

V	 .
W W
7 Y

K V	 _ ^{ U.	 I. V — VWY' Wy r r > V	 W N y J — N st
•► %DWZZ V' W•. 0C'OZZCV C <n
•

T<r YJ ^" OO . O41W
r-r W<KZI W L=

W
WW Se1 ^fl,P	 N,C
W2 ^ ^ I	 ^

!	 i

2 S

1I	 1

f	 I 2

1

I

1

j	 1
O

'

i

j( .^GhK10:G O
i j aN >C:o 0

i

i !
r	 I

6I D P	 CIO G
I	 1 Z	 •	 .	 . . a

000NONOM^ In
011100; t I 00^
ooaoGl W	 ^'	 I ' _	 ^.

+• I ^ 1

Y 1 1 —
1-' \	 ^	 OGi ^ I s s s

_	 r =	 Y?W Y = 1	 J f
(\	 (	 .^^	 i V Wr r Y \ Py
os	 a .	 .'s. U • C	 , w r.
lier	 I A	 L= V H W •	 , F	 t W Y i W1-ji C` W > 2 = Z wC	 I uCJ O A$ K^v

g,of
6p11 r	 -	 W W W>>< t id Y Y O W

i s Z. j K = Z	 G t y J V1
1 tIY'A' Y r• 1 4 1'K i^ 1NH' IL IL V -	 O—•+ r IJ

r' N N fC }c t J -*I — ey on , r O S WW W W ^ K
.N o •^ 	 < oNs V6 N •	 .	 .	 .	 .R11•t

.
P• V n n d`wl NN .6-= ?NP11.1

.ZW	 i V O N ..

-448-

1



[=yst S 01VIS1	 I	 FCRj-133i

op

4
Qtr

1111%	 Go*	 0000 0 0 a o

I	 coo
It ;000 06000000	 IQ

G	 X000	 1"
' a
	 VP4 0 a• C

	

16!	 C!	 00 	Cal,

cocaccoo
INK

	0,	 IQ P. hF. 0 0;
low

I

	

t^OHNO	 10

	

N -O—c^	 a P.	 w
•K	 . 0 ilo*vol oaf 40 ;

a cr a

	

W-9 0 0:	 'c

	

IrOrN	 19

• ^^,	 !^_
cc	

do P.

	

-jj !c W c:	 41;
IL

FIA*1	 a	 149
0	 W• 1►

J
	 Z;

LU
r.

uj wo
zxz-c la , . KT

Lu 'a	 ji, UA W! w

	

j	 VV'

If. LL., .. 7

	

in	 uwWocattium 6- 0- ;.a
-a ' If
hu

z

I

:c 0 Wi,a
1! 4!	 ^ I C!. 

N PI ; 0 0,

Ir

Z	 d%

C! 4 c
t 0 0 0 op 'I , IL 0	 in o.NOhO m
4!00000 uj

`

Xi OF U: 1A

it
le

1 9 w W
ui 3. 3. 4 .9 w

Q 91. t, D. 7

2 -9 VP ; uw

N Y w W. uj

-L -9 -fir, L-1 AA 4-AL
6n



1
cyst s 11 ivisi n	

n

	

1	 FCI-133$

	

f	 ,

I	 I	 .

r

I	 i

i000	 + o vo.o oe	 ^O	 !	 !
•	 X000	 ^ ^ 'PPP 00	 !A	 ^	 !	 ,	 !	 •
!r	 ONO	 00001^N00	 I	 i0	 1	 i	 -	 I	 ,!	 w	 • • • • • • • •	 i
I	 N	 00000000

i
!	 O gg	

t p IOOd 0o	 IO
s	 ^ o 	 .n	 ..sue:	 ..	 ^o	 I	 +	 I	 ^	 ;

. . .	 .r ,p Im p w'r ( 'ONO	 pp00Or.wm0a	 p•	 • . •	 i
ti	 ppOO

•
G000

•
	!O	 ^	 !	 !	 I	 !

w	 1	 !	 !	 jP.
CCO0 O OOt 00	 O	 ZD

C	 OOG	 t !0%0	 • •	 iI l+	 !	 f	 I .. ! N	 IK	 • • •	 N ,p 'NON OO	 J.0	 i	 rOP GO.O O
S;	 w	 • • • • • • • •	 ! •	 d O i G O.O O
N	 'N	 00000000 I	 'O	 i	 I i	 I

IL G	 000	 + O OO.G: 00	 (0	 N
000	 O1,p ir 0? 00	 jq	

i	
I	 !r	 !N	 IONO	 •O	 mW.O	 (N

•	 !	 ,N	 OOCO0000	 I	 IO	 i ••

W	 !	 I LOCO	 O C I q_, OG'	 !G	 1	 I 1 OOG,O 0
c	 000	 O P ; N/r	 •	 !^	 11	 aOIDP00 O	 00 r+y	 A Q ^ 00 00	 ^A	 I	 :r.t !	 =

r	 N P -+0000Ar.D	 M ! 00000	 rC	 $ •.	 • • • • • • • •	 •	 • •	 • r 3	 e	 OO r
;N	 00000000	 I	 ,O !x000001 r	 i	 O i

i	 ^	 j	 I	 W	 (	 !	 I'	 I	 ^	 !	 f	 Gw I	 r	 Ir	 I	 !	 I	 ^	 I•-	 I	 !	 I40.	 ^	 N	 ^	 W	 1	 =	 j	 I
19	 i

us
de	 w

N	 j !	 ! W i Du L	 V	 i	 !	 2 ! .. f	 Ste• ► S
IP

:•. •	 .► • 	 ./f	 1	 •	 ^Y'- is	 t	 II	 •
W	 Zrr^ ^	 J 't^L• r "^^	 .i	 K_ ^ C '! Zi.1:tl W ^	 b W• '.W•	 C	 ! W N x^	 .^	 7W	 > Z	 r SS zr Y X Y	 W V< N r •	 !.

N W W^•	 J< 3• C	 I<	 N Y 9 d u V	 W J •• r•'	 CGT2•^' ••> zczvw•• W	 WY1« W r	 •r.QW

	

>16.i -4 rW y j.•C W W k ey	 ^C'.7	 tN «^<;:	 y!
ie	 I	 =	 <u,u^— • ^W^S^z. uJ^	 s .̂ ^^r.	 ALL.	 ^ ^-	 suv',^ ,r
g	 i	 Qt ^ J Y	 ^	 I	 _	 ^

{L	
J^,) t YI	 rr.rr ^^	 f

t•/ — f: 1L t' •	 O ! r w •	 —J T	 it	 U	 • <! 1 • l.i W W' G	 p< 1 1 1► KV	 !	 ^ ^ Z	 •-2 IA., 	r V W r' ^ W	 ! ^a ^•• G- <'J' G S NN ^. u ^	 rrr JY.r^r > y	 W NiL'.I r N Cr	 '•.	 ► r O	 -	 V JrJ ,J.0	 i 7[ Z	 ^0 WP-000C ZKW=	 <	 NN}^K`J	 ^rNAi ♦ -0 Z	 W W W W ;<

C	
=1 r	 C a  000K W r	•^W	 N(^ _ «,.' r • • • • •	 uGi0 ,rWZ Z jjj yT1W AM1PrNC	 W W Z	 =N ypN CNAAAA A rf	 SNNYi 0

Z	 W	 W	 S Z	 :W	 u	 G	 N	 r

-450-

'	 l



H ys	 1 ivls	 f	 I	 i	
1 FF R	 ^1	 c^-133

1	
i
f

I	 '.	 I	 l	 I	 i	 1	

I^!	 ^	 i•

;
II
1
r

I

^

i

E
1
I

j I I

i 1000• tV	 O

(	

Oo	 00 tOx000 ^	 S ^	 g''	 CO InM
NO'

O.0400op1&0 (0
000el000e ^o

gg o ^	 I	 eo.^^ .or ^	 p	 • • ^i
lao4no of":

• ^ +ti	
I

O;000IGO010	 i i0

O-C	 001111 {OL 000

x z: on e O ^°., { 4o wr o' 0 0 , coo 0 iW is O w •	 •	 •	 •^	 •	 •	 •	 •	 1
N 4000,0a0:0

1 j j0
N ' O C OO G O'

I

! 	 N(p!
iO N	 a O!1	 N a	 • •; OO•	 • OP-	 00 INr. I N O N fD' ^! O •+ OI O •i1 V.f 0 j N

•W j 1	 I Ar
1

0000,00010I IO1,14 C O it	 G 	 ^► '	 O O! i Oc OOO. N	 +	 I
	 .21 •.	 •	 •• (aO •	 •	 •; ^►

10,0:	 O Np O^O^ON119

L I N oiceolooa0	 (

f

o

I W	 II^rN N

r =	 I	 ^L6J I }. ..	 f	 N 	 J< r Nr—
j M

..
= I	 I	 N	 I t	 •llpp	 wy. M1^I }.--

d1 == Z	 i	 n	 i	 C WI •	 Y
W ^	 +w, r <1	 1	 !	 J	 L wr i ,,,+ YSY-

 ' !	 W
i	 mss•<N..•
G	 N

M Z' !•	 J- + rr , N W 9Y W . ^<	 rcc -z	 •rWr w^.tjfr
r 7 a L it V —^ Y W W. w Y;'W — yl W. • r

_	 4' N Nr N	 ^I	 jLL r L
j l	 r<r•: LL LLiLL V r'Y W is

1i 1•
6 W

>•	 •- > 4	 w N W J N wm
i V••2L. <P. Y< 2WLL^

t.WMCO 0aW- 1	 DR J	 Q 7 O— W...
WW^r+h . N r N.O } f.. y

C•
S yy<t2

i W Im SS
I 1

^	 I	 r
^I

1 {Iil

	

1	 ,
I	 1	 I

I	 ^	 I1	 Ilia.:

I 	 I

i

	

f	 jI	 ^ a	 1
r O!P G 010 O

1

N	 ^	 i	 I	 r	 I	 ,
z	 r	 I	

1	
I	 i.

I	

w	

'

	

I	
I

I	 ^	 I	 ^	 I
0 I0 0	 1

1	 O rN0 1 0 O.	 '	 '
I	 I LOI--0OiO O	 i	 eiah I

00 = 0001 ^ :w	 ^	 j i I	 O.O' •w

	

OgOCO W I	 i O
•^	 r	 r	 I	 i	 O	 i	 ^	 I
r	 r	 I	 !	 ^	 I

1`	

I	 w	 I	 j	 I	 I	 i	 I

iL Y Y IN

IL	 I	 I R It < f W	 Y I	 ^

C	 r j if j, i 4" 4' W 0-	 i -W •. WIJ	 ! ^• i0 W	 f Z	 w L	 '.i
'+	 1	 N'	 r!	 Y.	 I

^9L <N <r r •t '`	 r i	 G
	V I - 9 %A Y 64;A W	 ^ <LLILL ^ I<

%ANK'XY ♦ 'wNN ♦ .O' S	 WW WW ri;NO Z <	 /• • •	 .	 •	 4L LL Irt6A W LN -Aft fftmMM N V 	 ON NN f4
rW 	 V	 O	 N	 I•

I ^ 	,

-451-

1



77.
Paler ystgns l ivisi n	 j	 j	

r —	
'; FCO-1

f	 f	 I	 ^	
I	

{	 I	 ,	 ^	 ,

!	 ±	 !	

r	

"	 ^	

1	

^	 I	 ^	 ^	 ^	 t,	 f	
f

r

1	 I	 1	 I	 ^	 r

,

i	 0C	 f
000	

0^N	 000 00000000	 10	 '
00000000	 O	 i

'	 rOGO	 i	 i	 O O	I	 1	 1	 I	 i	 I
t 00o 00000000	 10

	

GOC4•0000 I	 0

L ♦ r-0	 N	 04 OC!	 f0• ANP	 ^P	 1,0•	 • •	 ;e	 w	 ^	 •• re	 hy a	
...	: !

Do* ee oej	 ' N	 ^ 'o•roo N
Z i^	 rC0	 0«AO•	 ♦ ( 	 < • • • • • •s • • • • •	 `	 •	 Jo000'O d.u.	 00000000 {	 ;O	 +	 ' J 'fir 	 t

L	 01Nr	 N	 0ii 00'	 I0	 !	 I N

	

• • •	 N	 rw 00;	 (N

	

!	 i	 i	 I	 r

	

1 i NNA	 t!'f	 0 j ^Cr	 iN	 X0,0 r00 Y	 1na0

	

•(	 • • •	 NO	 N r oa	 O	 w 'eA	 tN00 - #000Noo	 r	 000.00	 !•^	 r 0	 ONO •O
!	 00000000	 I	 O^ I 000001 W i	 i	 r N!	 ,

.t	 {	 ^	 W	 i	 ^	 ^	 j	 I	 •J'	 ,	 '	 ^	 O

	

s	
I J
	

j	
^w	 = i	 ^^ x rN

	

^ J	:,	 N	 : r 1	 W 1J f ^,	 N ► 	 J	 ^	 ^	 W ^r!K	 NAY - <
s r r jY---' ^	 r d ^4 — ^	 g,t	 IZ	 f i L r i. ! W	 1L	 L1► iL J _

bn
: 1	 ui '<r L•	 o	 -O	 ^	 O	 Z VU W r	 O rWN W

	

^	 '	 ^	 ^	 ! W Y Z#	 '=	 - _	 Gig	 ^ Z	 L! •_'	 •'•Y r L.	 'L r•K Ilr	 •	 r	 V ^»	 W	 K'^	 r

	

C	 NW W	 J< %1	 r	 <	 N! x ^7 ^;	 y Jr rF

	

W	 Y.^	 w>^ Z; Zo +YF W..' 7. r•	J1 W	 W !f e < i7 r	 r Y.YYI	 r«• • <A<7. '^IK,	 r;^	 !--.r• r r-ZY	 %•tC = 3i	 !rL 1 y r!W'ilj1Y	 w y -y	 -^^-KN <W <-	 N+	 C

	

t	 2	 <.,,► r«r•r •r ^••2 ^. 1dV^	 t A. 	 w Z!	 r • ; <V VU it

	

!	 o1 J xrr'": "'^V	 1 OWW INr^r-Y Kwrw "AAl i N	 `ryrr r•. .

	

Z	 tii	 <; is s;	 S• ► < .^	 ? v'	 ,j	 • s: 4f xr ' • W	 C I	 ow -L 'w0-53

	

 V •+V Wt'	 W	 !0	 «0 KLOI LNN Z y	 Orrr IJ!««— >V	 HNWJw Ni'r tr	 •r C	 VVV .J

	

A	 -	 t9srs	 OwrOCO•tir VO	 K	 'rfN-CK w	 F" -f 0 Z	 x'444 ,rSKr r Jf OC p Y W-	 ♦ w NOC «,	 •	 14

	

•	 W Z Z	 W W A 1f: A r' N O	 < K r	 N V G N N N A A rS r1 A V	 K N N N • N
W	 W	 S S	 W	 V	 O r•	 «

.^^	 . A C .i



TABLE VI-11
INDUSTRIAL PROCESS CHARACTERISTICS - 1985



i

a	 ^	

1

	

•!	 f	 ^	

i	

1

ff i	 4

	

it 
p r. N 	 .P. 1	 A^	 2 ONI

!	 11	 . r • ^	 a a r	 X 111111	 ii 1 MI

	

n'N tV	 4two  C fr`

	

1	 ^'^^"!	 , a «104 (	 ^z ""1	 !!^	 v^	 ^ 6tl
f^;	 i	 ^{ tI^O^ I	 AlO^^^s	 +M1;	 1 •NI

	a 	 ^r6 Cie a1;	 v^	 031

I

of

	< 1	 •. 1 S I w ^	 O ^	 i	 ^	 ytI 
9	

16

	

y = r:	 C	 ti	 r.^«^v	 Z	 YJr 3a !,	 o r	 W ^	 '. ^ .y	 1	 r,t t

	

30, 	i•YSi	 Z	 1► .► 	 s 1.

	

Ir
s	 a yY 	 •+	 < >•	 i	 G O

L W+	 .J	 y V M.

Ad

	

'•	 ^	
Yr:tA!	 ^ ^^Qi	 ^ 1	 ii s	 '	 i W tt̂i	 Y a4'	 Yy	 s	 SL's 4i	 1 +G

	

=1	 y <	 t	 a	 I y
^ N	 'J' ^ V Jai	 J !	 iN1J	 I Zw'

_ C:	 i	 V	 Y i	 +JL 1:

	

.:	 a=ye	 ^ ^_.r^ S ^ s*«sr =	 ^>
yr	 ^JLk.r	 ^NMNr:G y	 v.

d V	 .X.	 4' ! «i.	 i t ai, i i► .J 4999 f	 f
TTs^	 W _<+4 L	 ^ 7 . 74' Y •i 1 Y	 -	 <

t1

,
-453-

i

1L sf.Ic'00
g

I

00000

' t

v

1

i

N

j

I

I

^	 I
i
I

1N

r
IL

v
a i i

i WV N
< l w

[j L
r

! 1L 41F X

^^

^
v!(

^
•►

Z X K N

Y R T

O

4



FCR 133

I

I

I

I
1

t

I ,

;

1

1

i t: • al p+ w F. ^	 I ^i ,^ a ^„ f i !
^i .Hoot•	 • I eooi000^a• a • • • ^+i•+ ; -r+•	 •^

.
c;♦i

j'
r qP+^h O I OytiWOO'O a l ( —OI

O+— N M + O	 h!I ^.► -d• Pf'ir• OR •+ P' ' t► Dt w N — fic. O
p1	 I +r: ♦ +IJ i• i' w P a a — 0^0•	 •1	 •	 H s Mi•+ J NI• G O	 O!O A O	 I^G+aft

1

f	 •1	 ♦
I

I

!
^

i

^

I
ff \ ^iV W 1► .iL ai r' I ^ i

= .J + IwhMIrC ' W^

! Ji J O	 O U•
s i i i

* (	 O ^ ^	 I ^ ?'
N

^ ^ W s

Y	 s 1 ^^	 W V z ^	 .'L ^ ! ^ ,— ^ ^ ISr 6 ' •	 f ^^jj pp -

OIL

^ Y!• ^ .A^tJ- .. I

I' 7 Q^  —J V J — W J i'N.r sw 'J 3

i V r i 1	 s!z •• ^ + ` y4 2 ^^ W

'JF,,7 J J y '^ F NNN	 p" y f V S 4 1	 `-
^

N

sl7i sr ^ 2 W^► ti 'J! Y a i f ^4i

Zr	 I i rSfY n w	 - N^^
1

1 wN

I
I

454--
^

-



1 I I ^ I
1

j ji ' oacf0000 c^r^^c

00
1

c r z

W;: IL.Al
Z V L6 0

j of w

-4 	 g w Lw L4 . -C

J .A	 LA

&W. CE

< a x

;6 4K e, r-	 a. g

oil
00000 c

A.	

C.

-9 z
Z

Y J1

9

X



S ystim NS

I;
l	 I

i
f

i

sic

i

I

IW	 i	 j	 I

i	 I

O .+ O IN 0 7	 I
O 00000 O

I

t

i

O u

rr
G

c an
r	 z >

o s

i	 l M
.i	 ± 2
J N
<	 Z w

_2 Y

<	 Y	 < Y
a	 ,.

u
a	 J —
Z'	 ^	 Q N

Y S 7J J	 ^ V
f	 K J ^,..

r h+
••• OI

1 net

1
J4

F- N!
f :7 7

i

i

Hi

w'

L

Y 'y
y>
z1 >'
S J •
a <.
C G'
ruLL;
< rj

j Z ^
^ 7

^ <

2 >J
L,: E

r t

CR^133
1	 +	 I	 i

i

^	 i	 I	 I	 i	 I	 I

I
i

,

I
^, "^:., o,^l^
fl y .p__O O^O^O_OiA h.

^ ' Tri c:.:. —

I
^ G O JO O Ofe'. Ol

'' N1 .7 Oi r h^ -1 J A` 7 k	 N r^I O^	 v ^^ Oi JIO ^ Iw+ .p s	 i
d, ' O fw A s 10	 00 N O f0 hl

\ :1 U. %L 	 LLi
s	 ^ i ^ r jOCOGO'^

< L z ..	 C -1

I	 ^pf	 =J. .0	 I	 t J Jx	 a	 a ^•	 < o	 as \	 O Z i	 =+

< Ar	 Y  2	 2 J n ^	 ^	 >

i	 — _ 2	 I ^ •• -• _u Z •^

`^
Z C	 w w^ ^	 Z r- ac O

>G Z a^w — ... I	 ..	 ^
Ic< .^ r Y ni = =	 G ^ I	 — a t^v	 r a v .l 'yU r d r'

2 O t J Y Z 2< \

G 1^>'1I ^ ^ S < '.	 JJI^ J.

u Z^	 .-' s z WC
—	 I KS 3+UI J JJ < c< K= ^ 2

C. r y r. 'r, Ir	 y4J y l
Q	 1 R Q = J. '1 LL V	 cr <

7 . ^ 7 t ^ c 4 u. 'i ^-	 ^. Y a+	 ^

-456-



i

	

^	 I	 1

'C 0 O G r7 tOS

i

	

1	 j	 ,

I

1

N	 1-

ri C
Y	 sC	 j	 a
^	 a

	

O	 s

C ~

	

J'	 6-
¢	 f	 !	 t-1..	 :	 z

	

1	 LL
J	 V'
< 2'	 I	 W

z 
S	

L

z z	 ^+	 y
K <	 <	 Z

< .J 
	 `-	 V

^ Y	 J	 w
2 =.	 4	 ;r

► 	
z s sJJ iW•.. i

►-	 1 Jr ^	 ^

i u Z C G r

s.01J Kr Cut
- 7

O ^' I
N h1

O JI

i

W!

Y

J 1 ^
2< r
2 J

z <:
r

1 V u.

J Z i

?s

_ J
V e

t >
J f•

t
< y,y u7

i
1

i

I

1 ri
O+ NIh C .0 et O 2
Y; - 0-12-0  i ^Q J a of L1^.( (^C .00 coo 19 NI1

I
1 =

11 ^^ 00^
t
ti I1000p000 OI

y'^6 J df , =1 Ifl! 1 I i
j O^ OC

vl	 v .. ^1 • vim
.^HO.f '

^
OR'
n. i	 fJ I di

n^!
2
O

i(
y l•1'N 9	 t

a
Ifs G 00 0 f0 N I	 J

( ^

t

1
t

n	 i

I

(	 I ^

f

i t (

^ I O
t ( I ( j

_	 < m r	 •. o

^	 0. ^ 1 (m 4% ju<.,
=

t^ I

>	 T	 J- -	 ' r	 >	 I J {	 O	 'm
ar

y I = t	 r	 Zp	 a V'	 ¢p	 W	 Vt ZN	 <1 Y	 2< •- J r
ZCr	 r ^s	 I .- I2Z	 ^ I i	 ;J

2̂y aZ= = ¢ ^J

1 y Y n'1 'J ►'	 : J I	 J^zz< '-i_ J	 as
p	 . I

s z;<.^
^	 'J <

s
j	 <	 ^ W f

l+ Y C J1 p J 1- LL J .Y N 'J

C ^^ '^ ^..^'- S
LO

f.
^ s v^ x v1.6 r

^. 2F'	 r'. x=1rC u ^	 S SIr 2

l J < f t„ 7 :,7 LL 1- !Z 'J 1- V	 1 1'.1 f
W J LL ^ 'i r- V,	 f) W^

a	 J^
LL. J^ V Y! T ^ L ]:

-4 i ZLL • L LL u ff. e
^ J G 1 J r Y Z V 1 .^ < 6 =
2 --	 - W r t V W 1 H C J ^+ Y u. 1 'y2 Z<Z 'p J Z 1 > J C^.CO rN y ^.
< V	 2 Z	 L a r f•	 J L 4

-457-



7vi

I

1

f

1

i

i

f

I

3

1

I

i!'I l i
I

i II I I I I
I I 1
1 f a' + by O ! O s h O. 11 .r .nt

i coo ccOlOG00 t' rNl

1r I

^

^^ OIC r , O O GI
I(
G G O - G tii -01

I
c•o o •r r

toh f	 o M
O .	 K r{ 'Z;

z4
• O I C r I N P !	 O ti^

sl A i=M,rti a 1 Or0.00`CIO J h NI.	 .

i ^ 1. ..etc ^ ! cco^occrc Q• vc;

^	 r r ^- !QOJOOOI W•<^ 1 I ' I9 .. ^'J 7 I I \.
7	 C, I ! N Uth UN2- i	 r WI

> i	 J ^ -	 `O .ac7^ 1	 >I	 < ^	 J Q	 Itl W=	 <	 1, (

-	 f r	 a' s	 j J n a	 > 2

r	 T' r Y J i 	 1.-
_ j Y <,

3	 S a l S 2 0 a Y 2 S a \ 1 G
.. - C	 o f I	 I +^• v-

uJ;^ J Stu z-
- C Y Y r L l < Q' < I	 J V LL_ J L <

Y ^U< Y I	 L iirpi
i

2 'i v<
.'+ a > S < •J U AL ►. rx	 LL, t1 G t1 f -

I 2J	 J Za>	 1^
Y
^•

-+ L< ^ a  •- J-A. • ♦ LL U it" T
< y

r

r

-458-

i ^	 I

I

I

la
a	 ^
•
i,	 1
jo

r	 O r p u•^ p	 o
1o	 ooc^uo	 c

^

I

I

I
i

1
r

N

I

;

r

CZ _C a
h	 2 L

S	 ; 1

Y. 2
w

J	
I

_

v'

<	 2 LL

z 1
j A; 'L

Y	 4 Q<
J	 ^ V
a	 z	 J

J J •1_

.-	 < J - C

FCRrl33

I
i

i	 j	 I

r	 r	 I

I	 i	 i

I	
I	

i
I

I	 I
1

I	 ^

I	 I
1
t

iI



.M

i

CL	 Z

J in
Z
I

z
z	 z

611

-9

-----,459-

0 0";

9 —.:

_A CA	

0000	 0oo'ooeo of

v	 Uj

CL

CL	 z =,4

<R	 dic

Z

kz'

Z	 C;

O 'n
—0,



Pov or 41st s Olvisl6n

I	 ^	 II^

IFCR-733

1
1

1

^J	 J0007 4

4m	 6—

2 cr x

L.—-

I ^	 i
i

^ !

ZI

1

W U. I& W

f f• .1

O

N	 V.

Z 3.

ka -9 4K

-4 JL

le z

.6
'b. -4 d9 Zt l LL	 -L .9



I !

g

i

i

I	 I	 ^

I

^

^

co 0 a Q

0 'FA •	 r

'
i

^	
i

i

-A. LL U; U. Q. U. :

.j

z z Z.- z

J  L
a

r 2:
41 Z- 0-

IL

owl
1 +

IN	 19 	 : :9 0 li

I 4^

z

v .9

z :.I

tL

9c

z
LL

V.

.A i

cy

6L U



Fsts D visa,

1	 j

i

^FCR 133

I

w
I

i

I
1

1

I

1	
i

7

61
6

N O O I 1+	 ON .n .r `O r7 C
ooalne e,

(
i

I

i

1

I
1

I 1
'

^!

I
II

I

i

^

j

I

I

^

r

4

I

^i .+ ^..v C	 ^ I 2 OI Yr • w'In0 I V O^,Id! 4,^NG 0000000 OI
I V^ •+OIC.^ ii OG GIdC OC 01 •^:^

Ct^ N pti ^^
f1 e'O O .^^

j
^+	 .. Y^ I ^ O O .,^ ^vl	 svl t ^,

of
. r

P0^r+ aa ,
1

1n
OOaR1:i9

^I
1

?1 J
o r+1
OPII z

i^
F.
J•I^JC I OG. 1"40.2 O^ "f'•.

I

I

1

(

1

I i
^	 D

I I
1 I (

'. r I 1 I

N i I '\ 1r I!JJ •
= ai

r' ^
I

I
i	 3
I	 w

W W W.LL 4.4.1.^ •	 •	 •
c m''O O d

r
^I

n ^ I S Lf C : \.f. 7
fm 

on

r`— Ir ^ tl ^ I	 J !^ I. ai
s x J^ C >

I
^	 o .o s'< ! i. ^ < _^

C IN WI
Ir

1 JI ^1 L :G 41 ai
_ <1 Vr^	 O:^ Z	 2 J N M	 4Y 1

^ 11 ►=c	 > rZ C 1^ I	 ^ Iw I

>G = G	 'W V	 J V 1_
^ Y > I +. !. r IJ r 4L 11	 a1 I> ^ I^

1 '• 1Q>W C' 4'Y J	 A•t ,. JI I <I
C^ Yi Y `sir 'LL I i ..Y.r
	 'Uj 

<

1 H '^ I J J 1ft U. I" I1 N N	 y' ',^ y
1

L: <

7.

I

2a J ZW^J > C CCC ^ ./1>
Ii
I

I	
^'

>
'
I

<W

i

_462-

I ^

a

s

V -	 I W	 I
s ^	

I

W	 i N
Z	 1 r;	 I

i	 ^ z
_ L

Y	 <j Z
r	 U
a

< ' J1

^ Y Y

i



1
o. i

(1 t N -.+0O 1 00010000 OI Q owl
OTI

1 ^
i

.t
rl

-OC.+ ^ C^GO!00010 OI ..G^
1 i

i O•P N A
^ -r. Tirnro r -, s C,

1 J Cap a•...^n? OO-'O r O'O T ! J O?!

I I 2

'°
1I

?i '1LL LLLL W!

^

1
N ' ' \

z p ^ ,n^+na ^ WI i; (

a.t	 Y I \	 ^ Z 1	 t:+ i W>
2 < N+	 S' S	 2 J N N	 }I

i f)^'	 'L V Z N	 <! - Y	 Z< ^ J	 A -
1. Cr_	 Y 22	 A Y _ A 2G r Z 'Z IL Z a	 '^ I X<

!•
^

4. ,4j ,,
1 C

A
Z

A	 = V
S L W

Y
—

I	 <
^	 J i

A
U LL'

z-a s zz< .

^^ - a ? JvA T. I	 J- ^ a
Y -_ L < Y ^	 - LL ^ i _ 7J 2 r	 ^ X Y LL O W^ i I Z^^ L <

J-
S r	 L .'t L v i l 7 t	 + J^ L

-G J '= 1 'J Y C J L a G Z J n

_ A63-

II !
I

i^ $on g
00000 8 ^

(	 ^	 1

i

I	 i

N ^
T.

Y?
Z Q	 '

C ti
N

s	 a •-	 i

J V.

C2
L	 G	 N' 4.
4	 Y	 4 CL

^	 a u
v	 Y	 J •+

b	 < V'1
t C Y

•C..	 J J ^L< J .- C
Z	 l u r 2^^ Y	 ,

lO
1

i

1



L

Pow or S^Stot is 0 visac n R-1133

i	 ii

0 c
OP 

Q .2 G-C 1:0 Q a CC IO

OrPhMI
,a
v :-,o

fn 0—
li -

ft"
t

a l A fm N

%L 66 %6 &L ki. W.

16
CL

.2
'L 49,

LZZ	 n
x W JL

c A
= , U49 J

CL 'A LL j
9L 4
= x L s vu AL

Z 0-
JL	 6. r I v

-A No
7 W LL.	 L^.	 fd 4

g L, 6L 6,

ji

-it

C	 Z

—464--

O	 i	 !

ft f" 0 0 Q

aL

66 .

66
9z

Li



CR-1333

E
IL

o-
Z

C6

d	 ^	 I	 I

	

1401	
i

i. 	 J	 I

^ciao 40 z 0041
so - I %1

'0 0,

i i e0i00 Vo
r. a.

1 9!

O
CC— GOOOOCIO Q! — 42i

( i4

r 
Vim ; Gam!

"i t q 9 d! a 0 0!0 Cl j 0C'

. i
CIO c

j -
C

(	 i	 ^r
V

;

r.

^i ^ ^	 I i

4f

I	 j

Ir

LL	 -j

i
1H

lb

i j

r

IL Ll to
z

3p 	 j Aj

III c

— 

I.6 1w.

.9 — a .,	
P.

6n

-465-



i

1

j

; t

I

! f

I

1

i

1

i

^

^

!

{

a o^^ o

I

l

N^' ^! r(	 s'

j I Ti 00•i0000 rf	 •
I t}

1

a• 00'OA03 O^
zi

$ r ti o j } x0160 O+• aS
N+

c•
"^^

!p-	 a	 ! a0O •A O CIO OI	 r
s. wa.;S	 ( ooria.^e^ el

( I

I ij
! wWrtw

f '̂ •
j ►• ;CO-,000

r ^

I	 'C

O	 1 4L 1

i	 U Y	 L < N J	 1• 1
A	 +	 r . ;'	 A0 itY s	 1 r. ^7l ¢^Y

rl t	 t Yl N -w.•-f >	 ^ U. •	 i j
r s^^i^ !

yy
i^ u • ^ e

3 ^rYNr i' st a ^ 4<4

^j a+! s Z a _t y 1 z1 \
r. i 3

U <
U J r LL J f

^	 y N .J W'
r	 i 16s >'J11 t Z t JN ^6 J

t! 66

.j
riiitsh Zzuru J i

Jw. 1 U Y= r r•A
-> U y' r f r a 164 LLU tr 19 f

• 1^= y •' Y YU i .4t} Y
s

r
_	 f

J 462,.0nt. st goeo-:>.0 >fr r nAF.

I
1

NP
r; p (

N
P'

o ai

I

r

W'

41
V!

yi

f
t >'

LL

yr Cz..
zr.

Y,

i J
^ y1 ^ 3

i I

!•^	 'f^ w il^ Ot	 e«^^+^o a
ro	 1000100

i
i
1

d	 ^

6	 1N.

i
• I ^.	 i
IL Z
LL. w

yN
^'

IfI
0.

e[ '3 1t N	 I
! ? i I

+uCZGO ^-

i
f

r

!

CR^l
i
i

I

L



7

I	 FCR *1333

i	 I

.	 I

f
I

0 o^s g I	 hi
All i

^^ rl ^•I
i A000 O'itIRiOO

^^ I oo.• Boole zoo ^^ .o

1 ;' I^;: a wi lrrM/3
ti, I N ^' {n+ f ^O O + ,0 C O'0 OI .^ O e

^
is +0 0 GGM^OCO^^ 7 +OI

^ I

r

V'
^ t A+O ^. 0^

1
^ r:

G: i  _ 1 = J	 ^ ^'1^.1. 1 I \W i^ 1 s

Ir

t s, ^_	 I ;	 ^	 ^ ^	 v	 !a ^ Wi

w a	 ►^

J

Z ^	 ^i 7 ilE,^ + •Y• Oj 	 JI <p I	 •r ( ULL<'

• -opt IA

(	

Aj!Zyr i ,j C4 V -	 Y I.t ss + V W. J <I	 LLbA yy,iiZ^•,iGN 1.irtl-LL

^+	 ^	 ! i v a s ^	 u ^i ! zu !^	 .. s Y1•, ^ ^ ! i! ► ..t I {ice <
<! V 4 1L F X R>

4+ •• ^4 ^ H 3 fN	 ^ .L ^ J S
:} za . . jLLLLI^. aC6 4

^ i
C £̂t

:^
ti

+ KR v
4 W ^

Y 6 f6
^• r	 C Y ^. 1 Z-

^+
^ 3
 4

1

I

R

r	 GhAM^O O

OOni09 ^
r

I

r	 I S
yl

^	 z >	 !
u	 ^ m

EV Y.

4	 1	 i

<	 Z W	 '3
G`r
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