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-ABSTRACT ' '
: Th1s packet of f1ve learning modules on m1scellaneous

top1c§ is one of six such packets developed for apprent1cesh1p .
+ training for millwrights. Introductory material$ are a complete
~ listing of all awailable modules and a supplementary reference list. '
Each module contains some or all of thqse components: goal,
performance indicators, study guide (a-check list of steps the®
student should complete), Qvocaiulary list, an jintroduction,
information sheets, assignment sheet job,sheet, self-assessment,
self-assessment’ answers, postrassessment, instructor post-assessment
answers, and a list of supplementary references. Supplementary
reference material may be provided. The five training modules cover
foundations fér machine installations, alignment of newly installed
equ1pment protection of electr1ca1 C1rcu1ts, transformers, and trade
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APPRENTICESHIP

o MILLWRIGHT
- RELATED TRAINING MODULES

SAFETY

General Safety
Hand Tool Safety
Power Tool Safety -

-—

Fire Safety
Hygiene Saféty
Safety” and Elect

Fire Types and Prevention

ricity -

Machine Safeguarding (1ncludes OSHA Handbook)

ELECTRICITY/ ELEXJTKNICS

Basics of Energy

Atomic Theory
Electrical Condu

Reading Scales -
Using a V..O.M.
CHM'S Law

Power and Watt's

Kirchoff's Cu
, Kirchoff 's Voltage Law

ction

' Basics of Direct Current
Introduction to C1rcuits

Law

rrent Law

Series Resistive Circuits

Parallel Resistive Circuits

* Series - Parallel Resistive Circuits .
Switches and Relays

’

Basics of Alternating Currents

Magnetism S
. das

Dlgital Language
Digital Logic
Computer Overview

' Conqauter Software

* L

Fastening Devices

Bagic Science - Simple Mechanics

Fasteners

L

. Boring and Drilling Tools
Cutting Tools, Files and Abrasives
"Holding and- Fagstening Tools

“~ e




(=2 0 e T e NN e W= A Mo 0N o B e e e \ Qe )

NN NN

3 3 L3 » e 3 e 3 -

P . " N
SRS EOESGEGR NGRS NN N NN,

'3 L3 3 - - e -

=00 dO0 U WK —

LN O

-*

[ ] L) -

= = e = O 0 SN WD

WO~V WK —

Types of Drawing and Vlews e 8
Sketching .
Blueprint Reading/Working Drawings 2

-Working Drawings for Machines and Welding

Machine and Welding Symbols . :
Blueprint Reading, Drafting: Basic Print Reading

- ‘Blueprint Reading, Drafting:' Basic Print Reading

a

Blueprint Reading, Drafting: Basic Rrint Reading -

Blueprint Reading, Drafting: Basic Print Reading

Blueprint Reading, Drafting: Basic Print Reading

Blueprint Reading, Drafting: Basic Print Reading . -
Blueprint Readmg, Drafting: Basic Print Reading - /

. Blueprmt Reading, Draft‘i’pg: Basic Print Reading =~ .- ™
Drafting, Machine Features . S N
-Draftmg, Measurement - I | e 3

Drafting, -Visualization,

HUMAN RELATIONS

Comnunicatlons Skllls
Feedback o '
Individual Stmngths .
Interpersonal Conflicts
Group Problem Solving
. Goal-setting and Dec131on—mak1ng
Worksite Visits _ :
Resumes . . : - _ - ' )
Interviews -
Expectation _
- Wider Influences and Responsibilltles 9
Bersonal WFinance :

Boilers - Fire Tube 'I‘ypes
Boilers - Watertube 'Iypes
Boilars - Construction ‘
Boilers - Fittings '

Boilers - Operation ¢

Boilers - Cleaning

Bqilers - Heat Recovery Systems:
Boilers - Instruments'and Controls .
Boilers Piping and Steam Traps SN '

I I B

-

'IURBINES

Steam 'mrbines - 'I’ypes

Steam Turbines =« Components
Steam Turbines - Auxillhries -
Steam Turbines - Operation and Maintenar)ce 0 .

, Gas 'mrbines ; . Vo

. . F .
) , T - '
v ;. ‘ 4 ) ! .

) i - . .
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r X
9.1 -Pumps = 'Iy:)es and Clasmflcation ' . | - B ~
. ‘9.2 Pumps - Applications | ax et R S
9.3 . Pumps ~ Construction ' , . ' S
9.4 ‘Pumps ~ Calculating Heat and Flow . ' _
s 9.5 Pumps - Operation - ‘ L e
9.6 Pumps -~ Monitoring ‘and’ 'I‘roubleshootlng v S S
) 9, . Pumps -~ Mamt:enance ' . n o o _' .
 CoMBUSTION | e T |
* Vs . »
10.1 ' Canbustion -aProce O - - B :
10.2 'Combus,ttmn Types of E‘uel U L
10.3 Cambustion - Air and Fuel Gases e .
10.4 . Combustion - Heat 'I‘ransfer ' g o
.10'.?- Combustion - Wood |
\ | © 7 GENERATORS Ty
4 l’, . . : . "
i1.1 =~ Generators - Types and/ Constructhrt ‘ b
112 Generators - Operation " l= . ~ A R :
12.1 Feedwater - ’Iypes and Bquipment | ‘ :
12.2 ° Feedwater - .Water Treatments ° - _ o o O
' 12.3 - Feedwater - 'Desting ’ \ ' _
) ' R /
| * MR COMPRESSORS A
[ .
13,1 Air Compressors ~ Types - , :
o132 7 Aar Conpressors Operation and Maintenance . : . o
‘p"'/ : . he s . ) . » : l . V . :
14.1' = Steéam - Formation and Evaporation R O
14.2 Steah - Types + _ [ )
14.3 Steam - Transport o ' .
© 14.4 Steam ~ Purification ‘
-/ MIscELLMBOUS e
'15.1 - Installation - Foundations ' * .
. 15.2 Instdllation ~ Alignment L ‘
._ ,%5.3 . Circuit Protection . ! o o o
. K - 15.4 Transformers P : C e, ‘ oy -
., 15,5  Trade Temms Co |
. _ . . . . ) r . .7
'_ TRADE MATH &=~ = ' . . : 4 .
: 16.1 Linear - Measure | o _ B . | \ |
16.2 = Whole Numbers - o,
- © 1643 Additional and Subtractich of Comnon Fraction and Mixed Numbers o
N - 16,4 Multiplication and Division of Common.Fractions and whole and
’ Mixed Numbers =~ - _ . , | T
. " < & . ,\ » K S _ .
! Q . . ] g , ;
EMC b J v ) N
I e _...i._..__._...._.._. . :
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16.5

16.6
16.7
16.8
16.9

16. 10
16.11

17.1

17.2

17.3

- 17.4

17.5
17.6
17 .7

17.8
17.9

17.10
17.11

17.12

17.13

" 18.1

- WE.

Percent .
‘Ratio and Proportlon

Perimeters,

Circumferen
Area of Pla
Metrics

HYDRAULICS

‘Areas and. Volumes

ce and Wide Area of Clrcles -
ne, F1gures and Volumes of Solld Flgures

v
S

.Hydraulics
. Hydraulics

Hydraulics
Hydraulics
Hydraulics
Hydraulics
Hydraulics
Hydraulics
Hydraulics
Hydraulics
Hydraulics
Hydraulics
Hydraulics

- Cylinders

- Lever ' .
- Transmission of Force -
- Symbols :

- Basic Systems

- Pumps '

‘= bressure Relief Valve

- Reservoirs :
- Directional Control Valve -
- Forces, Area, Pressure -
- Conductors and Connectors _

= Troubleshooting

-.Maintenance’

METALLURGY

_Included are

W 3010
+ W 3011-

MS 9001

ILS packets:
.Q . .’-

1 . )
W 3011-2 5Sj '
: (1-3—4-8-9-6—7— 2-9)

MS 9200,

9201

. POWER DRIVES | '

101.
102,
103.
104,
107. A

A-B~C

© -108. A

WELDING

602.
603.
W.

A-B-C

'3011-1.
MA-18 -

-D-E

C-D~E
B-C-D-E
'ArC-E-F~G-H-Ijg

~D-G-I-L-M

A-B~F-G-1I

refer to Metta)lurgy 18 1 .

‘ < L
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- Note: All reference packets are numbered 50N the upper r1ght hand corner of the respectlve cover page
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Supplementary : ey ], ° T | |
Packet # Descriptlon e ' S \ Retated Tralning Module - )
]18 E ,_' Concepts & Techniques of Machine Safeguard1ng, U S D. L 0 SHA... 1.8 Machine Safeguarding-l ;: S
2.1 | Correspondence Course Lecture 1; 'Sec. 2, Steam Generators, Types 7.1 Boilers, Fire Tube Type = . .
e -~ of. Bo1lers I, S.ALI.T., Calgary, Alberta .Canada . L / SR
12.2 Correspondence Coursé' Lecture 2 Sec. 2; Stzam Generaﬂors Types 7.2 ‘Boilery, Water TubejType e
e ' f Botkers II, (S ALT,, Calgary, Alberta Canada , L . o . w
L 12.3 f] L Correspondence Course, Lecture 2, Sec.,2, Steam Generators Boiler "7,3' Boilers, Construction .
. ) Constructlon & Erection, S. A I.T., Calgary, Alberta, Canada T , . o S l
. . ' . ’ . . “ R
]2W4 . Correspondenpe Course Lecture 4, Sec. 2, Steam Generators, Boller 7.4 * Boilers, Fittings
' . ~ Fittings. IT, S.A. 1.7T., Calgary, Alberta, Canada . ']‘ ' '
12.4 . * Correspondence Course, Lecture 4, Sec: 2, Steam Generators, BoiTer- . 7.4 Boilbr ,,Fittihg?
: F1tt1ng I, SAAL.T., Calgary, Alberta, Canada . B i; .
12.5 . ; CorreSpondence Course, Lecture 10, Sec. 2, Steam Generation, Bofler 7.5/ Boilers, Operation. o
' - Operation, Maintenance, Inspection, S.A.I. T Calgary, Alberta, - ' , \ A
Canada - i L\;"\ . o Ly .
- 12.7 ) Correspondence Course, Lecture 3, Sec 2, Steam Generation,.Boller 7.7 Boilers Heat Recovery
AT _ Detalls' SAVLLT., Calgary, Alberta, Canada , _ B ' : Systems
) - . '- . | - PUMPS ‘
3.1 ., L Correspondence Course, Lecture 9, Sec. 2, Steam Generator Power = 7\ 9.1 Types & Classlflcatlons
3.2 Plant Pumps, S.A. I T., Calgary, Alberta Canada ' 9 2" Applications
3.4 9.4 Calculating Heat & Flow
F.6 ’ , 9.6 Monitoring & Troubleshooting
3.7 N ) v 9.7 Malntenance
13.3 Corfespondente Course Lecture 6, Sec. '3, Steam Gonerators, Pumps, 9.3 "Constructlon .
13.5 ' SUAVLLT Calgary, Alberta Canada : 9.5 Operation .
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- Packet # = - Description *,' S o Cor o ,Reﬂéted Training Modulq
f 14;3f B f Qorrespondence Course Lecture 6, Sec '3, Steam Generators, Steam L 4.3 Steam Transport .
- 12.8° - . Generator Controls, S. AL T' Ca]gary, A]berta Canada ' -7:8." Boilers; Instruments &
'14)4' | Correspondence Course Lecture 11 Sec 2, Steam Generators, : .,4' 14.4 Steam Pur1f1cation? ' N
P1p1ng 11, S. A L.T., Ca]gary, Alberta, Canada o : S R 4 :
; 415,1 ‘ Correspondence Coursé Lecture 1, Sec. 4, Prﬁme Movers, & Aux11- : 8.1 ‘Steam Turbines, Typesi'o;,ﬁ '
%ar1es, Steam Turbines, S.A.L.T: Ca]gary, Alberta," Canada R, . SRR o
\ ) . \' . :; _.4 ~'_. B __-'A_. . ‘ R o
’15.2 ' Correspondence Course, Lecture 4, Sec Prime Movers, Steam - 8,2 Steam Turbines,. Components:::."
Turbines I, S.A: I. T. ~Ca1gary, A]berta Canada ' o | Y e -
4%5.3 | Correspondence Course, Lecture 2, Sec. 4, Pr1me Movers & Auxit- .8,3'rSteam Turb1nes,‘Aux11}ar{e§f’-ISS
S ' iaries, Steam Turbine Aux111ar1es _S.A.I.T Calgary, Adberta,‘ | L Lo L e
C " Canada- =~ ) 4 o \ AN - P B
, 15.4 Correspondence Course, Lectufe 6, Sec 3, Prfme,Movers, Steam | . 8 4/,Steam Turb1ne5, 0perat10n ;g,ﬁ:gf
- Turbine Operation & Ma1ntenance, S.A.1.T., Calgary, A]berta,:_1 s 8 Mawntenance S
- Canada - : e S _ *;,_; : e
15.5 _ .Correspondence Course, Lecture 8, Sec. 3 Prime Movers, Gas L ‘ 8.5 Gas;turbines;.41,~< ih
. o~ Turb1nes, S ALT., Ca]gary, A]berta Canada - L B R
\ “6-2 oY Boi leye Fired with Wood & Bark Re31dues, D.D. Junge, F.R.A 10;23;g0mbu;{jon:jyﬁegfﬁfjpuéqcii' .
Doy e L AP I A
N e o urre‘pondku(e Course Tecture 5, Sec. 2, oteam:Generato | Fue1 rzl&Tb,??;Combustioq Type//of Fue] ff{f
. 5, Combustion, S.A.T. T Ca]gary ”A]berta, Canada' 3 - Lo T TH e
T~ 163 ~ Correspondence Course, Lecture §, Sec. 2, pla"él}}f f- s'FNC] R TS 'Cmeusf10n A1r & Fue]’Gaseslf{{C'
PR Combustion, S A I T., Calgary, Alberta, Canade—" - ',f-“ _ BRI y SI_JC;NQ T SRR
o 1y : CorrvspondenceCourse Lecture 12,: S + -3, Steam Generation water : ]2.1 CFeedwater,. Types & ST w iy
4'1_1.‘ SR Treatment, S.A.1.T., “Calgary, A]be A, Canada TR jﬂpw,eratmn e

, 17,2 Corrospondence Course ‘Lecture 12, 3ec. 2, Steam Generation Water . 'fé:2 ;Feedwater Nater}zf'
- %) - Treatpent, S.A.1. T Calgary, A]berta Canada BT RS Treatments‘ S
) : ‘- . . /\ . X . . o R . - VI ’ . =’ ‘ ._ ! ":‘ ‘ . ‘ ‘ . ‘ ‘0 '
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~';f4753.“4;7T ﬁi.;Correépoﬁaenéeacoﬁr$e;:Lécthre;7;'Séé; 2,:Stéém GénergtokS;ABdi]ér',-n12r3 -FeedWater;-Teéting
A FéedwaterlTréatment;_SﬁA;I;Iz,-Ca]gary,aAlperta,SCanada;,f [ ‘ ' ..
N L , T L . L S gl R -

Y,

;f18.] s f.Corresﬁbndenée”Cburse;?LéctuFe'2§.Se6.'5; Electricity, Direct " ¢ 1.1 "Generators, types &° )

. 4.~ . Curreat Machines, 8. Ad.T7, Calgary, Alberta, Canada -~ ° oy . Construction '
' e ! wo T N ,'.j_. . . . ) . .

- ERERES fi- : .ﬁCorreSDOndehCe'CQurég; te¢£ﬁr¢f49P$éc:'5, Electricity, Alternating - 11.1 Generators, Types &
R | 1Y CurrenplGenenabo?s;?S.A{I.I;;;Calgary, Alberta, Canada Construction
SR oo Coe e e T S ' _18.2 Generators, Operation

Lo Correspondence Gourse, Lecture 5, Secl 4, Prime Movers & Auxil= = 1?{::§iéji‘Compréssors, Types

. .. .7 darfes, Air Compressor 1,811, Calgary, Alberta," Canada

; > {19‘]"4\_ o Conrqéﬁéhdencé;Céurse,fLectUre;G,.Seci‘4, Prime Movers & Auxil- 13.1 JAir Comﬁressors, Types
i LN e Hardes, AitiComppessorsglI, S.A.1.T., Calgary, Alberta, Canada . - 13.2 Air Compressors, Operation
| ST S S | ST & Mainfenance |

20~Jf»_fcﬁ o Basic Eiécﬁﬁdhicsgﬂpﬁwer T%ansformers, EL-Bé—S] S ~ 1544 Transformers.' N
I 2L _}___l.CBrresbbndence‘CdUYée; Lecture 6, Sec. 5, Electricity, Switchgear ~ 15.3 -Circuit Protection
e ‘ ‘j(**-r'&'CirCujt; Protective Equipment, S.A.1.T., Calgary, Alberta, S I N
SRS . _;f':_""' - . Canada Coow - SR A .
2.1 fj',gCQrYésﬁbhdghceﬁCoursé, Lecture 10, See. 3, Prime Movers, Power h ‘.15.1-anstadlétioh Foundations
' .. . Plant Erection.& Installation, S.A.I1.T., Calgary, A]berta;'Canad? . \ :
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'RECOMMENDAT-iONS FOR USING TRAINING HODULES I

~ an

- —

‘ The fol1ownng pages list modules and their’ correspOnd1ng numbers for th\s
particular apprent1cesh1p trade. As related trdining classroom hours - . o
" vary for different reasons thrqughout tbe state, we.recommend that . |

the 1nd1v1dual apprent1cesh1p committees - divide the tota1 packéts to
A

]

f~ fit- their 1nd1v1dua1 o]ass schedules. f

.

_ . o , #
There ‘are. over 130 modu]es ava11ab1e Apprentites can “complete the
“ammuhole set by the -end of their 1ndentured apprent1cesh1ps Some: ' -

gpprentices may ‘already have knowledge “and - ?R111s that are covered

) .

in part1cu1ar mo¢u1es In those cases, perhaps credit cou]d be | o ’

A

granted for those subJects, a11ow1ngvapprentc1es o advance to the °

- remaining modules. 4

‘ . ‘ . X ) 3 . .
We suggest the ‘the apprenticeship instructors assign the modules in

" numerical -order to make this learning tool.most effective.

‘V‘
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‘ON CASSETTE TAPES
. / . . . ’
N . : ' _ ‘o o

LS

(. : "Af
.. 'Tape 1t Fire Tube Boi‘efs - wétef:Tube Boilers . o ' 1
and Boiler Manholes and Safety Precautions.

Tape 2% 8011er Flttlngs Valves, Injectors,
“Pumps and Steam Traps ¢ ’

0

Tape 3: Cambustion, Boxler Care and Heat Transfer . " (
v * and Feed Watey Types L o S

1

Tape 4: Boiler' Safety and Steam Turbines h, ~

ki

™.

. " NOTE: The above cassette tapes are 1ntended as’ addltlonal S '
reference material for the respective modules, as _ .
indicated,” and not designated as a required assignment.
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_ Modules 18.1, 19.1, and 20.1 have been omitted because they contain ' |
| . ‘dated. materials, ' , ' |
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-Goat: L . | Performance Indicators:’
b v
The apprentice will be able to 1. Describe test holes.

describe foundations for mechine )
ingtallation., ' 2. Describe foundation footings.

‘3. Describe machine foundatidns.,

" 4, Describe concréte and ‘concretje
- , quality. '
5. Describe curing of concrete.
) 6. Describe rebar.
w i - v "
‘ ‘ D!
r .
. ..‘c ' 10 ‘ '
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\ .* Read the goal and performance indicatbr's to find what is to be learned from /v
| package, , ‘. . ‘ L : o
* Read the vocabulary ligt to find kney words that will Yg used in 'backage, -~ “.
* Read the introduction and information sheets. b SR
- ¢ ~ .
; v ’_ 4
| * Complete the job sheet. ‘ ’ T
' . - . Co ) )
'*° Complete self-assessment.,
. * Complete post-assessment. | :
2 ’ S -
® ‘ L |
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* Baseplate . ,
* Bearing capacity I -
a . | \
* Course aggregate ’ R
. o | 1
* Fine aggregate _1 , ) -
* Footings . f ’ E
: ) e b

¥  Grouted Ai —
¥ Pile foundation N

,“'»\ i ; \
¥ Portlapdicement . ’

I y ‘ (\ Lo .
* \Raft foundation j ‘
| 18 ,
* . Rebar "l , .
' . o »
* Shims ; :
* Test hole - - / .
» '.)» ,
o : .
y x
% . !
~ N .
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Power plant machinery may weigh many tons or it might be of smeller size. - Tt ;
must be placed on a solid base or foundation that will nof settle or vibrate e
. when the equipment is operating . L L .
The underlying . soil strata is most important in the: design of a foundation..
Some extreme examples of foundation problems are found in the permafrost regions
of the Arctic and in the swampy regions of the Southeast, Without special
foundation footings, it would be the same as placing the machine on a giant Lo
¢ mountain of jello., The vibration  of ghe machines would work everythin '
downward. To overcame such problems, piles are driven down to hard rock or
solid earth. o o S | '

This package {introduces the basic. concepts of foundations for instailation of .
power plant machiney _ o .
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. The, foundation of a power plant is very important Because of the weight of o
.power -plant’ equipment, it must be. placed on solid soil.* Any: settling or -
movedent of the machinery causes- problems in alignment and leads to bigger

trouble.” : . , .

s
_Tégt-Holes . f' _ , _ S
\ - : Lo ’ : I 4
Before erecting a power plant, test holes should be bored deep into the ground.
The’ underlying strata can bé checked from the bore. samples. A foundation is °
designed according to thé type of strata it is ‘to,be placed over. The following
values  show the bearing capacity of various soils. Bearing capacity is the
amount of weight in tons that can be supported by a square yard of soil

,
| Soxk TYPE® " BEARING CAPACITY (TONS) |

Hard ‘Rock ; : ' . 160 : . ’
-Hardpan ' . ' . : 85- = }05---~=-- - -

Hard clay - o 32 - 42

Fine wet sand o - . 20 .-

Soft clay , 10

i < — * : /\
[ . N . A '

Foundations -- Footings
=200 _

The fdotings for the foundation wall increase the bearing capacity. = If the
foundation is to be placed in soft clay, it,would require,a larger footing.

"Raft. foundations cover the‘entire ground area with concrete, A pile foundation

is made by driying timber, concrete or steel piling deep into the ground. Pile .
foundations ard-common in swampy areas and along marine estuaries. - Steel piles

can be used whete the soil is not too corrosive to the steel. Concrete pile can

be poured in place or precast and then driven into the ground. A foundation wall .
and footing are shown on the next page. . . _ " : :
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Machine Foundations _ L ':. R " ;
Large machinery - mth have a foundation that will absétb the vibrations bf the ,‘:"'w?, o
equipment and hold the weight of the machine. Some small machines will™ have : 0
baseplates updn arrival at tHe plant. In this case ‘the bas\gplage is leQeled with AR
shims and then grouted into the foundation. Grouting ;tat:}we" appld.cation -of ,
concrete to hold the machine in_place. ' ALK, i f- SRR
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'ﬁfT Large- machines ‘are usually dismantled for shipment and rebuilt upon their
. foundations. . Bach’ part of the: large machine ‘must be leveled and lined ,up durins
- 7 this progcess. . . il S Ce e Lt
Cogcrete E T T T L R
jﬂ3¢,'?.” --A machine féundatioh should be constructed from. high quality contrete.\ Concrete¢

N *?Qii is a mixture of cement,:*fine aggrepate, 'course ‘aggregate and water,. The fine

ﬁ;ffuzu "'Haggregateuis a fine.sandi” Couise aggregate is 'a’.crushed stone or washed river

I gravel that has been graded to size.  Portland cefent 15 the .most common type °
R used:in 'concrete construction. Water .for mixing concrete should be clean and as.:
L owo et 'freeof ‘organic matter -as possible. Organic matter or silt will. prevent, the
i, W;.r 'cement from binding to the aggregate, thus causing~a weak COncréte. I
.-’_'/;(-,-_'- 3 i o L ;
g o The proportions of a concrete mixture are staged as’ the ratio of cement to fine
.”fﬂ. 7. aggregate-to course aggregate., For ex mple a 1:3:6'mixture contains one cubic .
R L foot- . of cement,. three cubic feet of .and and six cubic feet of gravel The ,‘Af
' : ..i_.__following mixtures are recommended' E T : e l : ’
I._... y e O ) - ', . v__ , .': ‘_:I P :”_'” . R ’ . B .‘. ) .:i'- ', :' . "’ , L “A
af'%f — 11335 Concréte"floors '-w'fju SR I O L
T 1:2:5 Machine foundations . - . . - e I S
e 1:1:2 Cohcrete columns and girders'gf S A
e o .o o '. ,;,. D A '..' l ,..“ o . ) .. ".‘ :'v'_ . ;-l..-:l;.' o
lnngf .3 }-Curing,Concrete WT;Lf' jggj'ﬂj' . 'f:} ;v }1,‘- e . b y_»=,';@q

.;_ﬁ':i-fgConcrete must be allowed to harden and cure before it is subjected tq its full

e . load.. The watér. must evaporate from ‘the .concréte in order to.reach its full
v A strength. .Most of - the water will eVapdrate during the' first week of curing
; e After that, the curing process 'will take pdace ‘over several years. Freezing '
= extremely dry temperatures cauge’ premature)drying: which weakeéns the ‘concre:
: Some 'protectiOnx must be ;given, to concret to, avoid its damage by prematu
- drying.-___ '4_7'-;_' R R -( N o ot »
Reinforcement e 'glj AN g - '.'- o

" ..~~Stee1 bars are:normally used, for this purpose. These bars are called regar “or
¢ jg,.reinforcemeht bat.:. They the: the concrete ‘'structure together in such a way. that

‘The bearing capacity of qoncrete can be greatly increased by reinforcement...

11;}."the ‘stressiis. diétributed over“a 1arge area rather ‘than’ being on a small portion ’
.qf_the foundation.ﬂvgg. b #|‘f I 2
M ﬁ’fh“'Thei amopnt of }rebar to be»used will be determined by - ghe\ bearing capacity
,,needed .)If,a l&rge mass, is to be instal]ed the habar should be spaced closer
togéthern RTINS E TR T "ﬂ."ﬁn. Tl o .
qr*”v' av RN A S L
‘ "i L o ,I' .‘\‘\1 1 f'“ T . { I. l'.' ’ ‘ °
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. © % Complete the job.sheet. . . . ..o L g n e

o o o .
* Complete the self-assessment. ' e : '

+ % Complete the post-gssessment. . . - . . S . R
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" TEST CONCRETE SAMPLES -

* Materials needed .

-

°
-

Portland cement
Fine 'sand

‘Wheelbarrow
Shovel o
3 forms made of 1" x

(I

» : .
? i . . .. R ) , '

f— Washed gravel (3/4" minus) . o.' e . o . ;

3 ) . . . Sy

X “ailed together in 12" square S

* Which ones are easiest to break? - i . i .o

* Mix and fill one form with'a l 6:12 proportioned concrete mix. R R i

- bl N .
iy

' Mix and fill second form with g 1:1: 2 concrete mix. | : k . -

g = : .

*  Mix and £ill ‘third form “with a 1:1:2 concrete mix and place welding
across ‘both ends .and down the sides for reinforcement? Y

* Y

* Allow concrete mixtures to’cure_for~one wveek . . . e - .
! ’ . ' '. * . ) et '

* Hit the concrete- squares with a hammer.

»
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4.

5,

7.
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10.
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Assessment

-

Raft foundation |
Test hole

Steel piles

-Concrete‘pilee'.

Baseplates
Grouting'

Shlms

. ﬁ'Qourse aggregate

Fine qggreéate  }

» .

'L;;”'”l“ " installation site.

X..’ .> -‘ ._:.. .".

. . N '

: . : S . 4 . /

Match the following terms and phrases. .. . e
: - . . . ) .

Bearing capacity | . _A. Fine sand. .

‘B. - Wéshed river‘graVel.ﬂL- D

‘C. Concrete application to base—"
plate of machine to hold | it
A in place. .

- D. The amount of weight in tons
o that can be supported by a
square yard of soil.

> E. A hoﬁe bored into the. éarﬁh'
for core sample to determipe

bearing capacity. bt

. F. -Are subject to corrosion iq
' some types of ‘soil, =

|
.G Used in le 11Qg machines on
foundations._ .

"t H. Can be precast an8 driven.

I. Some machines have it ettached

when they arrive at the

. .
J. The entire ground area is
covered with concrete,

Iy a
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JPost
Assessment |

1. What is meant by b;ting._capaci-ty?
' - ' e S - e
‘. 2. What is a common type of cement?
3. What does a 1:3:6 concrete mix mean?
| ’ _ o .«
4, What is a course aggregate? o R Co
I R " . " | ’
. ' - T ' C B
5. What 1is the steel rod or bars that are used to strengthen concrete.called?.
o . - 6, *What is a méjor concern in using steel pile for footings?
L : : . . i, 'z .
7. List two methods of installing concrete pile? .
8. What will cause hpxl'emature drying of conl:}ete?
'9." What is a raft foundation? . .
. . . _ I | . ) .
i 10. Wpat is a shim used for? 2
. ’ ) l | | ‘ . . ’
. ' . .. ¥ \
“ . .
» ) -
'*
LI 3 .
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Instructor

0Post Assessment
Answers

——— ——
.

P | e
H '

10,

The tons of‘weight,that will be  supported by a. square fard of soil,

Portland _ ’ “' ' - °

. . M . . .". . /
One part cement, three parts fine aggregate and six parts course aggregate. -

.'_Crushed etone.os eashed érayel _ ’
Rebar ' ! |
_Corresion of steel.by the;;oil . : ) e |
grecestﬁandldrivihg; poesing.in place K

Fgeezing temperatures or 'dry atmospheric conditions . .' ' '
. '} ' .
gpé'thaf covers the’total ground area

To level equipment on its foundation o . R v,
* ] e

'
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* Correspondence Course., Lecture 10. First Class, Section 3.
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Goal:
!

»

The apprentice will be able to
describe alignment of newly
.installed equipment,

. INSTALLATION -~ ALIGNMENT : T

L4
t

Performance Indicators:

L]

1. Describe small machine
alignment.

2, Describe turbine alignment.

3. ‘Describe shaft coupling
alignment.

| 30
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Read the goal and performance indicators to find what is to be learned from e
package. ' o S o
Read the vocabulary list to find new words that will be used in package. .
Read the introduction and information sheets. - ‘ R4
Complete the job sheet. | A . )
Cdmplete'self—assessment. A v
Complete post-asseasment.' . = '
- ’ -
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*Vocabulary « ()]

*

*

;

. [‘

Priven

Driver - : .

Flexible coupling

Fgéder.gauge.
Pin gauge
Rigid coupling °

Spirit level

- -Stretched wire method
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®Introduction

Once equipment is set down on the foundation, a preblem of "liniﬁg up" must take
place. A turbine must be .connected to its generator in a line or the shaft will
be stressed.’ "

One method of "lining up" is to line up the bearings. Another type ‘of lining dp
is accomplished at the shaft touplings where the two machines link together,
This package gives a brief overview of alignment.  In most cases, experiéﬂbed,
inetaflers will be lining up the equipment at new installations. The material
in this package is intended to give the apprentice a general knowledge of the
alignment procedures. 8

-
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" When equipment is installed on a foundation, it must be properly aligned. If

bending and breakage e steam engine must be lined up with its generator.
Compressors must be 1i
and its generator is the driven machine. Alignment is the proper lining up of

the driver and driven machines- . T SR ' '

not properly aligned, there will be a stress on the crankshaft that will  cauge

N

\ . ' .
Small Machine Alignment R | . .

* Sét engink on bedplate, level, bolt down and check alignment of crankshaft.

gauge to determine if the two coupling faces: -are parallel ,
* Bolt the couplings together. : . B
* Remove temporary supports from flyw and rotor,
* Use shims ta line up the generator @#fth the engine.

Flywheel

‘ Outboard v
Bearin /

| Engine Cranks

with the driving motor. The engine is the driver

* Match up coupling faces.on engine crankshaft and generator. Use a feeler— -

~ ;
, ]
it > . ! . . Nl 1
= o N Z N /< 1
Y- B ' . ‘
. ' Point o

"\ o Gauge Feelers

L 3

Turbine Alignment - . L T !

Foundations for -large turbines must be reinforced concrete. Separate foundation’
‘blocks are poured for the turbine and alternator. The machine center line is.
* determined and holes-are drilled. for hold-down bolts, The holes are drilled in

steel girders -that tie the two foundation locks together. ~ The bedplate is
e ‘ - .. o ¥

-
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Information |

. L . o : :
fastened to the foundation and leveléd with ‘steel wedges. A spirit level 1is
.used..to.determine when.the.hedplate.is level... .The.botton half of the: turbine

cylinder is installed along with the bedplate. Bearing alignment can be checked
by the stretched wire method. The shafts are removed and a wire is stretched
between the end bearings and weighted to hold it tightly in place. Intermediate
-bearings can be checked for their relationship with the wire line. Adjustments
can bé made until all bearings are lined up. - Pin gauges and feeler gauges are
needed to measure for alignment. . The following'diagrams show how a spirit level
is used to level the turbine and the stretched wire method of aligning bearings.

.

Jp”vtlevc/ -
! /Saugwttdye :

LI D L ’ . T

4

- ’l m -

. " 'I‘urbine

~ End )
Bearing

rere thru h_Turbipe

ond

t

[




D) f B ) .~

]

Information
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§hpft_Coupiing Alignment

- o - . %
T7777"Shaft  coupling alignment .will - differ between rigid type couplings and ‘
flexible type couplings. Manufacturers provide directions for - aligning -
~couplings of  specific machines. - Measurements are the most used method f0r
checking alignment. Some manufacturers supply a coupling gauge, o :
: ’
L] "
.' *A simple strnight edge will show if the couplingé--are out of 1line. Readings
- must be made at 180 from each other. The straight edge method of measurement
is shown. ~ _ ' | - . 3 B N
N
. ‘ < ]
,7‘
\ - " J ‘ i . ~ ’
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Read pages 15 - 25 in supplémentary reference.

Complete the job sheet,

Complete-thé post-assessment and have instructor

¢
1

Cbmplete the self-assessment and check answers.

A,

N

’

check answers.

>

¢
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Job Sheet |

MEASURE SHAFT COUPLINGS FOR ALIGNMENT
* Use a straight edge’to measure across the couplings vhere two shafts are
linked. ‘
* Measure:hoth’top_and bottom. : | -
* Are the couplings lined up?
) : . . .
* If a manufacturer's coupling gauge is available, use #& to measure shaft -
: couplings for alignment. , ' .
* 1Determine which way the machines need to be moved for lining up the.,
‘ couplings. _ .o . : - o
| ‘ ¢
— /
. -G
¢ 5 ‘
., :
9 "
M T a
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»

What is a drivegf"

-

Which tool is used'ta'dégermine if'a bedplate 1s level? S B

hd

" Which alignment method is q&q& to line up bearings?

List two types of couplings. . ..°» - A o -
) .,.‘_,'.\: LI :_. . . K N
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Self Assessment
Answers

fSpirip level,

oo
ty

}Stretehed.wire me;hod;

Flexible and rigid.

. * ’ .
An engine that supplies the power.
. “ A machine that is turned by -tie-power--of-the~driversyorooooe

- ) J
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4
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Match thé“£ollowing-te:msrand“phfaaesﬂ'

™

. l‘ - . . . .
1." Driver - @ 'A..‘Used to measur&\plignmentof
‘ couplings. ‘
' . 4 N . " 'f' .
- 2. Driven B. Used to measure alignment of
' ' ' 3 bearings. - :
. . ' o - L
- 3. Stretched wire method C. Used to measure level of-
ﬂ , ¢ | ' bedplate.
&4, Straight edge method D. A machipe-that is powered by
4 A another machine. - :
‘ S 5. Spirit level E. A machine that proﬁides the
/ X , power., .
. . ' ’“
. &
. ; '~
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S
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* éorrespondence'Course. Lecture 10, Section 3, First Class.
Southern Alberta Institute of Technology Calgary. Alberta, Canada.
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Goal: Performance Indicators:
’ - t
The apprentice will be able to 1. Describe circuit breakers.
describe devices used in protection _
of electrical circuits. ' .2, "Describe switches.
. , ) 3. Describe contactors.
y o w . 4, Describe fuses. i‘
i ’ f 4 ! V
- 5. Describe relays. *
: y
3 : 5{ . { ‘ %
‘ /
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* Study Guide |

# Read the goal and pefformance indicators to find what is to be learned from
" - package. - . -

-

. * Read the vocabulary list to find new words that will be used in package.

* Read the introduction and information sheet,

R il d

* Complete-the job sheet. Y
| H
* Complete post-assessment. . ‘.

- A
# Complete self-assessment.
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Air blast
Air break
Arc chute

Attracted armature relay

Axial blast -

Balanced current
Blow-out coil

Cartridge fuse
Contractors

Cross blast

Direct acting trip switch
Directional relay o
Distance protection L.
Double throw

Explosion pot '
Fusible safety switch
Induction coil relay
Induction disc relay
High voltage fuse
Multi-break

0il immersed

Plug fuse .-

Relay

Safety switch

Single throw

Thermal type relay
Time-lag fuse
'Time-overcurrent relay
Unit protection

CUINS HUu'l*wNAu'L&ﬂHNiN{a-a YOTEMS
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~ Vocabulary -

é

-
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Equipment can be dainaged vhen electrical current exceeds the load rating for
'which it was designed. Protective devices are used to shut off the circuit when -
it has a current overload. .

A circuit breaker breaks the current bet:weeg two contact points under " short
. ¢ircuit or overload conditions.. '

.

. . [ .
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. Circuit-Breakers ' L:A- | - . ' T

Steam generation equipment uses cﬁﬁpuit breakers of the following types:

1. ﬁi? bregk type S ' - . .
2, 0il immersed type v ' . | | -
3. Air blast type ' S _ v o o

L8l

Breakers up to 575 volts are usually air breéak types. Those with ' ratings in
excess of 575 volts are oil immersed and air blast circuit breakers.

[

Air Break Circuit Breaker ;o o - | | _ .

-

The - lower voltage air jpreak type uses a puff of air or an arc chute to control
. the arc. Arcing prevents a sudden surge of induced voltage at the moment the -
‘} - circuit is broken. Although the arc plays a needed part, it must be .
. extinguished so that the swtih will not be damaged. -

0il Immersed Circuit Breakex"’g
: |

The oil immersed circuit'dreaker uses oil to control the arc..and to help cool
the contacts. Oil serves-as an insulator and helps cool the gases from arcing.
Devices used in controlling the arc are called explosion pots. ‘Many types . of
explosion pots are used: o _ .

¢

# Plain--has one fixed and one movable contact. The movable contact draws
the arc. - - .- S . :
. # Double chamber—uses two chambers and the arc is swept from the upper
chamber to vent. _ '
# Magnetic inserts—extinguishes arc by pulling it into pools of cool oil.

The multi-break circuit breaker gives high speed 1nterruption of the current by
shunting each break with resistors 0il1 immersed circuit breakers are divided
into two groups: - L o ' ‘ :
* Low oil content breakers that use small quantities of oil, ' .\
# "Bulk oil breakers that:require .large vqlumes of oil.’ - , P

An oil immersed circuit 5teaker is shown on the next page.
¥ v -
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Air IBlast Circuit Breaker

The air blast circuit breaker utilizes a blast of air to remove ionzied matter
.from between the contact points. High velocity air blasts extinguish the arc!
quickly. = The -two types of air blast circuit breakers are the axial blast
and cross blast. - The axial blast circyit breaker encloses the arc in the air
,stream and weakens it enough that the contacts can wit:hstand the voltage. An

axial blast circuit breaker is shown below: o
Flxed conmact NN
/
N0 N - " | (a) * Ny
. , Moving contacr

.6 \ ” !

‘ . LA .. h

'
Y49
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The - cross blast circuit breaker opens its main contacts wider than the axial -
blast type. A dia&fam of a cross blast type is shown in the following diagram.

W

A

i
)

An air blast circuit breaker is shown in theifollowing photograph. .

,-. . .—t~1"

B
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Switches

Switches are used to close off parts of electric circuits. A safety switch is
, énclesed in metal and operated by an outside lever. ° Usually a safety. switch ig

used with fuges. When short circuits occur, the fuse ‘blows. A
s fusible safety switch contains fuses. Switches may be obtained in single or

double throw units. Safety switches are available in 230 and 575 volt ratings.

B : 7 L | o . ‘ .

L ) L Lo L i o ’ L e . o L
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Contactors . ' : . , - ‘
Magnetic contactors opens and closes circuits by a magnetic switch. These |
contactors are used for automatic starting and stopping of motors of less than
75 KW ratings. Contactors have a blow out coil that helps to extinguish the
arc. Magnetic contactors are used on motors up to 75 KW. .

| 4

/ Large AC contactors are s‘witchedv on by an operating mechanism which is trigggred '
by a solenoid coil. A triple-pole AC contactor is shown. : _-

1 - Main Contacts
" 2 - Operating Mechanism
3 < Solenoigd Coil

-

) 4 - Blow-out Coil .
'6 - Arc Shield
_ S 6 - Auxiljary Contacts
o ' ‘Fuses - | S | - ' (

» Fuses can be obtained in many sizes and voltage ratings. They are the most
simple form of circuit protection, The replacement costs of fuses is greater
than other types of protection. A problem with "single" phasing occurs when
only one fuse 15 blown. Fuses are appropriate to lpw voltage sybtems. - Fuses

may be purchased in plug, ' cartridge, time-lag and -high voltage types. A time-
' lag fuse will tolerate excesS voltage for a short period without blowing out. -
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-.Trip Switches =~ = o | ' , | -

-
‘ -

.‘ Direct acting«trip switches operate off of a solenoid or bi-metallic element

which trip the switch mechanically. Single phasing is not a problem because the -
switches are multi-pole units.. Such trip switches are usually used on low

voltage systems, .
R 4 - . .

Relaza ' T . -?‘ . /

Reiays are used to prqtect high voltage systems., These devices | are calldd
protective relays. Relays respond to changes in the electrical current and
trip circuit breakers or other protection devices. The reldy performs the
selective function that determines when the breaker should be tripped. As
protective devices, relays are more reliable in preventing damage to equipment
by short circuit or overload conditions. Various types of relays are available
and are designed to trip under a given set of ‘conditions.  Some trip when

. excessive current flows in either direction while others respond to one

directional current. Relays ‘may be classified ass

* Attracted armature relays
* " Induction coil relays ‘
* Induction disc relays : : &

* Thermal type relays ' : o .

RN
N

”'The aQove relays are so named because of their parts and arrangement of parts

within ‘the relay system. There are too many types of relays to be described

.individu&lly in this learning package. The basic connections of a protective
'relay’ arexitfwn in the following diagram. ~ | - C :

;
S(aﬁon bus.

) . R
. . ¢
: b
’ Potential .
b trapstormersy -
og T , P.Ts
g .
(" []
- . gt v
- Currant 9
(cT)
Relay v
H\ | Protected , : :
] cireuit ’ . ‘
. ~ Secondary '
Y PV potential bus

%

P T PO U
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When one or more relays are used to protect a circuit. it is called a
‘relay scheme. The common relay schemes are: °

* Directional relays are used to protect equipment in which the current
flows in one direction, i.e. generators. The relay contact 'points. ‘
respond to current flowing in a direction other than the regular one. .

* Time-overcurrent refhying, is used on low-voltage systems. When one

- section of the electrical system is short circuited or overloaded the
‘current will flow in from the parts that do not have a problem. This
keeps the overcurrent in the damaged area so that other sections are not
affected.

* Unit protection relays compare current that enters and leaves a specific
~ “unit. This scheme protects -against problems within the circuits of that
unit, . : L " . :

} * Distance protection relays are set to trip according to the length of
line that the current travels through. It is based on the impedance of
the line and its relationship to the amperage and voltage placed on the
circuit. '

* Balanced current relays operate in a comparison of yparallel circuits of
.of equal impedance. Problems.in one circuit will be detected by the.
difference between the two circuits.

B | 10
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Read pages 4 - 33 of referehce and study diagranms. .

-Complete the job éheet.'

Complete the self-assessment and check answers.

. Complete the-post-assessment and

11

ask the instructor to check answers.
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* - ANALYZE SPECIFICATIONS OF CIRCUIT BREAKERS |
' ) . , . . » . ) . : \F
» - Obtaip-manufacturers specifications.for air bréak,'air blast and oil
igmersed circuit breakers. = - . :

r
*  Analyze |
- How 1s the arC"controlied? '
- What special features exist for arc control?
o -~ What is the voltage rating? - C |
2 - What are the recommended applications for each type?
. " ‘

“,
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o, 1. Name three types of circuit breakers.

2. The __ .type circuit breaker is used ‘up to 57"5 volt-,fatings. i

3. The type circuit breakers is used on systems with
voltage greater than 575 volts. : :

4, The x circult breaker uses an arc chute or puff of air
to control the arc. ' ‘ ' B
5. The & _circuit breaker uses explosion pots to control the
arc. = ' v . :
= . R 6. Lis_t't:\_wo types of explosion pots.
L} ° /
7. List two major Agroupﬂf oil immersed ciréuit breakers. .
4
v
' . 8. The _ | | circuit breaker uses high velocity blasts
of air to extinguish the arc. C . . "
, 9. ‘What is a safety switch with fuses called?. ®
. . . t ,
[ ‘

10. List two relay ‘_scheme_s.'

T
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. Self Assessmentf
Answers

I Air_break,' air blast and oil immersed o " ’
. 2. A{x break | -, ) : | / | |
. . v ‘. . ’ . . .

3. Air blast or oil immersed , .

’ 4. Mr break | ’ :

5. 0il immersed’

B | \ |  °

- . | 6. Plain, double chamber, double break, magnetic inserts o T |
7. Bulk oil, low oil. a ' o .)_\ o
8. Air blast E _ L ' .
9, Fusible safety mdtch '

10. Birectional, time-overcurrent, unit protection, distance protection,
balanced current .
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Assessment A4

...... ‘ . . -, v
l.. List: two types of Br blast circuit breaker@. """ >
S ,
2. A switch that 1s enclosed in metal and operated by an outside switch

is & i = o

. v

} | 3. A relay scheme that measures “the differences between two parallel circuits
of equal impedance is called a scheme.
'. [N . - L N i \\ ‘ =

. 4. A relay scheme that operates when current flows in an abnormal direction

is called a - relay scheme.
) | -
‘ 5. Direct acting trip switches operate off of a or “
. _ bi-metallic element. ¢ ~ . T / '

6. List four .types of fuses.

L 4

7. A blow-out coil is ;art of ar ” .

8. An oil immersed circuit breaker that uses sma?l.l quantities of oil is called
© . a ‘ .____'breaker.

) L]

L]

9. A circuit breaker that gives high-speed interaction of current by. shunting
each break with resistors is called,a .
~circuit breaker.

. . s ‘ | ’ \
10. Oil immersed circuit breakers control the arc by use of '

.

e
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B lnstrUctor
- ®Post Assessment
Answers

“li\\:fial blast and cross blast - : : L

) 2, Safety switch r

3. Balanced current

o « 4. Directional T //
5. Salenoid

6. Plug, cartridge, time-lag, high voltage , ' .
‘ ) ' l °

7. Contactor . :

i . . .
8. Low oil

29, Multi-break

10. Exploéion pots
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, Supplementary
~ References

)%, Correspondence Course. Lecture 7, Section 5. .Electricity; Southern -
Albérta Institute of Technology. Calgary, Alberta, Canada.
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Goal:

The apprentice will be able to: '
.describe types and applications
of transformers.

Performance Indicators:

A

. Describe tusns ratio of

Describe step-up and step~
down transformers.

transformers.
Describe shell type and core
type transformers.

. Describe construction of .
" transformers. :
.Describe cooling of.transformers.
" Describe protection of

transformers. _
Describe paralleling of

transformers. S

Describe loading of
tgansformere.

" Describe rating of transformera.
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° Study Guide

* Read the goal'and performance indicators ‘to find what is to‘be learned from

. 7. package:

x

. Comblétq_the job sheei.;.,-:

*ufcomplepe sé1f¥hs§ééément@

' ®
*. Complete post-assessment. -

Yoo,

v
. e

c= e

. *,aReéd ihe;int;oductioh”aﬁﬂ.1n£§rmathq'sﬁeet.’.

L d

".*.'Read the vdcqbqlafyfligghto fiﬁd'new words that will. be uj@ﬂ in package.

‘e

o .
S,
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Vocabulary

: »

* Askarel
' * Buchholz gas detector reldy
, * Cooling tubes
* Copper losses
™ ' :
+ % Core type transformer
# Distribution transformer ‘
* Eddy cdrrenté
- o ¥ Hystersis .
‘ * TIron losses a
‘ : * Kilovolt amperes kVA

* Lamipated iron core

* Maghetic flux

| , Open-circuit tes;i;%ﬁa; .§3§F3Ef*=f5fjfi};h;7£;a
% Paralleling ;i\ © s ,@ S
* ,?;1@9;y}§6£tagg_ _’f'__ vf;‘ o
' Secondary cotl - " |
NP T, ' R ; . .
5 *.;35¢1L type transformef )7. ‘ﬁ" ) B
. ..7% Short circuit test Ly
"% Stap-down tranaformer |

* 'Step-up_ ‘tralns"fo'x'-mer'i o |

* “Tyrns ratio

I . i
. . o ¢ . v
R T T T T L LY, W
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Electricity is usually generated and sent through transmission lines at high
‘voltages. = The voltage must be greatly reduced at the point of use of that
electricity.’

The transformer is used to decrease or increase the voltage of
electricity, depending .on the néed. . ‘ «

“the ‘nperage is élso increased or. |
If the voltage is increased by a. transformer,

the amperage 18'”-“
Voltage decreases result in amperage increases. o

‘At the same time the voltage is changed,
decreased.

‘decreased.

The transformer is widely used in equipment of high voltage and low voltage" '
capacity.

It allows electricity to be delivered at V91tage levels that offer

safe and efficient machine operation.

,/: ~
‘Ll
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’

Transformers  change the voltage of an electrical supply. Step-up transformers -
~ increase the’ voltages. ' Step-down transformers decrease the voltage. Those with
an output greater than 500 kVA.are called -power transformers while - those with
less output are called distribution transformers/ Another use of transformers
. i9 to change the phase of electricity. '

Operation of Transformers -
- =

A ‘transformer transfers emergy by the use of* magnetism. The primary voltage

- /flowing intp the transformer enters a wire coiled about a laminated iron core.
.. . This creates a field of magnetic flux which is transferred to the secondary-
. . coil. The secondary coil is another wire coiled about the iron core.
." Flectrical voltage is changed as it moves from the prigary coil to the;secondary
coil. Whether the voltage is increased or decreased depends on the"umber of
times the wire is coiled about the core. The coil ratio between the primary and’

o . o isecordary windﬂ_gs_ determine whether it is a step-up or step-down transformer.
"-,l/ K ) ’ | A l . :
) 'I : . ¥
_t e,
. : N '|
i} \ ;
/-
]
: : /
‘- -y’ . . _
- : . ‘ ’f ! '

The ratio of the coii'windings is called turns ratio. The furns ratio is equai- 3
to . the number of turns (loops) or wire on one winding divided by the number of

“turns on the other winding. In the diagram above, the turds ratio is 2:1, -This |\
the voltage of the secondary which makes it a step-down transformer. A stép-up
transformer would appeat.astfhe following diagram. :

e N e e T
. K . LI ’ 5 B N o '

H
" ¢
‘.W
. . . . . .
N v

means that the voltage ratio is also 2:1; In'this example, the primary is twice b

P
]
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- Types of Trqpsforme:s
t

Most transformers are of either shell type -or core type.
In the shell type the laminated iron core

transformers are of the shell type.

-

I

Many - small

surrounds the windings. . e
Primary Coils |
Secoﬁdary : K
Coils N
e
~
_’ In the core type which is common with power transfotmers, the windings surround
. fthe laminated core. I . ' : "
\ ‘slow '
. High
. ‘ \ ¢ ‘
co T Low Valtage <k b
Coil P
. . H’- h vonage , ' / ., a4 i V
- 02 ol ol ) :
) ' J =) | II I
(O v Y / .' \ "' :: §
' ’ i Cylindricol
_ : S - ol Type Loils
L, - ) ; . l‘ RE W v LI
- o _ \ Lominated Core; ' - .
N ¢ i‘ ; .
K . .
@ , .
: ‘ 6 \

M
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Construction

~The laminated core mgterial is iron that has been cut into strips and laminated
together in a circular ¢ross-section. The windings-are made of copper wire,
The 'windings are separated from each other and, the core material by insulation.
The core size and copper wire size is determined\?y the density of the ' magnetic
* flux needed for a transformer rating. The core“and coils are usually immersed
in an .01l filled case for cooling purposes. :g\ .
. e AN
Cooling ’ _ N
Some.small rating transformers are cooled by air. Most 'use oil for insulation
and cooling. - A specially refined oil is used for this purpose. It is almost

free of impurities and will flow at low temperatures. Large transformers have
cooling tubes which may be banked as separate radiators using forced circulation ,

‘ | of the oil.

-Protection

AY

Gas f‘ formed when an electrical fault develops in the transformer. A build up

of this gas results in an explosion. A gas detector relay should be used to
detect the buildup of gas and -prevent explosion damages. The

~ Buchholz gas detector relay sounds an alarm when gas is building up .in the
;. transformer. A non~flammable insulating and cooling liquid, called Aakarel is
often used instead of oil for increased®ire protection. ué)",~—~,’

Paralleling_Transformers K

Transformers can be hooked in parallel circuits if the voltage ratings are the
. .same at the primary and secondary sides of the transformers. Also, the windings
must be very much alike in regard to resistance, reactance and impedance. The -
polarity,of the windings must be known before hooking transformers in parallel. ~
The manufscturer usually marks the leads to allow parallel hookups to be. easily
-~ made. The polarity of the-transformers must be the same.

Transformer Ratings

* Kilovolt amperes kVA are used to measure outputs of transformers. - This
measurement of the maximim current that the transformer can carry without
exceeding a given rise in temperature is called the rating. _ ° e
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Loading -

- Some losses in efficiency are directly related to ,(bloading of transformers.
These efficiency losses are called copper losses. Iron losses due to hzsterisi
and eddy currents are constant for all loads. The laminations . used in core .
construction reduce eddy current losges. - Hysterisis can be reduced by using

"silicon steel in the core. Copper loss can be measured by a short circuit test
in which the secondary winding is short-circuited and a reading (Watts) is made

" on the primary circuit. Mhe open circuit test is used to measure iron losses.
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_ Assignment

: ¢ - oo
.. " ' ) I'lv . ‘
" o . ., e * ’ : . t .'\ ‘
* Study the principles of transformers in any ‘standard electricity textboak. |

' _ ok Complete the job sheet.

. . . s a .
* ‘Complete the self—assessment and check ansﬂers. IS '_;”a =
. . e
. * Complete the post—assessment and. ask instructor to ‘check anawets. AR
_ L ., .
I : ' ‘ : .
. AN
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" Job Sheet

R )

- . : t N
. N .., . .
[T . . : ' N

\ !

\\\‘ _ | '

MEASURE RESISTANCE BETWEEN LEADS OF A TRANSFORMER .

- . | o s L - c "
* Obtain an ohmmeter. =~ . _ . '; o o i . p
* Label each lead of trénaformer using masking tape. Thgre are four leads.
% Record thé‘meaéurepéntsg | | o
1 to 2 e .

1l to 3 .

‘ 1 toéd
'l' 2 to3 ) . .
_ : LY .
' '-\2 tO A il ‘ . ' :
3toh
| , ' ¥ L e : :
- + % The 1arger~’Lsistance will have the larger numer of turns.
-# The larger number of-turns is normally the primary winding.

* .Which.leads connect to the primary winding4{,-'

* Which 1éads connect to the seq?ndary winding?

;. . . : . .
£ s .. , ,
A , | ! \ L
. . N ' .
. . . R
4 ‘ ’ ’
. . ’ ! .
] ) :

i,

T ) . P . )
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».
1, Voltage 1s'increaséd by .use of a ' transformer. )
2, Voltege is decreased by use of a transfofMer{
R 3. Transformers with output in excess of 500 KVA is calded a
TS : 0 transformer, - . -
1 \ : .
4, Transf rmers transfer energy between the primary and secondary windings
by thé use of : .
. 5. The primary osinding has 25 1oops of wgre and the secondary has 5 1oops
. What is the turns ratio? _ o 3 ‘
6. List two types.offtransformere based on their 63n§;ruction design.
A
!7.. Laminated core mdterial is - . ‘..
’_ ) i ) | . .
8. Winding material is : .
. J 'l ~ . | ’. | .
9. A device to prevent explgsions in transformers is called a gas
7 - , Tf N .. % .
10, "+ 4g used 1in place of oil as a coolant because it
- - ~offers more. protection against fire. - e
- , ’ { 2
. \ (.‘
.“ . ‘? N
{ . ,
- \. ( )
i 11 ‘
f -
: ; | ( /
\12 wlstuaiiog ’ ‘

Assessment =

W

-
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® Self Assessment
Answers

Step-up & -
- 2. Step-down O ; ¢
3. Power - )
.(‘,_ ) ‘
4, Magne.ti?n .
5. 5:1
. \ .
. ) L}
‘ | 6'4 Shell, core. -
- 7. Iron - ’ i"
. « \ /
| ) |
8. Copper
9
' 9. Gas detector relay o ' .
10, Askarel : (
_ c & ‘ Iz
“1
-
.. " v -
“
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Post I
: - o |
Assessme t
€y
] .\..\
.1, What 1is the purpose of using Askarel instead of 011 as a coolant for
‘transformers? . v )
e ~ . '
2. Why is a Buchholz gas detector relay needed on a transformer?
3. What is the turns ra!}b\phown in the foldowing sketch? 3
N \ i -
v P' - N . £
Peimaey ? - [F s&condael : . |
m. _ 1 . ékf . . : . .
. 4. A transformer with less .thag 500 kVA output is called a . '
| / ~ transformer. : ‘ : S
| 5.. What‘does‘KVA mean? = . . .
. g . ‘ ' \
6. Iron losses are due to o and eddy currents.
: 7. Iron losses can be measured*by a - . , _ test.
8. The laminations of tore material are necessary to control iron losses due
© to . L , X :
' % Can transformers of unlike-polarity be paralleled? o
.o . ’ ) . i "’
10. Ina ‘ type transformer, the windings surround the laminated
, core. . J - c
. ”/,v . B :
. \ .
. R R ' . ‘. - -
. :
! 13!
, , ; ‘ ' .
. 2 73 S ¢ b ol
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lnstructor o
"OPost Assessment

'Answers

i. Fire prevention i

¥ L8

( - 2. Preveat' explosions from gas build up

. o 3, 2:1

: .
' 4. Distribution )

5. Kilo volt-ampere

6. Hysﬁefisis

\\.
v * 7. Open circuit test

L4
Y

' 8. Eddy current

_ L 4
9. .No“
{
.} \
Vo 10, Core type
I '
) PR '
. b \
f ‘ ‘ oo
r o 7 2
| .
i \\ . N -
|
. \ \'g 'y
N o 4y \
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Perf ance lndicators.

The appnent1ce W111 knOW‘the me&nwngs of~- ./ 1. 'Demonstrate fami]iarity with the
important trade terms and will bedabjd to )
use those terms to converse, wgth others - .
in the”f1e]d e B 1

definitiops of 1mportant trade
- terms. ¥
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.. During your course of study, you will encounter many trade terms used in the
Millwright trades While some of these terms will be new to you, many are uséd in
everyday life. To communicate with others in your field, it is important to’

‘learn the new tﬁrms and to become’ fami11ar with the precise definitions of more - v
~commonly used terms.: \% : :
. This package contains 1mp0rtant trade terms, alphabetized for easy reference

-and study. You have already encountered most of these terms in other study

packages.  You shoq]d strive to make these terms part of your own vocabulary.
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Read the introduction to this module. - : e . e

'{A L, e i

Study the 1nformat1on sheets wh1ch contain def1n1t1ons for 1mportant trade
terms in the Millwright 1ndustry v ,

Complete the activities 11sted on the a$s1gnment sheet B .f-;Q

Comp]ete the self assessment and check 1t with the, answer sheet fﬁ ;" ‘;f i

. a
[
v

"Complete the post assessment.: - | - B oo . .

/» . . . , Loy
v " - v - R

Upoh comp]etlon of the post assessment have your 1nstructor check the resu]ts
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~ﬁg7 5 ACETYLENE Gas composed of two parts of carbon and two parts of hydrogen When .- - .
BT t. burned in‘an atmosphere of axXygen, it produces one of the highest flame . T
S '. temperatures available. . y- S S A
"Qfﬁ ACETYLENE REGULATOR A device for contr0111ng the’ de11very of acetylene gasﬁat a B “'
. constant pressure regard]ess of any variat1on at the SOUrce S B SR
Y g : L N S T T
: ,";, ALIGNMENT Proper pos1t1on1ng of equ1pment | ;1i§'- A -
E ALLOY In metal]urgy, a substance that possesses metalllo prbpert1ds and 1s S
, y,\“ composed of a comb1nat10n of two or more e]ements of wh1ch at least one must be e
IR ¥ metal . e - 5
" N ' ‘\ il . A .‘.. )
ALLOY STEEL:  Steel with one or more a]]oying.e1ements'other&than carbon intention-
W ally added . B _ o . S L -
. ALPHABET OF LINES: Set of conventlonal symbols coVer1ng a]] the 11nes needed ”:'F}-ijeu :
. ““Ws,,to deplct an object as to size and shape. - . e o ;_" Ly
?J' ALTERMATING CURRENT (AC) Electric current that reverses its direct1on at. oo
4 A.-ﬂ J‘regularrantervals‘. SCRRUSERT R T rvs PN T A g “. "‘7“”'“““’-'“’”'*”’“
/ ALUMINUN +Bluish, 11ver—white{ malleable, ductile; light,=tr1va1ent7meta11ic - .
: e?ement ' . o . T -
. 'JAMPERE A unlt measure for electr1ca1 curngnt . v

L'i,.ANCHOR* Any-devige used, to .givesstability. to. one.partooﬁ a structUre”by‘SeCUF1ﬂg‘” wesTES W
it to a more stable part of that structure. . | | . . .f&

‘
'y

.i;A E ANCHOR QOLT SLEEVE: Piece of p1pe or other material uséd td 1solate anchor bo1t N

| ﬁl,' . SO itay;be adJusted to fit base plate holes in machineryy. &
o -
: .( ANNEALING Soften1ng meta]s by heat treatment most common?y consists of heat1hg BN
e S the metals up to a cr1t1cal temperature and: ‘then Coo11ng them slow1y : ~§E L
' < .
ARC Flow of current accross a narrow gap, usua]ly from the tip of the electrode S :
by, 1O the base metal. i oo % ”
"W%if RC BLOW: Magnetic disturbances of the arc which causes it to waver from its -
" intended path. - : :g Y
Vi ARCHIT§CT S SCALE: Ru]e d1v1ded into proportiona] feet and 1nches a fraction ’ ;o R
5 of an inch is proport1ona11y equal to one foot. , B . oy
/.,v:-.\ t ! " ' )"
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AhCHITECTURAL DRAWINGS: Graphic representatTon shown with Vines and symbols..

: ARCHITECTURE Art or Scienge of designing and building structures.
ARC LENGTH The distance from the end of the electrode to the point where the |
_ arc makes contact with the puddle surface. i
' ARC VOLTAGE. The voltage across the we1d1ng arc. . L { *b\\
ARCHNELDING- Jo1n1ng together of two or more p1eces of metal by the fusion process
AUXILIARY VIEN “Viewing an object at right angTes to a part1cu1ar face to obta1n
an accurate view of it. - : :
AXI&L ALIGNMENT' Proper positioning of two shafts in relation to each other.
A BABBITT Metal alloy used to line sTeeve bear1ngs, bearings, shells and end-of- line
© . bearings. _ R . |
BACKFIRB In we1d1ng, a short "pop" of the torch flame followed by an extingu1sh1ng
of the f]ame or reign1t1on by the hot.metal. o
! 3 BACKHAND NELDING* we1d1ng in the d1rect1on oppos1te the d1rect1on the gas flame
fu_ uu 1s point1ng 5 - | : _
' " BACKLASH; P]ay between gear teeth that prevents binding. .
-_— A ;
BEAD' The' pattern Teft by the me]tzng of the parent metal by the welding torch : y

: wh1ch may be: bu11t up,by add1ng f111er metal

) \

L BEAD WELD: - Bead made by bné'pass of an eTeCtrode

BED PLATE: Plate Teveled and*anchored to foundation on wh1ch machine base 1s \

{‘“'j g bo]ted. b“ “Q--._.!;i. N.‘l“ \,”,w" o,n’M PR '*3 R ,p'\.h’“ " PN Vi v ,, ;N. e : R R TSI 14 0;#‘ %?‘ Y :'..’“‘.“ .
o BELT DRESSING: Substance used to. keep belts pliable to ensure a grﬂpp1ng effect ",
: and decrease s]1ppage and creep1ng oL ; _ AN
BgNCH MARK: (BM) : Meta] or stone marker placed in the ground by a surveyor with \\\§_

the eTevatwdn 1nd1cated on at 3
T sy bt R AR B aMww B0t B A W o YR AR VR T e e e e

: BEVEL Angu;ar cut'llde en the Vert1ca1 edge to allow better weld penetrat1on , _ \
_ BLONHOLE* Vo1d hole or cavity fbrmed by trapped gas, dirt grease or any other S
s fore1gn suhstance E | o , o .

; BLQEPRINT Copy of the or1g1na1 deta1]ed drawing ;!
“BOND: Junction ‘of :the we]d metial and. the base metal. h L '1:

AVAILABL}

BRAZE“NELDING ' Making an adhesfon groove, fillet or ‘plug -connection with a
_brazing al]oy having a me1t1ng point be10w that of the base metaT but over 800

‘degreeg F. . . R L . !
' : l' . o

BRITTLENESS | Ease w%th which a metal«wiIl cracknor breal apart without
appreciable defor‘matwn, S o o '] .

"~ BEST cobv

BUTT JOINT weld Between two. metal Joints on the same p]ane. o ! : :'-h Loa

. ( PR
-~ \)‘ . o R R Q . "'-"z”l/ r;.u , ) . .
B . . ' " T , oy 5 . H [l
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CALIPER: - Measuring 1nstrument that can be adJusted to determine thickness diameter
+- and distance between. surfaces. . .

14

CARBON STEEL: :.Essentially, an al]oy of iron'and carbona

CASTINGS:" Metallic forms Which are produeed by pouring molten metal into a mold. =
¥

CAST IRON: Commercial alloy of iron, carbon and silicon that is cast in a mold
and is ‘hard, brittle, nonma]leable and incapable of being’ hammer~we1ded

'CENTER LINE: A thin, brockén 11ne used in work1ng drawings to 1nd1cate centers

'of objects or circles o . \\\\\ .
CLEARANCE : Amount the dedendum of a -gear tooth exceeds the addendum of a matung
gear tooth, , :

CONCAVE: ~ A surface with.an inward cunve on its face.

CONCAVE WELD: A weld haJing the center of its face'belbw the we]d edées

-«
“CONE: " Inner v1$1b1e flam shape of a neutral or near neutra] ‘flame next to the

orifice of the tip.

CONSTRUCTION LINE: A very light line used to initially rough in or draw the
object (not. ordinarily seen on f1n1shed and printed draw1ngs)

)
CONTINUOUS WELD: . A weld which extends un1nterrupted for its entire 1ength

CONTOURy LINE: A line on a map or p]ot p]an resemb11ng a s1m11ar 1mag1nary Tine on
the earth s surface to 1nd1cate changes in elevation.

CONVEX. A surface with an- outwdrd curve on its face.

-

. CONVEX WELD: A weld with_the face sbove the weld edges, " .

oy s

CORNER JOINT: A welded joint formed by edges of. two pieces of metal touching
each other at an ang]e of about 90 degrees.

COUPLING: Device for connecting two cmax1a1 shafts so noe shaft can drive the
other shaﬁt

“CRACKING?" *ﬂ‘erm ‘applied to: act*ldn of"bpénfn'g HvaTve ‘sﬂighﬂy“and Ehen - c1olﬁng
the va]ve immediately; done to clear the valve outlet. _ _ ;

CRATER: A depress1on at the termination of a weld.

" CUTTING PLANE LINE: One of the darkest lines.on a working drawing, it is used
to indicate an area to be cut away to_sho an interior view '

..'.‘.J'»
CYLINDER: Container used-to hold gases used in‘welding ;g
. ' X
DATUM POINT: Point with reference to which elevations are medsured or ind1cated i
- such‘as a permanent bench mark. ' . : " .
_ : . : Q..
. DEPOSITED METAL : Metal that has been added by a welding process. Eg
\\DETAIL ‘Drawing that gives complete detaiied 1nformat?on for an element of EE; ‘
\.canstruction. . ? | . . o o0
\\\‘ N“ . / T, s | » . .‘ . . ‘
N 81 o _ CEREY

I R . . . .
‘ N ‘l\j\ - " N . .
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- ~DIMENSION: Number of full units and fractions of units -between two points.

DIRECT CURRENT (OC): Electric current flowing_ih one direction 6n1y and mostly
constant in value. _ A

PV : ‘. :
DISTORTION: The twisting or warping of the members of a structure.
DRIVE: Means of giving notion to a machine or machine part, such as a motor,

,DRIVE'fAKE-UP: Adjustable device used to,release tension on-belts and chains.sq, .
they can be replacéd or adjusted. ' : ' .

+ DUCTILE: Metal which can be drawn or stretched}' |

DUCTILITY: Propertywwhich'pnébles a metal to be bent, twfsted, drawn out or
- changed in shape without breaking. . . Co -

EDGE JOINT: A welded-jdint.connectfng the edges of two or more'barallél'or-
.nearly‘parallel parts. ' : L

vELASTICiTY: Property which enables a material to return to its original ‘size

and/or shape after an external, distortional force has been removed.
AN

ELECTRODE: Metal rod which-conducts a current from the electrode holder to the
base metal. o ..

ELEVATION: Drawings representing the frong, sides or reay face of a structure and
usually made as though the observer were looking straight at it.

" ENGINEER'S SCALE: Rule divided into decimals and/or tenths.
EQUIPMENT LEVELING: Setting équipment on hbrizonta] plane in:all directions.

A}

vte Y L e o .'.‘Q.‘.-I':Y. - . e I N AR Wocetned Y gy e '-'"’f“_
.

"'-C{‘ ) ; '
OF WELD: The exposed surface of the weld..

'EAgit
?AST NER: Any device such as a nail, screw or bolt used to hold adjacent members
together. . . . L . . _—

FATIGUE: Property which causes metal to fragture under a repeated load which is

. =ﬁ*considénab1y?belowvthewtensileustrengthvof'the'mater1alhm&'*vr%hmﬁwb*ﬂfﬂm““ﬁ R AL S
"FEELER BARS: Bars or 6rds Wood_ or metal) of equal %ngths used to check parallel
of shafts. - . : , ' " )

FERROUS.MER@LS:-:That groub of metals that consist maiﬁly of the element iron.

oad

FILLET WELD: Weld made”in the angle formed between horizontal and verticai pieces
- of ‘metal. _ . L : - - y . |

' FLUX: Coating on the butside of tt;e electrode; chemical used to promote ‘fusion

during the welding process.
, 2

FRACTION: One or more equal par®d of a whole. -

BEST COPY AvAL 85

FUSIBILITY: Quality which enables. a metal to be joined with another metal when
heated to a liquid state, such a§ weldi ' |

\ /

FACADE: Front face bf a bdilding. _ e i
T L. ' LRI L ' ’ \ | R RS R A T R TR TS SO

Y \:
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FUSION PROCESS Process of heating metal to a molten state and aHowdng it to -cool.

L L
GASEOUS SHIELD Gas given off by the melting of the electrode flux.. X

GAS POCKETS' Cavities 1n weld metal- caused by entrapped 985 o 1 \’\

'AGEAR Form of disq or whee] with teeth around perimeter to prov1de pos1t19. dF?ve

. by mesh1ng teeth with sim11ah teeth on another gear.

GROOVE WELD: - Weld made in the groove that is formed by two beveled pieces of etal

" HA DENABILITY Property wh1ch ‘enables a'metal to.harden ‘completely through to Ms
tnter when.a heat-treatment method is used. = _ N
‘HARDNESS. ,Re51stance to penetratlon L . A . . t‘.
' fHEAT LINE' Line show1ng depth of heat into the base meta] 'ﬁ?,
'HIDDEN LINE:" A medium'weight line used in working drawings to define objects not ;X,.
v1s1$1e to the eye (h1dden beh1nd other’ obJectsg N : P
" ) .

)

. MAIN OBJECT LINE A boldslihe used to outTine general shpaes ma1n type of Tine,

- MAINTENANCE Upkeep pf equipmér' t to ensure trouble free operation, qua11ty of

| LAP JOINT: A Jo1nt in wh1ch the edges of the two meta]s t

LDLER GEAR: Small gear ‘used- between two excessively 1arger gears when required :
by shaft spacing; also used to change d1rect1on of rotation.

ISOMETRIC DRAWING: Simple drawing. wh1ch presents a "photograph effect " may cause
. a sllght visual distortion by 1ts receding 11nes - , \
:\Qe Jo1hed overlap

.

t

one another. s

LEAD Cab]es 1ead1ng fr\m ground clamp and holder to the mach1ﬁe

LONﬁ;ARBON STEEL Steel conta1n1ng 0.20% or.less carbon

is a potent1a1 problem

LUBRICATE: To apply grease or oil to control fr1ct1on and keep moving parts , | o

operatiny w1kh a minimum, of wear. . ‘ : : y N

‘..MACHINABILITY Term wh1ch 1nd1cates thﬁ ease with whlch,meta]s mii;beAmach1neg,,”v,

e

MACHINERY MOUNT ~ Device that provides’ support for mach1nery and has capab111ty
ofad3ustmentfor°1eve11ng and -aligning. " .
")

used i n working drawwggs .

- wark performed and- 1ncreased Iife of equipment. o
MALLEABILITY Property-which enables/a.metal to be-peramently'deformed by
‘ Fompre551on ' ‘ : . .

W i

MALLEABLE: Capable 9f’ being made into a d1ff€rent shape or. form.

 MALLEABLE: CASTINGS: ,Cast forms of‘&metal which have been heat treated to heduca
+  thelr brittleness. R 3

it e s AN o

s O HYDROGEN” ELECTRODE s “Eractigic with:16w h&drogen‘content; ised wheriiaiacking ‘

J\ q‘ ‘-:.."

¥Ry~

| sﬁgsr ‘cQPv
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, ‘MELT THROUGH ; The-complete penetratlon through the joint of the weld metal I
: -

i METAL “Any of various opaque, fusible, ductile apd typically lustrous substances

that are’good conductors of electricity and heat. . S

’MIC: Abbreviated term used for micrometer.. L ~

» -
. )
~
. o> L}

", MISCELLANEOUS ANCHOR: Any one'of the various types of anchors'or fasteners

. MIXING CHAMBER: That part of the welding torch where the weldlng gases. are mixed
prior to combustion. . o

]

NEUTRAL FLAME: A gas flame wherein the portion used is neither oxidized nor reduced

* NONFERROUS : Alloy with practically no irap. o
»
QBLIQUE DRANING Similar to 1sometr1c draW1ngs, e cept the front surface 15 shown
1n its true shape. : . (. S S N

o

OPEN CIRCUIT VOLTAGE:  The voltage between thegtermwnals of a power source when
no’current is flow1ng in the circuit. .

S ORTHOGRAPHIC PROJECTION DRANINGS A system of. draw1ng in which the front top and
S1de v1ews of an obJect are projected to the paper. to present their true shapes.

QVERHEAD weld that is performed from the underside of the Joint. ._

"

ﬁRLAP Protrus1on of weld metal beyond the bond at the toe of the weld. L
XIDIZI#9/FLAME Flame produced by an excess of oxygen in the torch m1xture, *
leavifig some free oxygen wh1ch tends to burn the molten metal. : ‘

OXYGEN: A gas farmed of the element oxygen; when it'very actively supports

combustion, it is called burning, when it slowly combines with a substance, it :
¢ is. called oxidatdonr R R w‘f“M”V‘fyyw?v"uurﬁﬁasciﬂw~an&1?mwhﬁ'u

4

OXYGEN- ACETYLENE CUTTING: An oxygen cutting process whereln the severing of metals_
is affected by mean§ of the chemical reaction of oxygen with the base metal at: ’
elevated temperatures, the necessary temperature being maintained by means of a,

gas flame obtalned from the combust1on of acetylene and oxygen.

OXYGEN ACEIYLENE NELDING R gaswwelding process: wherein fusion: ﬂSaproduced b ~=:h‘rﬁﬁ
heating with a flame obtained -from the combustion of acetylene with oxygen with

! .or without the use of fillen metal

OXYGEN REGULATOR A device. for controlllng the delivery of oxJEZn at a constant
- pressure regardless of any var1at10n at the source. . .

PASS. Single,longitudinal progression of a welding operation along a joint or weld

‘deposit. . . N : _ .

- PEENING:" Mechanlcal working or stressyrelieving of metal by.means of llght hammer .

blows. . : BT . ' o
PENETRATION: Distance from the original surface of the base metal to that point
‘at which fusion ceases.. e .

PERSPECTIVE DRAWING:- These drawings resemble photographic 1mages obJects appear
smaller as they get farther away. e ,
. N : \ {

'?

1

L
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PITCH LINE (PITCH CIRCLE): Distance from a point on one tooth of a gear to a
. corresponding point on the next tooth; measured atopy the pitch Tine or circle,

N
3]

PLAN: In architecture. a diagram showing a horizontal view of“a structure!’such as -
floor plans and sectional plans. ., . . . . v

3

¢

PLASTICITY Property in a material whi&h. permits permanent deformation to occur
. without rupture \\\dmw o . u s L

PLOT PLANS: Small scale ings thatfhesemble an.airplane view of the property;’
they show property lines, trees, dimensions and ‘public easements

PLUG WELD: Weld which holds two pieces of metal together made in a hole in one
piece of metal which .is lapped over the other pieees the.walls of the hale may

Oeray not be parallel. and the hole may be partially or completely filled with
meta ~ ,

l.-
r:- ~

POROSITYi{ Presence of gas pockets or voids in the metal. - \f ‘ .

-~PRESSURE‘ANGLE Andle formed by Sides of a tooth inclining upward at an angle
toward:the center . :

. | {
' PUDDL : at portion of a weld that is molten at the palce heat is supplied

PULLEY: Wheel or rim with flat surface; used to transmit power. o A
.. REDUCING FLAME An oxygen fuel gas £1ame with a slight excess of’ fuel gas (sometimes
called carburizing flame). N \ , .
» .RIPPLE: Lightly ruffled or covered with small waves. - '._ L "

RUN-OUT:  Amount of'misalignment'on a rotating shaft as read by an indicator

SAG: The downward drip of the molten weld puddle due to carrying too large or too

ceqndent .fluid ‘of “a weld-pudd]quw. « :v s Wy 4R e PN N L

SCALE Indicates the reduction (or enlargement) in size that,objects are drawn to;.
the moet common scale for house plans is 1/4" equals-one foot

SCALE DRAWING: Drawing made to\a size either proportionally larger or smaller than
‘ the actual Size of the object represented L .
Dd e IR AT IO LT R R b B e T PV Y A X N LEEIEEVE S PACACIRURIE & 2L, T
SCHEDUlES Charts which help a bu1lder locate door. and Window sizes; doors and ‘
windows are referenced. on the plan (given a number or letter), then the number is
identified on the schedule with the de51red information. '

o SECTION. Drawing of an ‘object that has:been cut to show internal construction.

. SECTIDN LINE: Thin parallel lines:in working drawings used to indicate an area’l
cut away to’show the interior. ” ‘

SHEAVE, Grooved wheelnor rim used .to transmit power by means of a belt, chain,
rope or band over its rim. -
%

SHIM: Piece bf material used under bed plates and machinery for leveling
SHOP DRAWING:: Plan” showing detailed information~of/;pec?fic ttems.

SLAG:.'No tallic’porous material trapped in the weld. metal or between the weld
Y~ metal an the base metal. .
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SOLE PLATES. Lower plute on which some equ1pment 1s set and Teveled

SOLVENT Liqu\d cleaning fluid used to, dissolve or eriminate unwanted materia]s.

SPARK TEST: A metal fdentifioqtion test where metal sparks are created by grindingn

the sample,

i .
SPATTER ‘10 arc and gas wer1ng, the metal particles expe]led during we]ding

\ which do not form a part of the weld.

v

SPECIFICATIONS: Detalled set of written instructions which oist the qua11t and

type of materials needed, the basis for bidding and the methods of. fabrication
as intended by the archjtect becomes - a Tegal document and part of the binding
contract. -

\

SPROCRET:’ Toothed wheel shaped so as to engage with a chain. -

STICK WELD: Term used- for arc welding. -~

s
\

STRAIN Deformation resulting from an external force pplied to the mater1a1

STRENGTH Resistance to deformation : P \

-T-JOINT: Joint formed by placing one metal against another at an ang1e of 90

|

'STRESS: »InternQT re51stance to an external force or‘Qpad\ "

. STUFFING BOX: Type of seal used to control leakage at the\point a rod or shaft -

enters an enclosure that is at a pressure above or -below that of the surr0und1ng

dY‘Ed . - &
. B !

SYMBOL : Arb1trary s1gn, that has been standardized and is used to represent an
object, quality or method. .

TACK NLLD: Temporery we]d made to ho]d'barts in alignment unti] final welds -

are made. - P » .
D s AR N ER Y X% ¥ B R Ut P R S T TR I R T T I S S TR SRR AU U “"!""6 S b
TAUT: Tightly drawn, with .no give or sag. . s

S/
TEMPERING Degree of hardness of steel. o

o,

TENSILE STRENGTH: Capacity for resisting a bending, stretching or twistlng'for“eT\3

o

JIP: -Part of the.torch at the»end where - the gas. burns. producing the high -+ = 0

temperature. flame

degrees to form a T; the edge of one metal contactslthe surface of. the other -
metal. , :

*

TOE OF WELD: Point where the weld meets’the face bf the base’metal on a fillet

weld.
"

TOOTH THICKNESS: Distance from one side of gear tooth to other side of gear K
tooth at the pitch c1rc1e . B

TORCH: The mechanism which the .operator holds dur1ng gas wering and cutt1ng. at
the end of which the gases are burned to’ perform the various gas welding and -

cutting operationi . ,
® . ¥

TOUGHNESS: Property which enables a metal to withstand sudden shock or‘impaét
wi thout fracture. , S L L S

BEST COPY ,«_vmu;m
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UNDERCUT A groove metled 1nto the base metal adjacent to the toe of the weld . '
fnd left unfil]ed by weld Jmetal. . _ - . ‘ o

V-BLOCK Tool used to hold round shafts while checking straightness of shaft -
. (3

VERTICAL PO§UTION Type of weld where the we]ding is done’on a vertical seam and
ona vertical surface. | : | _ »

VOLTS: A measure of ‘elettrical force of preséure

NELDINQ\/)Art of fastening.meta] together by means of 1nterfusing the metals.

WELDING ROD: wir or rod form which 1s melted into the weld area.

. NELDING SYMBOL: A system of graphics used to convey Joint and held information

from ane person to another. . f _
WELD METAL: That portion of a weld wh1ch has been melted during wk]ding, the
. portion may be either the filler metal or base metal, or both. % ,
QELDOR: The operator of welding equipinent. o - :?- . - o
NHIPPING A term applied to an inward and ‘upward modement of the. ‘electrode wh1ch

is used in. vertlcal.weldlng to avoid. undercut. "’ : - ‘

/ ' L

WHOLE DEPTH: Total depth of ‘tooth space. .

\ NIEE CORE:" Metal oehter of the electrode. 3 ' ‘ ; f
WORKING DEKiZ: Depth of tooth engagement between'two ma'ting gears. . »
ZERO INDICAYOR Adjustment of an indicator to read zero. : |
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1. -Study the list of trade terms On the 1nformat1on sheets untﬂ you are . . 7
. . * »
familiar with the defm tnons. - L , T
. v _\_., v " o ' PR
*2. Have.a fe*llow student o f]rend qu1z you on the terms. ! | '
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pidd " _.:_,.._ff "

Match t?p trade terms 1isted 1n the. r1ght hand column with the appropriate .o | o
def1n1t on by plac1ng the corne;’fnumber An the space prov1ded . . R \
. " ) \1 PRV TR
a we]d b w**“**+“~‘ ¢ ty]ene ¢ '%;

t . ) o

z fyidj ;51:15 the exposed surfgce‘o :
' ‘ oy My - N

J

o ;;ﬁét“ The property wh1ch enablﬁs metaﬂ fo be permanently SRR ' ' Y
' - Q}Lﬁ}zdefor@/ﬁ by compress1on i's L ,l | “'?-.-3 ‘\Alternating Qurrent ?x
. 3. .Charts wh1ch pFOVLde 1d‘!¥hatwon .oh door ay W1ndow 4 Anchor o ,:¥}qf.

'l.? . ”;:.512e5 are’ 5_ fpu_. L JJ f’}'} L . 'o1~ Annea]1hg RRNE \
.-‘_ \s - ‘ 3 ' o’ '(. e q’./‘. . T B ' . “'_ -

. N & *6. Be]t Dre 1ng
?:ﬁ*yfa.;_;*** is @, device used to g1ve45tab1lﬂty to one part ofnﬁy\*;& R

/% 7 a structure by.sécuring it to"a more- spable part .of Bench Mark ", f! Cod

SR ‘that StrUCt”"&"?f’*'ﬂ'ﬁ; PRt ,.ig ﬁﬂueprfnt . F
bl ObJects appear smql]er 3s: they ‘farther away iny . AQ; Carbon Steel:..' -~
:,6*;1 + s a: 11quid cléan:ng f1u1d used to d1sso1ve or’ ]0 Construct1bn*L1pew i

PR Eﬁ1nnnate unwantad matér]a]s. , .-,:wut Dbstort1pn 'f. Ty S

L p A . . ; .

sl""'

7 4s the: property~wh1ch enab]eé méhal tq withstand . 12, Drive Take~Up o

_,:':_:?-;p sudden: shock-or Hipact. without"fmétm‘e S o3, Pace’ é@w61d S
Rz :8;’ An arbitrary,«standardized sign USed to nepreSent 14 Fastener | »'*;4 L ':

an; obJect ﬁquality br methbd is a{u *3,am_.; Qo VL‘M@%ﬁ-_EFusion Procesa f"‘ B

9§‘ 1nd1cates th¢ reduct1on (or enlargement) 1n §1ze 'ﬁ :67i11d1e" Gear . ﬁh S .;

"TT% prects are. drawn to.;,.-»'._lnfm - at Lt 17,0 Lubricate. 0T L g
10 :- 45 {0 app1y 01 op grease to. contro1 fr1ltion and~fw: 18“: Ma11eab111ty _ AT
& ~ to keep m0v1ng parts, opepat1ng wlth‘minimal wear.“ S 1945 Penetrqt1on

-

(AEY Heating metdl fo & mo1@ state fand aHowing i.t-.-;,to . 20.: Re"spect‘ve D"awing Y
P ook “known s __ e e i : X 20, Scale s - Ci
' A.Téh ¥ e]ecfric Currént whﬁchgrevenﬁe *1t$ dﬂreotﬁdn i | 22?5“5°hed“195}: ;”3§
e at reguuar 1nteffvals. -{'::_" g Ty 23 Solveﬁt "- Yo
a i ° ) fon . iy .' \ !
13 ~_-4 s a: gas COmposed of twa{parts ofacaﬁbéﬁ j fSymbo1 : Ly
L W parts of hydrogen. i B - L?””: j%gﬁi‘ Toughness . VA. .
/ 14¢, A cppx gf an origjn&l,,detai]ed dpawing 1s'a | xaﬂf - R T )
e L BEST GOPY AVAILABLE

-“’ | 15‘¢- ) 1s thewtwisting or warping oﬁ mpmbers Qf &Aw




\

K4 .

‘.(

z_o;"A

: 1s an. al]oy of Jiron and carbon ] ;. v
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_seen on f1n1shed drawings -
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is an¥ device USed to ho]d adjacenu member&-together.

) 15 - substance used to keep belts*b]iab]e.

[

: 1s an adjustabWe device used to. relepse tensiun so that be]ts and
‘ Eﬁ"ins %an be: replacgd’ or adausted. we by o

Sis used to initlally rough 1n or. draw -an obJect eﬁd s not norma]ly

..‘.
A

_‘ZJ;' A combination of two or more e]ements. at 1east one of which 1s a metal, is

i

.i),

~is. a metal or: Stﬁne manker

-F~’e1evan10n 1nd1qhted on it.

pTacedfjn,thelground by'a sunyeyor witn

230 7 s softenlngometal by'heat" treatment IRV ~:-'”f?. - U
] } e
- 24, 15'% small’ gear used between two excessive]y 4arger gears when requ1red
by shaft spac1ng ao : . g S,
o ° v a ' : ' PR
;25. is. the detanceéf/gm the or1g1na1 surface‘of the base meta] to that - »
o p01nt at which fus1on ase5 o - - -
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- Self Assessment

Answers_
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Coal” arc werlng h; depos1¢ed metal ce temper1ng -

: a.‘ bed platel“ b‘ qlwgnment cC. coup]ing R

50 e-_‘

o . ..
e . . s
o -

e. the letfer of the most approprwate answer.

Proper positlontng of equipment is: . ' . _ L

Jd1n1ng together of two or MQre pieces of metal by the fus1on procesi 1s

v ‘¢

The ease w1th thch a meta] w1]1 crack or breah apart w1thout apprec1 b1e -
deformatnqn is known as: o S

. brittleness b. strength .c_.»stress S . ‘

m }

a. ®rive b. sheave . C. couph'ng . | JH.

-~

. 8.

(e

0.

T

_a._ contour 11nes _h,_ bench'mark “c. datum po1nt L ‘{,T,J\,,~NE§-_

.. e
A thin ,broken 11ne used 1n‘work1ng draw1ngs to 1nd1cate centers of/object5° e
or circles ‘is the: , C , _ A 1

a. cutting plane line b. contour line. <. -center Tine ey

: *
IR
M ’ LY
WA
. Y
PR

Curvedllnes in a working drawing show1ng e]evat1on changes are known as:

L oms

. "
( Al »~ N

Adevice\uhlch connects twolcoaxwal shafts SO that one shaft can drive the
othen is a: . .

'/

‘A dark line used to show an areg to be cut away to show the interior vien;

is the: T : - }

a. h1'dden 11’ne b., . cutting plane ]1ne c. cbnstructio@'line - S
/ ' V! , _ .

A th1h 11ne w1th arrowheads at each end is used in draw1ngs to show . \;

a. dlmen51on b.: elevat1on c. perspective

/ 'Q

Electric current flowing in one direction which is usually constant in
value is.known as: . . \h
a. ampere b, volts c. direct current . "
e ‘t . .
Means of giving motjon to a machihe or part is: .
a, a11gnment 'b. drive c.'“drive take«up i
%.z : )

The property{which enables metah to be bent, twisted, drawn out or changed
1n shape without breaking is: ‘

foad

- LE -
a. malleabﬂity “b. ductility c._ tensile strength BEST COPY AV%LAB
INLL_E'“c[I o !93 L ‘: - ’;ﬂ - ,,,M;mw;;




12.

13.

14.

15.

i & annea11ng b. fus1b111ty

* e

- 170

Ai castings  b. ma]]eab]e - C.- mach1nab11ity

o, L ;

\
The property which caused metal to fracture under a repeated load wh1ch 151
considerably below the tensile strength of the material is: |

a. br1tt1eness b. strain c. fatigue

d

. i (.
That group ofﬂe_tals that cons1st mam]@ of the element iron is: _ ’ o

a. ferrous b. carbon stee] c. cast iron P 1t "

The quality which enables a metal to be joined with another metal when
heated to a liquid~state 1s

=T
i

C. welding

The property which enables_a metal to harden completely through to its
center when a heat-treatment method is used is: | , "

a. hardenab111ty b. penetration ¢. fusion process
A term which 1nd1cates the ease with wh1ch metals may be mach1hed is:

A drawing in thch the front top and side views are proqected to the paper
is:

a. isometric drawing .b. ob]ique drawing c. orthographic projection n :

The property which perm1ts permanent deformatlon to occur in a material N
without causing rupture is:

!

a. plasticity b. tensile strength c. mal]eab%lity | "

. i

!

e A B . Y . By v - 0 0 atiamal " " B M o | " .rv":'—‘“ "
* . K . . f Vel P
. ' ) X . . ' |-
. . \

4 ! ‘ . e ‘
The property wh1ch enables a materfal to return to 1ts original size &nd/o '
“shape a?;fr an external, distortional force has been removed is:

a. elaskicity b duct111ty C. -strength ' . a R
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Objectives ‘
"“Given: e
A transformer oy BN

An ohmmeter ‘
_An AC voltmeter
An AC ammeter . .

- . . '

Problems on turns ratio. T
Q_;\ 4
’ \
Directions .

Obtainsthe Following:

" The student will:

Determine the isolation t

t

|

-

EL-BE-5]
Power Transformers .

hat

. exists in a transformer by

measuring the resistance of and’

‘Q’between windings.

windings to determine the turns

Measure the
voltages. and current in the

ratio of. the transformer. .

.Do the probﬁems correctly.

AY

A transformer - T1V/6.3V F11ament TransforTer Stancor Type P- 8389 or equ1va1ent

An ohmmeter ,
A VOM "
An audio sine wave generator

A 1000 ohm, 1/2 watt resisyor

.

. Learning Activities

Study the Key Words list.

Do the Seif;Test. ’ ’

Take the Final Test,

‘Do the Task.. |
4

R

’[‘ ___ Obtain Final, Evaluation,

x

Read the'Information‘Shqgts.

L]
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: . S o ‘ ~ . Power Transformers .
.- Key Words - 7 - S
Autotransformer:' A transformer without separate windings; the primary and : '

secondary windings are. formed by using a tap or taps on a single coil and the
' ‘transformer provides no isclation., = ¢ .

N

, - vt
Center tap: A connection made in the centerlof the winding between the two ends
of "a codl. . - ‘ ' , _ ‘

Eddy currents: Electrical currénts flowing within the core of an iron core
.transformer causing some loss of power.

~ Electrical igolation: An arrangement such that any parf of the current _from one
circyit does not flow in another circuit, . ~

Hysteresis losses: Power lost in an'iron‘core due to the'magnetization and
demagnetization of the iron. - .‘ | - §

Power transformer: A transformer designed for nearly 100% magnetic coupling to
provide efficient power transfer and electrical isolation. Power transformers
operate at basically one frequency onlx and frequently provide a voltage step up

or vdltage step down. ) . A v - '

* \ 3 : . [ - .
* Primary winding (primary): One of the windings in a transformer. 4

Secondary winding (secondary): One 'of the windings in a transformer.

~Short circuit: A path of zero resistance for current to f]oy.

v :Tap (on a winding): A place somgwhere~5€tween the- ends of a coil where -a
connection ie made. G \ ' |
/“" . T B
Turns ratio: The ratio of the number of loops or iturns of wire on one trans-- .
Former winding.to the number of turns of wire on.another winding. Y :
‘ ’ .

Winding: A coil {n a transformer. .
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Information Sheet | C : = .
A_transformer is adevice that transfers energy -by ‘the use of magnetism. You
f ~already have studied how energy is transferred by magnetic coupling in the

package on.mutual inductance, ‘A transformer is designed to take advantage- of
' this magnetic coupling. You may wonder why transformers are used to transfer
X ~energy from“one circuit tg-another when two pieces of wire may be able-to do the

same th1ngx . L . | i

1 [}

There are two m$in reasons why a transformer' is used. The first reason is that
in the process pf transférring the energy, the voltage and the current can-be
made tq be lar%gr or smaller ‘than before. If the voltage is made larger, .then
. the current will become smaller and vice-versa, How this is dorfe will be ex-
platned a TittJe later. The second reasan for using a transformer is for iso-
- lation. ; Isolation means that current flowing in’one of the coils does not have
3 to flow in the other coil to transfer the energy. The currents that flow in S
e{ther coil can be totally separated and not flow 4in any common wites-.

.

' » . - . :

' e o ) <

“ ¢ * N "
4 . c¥ ‘ .
- ’ . ’ .. -~ M ¢
i N B Y
&r ) , ° .
AN : -
. P .

.- “
_ large V _ . - osmall Vv
‘ . Tsmall 1. large I .
. ) -~ .)’ . .
L ISOLATION : )
é : . A ’ ) i
Current in ¢oil-1 does not flow in coile . ;
. Current/in coil 2 does not flow in coil 1 : . . e
I)’ ot * e '.‘ . . ’ > \ l . .
. .' . ’ R . ‘ ( -
. l T‘ - ' ¢ L K}
’ s = 1,27 S NN . o
. AC', ) ) (\ . .- ) 4 . ’ \

- Ped

-~

,

" No cdrﬁentjf]ows between the circuit on
* ~ theileft and the circuit on the right,

+ .

- » / [ SN
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Many times electrical or electronic  equipment will have power trapsformers/built
into the to isolate the equipment:from the AC power -1ine input. This r
the chances of accidental electrical shock. Also, when two dr more pieces of
equipment are used together; this prevents accidentally shorting*out the/ power
because the equipment may not have::the same electr1ca1 power ground.

usg a separate power transformer, called an isolation transformer, be
.AC power-1ine input and the e]ectr1ca] power 1nput of the piece of e
provide this isolation. _ v

' ratio. The turns ratio gives you important informat1on about ‘the erformanc

", . the transformer, *ﬂ . ' ,
. */ . ' 2

.divided by the number of turns of.wire on another W1nd1ng winding is jus
ahother word for a coil if a transformer, ' /o

If the coils or w1nd1ngs of a transformer are wound around.a cont1nuous iron’ .

core,then the turns ratio has a special meaning because it will be equal /to the B,
S ratio of the voltages across, the two winding$. That/fs, if /coil 2 has tgice as

many turns as coil. 1, then coil 2 will.-also have twice as i

as coil 1 has across it. In an iraon-core transformer the.

the ratio of currents in each winding, only the ratig is in
. example where coil 2\pas twice the number of turns, .coil,

the amount of curren;Q§hat is- f1OW1ng in.coil™M.,

- alone cannot be used in genera] to calculate the changes

"N is the abbrev1at1on.used to represent the number/ of turns in

1
. . Pl
! A

N, is the number-of turns in winding 1. ,
< ] ? " 3
N, is the number of turns in winding 2. .
: N E. . o : '
2 2 alsor N E .
A 'N*" E—' , : P. P i . ,
] L i o Ngo B e WheRéfthe subscripts -
b . - P and s represent the
N I . . primary and secondary
Ng'g'fl ' and N - L windings respectively —
1" o I, as/will be explained” . 7/
' - ; P oq thé‘following page,
c . .‘ . ‘) s . .
» ) ! J
“ ) ' ! 6

e - . . lw . o
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.lines represent

. _iron core _ o turns raiio =
S 2:1 ' . ;‘ | :
- / L N b,
| | . - 5 , . 4~‘
R 2'1‘/ ‘ 3 ’ ' . ) . ’ .
B R «T . T - - . - '
€- 1 0 |
' . Il ' ﬁ:E 2 - 1F or 2:1 ratio o
. -. ---—-—4"j - e .

fL — _ . IR
’ Scheriatic S{@bo]'. Physihél Constructian B ‘
(Hote: sthemaéic symbq]-@oesn't necessarily show ;%tuql number of turns.)

In'a trénsforme; one of the 80113 is called the primary ;inding or just plain

primary and ‘the other coil is called the secondary winding or the secondary. It :{ . .
is possible for either the primary or the secondary.winding or both to have . c
connections made at one or more locations between the. ends of the <oils. ,Tﬁeseiﬂ_,ﬂ'

are called taps., A connection made exactly at the middle between .the twp ends -y

]

4

is called a’center tap. - A L .y :

It is also possible for a transformer to have more tﬁ;k"%wo-sepanaie,windings.: R

A transformer with three-separate windings would have a_primary, secondary and a - :
tertiary winding. The purposé of the taps and extra windings is td obtain -~ . =
-additional turns'ratios. Even a single coil with at least one tap can be-a ‘
' special type of trangformer-called an autotransfqrmg%; however, there is. no T
. . b “~ S

isolation in an augotransformer,

hSevera].of these poséibi]i;ies are shown in".the fo]]dwing.drawing.

| . X 3 .
‘ PRIMARY SECONDARY . T \ o
WINDING . WINDING 3 | o
- - \ . ) >
EEEEEECENTERTAP . T o secondary
u TAPS r _ s ' [ ‘ A _o— winding
‘ prirary = ¢ "
TERTIARY K .
" i o WINOING (\g‘\ ‘W‘"d@ﬁ-__, N
~’ ' , ' . .1, . : ~ E
MULT‘I—TAP TRAN§F10RMER'W,ITH TERTIARY N_INDI‘NG' .. . . AUTOTRANSFORMER

Power transformers are a class of transformers that are used to step up or to

step down ‘a’valtage in the process of transferring power from a source to a . :
load, They are also used to provide isolation in many cases. Power trans- L
formers always use an irdh core 5o that the magnetic goupling is nearly 100% and '
the voltage ratio across the transformer.w111 be dete<mined\Py the turns ratio.

£ ‘ ' og\\\‘fa o - | , ' R e & L :‘ o

j‘ L} AY
Lo R . .. ) - .
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Although’ the iron core is necessary to achieve/lOO%-cbupling, it causes some-* . .
* important limitations of the power .transformer. One of these limitations is the. . ~ '
power loss in the.iron core called core loss. Core losses reprasent power that.
is absorbed within the iron core. This lost power’reduces.the amount of power . -,
‘that can be transferred to the secondary winding. The effigiency of a trans-
former is lowered as the core losses become greater, , Transformer efficiengy is
calculated the same way you calculated efficiency in the package on mutual © = "¢

inductance. ; N . - | _ Ly
. . . a» "\ . . -

.

Core losses are caused by two major effects: hysteresis and-eddy currents. _
Hysteresis losses occur when tie iron begomes magnetized in one direction when . * =™
{ the “‘current is flowing one way -in the coil and is demagnetized when the current '
- reverses direction. ~ . - ' \
1

/ . Extra power is required to accomplish this magnetizing and demagnetizing. Eddy
©* 7 currents are currents that flow inside.the iron in addition .to the current in
) the winding. This occurs because 'some voltage is induced within the iron core
by the alternating currént in the winding and because the iron is a gpod con- °
‘ductor of-electricity like a wire. ) y Lo . L

4

2

' ' Both of these losses increase when the frequency. of the AC power 1is higher. - A
* ¢« power transformer isyusually designed for one frequency onlg,f.and it cannot be
~used properly for & different frequency. Most of the power transformérs are

. -designed for a frequency of 60 Hz,which is.the frequency of the electrical
“energy supplied to industry and households in the United States. Qccasionally . g
T you may see power transformers designed for a frequency of 400 Hz for special = "

% . Mpurpose applications as. well as some desfgned for even #righer frequencies. s

Transformdrs are used only for AC.and nevé? for DC. Remember from the paEkpge
- on mutual inductance that the current must”be changing or alternating to cause
power to be transferred from winding to winding by magnetic cqupling, Since *
direct current stays constant and does not change, no power can be transferred
- “using steady DC gpat never varies from a constant value, ' '

\\\,, REVIEW AND.E%AMPLES OF TURNS RATIO

—

-
¢

l . In a transformer with an iron core the turns ratio gives the ratio of primary-top-"

) ' secondary voltage and secondary-to-primary current. This assumed 100% magnetiqﬁ
coupling and no power losses inside the transformer. With no losses, the power = -
into the transformer will equal the power outpdt -or 100% power transfet also. '

”c

Since xpriméry ='Isecohdany

, then Vprimng.x Ip}*imary ) Vsecondarf'x

--\\
Isecondary® @nd since P =y x‘I:'primagyi??wer~= secondary power.

secondary Iprimary )

A Lt

-
. f,
L)

¢ . . 'Y - ) o R
*or a very small range of frequencies. = i ¥ _— ’
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Example 1:.. , - I ' : R N REEETE

. A power transformer -has a tufhs‘?atio‘of 211, The, winding with the larger R
number. of turns has,a voltage of 25 volts and .a cu#rent of 1/2 amp. Calculate, - . .-
the voltage and current of the oF?er winding. . e v
The winding with the.larger number of turns a1s0 has the larger'voltdge,iand the " ..

" voltage-ratio is the turns ‘ratio. .Therefore, the unknown voltage i§ equal,to 25 .

' volts divided by 2 = 12.5.volts. The winding with the larger number:of turns. .. ..
has the smaller curfent, and the current ratio is also the turns;ratio. There- - |
fore, the unknown-current .is 1/2 amp times 2= 1 amp. ' : S S ~-§

. o . . ‘L_ . .ot ‘ . '(‘ T :

: . Eg =25V , . coo . Lo .

o, Lo SRR P
—— ) . ' o8 - ’N_" - ) . » ’m‘ |l .

. “ ' 4 ’ \ .-

) —E—S! = 2 ! > N . . 'S . -

1 - T .
B *
2E] = 25V ° >
£, = 12.5V N > e
. . A | e,
' s : ] S :
. A . : S W
I] i Nzo .‘ 12 ;:\_‘]/2"/\ = 0.5A : :' a-::'

) “vA P . . ~
. " - [

I, =2 (0%5A) " .
‘ ’ a ) &
I, = 1A " e .t
& ~ ' / i ' ‘
‘Exampré 2 : P o . :t L, j{. .; : ‘ ;7£:

A transformer with a cbntinuous_iroﬁ core measures 110 volts and .1 gmp.éﬁ the
primary and 15 volts on thé gécondary. . What ' are the transfbrmer:turns - ratio

"."and the 'secondary current? Whatrare the power input and output -assuming no

losses”™ in the transformpr? The primary-to-secondary. turns ratio is°110ivolts + : ; L
15 volts = 7,33, Thereiore, the secondary current = 0.1 amp times 7.33'=.0,733 "), 3

amps., ]

Thg:power jnput is 110 volts X_O.l amps = 11,0 watts, Thévbower'outpuf Wil]'be-ff”?f
the'game 1f there are no losses so it will also be (1,0 watts. Notice that the, - *

secondary powér can also be calculated by multiplying the:secondary voltage and .~ * -
currept, or.secondary power = 15 ¥olts x, 0,733 amps = 11.0. watts, - o0 40

1

. ” \ 4 v':‘-\ - . A -
,\ . ) “- . . ‘ )
-- o 2103
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“}Power Transformersg'

u;,__ A, Transfer oc energy. PR
Iw‘ﬂbq " Provide electrical 1so1atdon.-».

N T L ProVﬁoe\power'ampitfication.,

' rﬁgi e dy Change voltages er eprrents.

. oa ! / ‘ ‘.‘ .\.. i . o : .‘ o ) - o . C . . '

L -ﬁ,T;ZL} Eleotrtcaf 1solation means that the currents i each wind1ng S R R
o \.L. ' ‘ L ‘ l . n P oy L S ‘ v . . “" .. ".- RS .‘
. I .‘ ‘do not f}ow in any common wtres. \fwf' R tfe',fﬁ;vf,.ﬂ"'ﬂ;,Ll‘i,' e
o v . by. are ‘280, 7 R T ST T A M '

a
T b o y I
R c. " f1oW. in: common Paths. RIS SRR SR S S 'N?&Aflljh R

'.\ar‘e equa] N _' AR '_ S ~ N U S
.. ,l.. : ° - . - ' ' ’ . @ T e ' - v ’ ' .o 7 .".',. -.l\_'
’3; For an jron. core transfbrmer wtth 100% coup]ing, the tUrns ratio always "1 Ly
L eqUa]s . ) - ; ) v X K - » Cy .'O'u._ v .
--',.._ :./"(- . '._v N : . e N . Ly . . ¢ \\.', o R 2 . . \ .
- Y bh{- the voltage ratio. - A R
i €y - the dutput power d1v1ded by 1nput power"‘ T TR
d. . the mutual 1nductance. , R - oot S
k . N \ < Ve \h_‘ > -, 4 ‘ .
4 All transformers can- have electr1ca1 1solation except for - ' T
. ,;L"7ﬂé‘." a. “transformers: with core’ IOSses...'A o "-__ e
g . b, transformers with less’ than 100% coupling Lo oL e
Lo “c..  power “tragsformers. . . " : e A
d.;; autotranstrmers. A o v n
'*st Hystere51s and eddy currents cause power 1655es if the core . Lo
Lt ”-v‘f i made of lron._ '”iﬁ?- I S e
LT e o, ) not-made of ‘iron.: ' T '
W% 0 .6 either made of- iron or not, made of dron.
",e- 6, A power ‘transformer has 25 times as. many turns of wire in the prﬁmary as it
. -+ has turns of wire in the secondary! -The primary voltage is 100 volts., E
3 - 4 that is the secondary voltage? '] . . v
7. If the pr1mary current in: Question 6 15 0 1 amp, what is the secOndary
current? . . ", ‘. ) ) , S
8. A power transformer has no 1osses‘ The primary power. is 25 watts,'°Ca1cu1ate ;
Y ., the secondary power.,, X Coae S R
9. A power transformer s designed for B LY P P T
<7 7, a. one.frequency. ’ ' A N A

. t. a wide‘range of: frequencies. L AU .
< c.  an frequencies. ' ' ‘ : g .

@ogeony. DL
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,queaf*éuest1on56 if the'secondary has twiceias many turns as the primary.
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v

1

4; ) , L

If‘the pr1mary currenﬁ in Question 10 1s 0. 5A “what js the secondary
current? Lo o IR

Calcu]ate the- prhnary and secondary power in Quest1ons 10 and 11 assuming
no losses in the }ransformer. ¢ )
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Task e e L o N o
i K - . , . v ] . . L]
There are four leads or wires com1ng out of your transformerc Using the ohm- «
meter, measure the resistance.between the leads.for every possible combination
of any two leads. In some cases the resistance will be very sma]]’or almost
zero ohms. In the other cases the resistance will be very large. "It may'even , -
bé too large Yo measure with-the ohmmetet. _If this 1s so, you should assume ,
‘that there is 'no connection between the two leads, On the othes - hand, when the
resistance is almost zero, yol should assume that the small resistance repre-
sents the small res1stance of one of 'the w1nd1ngs or coils”’ 1ns1de the transformer, .
~ . Number each of the four leads 1 through ‘4 by attaching a p1ete of mask1ng tape
- with a number written on it to each of the-]eads. Fill ip the table and mark
.- the leads with the proper number in the figure below based on your ohmmeter :
' measurements. . ‘ : , , . - RS

v L
~ . - : ) .'_w
: . _ . . y - %

\EAD No. " RESISTANCE = . e e
| " (0R N CONNECTION) . ' L ‘ ‘.

[ v , : d ¢ . °
/ . v g # Y. #

——

to
to
to
to
“to
to

~
F

) H . H
IR . . 3
Primary_Hinding : Secondary Winding ,°

bW WMN

e
M .

Note that the winding with the larger res1stance probably has the larger number .
of turns, Assume the primary’ w1nd1ng has the larger number of turns: _

‘Connect the pzégary winding to the signal generator and ‘set the signal gener- DT
dtor to produ 10. volt sine wave at a frequency of 60 Hz. Connect the 1000

. ohm resistor across the secondary winding: asin the AC voRtmeter and ammeter
measure the voltage and current for bdth w1nd1ng The ratio of the® primary-to-
secondary voltage should be equal to ‘the ratio of the secondagy to-primary -
current. Each rat1o equals the turns: rat1o for the transformer. '

Primary voltage = //h" volts Primary current-& ’ amps
Secondary voltage = ’ volts Secondary current = amps
/ : . '
Pr1mary voltage + secondary voltade = °
Secondary current + primary current = :
i . - Q
: - J, . ,
Fd . 7 - \/ - 4
-~ ' /"
? . .’ ] -
] 3 ' . -
/ , .
. . i
L] \ - b’
» . ’
R pv }_3 "
5 107 ) -
[ y) N [ 4] [ %
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Final Test .' S
RERE Y 1. A transformer has 100% coupllng The secondary voltage is 50 volts and the ‘
. primary‘voltage is lO volts What is the turns ratio? - v
. * : . ' - . L he | [ )

, Tfsthe secondary current in Question l is 1/2 amp, and there are’ no. losses

calculate the prdmary current, . , . . _ _

/
3. A power. transformer has 10 .times as many turns in the pr‘imary- as the secor-
‘ 'dary. The. primary current is 5 amps. What is the secondary current?_

N C . 4, If the primary voltage in Quest1on 3 is 110 volts. calculate the . secondary
- . voltage \ , _

‘e - ¢ .

-~ 5, ,Calculate the primary and secondary power in Question 4, assumlng no
‘ losses. A : . .

A}
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_ _Final Evaluation Rt S |
' - ' 8
., NAME l
. ¢ ' i ,
R.v \ o ’ !
AR DATE
R -~ . o
o ' ‘
o 2 0K RE-DO, -
. .v\ . A ~ .
Final Test 100% . o ‘L - R
. Transformer resistance” S . o |
measured correctly in Task. W Col o \
- Trans¥ormer leads labeled ‘ S | ‘ \
-— correct;Ty‘in.the Task. L . K . .\
‘ , Primary and .secondary Vo\]t‘ages T D e '
and currents measured correctly - e ' : ‘
‘ .in Task and turns ratios ' : ST
.approximately equal, . ¥ . \
If all chet;‘ks indicate 0K, go on to the next package. A
\ . | '( ' | ’ | ' \
* ' ‘ . : >
. _ N .
] - N
' |
\\
. \
“ #
b ’ ! ’ ' &
Vv A\
¢ 4
. .
’ T ) - 15
N ! ' L
O ‘ ’ A IE
"’01 N, ! ' . | 1 O\’




e

> .
N4 * '
v 4 ‘ -
, Answers - | . )
i 1. b and d T | \ ’
‘ 2. a . = ~ . : - . .
30 * b w ’ ’
. 4. d _—s
. 5. a . ' . . ’
6. 4 volts = 100/25 "
7w 2.5 amps = 0.1 x 25 ‘
» 8. 25 watts ,
9. a , . , - . _ \
10, vsecondary = 200 volts ' L ‘
. ' _ 4 ( . S
1. Isecondary = 0,2 anx . 3 . _ o .
112.' primar_y and sec'ond&ry powers are 50 watts each ) « -
{ | *
\
-~ 4
N
\ ot - )
. ‘ ‘t\
i .— ‘ 1 '
* ~
’.’
) _
t
: \
. ’ -
- . 16
*h . .
110 o
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~ SECTION 5 . - . J
- Y . ~ First Class
§ ELECTRICITY ’ Lecture 7 .
. - . , . O . \' - 4
w / .
SWITCHGEAR and CIRCUIT-PROTECTIVE - | .
o EQUIPMENT : o ' "
. : AR .
’ Evéry~electrical' sysbem is designed and built to E:arry‘ its *
( rated loading with economy and safety. It is not designed however,

to carry the current loadings which could obtain under fault
conditions, arnd must be protected from damage in thepe cases.

Switchgear is installed to give control of electrical supply to o
‘any equipment or distribution system. A switch opens and closes , . |
" to stop or start supply under normal working conditions but must .
algo be able to open to interrupt a flow of fault current. °

Circuit-protective and switching devices in general fall into
three groups or classes: ' o
\ 1. Fuses, ) .
| 2. Switches, afd - . . » )
3. Relays.’ - : S

All of these devices have two fatings, a coﬁgu’ous }ating and an
interrupting rating. ; "

Fuses are the simplest form of automatic over-current protection,
Switches may be non-automatic to operate under normal conditions -
- ‘or automatic to operate under abnormal or fault conditions, Relays are
‘ included in the switch auxiliary equipment for automatic service. '

)

In the higher ratings the term circuit bregl}'c_gr is more truly o J
¢ descriptive than "switch". .




Interyupting Capacity | . - e " ( 7
\ _ : _ :
Interrupting capacity is the capability of a device to open safely gn = g ./
-~ electrical circuit through which fault current is passing, This capability )
is rated in terms of rms amplres. Every contact-making device has such R

a rating, Quick bregk switches have an interrupting rating of 200% of their -

rating of ten times theit continuous rating. Highly specidlized contact-

making devices such as gercuye devices may have an interrupting b
rating of many thousands of Empetes’, - I Sy,

. ¢ : . T t

The xt which these devices interrupt comes from the source of : I
powefr, wsuall generator. In most instances, the generator or generators ,
are operating:on an interconnected bus system linking hundreds, possibly B
thousands, of megawatts, all of which is available to feed intola circuit « !
fault. Fortunately, the impedance of conductors, transformers, and the -
load itself limits the amount of current which can flow at any point in the

rl [

system, ; - ,

continuous current rating, TV[otoz starter contactors have_an interrupting Ve / "4

. ) . .
Faults can occur in which the ir}lpedm_lcc of part of the conductors and the
load may be bridged or shorted out of the circuit, Thus, -the source of power .

is enabled to deliver’large’amounts of current. '

This large inrush of current is limited by the impedance of the transformer
feeding the circuit as well as the impedance of the circuit itself between the _ :
transformer and the fault, | ' | o (

.The transformer impedance is expressed in percent. Fer instance

transformers rated at 250 kVA to 2500, kVA usually have a 5% impedance. ... oo

This means that when the tran‘s‘forméﬂprifﬁary is connected to a bus of

infinite capacity 4nd a short-circuit of zero impedance occurs at its

secondary terminals, the maximum currént which the transformer itself. )

can deliver is £0 times its full ~load ratin/g. .

The destructive force of these currents which pull conductors togethex

or blow them apart is directly proportional to the square of the current mag-

nitudes. Hence, circuits subjected to fault currents of 1,000 times normal

~experience forces 1 000 00 es greater than normal. Circuit protective
deviced are called upon to interrupt and dissipz:te these fault currents.

Where circuit protective devices of limited interrupting rating are }o be
used, detailed system studies must be undertaken, Because transformers
will allow through only the amount of current permitted by their short-circuit’
impedance regardless of the generators' ability to delivér, short-circuit
studies usually begin at the transformer nearest the fault. Calculations are
made to determine how much the generator current is limited before it reaches
the primary terminals of this transformer and how muc impedance exists
between the secondary terminals and the location of the fault.

' _ ' -

(PE1-6-7-2) - .




( Short circuits are the greatest-hazard to the continuity of service. Ty .
_Every electrical circuit is carried by conductors to ensure that current Ty :

. . flows in its designed path, The current flowing in any ¢ircuit depends

) " upon the woltage applied and the impedancg of the circuit.

w ..
. . . L] . . ’ .
) o . For example, a phase voltage of 230 volts applied to a three-phase ! ~
* circuit having an impedance of 2 ohms per phase will result in b
' ~ current flowing equal to ' : ' Sy . e
NP 230 v N ! .
. .= = = 66 A - Y oo
o~ . . Y3 x2 :
If howdver a short circuit occurs such that the three cohductors ’ B
are jothed at some point before the loaq; the phase impedance may drop.
to 0.1 ohm giving rise to a cg“nrer}t floyw of :
) ' '
230
: ———— = 1330 A
& v 3 x0.1 .
~'/' " . - L] » . A
or even a phase impedance of 0.01 ohm which would result in a current - - <
flow of : 230 Y 3:)0 . o - :
. ".V3 x0.00 -7 " . ‘
p .
- # M » . '_ " Y
: _ As may be seen from the above examples, insulation failures can v
' ' cause abnormally high currents to flow. Such high va!ués of current '
( - will damage equipment or property unless the faplty circuit or equip-

. ment is removed from the supply* system. Furthermore the amount of
o = damage to equipment ox property is proportional largely to the length

of time that a short circuit isallowed to exist on an electrical. system.

It is imperative therefore that short circuits be removed as quickly

as possible. It is further desirable that only the faulty.section of the.
N system should be disconnected so that normal supplies can be main- +*
‘ tained to the remainder‘i)f the system. ) -
. r

In some instances a calculated overload-current must be allowed
+to flow for a short period of time, ag occurs in motor -starting, without
v .the protective equipment operating to disconnect, Protection is still
esired however against a nush of fault current. . .
In other cases the fault condition may be transient, as in lightning
disturbances, and the protection equipment must be designed to
! disconnect anh then reclose, or attempt to reclose, one or more times
after the initipl surge. ] : ‘

R The type [of protective equipment ¢hosen is dependent upon these
* andynany other considerations. . . :
. ] ! “ v‘ \

. . . . ) ) . - . “
\(\ ' ' , N (1’1':1}#-7-3) ' , |
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- ible element are attached to metallic contact pieces at the ends of the tube,

(PE 1“5“7“4)‘ (. o

Vo

FUSES " -
" A fuse is an overcurrent protective deviée that has a circuit-op'enlng
fusible lisk directly.heated and destroyed by, the passéige of the overload

. current through'it, The link is 80 sized that the heat created by the

normal flow of current through it is not sufficient to fuse or melt the
metal. ' ' - "" » 4 .

Plug fuges are used on circuits, rated 125 volts or less to ground. The
maximum continuous current-carrying capacity of plug fuses is 30 A, .and
the commonly-used standard sizes avg-10, 15, 20, 25 and 30 A. These
fuses do not have published interrupt ng capacities since they are‘ordinari-ly

“used on.circuits that have relatively low values of available short-circuit
current. _ ' 5 . '
Cartridge fuses are used on circuits with voltage ratings up to 600
volts, the standard voltage ratings of ‘these fuses being 250 and 60Q volts.
The nonrenewable. cartridge fuse is constructed with a zinc or alloy

fusible element enclosed in a cylindrical fiber tube. The ends of the fus-

The tube is filled with an insulating porous powder. On overloads or short
circuits, the fusible element is heated to a high temperature, causing it
to vaporize. The powder in the fuse cartridge cools and condenses the vapor
and quenches the arc, thereby interrupting the flow of current, - '
: . .

Fig ?shoWs some representative types of plug and ’cartridge fuses
of G, E. Manufacture, L : ) '

X
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- Some representative types of plug and cartridge fuses Q
Fig) 1 Lo .
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. L
Chrtridge fuses both in the 250 and 600 volt ratings are made to fit

standardized fuse~clip sizes. These sizes are the 30, 60, 100, 200; 400,
and 600 A sizes. Each fuse-clip size has several continuoug ratings of

70, 80, 90, and 100 A. ' , - z . . R

L]

Time-lag fuses are madgq in both the 'plug and cartridge types. These
fuses are constructed so as to have a much greater time lag than-ordinary =
fuses, especially for overload currents, They' do operate, however, to :
clear short-circuit currents in about the same fime-as do the-standard%

.

fuses., . B SN
Time-lag fuses have two parts, a thermal-cutout part‘and a fuse link.
The thermal gutout with its long time lag operates on overload currents ,
up to about 500 percent of normal current. Currents above this value are-
interrupted by the fuse link, Time-lag fuses find their greafest application

" iny motor circuits where it is‘desirable that the fuse provide protection

for the  circuit and yet not operate because of a momentary high current

F

" during the starting period of the motor. , ¢ 7 o

Il’igh—volta{,)e fuses are used for the protect:ion“ of circuits and equip- .
ment with voltage ratings above 600 volts, Two of the commonly-used

fuses are pictured in Fig, 2. . . S
Y I ' !
-~ 2 . - .

<

Upper .

contact” fuse wire
N o | . Strain wire 4|1
‘ Keglueed | "") ' g Upper
. sé®on ’ _ . confact
- Corl spring. ]
.IUben:'” ~ ' . Flexble ... . 4
cable =T R
[N )
R
o Glass fube. .] : ‘H:..
| IQ::‘,:,I
g ) IESN
* lower 'AQ'DI .
contact 3! 3331 K
PEFR
. ¥ Sl V) !
v . Expulsion Fuse . Liquid-filled Fuse
(a) - (b) .
Fig, 2 - .—»J

' Fig. 2(a) shows an expulsion fuse which consists of a fusible element
mounted in a fuse-tube and depends upon the pressure built gp,in the &ibre
tube when the metal rgelts to blow. the gases out of the open end. This takes
with it the bottom section of the fuse lint, and establishes a gap between the
two contacts, Fig.. 2(b).shows a liquid-filled fuse in which the arc is quenched
by the liquid. The action is similar to that in an oilr-i;néirsed switch. A spring
is normally held }n tension by a high-resistance tension wire, This wire is
paralleled by th¢ fuse wire which carries the current.

When the fuse wire is melted by high current the tension wire immediately
melts also and releases the spring which then contracts and pulls the contacts
apart, ' _ © | (PE1-5-7-5)
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, SWITCHES ? - -7
- . " . A switch is a device for isolating‘parfs__of an elgetric circuit or for .
~. changing connections in a circuit or system, Wheg a switch is mounted /
in a metal enclosure and is operable by means of an external hgndle, if .
y. 18 called a safety switch. The switch itself is not designed for Interrupt-

v’ | - ing the flow of short-circuit currents. However, switches aind fuse are
often incorporated into a .single device called a fusible safety switch,

N as shown in Fig, 3. _ ;.

a LY
( .
i
N &
I . 14 :
. :
: Fusible Safety Switch o ' N
- - . . ——LFi 13 ' - ' . )

- Safpty switches are made in' two-, ‘three~, four-, or five-pole
'.assemblies, either fused or unfused. They are made in single-throw

! and double-throw units; and, depending upon their use, they have a

# *  variety of comstructional features. One type known as type A has a quick-

make, quick-break mechanism so arranged that regardless of the Bpeed

at which the operating handle 18 moved, a spring-loaded arrangement

causes the contacts to open or close with a quick motion. This type of

switch also has a door intertock to prevént the qpénhig of the enclosure

door when the switch is closed, - : - \,\. '

(PE1-6-7-6) . . | B
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“serves to open or close an electric circuit, Fig. 4. This showg a .

hetic flux to "blow" the arc up the chute, where it is extinguished by IR |
elongation and cooling when the contacts are opened. ‘S ' A
. , < R A
f . i ‘ ) . ...(
- ‘ ,
. «\
bl
. o
L - &
. =
< =
. «C
. . . J >_
. 'Stationary fulcrum b8
! -~ plate for armature . . 8
"Ji:"-,  '.\-" “/‘: ', 8 "":.‘ 1A .".’ TR o '&;
5 A . Wd
oA ve)

.Contactors
T
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~* Enclosed switches, eithér fusible or nonfusible, are-used-as/dis- /- .
connecting devices for'main services into buildings, for,feeder-and -~ .~ " - .
branch’ cjrcuit protégtive and switching devices, and for motor pro- = /' . i,

-tegti(;n and switching, : | A R O

Safety switches are available in two voltage ratings, 230 and 576 = .~ /¢ e
wolts alternating curgent, Cutrent ratings are the same as the stan- . %7 Y v
dard fuse-clip Bizesa " et

~ o

P N
[ A [A
. :
L

‘ . e ' o . ) , . - ' I,‘/""’ - . .‘ ..v, ‘l L. -

- Maknetic contagtors are used for motors up to about 75 kW to . v RPN
accomplish automadc‘_starting,'stopping,,ah,d reversing. They are S S
essentially air-break switches operated .by_h-solepoid coil. - o 3

A rﬁagnet,ic contacbor‘ is a magnetically-operated switch that ' v N
cutaway view of a d-¢ contactor. When energized, the operating coil SRR

pulls on the arma'ture\, causing the contact to close. The blow=-out coil - o e
is connected in series with the stationary contact and provides a mag-

' General Electric Cutaway view o.f' a
. D-~¢ Contactor . i

. Fig, 4




: ',‘;rcing horn,. which takes, the brunt of the burning, The blow-out coil -

Wear on 3 stauonary ahd moy{ablé contacts is reduced by the *

shifts the arg $0' the arcing horn and the upper curved part of the sta-

-tionary contact, where it-is extinguished.

"Fig. § illustrates thé behavjér of the mzignetic blow-out. The current
through the coil sets up a flux in\the north and south direction, as shoyn. -

When the contacts geparate, an arc is established in a direction perpendic- .
- ular to°the flux of the field. The resultant motor action pushes the arc
‘upwards,” stretching it until it breaks: Alternatinf-current contacters are, -

also équipped with arcing
horns and blow-out coils. , +"-
However, the magnetic mat-
erial of the armature and the
magnetic core of the coil are
laminated to reduce eddy
currents, apd a pole shadeY is
used to prevent the magnetic
pull from dropping to zero
each time the current wave
goes through zero.

M

Operation of the Magnetic Blow-out The pole shader, shown
Fig, 6 : . in Fig. 6 is a short-circuited
' ' A ~ coil on the face of the magnet.

: * The shading coil acts as the -
short-circuited secondary of a transformer. In accordance with Lenz's
law, th¢ shading coil causes the flux in the shaded part of the pole face
to lag behind the flux in the non=shaded part. This prevents the resultant

-magnetic flux from falling to. zero and thus reduces armature chatter.

-

__ Contactor or rélay mechanism *
LY , ’ " equipped with a shading -
' coil Fig, 6 v \
rf

\




Fig. 7 ‘shows an a-c triple-—pole contactor The apparatus consists of
the miain contacts which are switched on or off by an operating mechanism '
which is actuated by a dolenotd coil. 1t is fitted with a blow-—out coil adjacent

 to the contacts which helps extinguish the arc wb.ich is directed into the arc,

shield. . _ ‘ u
. _ , . . __
In the illustration the arc shie'ld ovetr.one of the main;cqptacts has.been *
lifted to ghow the detail of the'contacts and blow-out coil. Auxi‘}iary contacts
are fittea’for alarms and controls

\ ' : , :
| : Y
| N ;
1 - Main Contacts . 4 - Blow-out Coil ~ © . .
2 - Operating Mechanism .65 - Arc Shield L

( 3 - Solenoid Coil ( - 6 - Aqxﬂiary Contacts
’ . . )

Details of A~c Triple-pole Contactor

S Fig, 7 o
- (PE1-5-7-9) .
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' :. "CIRCUIT-BREAKERS ' . o ' S , c N
vy ’_ o A circuit-.breakef is a device designed to interrupt a circuit‘ between
b -~ separable contacts without injury to itself, It is required to make or break _ o
- any current up to its desighed rating both under normal operating and fault Co

conditions. - . :
. Ay . '

-

. . Circuit-breakers for large power ratings are either ail immersed or
-, ~  air_blast typé. S — . : o

“$ .

0il circﬁit?t')reakers. may be of low—'oil'_quantity or -bulk-oil types.

o Low-voltage circuit-breakers (up to"5705 V).are usually air break only. ' o, '
. The rati.ng of switchgear is determihed.primarily by the - - B » )
. (1) Insulation level,” ' R '
(2) Short~circuit ¢apacity, and _ y
(3)'..qumal‘cqrrent.rating.' o ‘ , - '
. " The insulatien level is determined by the rated voltage of the breaker,
' ... 7  and.cstablished by test. A circuit-breaker of a given rated voltage Rl : _
7+ . designed to withstand 10% excess voltage continuously and should also. be _ -
Voo _able to withstand transjent surge voltages. ' ¥: _ (
L " "The short-éircuit ‘capacity is determined by the rms currerit which can
be made and broken at the,rated Voltage and which can be carried for three e )
seconds in through«-fault conditions: The short-circuit capacity is generally '
expressed as the equivalent MVA breaking capacity (the rms breaking cur-- °
- rent x rat?roltage x phase factor). - . - o

ﬂ)‘he operation of the switch under fault conditions is tested. Typical - ;
periormance guarantee may be a duty-cycle of a breaking operation - ' e
followed by two make~-break operations at intervals of not. less than three , T
minutes carried out at rated short-circuit current, o c. - U
- . The normal.current rating-is determined by the current which the .

. switchgear will carry continuously without exceeding the specified, '
temperature rise in any part. This is generally taken as 50° C above
ambient temperature, ' _ . '

. . . , . ; s

It should be noted that switchgear has no over-load rating at all'and ¢
the assigned current rating cannot thereforg be exceeded without risk of
overheating,’ ‘ ' '_ L CoL

* t
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- fault or number of phases involved, With an alternating current, circuit-

‘generally at a very low lagging power factor, Therefore, at zero current . i
‘the recovery voltage is the maximum and will appear across the break after - o

'speed flow of air through the contacL gap, which sweeps away ionised

Circuit Interruption . -, o ‘ . .

. . o L]
A circuit-breaker is required to make or break any current up to its
designed rating Tregardless of the type of circuit broken or of the type of

breaking nermally only oceurs when the current wave is at or near
Zero. :

¢+

" Normal current’(not fault) conaltions in whlch the poweg factor is A .
high, present nd’ difficulty, since the mstantaneous voltage (‘recovery T,
voltage) appearing across the break of circuit at the time of theo(p(‘rrent ' S
Zero is correspon(hngly low, Short-circuit currents, howeyer, are

interruption, its speed being limited only by the natural fvequency of the . S
circuit supglying the fault, ‘o,

This rapid rise of voltage after the' break, which is generally wn as
the restriking Voltage transient, illustrated in Fig, 8, must be withstood - et
by the gap introduced by the 01rcu1t breaker mterrupter if successful S

_interruption is to be maintained. . R (

CIRCUIT ELECTRO:MOTIVE
JORce . : RESTRIKING YOLVAGE
: TRANSIENT

RECOVERY VOLTAGE -

SHORT-ORCUA T QURRENT-- Instant of Arc I !

Breaking
Restriking Voltage Transient '
- Fig. 8

.. The function, therefore of all interrupting devices is to bui

up the

'dielectnc strength of the gap between the contacts at a speed higher than

t’he rate of rise of. restrlklng voltage, | . {
J
In air-blast circuit-breakers , 1nterrupt10n is effected by a hlgh— 1

gas or arc products, replacing them with cool air at high pressure,
this cool air being a relatively good insulator.

Oil circuit-breakers rely on the turbulence created by the arc to , .
promote an oil flow through some form of arc-control pot, This oil flow .
extinguishes the arc and maintains sufficient dielectric strength between .
the contacts to overcomerthe restriking voltage, . . -

. (PE1-5~7-11)
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Air-break ‘circuit-breakergafe usd for lower voltages than the air- - .

. blast or oil-immersed types and rely on a combination of rgagnetic disturb-
ance of the arc together with an arc chate into which_the arc is drawn, to
achieve extinction, Some‘air-b@’k circuit-breakers have. in agdition a puff

of air directed at the arc when thé-switch opens, . S

-

. [y .
. . . 3

Arc Control S o T

No circuit which contains appreciable inductance can have the current . ' L
flowing in it broken instantaneously; and power circuits are always suffi—- - - Y
ciently inductive to ensure that a high induced: voltage will occur acress any = . C
break in the circuit at the instant of current interruption. This voltage is S

- sufficient to ionize the gas molecules in the gap, ~

_ The result is the familiar arc which strikes between the contactsof a . - : o
switch at the moment.-of separation and persists until the current which flows o : ‘
is insufficient to maintain it.” The ‘arc, which is struck in air for an air A B
circuit-breaker or in gas formed from decomposed oil (mainly methane.and -~ =~ = ‘
hydrogen) -fgr an oil circyit-breaker, ‘metallic molecules from the contacts : ’
being preseént in bgth edses, has a negative tempgrature coefficient and a g

resistance which incredses with decrease in arc®urrent, = - < -

The voltage drop in the arc column depends on three factors: length, . . . e
temperature and surrounding pressure. Increasing length and decreasing - ° o -
temperature both raise the voltage drop for a given arc current or diminish . R Ty
‘the arc current for a given total arc voltage which, with the inverse varia- .
tion of arc resistance with current, reduces the current still further.. . -

' Constriction of the arc column either by forcing the arc through an’ -t ( 1 -
aperture or by subjecting the arc column to fluid pressure, as occurs in o "
the oil circuit~breaker, also reducesg the arc current for a given voltage - ; : - : ‘ '
drop. The result of any of these effacts, singly or in combination, is to - ' .
reduce the arc-current to a point where the voltage drop required‘across :
the arc is equal to, or greater than, the available circuit voltage, with ‘ ' AL
resulting arc extinction, o . : : - .

‘The arc, therefore, far from being a disadvantage, gives timedfdr the ° o
circuit current to fall to zero without excessive induced voltage, in doing . o
8o provides smooth transition from the current-carrying or cloged-circuit el
condition to the voltage withstanding or open-circuit condition, If arc ~ ° S
phenomena did not exist it would, in fact, be necessary to devise some i L
corresponding means of preventing excessive rise of voltage across con~ .
tacts in process of breaking a circuit. So the art of circuit interruption P
is: firsgly, to establish an arc and then to contrel it so that its energy. . S, ,
dissipatdon is insufficient to damage the switch; and finally, to bring about 2 -
its extinction before the switoh contacts reach the limit of their travel. ' o

arc lengthening, achieved by the normal travel apart of the contacts, and
by magnetic blow-out coils carrying the arc current, which draw the ‘arc
into insulated arc chutes, The same effect is obtained by air blast, which
also serves to reduce the arc temperature, . -

With a direct—current' arc, the only methods of arc extinction are: - '

(PE1-5-7-12) | | N ,C
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( - . Raising the arc-voltage drop as the arc current is diminished results
- in constant or even increasing arc power, which must be dissipated by
' means of large contact surfaces and heavy arcing contacts that are easily
replaceable since they inevitably suffer damage. For alternating current,
" other and-better means of arc extinction are available, although three-
phase operation and low power factor impose more severe conditions by
increasing the voltage available across the arc above the-normal phase to
neutral voltage. - . o “ '

"

Since the arc extinguishes at current zero, t\'vBice in every cycle, the
emphasis is on pyeventing the arc from restriking rather than causing
extinction, Tl:%ay be done by rapidly replacing the ionized matter be-
tween the cont¥€ts with non-ionized gas or oil, the hecessary blast or turb- .
ulence often being created by pressure developed by the arc itself. Cooling
of the arc path occurs at the same time and may be accentuated in oil circuit-
breakers by directing the arc by both blast and magnetic means into compart- .-

P " ments filled with cool oil, : 3 4 N

Arc lengthening also occurs as the contacts separate, but it is incidental .
. and not the main means of arc extinction; in fact, the aim is to prevent ‘
restriking while-the arc voltage drop is still low, in order to avoid the
" .~ - @ necessity of dissipating large arc power within the circuit-breaker. Restrik-
_ingg®f the arc, after a current zero, is prevented if the rate of growth of
dielectric strength’in the gap can be made more rapid than the rate of rise
of recovery voltage. ’ o

Oil-immersed Circuit-breakers

“ . The basic reasons for circuit breakingfinder oil are:

~ @ to insulate the arc from earthed metal and confine it to a
~ v definite region, _ . } . _
(b) to provide adequate cooling for both contacts and arc, and . , N
¢c) to provide some arc control by the natural pressure of a head of oil.

Switch oil, besidéskbeing an excellent insulator and effectively preventing

arc spread, id, in bulk, a good fire extinguisher owing to the amount of heat
required to raise a large volume of oil to the ignition temperature. A head of .

oil also provides aspath for cooling the hot gases from the arc region before

_ they leave the surface and, by positioning the contacts low in the tank, the
. ' greatest volume of the oil is available for heat transfer by c¥nvection to the

tank walls, ' : °

. e A gas space above the surface of the oil also provides a cushion for the
: . explosive force of the arc. All these factors are apparent in the design of
~ the conventignal oil ¢ircuit-breaker, which, with wide variation in method
_ ' . of arc control, contact type and the nymber of breaks per phase, provides
: switching for voltage up to 275 kV and currents up to| 3000 A. -

L]

| .. Contacts may be open (plain break) or enclosed within an arc¢ control -
» - device. Plain break, as the name implies, relies sglely on the head of oil ,

{ and the pressure in the confined space above it to cohtrol the arc. It is

! used only for low-voltage switchgear, up to 650 V, or wijere very heavy

f ( - current contacts of the laminated-brush type prevent the use of explosion A

pots. S '~ (PE1-5-7-13)
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- Breaks may be single or two per phase the latter being more usual : c
for constructional rcasons rather than for the advantage of breaking the circuiit
in two places at once, since it has been shown that the voltage across one of two
breaks in series is likely to be as much as 85% of the total maximum recovery
voltage.

|
‘

-

Arc-control devices, or to give them their original and more expressive
name 'explo8ion pots' are of Wide variety, some of the main types of which
are shown in Fig. .9,

The plain explosion pot (a) is an insulated cylinder attached to the fixed
contact with an aperture through which the moving contact draws the arc
on opening the switch. The high pressure generated within the po { Bweeps
the arc, and the fonized gas, through the aperture, but it is mos effective
over a llmited range of current, .

More generally effective are the vented explosion pots of which (b) ,
shows a cross-jet type in which side vents serve to relieve the pressure o ' -
within the pot andto provide a path, at right angles to the direction of the oy
arc, across which the arc gases with some of th® enclosed oil, are driven,

The plug and socket type of contact is used in these and other types of pots,

A double—chamber type is shown at ‘(c) where the arc is set up in the : .
upper or pressure chamber and is trapsferred from the main fixed contact
to a small projection-above the insuldting barrier which separates the upper-
chamber from the lower or.insulating chamber. The locating of the arc across
the outlet of the insulating chamber enables the gas and oil from the pressure :
chamber to sweep it through the vent as soon as this is uncovered by the mov- o c
ing contact,

A doublc-break explosion pot (d) uses the prBssure set up by the arc in .
the upper chamber to provide an oil blast across the arc which is established -
in the lower chamber when the  central, spring-loaded, double-sided butt
. contact reaches the lower limit of its travel. The oil from the upper chamber, ’ '
" which sweeps across the arc path in the lower chamber, is forced out through :
the tubular moving contact itself and, later, through the aperture at the bottom
of the explosion pet. : '

Tt
~, Arc-control devices with magnetic inserts have plates of soft iron among K :
the insulating baffle plates which form the stack, The arc, instead of being i

~ blown outwards from the vent, is drawn inwards into the stack among pockets
+ of cool oil,- where gas is generated and is forced to escape in the opposite

dlrectxon wwards the vent,

In addition to' the turbulence across the arc path, arc lengthening occurs
as shown in (e). Multibreak circuit-breakers are used especially to provide
very high-speed interruption and reclosure. A.l'kj)reaka are enclosed within
arc control chambers, where non-linear resistors are alse¢ located, which N
.shunt each break. These resistors equalize the Voltage distribution between
the various breaks both as regards the transient restriking voltage and the
recovery voltage.l 8o that the fault kVA per break is gpproximately the same.

3 ]
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_Air-blast Circuit-Breaker

‘the large clearances necessary. The cost o

- 16 -

Circuit-breakers so far described, .which might be termed bulk oil
circuit-breakers, require a great volurtre o?oil for high voltages owing to
providing and maintaining the ,
switch oil in a clean condition has led to special designs of switchgear which
reducc very considerably, the quantity of oil.

The low oil-—content circuit-breaker has been achieved mainly by the
reduction of clearances between live metal and earthed tank, which has been
made casicr by the adoption of a single-break type of switch with plug-and
socket type contact, Each phase break, consisting of fixed socket contact
with cxplosion pot and moving contact, is contained in a separate oil-filled
chamber. This chamber is provided with pressurg discharge-vent valves
and silica gel-breathers to permit a small gas cushion on top of the oil.,

‘The link mechanism operating the moving contact is in another oil-
filled chamber se that only the oil in the actual switch chamber becomes
contaminated by the arc. For voltages above 100 kV, such designs are
beccoming standard practice. The three-phase circuit-breaker consists of

" three identical units with a common operating mechanism.  Each unit con-

sists of two oil-filled bakelized paper.cylinders with external shedded por -
celain insulators mounted one above the other. The upper one is the circuit-
brecaker unit and the lower one the insulating unit which contains the operating
link mechanism and gives the hecessary clearance from earth.

A

The very high velocity which ' may be imparted to a blast of air makes
{t possible to remove all ionized matter from the gap between circuit-breaker
contacts in a few microseconds, after the arc has extinguished at the current
vcro, This is the principal advantage of the air-blagt circuit-breaker, that
higher speed of operation and consequently of reclosure is possible than with
the oil circuit-breaker under fault condmons this may be of value in main-
tammg system stability,

More frequent operation is also possible owing to the cooling effect of
the ajr blast, and maintenance is relatively slight as the arc is very rapidly
transferred from the main current-carrying contacts to auxiliary contacts,
and thcr;c is no counterpart of the oil contamination of the oil circuit-breaker.
But thd low ofl-content circuit-breaker has undoubtedly restricted the field of
application of the air-blast breaker at the lower voltages, leaving its princi—
pal usefulness in the rang3110 kV to 400 kV and above.

Air-blast circuit-breakers may be classified according to the diréction

| of the blast in relation to fixed and moving contacts, the two maln types, axial

blast and cross blast, being shown in principle in Pig 10,

In the axial-blast typé (a),"the arc'ip enclesed in.the main air stream and
subjected to severe constriction, while the high velocity of aix over the elec~
trode surfaces subjects the arc roots to the maximuwmn possible scavenging
action, .

(PE1-5-7~16)
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: ’pakmg the circuit in free air.

." -1 Fﬁ‘ S
In these conditibns it is only necessary to draw the contacts dpart a

distance sufficient to withstand the maximum value of the restnk‘ing voltage

transient, with the air pressure on. The contact travel is therefore rela- o

tively small and the use of air pressure to force the main contacts apar,

which avoids the useoof mechanical links and further reduces the inertia,

gives the characteristically high speed of operation. Each pole of the circuit- )

breaker is provided with an isolating swuch in series with thcp main contacts,

which operates in free air, ‘ _

Fixed conract

' Moving
contac

D
s
)
/
5
/
)
g
4

contact

(a)

P =

>

Moving contact

Types of Air-blast Circuit-breakers

Fig. LO J ' *

This is necessary since the main contacts only open sufficiently to
withstand the restriking voltage under full-air pressure. The isolator must
open fully ’before the air valve shuts, With the air blast stopped the main
contacts come together again, leaving the circuit open at the isolator blade,

so that reclosing is effected by reversing the drivebn the isolator arm and
L]

permits of wider se’paration of the main con-
void the use of a separate isolator switch,

The cross-blast type (
tacts and may be designed to

The inherent difference in the inethod of arc extinction in oil and air-
blast circuit-breakers is that in the former the amount of oil blast or turb~-
ulence is roughly related to the kVA to be broken since it is initiated by
the arc itself, whereas in the latter the pressure and velocity is fixed by
the design and is independent of the particulir current to be interrupted.

In oil ci‘lcuit-breakers in general, the long&the arcin ime the
greater the ojl pressure and turbulence so that clearance within a given
time is not a matter ency. :

.

In air-blast breakers the air is normally provided from a pressure )
tank which refills after each operation. Thus the longer the blast is on, the
lower the pressure becomes, and to clear successfully the arc must extin
guish within a given time and at the optimum contact separation, '

Figs, 11 and 12 show typical circuit-breakers. ]

(PE1-67-17)
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C RELAYS
The c1rcuit—protect1ve devices referred to on Page 1 of this‘ le(,ture
were: Kuses, Switches dnd Relays,

detecfing and fault-clearing functions in a single device. They are avail-
! able in a wide range of voltage ratings to fit practically all requirements. &
They are the simplest and cheapest of the fault-clearing devices, but they
have certain disadvantages, such as cost of replacement, non-adjustabllity,
and "single-phasing'' of circuits when only one fuse blows, ve

'{ - The fuges subsequently described can be said to combine fault-

Switches fitted with direct-acting trips provide a relatively inexpen~ .
sive means for detecting the existence of abnormally high currents on low- «
. . voltage circuits. Direct-acting trips are available in various combinations - . \ .
,, -of instantaneous, and long and short time delay; they trip their gircuit- .. > N o

S .~ breakers mechamcally‘ by means of a solenoid or thermally-heated bmﬁt-— :

: : allic element, Many of them have provision for adjusting the current settings- . - *
o and time delay. They are multi-pole, thereby preventing the possibility of = - . «
smgle-phasing the circmt with its frequently undesirable consequences. T L

: ) _ ‘The mrect-acting series trips on modern air circuit-breakers are .
A : relatively accurate, although they are not in the same category as relays -

Y , . in this respect. Generall‘y speaking, they afford satisfactory protection e
: for the low-voltage systems on which they are used. Ty
( C s Relays constitute a large and versatile family of trouble-detecting | v /

devices used principally on medium- and high-voltage circuits. Some relays. =~ =
are responsive to current magnitude alone, without regard to the direction '
in which it is flowing, Others operate on the same magnitide of current as .
the plain over-current relays, but the current must be flgwing in a given',
direction to, make the relay close its contacts. SN ‘
@ s
. Still others work on the product of two or more currénts or voltages,

i " or a combination of currents and voltages. There are also, diffex.rential
current-balance, undervoltage, ‘and underfrequenay relays and a multi-
tudesof others. In short,'there is a sufficiently wide range of relays avall-
able to meet the varying needs for power-systeimn protectxon :

Summam?mg, fuses effe(,t.xvely isolate faulty equipment but nced .
replacement before the power supply can be reatored. This inconvenience
can be overcome by the automatic circmt—breaker with built-in overload or
undervoltage trip magnet. 5 .

« _ wio»

, o " The findl step is to diVorce the selective function from the breaker and
[T R to incorporate it in separate protective relays whose contacts control the
5 ' ' trip coil of the breaker, y

he first attempts to design relays which would operate in response to
short-circuit conditions involved attracted armature devices, with or with- L.
out a definite time-~delay provided by a dashpot mechanism, o

L ( " : S ‘ ~ (PE1-5-7-19)
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As power systems increased in size and complexity it was necessary
to employ more precise relay mechanism and, to obtain selectivity on an
inverse time-current Qusis, that is, the relay speed increasing with the .
current magnitude so that, since the current is greatest in the faulted sec-
tion, that section will be isolated by-its relays before those in the sound
section can operate, . " o o S,

. 1 '
The only device then availal}e which had this required accuracy was

~ the induction disc watt-hour m@@er which was turned into a relay by substit-

~uting contacts for®he indicating register, This resulm the inverse time-

T

“w v w

' "

" and illystrated in, Fig, 13. "

SoNote v Ll h .
"The illustrations and descriptions of relays which follow are those of

°, ot

‘therefore, to be responsive to electrical qu

ovércurrent relay which is still;in use today, although ip' an improved form,

)
'

the English Electric Co, Ltd,. = : .

A‘ As.the requirements for sensitivity and selectivity increased, a trend -
emerged-towards the use of high-speed differential type r lays on the main

. transmission system,- time~overcurrent relays being retained only for dis-
tribution-systems and for back-up purposes (reserve protection) on the main '
system. Differential relays,- Fig. 14, compare electrical quantities derived
from each end of the cted system (e.g. a transmzssion line 16 km long)
-and operation takes place the rati'o,‘g' hase angle or _
~ derived quantities depart by-a predet ned amount from' some initially set
“value, for example, unity in the case h differential relay measuring num-

lgebraic sum of the

¢ .

erioal ratio. o
™o . . . - .
: w o . ’\'a o . . . . .
" .~ &  The nature of a relay - Protective relays have been called.'sentinels?
“and 'alectric brains'. Erom the economic point of view, relays are an insur-

ance; they prétéct,the_power utility from financial loss due to dgm'mge‘to
equipment. such as illustrated in Fig. 15. From the underwriters' point of
view they prevent accidents to personnel and minimise damage to equipment,
,, 'Fx_'om the customers' point of view good service depends more upon
adequdte relaying than upon any other equipment. The cost of this protection

is between 1 and 2% of the total cost of the power system, that is, equivalent

to an insurance premium costing about 0, 1% per year, assuming 15 years

~

before replacement due to obsolescence.

A protective relay is a device which responds tp abnormal conditions on

an electrical power system to controlya circuit-breaker, so as to isolate the
faulty section offthe system with the ndinimum interruption to service, To do

this, relays must be able to decide promptly which circuit-breakers to trip in -

order to isolate only the faulted section(s). These relays must be designed,

normal anq abnormal conditions.

The basic electrical quantities which may change in the transition from
healthy to faulty conditions are current, voltage, direction, power factor
(phase angle) and frequency, It is generally necessary to provide relays
responsive to more than one bf these quantities because, for instance, the
current in a fault daring minimum generation conditions may be less than
the normal load current during maximum generation, -
(PE1~5~7-20) ~ | . ‘-
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. \ .
Induction disc unit for Inverse Time’

(_ Characteristic Induction Vane Differential‘Relay <
. ’ i Fig. 13 ’ .. ) ) ) F g 4

»
( : Protecttve Relays can prevent damage such a8 ' - _ | a
, . pictured above ° S
. o 3 + Fig, 16
- T - B .« (PE1-5-7-21)
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as low during a power swing as during a fault* Sometimes all of the above
quantities ' may have to be used to obtain selectivity; furthermore, in any
typical plant, several heavy items of equipment starting up together may
present current, voltage and power factor conditions so similar to that of _
a fault that an additional function is necessary, the rate-of-rise of current ' ’ 1 .
which is instantaneous for a fault but incremental or slower for! normal ‘ :
‘service conditions, '

|
As mher example, the power factor measured by the. relay may be ' o ( ’

Whereas the main requirement of instrumentation is sustained accuracy,,

UrE OB fmportant "requisite of protective relays is PELIABILITY, since
they may supervise a.circuit for years before a fault occurs; if a fault then
happens, the relay must respond instantly. and correctly. For this regson :
designers should always attempt to use simple constructions and simple ’ C
connections of relays. In spite of good intentions in this respect, there is . SR L
a tendency to extend the operation of relay schemes by adding addit:ional\ ! T

features until complexity results...i b -

Lo

For example, a simple way to protect a circuit is to cdmpare the cur-’ \_'_c_'-‘

rent entering the circuit with the current leaving it by means of a relay in

which torques corresponding to the two currents are opposed so that, " if - . § .

~ either exceeds the other, itindicates diversion of the current through a x ': b &
short-circuit and hence warrants relay operation, - : ST

. This simple principle of operation soon becomes' complicated because R
Jf transient magnetic conditions, such as the inrush of exciting currentitoa ',‘ SR” JE

' power transformer, which appear on one side of the circuit bnly and" would * . ( B
cause-relay operation if discriminatory blocking f€atures were not added, -

Such a blocking feature, called ‘harmonic restraint', sometimes has to be S
unblocked because harmom'cs may appear during fault conditions which demand: ' NI ‘
tripping. Where possible a design principle is chosen to avoid such complica- .

tions. .

. a 14

Function and Operaﬁon of a Relay - From the. fOregolng it can be seen
that protective relays do the work: of an untiring operator, continuously meas-
uring the electrical quantities of the protected circuit and ready to disconnect °
the circuit immediately when the Value of one of those quantities becomes
abnormal. ‘Actually, no human being could approach the constant alertness of
a relay, nor 1ts speed of action, nor its relxability and accuracy. : .

For example a reactance type distakce relay for a t:ransmisslon llne o . S
“disconnects the line from the bus if a faul} ocours within its protecting zone T T <
-and not'if a fault occurs outside that zene.” To do this it measures the -:." ..~ ¢ - "
reactance of the line between itself and the fault, that is,- lt measures. the U
current, voltage and phase angle and computes - D .:} b,

.o -?'- sin ¢ c‘rreetly t@ witbin t 2% and closes its\ " L

contacts (or"hot, dependlng,upon ' € location of the fault). A modern relay
will do this in an overall time of 20 - 40 millisecqnds. EEadie

o ool
L R ; - : ~ \ . -
. . . I ) '. . :
-“', o . e ] e " o .

' (PE1-5-7-22)
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: \ ‘( * ° In order to keep the size and cost of relays to reason:ﬁb values, the
' .~ enormous currents and voltage of the actual firimary circuit are reduced
to relatively small values by current transformers and potential trans-
formers, The relays measure these secondary\electrical quantities and  *
b

i ‘c . | operate when the maghﬁude of -one of them is. abhormal or when the ratio

between them is abnormal,

In electromagnetic relays, the measurements are made by ‘means of
electromagnets which exert force on an armature carrying contacts,. Static
circuits using semi-conduétors, thermionic and cold-cathode tubes or
magnetic amplifiers may also be used although not all'- of these are equally. : .

_ attractive to the relay engineer.
oo Teo b3 AlL protective relays have two positions, the normal position, usually
.+ N0 with their contact circuit open, and the fault position usually with their
... . 1 contact circuit closed, A relay is changed to the fault position when a fault
v ‘occurs by| the preponderance of abnormal operating ‘quantities (such as over-
current) over normal restraining quantities (such as voltage or through-
fault clirrent), . - b
~ 'Fig. 16 shows.schematically the basic connections of a relay to the trip
coil of the circuit-breaker which controls theé power supply to the protected
circuit. When the relay contacts close, the high L/R ratio of the trip coil’
. delays the build-up of current 8o that a fast-operating breaker mechanism
"« « - -trips before the relay coil-current reaches its s ady value. For this re-
: e " ason, and because the durat of the trip coil-current is only a few cycles,
| : ~ ‘the relay contacts need h continuous rating of only 5 amperes and yet
( ., operate a 30 ampere trf} oil 50 times without needing maintenance. '
- After~the breaker #as tRipped, its auxiliary switch (marked 'a’) opens
"- . thie highly inductive tpip-coif circyit and the relay can reset when de-
. energized:by the opening of the breaker. It is impprtagt however that the
" “relay gontacts 'do hot Chatter while the trip current i3 flowing, otherwise
'\ they will be badly burned. This is eg«a,\irad eii:l;er"by 4 non-bounce design
“or by,the use of a magnetic hold-in coil on the relay or'by a separate relay, -
v N N . oo

- known'as' g, 'seal-in"' relay, , .
TN o hTEETR . v ' gL
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Impbrtan’t Requirements_ - The primary requirements ior'.r.'l(‘ala‘ys are

, RELIABILITY (a8 already mentioned) and SELECTIVITY.

_ The first step in making these conditions possible is by locating the *
relays in the correct places. Referring to Fig, 17 it will be seen that, in

order to have complete protection, the zones of protection given by-each - '

relay must overlap so as to leave no unprotected areas. Furthermore, Fig.
18 shows that there must be a first and second line of defence to cope with
the possibility of failure of the relay or the circuit-breaker at any one loca-
tion. This is important because, even with the greatest care in manufacture
and installation, it is never possible entirely to eliminate the possibility of a
. mistake or a defect in a mechanism such as a trip -coil and linkage which
has been overlooked in maintenance, Without back-up protection, a short-

circuit in a line or piece of equipment would not clear at all and might result
in the destruction of the equipment, ' T

Other important properties of a relay scheme are SENSITIVITY, SPEED
and POSITIVE ACTION, these being matters of design. Sensitivity gives high
performance with low cost current transformers and potential transformers.
Speed minimises damage and risk of instability because both are functions of

time. Positive action eliminates the risk of contact burning, wrong trip-
pingYor failure to trip. L . . '

(

| . [__ d__-. )(__j l ~ Bus bar relay zone

— |
-___-'_\' :
— |

K Zones of Protection

. ' ' overlapping to avoid

'
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in a copper mine or oil refinery ma

- 25 -

F.conomics of Relaying - The cost of protective relays is generally.
extremely small (5 to 2%) compared with the cost of the equipment pro-
tc}c'ted; this is particularly true in the case of generators, transformeys
and high-tension lihes. In spite of this there is a tendency to'treat pro
tection not.as a small percentage insurhnce charge but as a separate item

and then pick the cheapest relay or relaygcheme. - ;

>

Considering the saving in repair cost afforded by high-grade, high-
speed relaying compared with cheaper slow-speed arrangements, the
best protection should always be chiosen; the'cost of one major repair
to a generator for instance would any times the cost of the best pro-

tective relay schemes. Similarly, cosg‘of one day's loss of production
eed the cost of adequate relaying.

’

Protection must be considered before the power system
- is finalised.’ "

"

. Fig. 19 sh'ows.fﬁ.\':e"'b:i'é-i'_g elements of an electric power system.l |

I TP N
. L R

[
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Main and Back-up Protection

Electric power is usually generated at voltages hetween 11 kV and 33 kV : (
since this gives the most economical balance between the cost of copper, the ° a
cost of insulation and the cost of mechanical strength to resist centrifugal
force. The voltage at the generator terminals 48 stepped up to a higher volt-
age, such as 132 kV, the precise value chosen being the one to give minimum
cost and running losses dependent on the line length, .power to be transmitted, 3y

_etc. At the load, there is a further transformation down to a voltage of a few

kV suitable gor distribution, and agajn to a still lower voltage (usually 110-to -
440 volts) for the ultimate consumers, that is, industrial and residential

- In order to isolate any of this equipment in case of trouble, each item
must be separated from the @hers on each side of it by a circuit-breaker.
The relays themselves must be connected to trip only the breakers next to
the protected unit, and, as previously. stated, the zone of protection of each

’

.relay must overlap the zones of the adjacent relays (Fig.' 17) to ensure that .

there are no dead spots, Fig, 18 shows how these results can be achieved by
the proper location of each current transformer. ' : K

These relays'are the MAIN relays. In addition totthis first line of

<

‘defence there must be a second line, provided by BACK-UP relays, which -«

will clear the fault if the primary relays for some reason fail to operate,
' W T T

BusB | b ' BusC

Neighbout in: P Protecicd NG ' N Neaghbouri e
f 9(! Arcuit ’ 9 ciceut ,\!'1 ‘ N arcuit "X I : - (

{' Slawer back-up protection from A et e e |

]
!
{ Fast local protection at B

Time

(- —————

1}

Ne

- bt o . 4

>
O

ju
) . ] Rclny} 8

Relay
’ |

¥ = Breaker
.. . Pack-up Relays . ‘
9% Fig. 20

. Thete are three kinds of back-up relays: ) - ,
(a) Those which trip the same breaker if the main relay fails
(Relay Back~-up); -
(b) Those which open the next nearest breakers on the same bus. in
case one of the local breakers fails to open (Breaker Back-up),
or in case there is ag\jlure of the local secondary current or. -
potential supplies orthe a-c wiring, ' .
(c) Those which operate from a neighboring station so as to back up
.. both relays and breakers and their supplies (Remote Back-up) in
case of the failure of any local supply including the battery, or A
in case a circuit-breaker or relay fails to function, ,

.Rélax. back-up means_lit,erally the dupllication of the main relays and
their currg@i transformers and potential transformers, etc, but usually a
mployed resulting in the addition of a simple relay such as

comprom o
a time-oveT ent relay. The best relay back-up is a device using an entirely N N
different principle, such as the gas detector relay in a transformer. C L

(PE 1-5-17-26) : L | ’ (
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. ( "~ Breaker back-up is necessary when a feeder breaker fails to trip on

e a faylt, Fig. 21, because the feeder fault then bécomes virtually a busbar

. fault: It usually consists of a time-delay relay operated by the main relays

B . and connected to trip all the other breakers on the bus if the proper breaker
4 . has not tripped within a half second after its trip coil was energized,

/Remote back-up is provided by a relay at the next station in the direc-
tion towards the source which trips in a delayed time if the breaker in the p
‘faulted section is not tripped, It usually consists of an inverse time-current
relay, or by the second and third zones of a distance relay This is the }
" most widely used form of back—up protection

o, o I‘ail(re of Breaker to Clear a Fault . T
. Fig, 21 . _ - L .

, _ ! : :
5 Reclosing - Ih cases where continuity of service cannot be maintained
by quickly isolating the faulted circuit from the system, automatic reclosing
. . relays are used to reconnect the circuit so that, if thefault is a transient -
. ( . one, the system is returned to normal operation

r . Automatic reclosing is used mostly on overhead transmission and dis-

* tribution line$ because there is statistical evidence that 90% of the faults

' . on such lines are caused by lightning or by objects passing near or through
the lines (birgs tree branches, ete). These conditions result in arcing

Ll faults which can be ext)nguished by opemng the circmt«breakers to de»

therefore is a practical means of mimmising the interruption to service
especia.lly at unattended stations :

Where there is only one transmission line between an important load
and its power source, single-pole switching is used, i.e. interrupting and
reclosing only the faulted phase so that power is never completely cut off,

P v+ The combination of high-speed tripi)ing and high-speed reclosing is
nearly equivalent (as far as disturbance to the rest of the power. system is -
_ concerned,) "to, the ideal condition of eliminating faults. :

On high-voltage lines where most faults are caused by lightning and ! !
3 where contact with trees, etc, is unlikely, ‘a single instantaneous reclosux;e
: : is used, Tests on hjgh-voltage systems havé shown that reclosure in 12
cyclbs is practical, the period dépending upon the time necessary to dis-

sipate the ionised air at the fault. Fast reclosing limits the phase separation ¢

! of synchronous machines while the breaker is open and hence rpduces the | . -
o power osillation which follows reclosure. .
{- kCQ S R - (PE1-5-7-27)

v ) \ .

o | . -.ﬁv (¢ g\f. ‘ ] 13!7

T T T L



»

' 2 . : .. - 28 - . . I_ - Iv ‘ .
On low=voltage systems the fault may be caused by physical objects such (’

as tree branches, which may require one or more reclosures to burn them
clear. The usual procedure has been to reclose three tl§|es. at intervals of

between 15 t0 120 seconds. If the breaker reopens af e third reclosure,

the relay equipment locks it open, and it becomes neces ry to reclose by

hantl. Four automatic tripouts of the breaker in succedsion must certainly

indicate permanent dimage on the feeder, such as a broken wire, a wire down -

on a tower or on the ground, or other trouble which should be cleared before

-again energising the circuit, This will not be ‘considered in detail since it is \'\
outside the subject of protection.

Other Relay Functions - Relaj}s of the same types as those used for pro~
tection are also used for control and regulation, For instance, a voltage
relay with both normally open and normally closed contact can be used for

‘progressive tap changing to keep the voltage between desired limits, The same
.. principle may also be used for control of other quantities sucheg frequency,,or

reactive kva, . .

It is probable in the future that protection and automatic control of, power
systems will be done together and that eventually power systems will be
entirely automatic and both controlled and protected by static equipment.

Classification of Relay Schemes

A protective relay scheme consists of one relay or a gfoup &‘ relays _
which protect a section of line or piece of equipment against faults. The most (
common schemes are the following; : ’

| Time-Overcurrent Relaying - This scheme is used on most low-voltage
distribution networks. It takes advantage of the fact that, when one 'sectian»f

v

- a network develops a fault, current flows into it via the remaining healthy o
) . N ,

T B - "

o e _3:«- Fia

If the overcurrent relays are provided with damping {Fig. 13) their opera-
ting time will be_inversely proportibnal to the current maghitude and the relay
nearest the fault will work fastest because it has the most current and hence"
will open its breaker and clear the fault hefore any of the more remote relays
‘can do so, s . . ‘ .

An alternative to inverse time-current relays is definite time relays.
Because their time is fixed, irrespective of current magnitude, such relays
have to be graded in time. This is practical on radial linés or loops but the

- inverse relay is preferable for complex networks.
: : B .

Directional Relays - In certain equipment, such as nerators, power
will always flow outwards ‘except 1f the generator has dev loped a fault or
has lost its driving source, so that it {s motoring and drdwing power from
the network. Such a condition is detected by a directio relay which closes

~ its contacts for power (or a componpent of kVA at a suitable angle) flowing in

an -abnormal direction. -2 |

(PE 1~5-7-28) . | S (
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(‘; . Directional relays are also used to control time-overcurrent relays
' where the power sources are 80 located that as much current passes
through the relay for an external fault as for an internal fault in the cir-
cuit it is protecting. .
' . Such relays wérk on the pt‘oduct of the circuit current apd potential
! : If the product is positive, say, the torque closes the relay contacts; if -
negative, it holds them open. Thus the relay can be arranged to trip only
when the current flows out from the bus. Consequently, by connecting a
directional relay in series with each overcurrent relay, only the relays
“at the two ends of the faulty section will operate, thus-i'eolating the fault
without disturbing the other lines,

Distance Protection - Where time delay is undesirable distance
rcelays are often used, -Fot a line section of given impedance Z the cur-
rent flowing through the section to a fault will produce a voltage

) E = IZ. - ) . »
Hence if the relay compares V with I and is arranged to trip when E< 12,
it in effgt measures.

z = *
[

i . Since Z is proportional to the length of line the relay can be set to trip .
onlyf for faults within the protected section of line.
‘Selectivity is much easier to obtain with distance relays than with -
overcurrent relays because their reach is unaffected by current varia-
( tion due to changes in generating %ﬁons and system switching. ™ *

/4 ° 4

' Unit Protection - ‘The most positive method of protecting a circuit
! is to arrange relays to compare the currents entefting and leaving it,
| - - Which should be the same under normal conditions and during an external
fault, Any difference current must be flowing into a fault within the

npotantad Alwanaid

Y

lJl WUV W WA bll wRiv,

1 - When this system is applied to electrical equipment it is called dif-
. ferential current protection, When it is applied to lines or cables it is
called pilot differential protection because pilot wires or an bquivalent R
link or channel is required to bring the current to the relay from the .
remote end of the line,
\ Since unit protection operates only for faults within the protccted
' circuit, back-up protection must be provided whlch is inherent in time-
current and distance schemes‘

Balanced Current Protectjon - Parallel circuits of the same
impedance should normally capry the equal currents. A fault in ohe . :
circuit will increase the current inr that circuit and operate a relay that L
compares the two currents, In the case of two parallel lines this is o
called 'current balance' or 'balanced current protection',

In the case of a generator'with split windings it i8 called 'trans- ' -
verse differential current protection' )

. k( o o | (PE1-5-7-29)
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Fig. 22 shows diagrammatically the physical arrangement of some . (‘
electro-magnetic types of relay construction, :

- Referring to the diagram, (d’)\ is the Attracted Armature group and
includes plunger, hinged armature, balanced beam and the Moving Coil
relays. As measuring units they are handicapped by mherexi[‘ y low

- " reset-pick-up ratio and inadvertent operation on sudden changes in
circuit conditions, : ' ' C

s

. " 8

' part (b) of Fig. 22 illustrates the Induction Cup relays. The induc-
tion principle js one of the most widely used throughout the world, Its
more attractivedeatures are its steady, non-vibrating torque and its
simple armature which requifes no flexible connection. Fig. 23 gives
more detail of the unit. - : :

With a cup-shaped armature, the induction relay can be made for ,
fast operation with reasonable immunity from system transients and, -
properly designed;- it can be given a very large operating range. Its drop-
“out is within a few percent of its pick-up, so that it can be used where
normal and abnormal conditions are very cl?se together,

. - These relays can be 2~ or 4-pole single-phase, or 8-pole three-
phase. This class includes a split-cup 4-pole unit which is similar to '
the 4-pole induction dynamometer relay; there are shaded-pole arrange- ,
ments also, o ~ ) , _ (
/

Fig. 22 (¢pshows the Induction Disc réﬁys. These units may have
either shaded-pole or wattmetric-type magnets driving discs or vanes,
See also Fig, 24, . u :

The Thermal Type relays (d), include bimetdllic strips or splrué,
unimetal strips and thermometric devices such as sylphons or bellows, .
They were at one time used as comparators; the thermal movement = -
acted as a current-operated tripping unit and an electro-magnetic or '
second thermal unit energized by the restraining quantity was arranged
to control the pogition of a contact apnd hence the operating time,

In motor protection, three thermal spirals energised with current !
from the three phases confrol dlfferen_tial contacts in a similar manner. ’

_ Their advantages are simplicity and smooth consistent operation; .
- their principal disadvantage is low torque per volt-amp input,, - B
i f ] A - ) ‘ . - .

.

&

~ . . ‘ (
. (PE1-5-7-30) N ‘ B
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4-p'ole Induction Cup Relay Unit - .
(Exploded View)

Fig, 23 : - '

Induction Disc Relay Unit )
with; Magnet Core -

Fig, 24

* /

'Fig. 25 shows an example of the single-phase unimetallic strip
thermal relay, ' |

Fig. 26 illustrates a balanced beam. type relay using a balanced
. ' . w“e. , . o )

Fig. 27 shows & movipg coil relay : (a) a plan view, (b) a side view.

. @{PE1-5-7-32) .' | - | ‘
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A o - QUESTION SHEET, . .
( IR First Class
POWER ENGINEERIN(: o _ Sect. 5, Lect. 7

1, Compare the fault-clearipg abilities of fuses sthches and relays-
an(* give examples of practical applications of each,

Explain the followingtérms with regard to fuses : , .
{ (1) Plug

: (2) Cartridge
'(3) Time-lag :
(4) High voltage, . .

I . B

W

Describe one type of contactor used to control a 75 kW motor.
. . i (‘; o y . . .
4, (a) Describe the operation of an oil-immersed circuit breaker, ‘
_giving the advantages of oil for arc extinction and control. .
('b) What periodic checks and tests should be carried out upon
the oil to maintain its good condition ?

5. Air-blast circuit breakers are in use in high-voltage applications.
Describe’ the operation of an air-blast breaker explaining how arc
~ extinction is achieved and restriking avoided. ’
6. Why is a non-inductive a-c s circuit current flow easier to interrupt
than an inductiv.’e (log lagging power factor) circuit? Explain,

( : 7. (a) What is the purpose of a relay ?
- (b) Describe, with sketches, the operation of any one type of relay
with which you are famlhar State its intended ‘purpose.

8. Show diagramrﬁatically how you would connect the relay you have
v described in the foregoing question into its protected circuit.

v

, . .
. ] R . R
R -
» .
” T .. . .
N A

( , o - . (4b51~5~7—-Q)
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Correspondence Courses
- Power Engineering S
SEETION 3 - o o
| o « - First Class
PRIME MOVERS - : - : Lecture 10
:  POWER PLANT ERECTION o ”
- ‘ : AND INSTALLATION-
. o '
FOUNDATIONS - o S D
N The first consideration in the erection of a power plant in a partioular '

,location ig the adequate support of the mass of the plant, This must take
"into account the load bearing properties of the soil, the overall mass of the -
items of plant and buildinge and the amount of vibration to be expected. '

Test Boring

. Foundation conditions. of the site should be investigated and the nature
of the soil determined by boring or other means. Unsuspected soft strata at
congfiderable depths below ground level may make the provision of adequate '
fouﬂdations a much more expensiveYperation than expected, or alternately -
~may cause the plant to be damaged through subsequent settlement.if not
discovered and provided for at the time of building.

Once the natude of the. soil under the plant site has been detérmined,
then the type of foundation to be used can be decided, depending on the load-
bearing qualities of the soil. o

Table I gives some widely. accepted Qa_lues:

p Table I Suggested Safe Bearing Loads on Soils

Nature of Soil - < Bearing Capacity - Tornes/m2

LN Hard Rock . B 160 (and upwards)
Hardpan ) - 85 -~ 105
Gravel 53 - 64
Hard Clay . 32 -42
.Dry Coarse Sand 32 - 42
Sand and Clay mixed - 207
Find wet sand .20
Soft Clay 10




| :it )
Timbering ’ \ /
- to

_ The methods used for investigating ground for foundation purposes are'
generally probing, dlgging of test pits, boring. ar by use of test piles. ‘

Probingthe ground consists of driving a probe until it meets hard '
ground. The probe could be made up from small diameter steel piping in .
screwed lengths and fitted with a pointed driving head. It is driven down '

by hammering until heaw resistance indicates the presence of solid

...% ground.. , - " .
g , L ! I8 \ ! .# } ‘
This \method would be used where the foundations are only expected to R I
be shallow it is a simple and inexpensive operation. | o _ S { 4
Test pits about 1.5 t6 2 m square are dug for inspecting and teqting . |

the strata for shallow foundations. .

Boring would be used for deepei~foundations; here samples of the - _ S I |

strata passed through are brought to the surface for examination. : _ . R
) : ' b
>~ A test w may be . o
_ arranged as in Fig. 1 where !
) | S;:u: ment the load bearing value of the !
P —_— _.ground is determined frew :
ﬂ . Test - “the load applied and-the
— W ] Load area of the pile by }aking’
- o A . readings of the pile settle- | .
o « ment - T
" Platform - ) | (

" @

The safe bearing
pressure for the founda-
tion design would be taken |
Platform as about one-half of the -
Guides yield load value of the ' -
ground. .

U
¥

Pit .
Fi. o ! Tests of these kinds will |
Pillar ' show the safe loading per m?
’ of ground area which can be-
Test for Bearing Value of Ground used and give a guide to the
Fig. 1 . ~ type of building construction

,necessary.

Types of Building Foundations

 If the load per unit area on the building foundatjon is small and the
load bearing capacity of the soil is reasonable, simp e footings will
suffice to support and spread the load _

4
AY
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Foundation Wall Footings |

Fig. 2(:) is a foundation wall founded upon rock or hardpan When

~ soil of lower bearing capacity is encountered, it may be necessary t

. structure. Footings in ground expo

increase the bearing area by addition of a footing.

. Fig 2(b) shows a foundation wail with footing. In the case of simple
structures, the footings will be made of unreinforced concrete and the

projection from wall to footing width should not be greater than the depth
of the footings. . .

. I‘;ig. ﬁ(c) and '2(d) svhow further steps which can be tak_en to spread
the building 'load; (c) is a stepped footing, and( (d) & reinforced footing to
allow greater, width '

.. B §
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These types can be in the form of a contxnuous footing for a wali or
‘individual footings for each column of a structure. In the latter case the

relative sizes of the bases must Qe carefully assessed in proportion to the \

loads they carry, in order to avoidfny uneven settlement of the building

to be beyond the possible penetration of frost.

/ -

Where a number of isolated footings & rrying the loads on a structure are
arranged in a square or rectangle and are so shaped that the footings would take
- up most of the available-ground area, raft foundations are usually constricted.:
. These are in the form of a concrete block, either solid or cellular, extending over
the whole area of the Structure so giving an even distribution of the load to be

carried : P .

¢
i

ed to freezing must be carried deep enough




A Fig. 3 aboVe gives a section through a power plant arranged upon a
. foundation of this type.
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’Pilﬁg ‘.._ - S - . B

W'h\en the soil beneath the plant bmlding or strud:ture has insufﬁcient
bearing power per square foot to carry the load, a plled foundation is usually

A

- Piles act either l:o transmit the load on the strugture through soft ground
to a bed of ock, in which case they are called pressure piles, or to carry the
load by the friction acting on their fength through the soil beds, in which case
they are called friction piles. '

. Piles may be of timber, steel or concrete - Tinber or steel piles will be Cp
of uniform cross»\aection throughout their length and are driven into place. ,. ¢

" 00V AVAILABLE
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Timber piles will be used where the driving is relatively easy; suitable timbers

Sometimes a combination of wood and concrete §8 used to overcome this diffi-

.are Douglas fir, Cedar, Oak and Southern pine. In this case the permanent water
- line of the s0il must be taken into account since a wood-pile below this level is con-
tinuously submerged in water and will rem

ain good but if above this level will be
- only damp and the wood will rot. ' S . '

—

Yy

culty, the timber being driven to a depth below the permanent water level and then

conerete poured on top, up to the required level.
- tonne per pile when used as pressure piles.

-Timber piles will carry 15 -20 - |

| R _'Steel piles of 'H section may be used.where loads in excess of about 60 tonne

per pile are required and in situations where the steel will not be dama
. corrosive properties of the soil. -

ged by the

.Concrete piles are more often used than any other type becayse of thelr high

load cgrrnyg capacities together with good resistance to corrosion.

Concrete_piles may be either poured in place or precast and then driven. The

A A{"'; .

v, Ly

precast types are most often square in section because of ease in moulding and the '
large superficial area which is an advantage.if the pile is to be used as a "friction

They are heavily reinforced with steel and fitted with a steel head, the size of

. pile used depending upon the=lo_ad to be carried and the length to be driven. Average
 sizes are 300 mm square for a 15 m length up to about 550 mm square for a 30 m,

length, thig being about maximum. The load carried will be 25 to 60 tonries per

pile.

 Concrete piles which are to be poured.in place are made by driving 4 mandrel
first and filling the hole with concrete or driying a steel shell and then filling this
with concrete. Some types have the shell refpoved while filling, others leave it in

place.\l= In each case reinforcement is loweref into place ﬂbef'ore filling.

~ Some types allow some of the concrete t escape from the bottom to form a

The load whi¢h can be applied to a pile will depend upon whether it is a "pressure"

: fbot. The adva.ntéges that the poured piles lfave over the precast are that they can
~ be made to.the exhct length required, they/an be made with a bulb or foot and they
‘are not subject toi any damage by driving, '

or a "friction" pif;e. Some figures have been quoted for pressure piles as follows:

. wood 15 to 20 tonjes per pile; concrete 25 to 60
per pile.

' Calculait.ion o
Methods used inv

“hammer and from

the, pile.

tonnes per\pﬂe, and steel 60 tonnes

the load to be carried by a friction pile i8 much more difficuit..
lve measurement of the energy expended by the pile driving
this 1s found the pressure which has been exerted on the top of

4
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- BUILDINGS . .

-

Generally the load carried by a friction pile will be about .'2'0% of that - - | c ;
carried on & pressure pile. A test pile is often driven on the site and test A g :
loads placed on it to check the allo,wable bearing load. ' SR X

After settin -in place, all piles are capped with concrete and the
building area is then made ready to receive the buildings and machinery.

. .

s | '

The buildmgs to be erected to contain a power plant depend upon the
size of the plant machinery, the weather conditions exnsting in.the area,
and upon the surroundmgs.

Small power plants may consist of a transportable generating set,
-such as that illustrated in Fig. 9, together with a package type boiler, in

- which case the plant is assembled at the manufacturing” works and will

require little morethan a fo.undatx_on at the site.

1

- Larger pawer plants may be indoor, semi-outdoor or even wholly-

outdoor. The choice will be made on relative cost and the effects of the R4

local weather conditions upon the plant opération. The so-called wholly- . h

outdoor plant WOuld only be considered for the most temperate of .

climates. ' ' ‘
Outdoor switchg_ear‘is frequently adopted for power plants and ‘ (

there is no reason for boilers or turbines to be housed; buildings will
always be necessary, however, for offices, workshops, stores and for
control equipment. '

Fig. 4 shows the appea"rance of a General Electric turbo-generator

" located outdoors. This machine is completely encased in a waterproof cover

which is extended over the generator exciter to give ""walk-in" covered
space for maintenance of brush gear’, etc. ) :

\ ' .,
Fig. 5isa sketch of a similar machine with a turbine end housing

' added to allow under-cover operatlon.

L §

|

: - ' -

A semi-outdoor plant will have buildings, enclosing the turbo—generators ' |

and their auxiliaries and extending to partly cover the boilers.. Fig. 6 gives |
an illustration of a semi-outdoor station w1th turbine-generators by Elliot. *

The boiler control area or firing aisle and the heads of the drums that .
have water level controls, gage glasses, etc. will be enclosed in the building; - i
boiler auxiliaries such as I.D. and F.D., fans, air heaters, precipitators . s
and all duct work will be outside. Those parts that are outside have to be '
protected against moisture, particularly boiler casings where freezing temp~
eratures may be encountered and this tends to offset the savings from the ,
reduction {n building costs.

)El-—.’)-lO-G ' !
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The semi-outdoor plant is particularly suited to oil or gas firing, If the

fuel used is to be coal then the coal bunkers and coal conveyors.must be covered.

The great majority of power plants will be totally enclosed in buildlngs of
some kind to give weather protection to plant and personnel, that is, indoor plants. | s
Here again the type of building chosen will depend upon the weather conditions and

the local surroundings. -
Modern botlers of large output rating, say 160 000 kg/h upwards are
usually designed to be suspended from structural.steel work 8o as to have free
expansion downwards. In these cases the'boiler steelwork is used as part oM
the building framework with extensions to house the turbines and auxiliaries.

Thé‘extemal cladding of the building is most frequently done with some
form of weather protected sheet metal together with glass, though brick, stone

or concrete will be used if local authorities. demand that the building must conform

in appearance with its surroundings,

Machine Foundations

. Hegvy items of plant machinery such as recipi'qcating engines, steam
turbines, pumps, boilers, chimneys, etc. must be set on foundations capable

~ of supporting their weight and, particularly in the case of reciprocating engines,

of absorbingthe vibrations caused by out-of-balance forces occurring in the -
running machinery. .,
A ;

This is done, in the case of engines and pumps by designing an individual
foundation block to carry each machine; these foundation blogcks should be
isolated from each other and from the building foundations to reduce the
transmission of vibrational forces to a minimum. - N

Some items of x@hinery, for example small pumping or geﬁerating sets
as illustrated in Figs. 7, 8 and 9, are generally shipped to the site on their
baseplates and it will be unnecessary to remove the pump and its drive from
the baseplate while setting in place and levelling. In this case the baseplate
is set on the concrete foundation, separated from it by plates and wedges or
shims, allowing 20 to 50 mm between baseplate and foundation block for grout-
ing. The shims will then be adjusted until the machine itself is satisfactorily
levelled and grout poured around the baseplate., _

Larger items of tfle plant, for example reciprocating engings @will be
dismantled after arrival on site and then rebuilt on their foundations, levelling
and lining up each part in the process. =~ - .

Fig. 10 shows an illustration of a gas turbine generator unit supported
upon steel foundations.. Mention was made in the lecture on Gas Turbines of
their relative llgh? weight in comparison with a steam power plant of equivalent
output. ' |

Central station turbo~generators will be ehippéd to site in. pleces and built
up on location. 4 SR :
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'Bascock 1y72 BoiLER FEED
Puwp. Fig.7.

A}

with automatic steam oontro§ v%.{ve gear
o and generator having a belted exciter.’
’ This 300 kW unit operates with 1700 kPa

\ lsteam, 263°C and exhausts to 10 kPa
condenser presau!e.

* Fig. 8

BaBcock STEAM TURBINE DRIVING A
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CONCRETE-FOR FOUNDATIONS

. Concrete is 5mixture of cement, fine aggregate, coarse aggregate, and water.
'I'he water reacts chemically with the cement, cauging the water-cement pagte to
harden and thus bind the aggregate particles together.

Concrete mixtures are definéd by the relation between the amount of cement,
the amount of fine aggregate and the amount of coarse aggregate, for example a
: 3: 6 concrete contains ‘1 part cement, 3 parts fine aggregate, and 6 parts
coarse aggregate. These proportions may be specified by mass or by volume.
Specification by mass i8 more accurate but more difficult and costly; specification
by volume i8 more practical and gives reasonable gccuracy.

Portland cement is the principal type used, being strong and rapid setting.

‘Natural cements are occasionally used in small praportions with Portland in special
cases where a concrete is required for structures with severe weather exposure.

Aggreg' ates ' - . ’ |

Fine aggregate usually consists of fine Jﬁ‘y sharp sand,' though stone sci'eenlngs
may be used provided they have similar chdqracteristics. '

Coarse aggregate should be well -graded crushed stone or washed gravol’; It
must be clean and it must be proportionately gradggd from about 6 mm up to a maxi-~
mum depending on the work in hand. About 20 mm max for small reinforced work

.or thin walls and 50 mm max for larger blocks. | ,

It is important that the coarse aggxlegate be well—graded from fine to coarse
because in this manner the voids will be kept to a m{nimum.

{
Water

The water used must be clean, free from oil, acids, organic matter, etc. and
fresh (not salt). ' . ,

{
|

It is genera.lly accepted that the strength of the éoncrete will depend entirely
upon the water-cement ratio, provided that other conditions are correct. Too little
water will produce weak concrete equally as easily as will an excess of water.

. For normal concrete work, where the compactiﬂg is to be done by hand the
water content should be between 50 and. 70 litres per 100 kg of cement used.

Proportions !

As mentioned earlier, the concrete mixture is deﬂned by the proportions of
"(1) cement, (2) fine aggregate, and (3) coarse aggregate, in the mixture.

The following are typical mixtures, speoiﬂed by vollﬁn
1: 3 : 6 for mass concrete, solid concrete floors etc.
'1 : 2 :6 for plain concrete, machine foundations, ordlnary foundations walls
1:1 :2 for high strength concrete columns and girders. - etc,

J- : PE1-3-10-11
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_ mixture used and on the water~cement ratio; a method of measuring the consistency

[

General Remarks | | S - c .

The concrete when mixed must have sufficient "workability" to allow it to reach y ;
the corners of forms and around reinforcements etc. This will depend upon the -

or workability i8 by the "slump" test.

An open ended concial shell, 200 mm diametqr at the bage and 100 mm at the
top, 300 mm in height is filled with the concrete to be tested, rodded and then the —~
-slump measured from the original 300 mm height, after the shell is lifted off.
Typical figures are 75 - 125 mm for mass concréte, 150 - 230 mm for reinfo’ced
concrete in confined horizontal sections. :

The mass of concrete varies with the proportlons of the mlx. the consistency
and the character of the aggregates used, but on the average will be 2330 kg/m3
of gravel or crushed-stone concrete. _

The strength of concrete is~usually quoted as kPa of ultimate compression - e
strength; tests to determine these figures are carefully carried-out'in accordance a "
with A.S.T.M. standards. Average strengths are 14 000 ~ 21 000 kPa. A

. Curing of Concrete - Concrete hardens because of chemical reactions which

take place between the cement and the water. These reactions continue indeﬁnitely,
as long as there is still moisture present, and the temperatures are favourable.‘ e
The strength of concrete increases with age and the conditions under whlcba it cures. R RS

it
IENE YR

In general, good practice requires that all concrcte éhouid be protected against b ;( i
premature drying out for at 1bast one week, and for, A, longer time: if the temperature S
is near the freezing point. If curing is done in qry *atmbspheric’ ‘conditions sorne of - .- i
the water will evaporate before the chemical reéctlohs have had time to produce b ', S
good strength in the concrete. R L L PRI AU S

B ‘4-"' HEEER N ‘\1 -""

The strength of concrete increases rapidly at. ﬁrst aﬂd then more slowly for
an indefinite period; the increase in stremgth from 7 to 28 day‘s after pouring is
about equal to the'increase from 6 months to 2 years. Whent the water haa evapora-

1

ted, no further increase in strehgth is 'pozasible. -

C
I‘

Contraction and Expansion - Concrete wtll expand with rising tempér,p;,\%pe qnﬂ " ‘j‘i[f;"i;;, ol
contract with falling temperature, . the ayerage coefﬂcient of expansion being 6% ., - A
1076, Concrete will albo contract when'dry and exga,nd wﬁen wet,gc a“nd this property '

‘18 not confined to newly poured concrete, but alsor Wtqs “to oldt o e

L) \

 New concreto whet drylig out will contract biFabouf'd, €z~to 0.06 per cont of ita
volume and if su mergbd in water after thls' it WQuld re-e)tpaud by about half of this’

mount‘ | ‘ . | .' L ! 3. -[‘,

. ﬂ .. " . ,; _ . TR 5.' ) .{':
el .. s. . : - . -
Adheslon - The adheslon. of concrete to. prevlous work is sometimes lmport t. g

The old concrete should he thoroughly wcttcd, cleaned, roughened and coated wit
cement grout before the few. concrete 15 Placed.. It thq old gonorete i8 not thor-
oughly wetted, it will draw moisture from the new coticrete, leaving insufficient
water for beot condstehcy aud hencc produclng weak concretc at the Joint. T ( o

, . . [ £ N M .( : . . ,
I At |;7., M . : ".4 ; RSN ./u ! ‘A . , g e
pEl ‘3 -10«-12 . S ’ li_'-.'.‘ . . o . .. . . ,l,:/ ) -"_\. ) , .: . : .:;: RS .

v
L O

»t e . A e T,
W e L ) P T " o ., "
Ny (x4 c I o o ' . '
e ', A SRR r
\ ' o e v

ST Ut 156+ BESTCOPY AV




. small Eg@nu Foundations . ‘ )

A small reciprocating engine and generator can be taken as being a répresen-

tative samplo of a small plant item, ’
M ‘I'he pm(:odﬁre to be carried out in setting this machine upon its foundations
will genernlly follow the steps listed below: . - _
1. Construct foundations. o | | o
». 8ot engine bedplate on foundgtions. -
“ 4. Align and level up engine bedplate.or sub-base.
' 4. Groutin engine bedplate or sub-base. &

plunco engineé on bedplate and bolt down. _
6. |®uce generator stator and bearings in position .’
7. Line up cngine and generator bearings.
- 4. 17 engine shaft, check bearing clearances and alignment.
Check alr gaps in the generator stator. .

Dealing with these points in turn; N /

‘The foundations will be proporti(zncd according to the engine mass. Recipro-
cating sleim engines may be taken as a "rule of thumb" to be 60 kg in mass for
cach indicited kW of output, and the foundation block required will be roughly 1 m3

for cach 10 kW. The foundation bolts are located in their correct posi-

in volumo : 3
tions by the.use of awooden template such as thd shown in Fig. 11. +.

‘ 'Locatlon of the temp!ute should be carefully checked for proper alignmght ;vith
the centro line of the engine. The founidation bolts are set in boxes or pipes "as

nhown so that they will not be rigid and.can be moved to align with the cored bolt

holes in thee engine bedplate.

‘These pipes should be set about 25 mm below the top of the concrete so that in
o no ease will the bedplate rest on the pipe.. The bolt projection should be checked-to
O ansure at least a full nut fit on each bolt. The concrete foundation block must be
' iven ample troe to set before placing the engine on it. 4

S The enyine bedplate or sub-base is now set upon the foundation block and level-

VLo Lt by means of steel wedges and plates, taking care that the level is checked in’

e hoth Tongguwvdinal and transverse directions. The bedplat should be set 80 as to
YT llow dbont 207 Lo mm between bottom of hedplate and g)p of foundation block for.

<

o ; rroating. :
T The enggnd manufacturers will usually supply a foundation drawing for this part
o “:y of the work giving details of the thickness of shims to be used, etc. °

e f
- « \

JPE1-3-10~13

BEST COPY AVAILABLE




¥ = -
WM 3 g : -
B § = -
B 8 -
U
| . |

e —— -
LT PROJECTION
.Y Y -

/"N/VM{ 1ON PLAN
OFRNTING
|

»

Fig .-_Ii

| TEMP:L_ATE FOR PoSITIONING OF FOUNDATION BoLTS




A

_ foundanon bolts oy _ .

: that only machined su;faceb are used as reference points...

' Lmlng_t_xp bmdll Mdghlnes .

~ crankshaft to bend to-and fro during each revolution and sooner or later it

‘ ~15 -
) \
: \

“The grouting in pld(,( is done by placing wooden strips, formlng a bmall

*. ‘dam, around the outer edge of the engine bedplate as shown in Fig. 12(a), and
- pouring in the grout from one direction so as to exclude air spaces. The grout

mixture shoull be 1 part Portland cement with 3 parts sand and sufficient water

. to make a liquid.mix of the consistency of a heavy cream. The grout should
_ be rodded and worked as much as possible - in some cases a wire cable or
chain ¢dn be pulled through while pouring, or a well and plunger arrangement
- set-up as shown in Fig. 12(b), so that the grout goes into place under a

positive head, all of the above procedures being aimed at providing a completely
filled groutlng space with all air spaces eliminated.

I‘hcre are ready-mixed grouts available on the market for this work,

~designed to give little or no shrinkage on setting, The levelling wedges

should be removed before the cghcrete has completely hardened. The grout
should be allowed to harden bef e pulling the engine bedplate down with the

-

. €7
The engine is then set, on the bedpfate and checked for level, taking care

/- \
Wlth the englne set on its foundation and levelled correctly, the crdnk~
qhaft 1s sct in place and the bearings checked for clearances.

It.is 'then neeessary to llne up the "driver' and ‘driven'" parts of the
englne sct, that'is, a steam engine must be lined up with its g(,nerator or a

| compressor lmcd up with its driving motor

Xy . \ s
ln many ‘cascs the.engine or compressor crankqhaft and the generator
or mntox -shaft will be cach’separately supported in their bearings and lining

up thv tw() blm 1 entallb ¢ eckmg the alignment between two coupling faces,:
P ply

. In. some cases howevcr the generator or motor has only one bearing,
“the outboard bearlng Fig. 13 illustrates this type and in this case the lining -
up becomeb a little more d%mpie:?ﬁ . . _

L7

Iho followmg is the ru,ommended proccdure for a Bellis and Morcom
vngln( oi this Lype AR - o ) : .

: 4(;.

It should be pointed out that the object of lining out correctly .isto
pr event any bending of the erankbhaft ‘Inaccurate alignment will cause the

will break.  The break will probably ocecur eltliler tl}rough the crank arm at
A, I' lg 13, or the crank pm at B L .

BEST COPY AVA_:LABLE_

‘The best way to’ dctect this bending is-by| measuring accurately the

' opening and closing of the dnstance C between ,the crank webs as the shaft is
o rotated RE E P )
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GRAVITY GROUTING plus RODDING end WORKING

This is the most common mathod of grouting.
. Much depends upon the complete flowability
' of the grout plus adequate rodding and working
| : ; into place in' the shortest period of time.

CR

WELL and PLUNGER PRESSURE GROUTING . /
foe SOLID WIDE REDMATES - o/

-This.fmelhod is atfectively employed where A /

bedplates are ovar 2.5 to 3 m wide. Successful :

grouting depends upon flowing the grout from . /

one side to the other. Strong, well anchored J

forms and uninterrupted flow of grout are .

absolutely essential. . /

o

(a) (b) o N
' Fig. 12 ~ o
L} . . '
Outboard Flywheel
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With the engine set upon its bedplate, levelled and bolted down, and with the

crankshaft, flywheel and bearings in place, place the crank next the flywheel in a
horizontal position. Make a point-gage to the width between the crank webs on the

centre line of the shaft. Check this dimension with the crank turned through 1800

reo to the opposite horizontal position. . 1

".. . -. ) ]

' L Now turn the\¢rankshaft around to bring the crank pin to the bottom centre,

- © _ Support the mass o flywheel on slings or on wedges forced betweeh the under-
side of the flywheel rim“\and the foundation until the width between the crank webs,
when tried with the point gpge, is the same as when the crank was in the horizontal -
position. Care should be faken not to damage the surface of the flywheel. :

N3

Bring the generator ro\or into position with its coupling face close to the fly~
wheel coupling face without ctually touching, supporting the. rotor temporarily on

. ' slings or wcdge.s
_ K\tld]uat the position of the rotor to bring the coupling faces exactly parallel as -
measth\ed with feeler gages. .

Set the generator ofitboard bearing in position,. fitting shims under the bearin_g
pedestal as requir o raise the bearing to the rotor shaft so that when the rotor
temporary supports are removed the bearing takes the mass of the rotor without

altering the coupling setting ~,':; ’ L ’)

Fit the coupllng bolts, harden up the nuts and remave all temporary supports
(- . from flywheel and rotor. . :
. Using the point gage, measure the width betWeen crank‘webs with the shaft
; - turned-to top, bottom and mid-stroke poesitions. It will proliably be found, when
' ' checkmg agains{ the origxnal point gage measureiﬁent that the width between webs

. .

: _ additional shim thickness is now. removed from under the ‘gengrator bearing the
, ' dc[leouon ‘will be divided appro)umately between engine and ri tor shafts. '

"The width betwoen crank webs bhould .now bhow 0.025 mh}' more with crank on
.bottom centre than on top and thits’ is ta.ken as being a bdtlbfd ory settmg

‘. Bolt the generator bearing permanently into place and migke a final gage check |
- - on the crank webs. s co T o t- : :
. 1 ‘ With the englne a.n_d genei‘ator bearings lined up, in this way the machine should .
' n freely by hand B i g, ,
[ + I3 , X ' /
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Fig. 14 gives another illustration of a typical fzihgue crack due to mlsallgn~ c
ment and he localigi\ of the dial gage used to check the crank web meaburement

A -

N ) X . : )

| Turbine Foundations - _ \

The foundatlon blocks for small mechanical drive tqrbmes used [or
driving individual fans, pumps, etc. where the turbine is set on a small bedplate:
carrying the whole machine, will be constructed in a similar manner to that
described for the reciprocating engme and the bedplate levelled and grouted in
the same, way.

A

T

Foundation blocks for the larger, central station type of turbo-alternator
sets are much more complicated structures. In this case the condenser for the

. turbine is underslung so as to enable the exhaust from the turbine to enter
directly into the top of the condenser; this méthod obviates exhaust steam
pipework between turbine and congenser and th\é\losses due to pipe friction, etc. .
It means, however, that the foundation block mua{ be high enough to accommodate
the condenser so that this block becomes a large h(l\nforoed concrete structure.

Fig. 15 gives an example of.a foundation block.nf this kind.

Separdte blocks are poured for the alternator and the turbine foundations
and then heavy steel girders laid across to,bridge the two gt the turbine floor
level. The condenser is supported on stools under the exha st end of the turbine. *-
Spaces are left in the alternator block for the air cooler or the hydrogen eooling. ‘
equipment and the turbine block for the steam pipework.

) ~ The centre linc of the machine is established and holesdrilled in the
foundation steelwork to take the holding-down bolts. From the centre line the
positions of the packing pieces which are to eventually support the machine from
- the steelwork are measured off, and the steelwork at these various positions is
' faced up in order that the packing pieces when fitted, will bed down squarely.
Ay
" Fig. 16 shows the appearance of a found,mon block for an Allls*ChalW
- close coupled, cross-compound 300 MW machine wnth the sub-sole plates (or . '
pac kmg pieces) in place. , , _ Lo

0
s

. Thé bedplate is then set down approximately in its correct position and

thg turbine cylinder bottom half casing set down on the bedplate. The cylinder %
is levelled longitudinally and transversely using a long straight edge and o
accurate spirit level., This is done by raising or lowering the bedplate by means i
of steel wedges and ad;uating the thickness of the packing pieces until the turbine ]

.18 dead level. .
R | . : ,

" " Fig. .17 shows the arrangement. - ' ' ‘ ’
| |
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Lining ap a Turbine . Ve

.

The turbine mass will be supported by ‘the cylinder feet resting on'the bedplate
and where there is more than one cylmdu each must be lined up w1th the next o
that the tux;bm(, shafts will match up at the couplings. o . _

lur‘bo~machincry of the sizes. uScd in central goncmting station work are, as
4 rule, erccted at the, maker's WOI‘kb at time of construction. During this u‘cction,
proeess the bearings are bedded into their housings and to the shaft journal so that
cach turbine spindle is satisfactorily housed in its respective cylinder.- There
remains the task o lining up all cylinders of the machine in place.

Wire lLine Method - o ' - o AN
The wire ling mcth(xl is generally used to chéck the ullgnment of bedrmg Lot
carrying shafts which are to be coupled together. In this methogl the:, shafts’ are™
difted out and a stecl wire stretched throughout the machine along the bunng
centre lines. The free ends pf the wire are carried over a pin or pullov at’ éach :

~end of the m‘lchme and loadcd with a fairly heavy mdbb. S NN

The wire is accurately centred in each of the end bcanngb and- fixed in that
position. 7Fhe intermediate bearings are thcn adjusted so that measurem eits taken
to the wire with pin and feeler gages bhOW thdt thesx, bednng dl‘(‘ colinear with the
end bearings. ERRREE o

When doing this, due allowance must be mdde for the btlg i’ thc wn*c, 1f piano
wire is used, loaded with a good mass ('lbout 15 - 20 kg) and led over a pylley so

.as to reduce friction of movement to 4 mipimum, the sag in the wire. will Be. about

0125 mm for a span of 3 m. This incredses mpldly with the length of span how-
evu‘, and at 9 m may be as much as "1 mm. v

t

P

This method is illustratcd in Fig. 18. .
. N . . . , .

When a turbine shaft lies in its bearings it takes up a slight curvature due to

its own mass. If two such shafts had their bearings in lin¢ and in the same hori-

zontal plane {(as would be achieved by an ahgnmcnt method such as Qhe wire line)

their u)uplmg faces would not be exactly parallol

K
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OF ALIGNING BEARINGS AND GLAND BORES '
| Fig._18 l
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. Fig. 19 gives a sketch,of this condition and the steps taken to correct it. ‘
] . _ «(a) shows a turbine shaft and a generator shaft with all 'four bearings *
- in line. : ' ' 3 .
} ' (b) shows ﬂow the coupling between the shafts would appear under ‘
these conditions. Note that the doupling faces are open dt the top . |
(shown exaggerated for clarity). - ‘
(c) and (d) are two methods employed to enable the coupling faces to be .
lined up. The most-generally used method is that shown in (c) in, X
which the generator outer bearing only is raised up until the faces |
( : are parallel. The same condition can be achieved by lowering the -
* : two 1 (d).
‘wo nn(?rl\bearings. asshown in { )‘ ‘ PEL-3-10-21 - Cr
" . e
N . \
| ) | o
o - . | \ |
L, o N e ) T |



Béarlng No. 1 Bearing No.2 : Bearing No.3 - Bearing No.4
‘ : | " :

S T A e
T T

T

Horizontal,

,Eﬁg;_l_?

4f the coupling is to be of the rigid type, the'bqlts can now be tightened
up without causing a bending moment to be set up. If it is of a flexible nature
then this shaft sctting will cause the minimum amount of relative movement

between coupling faces as the shafts rotate. . ~

achine b@r-

Summarizing, the wire line method can be used to line up a’
y in large

' ¢, but should be followed up by coupling alignment, particular
e \ _ .

[}
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Lining up by Shatt Couplings -

Coupling measurements may be used as the main method of shaft alignment
in some cases. Fig. 20 indicates the measurements that woukd be taken.

‘The case shown is of a solid coupling with the two shafts having couplings of
the same diameter, Readings are taken as at Y using a straight edge laid across
the coupling faces and as at X with wedge or feelers between the faces..

‘The reaflings are taken with the shafts rotated together through 3600 ‘at points |
1, 2,3, .and 4. ‘o - < S..\

‘ .\

The X readings will show whether the axes of the Shafts\:u'o set at an angle to

one another and the Y readings whether the shafts are displaced in the veptical or
hyrizontal planes.’ ' ' ' L
. "

kg, 21(a) shows the appearance ol"thv Y rL_-:i(lings at No. 1 and 3 positions,
with shaft axes pavallel but displaced vertically. - '

‘ The above measurements are based on the assumption that the goupling on
cach shaff is set true on its own shaft. Il & coupling should be out ol true the X
readings fvould show as indicated on Fig. 21(b).

When applying this method to the alignnient of the relatively long shafts em-
ployed in tarbine construction, dug allowance must be made for the curvature
of the shaft due to its own weight.,  When the bearings are exacetly in line the
coupling faces will be open at the top as mentioned previously. .

‘I'he amount of this opening will viry with the shaft wmass and length, héing
0.025 to 0.05 mm on a small turbine, up to 0.6 to 0.75 mm on-a large machine.
Compensation is then made by adjustment of bearing heiphts as mentioned on
Page 21. . :

When some form of l'lvhble coupling is used, g,hc coupling alignment proce-
dyre will be more complicated, The turbine manulacturers will generally design
and supply special equipment for use in lining up these shafts,  T'ig, 22 (a) and
22 (b) shows shaft alignment gages for use on shafts fitted with flexible couplings.
Heae a test bar is clamped to one side of the coupling, and the shafts arc rotated
topether through four quarter turns exactly as fov the solid cguplings. X and Y '
readings are taken as indicated ind are interpreted.in the sz:s' manner as for .
solid couplings. : ' "

In some cases the manufacturer will supply a shaft alignment gage as in ! |
ig. 23 in.whigh case the turbine shafts or bearing journals are used as the
reference points. The gage is wide enough in spread to bridge over the flexible

|
. _ |
coupling and lopg enough in each leg to allow feeler gage readings to be takén on. »
vither shaft to khow any slope on that shaft. The cdges of the two legs arc
machined true and in line.’ . '’
’ : ’ ! R )
B o P11 -3-10-23 o ‘
A . ' ' . ’
: ‘ . ) ] " ‘
|
|
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(' If the gage is appliod to the top of the Bhd.fts a8 in the diagmm (Fig. 23)
and the gage and shaft are in contact with each other over the whole length of
' - each siﬂo then the shaft.alignment (in ‘the vertical plane) is correct.

- —
N
. .

T " Similarly, thé horizontal alignment can be checked by laying the gage on,
- the horizontal joint of the machine and checking th\shafts in this posmon. ; ’

-

Note, that it is not necessary to rotate the shafts for these ch;:ckb. TN e

If the gag(, is held in contact with one of the two shafts in the’ vertical
~ position and shows a gap of say 0.5 mm evenly along the length of the face -
over the other shaft, then that shaft is parallel but set 0.5 mm too low. - , o

*. Under the same conditions, if the gap under the gage at the gecond shaft
measures say 0.75 mm at one end and 0.8 mm at the other, it indicates that
the second shaft is low and also that the shafts are not pamllel

Completion of Machine Erection

. - With the turbine foundations laid, the bedplate levelled, the shafts in
\ : : place and lined up, the condenser would then be set in place and bolted to
§ L the turbine exhaust. (The procedure involved here has been mentioned in
\\ Lecture 6, this Seet. on Condensers),  The turbine blading radial and
\ ( axial clearances and the labyrinth gland clearances would bg carefully
\ , - checked, the.thrust bearings set in place and the liners controlling the
turbine spjndle axial oil float fitted and checked, Then when all clearances
are satisfactory. the oylmdcr covers would be set in place and the steam.
pipework u)nm,cted up .

Guide columns are fitted to each corner of the bottom half casing and . N
‘marked with numbered rings, to assist in keeping the top half casing
absolutely level while lowering into placd A similar arrangement of guide

_ angle braclﬁets is used to assist in lifting the turbine spindles in or oyt of
b pla?e. )

' \
poo ‘Fig. 24 gives a diagram of the arrangement. The spindle guide brackets

| are numbered @and the cylinder cover guide columns @? The distance

| "' on the guide columns indicates the parallel portion. Above this position

Yi . the columns taper off to a reduced diameter.

/ . .
i ' . Fig. 25 shows the arrangemept of lifting gear used for a 60 Mw three
o cylinder C.A. Parsons machine. Note the specially constructed lifting beams
P P with correct sling lengths and balance weights so as to pick up turbine spindle
N Co or casings and keep them horizontal.

| ' o ' ' - . : ‘ PEL=3-10-25
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. ) : . ENDVlEWOFTURBINE WITH COVER LIFTED' B (
Fig. 24 24 : ,_ ‘P )

» r

Y Fitting of Alternator Rotot'\\j S .

: . The alternator stator wnll have been set upon its bcdplate and levelled u’ and
o #  the centres through the base checked during the time-of lining up with the wire line,
0 The rotor is then threaded into place from the exciter end. The engine room crane _
% ~ is used t pick up the rotor and a steel skid plate - shaped to the stator base - is
" " laid in place in the stator. The rotor is then threaded into the stator, and as far ag
"\ % the crane can handle it using successive lifts. Gften the outboard bearing and its
- - p('d(:st:ll afe hung on the rotor end-at this time in order to provide balancé weight.,

< I Fig. 26 gives a diagram of the arra,ngcmcnt "The whole operation must bg ‘ ‘ L
carried out with thv greatest of (,are to avoidgamage to the rotor or to the stator’ #
dores v ,

) l

o Note: When desngning the plant layout of th building, sufficient room must.. be allowed

S~ tos permit withdrawal of the alternatgr rotor. Similarly allowances must be made
to give space for the removal of alternator hydr('r;:an cooler sections (if fitted)
and for the withdrawal and replacement of condénser tubes, « . _

of o ’ . : l “ - } .
N . . W

- | | . | ) .
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.~ Arrangement for lifting o

¢ H-pturbine shaft .
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Note:  Dimensions from
CL of crane hook to CL
of slings is only approx.
and must be modified if"
necessary by trial lifting.
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Arrangement for lifting
I-p_turbine sha%

ARRANGEMENT OF LIFTING GEAR -
.Fig.25
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Arrangement for lifting
~ L-p cylinder.’
centre and exhaust covers
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Arrangement for lift\(ﬁg .
L-p_turbine shaft
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“wnumber of joints. -Joints and jointing materials shou~ld'be.standardised;

o o : .::‘.- - SAE “«29*

The folldwi'ng 'para‘graphs relate to power plant:glpewt)rk layouts;.,.. IR - ¥

The prinClples to be.followed in the installation of alt sections of the

.. pipework may be summarlscd as follows

1. 'I‘he layout chosen must ensure maximum reliability of the plant =~ = .
to be served . This may mean that certam sections must be completely DU
dupln(:ated , . , v

. a - , . | ., ' ,"'. '-"

2. It should be possiblesto carry out 1nspectlon and malntehance on .
any, sectxon of the plant without the need for complete shut down. - °

3 The pipes for the main steam feed water, and circulating water. - N I -
“.systems should be of suffncnent size to allow for future extensxons to the L
plant., .- | : _ S s

. ’ . ' i ‘r"; o - ¢ .. ', :

4. The routes chosen should be as direct and simple as possible. . -~ o

5. Valves and interconnecting pipes should be as few as possible, |
but bearing in mind the need for sectionalising for maintenance. Valves
should be groupt,d and pos1tloned to facilitate operﬁtlon oy ‘

an

6. Adeq_uate prOVl:_Slon must be made for drainage and for air release. -

7. Provision,must be made for expansion and contraction.
: ’ Vo

;8'.""l‘he pipes should be in the longest possible lengths to reduce the - \

9. Template pipes, or '"closers' should Be as few as possible to RN
reduce erection time. . - . ! B '
10.- Main supply piping should not be laid in trenches if’ tbis can be
~avoided. antenan(.e becomes dll‘ll(\ult and Jleaks et(" may go undetected.
11.QRarticular care must be taken to allow sufflment flexlblllty in the, ia
pipes conhecting up to fixed items of the plant, such as engines..cond_ensprs, 3
pumps etc. to prevent undue strains caused by éxpansion and contraction.’

~ Main Steam PipC‘ s o e i

The steam plpeW()rk layout is the one which is most dffficult to artange = .
satisfactorily since this i the one which will experience the greatest temper-
ature-changes. . Adequate allowance must be made for the consequent. xpansion :
and contraction. Steel pipework will expand approximdtely 25. mm for 1500C
rise in temperature per 30 m of pipe length o o

s ) L. : o . . .
) S, L o - /
oy . ’ ' ‘. 3 . . . .
" . [ . D .
'
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- pransion may be allowed for by arranging the pipe layout so thdt thc ‘ e (
oo e _wholc structure.is flexlblc or by the inclusion of expansion loops dr corru*- , '
.. gated bends. Thesia latter are often used in restricted areas and particularly '
7 where the stéqm plpe connects to a fixed item of the. plant such as the main -

steam tur bme - '

Piping can withstand greater strains when at low temperature than when
at high temperature; advantage g¢an be taken of this fact by using a system of
"cold . Sprmgmg" In this arrangement the expected expansion in a run of

.+ piping is calculated, the piping is shortened by about 75% of this flgure and
- then str etched when being put into place cold. &

‘ The cold stress then remdms constant but the hot stresses will reduce *
w1th 1isc in temperature :

x I

S This extra stress due to cold springing must be taken into account
when calculating the required thickness of piping for the steam mains.

A ;. -."- : o . - . - . . .o, ) TR
v .. COMMISSIONING ‘
; o ~ The following are some remarks upon the procedure of starting up a new
“# plant after installation. A thermal power plant consisting of boiler, or boilers, -~
v turbo-alternators together with the auxiliary equipment, is taken as a repres- .
_ entative example.
o A'uxiliar,y §crvices ' ' : (
o <9 . “r e .

1t is to b,e’expccted that the plant services - air, water and electricity -
" would be installed during the completion of the buildings and would be completed
and; available heYore the major items of the plant. The cooling water supplies to
- 'main condensé,rs lubricating oil coolers, transformer oil coolers, etc. should
e be checked as completed. Similarly the station compressed air system. and the
' © " auxiliary eectrical supply system should be checked, tgsted for air leakage or '
v . for electrlca,l ground faults, and put into service on completxon 4

.. This wlll allow the auxili y plant items to be tcsted as soon as their
Jrtstallation is complete, e.g. al motors tested for correct rotation,. boiler ~
‘fans, circulating water pumps ash crushers, coal feeders, motonsea valves,

.ete. tr md outyandirun qufflucntly to indicate satisfactory, performance before ,

bung put mto servu,e

Boxlerq . - _ - K
u
' ’I‘he boilers are always the first major-item of plant to be required for use.
. 'The fuel supply system must be completed and tested, coal feeders run, bunkers
;" filled, pulverised|fuel mills run, air preheaters checked and all fans run. Mean-
- while the boilet itself will be examined aAd hydrostatically tested together with
.+ .., :its steam and feed lines. At this time the feed water treatment system sould be
" © tried out and if possible a reserve stock of treated water,’made ready -

0
. .t . . oo . , '
. 1." - . s ¢
. & AN
. . . \ . .
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" Turbines

vacuum, etc.

-.31 -

. \ .
The boiler must next be boiled out, followmg closely to a predetermined

programme of successive pressure raising, togotfwx with chemical treatment,

finally being emptied, washed out, and examined internally. Particular atten-

- tion must be paid to areas of slow circulation, mud drums, etc. and to drum

lntcrndls (See A.S. M, E. Cod(,, Section VII for det dllq )

team preqsure will next be r‘dlbed for floating .md setting of safety
valvc Tht6 must be done to the satisfaction of spection authorities
and records kept of the "simmer" lift and rescat pressures.  During this time

“hoiler water sampling and chemical feed systems should be tried out, and the

hoiler Lontrolb checked and operated.

El

When the turbine erection is complete the lubric ating oil“system will be

.fl“(‘d and oil circulated by the separately driven oil pumps. This will serve to
" test all pipework ete. for leakage and to flubh through the bearings. S

Many companies pm chase a flushing oil charge from the oil supplier for
this purpose, this churge being emptied and replaged with regular lubricating
oil after the first few hours of running. _ -

The turbine oil-operated governor and control system ‘should be tried out '
as far as possible at this time, checking hand and remote control of emergency stop
villves and the operation of all protective devices suo}x as low ofl pressure, low

L]

Before steam is supplied to the turbines for the first time, it is very
necessary to take the precaution of making a careful examination of the steam
supply pipes, for forengn matter left,during erection, such as welding rods,
slag, scale, scrap metal and even tools. IA many cases the steam line is
diverted temporarily at some convenient point in its run, and blown through to
atmosphere with low pressure steam,

The standard steam strainer at the turbine stop valve should be replaced
with a fine mesh strainer and examined perlodlcally during the turbjne commis-
sioning perlod

Insulation (or lagging) is dppllcd to the ‘bine cylinder casings and in the
casc of high pressure and temperature machinagthis consists of a considerable -
thickness of plastic ghaterial which must be dr i§ out by heat after application.
The heat is obtained by supplying low.pressure and temperature steam to the
machine, meanwhile rotating the spindle with the machine barring-gear.

;' This is the first occasion of steam supply to the turbine.
Abfut this time all of the turbine auxiliaries will be checked out. The feed

heaters will be pressure tested and their body relief valves and feed water by-
pass vaIVes tested ", _ _ ) . K

o K O C PE1-83-10-31




“should be paid to t manufacturer's instructions for running up and loading,

- 32 - ,‘ (I o
\ &- w?
The .condenser must be tested for tube leakage by flllmg in the steam side (
(See Lecture 7, Page 18) and the vacuum raising equipment testdd. Incidentally
- it is good p()llcy to allow sdme time for this latter operation if a cmmissioning
time-table or programme i bqlng drawn up; the fir qt attempt at ra ‘mg vacuum

-

is seldom entirely successful. -
.
. When all this has been satisfactorily ('oncluded the turbine may\?e .

given a short run up to full speed and on no load.

"The main and auxiliary steam pl[‘ework should then be éxamined f\r
leakage and the operation of all pipe hangers and expansion devices checkedq‘

The turbine overspeed trips should be tested during this run. All drafh{s
should be left open during this time and (in the case of rcaotldn machines) the Y
turbine blade clearances set to maximum. Some m: muhcturcrs {it orifice
plates in the turbine cylinder drains at this. stage and leave these drains open

'throug*hout -all of these test runs, including the Tirst runs on l‘gad Y 9
a i ,
_ ' AT
Alternators .y S

The main alternators, in'common with all of the electrical machinery in -
the plant, will undergo an insulation test. It is usual to dry out the alternator .
before putting it into service. This is done by Tunping it with the main leads
short circuited either at full speed or at reduced speed but .in any case. with
only sufficient excitation to give d safe stator curre The insulation resistance (

-should be measured at frequent intervals during this drying-out run, It will be

found that the insulation resistance will fall rapidly at the start of the run due to

the increase in winding temperatures until it reaches a fhinimum and then slowly

increase again as the moisture is driven off. - B

The wmdlngs bhould be well ventil: ltcd the whole tlmc. and the run (ontinucd

500 volt hand driven megger .is the best instrument to use for measurement of the

.until a satisfactory, steady reading is reached. During the early part of thciun a e

" insulation resistance, since the minimum reading may go as low as 1 megohnt

At the end of the run the reading will be 100 megohms or more, and herc a 2500
v‘»lt motor dr iyen megger is usually used, running the megger for S(,vu"ll minutes
before taking oach insulation rcc;lstanu, reading. :

L

Checks should be carried out on the afternator clec”i al protective system.

°

at this time ;mdfoverwwltagb tests earried outsif these are required.
o ‘ .
Finally the alternator is phaS(,d out’and the phase rotation checkcd pr?par~

\ : o

atory to being bynchromsod onto the bus- bur sybt(,m,“ - , , ‘

|

*The w'hole tis now. ready tobe run on load and v very careful attention

partlcularly to the rec‘ommended rate of loading up .

4

., ‘ . .i‘ . - . . ) . ) n.
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A ! Performance Tests Vo

Tests should be carried out oﬁll major items of the plant fairly soon

-

after commissioning with two purposes 4n mind. First to prove that the plant

performance is up to guarantee, and second to provide a set of test figures which

can be used as a basis of comparison for later performance checks. This is 'best
d‘ ) .

carried out while all he;it transfer sur;faces are still relatively clean and the
physical C()nd’igi()n- of weariﬁg pa';ts is close t(hféw. |
' - Tests sho‘u}‘d be run in accordancf with A.S.M.E. or o‘th‘er é;;piicable
“test codes and wri}ten up m d‘ form wh‘i,;:h allows direct COmpariSon.with'thc
~ gugranteed or Spégified performance figures ~ : o ' Yo
A.5.M.E. power test codes are available for dlmost all equipment to be

~

tested in a power station. These codes outline items needed for calculation of

[4 " Y]

‘
1

( equipment performance and give the precautions to be observed jn preparing,
] :
making, calculating and reporting the tests. Copies of these té_g;t' codes and the
’ ‘ forms for reporting tests are available from the American Society of Mechanical

Engineers, 29 West 39th Street, New York 18, N.Y.

B

' The tests should be run at the guarantcvd load conditions together with a

s + series of'foads ohose'n to give the purchaser a guide to the characteristics of the
‘ PR . : . . e
- machines at part loading. ) )

It is advantagcous to have these performance tests carried out by some
person-or orgamzdtmn cl(‘(,(‘ptclbl() to both bupplw and purchaser in case any itém
L] .
ff of the- plant does not meet bp(,(,lflCdtlor\ and some. pcnalt clause in the’ (ontract hns

‘ @ . .
' . to be invoked. : : l

Y [}

vy
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. The following diagrams give some illustrations of power plant construction: o ' (
A . . - \ ‘ * ‘
. P ’ N [

Figs. 27 and 28 are extracts from General Electric publications giving

~

outline sizes and masses for 15 MW and 30 MW stehm driven turbo-alternators.
9 .

Note that removal dimensions are included for alternator rotors and alternator

- © stator coolers. - ' :
' o o - .,

- - - - e sty

. ’ ’ Fig. 29 is a cross-sectional view of the Riverside Station Consolidated Powery

: B
’ v ~

Co., Baltimore, Showinp, one 230 000 kg per hour steam generator per giO MW

turbine, 5860 kPa, 480°C steam conditions at the turbine stop valve.- Here the
‘boilers are suspended from steelwork which forms the basis of the station building.

“The completed nature of the turho—-‘&tcrn:ltor foundation block can also b# seen.

1

Fig. 30 shows a cross-scction through a gas turbine clectricity generating .

. e Yy . . /.
plant of A.E.l. manufacture. Thefgas turbineds a simple cycle, non-regencrating (
. . -

. single shaft machine rated at 6.5 MW. Approximate size of the turbine room is
] P . ’
2lmby7.5m.
i1
_ _»
v N .
- L]
P L4
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Tow
A g

S ( POWER ENGINEERING ./~ 007 o0 " Sect. ‘3, Lect. 10

" - 4. Piano ,w.i\re issometimes used in lining up turbjpe bearings and
- -engine cylinders; explain how you would line up a piece of mach-

- 5. (a) Whé,t- .isf:thé objec

’ (b). 7

o -t
Vs

e

)

L. Assuriing a site has been decided. upon for a 100 MW power

- plant, «explain’ fully/one method-of determining the. load-bearing.. ..

TR
e .o

_* properties-of \-thg,"','s'oi,l',«\_":.,:;;- E
2. 'Hav'irig“determ’ixiéa‘"‘tt;e load which can be carried by the goil at -

ould'be. necessary.

the abovﬂlaht stfe, discuss the foundation arrangement which - = . SR

-you thjn

. 3 ()" If the.iéﬁﬁaaiion of a packa'ge' type, -g’eared 'turbd—'generzftor

unit; was to settle'at one end during operation, what faults o
would you expect to develop in the unit? T
(b). Explain the: step-by-step procedure of installing a small "~
. reciprocating engine and generator. Specify the quality of
' the copgretesithat should be uge’d.' o co Lo .,

T
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inery with thii& ‘mé

> thod. Make a sketch showing how the wire is
S_upport'ed'.l“ o o « - _
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(b) Sketch 4a.section of a crankshaft and show 'what. type of crack

" may.develop., - o . _
L . }‘ l-..-‘.. ” R ) ) o . .
6. (a) Describe an'accurate method of lining'up an_engine and single

-

~ bearing generator. . : : s )
(b) What allowance would you make for crankshaft deflection due
" to its,own weight? T SR o N
1. (a)” Shaft alignment s also attained _by-lining_hp"the shaft couplings. o
o " Show with sketches tkis method of measuring for alignment and B

“explain fully how this is dope.

(b) Sketch a shaft'alignment gage (bridge gage) and exg}ain how you
"~ :would use it to line‘up-a shaft, T

)
v

8. Describe the procodux_"e involved in the installation of a large alter-
nator rotor within the alternator-stator. Illustrate your answer with

.. sketches,

9, (aff What consillerhtions should be given to the pipework layout in a '
' powerplamt? | - o

Give three methos of allowing for expansion in stedm piping and

.. give the advantages of "cold springing'” over the other methods.

"10, (a) " Explain briefly how you would start up a new thermal power plant
S congisting of Hoilers, turbo-alternators and &uxiliary equipment.
~(b) Why is it impdrtant to wkw'p.immediately"mé plant is in.
‘commissfon? , .- A T
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t of 'checkiﬁg alignment 6{_'8 crankshaft? | o
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