
~ ,)}~ ,)~, ~I )..1..0),) 0,y:5J1 0'=: , .: 1(conductor) IS,)Lb~ )::.4cJ,y:5J1.:...Sr ~rS:JI 0~.r:- dS ~b I.S"

..:0"':'~ 01 0l.o::>-L..., ~I ::.), ).:0IS' ~ ~ ..:: ,1.::--

jl dS ..)j.:o~ I.S";SJ A ~ d..l..o ~ ~4 1.S"').:oI) ~ 0~ i..f'1,>-dS .: 1~ ~ ~j=;-,y..~~ ~I dS ~b I.S"

. . 1 -I ~I - - . ~ .:0.b..: ;.;b..\>.:o 'b dS _L..:~ , ~t...c...:.b.:o ..)jl- . -('--<, -1~ ) p-' Y P--::-! UT) U ~ - , ~ I.S" )r-" I..S" - . ~, ,.. ~ ~,.. p-'

~ ~ ) ~I ~ )~ ..:...;.b.)JblyuI) 4,1 ~U""'>- J :o .:0"':' ~ ~I }'1 , (~I ~j}1 jlClr) ..ci~

, ~ ...;Iybl )::. ..>A.:o I.S" ~ I) ~ ~ ~I 0j, :,.:0,y..1.:o1..u;~ , .: 10';" , 0';'~ 1S,b-dSo~ ~

? 0';" , o::'J!~ )4 1S1),) 4cJ,;,~, ...;w.')4 ISI),) 4cJ,y:S:J1~y:S:J1 p ) , ..)jl .:...Sr ).:0 4cJ,y:S:J1 dl)..I..o IS,)

~ ..?:)I.>-)..1..0jl ~4 4cJ,rs:n ~4. 0~.r:- Jy. 'IS.:oLb~ ~ ~ j::' }'1 r-~ ~ dS ~~ I.S"~ i),5 ,y..ly.~ ..: 1

free) ..)j,) cs" ~.:o ~I ~ ~I ~ jl dS ~4cJ,y:S:J1 ~ .~~ I.S" 6..41::.1~ y.:-' ,y..1 , .:0),~::. ~I ..?:)I.>-)..1..0~ ~I

~L...I ~ ,)1, ,jJ..'~I .~ IS.:oLb, .l.:JII::'I.S")~ .:0,>-jl ..s.'>-~ I) Jy. .:.Ijli ..).;.it.....41 ~ ..J.:..J..,fI.S"(electron

,),y..I) ..)j)b ~ )~ ';Ijl 0,;:.5J' ~k .:01, dS ~b- ).:0..)j).:o~1,1} ~ .:olj\0,y:5J1,..)j~ I.S"~ o.:ob.: :o)0,;:.5J1

0,;:.5J1 ~1 }'I ..J.:..J..,f(ion) 0~ 01 ~ .:0~ 4. o.:ob ':""".:0 ) 0,y:S:J1~I ~ }'1 .~4 ~;:.5J1 IS::.Lb..).;.il,;~

..J.:..J..,f ~ 0~ 01 ~ .)Jb~ .: ::.jl 0,y:SJ1~1 }', , ...;w. 0~ 01 ~ .:0~

ASSUMEDAmi OF FREEELECTRONS

Direction of Current Flow

o~ b~ .: 1.:o~j0,;:.5J1dS ISI.uw jl Jy. 0~.r:- )..1..0~ )::.~4 u-? .: ~,y:5J1 .::..Sr Jy. 0~.r:- dS ~ 0~

::.)::.~ 0,;:.5J' dS ~ yb , ...;w..:0)::'.:o~j0,y:SJ1dS~ yb .: 1~ , ~ W .:...Sr .: 1~ 0,;:.5J1dS~ yb ~ ,

..: \ ~ "-!...;w.jl .: I..., ;AdS~1 ...;)\.>y. ~', )::.J..ri0~.r:-u-? ,),..:.I.S"~~ ~

Static Electrecity & the Airplane
&, .~}' I.S".rz.U;cI.!.r:-.:.)~ ~ ~ .:.)~ )::.dS ::.,..:.I.S".:o~1~L... ~y:.SJ1 JJL. }I )::.~b I.S"~)~~

Jr. 01 d..i~)::.~.r' , ,:)~j~ ~ ~,; 4 ~ ~1~ ..:: ,1~ ~ ) ~ 0:::" j , Lb..ril~ (lightning) Jy. , ~)

, ~ ~ (sharp edges) X; .blii').:o4cJ,~1 dS .>A,:)I.S"0~ ~~..:o)::. ~ ~ J:..o dS .:o"':'1.S".:o~1 JL...
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o~ ;))~) static chage wick ~,~ ~I) )) ~);) ~ 0!1 ~ S-oS L5Iy. 5 J.J"':' IS'" ~ ,~ ~ L~')">':; ~

bonding ~ 1) 4/1 ;),..::..;;)~, gap ~I~ ~~ .blii 5 lJb0\5:...,~ ~, j' 0l:..::-o.blL5Iy.5 ;););f IS'" ~ <d'L... ~)!

L5Y.5l5 <5~.)') L5~l5::..,.) ).) ~I~ .c..,~. ~ ~L..) ~-i ~ 4/i ~ ~ ~ &5 )115~Lo.; IS'"J.a;...o ~ ~ strip

.~~ ~I 0.003 L;0.001 ~~ la»,; 0!1 ..::o5lA..o0.)""';-UbI,> J>L..>I 5 ~»)~. .)~_I ~I~

~ L5Ub),.,.., .)~5 ~ 5 0l.:d-!.j.::.&y-', ~ .::..k~ ~ ~~¥. JI 0~ J)j-! ~ L5lJ:,~I~ .)5)5 ~

j' ..:: 10'>":;'develop ...P~ static discharger ~, L5')"!,) 0!' jI ..:..9~L5~ 0'>":;' ~I~ JL.. 0Y. ~

L5~ -:..>,... nozzle jI.)~j .::.&y-' ~ fuel )~ ...P~ ..)~ J3k ~~ ~I~ L5~'j-' ).) ...P~ .:)""L..~y. ~I

jll:i J.J"':'ground ~j 5 ~ ~ ~ ~~ ~ nozzle, .;:;t.; 5 ~1~ ,) 0!t jI , ~ IS'".)~_I 0;)~.j j)L l~)!

~l5';)5) ).) ~I~ J'~,. .uh.:..o~~ ~ 1.55)).) ..),.:. L5d ~ .);).1 L5j, ~, ~ y:r.:...oJ.JI,. IS'".u ~ r:- t~5

';)":'IS'" ~ ground L5Ub~ JL:.;ILSI)"! L5.))I~ L5Ub<tAb-(ramp)

Installation of Static Discharger

The Electric Current

~;:5J1 L5.)lJb.)1,...jI 01 ~ .u J.olS").)..0~ ~~ 01 LSI)"!5 .:: ~'r~JI 0~~ c3'5 ).) ~y. ~ ~.~,blo.J:,

0~ ~l5::..,;) ~, ~ tU .c.::.b .)~, ~~ ...j')l:.>1).)..0y-' ,.) ~ o)~ , ':J~ .u .>..:;,~.c...::.b.)~5 .>..:;,~

.~ 1IS'".)~~ ~~. ...j')l:.>iJ.1 ),,'}) L.L5;kL

jI ~ ~ ~ );) ,-:,'~ .1' .u ;),..,.;~ ~ ~ J..::i:..o ~ 5.) ~ ,-:,' }~.j ..j')l:.>1~ 0'" IS'" I) ~L. ..j)l;..>I

,.) 0' ~ ~;f', .))b~.) ~.:...o ~ flow ~ ~l.o.J,-:,1.))b oy.::>~.),>).)~ ~~. L5)}'0":;-..>...::.~L5~..)

..j)l:.>I) ~ 5.)~ )L:...9...j)l:.>1~..., L:.o.u,J );) ,-:,'~Lo.; j.o, I) ~;:5J' ).)..0~ 6.5:;01~ .:: );) ~ j~ !)

~ 0!' ~ ~ L5Iy., .)bl -UbI,>0~..r ~<-1-;L

I
I

~- - ,~~:",:=~;.~:::::. .,.. _u_:_ ... .-

:;~::~~.~~~~-- =:~
I '--- -.~ -:_~~ - _..:,:j. . . .~

,- _ J.---
to.- -
i.\..

Difference 01 pre sure. .

Jjl: , jl ~ 1"4~ ~ 4r:--Y.1.5,) ).) ,-:,',0r>~ ~Lo

~ ).) ~,;:5J1 .::..Sr ~4 tU <55~.~.);t ;.bL> "-~;)

electromotive ~;:5J'.u ~ .s,~ ;).);f IS'" 0o)t~

).) pressure 4 .u .),..:. IS'" o~lj EM'" L f()n:~
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Resistance

.: 1(ohm) ~I ~) ~I, , ~l; ~;:s:J1 .slS:b.:.10'~ IS" I) ~ IS"j,y. 04.~ )~ ~lA." )~ lS~llb~ as ~,lA."

~I )l:.:>L ~ ~ ..:..o,lA.".:.r..1as .: 1~ , .: 1o~ lS)Aol; George Ohm ~WI ~b rly..>1~ as

0~1 ~~ ..::..k~ ')tb , o~ .>1o~tA:: I ~, ,~,J1 ,)1.6 'I..Y""'"'O~ :;I ..>..:j)l.:-c-dy. 04.~ lS4r-~llb.:.r..~ ~)~ lS~llb

~, ..: \ ; ~ 27 ~I 0'>' 4 r~,J1 .>164~I 0'>' 4 I..Y""'"..: 1~4..>)~ p; 0~j, ~1 ~ ~ .r-.~

lSlA.~ jI .: 1~ ~4 ~,J1 )~ 0j, .ili o lS~)"" 4. lS~)"")~ .11 ..: 1.;-os. ~1.r>~ 01 ~~I ..:..o,lA."

0)1, ~ ~I )~ .~)~ ~~ , ~~ ~y.)S llb~ )~ I..Y""'"jl 0~\.A;...,,1~ }:ujI ~, ~W 0~\.A;...,,11S"~,J1

u-" lSly..: 1~I O.OOlchA-o~ ,foot ~ J,.b ~ ~ yIb jI ~ ..:..o,lA.":;I ..:.)l.:-c-01 , o~) resistivity

(~h04.~ ..:.~ (~,) 04.~ )L::.J, (~I) ..:..o,lA."~ ).l.o~ )~ ..: 1~119.3 ~,JllSly. , 10.4 )..Ik .:.r..1

..: 1)} y. ~10,;l! ~ r, "" .r-.j~I)

,~ ~ .s)~ lSly..: 1~lA." ~l! fuel flow 4(Intensity) 04.~ ..:.~ ~,> , ':"""'1.J:7"'104.~ ..:.~ ~I, :Hint

~18 .J,J)~flow as .: 1~ x.S IS" )~ ,~.fb jl 100psi)W 4,-:-,1 as ~.r.f IS"}:u).:.I)~18 ,4 ,-:-,1.J,J

~, ~ 1S")15"..:.J,220 dfl 4 ,.:. .fb ~ ~lA." I) ";~L:J ~L, ,~ .11Jy:..o).:...: 1~I 4 .J,Jy.ly.,~

'-I..:> .~ ~.>..J.b '.' 1. . ,. . .:.\.,. ~ ("I_~ ..:. ~ ..::..k ~ '. W . "L, as.: 1 _ L.~.l""" u::;-- ., . <..S'"~.)'!;'" ~ ~ ~y.' .) ~) . f.S'r-'. u-::-> ~

o}.::.I ..s.:>tA, ~ ..:..0 ,lA." ~ ~ 1).:>as .: ~ , x.S ~I) 04.~ )~ ~lA." ).:. lS:r-s ..:..0,lA."t; .: 1; .::...A.IS01 lSllb

.fb, ~ ..:..o,lA."~4; ~'1,b ~ ~ yIb~ ..:.).:. U"~ ~ ~ yk94, ~ ~ ~ J,.b 4 as ~

'-.Sly.,.:.).:.~ ~ ~ ~ 01, ~ J3~ ~W p; ~ ~ jI ~I ~...: I.;-os J:-o,lA." ~4;.::...A.IS ~

..: 1;:-os ~ jI 0~
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8HM.S LAW
CURRENT = ELECTReM8TlVE FeACE

RESISTANCE

1= E
A.MPERES =- VeLTS

PI OHMS

RESISTANCE
ELECTReMOTIVE FORCE==

CURRENT

E V0LTSR-=- 0H M S -
I AMPERES

ELECTA0MOTIVE FORCE ==
CURRENT X RESISTANCE

E=I A veL TS a;.. AMPERES X GHMS

.-



Electric Circuits

...\i":' ~ .:..9~.b.I;.;;..., ~la..:.,jl)r,$jl'Y', (Jlf-o) ~r' tY ~ 4..! ~ J,k 4..! ~~I ~I}~

)~ d$ .:-..1 ~ .~~ ~ ~,::..oloads ~ ~,lA.. 01 )~ d$ ~Y ~ ~}.l.o~ : Series Circuits .a

:~,lA.. ~ 4 .:-..1y.1.r.JS"~,lA.o ~)..\.o ~ ~

J'b 0~ft ~~ .)..>..0JS" 0~ft ~~ .)I~JS" .: ,lA.o~ .: 1":,,,lb. .:-..I.:-..~ )~ .r-.j tSr )..>..0:~

~~,lA.o jl ~ J'b )~ jl:J, ..:.JI .~,lA.o jl ~

10ohm.

3C)ohm.

E .=12 volts
Rt= R1+R2+R3= 60 ohms
1= E = 12vo[ts =.2 amps.
\ Rt 60 ohms
E1 = IR1= 11 2 x 10 =2
E2= IR2=.2 x 20 = 4
E3= 1R3=.2 x30 =6
E = E1+ E~+E; = 12

R2 .

Parallel Circuits .b

It =11 +12 +13 +...+In

d$ lA.<\.it:»~ ~ ..:-..1 ;:,~ jl:J, .:..91~ ~}~ ~ , jl:J, tSjl,...ul}..\.o)~ d$ ~~ ~ ~ ~ ~L..~

220 ~4 ~ ~') I) ~~~ }..>..oJ'b )~ ./1 , .:-..1 220 jl;.1, }..>..o J'b )~ ~,.:. ~ r~1 tSjl,... lA.~ ~

.~~./ ~ jl;.1, ..:.JI .:..1,

YJS"1':""1Y~ ":,,l > I) 01 JS" ~,lA.o .:-..1 .:-..~ )0:..r-.j ~jl,... )..\.0 :.u:-o

y~=y~+ y~ =~+~=%=>~=2ohm

R2It =%;1~ =6amp
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:~~

.~ I.S"')~ ,)),) <s.f-oS..: ,lA...od.S<s1.G-~ jI ~ 04~ <sjI,...)-M),) a
.,)~ I.S'"~ J5"y;-..ol~ ,)~ I.S'",)4; J5" ..: ,lA...o0~ ,)~ open ..: ,lA...o~ }'I <sjI,...)-M ),) .b

.,)~ I.S'",)4; J5" y;-..ol~ o~ ~ J5" ..: ,lA...o,)~ <\.SLoI)-M "-!.G-~ ~ }'I <s),... )-M ~ ),) .C

Series - Parallel Circuits. .C

<sly..,)b ~I';' ..: ~ I) ~ ~~ ~; Jl: J.> , ..: 1(~~I.,~I,: ) <Sr <sUI.)-M;I d j .b.t3t...)-M ~

.~L...;~~ lY''YSr ~~~ "-!)I-M~I ~b.o ~~ ..5)~

f"'~?-.

l-. ~ . ;\. .{\[

l
~ . ~;. \.)

W,;, I..r-''.."

SERIEPARALLEL .

~
I

t!I!lt m J

~ ),) jl:J, -:.jl , La,..: ,lA...ojI ~~ ;I <S)~ y;-..oi')-M J5" y;-..oi')-M J5" ..: ,lA...o...: 1,)~,... ~~ .b.t3t...)-M :~

~4~ ..s...s ~y:SJ1 ~ ~ ..: ),) ~ "-! ~La, )-M ~ ~I, ..5),) d.S ~L...; ~~ .~ ,,:-,L> I) ..: ,lA...o

R..

Current: flol»(ampJ
I=32-
~= 0.7S
I3= 2.25
I4= 0.5
Is= 0.25

Resist:ance

Variable Resistor

.~y.;S }) o,)l.Q: ,\ ,)),...potentiometer (voltage divider) 4rheostat ~)~ "-! )-M ),) ..: 1~ y::-i::.o..: ,lA...o

.~ I.S'"~ jl-M 04~ 4 , ~,) <.S" l... "-! I) ~ <s4-i4~ ,)~ o,)l.Q:,Il: ,~,) 01~ "-!}'I a

.~,) I.S'"l... ~ I) ~ <SUl.jL:J,,)~ o,)li: 1potentiometer 01~ "-!}'I .b

4-5
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RHEOHA T

T

Rheostat Circuit.

f\

'1

T

PotentiometerCircuit.

Open Circu.it

.~.Y open circuit .:.Jl:>0!~ , J...::,.lP>1y.cW 0~~ .)~ .)~I ~ ).l.o jl1.51~ ).) y..~ &-b }'I

: Hint

SWITCH

BREAK

LOAD

y-:;.-o ~, j~open circuit) ).l.o).)~ ~L,) 1.51y..,

;10~1 ~L) , .), ::.~ 0.)Li::,1(ohmmeter)

.~y continuity check I) ).l.o ~. J5" ).) J~I

.), ::.short ..: o,lA.o~ ~. ~ }'11.5r ).l.o ~.).) .r

.)~j (I) 0~~ ..::.,J...::,~. ->...:::..lP>1y. .)~j ).l.o 0~.~

.->...:::..lP>1y. ~ ).l.o J5" .:: o,lA.o0R .)~ ~

Short Circuit

LOAD

0!1 ).) ->...:::.~~I.),j .)r--, ).l.o ).) load 4S .),j"':;' j.o, ~ .~ 1.5)~ lA>~ 4S ..:-.1 0!1 ).l.o ).) (d~l) short ;I )~

1.51y.,) 0!1jl .J...::,.lP>1y._1.5jJ-'J.:i1..;:.>, ~ ,:y..>,..,, overheating ~~ , 0.) yS )~ ).l.o jI LS.)L.j.r.-"1...:..)~

4S ~l:> ).) .)).) ~"u ~ <::~1 , oJ...::,'-:-',.)j~ 4S .}.;.;5~ ~ 01 ).) fuse ~circuit breaker ~ ).l.o -::.-.Wbu,

..)~ reset I) 01 01,; ~ , ..:: 1~'L,,;I CB

).l.o ~ 0J...::,cW l; ~ 1.5;1,..,JjL 0~ ...:..I).l.oLST~.)~ ~ 5 ~I~ ).) ~.) ~IT'- !oh: ~)~ Hint

,) 0!1 ;1 ..).)P ...:..I).l.o~ 0.)L.91)ts" ;I ~~

LSI).).)y. LSIy.~lL...,.) ~ ~ LJ ~),b~

)4 , ).l.o tY 4 ~l:.::." 01 ~):> , o.)~ ~Lfl~ CB

(CB) .~ ~I L.., cl; ...:-.1 0->"':::'~bwl .1):r-:- - ~).. . . u

A shortcircuit.

(power ~.h; ~ ~ ~.); ~ ~ ~ ~4

~ ~l;,s- JL:u1.)),..,~ lJ .)~ 0.)1,:,)) source)

..).)}'<::)l>01--4 ;1.}.jI~L)lL:,1



Kirchhofrs Laws

(Kirchhoff's Voltage Law) :J,1 w,;l3

(Kirchhoff's Current Law ) :p,~ w,;l3

<.S"),.) ~~) jI ~ ~4;~~ ~ 4.: 1 .Ar..)~ <.S"~.)j> ~~}.~ ~ ~4;~~ ~)..I..o jI ~;1b).)

..).)yf

Rs

17=11+16

B ~).) 16 = 13 + 14+ 12

C 4A;).) 12 = 13+ 14+ 15

Electric Power

W = E./=R./2

.~y <.S"ul,,4S ~ 1)ul, 1000 ;1b, )~ ..., ,1 ~ 4 .: 1y,1.}'!ul, 746 ;1b~ .).)yf <.S"yf~ t)tbl ~ jI

~~ ,,:-,l..:>I) ul, 500,..:..1, 220 ~'Y ~ ~b ~,~ :lJL.o
W=El ~ 500=2201 ~ 1=2.2'?amp

E=RI ~ 220=2.27 R ~R= 97Q

2x746 = 1492Watt =>W = El =>I = 1492+24 = 62.2amp

] = 1492 + 220 = 6.8amp

~I , .)~ 0'>'~lS" ~,... ~ .: 1 j~ .)),... ..sy;S.>1:.)~ ~ , o~ pS )~ o~.) .Y.-"I 4S .)~ <.S" .&::..)l..

..lJb') <.S"0G I) .:.1, 220 ~y, ~jA

~b ..: ,~ ~ x.S <.S")~ 01 .>1is)" ~.: 0~~ ~4 ~b ..s~ (p ~ W) 01,. ~ ~~.) ;1b- ~,;

..))b ..s.;-..s
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~

~1 1'"41 ~~1 d$ ly..j~L:...;" ~ ~~~1 rl; ~ I) o..l.!.~~I ,~ L:...;,,101~I;I , ~l:.M ~~ , ~ L ~

~ ~..l.!..:I~),k;w , ..:-.1~l:.i... ~l> <.SI}~J=i0=-"j ~ 0 ~ .6.: 1~~ ~~ ..J.:.S IS" y~ .:Ip "-!'J

~ <.SI).:I~ ~j o~ .6 ~I ~~ ~l!, .J.:.So.s")15, o~ ~L, c..?lyb IJ"'LI ~ .r. ~ ~~ c.SLo.;

d$ JI;-. ~I ~l.i.. ).:1.~ ~ pJb.r. ~ .:I)b dal9 ~l::-9I~ ~ ~41 d$ ~I ~l:.i... y~, JW

~.r.0~ , .:1),1~ .:I,=?"~~l:.M oj,=--01 J~ ..l.!.W)~.~x~ ~ jl }'I ~.:I o.s"0L:.; J..!l.o) ~)~w

~ J,=--~I).l.o).:1~,;:sJ10~ , .: ;1.:1~l:.M o..l.!.~.:I~I J.a~ I)~,;:sJI.::..Sy:>01~ IS"U"'?~~,;:sJ' .:..Sy:>

~I .:1),...).:14W.-.o~I~, .~~ .c..:.1.:I.:I,=?",~l:.i... ~ ~,=-- ~ ~I fb 9lybl ~~ U"'?x.:.S 1S".:.s- .r> ~1

magnetic materials J,I r>~ ~ .)).).j .:I,=?",<.SI~,=-- ~ ~.:I ,)-""l:.£. ~ .:I),...).:1, ~I.:I ~_r>l:.J: ~

~ .:11,...~I <.S~~I ~,;:sJ1 J..!I) d$ ':"""101.w ~I J:.J.:I.~,f o.s"non-magnetic materials ~:J r>L.:.&.~ ,

1'"41 ).:1d$ ~L> ).:1.~:J}' ~ ~l:.i... ~,=-- .)j190L:..o;I~I.r.~ , 0:J~ ~ I) ~~ ~I.:.M d$ .: 1'-.SI d.j,f

).:1.x.:.S ~ ~ 1)~.).oA o~ .:I~I <.S~~~ .6 ..: 1<.SId.j~ ~ ~,;:sJ1 .::..Sy:>~ ~1 ~I ~ ~l:.a.o

ferromagnetic i.:.J~,s-,~, ~1 ~ ~ ~, ~ ~1 o.:ll,;l>jl )I,...=-I~I.:.M .:11,...d$ ~ o.s"0}...=.1~I

~) ~1 J-lL.;I).:I ~~ ~),...=-~ ~,.)~ ~ <::1~10..la.o jl ~ u),...=- ~ ~ ~) ~1 .~~ o.s" mat~rials

\'~ ~~1 ~ ~1 ~ 1~.6..l.!.1 ~ ~ JI;-. ~I JL> .~l IS" .:I,=?"~0L:.jl:Jl ~~,!)i ~ j( ~ 4

4~ ~I ~ 4~1.6 ~1 ~~).) 0,;l! ~I ~ ..)1.)..)Jbl,> I).ili o ~I,=?"0/4 y..~) Weber theory ~I).:I

.6 ~1 u\.ab!).)d$~b- ).)~ ),1 IS".:I,=?"~I)~~ ~1.:.Lo ~,=--, o.):?...s-s.~~ ~ , o.)~align ~~

, ~).lf ~ ~4 j,.r.<.S1.r.<.S~, o.:l~~ I) ~~ ft.)<.S~~'=--, o.)~~ }:::.:I~I.).j).).j ~~~1 ~l>

oj,;-ol , ~ ..)Jbl,=>.c ,15wi ~1.:.Lo 0j,=--~~ jl ~~ 0::-"j ~ )~ ~ I) 4.f-lbl~ }"I d$ .: 1J:.J.:I~ ~

J.,) ~ , 0.:1),i)'~ }=U.))Y' ~ ~ I) 01 , O.:l:?0.:llA:1wall>~1 jl ~ x..;S ~ c::I~1 0..la.ojl ~.:I I~ 4.f-lb1

~ ~ ~~ soft iron jl)2.i .:I),....u.b9}"IJL> (magnetized) x.:.So.s"~.f-lb1I) ~1 ~~I ~~ 4. ~lS:..o

)..I.i.o ~ , ..)Jb.)IS" ~:J jll) ..; ,>~4.r.o.1 ~.:IL ~ p::-:S),.:101 jll) ~~~1 ..\1,...~,=-- }'I , o~ 4.f-lb" ~')

.~,f residual magnetism ~1.:.Lo .).jl.o~ .).jl.oIS" ~4 4 ~

4-8

l\ }I"
511"51tN- SON Si

1N Sll" st IN. . s(IN - Si-: , A .._ .._

"0tC3)
IN . SII" SUN SIlN 51

. U" SII" sllH . .511" st-
- -.-

(A) Unmagiletized (B)Magnetized



. magnetizing field ~h ..:.;.u ~I) ~ ~ ..:: 1~ soft iron ~b .s~1 0R d.S ..:: 1Lr-' cili-.. Lr-IJ:.J.::.

~ ...I..i~ .s> dyi:-o lA.~I ..I..ilo~ ~ Y' d.SJ.::.L.. 0Lo..o.~ ox..;S4y:.tb101~ 0'::'~ )~.::.jI ~ ~ o~ align ~lA. ~1

.slSh.:.1 d.S.::.~ .s> 0.::.lA:1hard iron jl (permanent magnet) ~b 1SlA.4y:.tb1..:..>L..c.S1.r.d.S..: 1}>l> ~

)} 1S,3magnetizing force ~h ..:.;.u }'I d~ ...I..i~ ~ align lA.J.::.L.. 0!1 ~ , ..: 1.::.4.j~~I ~ ~b

..::.~ ~I,>- JQA:....:..~ ~ I) ~~ Lr-' o~ align ..I..i~

(A) - Lines of fT1agnet:ic flux leave the north pole of a fT1agnet: at: right:
angles t:o it:s surlace and travel to the south pole. vvhere they enter
right angles to its surface.

(8) - The flux lines alvvays seek the path of leas1: resistance. even if it
fT1ean traveling longer distances.

J'b J~ d.S(magnetic lines of force) ...: 1~ 4y:.tb1y:> ~l.:..Lo IS'~ ..b# ).::.~I~ ).::.~4y:.tb1 ~l>

.s>~} y~ ~ ).::., o~ J'bU;4) ~I JI}>I ~ ok,6=>..:..)~ ~ , o..l.ol).::.JW ~ jI , ..I..i)'::'.::.~, magnet

..,.::.rl.:..o.D.~}'I d.S~.::. .s> 0~ ~l.ojl , ..: 1S ~N ~,.::. ISI).::.magnet y:>~ ~~ .s> ~ ~ ...I..i,)

y~ I) ~~ ~ ~'::'.f ~ ~ I) rl.:..o.D.~ ~ }'I, (repel) ~.::. I) ~~ ~ ~'::'.f ~ "-!I) 4) ~I

JW ..: "-!~l.:..Lo "-!~ y~ ~ d.S~~.::. .1='~l.:..Lo 1St ; ~ ).::. I) .ili o 0!1 , ~t ; .s>(attract)

...: 1(JW )' ~ ~) north seeking pole ISl.:.a..o"-!~ north ISL: o "-! 4>~..1::-0~N I) 01 }'I ,~, .s>

Reluctance & Permeability
.s>resistance01"-! dS ),1>~ , ..: 1..:..,lA:..o~.?J104.~ )~ ~lA..,).::.~ ..:..I)!..: o~lA..,~~.::. ~),kLo..o.

1S1,3..bp '::"J' ~lA.., ).::.~ r41 d.S ~,lA.., "-!, .::.).::..::.~, ~L=.; ~, ~ .1='~\.;.M .::.),...).::..~,f

r41 d.S..: 1~ ~ ..:: 1 ..:..,lA::..o~ r41 ).::.01 ..:..~ , ~,f .s> (reluctance) ~.::. .s> j,.r. ~l.:..Lo

~)~ ~..: 1Lr-~ p; 0!1jI soft iron ..I..i)'::',) reluctance 0!~ magnetic materials ~ ..:..}.~"-!~ ~I

.'::',).s»1S "-!~I}" (core) yl! 4.6.:.-lb0~ ~ .::.),...).::.~.::.~''>- i~

..:: 1 ~ , ..: 1reluctance ~ , ..:: 1 o.::.l.o~ ).::.~l.:..Lo ISI~ ..b,k:>- ~,AJ ~l! ~ "-! permeability

...: 1).::.I) permeability Lr-J- A _: soft iron ~I ~ ).::. ~ o'::'~0!~ magnetic materials.1=' .1;W Lr-IjI d.S
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Magnetic Devices

}'I ~~ yS':x: )y ~),hi~ ..: 1electromagnet ~;::5JIIS~~1 ~)~ 1S~~j ~)"!)S d.S~l:.i.o ,*L.., jl ~

~ ..IJb~..s" 0L;.; I) 01 ~ ;.:.; ~L.) , ~~;f ..s" .)~I ~I..:.M 01~ 01 J,=-- ~\ ; )~ d)"! 0~fi" (0'::-'~ jl

"-!lA.0.)1)"!~1 ~~)"! ~ 01 IS,) 0A'10.)1)"!, ~.) )~ 01 jl d)"! 0~fi" , o.)b )~ ~ ~ J>b j1 ,) (0'::-'~ }'I

..).:Jb.)..s" ~ ~ (0'::-'J,=-- ~lA. 0.r-b ..:..)~

~)~ ~ ..IJb1,>~~IIS,! 1S~~1 ~ ~.) )~ DC d)"! 0~fi" 01 jl, 0~),1)~ coil ..:..)~ ,) (0'::-';f1.: 1~
(pattern) ~l:.i.o ~ bar magnet ~ ~ .: ).) ~~)"! ~') 0A'10~1)"!, o.)b )} 01 IS,) ISI ~ ;fl

)~ ~ )~ I) coil ~ .: ) ,:)- ~ (jl ;fl ~)~ ..).)}'~ ~ ~ ~~ 0,.l9 &k 01 ~ , ..IJb~..s"~

H L.l:.a.o.I..\o..:..~ dS..IJb~ · L;.; ~ lo.i..)I.) ..IJbl..> . L;.; I JW h9 (thumb) ~ ~I ,l;j. ~ . L.:>-~ IJ - - IJ. ~) ;r IJ.) .. ) . IJ -.r.

'-:-'~ ~l> ~ ..:..}~~"-!, 0~fi" ~11S~~' ~ (0'::-'~ coillSlA. ~ .)I..w~ Jolc,~ "-! electromagnet ~

p-=-' ~ 0-!~ ~ ISI)"!~).), .))b ~,~ 0-!1ELECTRONS FLOWING
AWAY FROM OBSERVER

+

~~~ ~),hi~ , ~ ..s"iron core ~ J,=--I) ~

h.) ..:..)~ "-! , .: 1 pS' 01 reluctance 0'=:

1S1,! .b,b> ~ ~~ .: 1 .)~j 01 permeability

..IJb1..>1b I ..:..,jj. -.' ~ -q o~. . L.l:.a.o.T ) ) )~.r--::-! '.r-"" , .s-::-

I) (')~ Jolc , core ~ I) "r' Jolc 01,. ..s" ~ ..)~

AIL ~ c: ylb4S .), )~ method of winding

..)~ ..wo1,>IS~,! ~L:..a.o oj,=--ISI).) coil ~~ ~

S

o ELECTRONS FLOWING
TOWARD OBSERVER

"-! , xS ..s" ~ )'~ 01)jl d.S .: 1,;9)"!~ ~ ~I, ).) relay ..: 1relay )~ electromagnet 0.)~1 ~),... j1 ~

01. ~, , ~)~ 1S~~j .:>)"!)IS, ~ ..s" 0.)~1 ),.) 01);I o~.) ~ ~ )..>..0 ~ ~, , ~ 1S'.r.01j1~ ..:..}~~

~r' ~ .6..,,. cockpit ~ ),.:>01)j1 start .:>~ ~l9 01 0-> d.S .:-..1 ~,.I ),.,... ).) starter relay

Electrically operated switches are often called' relay

FROM
BATTERY

c:::t TO
LOAD

)....

.. ...- .'.. .. :: :,.

-

SOLENOID

CORE

~ ~
RELAY
COilMASTER

SWITCH
...............

t.......
-

Movable-Core Relay Fixed-Core Raley
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Solenoid

~;:5J1 ul)~ tUrelay ~y. 01 0~Li:,1~)JA~ tU ~u electric actuator 01" ~ ~1) ~ I)Solenoid

~b ~ ~),bl.oA SLo ..:: \ )'~ 01)j1valve 0~yS ~ , j4 0~ ~lS:..o J~1 )~ ..).;$~ ~, , ~ I)

tU ~}"'}) valve ~ ~ )"JA Starter ~ o~~LSI~ 01).r' )~ , ..).;$~ ;IS o~~ LSI~ 4 ~ LSUb).yJA starter

)lS' ~ I) solenoid c91, )~ ~ energize I) 01 ~, ~ ~~ 0::-!lS'J.>b ) )"1~,.::.~ ~ , j4 ~;:5J1 )~

~, , ..).;$~ ~') ~ I))",... 010..).j!.:>~ 4 , cl~ 01)starter ~ o~~ LSI~ , ..).;$~ j4 I) valve 01, ~I..).jl

~ LS)lS'.:.;,) ~ )~ ..cil .s> ;IS j1j::-istarter , o~ ~ valve , ~lo..i ~ off I) ~, ~ ~') )"JA

)lS' ~ ~r LS'~ )~ .:.;,) 0~ yS ~) LS'.)'!tU ~)~ ~~, oil dilution solenoid valve ~ ~.I~ ~~ tSUb).yJA

...).jl,>~I,> ~~ ),; JA If)~ )~ I) ~ 0-!.1j1 0~Li: ,1u~.r.- 41 ~ ~') ~

_ CONNECTIONF$ft
MECHANICAL LINKAGE

FIXED CORE

WINDING

SPRING

MQVABLE
CORE

/110/11- MAGNETIC
SLEEVE

Solenoid

-..-... SOfT IRON
CORE

WINDING

,- ELECTRIC
f\L '-ADS

1-_'F1f:~' -.-:.:' '.

El
. ~"'" I '

ectromagnet ~:: ._1..:..:. .-

h...,; ~\A;;j1~ ~, , ~y induction ~ "lAJll)Jl.a;1, .b~) 0'~ ~~ )~ ~ )~ ~ jl ~;:5JILS);1 J1.A::..i1

0~Li: ,1~~ILS)}1 ..>.:J,;)~ ~ ~ J.,) 0-!.1)~y electromagnetic "lAJl.~.r-~u)"", ~L:..a.o oj~ ~

.:..Sr LS)~ ~l:..i.o oj~ ~ J.>1; )~ I) LS~Ub ~ )"\ .: 10~Li:,1~)JAj::-i~\.; )lS', 0~L.. )~ , '"',.::..s>

u)"'" electromagnetic "lAJl~.; 0-!~ , ~~ .s> "lAJlJy. 0~ft" 01 )~ ..).;$~ I) c.s-::.bl:..i.o LSI,s .b# tU ~~

.(~ 0~l!) ~~;! ~ ~ ~ .:: ~ ~I "-' 0~l! ~~ LS~k )~ 0~ft" ~ , .:: 1cl y..~

4-11
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Transformers

I~ o~lA:.: 1 ~ . ...l::J . ~lS" t.. ... 1~1 . . t.. 1...L.j I dS ~ o~lA:.: ),1 ...('" ...JJ-JOL ::..~ I. 'I"I.$" ).r )!Y') , v-- .. ~.r ~ U -~ ~ . cSr. y.:-' , 1""- ).. . ~ J'

o~ o~ soft Iron d..:...J:II~ ~~).r. ~ w)-'~)~ ~ ~ ...s,) ~ JS o.J ~.J ~ ~lfl~ ~ ~,~), ~d

u"'~ ')}~ ~I}" dS .: ,1~~ ~ ("j'J.~y I.$"secondary "'-!.,.;I.;I.S~~ ~ , primary ~I jI ~ ~ , ~I

.J.tb~ ... I~gll ...l:J 1 . J...:.>.~ (step-up) oJ...:.>I'~I . 14J ~t... 4J'1.; Zt.-> ~ ~1..lJU . ~1 ~ '-' L:.::..o ..
I.$" ~.r )) , j!.) -7' -.r U. . ~ -'J" 1,;;;~ ), .r , . , ~r.

~),b~ ..J.tb~I.$" ~lS" ,) )l::J, Ij!.j ~Y o..).;JblS"(step-down) \) ~ ~4 ;;..os "'-!.,.;I;~ ~ )'~ ~1..lJU}"I,

\) )~ eddy current ~~I jll.Sx? k )~ ~ 0-!' , ..: 1"'-!.'J "'-!.'J , J..ijL...I.$"soft iron jl ,) (core) .~ ~

..x..:.S1.$")lS"mutual induction IJ"'LIr. ~Ij ..: ,1J~L:, ~ u-i1j ~)!Y')~ ..f-jJ!Y'} , .: ,1

E%S =NPjNS =I,%p

SOFTIRON

CORE~ PRIMARY

+

~
0J f0~

(h)

---=r
SWITCH
OPENINGSECONDARY

(a)

SWITCH

CLOSING

Lenz Law

0,.;~ ~ ~,.;. I.$" ~lAJl04fi" 01 )~ ~ ~ 1) ~l:.a.o «.S''! .b,.6> I.S~~ ~ }"' ~ ~),bl.oA, : (Hj~ w';lS

.~,.;. I.$"~lAJl01 )~ J.r. .:..1,~ ~,.;. ~ ~I; ~ )~ «.S~~ ~ ~~ ~L:.i.o cSl~ .1::.,.6>0* .lAD}"llenz ("'~

Inveter

I.$"o~1.A::,1(rectifier) o.x..:.S~ jl DC 04~ ~ 01 ~~ ~ AC 04~ 0~~ ~ «.SIr.~b I.$"~),bl.oA,

;I AC ~ DC 04fi" ~~ «.SI}!~, ~4 ~Y I.$"diode 01 ~ dS transistor 4~'J ry j1 .>..il,;I.$"dS ~,.;.

I.; ..).;Jb~ I.$" DC )i!Y' ~ ~ ,) ~I,.,. 4 cS}=>4DC J.r. dS ..: 1..::..)~ 0-!~ ~Jj cl,.;!)~ .~,.:. I.$"o~1.A::,1inverter

0-!' ~~ cl,.;!.~,.;. I.$"~,; AC Jy! , o.>..il>-.r:,) ..s.::;~ AC ("~~ ~ ~,> J.> r: 4 DC )Y!Y' ~1 Jl> ~.r:;-!

..: ,1o~ o~b ~,; o~1 «.SUb~ )~ dS .: ,1static ry ;I o~~
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Ignition System (Magneto)
. 1 .\ ..:: 1 .-.{"1o..:: 1 1 1 .) L:...:..I ~ I.; ..:.;,.".) L..L:.i.o cI.:: J -q J 1.us- dS '1."'lL.>'\ <:'.!j) c..)'!.) ~ ...s-:-- \J) . -. .)"" ~ !j - -J"'""'" ~.. ($''''f(''' ) ~

~T-! !j 1~ .b,k-o ~T-! ~~ ~lA.)~-"" ).> ~b t.s" dS ~)~l.oA. ..>~ ..\.Ibl,> ~ )~ 01 ;IS o~ <::!.~

dS ..:: 1~I ~!j ~ '>"::' t.s" Jy:;...o (spark plug) ~ .>1J..:>l> ,!j~ ..b ~ 0~ if~ jl ~ (mixture)

~ Y't ~I !j o~Y't I) <..9ts:..:.~I ~4 .:.J!j 20000. '>!j.J..:>.}'I 04..r.- jl::J!j !j (0.015-0.019) ..:: 1...s.).jl(gap) ~ts:..:. ~';I.)

~~ gap ~ ~I.r. ~)l4 jl::J!j~ i.fl'u; .'>"::' t.s" .b,k-o Jly:>' ~-"" !j o~.>}' .fI'U; ,!j.r.- u)~ ~ ~!j~1

compression ~4riI).»~ J>b ).> ~T-! !j 1~ .b,k-o d$ .; ;,b )!j'>y12.;.>1~l.:-i ~!j .J-J) t.s" p.; ~ .)4.j )~

~!j~' ~ ~lA.o).>~.>4.j':""'!jlA.o, cl) \'4 01 ~~ !j )~ I.M o~.)}'. if ~ 0~ ..b ~ ut..!.> ~ stroke

..).>}'t.s"~h ignition ~ ..b ~ dS .: 1jL:-;)15~, ~1.r.~)l4 )~ jl::J, ~ !j) ~, jl .~Lo.;t.s"~1)

~ )15J1r~'> ~.> .fI' ~ }'I .~ o.>~~'!j ~}>4 , r~'> ~ ~~, ~ ~ ignition ~ ~~, ).>

safety 01 ifL...l!j ~4 dS ~~,~).> .).j1~~ u~- _ . ~ !j) ~I jl..>l;.91..\.1b1,>o}>G...o~,!j.r.- ~;lS r,l..).j

~, )~ ~ .>~ ,.> .>1.l.>U~ ~ 01 ~L. olL.> jl .J.:.4~I ~~ ~ J:.I.>~ ~ ~4 J~ .: 1~.).jl;!j'> !j

)~ c-=- .fI' !j o.>~ ~!j) .f _.{"loo ,.> .fI' )~,.,. )15 ~ , o.)~ c-=- ,.> ~I).> )~-"" )~ .fI' ~ .o.J..J..'>}'o.>\.A:,1

~ ,) )Y'J-O}S r,l..).j)~ .fI' A.> c-=- .>l;.91)15jl ,- _'~L. ~ ~1 .fI' l; '>"::' t.s" ",-!.li; ~I ~lfl~ ,- _'~lo ..b ~

4 o.)~ (compact))~, ~ u)~ ~ ~~1 ~ ul..Y 0l.oA..r..~ ~ ,-_'~lo ~ ~I~', uL...W.~Lo.;

~ ~~I !j o.>~ ~b I) ignition ~ jL:-;.»,.,. J.r. l; o.J..J..'>}'.uL.;IJ.).~ ~ AC ..:>.::,s r~'>~ dS u!ju; ~I

!j ~ 4dS ..:: 1(contact breaker) ~~ ~~10~ ~ ~ ~1 ~~ ~ ..)jL...~ I) r~'> !j ~;.b4

..:: 16J.r.- ~ IJ"~ )~ ~ j~ l;l.oA.dS ~L o ~ ).> ~,;l; ).> .>4.j )~ jl::J!j 4 04..r.- ~1.AJ1~-"" e9'J-O~ J..:>!j

!j (self induction) ~L-o.II .>,> ul}\ jI ~;-:? ~ )~ ~ ~J4 4shunt u)~ ~ ~ ).>0jl:> '>~!j ..>.>}'t.s"

-

~, 2
SWITCH

'-._1__""
4

S£CONDARY

PRINARY

BREAKeR
POINTS

CAPACITOR"

-
ROTATING
MAGNET
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e>-ji L A.~ "-! i ~J' ~ ~ o~ --Yi .)4j jl:J~ ,_-'3'1.0.)'; ).) 0~ ~ ~I).) ...: 1~':>4~,... ~ 0.)j Jl>

0.)~ (,$1,." ~IS "-! dS ~~ (,$1 "'~''''' ).) ~~ ~,! ...s" high tension ignition system 01~ ..).)~

.:...ld..i;)).) 1,.".:...9) .::..k "-! dS (flash-over) \S.)j.) Jy. jI (,$.r.!,i:?- \Sly. .~W ...s" jI~~ \S.)4j tlA;)).) ~ o.)~ ~

~ ~I )15 oyU ~ ~lo.::.>L., .:...~~ ~ ~IS ..5> \Sly. ..),.;. ...s"o.:lLi::...,llowtension ~ jl .: I)~ )/~

.~Lo.; I.S"~ \Y')lS' r' ':"'~i "-!I) 04~b ~i 0i trouble shooting ~ d~ (,$Ub~ ~ l:-!.j

Generator

04~ --Yi ~ x.S I.S" ~~ ~;:5JI \Sj)! "-! I) ~Ko (,$j}1 ~ o~ y:;; )i')-O ~~ dS .: 1 ~~.:I t"~.)

:~I t"j)/ ~k ~ 04fi' "lAJl(,$Iy. ~b ...s" ~),b~ ~ .).r.~ ...s" .:...J~ induction \Y'L.,I y. 0i ).) ~.r5:11

Conductor <'

Magnetic field 0'

Relative motion (i

~l.:.M \S1,3 .b,h:> dS ~w ..::..5;>\SJ~ ~L:;.., 01..1.::-0~ J.>b ).) \S.)Ub ~}'I ~.):? .uJlho ~ ~),b~

...s" ~ (Fleming) ~ ..: ) ~I ~ 0i19 .b i 04~ ~ ~ ~ .!.All'; "lAJlJy. 04~ (,$')Ub).:1~Lo.; cb9 I)

dS (,$.:IUb~I~ t"~.) ~ J.) .~W ..::..5;>~l.:.M Ojj> ~ oJ.jLo~t J.jli ...s"\S.)Ub~ ..: 1~ ili-..o~I ~ ').:I}'

~ ..),.;. ...s" "lAJlJy. 0i ).) ~L:;.., (,$1~ .b,h> cb9 4 , ~ y::: ...s"~l..:.i.o 0jj> J.>b ).) Xw..,! ...s"~) 0 i "-!

.b i (,$~ ~l.:.M (,$1~ .b,h:> ~t ~ 0Loj ..l.>1,).:I0~ .),.;. ~~) ),.:1~ y1bLenz t",.) 0';l.9 ~

..:..!4 .!.All'; J-i1}1 0 i J.) ~lAJl jl:J ~ ~ .!.All'; cb9 ~) i

~t )l:J, t"~.) ~ ).) ,)i')-O J'.:I .:...I~ 4 .u:.;i(,$Iy., ..: 1..:.J,28 ~I,." DC J.r. ~ ~I.) ...s"~),b~

(,$Ub~ , ~')~ ~ J.) IJrelief valve j1S'0~ ~', ).) ~I dS ..: 1voltage regulator "-!j~ J.j~

permanent magnet ...l.ili ...s" field .G-y:;;,.) t"~.) .r-b 0.)L., t"~.) ~ ).) ~W ...s" .))b ...s" ~ ~t I) )~ <is ,,-!L...o

~t , J.rS 0~1 , ci4 J..!1}1;::; jl:J, .;),..:.~ .G-y:::,.) .::..&.r )1 ).) t"~.;) ),.;) ~ y1b .: 1 ~ , ~4
~ "-!.G-y:::,.)).) , ~ ~ ~ ;::; ~1 , ~}:I ~ ~t I) .G-y:::,.;).::..&.r ~I }'...o.))..).j.)~, jl:J, ~I~

4 ~I,." 4 , ~il ~ ~I, ~ ~ J.)..).jli~ ~I , .),..:....s"),; ~ , ),; ~ ely::: 01 .::..&.r' "-! ~i 4 ~

~I, (,$Ubt"~.) ).) ~ ~ "-! ..).j~ ~t ~4 ...s:::-f,)~ ~ )L9 ~ )l:J, ~ .~4 J..o;-u~19 ~ Jy.

~I~ .:Ib~''; t:ro ~)~ l; ..: 1electromagnet ~ ~ ~ permanent magnet ~ (field) ~4

.~)~ ~t 1)jl:J, ~yb ~1 jI, o.)b~ I) 01 ~l.:.M ojj>':"'~

..::..5;> ~ dS .: 1~?Lo ~, 01 ).;) ~lAJl 04~ x.S I.S"..::..5;>~l..:.i.o 0'..1.::-0~ ).) (,$')Ub ~ ~, Hint

.~4 ~l.:.M 0'..1.::-0y. .:I~ (,$.)k

4 AC gen. ,DC gen. .:...)~ ,.) "-!;::; t"~.) u-; .))b .)~, AC , DC ..:..)~ ,.) "-!Jy. 04~ ~b ...s"~),b~

.~Lo.; ...s"~1 ~.r; "-! t"I.JJ' ~.; "-! dS .),..:. I.S" .:..!4 alternator
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DC Generators

(field) ~4, armature~) ~ jI ~ )~,.>..:SIS"'~" DC~ d.Y.r~.:I0!.'..:: '~ J-<>l;jI~)~~

~ ;,~4~,. ~lj ~lAJld'y'lJ..:: 1.:I4.j~) ~ ISUb.u.b-.:I1..u;...:: 1o~ ~ brush, commentator,

:~ ~)~ ~)~ .:I~ ~1.iI1 d.Y. (rectification) 0~ ~ .:..&.4 .r..~ &-b commutator, brush

commentator & brush = mechanical rectifier

~ ROTATION ~

JVV\I'vVv\J\I\j\J\r\r\j~r\!\
RE~ULTANT VOLTAGE

SINGLE COIL rOUR COIL

Types of DC Generators
~4 o~ ~ IS), ~ 4 ,.:I0!.' }'1 .,J.;.:I}'IS'"~Ll.:...:,field , ~) ~;:5J1 .bL:;) t.Y 4.?~,. 4 DC 1S4c-o~.:I

Jo.c.).:1, .x ,! IS'"Compound r~.:I ~ ~4 o~ ~ .bJ.:..?...}'I , Series ..>..:..:.4o~ ~ 1Sr' }'1 , Shunt

.~ Shunt t.Y ) ~1 L.o.:llA::1.:I), DC 1S4c-o~.:I

AJDiagram oCaseries-'Wound
genera~or.

B)DiagraD1 oC a shUD~-'Woun.d
genera~or. .

C)DiagraD1 oC a cOn1pound-
'Wound genera~or.
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Residual Voltage

,) ~I j' ..:-..1~L:.;... 0 j~ ,Jjij '.r-j ~.;S ~I~ .y,; ~ r. ..>.:>rJ-! \S~~ ),b ~ r~~ dS ...;)~ )~ ~ ~~ }"'

.~I 0~.;S0~LA::1residual magnetism jI )15'b~ \SIr.

J=>b ~;1 J-:>? 4 , .:-..1 4y:..o>1.:-..1 ~ f4~ .c ~ ~ I) ~4 dS ~. )l:.o dS .:-..1 ~)a ~~ )L..S J>,)

...: ,1.:...1,2 ~,..I.>, x ,f ($'>residual voltage 0' ~ dS ~~ ($'>"L-AJI~;1)~ ~ )U, I~' ~ oj~ ~I

~;1)~ o~ "lAJl J.J'! ~)~ ~ ($'> ~~101)~ ~ ~~, o~ ~), ~4 ~ &::-' ~ ~ 0~~ ~I

)~ ~lAJlJr. )U, b~ , o~:f ~,; ~ fO"">j4 I) 01 oj~, o~ ..5:::...;J4~), b~ Jr. ~1 , ~~ ($'>~,; ~

~)#l.o.A., ~r. ,-:-,¥b..l.>~ r~~ ~~) )U, t ~4. ($'>~bl ~ ~ ~I~~ f.S'»- "_: ~ ~ .~..,)

..::...J}"~i~ I) J..!.~ voltage regulator ~') }"I} (.:...1,28)L,) ,-:-,,lho..l.>jI~;1)~ )U,}"I ~

~ ~;1 Jr. 01)r )~ dS ~I o~b )} generator switch rli ~ ~ ~ DC f~~ ;Jb \SI.J'!0::-!15'J>b )~ ~ )~

u-?.hQj, cl) 0~ jll.} ~L:.;... oj~', o~ ~..5:::...;J4 J.J'! 04.ft" ~ off I) 01}"1, ~)~)} (field) ~4

I) r~~ 0'~ ~}" ~~ , ~, ; ~I,> :,y,; ..:.J,2 ~,..I.>residual voltage .hQjr~~ , ~I..o($'>~4 ~~ ~I..o

.~, ; ~ I.>)..1..0j1

Flashing the Field

~~, residual voltage DC r~~ field )~ ~L:.;... ~I..ou-? ~~, }I )~ ~ o~b ~ ~ ~ )y ~),b;w

residual ~I y---3'1 dS .:-..1 ~ .~~ f.S'>cl}" ~;1 jl ~I )U, .J.J..~}"~.r; ~)~ ~~ , ~~}"f.S'>

.~W ~I ~)a ~ I)R.M. d.S:;1yL. ~.;S~I~ .y,; 04.~ 01~ ~ ~ r~~ ~') .:-..~ jI magnetism

.hQj~)I.> DC ~ ~ jl dS ..: ,1~15' )5~1 \SIr., x ,f ($'>flashing the generator L:..)lh..::,1~ ~I ~

~~ ($'>~4 ~4 J~ .J...,b- ~L:.;... ~~ .~I)~ ~4 ~ &::-' jI DC J.J'! ~ ~ )~ ~ ~

.~~}" ,,~I residual magnetism ,o.J.J..~}" ~~ 0' ~1 screw

Armature Reaction

,jt.r-U1~4 dS o~ ~~, ~~ 0 j~ ~ ~ 0!' ,jl)al )~ ~,.:. ($'> "lAJI~;1 \S~ &::-' )~ J.J'! 04~ ~,

~L:.;... 0j~ .J'! ~~ d$ \SI~ ...\.:..olif.S'>~;1 Jo-JI ~ ,) 0.J.J..~~I ~~ ($'>),;I}) ~I ~L:.;... 0j~

+1"+1+1+"

b

RELD EXCITED. ARMATURE UNEXCITED BOTH RELD AND ARMATURE EXCITED
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TERMINAL
CONNECTIONS

A

INTERPOlE

Thisgeneratorhasfourpolesandfourinterpoles.Theint.

erpolesareusedtocountertheeffectofarmaturereaction.

dS IS"~ ...;.> f: ~ lS~LA r'> .~~ IS" }} ~ 0-!1)~ I) ~ Jli j , ~}~ ...Uneutral plane ~4 J~I;j ~I

0-!1..r.~~4 ~ ~l;..u.k,.k> lSjl~ 01 .::Sr- ~ l.r-j~~.~ "lin 01)~ lSjl::J,~4 neutral plane J~

..cl ~ p; neutral plane dS~~ IS"~4 )~I;j ~I ~l;..u 0j~ '-".r-i'

.~~ commutator ~1;> ~4, o~ ~~I segments ~ Jlij 0-:! ~ft" o}~">":"':'~ N.P. tS'J ~ Jlij y--3'1

~,..:. IS" o~lA: 1interpoles jl armature reaction 0~ ~ ~ tS'..r.

DC Alternator

j1DC r4~ ~ ~ ..:,~ jI ~~) tSl..r.~ DC ~~I ~ lS'}~ ~~ dS tSj'.J""1~ tS~~I,.,.J~

~ IS" ~~ AC 04.ft" ...~~ ~,> dS ~):> 0-!~ ..: 1DC 04.ft" 01 ~,;> dS x.;S IS" o~lA: ' (J~u ;JhAC r~~

, 0..1..01J~ J...l5' DC ":'),-.0 ~ , ~ silicon diode ~~ 6 jl ~ full wave ox.;S ~ ).>..0~J', 04.ft" 0-!' d,

...: 1~') Y::-ilSj,.J"'" lS~ J:.:..o~1 J~ .ili o 0-!' .~,..:. IS" ~j~ ~.I,.,. J..r. ~ J~
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Alternating Current

. '.L.~b~.

j!.~ d-:-b ~ ~L,.j I..S"~ d;1~ yo:: o .::..)~ ~ ~ ~ lSl o)~':>)~ tU .: 1~~.r.- ,-:-,~L:..::...,0~.r.- ~~ d-:-b

..: 1I.5.:>L:.~ )l;J~ .:»"").:> <lC.-o ~I..ltb.:> I..S"b ~~ u)~ ~ ~ ~I

I

90
I
I

- - 'Tl\4ax
I

180
I

. I

E.M.FT - - - ,; - r -
I I

270 . 360
. I I

I I

(RMS) ;;.0 )'~

~?L. ~ ~ ~ or- ~ jI, o.:>~ ~t )~ lSl).:>)l;J, ~ , 0~.r.- ~ ':>";' I..S"p.ltbL:...oj!.~ ).:>tU ),bL..A,

.~L,.j I..S"J~y.i ~ ~ b~ , o~) ~?L. ~ ~.:> ~ ).:>~ ~ 0':>~ J~y.i yA-:>~ b~ ~ o~)

jI ,-:-,~L:..::...,0~.r.- ~ };... )~ .,),.;. ~ 0.:>lA::1)\;J, ~ 0~.r.- };... )..ti.o jI ;SI..\> )~ lS4>-~ .::..~b ).::.~) ~I jI

~ 0~.r.- ,.::.jI ~ yl1>}lS..y,; lSL.;f )~ fl ~ ~lA.o ~I ~.:>~ I..S"~b ~ 0~.r.- 4 01 ~lA.o ~yb

Ie=I~=O.707 Im

I.S"+oJ.ol.c u-il.) } .~,f I..S"u-il.) } I) 4t ),) J5::: .:>1"u;..: 1JS:::.-. lSl).:>,-:-,~l.:..0~.r.- .: 1.::.~ tU ),bL..A,

400Hz \JbL...:.;I~I.5flu-il.)} ~, .: 150 ~ I.5flu-il.)} J\; 01,:..c~ ..: 1~y:SJ1lS~~.::. ~ ul)J..o ~1}S ).::.

..:».::.lS~ lS~lj-otU .: 1

} \Jb~I~ ).::.),h;-o ~~ ~ ..1j~ ~t),;t.rJ1 ),.::. d$ .: 101",)::.-0 )""1~I ~ 0.1jL.~t ~4 ,-:-,~L:..::...,I.5J'!u-ilS"}

)~.:>~4 ~ yl1>),;"" ),.::. ,~~ o,)~~ ).::., cl;f )} ),;t.rJl ~ ~ ),;"" 0::-! .J$ ':>";' ~ 0.::.lA::1CSD o~'::'

..: 1~G CSD <.?"~~
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.:...o)lt: 4 "-I.,lj~1 , .: 10~.r.-- ~ , .>\:J,~ 0::-!~ y,~ .>W,,.:1~ 0~~ ,.:10::-!\.SI"-I.,lj~')l::.>.10.>1,~I )I ),Jo.:....

0~.r.--IS",.:I).:1, o.:l~~ 0~~ )I .>\:J, c.,sl,1).:>,U ~.:> IS" 0L:..i ,) )~ ~')l::.>.I~1 X) X~ ,.:>.':>"';' IS" o.:>b0L:..i <1>

...:: ,I~

IJ'>~ ~y:SJ1\.S~~.:> ~1}5' ).:>cSy.:5' ~ ~b 0~~ , .>W,0::-!j~ ~')l::.>.1~.:>~I,>- ~1 ).:>,u \.SI~y ~

).:>..cil ~. .>W,~)I 0~~ ~ ,u .:I"';'I.S"~4 AC )->..0).:10)1..>~ .:>~, ,u ':>"';'I.S"),1.;)~..:I)bUb),.;}-O

..: I.ili.- ;,:r..'~ (coil) ~ (0-;:-' ~ }I'u c.,sll>

VOLTAGE

CURRENT '"

( a) CURRENT LAGGING

( b)

,
I
LEADING

.:...o,lio ~ 4AC ..:..1)->..0).:>c.,sl, .~.:>~ ,)'!,) (resistor) .:...o,li.. tY ~ 4.bA.9 DC ..:..I}->..o.:I)}-O).;) ~ f~ ~

C

~ ,u ':>"';'IS" 0~~ ~lio ).:>~,lio .;)~I ~4 0'>1..>

~ .:>~, h.:> ~}:> )I ..: 1fr'}-o (Xc) ~)1..> .:...o,lio

R
D ,u ':>"';'IS" ~,lio .:I~' ~4 cS)->..o~ ).:1~ (0-;:-'

d ~ 1\.S)br. ~ 1r. .: 1f r' }-O(XL) ~ .:...o,lio ~
....-

Vector diagrams for combining resistance ).:>d-S ~,s' (impedance) cS.fbU; .:...o,lioI) .:...o,lio
and reactance.
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y,~ U,)'~ )~ U )~

, )l::.J,as ..: 1j.:>L:.~~ AC ).1.0~).:> .dJ 0!.1...: 1)l::.J,).::.w4.~ ,-:-,~l> jl ..:..)~ ..:..)..\!DC ).1.0~).::.

,~4 )-. _: <l!.,lj0!.' ~ ~ , ci4. ~IS" ..:..)..\!, o'::'~ ~ :J ::.jl9 9)1;.>.\.::.~, ..:..)~ ).::., ~4 jl9 ~ w4.~

.jJI)1,>~IS ~ ~ ..:..)..\!04.~ ..:..~ 4. )l::.J,)~ ~ 4.:::-';0'~ ~).:> '\. jl9 9)1;.>.1).::., ~ ~ ..:..)..\! J.A>IS

...\:.Jb'::'1.S"w~ \.5.'> ~ I) ~ 0!.' )'!.j )'!.~ ,.::. .~4.

~, ,.::.~.jJI)I,>)l::.J,).::.w4.~ '-:-'~l> xIx ,x..:.4 jl9 ~ 04.~ , )l::.J,as dl).1.o ).::., ..: 1..:..1,~.rs:J1 ..:..)..\!~',

'-:-'~l> 0!.1~4 ..:..1, > y. ..:..)..\!~b.o \SIx, x ,f ~1_.:.J, I) w4.~ ).::.)l::.J, '-:-'~l> ,~L:.; jl9 ~ }'I

..::.~ '-:-'~ ~ <l!.,ljU"~ ).::.,)

).::. , o'::'~).::.),>X 1.5'""'1>~I jl AC \S1A),;,... ).::.as x ,f (power factor) ..:..)..\!~~ b.')lh...:.1Cos(~) ~

J:.!I}I ),;,... ~1, ..:..)~ l; ~ .::.~ I) W1 )J.i.o jl.1.o).::.wjl> 4. ..:..o,ti..~ w'::'~ .::.), 4 ..: 1rj'1 \S'::'..u.:..o.::.),...

.~4.

o

+

LE
POWER= E x I x COS 0

=Exlx1
= E x I

PC>SITI_e PC>VVEA

I'.IIeC::;A.TI_E pc>vveA
c

. LA.C::;S E BV 45

PC>VVE A = E x I x C:C>S 4S

PC>VVEA = e x I xc 0_707

) ..:..1, # if~ ~1 01,; J:.!W \SIx ,~ (),;L;.r:J1) AC r~'::' \SI).::.as (airliner) ..$)fl \S~~~ ).::.: Hint

0.::.1.::.~ '14).::.').cS:.;0!.1J:.1.::....: 190 kVA u)..\! ~ ~~ r~'::')~ ISI).::.as 747 ~ ,.::.~ o.::.lA::IkVA ~
as ~4 ~ y.lx4t<l!.,ljas ..: 1~ ~~ ~ , ~ ..:..1, ~ lol)! ~1 ).::..:.J, ~ ~l> AC).1.o ~ ).::.as ~1
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Alternators

.r. AC ~.r. dS 1.5..4.1j-oJ,:.J~"-!.~,f alternator 0\~ ,) ~I jI , ~ t$' ..y,; AC ~.r. r4~ tY ~1 ~ ~),h;w

o~l.Q::,\ alternator jl ~~ JT 0~ 0).1.<>~~\~ )~ .: 1transformation ~t9 4-i1~.i-+o , ~)~ DC

~,..:. t$' o~l.Q::,\ slip ring & brush ~ ;; jl commutator & brush J:>~ "-!alternator )~ y-~ &-b ~,.:. IS"

~ I_I> .~ ~ ~ b L:.; - ~ 1- . ". ~L.. . . L.. .. ~" ..:..cL.. s - . ,. r cr.:-- . ) ..,.., y-~ ~ c..s->~ ~ u~ , . c..s->~ u -fi" ~ , IS" T 0'!.,

, .: 1(frequency) ~IS .) ~I)~ DC <..9)l>..r.AC ~.r. .~,f t$' (alternating current) ~,L:.; 04.fi" ~.r. t:Y ~I

..: 1400Hertz ~.I~~.r. , 50 Hertz ~ ~.r. ~b t$' , .: 1(Hertz) 41; )~ ..,..,L:.;)..I.A..ou-i1S} jI ),t:..:.o

0~ , ..I,j~~t ~4 .J::.'),;~.rJl )'~ ~4 ~1;~4 ~.r.u-i1S.) 0~ , ~)~ ~ "01 R.P.M "-! ),;~ rJl ~ u-i1S}

dS ..I,j\o~b )} C.S.D r.J::.'lS:..o)';<y>, ),;~.rJ1 ~ ~W t$' ~ d~ ~tA.j~ J:.J~ "-! ~ ~Lo.)';<y>R.P.M

~t ..I,jl>y::;t$' I) ),;~ y:Jl dS C.S.D ~,;> )'~ ..L:.4~ jI1>)';<y>)'~ d~ o~,~ )~ , ~ J...c ~lS:..o,)~

..: 1,,~~ )~ )'~ 6000~~ JI )~ , .: 1
---~-._.

ARMATURE

I POlEPIECE7~~, /-l..~~
(,
/

/

LOAD

AC

~ , ..L:.4".c..::.bJoIS .:..)l1>.i01 )IS .r. jl,~ d~,l; ~)~ )} flight engineer panel ~') )~ CSD lS4c1.r-S

~~ ~)I> ).1.<>jI ~.; ~~ , ~ ~ }S ..,..,>6.b~yo),...;l;y:Jl dS .: 11.S~)<y>)~ ~I , ~jl..l.:..::-!)IS jl 1)01 ..I,jl~

Alternator with d-c excited field.
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"'=:-),:, 0..>.:./1>,:,0L;.; , .:.,.;..;~.:. ~LA),;~ y:J1~Ij-o l;

,:,:? tb 01 ,:;.,) }'I dS ~),:, .J::.',:;.,) .:..).;>

~') )~ .b.Q.9, ':'jl~ )LS jll) 0i jl,~ IJ"~

~ .~W engage I) 01 ..I,jl,;IS" ~LS..o 0::-"j

, (rotor) ..s~ ..: o ! ,.:. jl 0,:,L.,)~~ y:J1

simple )~, o~ ~ (stator) ~I;

permanent I) rotor y-,.m ~ alternators

..:..c~ 01J.> y::;, ..I,j~ t$' ~b ~4.fJb1magnet

.~.:.}' t$' stator ~ ~ ).:.AC ~.r. ~wJ\

----



~

~
I

N
N

INPUT iHA n

~ -------
MorOI (YIINO..

PUMP CWNO..~_..--. , ,......,- ..,, ."11I

Cons({I1It-.~peeddrive-colltrolsystem.

MANUAL
lun

---@

.OI'VI UNIT



IS" ~. ~ I) rotor ,) C,r-'jl , .;;,~..u:.1~ :>l:J,J.r-S 0~1 0~.~ .)'!~ 0~1 ~ C,r-I~I~ ~I, ),>lirl1 ).;;,

oj,.-=-- ..:: >...::.~4 jl:J, J.r-S ~')'! , .J.:.:.SIS" excite I.?)G- ~ ~ ~yb )1) 01 , (electromagnet) ~y:;S

~b IS" ~),h;l.oA ..;;,~ J.rS ~1 IS" exciter jl dS DC J)'! 0~ft" J.r-S ~yb jl I) rotor ~ ~ ~I.:.M

~IA,~I~).;;, dS ..>...::.4IS" .;;,~,.. ~ r~';;' .;;,I..w4,-:-,,1.:.:.0ammeter, voltmeter ~.;;,I..w~!~ ~IA,o.l.:./l>.;;,0l..;:.;~~

J..:.b- 0~1 Ubr~';;' )S jyb jI ~1 )'! ..::..).1;.;4jl,~ IJ"~ l; ~).;;,)} flight engineer panel ~') ~~ ..$)"y.

.~ jl,.r.IJ"~ p.)'!j ~.rS:JI ~ ~ jI ~I~ ~IA,~ ~ SJ}-"'\.~Lo.;

Brushless Alternator-

,) If..\) ~Lo.; IS" .;;,~I maintenance ~ , 0';;'~ .uft" .;;,~I ~ slip ring & brush ~I).;;,dS~IA,),>\.;ri'

0">"'::'0.;;,lA::1~ ~)~j-'I; rectifier jl ~1 0L.::.>L..).;;,, ~ brushless J~j ...I.9ijtY jl ),>li;::.11cl) ,._~"tl,;1

.~Lo.; ~,> .)'!jrl}'~.;;,~ ...:: 1

EXCITER ROTATlNG
FIELD

FIELD ROTOR

RECTIFIER

5TATOR
'PH.3

PH.2

PH.4

Among the advantage of a brushless generator are the following:
1- Lower maintenance cost since There is no brush or slip ring wear.

2- High stability and consistency of output because variation of resistance and

conductivity at the brushless and slip rings are eliminated.

3- Better performance at high altitudes because arcing at the brushes is eliminated.

Frequency Wild AC System

o';;'~)Q:J~ J~, ~ J.:1.;;,~ CSD .;;,)'!}SjI ~ ~ ),>li;:Ji ~ ~14.h...,::.o,..5..::~ ~IA,~I~).;;,

., L dS ~b <\;>-. .lJt...~Lo.; ..)tb! fre quenc y wild . I.lJ .c...;,1~ - I.; 'lS"~ ...s::.-('1\ - ~I) cS)- . ." .. _ IS" ~ IJ ., ~ ~.r ..r--' ~ u-t

, c..;.1~ ~L> u-ilS"} ~ ~ ),..,.. IS';;',),4I.j1A,.;;,, i;Lo~Lo}' ~ , lA,~ 0~ ~~I ~~~.;;,

~ If..I ~~,> AC 0~fi" .6 ,.. i '>_ft- '>u-t .l.:./I>';;'IS" ~ I) ~1~ ~;:S:J\ )4 J5" jI ~)l4 )l.:-! ~).;;, l3l.A;1

TRU=Transformer Rectifier .h...,> dS ~).;;, j~ 28 VDCJ)'! ~ ~ ~.)..:>1,~)'! .~~ IS" ~.:w 110 jl:J, 4

~).;;,.;;,~, ..., cS)'~ ~,~IISUb o.l.:./l>';;'0L:..;, 1A".)'!4-0~ ~~.;;, jl ~ ~1 .;;,1..wd, .;;,.;;,}'IS" ~l; Unit

dS .;;,.;;,}'IS" ~l; ..}lS" ..::..).)j4 static inverters .6 ,> .dS ~).;;, 400Hz u-ilS".,94 ..:.J, 110 J)'! ~ rr j~ dS

.~ 1S"~)l.o ~ ~).;;, I) 01.)'!~, ~ solid state 1S)~j-'I; r~~ ~I).;;, ~ rotary tY J)l>)'!
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28-v
QC.noII'

;"'11
".hfOrll

~II~'V
.100..
Qulp.!

,

Static inverter princ:iph:

Air-Driven Generators

ciy! )} o~lA::1~),.,. ~ ~lA.~I~ jI ~)~ )~ , o~~ ~I OJ\; .ili-.o lD.~I~ )~ ~~I~ cS4-0~~ jl o~LA::1

~}}W>I ~ ~ )~ , .L:.4 0i 0~l;;j1)15jl ..:..)~ )~ ~I f'~~ ~I.J'!~ ~~4- ~I,; IS" IS"~~ ~ ..: 1

~ , ~I~ ~),; ~,! ~ ~ ~ ,~ ~I,~ ~ jl 4S~ .:...o j .~,.:. IS" o~lA:: 1 0i jllA.~I~ jI ~ )~ 4S .: 1

~I.r. ~.rSJ1 cS;;' ~h f'~~ 0!1 jlJ.,)A) ~jL IS" ~yo f'~~ ~ I) ~I,~ 4S o..lJ..~y!~ ~r' o~l) o~~ ~

f'~ ~ ; o~~ y! ~)~~ ~~ ).:>~I, d'~ o~~ ~ )~ o~~ JS"..: 1~}~I ~I.r. .;...;..;~)'~ ..:..I~

IS" ~ j ~') ).:>.hA.;f'~~ 0..\.4i 0:!4 jl ~ .~~ IS" J..!.I} , o..lJ..~,;lA.)~lS:.o IS"~lS:.o .h ,; 0l.:l> ~1S jl j~

.~j~ 0)4,->1)0i 01,;

Wind-<ll';.,.n 9.".I'010r in pOlition 101'insfallolion.
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Generator Controls

),) 0' ~~.:>,.: I ~')~ ~ 4 01 ~lA... electrics ...5),)01)0-!.~ ~~.?~ 1~1.;1~),.6;loA :6..0~

!.Sly. relief valve jI ",-!L=...o!.SUi. ~ , ~')~ ~ ),) ~),.6;loA , .: 1 U"~ ~l! )L..; 4 )t:J, 01.:-00-!.1

)S IJ"'L..I, ,),..:.r.s"0,)Li::-.1voltage regulator j' jt:J, ~b ~ ~I.I !.Sly.~ r~,) ),) ,),..:.r.s"0,)Li::-.1)L:..9~

~J:> ..:..~ ~4 .ili o 0-!.' J~ \Sly.~ .::.-!4.~I,>- ~1)1 voltage ,),..:.,)4.j1"4,)),,) 0~ ~ .: 1~; 0-!.~01

Voltage Regulator

r~,) ),,) ~ ),) , ).;".,. ),,) ~I}I 4 .,),)yf r.s" "::"';4.carbon pile, vibrator type. ~ ,,) "'-!'J~ ~ .uk! 0-!.1

~ ,) cit.. . ~lS' l..l.o. I ampere ~.:> cit.. ~ l:il field . ~ 1..l.o.:...o lA... ~t:J . ~ ~I \. e:..:...1.I _I..:..- ~. -) - v-- ) ~ .- ), - IJ'""'...T 0.i!) ,), c.)-' . ), .

.:.J, 28 'J~ ~I~ ),) .:>,..:.r.s" .c...:.1~ ~I.I 1"4.:>voltage ~ j 0-!.~ , ooL:.~ field ~L:..u ~J:> ..:..~

voltage ,)".,..;~ I) .JL:..901.; r.s" 01 ? ..:..)~ ~ 4 0' relief valve 0~ , (AC .:.J, 110 , DC

d, .: 1~ ~ ,.:>fb )lS'J..:.'~1 4 0' .: 1e:-'; ~l! ..:>".,..;~ 01.; r.s"01? ..:..)~~ 4~ I) regulator

~ o,)~ '}I4 ~ 01 c..S::.;J4 04.~ ..:..~ ~ ).:>, ...$)j-! 1"4.:>0' .:>,..:.r.s" 0.:>Li::-.1l,$':>)1".,. ),) carbon pile ~ .;1

.~4 ,-;-,L .:.Jl> 0-!.'\SIy..l.il.;~ 0">":' ~ , j4 r~ "'-!6.S~ 0ts:'.o1..::..k "'-!vibrator type
A+ LOAD+

A+ LOAD+

F+ VOLTAGE
COIL

F+ RHEOSTAT

SHUNT
FIELD

SHUNT

FIELD I

A-
Regulation of voltage.

LOAD '- A-

Vibrator-regulation circuit.
LOAD +

B e

A
A

o
EQUALIZER CIRCUIT

G
-

Carbon-pile regulation circuit.
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Current Limiter

)L, .~~yf d...o..l...:>~ ~ ~4; J.jl,; IS'", .x.S IS"'~'; ~~4j ~L. yf )..>...0~ ;1~4j .):7"1)~ ~b IS'"~),b~

...s':J ..\>-;1 ~ ~Loyf ~,; }\)~ u),.." ~I ~)~..x.S ~ J.jl,; IS'" I) ~.):7"1 ;SI..\>- f~~ ~ armature

~~k ~),..,)~ ...?>d.S~,..:. IS'".! ~ , o~.! o~li: 1~} jI ~, )~ , ~j, IS'".r.;<-o;1c)l..h.ol~ , o~ '-:-',~01~

r ~ . .
TO REVERSE 'J~ 4...Sfan ~ ) f'~~ 0~ y-S ..s..;> ~I.r.

CURRENT CUTOUT

VOLTAGE
. REGULATOR

I
(

I ~
CONTACT
POINTS

. .
L '

Current-limiter circuit.

I
I

~ JG ~~ o~t.i:..:..1.: 1f'~ ~ ~,:> j' ..;.y:::-

ampere ~ f'~~ safety feature ~ 01~

.J=.icurrent limiter ~ d.S.: 1~ limiter

loa d ..: le y-Ib~ d.St..Si),..")~ d.S.: 1...9,r-o

.r..~ &-:.b ~') ;-'} ~ ..\>-jl f'~~ .r. o~),

~~k f'~~ ~ 6..4..1...:>0..>...01~),), o~.! ~

~ ..1-:>-1,0-!1) lS' j;ob ;1 ..rlr. t)lkl ISI.r. ..x.S IS'"

Reverse Current Cut-Out Relay

~ , .: 1~;ob~)}.~ 01 ~l1;, ~ ) , o~~ f'~~ o~ ~ ~I~ ~.r. ~h .: 1~') ),;,.., ~, d.S..:: 1~I,

~,.., c)lk..:,1~ ~ .( 24 ~I..i.. )~ ..:.J, 28) .: 1;'J~ ~):>~ jl ~)..1.9SJ~ f'~~ jU, safety feature ~ 01~

~;ob~ f'~ ~ 0~ ~ )lS' ..:.k ~ .: 1u:.,..,h>),;,.., dS ..;Loj ~.r. Jl::.- ..: 1), 1S;ob~.r. f'~ ~ .x.S IS'" )lS' ),;,.., dS

~ 01 ~ ~Y;..OS dS ~~ yf IS'" 0") .J=.i f'~~ .:...0 ~ ~Lo ~.r. , ~1~ ~.r. ~ .r. o,~ , o~ )~ 01~

0-!1jl ~~ k ~I.r. ~~yf .J=.if~~ ~) .::;.>, ~~ ..\..il,;IS'" ~1 ~ ~~ .).J:b1j:>f'~~ ~yb ;1 ~;ob~ ~)..(j

.)j1.c..;,'~ )lS'reverse current cut-out relay f'li ~ ~~I check valve ~. f'~~ ~ ~;ob~ 01) r )~ ~

A+

F+

- VOLTAGE
R.EGULATOR

- -

r ,
I
I
I
I
I
I
I
I
I
L

I
LOAD + 1..-

I
CURRENT ICOIL

I
I
I
I
I

VOLTAGE- COl L

I
-
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J>~b- ),.~ ~, ~, .,),)~..r 0") iSyb4, ~ .: ~ j)'! , o~ J.o, 01~>4 .xS ..r }S f~,) ~, dS

)l5" jyb j1 ~ ~lfliSl)'!.,:) ),1 ..r ~ ~ is..r.:3'~ 01 ~I~ , f~,) ~ \.Syb4J)'! ,:),),jl , o~ j4 01 ~>4 .: 1

.~w ~,. U"Jl5"),) ":"~i ~ .1>-1,~I
RC:V€A~i:

VOLTAGE CURRENT CURRENT
REGULATOR LlMITER CUTOUT

~ - (NORMALI:"'V - -: - (NOAMALL V- - ;<N-ORMAu.. v-opeN) ~
I CLOSED) I CLOSED) I

f
I

I I I S3 I
I I I I
I I I I
t I I C3 I

I
I

7TURE
SHUNT
FIELD

I
I

R21 I
I
I
I
I
I

I _ _ _ _ _ _ _ _._ _ _ _ _ _ _ _ J._ _ _ _ _ _ _ ...J

Three Unit: Control-Danel Circuit:.

R1

+

STORAGE ::-

eA=~ r
+

o

=

Eq ualizer Circuit
4 f~,) ~ ~, dS .: 1~', ,),..:. ..r 0,)Li;...,\~ f~,) ~ iSl),) dS 0),.,.,. ~ iSk~l~ ),) W .u.W ~I jl

0l.;.!)'! 6.b o ~L> ybb- ~ ~ W ..r ~.l;,; ~4 ~I~ ~.rs:J1 ~~ 0l.o..:bdS I; is.1>-l, ~ , 0,);S ;l5" ~

,),..:. o~ ~,) f~,:) ~ ~ \.S~ ;4 f~,) ~ jl ~ ~I , ~4 parallel L:)lb..:.1~ , 0~ SLol5"~4

,);,1 ..r ~ ~ is..r.:3'~ <\L.o If..\jl equalizer

A

..
~~e

- - - _.- .....

E 0t..IA1.. t 2£ R
SIIl.)S _

o
£
EQuALIZER

-~T

D

- K

B

A .
- - ---- I::QUAL IZ EFt

$'*" T CH

o
E;
EOUALIZE R- SHUN l'

Equalizing

- o -
circuits _
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J~ -' ~;I~ o~~ ~~ J,) ~;$JllS)jllS;I~ 0i ~p 4 ~l:.;;..g dS ~I ~~.) L£yb4 ~b ~ ~)~loJb

01 jI ~y:.S:.J1loS~~.:I jl ~ .:I~ loSl.)'!~,..I.=o ),1> ~ ~ ~,..,l> )il;) 01 ~ oly-oJ'>, )i,.., .u 15'~

J.)'!0::-"l;.)'!o,~ )i';) ..: 1~') )i,.., t?, ~~~ ~1~ ~y:.S:.J1~ t.s"").)'!).:1~),b;L..A, , ~,..;:.15' 0.)lA:.-,\

~~;f full charge loSyb~~, ..: 1~ , ~Lo.;15' )).:. ~ I) loSyb~'01 ~ loS~~.) , ~1~ j~ ~),...,

)~ ~ .sS .J..i).)$15' )1.) ro ~1 ~. loSyb~01)r' )~ U"'~ Lb~il )~ ...>...:.~1,> ..AS~ 01 .: ~ J.)'! 0~.r.-

.: ~ ~~...: I j).:. ..:...:>UlSyb~ ,J$ t.S"~dt"., j)~.~ .:...o~ ;f ~ Jyb , ~. .:...o~Jyb ~ , 01 .h...,
. .

~ loS,)~I.) ))L::.-rJl> )~ , 0">"':'~~; ~ .: ~ ~~ ~~H )}.:. )- A _: lSyb~ ~ yfb , ..: 1~~ ~

~ ~ 0~.r.-~ 0~ ~ ~,)I) ~l¥-I~ ~ ~~~ ;fl ..: 1Jo,..,t>)i,..,-~, ..: 1~ , ~~I ~1,>

t.S"~~ ~ .: ~ ~~ ~ ..: 101,) ~ .: ~ lSyb~ jI u),.." 0!' ).) J.)'! I.r..j.:I"';:'t.S"..}>~ ro~1

..>...:.~I,> ~ ~ .: ~ ~~ .::..S;>)..\A..,~ lSyb~ jllS) _.A_: ~1 ~ u}.~ ~ , 04..r.- ~ yfb , .:I.:I;f

jI ~ J.,..,t> Lb),;,..,~, 0::-"j lS,) )~ 0l5:..)/1 ..;;> ~,.:. f.S'>~ ~ 1~ )~ ~.:I f.S'> 1"~1 ~ ).) ~),b;L..A,

u),.." t.S"1}~ ~ 01 ~ ))L::.~, 0">"':'discharge )).:..:1~r' ~ lSyb~ '.r..j ~,..;;.;0.:1lA:.-,I ~I~ ~,> lSyb~

lSl.)'! U"'~ lSyb~ jl 0~1A:.-,1~ )~ ul.;l5:..11"~ .:...k ~ ~~ )~ ~ ;fl ,) 0!' jI .:I.)'!t.S" lS;~4.j 01..oj, ci;f

1"~~lS'~ jl ~~ lSLb)i,...,start lSl.)'!,o~:?on I) 01 1"~~)i,.., ~,t 0">"':'~') jI ~ SJ~ ~"';:'Ub)i,..,start

.J.:..:St.S"0.)\.Q:,1~')

lead acid ) lS~1 ,:-,1 0~1A:.-,1~),.., lSyb~ 0!Y; ~ I)

01~ ~ (cells) 01 lSlA.<!..it>)~ .u I.r..j ..>...:.~t.S" (battery

, ~,..;:.t.S"0~li::1~),.aJ, ~1 , ,:-,1JF jl ~,y:5J1

~I,> J.)'! .:.J, 2.1 01 <!..it>yfb~~ full charge lSyb~ ~,

o~~ jI 0~li:: 1ot) 0!} o~L lSyb~ ))L::.~I..o) loSt.)'!, .:11.:1

~ ))L::.J"; .:.Jl»~ , ..: 1(hydrometer) ~ ~

I) lSyb~ lSUb <!..it>~~ 1.300 , 1.275 ~ ~~ ~1 ,:-,1

~ ~~ ~ Lb<!..it>)\::.1,~ )~ .J..i~ t.S"~ ~ lSr' )~

12 SJ~ ,J$ ~,;1 lSyb~ ,J$ ..: 1 ~I, 0!t.)'!~ ~,..;:.15'

lSl)~ ..>...:.~~, 24 lSyb~ ;f1 , ..: 1<!..it>6 lSt)~ ..: 1~,

~L:i:.o d')~ ~,> jl ))L::. 1"~ lSyb~ ..:IY.~I,> <!..it>12

jI ~~ Jlr>' ~lS d..9.r.-0.)Y. u),.." )~ .J..ilit.S",J$ J.S 15'

jL d..9fi"lS~~~ .>.!13~~ SJ,llSyb~))L::.Jlkl ,) 0!1

~ ~ ~ .~~ ventilation lSl).:I..: 1~ ~li , O~Y.

Hydrometer reading
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}'I 4S -: 1o~ ~L.., !.S),b ~~).) ~, .b~1 )~ "-!, .).j,..:.~1~ cuI.:>-"-!~}> 01 jI ..:..I}~ lJ o.)~ JSIJ'"

corrosion ~~ .).jl,. t.s" )l!1 <is !.S}>~ ~I ~1 (spill) ~) jI , o~ ci}' t'), .:J,> "-! .:J,> .:J"':'~ !.S}>~

t.s" 0~ ~1 , o~ ~ lA.:)l::J, ~.l.:..:-! !.Sr )~ I) lA. !.S}>~ }'I jt. -;.~ ~),b~ ..:J"'::' t.s" !.Sr.?,4- .:J.:J}' ~

...: ~}>~ ..s::;..s::;jl::J, r.'r. J5" jl::J, , o~ ~ lA>~1 ~~ !.SjI,...}'I , .).jL,

.6 t.s"~.y ~y::.s::J1 ISj}1 "-!I) ~~ !.Sj}1 !.S}>~ :Hint

I~ !) ground lead 4. ~ ~ 1~1 ~~ .u.r.- jl !.Sr.?,4- )~ "-! ~1J'" j' IS}>~ 0.:J:? 0.:J~ r~ "-!- Hint

~I )~ "-! ~IJ'" ).:J41 ..:J:?joJ: ~ )~ ~~ !.S}>~..,...,.a;~,... ).:J, O.:J,; 1~ !) ~ ~ ~ , 0.:J:?

...: \ y-~ r~l~r J.c, , cb9 joJ: , .:J"':'t.s"0.:JlA::1..J>~ 1SlA>connectors jI y-j y-""';~

~,. ..:J,28 0L...o~.:J.).j).:J~, 24 IS}>~<is~lA>~IJ"')e... ..: 1!.S}>4)1~ ..soSr~.:Jjl:J, ~~ _ Hint

..>..:.~), !.S}>~"-!r~.:J L~~ )15 0-::> ).:JlJ .6 t.s"

SEPARATOR PR0TECTOR
PLATE STRAP
PLATE
SEPARATORS

Cell ele,-nent for a lead-acid cell.

)15 r~ "-! 4.S:>1!.SIr. ..: 1 DC ~ IS}>~, ..: ! IS}>~ !.SI).:JL.t}! ~1J'" 0~ .>..:.~AC ~IJ'" Jr. ~ jl Jb

~ ...: 1o~ ~ ~IJ"').:J Transformer-Rectifier Unit ~~}> "-!b.:J,..:. j}-~ ~ IS}>~ lA»,.,...

.xS IS' ~h ~ I) ~IJ'" DC ~ !.SlA.j~TRU ~1

+

-

-

,,",,'"-'
A-C5OU~

A full-vvave rectifier circuit. Curve for full-vvave rectified current.
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Nickel-Cadmium Battery

I.S~ r',~ , ~ 1.S1)~dS ~,.::. I$" 0~1.A::-..1r}::-"'~15"~ \S~;k4 jI \S~1 ,-:-,1 \S;k4 \S~ ~ ~~I,.a> )~ oj,)"'1

, ..>..:.II>~I$" ~bl~,> )15"~ ~ ~L;))~)::-i ~r)~ 1.S',.a»~,~,..:. cs> ~~ ~1.;1 ~ )~ jt5' , ~

30) ~l:.; ..::..1)~ , (..w.)~70) yhi.o ,-:-,1.b,G<.o1.S;k4~1 )~ o~I.A::-..'~),... ~,;:.$JI ..: 1..:..I,1.2 d.jL:;..yIb)l:J,

1.S;k4dS ~4.~ ).lio , .~ \S;k4 J)L.;.\,).)::-0\Sly. I.S)~ JF ~ , o.;)~1.30 JF ~1 ~ ...:: 1(..w.).;)

'-:-'~ ,-:-,1))L.;.~rl5::..D,~ \S;k4 0-!1\S~ plate ...::.:101 J)L.;.).lio )~ ~~. ~ I$" charger otS::...,.;)4JLaJI .:.r->

,-:-,1~L:.; ~4 ~ iylbl1;\S).>4I.S~ d.jL:;..dS ..;)~ ).;)0.;)}"))L.;.jl J:.! ,) ~I jl ..>..:.11>,;)~ .~. ,-:-,1J)L.;..:.r->, O.;)}"

jI r}::-"'.;)15"J5:::.;1.S).>4shop ~ d.j~1 )~ W .~~ J.o.c ~I ~ r'~1 ~4 j~ ..::..)~ )~ ))L.;. j1 ~ ~ ..;)}"<lJL;1J.!.,!

~l:.; ..::..1)~ J,b-o 0~ ~~,... ~l.o.::.>l\S~I ~1 \S;k4 jl ~jt5' 0~ .lJ::~ l; .: I~ \S~' ,-:-,11.S).>4

.~~ ,.;))~ \Sj4 ~L. dS r~.;)15" ~ 1.S;k4

METAL CAP
POSITIVE TERMINAL

CONNECTING STRIP

INSULATING INSERT

POSITIVE PLATES

NEGATIVE PLATES

INSULATING CASE

NYLON SEPARATOR

NEGATIVE TERMINAL

Nickel-cadmium ceDcut away

Advantage of nickel-cadmium cells:

1. They have long life-about 5 times as long as for lead acid batteries.

2. Batteries will not freeze, even at -600F .
3. Little or no gas is emitted during operation.

4. There is no need for frequent addition of water.

5. Batteries can withstand shock and abuse well.

6. no deterioration occur if they are left in discharge state.
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Simplified oircraft charging ~ystem.
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Ground Power Supplies
\S~lS'~,))~ (turn around) 1,s ~~ ..::..~ Lr.? ~ ..::..Lo-G-~;:w. ,UI.)';}A0~j ..::..}::, <sly.~~I <s;}'

<s;b4 ...: 1j~ ~)}A <s)~ d'~ <sUI.~ Lr.? ~;:.s:J1 <sUI.~ 0~~'::"""'; <sly., ~L:...:,,) ~h SLo 01)~

~~,.l=o,~ L-..:b)">}A..::..}:: I J.o.c f~1 "-!)~\.9d.=:;~, o~~ fj'l <s;}' ~h ~L, ~ j141 ~1~ ~ \SUI.

Control panels I) 0::-"j 1S').H 41 j1 o~~ 0~1.A:.;,...1oj~1 ~yi;

..s)~1 ~I~ ~ f j'l <s;}I ~h "-!~,.l=o , 0~1J.j

~ ..s1.ulS'I..>..::-}..Lo u..:: I fj'1 ,~1 j1 .~

..L:>-1'1 ('. "("11. r" '1 JL.:i:..i1. 1 - 1_.' U ~~. ~,) ~.J"""" )r u ~.r) ;-

L laJb ('. -q ..\ . -.. o:lo" l:>-~r ~.J""""...s).r ~)" ~ .~)~)

~ y..~ ~~,.> JS:.:.,:y..;; o~L)~ .~4 ~

<L.bA;)~ cJl, ~I) 6.:>L:. <1 1 ~ jl ~ ~

0~ yS ~IS ..s1.H ~ ~ ,~,~ dJ~ )~ ~L:...o

.~ d-!;b jl 41 bus bar ~ ,GPU ~ )..1..0

~ ..sOJ.o> ~y.. 4 1) ..sI <\jlS'I..>..::-..sUI...s):>4~I~ t'~1 ~ '~j "'-!..li;~ y. o,~ .~~~ ..sO ~ relay

Power receptacle

~.li; I) ~ j ..::..Lo..l > ,LA)';}A ..::..)l:-.I..sIy. ~11S4r-;b4 ~ ),l2-:-o"-! ~ j ~ 01~ ..::..)~ )::. .l.:.,jl,; (.S">dS

u ..:: 16.:>~ d > dJ~ <s,) ~1) plug y..~ ~ ..l.Ib::' JlA::.i1 ~1~ "-! DC ~ ,AC dy. ~ J.j1,; ..sOGPU .~Lo.;

relay )..1..0~G ::'jL ..sO~ d- 1)dF JL:u1~,1 ,..:: I),l2-:-o,::."-!olJy f,... pin , o::'~(- , +) J)"y. 01 pin ,~

~ ~I .::.),1..sOJ.o.c "-!.: iL..o~I) JL:u1Lr.? ~1..s1Jz>pin ..s,) .\.9ft" oS, j1 ~ o::.~ Jots' ;; y..~y..~ ~ I)

...:: 1d~L. .J::-i~I) 0::'~1..>..::-J.o.c Lr.?

..-

r-,
( i+-ll._
~

.I+
1

.
...

.O:f

.

.

... ..p:
L..:

Ext.rl1Olpower
connector

r-

i
--, POW'/

~ ~I seleCtOr;' . ~,,"ICJj

'EH'' 'f.""
1.
ballery
system

)- plO p.IUII

bt.rnol Iupply
socktt

Acctn dOor--~

Ex.lemal pewersupplyCOlnection
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~ lA.~IJlb ~I d,j~ 15,) ~I) plug fl.~ ~ , .: 1AC lA.l.o.::-tlJlb) - ~ _: ~.rS:JI ~ ~~~ )y dS ),1ul.o.A.

.~~;f (.S'"~~ TRU ~;b jl DC bus bar ,~ j~ ~)!Y'jl! 6 0 ACJ)'!~t. 0--" , .: 1.G-L.

.~,.;. (.S'"o.)lA: 1AC jl! 6 0 J)'! jl .).1.a:.oI.S~Iy,oJ:.1.) ~ ~ ~ JI 0~ ..5)j.! I.SU:.~ IJlb).) dS .: 1;S ~ ~ f j 'J

1.SlA. ~ ..: 1.:..I, 200 .),..1..>jl! 6 0 )\;.1,, .:..I,110 )'!I)'! jl! s::;)\;.1, dS ~ jl! 6 0 tY jl ~11SlA.)';l.;;:.Il ~.

I.S~ ,~L.}' ~ 0~ 0).l! ~ 1SlA...I..>I,~, .1-~f ~~ .::.1, 110 jl! ~ J)'! 4 lA.l.o.::-tlJlb~I ~~

jl! 6 0 J)'! 4 ..., ...s~ ~I f.) o~.) ..:..Sr ~y:s:J1 ),;,." ,~ ~* ~ o~ ..5.;.:>.fan ~)'! ~')~

.~(.S"')S

. NoJ dc.bus Vital d.e.bus No.2 d.c.bus No.3d.c.bu
Magnelic
indicators

IO

A
II

I~_H

. 'rv-
--1_-.-

Externalsupply
contactor

No.1bus-tie
confactor

No.3bus-fie
confactor

Main

I
I
I

I I

~:AUX.-,-Ib~~j1:- MalO1--.

Externalpower
'.eeptocle

Schematicof anexternalpowersupply. multipled.e.

busbarsystem
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Power Distribution

No.IO.e.busbar

d.e.

Battery
relay

Generators

No.2a.c.busbar

I
I
I
I
I

Bus.tie breaker

~INO.I
F1 THU....,..

~INO.2
F1 TRU.....

.
I
I
I

Isolation
relay

Split busbar system (primary a.c. power source)

Vital services are those which would

be required after. an emergency
wheels-up landing, e.g. emergency
lighting and crash switch operation of
fire extinguishers. Those are
connected directly to the battery.
Essential services are those

required to ensure safe flight in an in-
flight emergency situation. They're
connected to d.e. and a.c. busbars, as
appropriate and in such a way that
they can always be supplied from a
generator or from batteries.
Non- essential services are those

which can be isolated in an in-flight
emergency for load shedding purpose,
and are connected to d.c and a.c.

busbars, as appropriate, supplied
from generator.

Generators

Centre busbor

Split busbar system.

T~I

External External
powerrelay power

No.2
busbor
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Selector I
sWitch I

L

r ,

I 0 0 j
o I

;xt I----I

28. V D.C.Bus bal'

Ground
power

. sWitch
Trip

Control
relay

1 ,.
I

/"

rep

30 A.C. Main bus bar

Amber indicator
light

1//

Phose
sequence
protection

3ep

lep

-,I
" ~ I

W. _~I,

J

Ground power
breaker reloy

3cp

limiting resister

J
1111-fO~3 cp rt'O 3ep

I supply
, D,

28-V feedback_ I.p
Groundpower plug

Schematic of a ground power supply - a.c. system
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Auxiliary Power Units (A.P.U.)

(GPU) ~j ~1._" .'.~ .:..I~ jI j~ ~ f') .:..),..=>).::. dS ..\..il0""::' ~Iyb 15' dJy "-! I.Sj,yoll.SL:z,~I~ ;l1.S)~

1.S1y.fj'1 15:>;1'lSyb~ ~ .h...,,; 0""::'~') ;I ~ dS ..: 1ci x~ .:..),..=>APU ~ ~ ~yb ;I yol~I , o'::'~
).;;,':J~ APU ..;;,),1\5" ~I) I) ~y:.SJI.:..~..G- xL , 0::-"jIS,) ).;;,~ "-!.w ,~I~ ~11.SL:z,),;J'4 0';;'j .:..):; 1

.;;,yf)';!Y'f~'::' 0.;;,l::JI)SjI.:..),..=».::. ;1,~ ~ ~y. 0::-"h 1.S1y.01 jl L:z,~I,.,. ~).::.~,.: I o.;;,lA::I ';;')!Y'~j 15,)

..;;,,..:.\5" 0.::.lA::1..: t>y. , ~ ~ 0::-!lS""-!I,.,. ~,=oU ~ 1.S1y.~ ,

Feu! pump and
control unit \,

\
\

/.
/

Starter mot~r '7
I

I

/
.I,.

on ffiter/

Turbine:

\,
Accessory geamox

Auxili3r)' power unit

':»!Y' I.SI~, o..\..it>~ I) I.S)';'}; ~~ ~yb jl.lS 0">":' ~ ~~ ~ )';!Y' ~ jl APU x~ ~ ~ )~

.h...,,; .IS o'::'}!..)X tY jI APU j):: 1..:>,..:.\5" o~ ),;'1y) c.Y-yb;101 ), ~ ;1 ~ "-!.W~ I.Slxj~

~;; ~ ),;li;.11,.::.APU ,747~jJ.1.S~1~).;;, ..::.,..:.f$' "-!..h;~j .:..)..1..9~ .;;,~, .:..),..=».:>,,~1~ l.Syb~

)} jl,~ U"~ panel IS,) APU 1SL:z,J? x.:: D>~I~ ~11.SL:z,),;li.rJ1 tY 0L.A. jI dS ..\..it>;::I$" 1)90 KV A

rated .l»'::' 0i ),.:>0">":'~') ;1~ ~ .: 1~li 0i ),.;;,, o.::.}-!throttle ..I..9lSAPU dS .: 1~,; "-!('j'1 ...\..i)'::'

..::.}!..)Jb1~~li 400Hz.l> ).:>AC 0~~ ~lS" .) ,o.:>~ CSD ;1 o.::.lA::I "-!I.Sj~ ~ ..\..i~f$' ~li rpm
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~~I ~lA )¥ ~

~j.T1~ .~ I.S"~~ ~;:s:J1 lSj;' ~ I) ~1$..0 lSj;1 4S ~I ~l!: ~ )fli.rJi , )fl;j ~~~ 4),.t:u~

.1.::..-Jb~~l!; ~ ~~llS\A),;~ ~fl Jb ~W If' Jfl':;L..~ .yf~,> ..;.>~ ~, cl.! )f,.,. jl') ~1S:.o

, ~ ..JJ}~~I~ ~ jll::-4 Cb)~ ,;:; ,:;I,I}o~lA:1~},.,., ~ I.S"~~ ~\S:.o ~j;1 ~ I) ~;::;:Sl ~j;1 as

.r-' ~~,! c.S\A)f~)~ ~~ I.S"4),b;l..A, ~1.:.).u.r.~;:s:J1 )f,... ~ ~I,)~ ~~ 1.S\A)f,.,.starter

starter-~.:l jl ~}~ j1 ~ )~ 4S .:-.1 ~ ~I )~ ~,.:. If' o~lA: I ~;:s:JI starter jl ..;~L., ~I.r.

)f,.,. ~" .x.s If' ~') I) )f,.,. ~,> J.>~'~, cl:! Jx ~I ol!: ~ ~I ~ .::.~:JIf' o~tA:' generator

.r-!)~)f,.,. ~. ~ ~l> starter J)l> x ~Ix~ ~~:J ..I.A1,>~~ generato~ ~ ..I.A~If' Jx ,:;~ ~ c:r-'J

.~I

~~I ~~)¥ ~ )1$ j~
I.S" ~~ ,)A.4A> rl: Jz,~ ~, (repulsion) ~~ I) A.4A> r~ ~ ~~~ u-:-b~ ~ )~ ~),1=u\.-cb

.r-' ~.;.s:J1 ),.,.. ,:;~ ~ .:-.1 o~ o,)lG::I o~~ .j:-A jl ~;:s:J1 ~lA)f~ c.s>'~ )~ , (attraction) ~w

armature ~ , field ~ p:A,)I.S"),;,.,. ~ Jx ~, .:-.1 armature, fiel.d ~ ' L.., field ~I},) r~,) ,:;~

armature J->.r: ~ ..sr=- ..: J .;.S~ ~~ d...D~,,) ~I ~ ~,) , ~~ , ~ ~\;;... d...D,=>'~1},)

.~ ,,)AI,>

E3~E

t

(0 ) (b) (c)

TYPES OF MOTOR

..JJ":'

Series-Wound .a

Shunt-Wound .b

Compound-Wound. 1:

IS,))"")~~, ,)~ I.S" o,)lG::1shunt ),;,.,. jl.:-.I rj'J ~t )',)~, pS ~ L.. pS ),j ~ ~ as ~,)},..).::. :Hint

~, ),) .,),:.. IS" o,)lt.: llSr tY ..sk ;f,... jl .:-.1 j~ ,»),...starter ~ "'L..j(torque) ~,I ..s:; \.J"~ .::.4jJ,j 4S
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------- -- -

( . ) (c)

Series-Wound . Shunt-Wnund Comj>ound- W ouod.

I.i'J,k ~1 jl ~~,; ~I jl~;f ..I..:.A>I';'r.J r:..r'.}:> lA;,.,...~I ~~.so o~ ~I.J~ .)~j );""10'=: lA;,.,... tY

o~lA::..,1~,~ I; 01..:_ii.)5 j!1.1>.);f ;IS starter ,,-=,,"t30 .J1.)~.so ~ starting ~yli;.) ~ ~~ o.:»lA: 1

..: 1starter .:.1}.1..eJ:>b jl ~~j );""1;~ ~ ~ ~I , .)~ ..s.:..it .:-:our

~~I~ ;~ landing gear, wing naps ~I..r.o.)lA:I .);,... ..}..r.;,.,... - ~,;
..:-.,1(series-wound motor)

Serjes- Wound Motor

rW ~~ , .J.jlo~ J..:., ~ ~ ~ ~.r' ;,1> ~ .r..~ ~ armature ~ P'=-' , field ~ po:-' ;,.,... ~I ;.)

;IS or- ~,... ;.) ~I ~ ~,. ~ ~~ ~b ..rS .:.-,lA.. ~~ field ~ po:-' ~;~ ~ j:-i field jl ~) current

.)~j 4.l.a\::..torque , o.)~~,.; ,.) ~ o~ .:a~1~l:.a..o ...;.~ .x.S ~;~ ~;1 , field jl ~.)~j ,->~ft(.:..}: I)

~;I, 1..<>bearings,~} ~ ~ ~.1> ~ t ci~ ~I}I~)"" 0i ;,.) ~~ J..:., load ~ ;,.,.,. ~1.J1, ~~ ~

'~~.so o~lA::..,1Landing gear, naps ;.:.l:u.:\..oot,s , ~ ~Ub;~ ~I..r.Ub;,.,.,.tY ~I jl~, ,.. ..)~ ~

: (CEMF) ~;:sJ' 4S~ ~ ..s,~
;

.)~ ~ .till ~i;.) ~jt;l, ~ o;f ~ I;field ~l:.a... ~I"; .bp.J.:S .so01;,.)~ or- ;,.,...~) 4S \S"'~

~I,;~ ~ o~}, jl:J, , jl:J, ~r ~ J)t::.>1~ ..J.:J..~.so«~.r- .>...:.~,~ 01 ~ ,; 0!1jl o.);f ~lA.. o.)}, j\:J, ~ 4S

;IS ~~I ;.) ~ .~ .,UbI,;.;:-S jl:J, 0!1~~ ~ ;,.,.,. ;,.) ~ ;Ib.:.-.1~I, , '.J.:.J..~net emf .:-.,1};.- j\:J,

.~ .,Ubl,;.;-s ~~,;, .);""1..:a,.:.)- &_: ),.:a~ ;Ib, o~ ;,.,... .)},);""1 .~)- &_; ..:.-.1 pS ;,.) 4S ),.;.-

atartcr
awltch

~
.
.......

- - -
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Shunt-Wound Motor

field jI dS ~~ft" ~Ir.~ ...1,j10">"':::'~ ~ ~ IS;!,."~) , field .r..~ ~ ~r. ),.,." tY ~I).:J : ~j'¥I J~.¥I

~~ ~Ir.~ .:J)b1S.:J~j..: ,lA.o~ ~ ~1 ~~ ..:J):'field ~ ~ ~I..:...o,lA.o ~ ~ ,.: \ ~t .:J)~ ..s"

load ).:J01 ),.:J ~, (Iow starting torque) .:J)b ~ start IS'~ ),.,.,. ~ ):. dS .: 1~ field ~L:.;."

.(good speed regulation) ..: 1~t~.;; ~ 1SUz.

Compound-Wound Motor
. .

~ ~) ~IS)"""u),.-:>~ IS~:' , ~) 4 c$jl,.")~ ~ .~~ ..s"field ):. ~ ~ ,:. ISI)b Uz.),.,."t.Y ~1

dS ~ 1SUz.)~ISIr.~~ , :.):. I)ISjl,.,.);;,.,. ~l>- ~ , IS)"""),.,.,. ~l>- ~ ),.,.,. tY ~1 ~1r.~..: 10">"':::'

.:.~ ..s" 0:.l4:: 1..1,j):.~t ),:. ~ <::l.;:> I

.:J~ ..s"J:>~~ ),.,." ..?- ~ ~ :.,.;.J:>~ field ):. ~ , ~;1 ):. 0~ft" ~ }'I DC 1SUz.),.,."):.- Point

..J.:.S~ j__;-;..?- ~ ~ ,:.,.;.if~ field ):. ~ , ~) ):. 0~ft" ~ }'I ~,

Reversible Motor

..j.jl,...s" , ~ ~ ..s" (counter clock wise) ~L... ~ ~ , (clockwise) ~L... ~ ).:J~ dS .:: 1 IS)"""

)} ~ , .:: 1 0">"':::'~ ...A.I.:.?..oField ,.:J j1 ),.,." ~I )..1..0.r..~ ~ ..>...:::.4landing Gear, flap 1S1r. ) :. ~!)1S

0.:Jb )} 4 , ~ ~ ..s" CW ),.,.,. dS .: 1ISI d,j,f ~ field ~L:.;." ~~ polarity (CW) IS,) ).:J~, 0.:Jb

'~~..s" C.C.W ),.,.,., o~ if~ ~ C.C.W IS')~"""

c.w.

c.w.

c.c.w.

c .C.W.

I I I
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AC Motors

universal motor ~) ~ .J.S ..s<>)1.) j13 ~ J.r. ~ l) o.)L tY ~ , x...;S ..s<>)1.) (AC) ~,l.:.::..o J.r. ~ lc:z,)~,.., Lr-I

).) ,j~r ~ ,jR .~~ ..s<>DC )",.., J..:.>lo,jl ,jlo.:>L , .J.S ..s<»1.)~,l.:.::..oJy. ~~ , ~ J.r. ~~ ~ ~.,f

)t5" j13 6 Jy. ~ ~ AC 1Slc:z,)",..,~.) tY..J.S ~ ~~) J.:>-r; ~.)"::'..s<>"";~ ,jL,~~), field

;Il>~ ~)l;.;>.1 ~).) 120 ~j13 6 ,j~r ~ ~ ~ JA:;.-.a~ ~ "--' j1 ,j 1 stato r ~ ..: 1~; Lr-~ .J.S ..s<>

~ ~I ..s<>.)~, ~ (stator) field J>b ).) 1.5)1,.)~l:i" ~J> ~ ).) ~ .),.::. ..s<>.»), lA>~. ~ Lr-' ) ~

~):> ,.) ).) ~ ..s-.o ISk ~ )..: 1o~ ~ ,jl rotor .~~ c.s'"o~ J~' Jy. ~t5"} IS,L.o ) J.:>-r; ~ r'

Lr-' .J' Jl> .~,f ..s<>~~ u-A-9) squirrel cage l>)lb.ol rotor Lr-' ~ .1>\o~ J.o, ~~ ~ ring ~~

,j~r .)~I ~'y. J..lc 6 "y:>Lr-1y.~ .l.:>-r; ..s<>stator ~l:i" ~J> ~I J=J.) ~ .)y.;S)} stator ~b ).) rotor

..)}.).)~, (~lCJl)

Conductor .a

Magnetic field .b

Relative motion .C

Lr-' , o~ ~l:i" ~J> 1.51).)rotor ,j~r Lr-' .)~I ):>L:;.~ ~ .),.::. ..s<>~lCJlrotor ISk ~ ).) ~~r ~ ).)

~ ~ )",.., ty ~.I ).)~ ~b ~" ~~ ..),.::...s<>rotor J-:>r; ~~ , ce.::,1.i5"}I ~ 1.5,) stator ~J> , ~J>

..)lCJl)~,.., .: 1~~ ) ),.) ~ )",.., ty Lr-' ~ ..;.;.:S ~ J~II) ~~r ~)L:;.) rotor ~ , .),.::.c.s'"o.)\.)J.r. stator

.~,f (induction motor) ~.

S:!:TOq
..':tM)I\G

Stlllor of all (l-(" m/Jwr.
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Electric Measuring Instruments

4.5 If.

Ohmmeter .a

ojl..l.ill) Resistor ~ .:...o,lA...;I~ d.S.: 1IS'~,

)~ d.S.:...0,lA...~ ;I~ ISy.,f 0jl..l.ilc9:JA)~ , ~y.,f <.S'"

J}> ~ )L91~t .~~ d:JAL> ).M '; ,1~ ~.: 1).M

ISIJ--! Ohmmeter jl .~~ I~ )..L..o jI ..::-.."lA...

.~,.:. <.S'"o~\..Q: 1~ Continuity check
TEST PRODS

Voltmeter .b

.~,.:.J..:., ~ ..s~ ojl..l.itI)01)tJ, ~1,> <.S'"d.S~ 4ISjI:JA)~ ~~ , O~}!~4.j~ 01~b .:...o,lA...

.~,.:. <.S'"~~ ~ .l-":)~ , ~ ~ ~ ~ ;:-0 ..:.J, )~ :6.::'""

R . 29.990 OHIISJ

Voltmeter circuit.

SERIES

RESISTANCE

Voltmeter connected in a circuit

Ammeter .C

lOW.BATTERY
INDICATOR

1

',FLUKE

E3 70170 ne

Au,OPOlARITY INDICATES· 0 VK:s~e:=~~~

1~
,~.qJ1F!"",,,,,,:::

~~::e~~~~ I [L 0 10 20 30

DAIIJ.G£ffiE1IElU. ~ Of!' u _ 0I!M'Gd
lOtCHHOUI

.~') <.S'")~ ~i 04..r.- ..sy.,f ojl..l.iI..sI.)'!d.S .: 1..sI ~,

~1,> <.S'"d.S ~ ~ ~~, ~ )~ 01 ~b .:...o,lA...

.~, :. J-.:., 1Sy-->,~ ~ ..s~ oj\..LjII)0104.r.-

jI ~ <.S'")~ )Q.i ~):JA~ jl d.S 04..r.- r~ ~)~

ANNUNCIATORS SHOW AT A'

GlANCE WHAT IS BEING

MEASURED .

(VOlTS. OHMS, ETC.)

TOUCII HOl~ FREEZES
tHE DISI'lAYON STABLE

READINGS SO YOU CAN USE

BOrN HANDS TO TAKEA

NEASUREJ.\ENT AND VIEW

RESUlTS LATER.

AurORANGING

AIITOII/ollCAllY SELECTS

'!tOP£R MEASUREMENT
ft&NGE. MANUAL

RAI<GIIIGLETS YOU lOCK

",,0 .sPECIfIC RANGE

FOR IlEP£TIT1VE

IlEASUIlEMENTS. ~=:;~~:~~~~CT
MEASUREMENT FUNCTIONS.

3GOmV
0-01 AMP. FUl.l. SCALE

I!

SPftW. HlGH-EtlERGY

Il

~
Fl/5ESPROVIOEEXTRA ~
PROTECTIONFORUSER-/. FUSED

IHO 11£1".11 DURINGCURRENT

I
I4EASUREIlENTS AND

OVERlOADS. @:IOOmA I
~

Ammeter circuit.
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Ammeter connected in a circuit.



Switches

..)).) 0' tl~1~ ~ 0' 0.)Li: 1.)),..,.~),k ~.),.;. ~ 0.)Li: 1) ;I }.lA J-oj j cb9 \SIr. <is ..: 11.S1~.'J

IS" <islS;l:;J, ;Sl.l> , (closed .:Jb ).)) .x.Jb.))~ .)y.. ) ..).;..jliIS" <is~~~ ;Sl.l> ~ j! lA.~, :~~ t'';'

).) ~, 0-!.1<is..: 10-!.1.)~ .:J, 250 ~i 15 ~,..., )e...,..l.i~ lS~ ~ (open .:Jb ).)) ~lo..i J.o.;>u..).;..jli

0)1, ~~ ~ ~I) ).) .~.) )~ .)y.. ) ,) ~'15 O~y::'"pl.l> , .:J, 250 )l:;J,pl.l> <is.),..:.0.)Li: 1~~ ~'>- .

...: I.I.5""')j!~19 j!.j lSlA.DPDT = Double pole. Double Throw
SPST = Single Pole. Single Throw
SPDT = Single pole. Double Throw
DPST =Double pole. Single Throw

Electrical Cables

<is(0000) ~ )~ o}.~ ~ jl , .l.i1o~ lS;llf o)_~":' ~"b9 }::U jl ~ 0.)Li: 1 .))~ ~I~ ).) <is ~~

0)_"''':' ~ 0!.1...: 1o~ lS~ ~ 20 ~14 ,2,1 jl, 0.00.000 0' ~).i ~, o~ br- ..: I.)~j 01 #

yh9) ~ 0} :. ~ , ~ J.~,) tJ.i~ ~ ~ ,..: 1r, ~ (A.W.G) American wire gage ~ lS;llf

~ ~ <is.))b .)~, ~~ ~ , 4J,~ ~I) 0!.1).) <is~.) )~ .)y.. ) .l.ili IS" I) ~4y::'" fSl.l>.~ ;tb (~

..)yS'~ I) }::U.))~ ~ size 4,gage .xS IS" )~ 0 i ) <is ~4y::'";I.u..., ~ J,b ~ ~ ~)i IS" ~i

-

~
20

ELECTRICWIRE CHART

-
~'.

(j
Z

..J

:IJHV[$
1 CON IINIJOlJS HATlN<;.AMf'!'Hrs

CABI.ES IN CONDUIT AND BUNDLES
? CON1INUOUS nA1ING-AMf'fIlFS

SINltU CABlE IN Fn[!'-AIR
:1 INIFnMII IrN! RAlINI; AMf'HU-S

MAXIMIIM Of '/ MINI JH-S

-.)
>

<

20 18 16 14 12 10 8
1
6

1
4

=r=.cr
2 1l!0 2/0 31cJ4/0
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CIRCUIT
IVOLTAGE

115 200
)

14 2A

800 100 200

600 75 150

1\00 700 !iO 100
360 630 4!-> 90
320 560 40 HO
280 490 35 70

240 420 30 fiO

200 350 25 50

160 280 20 40

120 210 30

100 175 12 25

BD 140 10 20
72 120 9 18
64 112 B 16
56 98 7 14
4B 84 6 12
40 70 5 10
36 63 4 9
32 56 B
2B 49 I
24 42 :1 6
20 35 2 5

4 J .5 1



:~,J.b .~I o~ 0.:>LA::1)~ ,-;-,-,11.1 ..)j! )':;jA ~ jI ~~ LS~I~ ~ ,:;,)ij.:>~ LSIj!-.u: o

! ;1..\.0w4~ u~ ~b ( ~I

~ ~~ ..\.t~)~ j~ o.:>LA::I':»jA ~ o)W ,~~ 20ft )':;jA ~I jI "-!..l.iJ~.u...,~./I (,,:-,

~ u)~ jI./1 ~ .:>~ 30A b~~ ;1..\.0w4~ u~ dS ~~).:> ~L...1"-!~.I~ ~I).:> 28 jl::J~"-! ~,:; ~: J>

...: 1120}.o":'~ ,,:-,I~~ 0.:>LA::1J.:3
.. .j _ ~ t ..'

,J+ ~"A. ut .J~ )~ J'-'-" ~

A !/(I\\'{/h!c \'o/(lIgc drop

Col/1in/io/i.l' //1/aJl/ i(fell (

.\'01l1iJ/ll/ .I'Y.I'((,JI/ rollll?,e opera( iOIl of/era (ion

14

2X

115

200

0.5

1.0

4.0

7.0

1.0

2.0

X.O

14.0

0-:-! ..>..il,:;..s" dS I) lSjl::J~ .;.jl ;Sl~ ~) "-! ~) J~~

LS~~':> jI ~ y. ~ (bus bar) ~ ~

0-:-! jl::J~ .;.jl ..:>;I~ ..s" ~W "-! ~.:> LS~) ~~I

~).:> 2 jI ..\.t~ bus ~ LS):>~4 ~ bus ~ ),:;I}j .:>,>

~')l, dS LS),bW ...\.tW j~~ ~ 0).;..0 jl::J~

~.:>~ LSUb':>j!)'S LSIj!jl::J~ .;.jl j~ ;I.>.A.o~ ..s"

.~I LS':>~~.:>l.io j!1j!

COPPER ELECTRIC WIRE CURRENT-CARRYING CAPACITY

LSI~).:> .l;.il,:; ..s" dS ~4~ ;Sl~ ~ ~I) ).:>LS~l.::- u~)tbl ~ LSUbo)W ~ ~ LS~ ':»jA ).:> )I~ J~~

).:>jl::J~ .;.jl ~I,>..s" JL.. wl~ ~ '~':>..s" ~~ ~ wj~ ~ ~ ~ ~.:»~ conduit ~ bundle J>b ~ .:>1)

J~~ ~ .~ 0':>LA::1~I JjA} jI ..\.t~)~ ~I LSIj!.~ ~ I) ~1 10 Job ~u,s 100 J,b "-! 18 0~ ~

u-; .~ ~I,> ~I 0.644 j!1j!wl u,s 100 ..::...o~l.iou-; ~I 6.44 ~~I j!1j! 18 o}.o.":'~ u,s 1000 ..::...o~l.io

.lJL ::J ...s:.. 'L:: ,.l::J .;.jl ~ 1 ~I 'b..::J ...s:.. '1 ~I cl>dS E = RI = 0.644 x 10 = 6.44V-. ~ -). ) ~ . LSj!u-; ). ~ _)~. ye.

).:>..s"~,J1 lS~ jI 0':>LA::1 ~./ .~ ~I,> ~ J,b u,9 15.5 ~yAJ dS ~ ~ 6.44 j! I) u,9 100

~I) J.~) ~ )~ .~~ j!1j! )~ lSlj! ~ ~ jI y$)j.! ~~ ~ ~L... ~ ..::...o~l.io.:..k ~ ~~ ..: 1j~ ~I~

...: 1;)I~ o)W ~.:>..s"~,J1 ~ jI 0':>LA::1
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Wire size- Single wire in free Wire In conduit or Maximum reslstance-
Specification air-maximum bundled-maximum ohms/1.000 feet Nominal conductor
MIL-W-6086 amperes amperes 120 'Ct area-circular mills

AN-20 11 7.5 10.25 1.119
AN-18 16 10 6.44 1.779
.R!It.'r

i 2;,

m-,J i
.

1'7
.

$..
1+.84'3 .'1 . , "t

,
'

.; , li@'

,!I\ J1i! 1"G.\. ., 1 Ati .
. , U$ - ..Jtt4 i \'f3

..
'.

j
.

-
'. .

.... , "'
'.

.-Ai... , I
A

j fi'
..



----

) ~411..Sr..~ <AS.: 1~ ~ ~.I cl.!l} ~I~ ~.rS:JI ~ I..S~ ~j <l.¥ ).:J <AS~Lho ~ ~,:; ~ <4Jl> ).:J

..:J.:J.!dJl) 1f).:J 0~ ~ 1..S1.r.1..S.r.}L..oI..S~.I~ ~;;.s:J1 ~

) ,-:-"l.;;...0.r. u~ ~~,:; ~0L::.~~I ~, ~~ ~ ),:;,..~ ~ airliners~b ~ <AS1..S)~w

.:..1,200 01 )9 6..w, 110 .:J,..I..:>~) j19..$.;jjL:J, <AS.: 1~ j196..w),:;t;;JI ~ ),:;,.. yJb I..S,) ).:J ~ ..: 1AC tY

jI,.;; .: 1~ )~ I~ ~b <AS)I~u~lAJ)).:J ~~I~ ~~ ~I 0~ , ~I 0.:J'; dJl) ~ I) 01 u~1 o~ <AS.: 1

DC J)t> AC .. <AS..Iib .' ~ brushless ~~ '1 ~ L.:..,.:J. 1 I' 43.:> '1 ,-,l:.::..:>1 .1..:... <l>~.r. ~.r. - ~ .Y-:', r..J ) r - ~ (,51.) F.). .)~. ~

400 ~I~ 0.r. u-il)} .: 1:;yJb50 u-il)} <AS~ 0.r. J)t> .r. J..o~ ~I ) ~ 0.:JlA::11..S1.r., .: 1u-il)} I..SI).:J

.:J~, u-il)} Jp 1..S1.r.~~.:J ~, 0.:J~Jp ~l3 voltage regulator .b ,:; jL:J, <AS~b ~ ~ , .: 1:;yJb

ul '" <l><I.> .. L., ~Lo... ~~.>..L., ..t; -11 .:J'I' ~l.o ~~ I ~b {'~. ..t; -11 RPM <l>.bA9 'l).9 .:J I~~ . .}'.' ., _ .)}' .Y'"'), U U . I..S.r. , ~)}' .Y'"' . ~.T')

0~.:J ),:;,.., ),:;t;;JI ~ ),:;,.. ),.:J ~ ~,:; 0'~ ),:;t;;JI ),.:J 0.lj1.o ~~ 1..S1.r.I..S),.;; ~ l..S~j19).:J~ ),:;,.. ),.:J

<loA>0.r. ~ ~') ~),:;,.. ~ ~, ~I ~~ , ~I 0.:J'; ~ 01 .:J)jA).:J~ <AS.:J";' ~ o.:Jb)} CSD

~ ~~ ~),:;t;;JI ~ u-il)} , jL:J,~~ r..~ 0LS:.oI~ ~I ~11..S1.r., .:J";'~ 4 ~ .:J), ~),:;t;;JI

u)~ ),fl.. If~ .b ,:; ; ~..>J I..S~~I~ ).:J<AS~~ 0.:J'; J11)4 l>)lb.:,1 ~I} ~.I ~ , ~~ 0~ ),..IkJ1
JS' ~I ~ .:Jr..~~ u)"'" )l).:J,>),1>~ ~ ~I ~ two man crew <AS~~ I..S~~I~ ).:J~, cl.!

..:J.:J.!~~) .:..11~L)lb.:,1~ [j .:J.:J.!~ ~ ~ r~.:J ~ I..S,L...J~ ),..IkJ1 ~ ~I~ ~;;.s:Jlload

- I
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J'b Doeing 747 )~ ')l=..o~~ ~ o~lA:,' KVA J.: jl ..:..1,,l,:Sif~ "-! lJIor~~ 01~ ~~ I.S';! lJIo~l~ 0-!1)~

..:..1, ~ ;!I;! ~I .:.J, ~ DC ~)~ .IS ..: 1 0-!1 .ili o 0-!1 J.:1~...: 190KVA ":").l! "-! )~l.i;J1 ~ I.SI)~ )~,...,

~ , jl:J,~ ~ .IS..: 1~ d)}-'" )~ .hA9, ~ ..:..1,~ ;!I;! 1..01)1~I .:.J, ~ AC ~ )~ ~, ..: 1

L9wl, o~~ AC t:Y ) airliner ~ ~;:s:J1 j~ ~ ~1 h~ '*" ~ .~~ ~ ;!,;! (<1>) jl9 J')t..>104~

01 jL:.;, o~~DC ~, ~ I.S')~lJIo~l~ 0-!' ,) 0-!1jl .x.;S ~ o~tA:,1DC j;!) lJIoo~~ ) ~~ .y,L9~

01 jl:J, I~I c:.f o~~ 0!1 ~),AC jl9 "-' j;! .IS~yk 0-!~' ~~ ~ 0::-"1;":").l!.r. TRU .b...,~DC j;! "-!lJIo

.IS ~~yf ~ .Y..~ Jots" DC J;! "-!rectifier ).M jl )~ ~ I,)"';-' , ci4 J.lbts" 28 VAC "-!o..l.ats"~I; .b...,~

jt)/~ ~ ~ U).l!.r. I.StJIoI.S;~ 0!1.l::-ib ~.IS )#w, ~w ~ j}.:' j::-i,) ~1~ I.S;~ DC ~ "-!.~ ~.

. p.!1o~:? ~ lJIo01 ~),...,)~ ~.IS ~ r~~ts"-JS:::.i t:Y

. )~ ,) 0-!1jl.:..!yf ):u)~ j::-iI) I.S)~I ~lro. ~~ lJIo~.r-L 0~ airliner ~ ~;:s:J1 ~ u>lyk)~

01~ jl,~ \f.:> 4 , ...A9~r~ "-!0::-"j 15,) )~ o~lA:,II.SI;! .IS ..: 1o~ ~ r~ )~ )/~ APU ~ lJIo01 4S

~ lJIo~l~ 0-!1jl ~ ~)~ ~I~. p.!1o~:? ~ ~ 0~ ~),...,)~~.IS..: I o~ clyf ):u)~ ~

01 .u1,.r.~ramair~),>;! 0.MI ~4 jl u-? , o~:? ~1) I) 01 ~L; 0W> jL:.;..:..)}-'")~ .IS~~ ~ ~ ~yf'~ r~~

.~w ~ 0::-"l;I) ~I~ jL:.;~),...,j;! J.91..!.>, ~ r~~ J.> r: ~

~,.l:><..o":".MI.SI;!..: , )~L9~,~ I.S;~ .l.i,J..: ~ jl ~;:s:J1 I.S;}I ..\.I,...,I.StJIoo~~ 4S ~~I I.S.))~ )~ yfl

j~ ~ 0~ 0-!1)~ ~ ~1 ~,} \S.~ )~ .l.il~ ~I~ cLl.al90!' )~ I; o~"""'0::-"1;I) ~I~ l~;:s:J' I.StJIoj~J.91..!.>

U"w.. ~~ ..:..)/1I.S~I.>..U0~ tJIoo~.) ) ~;! ~ ~~ 01 I.S~'~ I.S;~ .IS ~ DC t:Y ) ~,~ ~;:s:J1

~ static inverter ~~,~)/~ tJIo~l~ 0-!1)~ ,) 0-!1jl .l.i)~:; J'b400 ~ts"} ~AC j;! "-! j~ ~,;:s:J1
.

~ o.,)Jl;l...z..o0-!1;!~. ~W ~ .Y..~ .., L:..ojl:J, ~:;J'b 400 y,l:.::... j;! "-!1) 01 , cl yf I) I.S;~ DC j;!.IS~,.:. ~
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calibrated inpercentage of maximum TR U rating, AC and DC bus isolation switches, a generator

paralleling switch, a battery power or external power selector switch, and a external power

available light. In addition, a voltage and frequency selector switch is provided for measuring
various AC and DC voltages and frequencies present throughout the electrical system. These
indications are presented on the three gauges directly above the selector switch.

GE

(I1
GEH3 GEN 4

2 AC

ON lE
GEN

aOFF t ~~ ~F BA

RESET VOlT & FREOTT

/ ISOl

Figure 4-6 Aircrafl ElectricalControl Panel.

CONCLUSION

Modern day transports have replaced the flight engineer's station and his electrical control panel
with a computerized system that automatically monitors and controls the aircraft's electrical

system. In addition, constant speed drives are being replaced with solid;-state variable-speed,

constant-frequency power systems. However, the preceeding discussion on CSDs and
el~ctrical control panels is valid since the majority ofairliners are still flying with this equipment.
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and powerdistributionsystem. Atypicalcontrolpanel fora four-engineturbinejet aircraft,such
as the one for the Soeing 747 illustratedin Figure4-6. has four CSD oiltemperature gauges;
four generator drive low oil pressure lights;four AC loadmeters calibrated in percentage of
maximumgenerator rating;one generator over-loadindicatorlight.whichis annunciated when
anyone generator exceeds its maximumload; fo~r generator on off switches with a reset
positionfor "flashing"the field;fourgenerator unparalleled lights.which annunciate ifa bus-tie
relayopens; and four emergency electricalcontrolswitches for Icad-shedding a particularbus.

The control panel also has included four bus power failure indicator lights, four DC load meters
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Modern aircraft also use computerized Sus Power Control Units (SPCU) for power distribution
and control. Current transformers installed on the various electrical buses monitor the load

continuously and send this information to the BPCU, The BPCUalso receives information from

the GCU on available power output from the generators. By knowing the power available and
the power required, the BPCU automatically distributes the power from the various generators
as evenly as possible to the various buses demanding power from the system.

SOEING 747 ELECTRICAL SYSTEM OPERATION

A simplified schematic diagram of the electrical system for a Soeing 747 commercial transport

is shown in Figure4-5 During ground handling and-servicing, electrical power may be obtained
from either the onboard 90 KiloVolt-Ampere (KVA) Auxiliary Power Unit (APU), which is an AC
~enerator driven from a separate small gas-turbine engine, or from an external ground power
unit (GPU). This power may be connected to any aircraft AC bus through use of the APU circuit
breaker (APS) or external power contactor (XPC), when used in conjunction with the bus-tie
breakers (STS). In flight, electrical power is obtained from four engine-driven, three-phase,

60-KVA, 400-Hz generators. Each of the generators are connected to their respective AC bus
through the generator circuit breakers (GCB). These AC buses may be paralleled or isolated
through the BTBs.

All 115-volt AC loads, except essential, standby, ground service, ground handling, and galley
loads, are connected to one of the four main AC buses. Essential power, which is that

considered necessary for safety of flight, is normally supplied from the No. 4 main AC bus.
However, the essential bus can be connected to the generator side of GCBs 1, 2, or 3 by means
of the essential power select relay. The standby AC bus supplies 115-volt AC power to the most

important equipment needed tor safe flight. During normal operation, the standby bus is
supplied power from the essential AC bus; however, in the event that all AC power ,is lost, the
standby AC can be provided by a battery-powered inverter.

A 28-volt DC system is provided to supply those loads requiring DC power. This power is
supplied by four 75-amp TAUs, which are energized from the No. 1, 2, 3, and essential 115-volt

AC buses, respectively. Each TRU powers an associated 28-volt DC bus. The TRUs are

normally operated in parallel; however, a blocking diode prevents the essential TRU from
feeding any bus other than the essential DC bus. A 20-amp TRU energized by the AC

ground-handling bus supplies DC power required during ground operation.

In addition to the TAUs, a 24-volt nickel-cadmium battery permits starting the electrical system

without an external source, supplies bac~-up power, and can be used as a standby source for
minimum communication, navigation, and instrumentation systems should all other sources fail. A

battery charger, energized by the ground service bus, maintains full capacity in the battery. The "hot"
battery bus, for those loads requiring uninterrupted power, is always connected to the battery. The
battery bus is normally energized by theessential DC bus. However, in.the event of loss of essential
DC bus power, it is automatically transferred to the hot battery bus. Similarly, the standby bus is

normally energized by the essential bus, but can be transferred to the battery bus.

Control and Indication

The electrical control panel consists of the necessary gauges. annunciator lights, and switches
to provide the flight engineer a visual indication and manual control of the electrical generation
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frequency output, its speed of rotationmust be kept constant regardless of the engine RPM. This
is usuaDyaccomplished by means of a generator drive transmission, known as a CSD. A typical
CSD win turn the generator rotor at a constant speed of 8,000 plus or minus 80 RPM.

The CSD assembly is basicallyan engine-driven,variable-ratiotransmissionwhich drives the
input shaftof a variable-displacementhydraulicpump.Th~ fluid pressureof the hydraulic pump
is then applied to a hydraulic motor which drives the output spline connected to the AC
generator.A means is usuallyprovidedto disengagethe transmissionfrom the generator at the
flight engineer's contwl panel. However,once the transmission has been dis-engaged, it can
not be re-engaged until the enginehas beenshut down and comesto a complete stop.

A speed governor, contaitling a flywheelassembly, is contained within the CSD that senses
variationfrom the "on-speed"conditionandportsfluid to or from.thehydraulicpump to regulate
the generatorspeed so that its outputis400plusor minus4 Hz.Amagnetictrim head is instaJled
on the speed governor to electricallychange the position of the flyweights to provide fine
frequencycontrol, within plus or minus1 Hz.

VARIABLE-SPEED, CONSTANT-FREQUENCY (VSCF)
POWER SYSTEMS

In order to reduce the weight and reliability problems associated with using hydraulic CSDs to
regulate generator frequency, solid-state systems have recently been develop~ using.
high-power transistors and generator control units. Not only does the Variable-Speed.
Constant-Frequency power system eliminate all moving parts, except for the generator rotor
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Figure 4-4 Typical Variable-Speed, Constant-Frequency Power System.

and possibly an oil pump for cooling and lubrication, but the electronic subassemblies can be
remotely mounted in the fuselage, whereas the CSD must be mounted on the generator in the

engine nacelle.

A typical VSCF system, as shown in Figure4-4, consists of three units: an AC generator, a
converter, and a Generator Control Unit (GCU). The three-phase, variable-frequency AC from

the generator is first rectified and filtered into pure DC, which is fed to a multi-vibrator oscillator
(such as in a static inverter) to produce three-phase 400-Hz AC. The GCU monitors the 4OO-Hz
output of the converter and adjusts the current flow to the exciter field of the generator to

maintain the voltage output within specified limits. .
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phase buses, instead of between one bus and.ground. As shown in Figure 4-3, each
wye-connected generator has a brushless exciter~hich supplies a DCexcitationvoltage to the
generator duringstart-up.The exciterfieldand rotorassembly isactiJallya DCgenerator without
a commutator to convert.the resultant AC to DC. Instead, a rectifierassembly, which rotates
withthe armature, provides the DCexcitationforthe main fieldof the ACgenerator. When the
generator output has reached approximately50%of its operating voltage, a start relay opens
which causes the voltage regulator to take controlof the field excitation in order to for the
generator to maintaina constant voltage output.
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Figure 4-3 Wye-Connected Brushless AC Generator.

Aircraftthat have morethan one generator use a parallelingcircuit,whereby alloperating generators
are connected to the AC bus through bus-tie relays. When the generators are paralleled,. the
equalizing circuits in the voltage regulators monitorthe outputs of the other generators on the bus
and adjust the voltage of the generators so that each shares the same load.

Constant Speed Drives (CSD)

The frequency of the AC generator is dependent on the number of poles ithas and its speed
of rotation,as given in the followingformula:

Frequency (cycles per second) = (Revolutionsper minute x Pairs of Poles)/60

It can be seen from the preceding formula that in order for the AC generator to have a steady 400-Hz
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HEAVY AIRCRAFT AC ELECTRICAL CIRCUIT THEORY

Ught aircraft electrical systems typically only use 14-volt or 2~volt DC as the primary power
source since the power requirementsare moderate (perhapsno more than 10 amps) for the
limited amount of onboard electricaland avionicequipments.However,sincelarge commercial
aircraft require many times more power (typically1.500 to 3.000 ampspergenerator)! 115-volt
or 200-volt AC, three-phase, 400-Hz power is used as the primarysource.

Phase Relationships

The term phase is used to relate to the numberof separatevoltage waves in an alternating
currentsupply.The phase angle is thedifferencein degreesof rotationbetweentwo alternating
currents or voltages. In a three-phase system,each phase differsfrom the other by 1200.The
phase sequence. as shown in Figure4-2~beginswhen phaseone increasesin amplitudefrom
zerovolts at time zero.When phaseonehascompleted1200of its3600cycle,phase two begins
to increase from zero volts. When phase one is at 2400and phasetwo is at 1200.phase three
begins its sine-wave cycle.

Max+

Phase
1 2 3 1 2 3

.Zero

Time

Max-

Figure 4-2 Combined Sine Waves of a 3-Phase System.

AC Generators

As previously mentioned. the AC generators used on heavy aircraft provide 115-volt or 200-volt
AC. three-phase power at a frequency of 400 Hz. The three-phase generator may be considered
as three single-phase generators in one machine. It requires a minimum of three wires to deliver
three-phase service. The output terminals of a three-phase"generator are marked to indicate
the phase sequence. These terminals are connected to individual buses labeled A, S, or C,

which indicate either phase 1, 2, or 3. Equipment that requires 115-volt AC three-phase power
will have one wire connected to each of the three buses and one t6 ground, while single-phase
equipment will have one wire connected to a single bus and one to ground. For maximum
.efficiency, the loads should be distributed as evenly as possible across all three buses on
three-phase systems.

Three-phase generators may have either delta (0) or wye M connected windings; however,
those used for aircraft are typically wye-connected with the neutral lead attached to ground.

The phase-to-phase voltage of a wye-connected generator is the vector sum of the voltage of
tWo of the windings, which can be calculated by multiplying the square root of three by the

phase-to-neutral voltage. For example, a typical wye-connected generator with a 115-voltAC
phase-ta-neutral voltage will have an approximate 200-volt AC phase-ta-phase voltage. For
this reason, 200-voltAC power can be obtainedby connecting the load between two different
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a "generator fail" warnfng light will illuminate in the cockpit. A switch or overvoltage relay is also
provided which either opens the generator field circuit or prevents the RCR from closing should
'=inovervoltageconditionoccur.

.. :le generator output from the RCR is routed through the ammeter shunt and on to the DC bus

. H.The current flowing through the very small resistance of the shunt develops a voltage drop
; ;,icb is applied to the ammeter in the cockpit to indicatethe amountof current being drawn

~om the generator. The ammeter shunt is sometimes inserted in series with the battery to

indicate the amount of.charging current demanded by the battery.

The DC bus distributes the power to the thermal circuit breakers, which will automatically open
if the current from the connected load exceeds the circuit breaker rating. If AC power is required,

a circuit breaker from the DC bus will feed the input of either .a rotary or static inverter, which
will convert the DC input to an AC output. Rotary inverters consists of a constant-speed DC
motor, which is mechanically coupled to drive an AC generator.

Rotary inverters have since been replaced with solid-statestatic inverters which have an
internal multi-vibrator oscillator that producesan AC voltageat the desired frequency (60 or
400 Hz).The output ofthe oscillatorispassedthroughatransformerandfiltercircuitsto produce
a sine-wave output at the propervoltage(26-or 115-voltAC).The ACfromthe inverter is then
applied to an AC bus bar for load distribution.

Power distribution for the battery and engine start circuits requires the use of heavy gauge
wiring due to the high current demand of the starter motor. The power distribution wiring for the

generator circuit is also of a heavy gauge, but not quite as heavy as the battery/starter circuit
since the generator does not power the starter motor. The control wiring from the switches to
the relays, from the shunt to the ammeter, and from the voltage regulator to the generator is of
a much lighter gauge. The circuit breaker ratings and wiring sizes from the bus bar are
determined by the individual equipment loads. Refer to the FM Airfranie and Powerplant
Handbook AC 65-15 for determining circuit breaker ratings and wire sizes.
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UGHT AIRCRAFT ELECTRICAL SYSTEM OPERATION

A typical electrical system fora light,single-engineaircraft as shown in Figure4-1. consists of
a battery circuit. generatorcircuit,engine-startcircuit, ammeter,control switches, and a bus bar
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(NOTE: BOLD LINES INDICATE HEAVY GAUGE WIRE)
-

Figure 4-1 Typical Ught AircraftElectricalSystem Schematic.

with circuit breakers to distribute the electrical power to the various loads. The voltage supplied

by the battery is applied through the battery relay, which is activated by the master switch, to
the bus bar and starter relay. Depressing the engine-start button, activates the starter relay and

applies the battery voltage to the starter motor mounted on the engine. The aircraft structure
serves as the ground return for all electrical signals.

Once the engine is started, the generator develops an output voltage which is .applied to the
voltage regulator and reverse current relay. Since the generator output voltage will vary with
the engine speed and the applied load, a voltage regulator is used to control the voltage output
of the generator by regulating the amount of current flow through the generator field circuit.

The RCR opens whenever t~e generator output falls below the battery voltage, thereby

preventing the battery from discharging through the generator windings. Should the RCR open,
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Aircraft Electrical Systems

INTRODUCTION

The aircraft electrical system provides electrical power to the onboard aircraft electrical and
avionic equipment. The configurationof the electrical system and the type of power it provides
is dependent on the size and categoryof the aircraft. The electrical power source for a light,
single-engine aircraft typically consists of an engine-driven direct current (DC) generator or
alternator.For purposes of discussion,a DC generator derives a DC voltage from the rotating
armature through the use of a commutatorand brushes; an alternatorconvertsthe alternating
current (AC) output from the statorto a DC output through the use of rectifiers.The generator
or alternator, whose output is controlled by.a voltage regulator to approximately 14 volts,
supplies power to the aircraft electricaldistribution bus and, in addition, provides a charging
current for the 12-volt storage battery.The storage battery also acts as a filter capacitor to
smooth the ripple voltage fromthe generator.

The output of the generator must be in excess of the voltage supplied by the battery in o.rder
for the charging current to flow. If the generator output falls below the battery voltage, a reverse
current relay (RCR) will disconnect the generator from the electrical bus to prevent the battery
from discharging through the generator windings. The lead-acid or nickel-cadmium storage
battery is intended only for starting the engine or for providing. emergency power when the
generator is inoperative. Normally, all load currents are supplied by the generator during flight.

Since larger aircraft have a much greater electrical load than smaller aircraft, they employ

28-volt instead of 14-volt systems. This higher voltage results in a lower current requirement
for a given load. With less current required, the wire sizes used in the power distribution circuits

can be appreciably smaller, wh~chresults in less weight, and thus greater payload capacity. In
larger, multi-engine aircraft, DC generators are replaced with AC generators, which are more
efficient and lighter in weight. The~e generators supply 115-volt power at 400 Hz (cycles per
second) to the AC electrical buses. This high-frequency AC results in the requirement for less
iron, and thus less weight, in transformer cores and armatures. This is due to the fact that

inductive reactance increases directly with frequency. If the AC generator is driven directly from
the engine shaft, the frequency will vary with the engine speed and the generator will output
what is termed "wild" AC. Wild AC can be used for purely resistive loads, such as heating
elements; however this frequency variation induces power factor problems when reactive
(capacitive or inductive) loads are introduced. For this reason, a constant speed drive (CSD)
is normally used to hydraulically drive the AC generator at a constant speed to supply a stable
400-Hz output. If a CSD is not used, the frequency of the variable-speed generator is controlled
by a solid-state frequency converter.

Transformer-rectifier units (TRU)convert the 115-voltAC input to a 28-voltDCoutput which is
fed to the DC electrical buses and to the battery charging circuits for the 24-vott storage

batteries. The 115-volt AC power from the generator is also applied to step-down transformers

to supply a 26-vott AC output for the reference voltage required by the various synchro circuits
used in the flight instruments. In the event there is a loss of AC power, the batteries supply

emergency DC po~er to the essential DC bus, and also to a standby inverter which supplies
emergency AC power. Only equipment that is considered essential for safety of flight is provided
power during an emergency power condition.
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