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. _(Udeal Transformer Formulas of) 4dlial) 4 gaally daldl) cilidlal) (13 -3)

Y 4l Al Al gaal) & i sy ¢ Aiall Al gaall agdl addiiy ol (g ylat ol ) A Al Al gl
s gl g ol Caldl 3l ) (Al Cald) 3 il e AUl JEE Cus A8 6 38 g aa g
Gl (B angn Y X ¢ lall g pal daglia Led Gl bl o ) A gaall (A i il Lia
Lol cxile o iS55 Al A gaall s | Adlinal) Bl FUiti) o aeld (s il 03 5 ¢ panlaliagl)
MY ) Ula g 136 ¢ (25 -3) Sl 8 mia 9o LS sl e lf Joa (ad sila 5 T dfin dailas
Gl g 23 5ill 5 agadl dad o o jlaie ading 5 csliie nhaline (G ) (3835 iy 48 20 jie 3 Hhan
e aaind U gliie Taga 408 1) g (o 8l Calll e iy ol (3800 13 5 A1y calall il aae
(O) s AU swlaliaal =l 5 (V) 58 (ALY aeall o) a3 g o 6l caldd) ldl e e
A dabeally axi AV Calall 8 (E) dpuSe 4l oS dadla s 68 ol g adla
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Ll gl U gaal) o Nasa ilass (25 -3) Jsad)

ao
El = Vl = Nla ...................... (2'3)

Do)

sl Cilas gy ALY Calal) b L) 4l Sl dndlall 5 8 Jiai :E,4

Adl Glaa g Al calal) lad sae s Ny

C(Line ) hall las s ol sl Cilas gy nidalizall i) Hlaia : @)

Al Cilas g e 3 1 t

ol ) d@

15t (g1 (58 Ceny Aliag A 68 ] 68 oy (o PN Calal) (B jpie AL eSS LS g e O

dao
E2=V2=NZE ................... (3 '3)

= o)

RIS

b sil) culas g AV Calall 8 diaall 3L jeS)) dxdlal 5 58 Jiai: B,
_Lﬁ}m\qw @)Lg;w\u}s&\dw 'V,

8 calal) el sae Jiad N,

_L__gjstﬁ\ awwsh\,ugw J .u.\.\L Lizall (andll: @

D (3-3) Aalae ) (2 -3 ) Aabas dendy

Ey _ Vi _ N
E, V, N,

Jit Caga g ¢ abDlA e L e Cige Jeall 5l Lile Juasi s 8 Al A gaall ()
A8l JS G ((asliall Jleals ) Al Allall Ly . (5 s 50 ) S 6 a (pe Al eI 5l
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055 o) (S Al gl B s My ol Jladd) G Y1 55500 (e gt Cogas BRI
V) Al 8 e LS A a5l & glise 21200 5 yal)

Sl - 11V1 .......................... ( 6 '3)
Sz = IZVZ .......................... ( 7 '3)
i _ I ]
e T (8-3)
6 s Al A gaall Alalaa )
Vo _Na_ls (9-3)
v Ny L | e

11=x—j><12 .......................... (11 -3)
418D

(sl Galdl 4l @&l (Vi) 5 (V) s ¢ (Pl aldl 4al gl (V) ) (Vp) Bale 3a
(59l Calall el sl (N, ) s (Ng) 5 ¥ calad) cldl axed (N ) s (Np ) e
C sl bl Ll (1) ) (Is) s ¢ ) aladl Ll (1) Sl (1p) e

r ) sl e A el Aldlas
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it et Al (s <lp ) J s JL G (Vs> V) 058 dgall dadl) Alsadl) cuils 1315
(@) oM W e (Jasadll da) dadll o2a

) AR (e Jandl 538 Ala) Sy

5l Jale cOSO Jiar Cus

P,=Scos@ | e (13 - 3)

E, = 4440FN,| e, (14 - 3)

Al /D @ Ll 2l Jiey Rl
AV Al 5 0 Caldl) 3 il Al 5el) Aadlall 5 g8 Canint g

E, = 4440FN,| (15 - 3)

4l e gaal) oo A glaa 4liaf (14 -3)

:(3-3) Jba
Gl (120) W laie juae 4 i Lghda sie (il (24) el (e (500) hani A s ) zling
Y Ll e Laseddl (3000) (¥ calall cldl sae o Lale €5 gl 8 4 sllaall culalll axe oS

Gldaxall

V;= 120 volt V,= 24 volt l,= 500 MA N,= 3000
: Jad)
N, VW
N, W
v, 24

N, = 71 X N; = 120 X 3000 = 600 turns
N, L
Ny L
L=y 2099 500 = 100 ma
L= N, 7273000 —om
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(4-3) J-a
dea Gl ne g & ddl (500) ssbud ddlad) Al g8l dga cldl 22 IS 1Y) cagall Aadls Al sas
fcma) el (12) daad) L 0580 cagall Aadla 4 saeS Loy 5i Ladie 431 (100) ALY 44l 53l

(@)dasail s -1
(Y Gl s -2
e al)
N]_: 500t N2:100 t |2= 12 A
: Jad)
q =N
N3
_ 500
*=7100
a ==
N, I
Ny L
N,
[ =—XI
I 100 X 12
17500
[,=24A4
(5 - 3) Jha

ahiall a e JSE e ganaal) el IS Al A3 (B50) s238 e e Jary skl (gala) Jsas
(10000) 3l il i 5 el L 7 sassall (aliall (osrhliedl pial) DS 5 o (20) el Jske
sgall Jasat A (58l (g gl Al Calall (e JS Lgmia g o sllaall il dae il ¢ aud ad

.220/3000
‘Ciladan all
F=50Hz A=20x20 cm? p — 10000Line E [ = Vi
cm? E, v, = 3000 /20
: Jadl

@ =AXB=20x20x 108 x 10000 = 0.04 wh
E, = 4.44QFN,
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Eq

Ny = 4440 F
N; = 5000 = 338 turns
4.44 x 0.04 x 50
E, = 4.440FN,
E, 220

2= 4440FN,  .4.44 x 0.04 X 50 wrns

(10)78x o pai s Jisail) 2a(10)8 = Lusl 4badke
. (6 -3) Jua

d..A)_);t,\A\ (Z)oJ\JAA)\TﬁGJ\_MY\MSAGAﬂc@ﬁ(ZOO)JM&Mh\jJ}LU&MP
Jaall 538 2 ol ¢(0.8) 538 dalrs 5 53 adle e s

HR=N
P, = Scos@
$§=85=S5,
S1=LV; =2%Xx200=400VA
P, =400x 0.8 =320W

- Transformer Operation gl Juds (15 -3)

: No Load Operation Jead) sic dgaal) Ja85 (15 -3 - 1)
Dxaa ) Jsnall Jia sy Lodind uglaling 5 Sl Cand) o aaiad A gaall ol 4 500 () (s La Uiy

oad Ll e 55 oo Wiks (g ) JesDU L ansy (V1 calall (8 jLs ey i glita s

@J]}.)A ‘ng)stﬂ\ aldll g ‘f\i’u\}(\ calall e IS Seanall 13a CLE?J al el Ll &)@Lﬁbbm

Ll U 80 LS (3l Aailly ol a3 Jamae s lall) e e cansli dpuSe 4L 1S Axdla 5 8 Lagia JS

:-LAA u;u\:ﬂ:\.LAM du)d\ )‘7’:‘)

Jsaall gasaadl QI (8 dapaal) 28laall e Jgsuall il g 5 Jladll Hlally a5 430 el A8 5all ]
(1€) 3l Al ey ¢ (Al Jee e gayaal) Qi a daslil 5 ) jall La )

b o eliaall Jlaall e Jgsaaall Sl s s dudaiall ol Aniiall Uik an s Y] S all | 2
(26 - 3) a8, JSAN (8 mmage LS5 (IM) el Al Da s guaadl Qi)
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Jax Loal)
s lo
T
le
- @
I raaall

43S 3a g Jaadl il babda (26 — 3 ) S

A AL et 5 AP, Asaosll adld) a JesdU s 8 &y jeadll 5,080

APp, =V XIycos8 .. (16 -3)
APp, =V X1, e, (17 -3)

I =AP.,/V (18 -3)
102 = Iez + Imz ........................ (19 '3 )
Im == 102 - 162 ........................ (20 '3 )

: (7-3) Jha

el (0.5) (A calall i jlall ) ()lS8 <l (200) 2 sdan ) deas Jas (50 dery Jsae
Aoshiall U caal Lol 5 (60) dsuas 28ES 48 5 paall 3080

s Jadl
I, = 0.5volt

APp, = 60 w

1, = 00 = 0.34
€200

I, = [I2—12=,/(0.5)2—-(0.3)2=+0.25-0.09 =v0.16 = 0.4 A
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: Load Operationdeadl 3sa g sic Qgaal) Jads (15 — 3 -2)
Ga @A (1) @l Caladl Sl ey 5 4y ey 4l (o BB Caldd) )k e Jaall Jua s &5 1)
Calall & Alinal) 4l Sl Axdlall 5 ll (uSlad (-E,) Aine Al jeS dadly 5485 halite (g ¢ o
DMl s gl (1) s Ll Jabea (1) (A Gl AT s Ly el (Ey). Sl

Jeall dga g die SY) Galall o Ll Ll oS5 @l ¢ (1) JaadUl s e Sl colaiV 4nSlay g
G Sl b remge WS (1) sps (1) 3 Jobed) Ll s (o) JeadU s Lea s dleana 43 1S
cdeall i abis (27 = 3)

Jaad) s Jakadia (27-3 ) Jsdd)
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: Categories of Electrical 4w <) <Y saal) il (16 — 3)
rCua (e Al HeSl QY saall Caiual (Say
e o i s Y saall 50 43 b ()

Bpoa l 8 ) Y sna salall 8 A g gl Sl andall o) 5ol Wy yi oy ;s Y a1
Adls A san sy (28 -3) JSall | s gia g

5l A siall )l 3 o) Y gaaS il WS Qs il Rie O s D2
Y saall 224 Caaliy (29 -3) Sl 8 daia gall ¢ ddliaall 4 Sl Gilaaall b deadiul
Aadiie aSad il 52 335 13gd5 Jladi¥) Uadly

SV 5 5a ) 4 0¥ b Lgalasiind gLi 2By - (SFB) cu Sl )l ol by 58 2 &Y e -3
Al

ol 4l Agaa (29 - 3) Jedd
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 hle ) Leilanin) il cuas &Y gaal) andl (S ()

: ( Power Transformers ) !l &Y saa =1
s Ab peSl soal Ju G Jasindy QAL s siee e Ak g8l 50N dsea Jaeay a8
Al il lelaaii¥) A (30 - 3) JSall (8 dsia ge ¢ ol DY

Al 2l g5 ddaaa (A addind 3308 Al gaa (30-3) Jdll

Adlidg ad Je Joasll Jaaiiiy : (Reguiation Transformers )owsill 5 adatill &Y gas -2
0 AV A a5 Al i et A gae V) WSl 5 a1 S1 a5 ol yrid) b gl
230/400 —lbite L5 dagdy dan Alia 5o 453l 5 (Gl ) Bl Alia g0 0N Y1 Clild) ) kY]
(el S dajlall 5l apdan cliplail daaang o gael Clgh LS 30 ) 15 5y i
Lo aydaii AlSal b il dalal) vie <l piiaall b Janiad adaii Y gaa e g (31-3) JSE
Adle daHpn Al e dad

=) Cx

—-

—

alall Y gaa (31-3) S
Y saa g Al Ll &Y s Jie 1 (Measurement Transformers ) (ldll &Y sas -3
@ Anmge LS Rl sl dla gl (B ¢ Al el Slulall 8 aadiud s ¢ due il agall
(32-3) s

i lgae mag (32 -3) Jeddl
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dcanil) <& 5 (F) 22l s ogliiall Ul a0 (M) ShoeSl L)l gl sae jasil &Y a4
3,8 (2 Wy ¢ (MY aSall g Sl VLAY g A g yiSIVI 8 a8 bl S0 andia
C’_i\)..}.m\ C"_J}é'é.x; Q‘}.[};AM oda Jia

S W lokl e Eua (e Y gaall andll - ()

(Monophasic Transformers ) shll aalal &Y sae -1
(Three - phase Transformers)_shll 4536 &Y sme -2
( Polyphasers Transformers) _l shY) saasie &Y gae -3
Dk A Y saay ) shall 46 Y saay ) shall dalal Y sae g (33 -3) JSEl

Db A5G ghal) AN g shal) dpala) Y gas i g (33 - 3) Jsdd)

;25 Lehioad G Cua (e analll (4)
mm (34 -3 ) s JSA (Vy 5V, )V, i sen IV qdisall 1 Gl s o

J.@Aﬂ :\.:d\) C'_I‘}{ju -2
T (35 -3) o I (Vi<Vy) Vo sl adige 2ea )V S ol sga s

agall dad) ) 4 gaa i gy (35 -3) Jsal sl Abla o saa g g (34 -3) Jsal)
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: Auto Transformer 48ld) dgaall (17 — 3)

&Y saa e g (36 -3) S Aalie V1 ALl & jlie el ALY 5 Aaseal) 3 g Y) (e A3l A padll
A

453 Y s a5y (36-3) Jsad)
Al Calall 1 Jiay g Jatd aal 5 ale Jarion Led STy gt 4ol V) Al gl JUaddl 4,00 Jaxd A
gall dadl ) U gae i 58 Sy s HAY) Calall a3l Calad) 138 (e daih ¢ Ja ey oo 58 51 laiy) Caldll
Jrasill 45y 5k e @l ading 5 (38 -3) JSall 8 LS seall dadld A a5 (37-3) B JSA A LS

I
A Gy
, s G
2 — J‘ |
N , =1
-~ C | —
" 2| AT aN
— o V] =
—~N VT ‘ I Nlﬁl
Tt ; ! T D
Bo L I ) D & ©
dLadla 43903 U gaa g (38 - 3) Jsdll dad) ) 4593 4 gaa i g (37- 3) s
N, 1
N, 11

Lans oo Ul Ll G A GV sl ) G AL L3eliS (585 Y gaall (e sl 11 8
Al o5 (1) et Al Dens calliall ¢ o b canall g8 5 g 3l Sl LA

13 = 11 - 12 ........................... (20 '3)
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il ase et (Se Ay C Akl pmse sy onide Taga and Ll 810 A pad) &l uee e
ad) 1 AIAl A gaall LS die ST gF IV dea i jhia e sl e Gl Jsanll o gl
dpaa b A gllaall o gaill A () 5S5 Ladie AS all ey 8 jeal s <l yoidall 3 A el oda addiud g agall
(lgns 5080 aaal) jramy Laie ) e Al gaall o2 paily L liie (S5 5530 2gal) (1 2411 (1
Dvaall C (SoeSl el o Jomall 138 e e (81 ccililall 8 Jarioad) Gulaill il el
vy Lot Loal Jumdy ¥ Ay Al Jaall ( aaly il Jleniad Gy lgie pe Jasll
choadi cundl Glly g msdial g el agall clile fp peal Egan Al g 6 shad s 3) 5 S (b g
" AoV Yl e s Lo e e 1

(8 - 3)Jua

JS & bl ax (0.6) 338 Jale cdal 5 olS (3) 43,38 Jas Jiag ¢ (6/5 ) Lead Jasaill A 4003 Al gaa

: Jal)
P, = Scos@
3000=S X 0.6
S=3000/0.6 = 5000 VA
S1=8,=S5=5000VA
NV
Ny, Wi
5_500
6 V4
V=600V
I, = S/V,;=5000/600 = 8.3 A
1,=S/V, = 5000/500 =10 A
Ib=1,—-1,=83-10= =174

Transformer Requlation 4 saall aaiil) Jalaa (18 -3)

65 2 3 a4l Cayays el ki Jalae 58 (e Gl Jsme JLia) die Aagall Jalsall (h0
AV AL sy g ¢ Adial) daadll ) jiia (e Jeall L e Ladie

. _ V2(noload)-V2(rated) 0
Voltage Regulation = V2rated) X 100%
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¢ dgial) = gl sall (B an g Jas € (5 S all 2l like Janin ¢l £ 20 (4
Al S Loy € 5 ghadll S e Jamindi ol 1 21

€ 200 el Y gl S i 7 ) 122 (e
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Dhie awal ¢ (6 /3 50) 22555 s (220) Daas ) Jease Sl il aal s sk A gae 130

Adl (200) ) Calad) il ase o) caade 13) dlliaall 5300 8 Jualal) elaliall sl
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2l el

: (Direct Current Machines) saiwall Uil ¢yilsa

L el LD 4SS 1- 4

o Y] dad s J1 35 Y el Sl cliSle gl cogliiall Sl ciliSle aladial LI e a2l e
Ao aadaii Al seu 5 Ll Al e linall

Dl L) o gy a3 56S ) ASSal) A8l gt (8 Janiad () el Ll AL ()
sile aanai CUSLly ¢ aivsall Ul O jaay and ASulSe S Al oSl AUl Jgad Sl 4Ll
il daph o V) cranaa (aSally IS jaaS Lebsdt (Say el L) Cilalge of (e 2l e
e i ASLe Jia (1- 4) JSal 5 "8 jae" 5l M " LSL e 203

Oraining

Ganket Protection
To Frame Teor tevver

rigure = -~ Motor Constructiaon

leaa o A3SLa (1- 4) S

L oalbal) LAl GilSa gl (2 - 4)
(2- 4) JSal & A sall g i) a6 3aY) e el Ll GilSa ()5S

SAeal) Ll diSle £ 300 (2 - 4 ) Js&d)
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; . (Stator) ¢Sl 2 -4 -1
) g staall paall (e g gian s (a A Y e G sShs oulalinal) Jlaall ad 55 0o sl 58
Aealiaall 53000 JLSinY Jlae Jany bl pilicn e gane (o gioay S iany a5 a3l

(3 - 4) Al 3 e LS agle LAY i oy IS
lele S s e Al ) 8 L Qi 5 caliall xilia e (Main poles) duw )l iy aiai
Boadll July wdalinall uadl) clile LYy Sxilé (pole chose) chadll elda and udadl) dgal

csmnblinall aladll gaoaldl Qlall gl gall G 430 sl

(4-4) JSE & oue WS ¢ (Inter poles) deasll ikl saclise caladl duw 1 Y] G auiagig
Sl e s i el & Jadl) 5y il e iy ¢ Janall g A g S GE A G A s Lgtaila
A 5 IS i all 3aild g ¢ A g S (3 8l Jalas iy Al ¢ Jall a jladl Y1 (g ¢ pmiall pa B il
i) (g el Jaal

> Interpoles

BacLuvall GLBY) g A ) USBY) (4 - 4 ) JS&d
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: (Rotor) sl 2-4 -2
Al ) Al ddal) Jsati el il ol e 88 (Armature) G.m&\ ) LY giary e
(core) il (e il i (5 - 4) IS 3 LS (emf) Al eI dxdlall 3 gall 48 o g5 5 Ay 5eS

Jadll e Ll (ssingy ¢ aiiadl oDl i aasi Gl (Slots) golaall e ssing

Clalall ol sl aras Jeasiy | paiwe S Gl stid) Ll dag e Jass 3 (Commutator)
iy L A hma Ll Lo Lad A5 hase ddal yia dpulad odal (1 Ao sama (g 3ke 585 - Jasadl )
(Air cap) il sel soadll lsally (Sl Gn deairy L LS Ve gial auay glosll saa
abuse L ALl 48S8a o1 3aY) G (5 - 4 ) ISl

adesa dasial ) (5-4) Jséd)

: (Commutator) Jal 2-4-3
@Lﬁiu\)}ﬂ\ J}Mus:"\dg; "‘){J& dﬂj “_11;4.“ ).\;1133‘ ji 15511-6.“_1 d)&ig\ucgh\‘}j\ ﬁjﬂaﬁ.ml;.i
. (4-6) Jss

yulal S
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: (Armature Coils) zilall clila 3-4

ZSLa) e 55 e Adline Uiy ¢ ppial) Tlal i Gulail @l e Bl e d3e e geiiall (g sin
YU PP T KR P Y1 ) P (Armature) gl St Jala lalll s3a asiy e l.@_“adujugu‘;_ﬂ\
Oty sy Lebua 68 Sy g ¢ Jaall Lgie ¢ 5Sty il Al adadll ) Ldl i Jua 53

. (Lap winding) (At Gl 3-4-1

I Asbs g3l 93 2o (5 sSig ¢ Joadil) wdad (e () slatie Giadad ) Gl Al 5 ol Jea
b oo LS ¢ ) lall g e dal gl agally Jeed ) Al & Calll e g i) 138 Jerian 5 ¢ iladY] aae
) sae ) &l 48 (530 il 50 230 (0S5 s (7- 4) JSS

Lﬁj\)ﬂ\ lgraae Jiai:2a

g.a\.b?}“ e Jiad 2p

Lap winding
(Auhi) all) (7- 4) Jedd

. (wave winding) Al Gll) (3-4-2)

o st &5 Jaall il adadll e (paa Jlaley Giselie (piadad ) calall Al s Ay Jua 5 o)
o il i jeay (il (g sl 5 )5 il 93 230 (5SS ¢ (8-4) JSAl (8 Gane LaS dial) Al il 58
bl sl Ll s el agadly Jans Al (S 8 Gl (e g i) 138 Qs 5 ¢ URBY) dae

Wawve windincg

> sadl) Al (8 — 4) Jsad
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: (D.C Generator) saiwall Uil Al ge 4-4

e dals dile gl die algall deryy Al oS Al ) 4SSl A8l Jsa3 A ASlal 5o
bl ol Ja 5ot aalhil dniv Gl B i 5aS Al 58 L (Rpmalaliseall UiYI) punillins
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b LS Aapuall ()5S By alll s 8 (1)

2a=2p
- ]
E--60 VoIt (2-4)
2a=2
E=22220 | ot e (3-4)
60x2a
(1- 4) Jba

Aadlall 55l Crenl) ¢ Linsad 4dl aef 5 "Lkl "W Cagile ¢ aladl (8) agladl dae a5 A e
oadll Sldiay | Shase (240) il slae b Easall s 4l Cade 1Y) ¢ Ala S8 sal gl
2/2(1200) e s Hsn5 s (0.04) kb JSI daliagl)

-
—_—

s Sladaeal)
2P =8 Z =240 ® = 0.04 wb N=1200 ./
L Jadl
ibdaiy) alll Al i ( i )
E — NQ@Z _ 1200X240X0.04 — 192 V
60 60
D easalll Glll s 8 (@)
E — NZ@2P — 1200X240X0.04x8 — 768 V

60X2 120
@b)@&l\ axa)0l) Eﬂ\ ' F

: (Methods of Excitation) saiwall JLall ¢yilsa 3 G il b 5-4

daixal dphlinal) dedlall 58l ad i) @lld g ¢ Jlaall clile 5 EY Ay ) el ) il s 2 las
Giob oo Ll a0 Ll Jlaal) cilile adind o)) sall i 4L Sl dxdlal) 55800 o J ganl) y claldll
3l (33 Cun e aesall Ll ol g andii g ¢ Ledld ALl (e A siall agall e 5 ¢ alA jaas

Lad (pe 53 e
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: (Separatly excited generator) Aladial) 5 &Y) cid &l gal) (5-4-1)

JSE A LS (AT aae ol sl A jay) et Ll s s jaae (e Azl GUadY) clile (g3
Gedgle 5 dadl) L ik e aiad 33l giall Al oS Axdlall 558 (e g il 138 Gal A e s ¢ (10-4)
(20U (Se) Jie dgall aadatt ) #Uas Al SV 8 4G Hhall sda Jeatiud 95 e 4 glie JAA

|

Separately excited gencerator under load.

ilaiie 4,55 A ga (10 - 4) s

. (Self excited generator) 451l 3 5y <l el gall 5-4-2
Sl Bash e el 3y clldl Jeasi dua ¢l Akl QU8 clile 438 a4
il ae Jlaall clile Joa g5 4iiall dpdalinall e 2130 5 Y1 3 ) gall dpudad aait g 43 5\
g Jinall il i gSan Juasi gl ¢ AWl 8 Adiiall dpdabinall delbuy Jiaadl L of Cus
Jea sl @1k & o iy ol phYT e sea Al ¥ Ao oliys ¢ Aiiall dpullinal olal) 4 Cundy
-t s el U A e dpans o Lgalad e 5 il ae colilall oa

: (Series generator) (sl Alga: Yo

¢ (11-4) Jsal) b LSy ¢ il ae Nl (series field) (Ry) dwshbisadl ki) clile Jua s
all 0585 L daall s s ¢ L Jlall el Jls Jaass (S1ALE Cldl dae 5 ¢ S had il 5SS
238 8 (S5 laliaall Jlanall 35303 (Y ¢ Jam 3 e Alla b | jia (s s el ik e ()
138 Jerio s QoS Jaall die aliad) Gl ) Jeayy ¢ daad) 50450 L dgadl 213 35 ca side Allall
g ¢ atuall Lall 40 el A8k o clSed Il 3 sl agall (o saS il sl (e g il
: VIS 4 5l giall iy g Aadlall 5 53l

SERIES
FIELD
TO
GENERATOR
LOAD ~*— gutpPUT
CIRCUIT -
ARMATURE

(58 B A ga (11-4) Jsi
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h=h=h | (4-4)

E=Vith(RaAR) | ) (4-5)

(A) (Asall 4ty 3 lall) il jLs |,
(A) desll i ;I

(A) Jsal sk

(V) (deall e 2l (5 ) deall 22 1V,
(V) i) 3 5ol gial a4l xdlall 5 480 E,
(Q) & deslie: R,

(Q) Apsdalinall UL il da glia : Ry
(Q) Jealliaslaa: Load (Ryy

:(2- 4) Jha

Al eI Axdlall 3 8ll o) g8 (220) ey el (20) Dl Ses (3 I jaine i e
25 (0.01) Aqshlina)l ksl clile 2 glia 5 a 51 (0.02) i) 4 slin Of ale 13) ¢ giiall b 3] gidll
» Gldanal)

ry

1L=20 A R, =0.020 R=0.01Q  V_ =220 Eass

l,=1=l=20 A

Ea=V. tla (Ra+Ry)

E. =220 + 20 (0.02 + 0.01)

E. =220+ 20 x 0.03

E.=220+0.6 =220.6Vv il 8 3] siall A5l yeSI) Andlall 3 53l

:(3 - 4) Jha

¢ omal (20) sl andy @M Sl of ple 13 ¢ Apmpda Aaslie 13 Sles (g3 55 el LS s
3] giall Al 5e SN dadlall 348l 5 a5l (0.1) el Laslia 5 a3l (0.2) Lrhbinad) Y] clile da gl
Jeadl 4 glie cual Dl 8 (230)
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V=220V Ra=0.2Q ¢« zg=020Q <ly=I=l-20A

Ea?
: Jadl

Ea= VL +la (Ra+ Ry)
230=V_ +20 ( 0.2+0.1)
230=V_ +20x0.3
230=V_ +6
V| =230 -6 =224 Volt Jeall e agall 5
V=1L R,
224 =20 X R,
R.=224/20=11.2Q Jasl) da 5lia

:(4 - 4) Jha

220 25 ¢ bls (100) gloae JS 38 laluas (22) Go LUsSie Sles (53 I 5 paiine JL e
daslie Jlaa) g asl (0.2) zitell daslia of le 13 ¢ 520 giall AL 5eSI) Aadlall 55l laie Caal ¢ Culgh
(V) e lia) Aplalinall Cildasl) il
: Sluaral)

clhias 22 mmabadl 2 bl (100) Flaae JS 3,38 V=220V, R;=0.2 Q)

Ea="7
1 Jadl

RE = dlage

P|_ = ||_ V|_ ........................... (6'4)

Ea=VL+ LR,
22x 100 = 2200 &l Jasll 3 )8

IlL=P./V. =2200/220 =10 A
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Ia: |L= IF::LOA
E.=220+10x 0.2

Ea=220+2=222V s sidll 43l 5 dadlall 5 53l

: (shunt generator) ) sl Mga @ LIl

SIS 0855 (12-4) JS5 B LS i) clile g 55150 o (Ry) Ausblinall Qi) lile daa 8
Agall ok o agall (5S¢ L QBB LIBA DLl Ll (Y jpva adalle Cldg cldlll (e S 220
Giob e aeall p Y 13l ¢ Al kbl Jlaall 3530 O ¢ adaad) 4l 8 Jaal) axe Alla
haga e callaty Al YA 8 ol sall (e g sl 138 Jamin 5 a5 s ade 5l Jas 25 g Alla 8 a1 sl
Axdlal) 3 gl Canndy osliiall Ll culalge Adaty o SleSH eSUalls 3 lud) Al ,eS B LS Wl

ol Lo e 3al siall 4 <)

Ea=Vi+laRa | e, (7-4)
VESVL= LR | (8-4)
|a= ||_ + ||: ........................... (9-4)
@
C—
GENERATOR § SHUNT
OUTPUT FIELD
(o
ARMATURE
&

sl A3l Aga (12 - 4) Ji
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(5 - 4) Jba
il daglie culS 13 ¢ g (240) sl 3 2ie ¢ el (300) 4led b Des (3% 5 )55 A se
a0 giall 4l e S Axdlal) 3 58l) ol ¢ a5l (B0) a8y clile da glia 5 ¢a 5l (0.02) il
ludan ol

Ri=60Q , R,=0.02Q ,V;=240v , I =300A Ea="
1 Jadl

LoV N 240
P7R: " Ry 60

l= I, + |- =300+4 =304 A

Ea=Vi+lRa

E. = 240 + 304 x 0.02

E.= 6.08 + 240

E. = 246.08 volt 32 giall 45l el Aadlall 3 53l

: (Compound generator) s sall Al gal) 2 Gl

¢ il Gl i aa b il Ll g5l Glile dhasi ¢ e )il clilay ¢ sl clile e s giny
5_alall Cal kY1 e g5l clile Juasi gl ¢ (13-4) JSa & LS jpaill o gally 45y 5kl 38 e
S el all (5555, (14-4) Sl b LS gl gally anis (M sl Clile o geiall) Ao a0

e e

F il (S e A 5a -

SERIES
FIELD

o—

GENERATOR
OUTPUT SHUNT
o R FIELD
ARMATURE

Compound wound short shunt

ol S pa Al ga (13- 4) Jdl)
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(o) )5l clile daglia 1 Ry

(o) Vs s gy
(omel) Sl Sl | e

Eq =V + IRy +ILRse | (10-4)
Ia = IL =F Ish ............................... (11'4)
I, =1 (12-4)
V,+ILR
Iy =—LELZsh | (13-4)
sh
Jash S ye Alge -
s 4
SERIES
FIELD
o—
GENERATOR ¢ SHUNT
OUTPUT  § FIELD
[ o
ARMATURE
@
Compound wound long shunt
Jish @S e A ga (14- 4) Jsid
Ea — VL + Ia(Ra _I_Rse) ............................. (14'4)
L= L+ 1, | e (15-4)
Io=1, | (16-4)
ISh = VL/RSh .............................. (17'4)
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(6 - 4) Jba
Al el Aadlall 5 ) aneal ¢ 4 (230) 2> e el (1008 Slas (5353 dish S50 ol
Lﬁ)‘}"” C'_INA :&A}\AAJ (“j\ (001) L;‘Jﬂ\ k_iulq ‘\.AJLSA} ¢ (—;}\ (004) c_\.\AM A.A}\SA &"_L!\S \.Jj 3 B..\l}.\.a”

5 (115)
s Siludanall
Rsy = 11510 ¢« =100A , V,=230v , R;=0.041 , Re =0.01 12
sJadl
Eq = Vi, + I,(Rg + Rge)
E, =230+1,(0.04 + 0.01)
Ia = IL + ISh
V
Ish - Rsl;l
230
Iy, = = 2A
I, =100+ 2 =102
E, =230+ 102 * 0.05
E, =230+501 =2351V 3l giall 40k HeSI) dxdlall 5 3l
(7 - 4) Jba

cas) (0.2) 48 ziiall dalia ¢ il (220) g5 ¢ Bl 5US (22) 43,8 Sles (533 jual (S je 2 5
33&)“\ :\.131.1‘)35“ M‘JM 3}35\ t_b.u;\ ¢ fa}\ (120) Lﬁ)\}.\n «_Mh‘u)m} ¢ e}\ (01) L;‘)'d\ 4.4\}1&4)
s Siludanall

Ea= 7?7 R\, =12002¢ P =22Kw ,V. =220V , R,=0.20N¢ Re=0.110
:Jad)

E, = V, + IR, + IR,

P_= 22 x 1000 = 22000 W

IL =P/ V_=22000/220 = 100 A

| sn= (VL + I Ree) / Ren = (220+ 101.9) / 120=1.9 A
Iy =1+ Isp =100+1.9=101.9A
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E, =V, + I,R, + IR
E.=220+ 101.9 x 0.2 + 100 x 0.1

E.=220+20.38 + 10 =250.38V sl &l o 3

. (Losses in D.C. Generator) aieall Judl) cilal gal 28lial) 6- 4

Jsatig A8Uall oda (pe o a8y 4d) el e Al e Adla ) ol gall 30300 AK0Saal) A8l s ea i
Gy 38 Lae ALl pdns e Jan 50 gl 351 all e glaall & 3 ) ya 38 I sale 53 sidal) Qi)
Jardl Cangy Sl Lt A5SLal) ali ) 138 gty echlalall G el ) g0 Ehgan g A Slall 3 gall Al e
el s dglle 0sli€) agn Jalas o Juand Jia AL 8 oladall e aally 3 ) jall Cay sl e
daul gy 4L S A8l ) Aol A8l Jysad ol 8 ALl Jpdi CalSS add iy oS
Aolaall A& o ja QS5 ¢ Al oI 5 Al B ¢ ja g Asunlalinall 3 Al 4 AUl (e e a8y cal sl

() sl o adladl s (Says, ) sall ¢ adl ()50 die (SIKIaY) LSS

cbaliaall Calaall 8 il Jadyg o (Iron LoSSes) waall (s dubaliaa) 5 0l ol |

el al A Ll sl dagii Wiy o (Cupper Losses) osaill (jlas 24l o<l 5 il 8 jlasall- o
M e gy gl )y Al CUEY) liles sl e all il L8 Al eSH 5 il
Hay 5 3 il
dandaill adladl)

PCU = Iclea ................................... (18'4)

. Mechanical Losses (d&ia¥l) Sl jlagall- s
AiaY) e Sl lgde ity Al Jalgally Glysall Hena G Hlsall e 3adl o)y e0 Aagm Ly sa

(D) e ) iiall Gl 53 de o ading g ¢ Jiaiill game 5 A4 50 SN (5 Al (g 352 sall(Friction)
gl 85,0 e Tahda (pn (15-4) JSall ¢ ASiaY) Jabaa s ¢ ga Al phaad dalua s



da A0 5 a8l
i 5 k)
L dghig g ) o/p

Al 5 ) :
2
adaal 3 ISe R.S‘e
| N\ ; Isp"Rgy
AV,
2Ra
a

——— I
P mech 5 Pi

' ¢ mech + Pi

Al gall A3 a8l jlue bada (15 - 4) Jsid

Po— (Pmech+ P+ Pow| oo (20-4)

Py =Py, — (Pmech + Pi) + Py

43 gel) B gadll A 3l giall iiall 5 508 = P,
((Avlbas B3 ) (Al 508 ) Aalall 3 uall = Py
A sl = P
:\AJ\AJ\ T:Jdﬂ\ = PO

Laasll pdleldl = p

ech

Py = V.1,
- Efficiency  (82sad) Jalaa ) 5oUsl) Gileaa
‘531..) LS KD 3ol Ol Sy yatisal) Hlall A e JAa (5'0‘ sl s uj\ t);)]b
_p_ wL
n=E=e | (21-4)
PO — PO _
D= 2= Gommms| e (22-4)
_ (Pin—losses) . losses ]
=TEER =1 (5) | e (23-4)
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:(8 - 4) Jua

x> die Ll oIS (22) 4558 Maa (sdayy 32 (1000) Ao Jsn ¢ dish S e aiua i Alge
)il Aagliag casl (0.01) sl Aasliag ¢ asl (0.02) gitall chlile daglia cilS 13 ¢ i 8 (220)
Ll 5 (2500) 4SSl 5 sl alial) culS 13) Al sall 361 il a5l (110)
s Ciludazal)
V=220 ,Poq =22KW , N=1000rp.m , Rg=110Q, Re=0.01Q
R.=0.02

:Jad)
Pi + Pmec = 2500 'L"}
IL=P o/ Vi = 22 = 1004
ISh = VSh/RSh = VL/RSh = 220/110 =24
I,=1+I;, =100+2 =1024
Py = Ic%Ra = I4Rse + Isthsh
P, = 1022 x 0.02 + 1022 x 0.01 + 22 x 110
P, =75212 W
P =Py + (P + Ppecn)
P =752.12+ 2500 =32511 W
_ Powt 22000 _ s S
n= Pout+P losses 252521 87%
:(9 - 4) Jba

Ao 13 A gal) 36U Caal ¢ < (200) ¢35 ¢ el (20) b e (s3ay i) Jall (5355 Al s
L5 (201) davaall s A8l 2a8liall 5 a5l (100) )l sil) e slin s casl (0.02) gitall e slia ¢

sGladaral)

-

I=20A ,V,=200 V , R,=0.02Q ,Rp=100Q, P; =Pnen=201, n =7

:Jadl
VeV, 200
If=2L=2L=""=
R Ry 100
la =l +l; =20+2=22A
P o = I? 2 Ra + (I)? R = (22)°x 0.02+(2)*x100
P., = 9.68 + 400 = 409.68 watt
P 1osses = Py + (Pi 4 Precn) = 409.68+201
P 1psses = 610.68 W

2A
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P sses =1, XV, = 20 x 200 = 4000 W
Pyt 4000

- = = 86.79
P,,; +losses 4000 + 610.68 86.7%

n

: Direct Current Motors saiwal) juil) &S jaa 7-4

(s JRLIY) Ak Lal, peiesall Ll O sa Lghe 0585 A Ll o) 3o (e aasall Ll & pae S5
o LS

Ading 5 cclludl Gl 3 i Al 558 b malline Jlae J313 3L 5eSD) lall Slels ells s die
(z e ) . ( 16-4) JSall LS il sad s Gllud) J sk s lalinall () LS e la i

F=BLI | ) (24- 4)

h
(iss) ASalSaadl s 8l F
(o/ sus) pmdll 4S: B
(Usel) Dl 3l |
(<) () Al dba 2 L
()

Jiaall aghd (s b L5 (16- 4) Jad

ubline Jlae Jala (e Hsae dsa s ¢ Ll 5eS" 1l Jaagy il JS5 e Jia e dllis g ic
G e Al Lo ghadll ol LiSlae o< Gl Joa dnunhalindl o ghadll olad) i (e
@25 ASiilSae B 8 it Gl a5 Al Agadl (e Lgxe B8y Caldl) il g (s2a) (e Anlalinll

C(17-4) JS) LS (5l ) Bac ] 88 g dipms () (S oy alall a5 )
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sl L) Bacl8 (17 - 4 ) Jsdd)

BRUSHES.

X{
BOERS SPLIT RING COMMUTATOR.
SUPPLY.

THE DIRECT CURRENT MOTOR.
DRAWN BY,  lickores Figreven

S oaall g Al gall (40 )lie a5y (18-4) JSill

Fled ———=
Winding

Laga JS (o8 Ll olad) Jaay o jaall g a8 gall (y 45 e (18-4) JSl

 salasall ) S o £l5i 8-4

. Series Motor sl & jaa Yl

ahie 53 clalll e Jil8 dae il () sST g ciall Clile pe il o Dbl QY] clile Jua s
) e Gl plal ey () gall sladl et (Kang ¢ 5 baad) & jaa (gal Jurnii  ecilad) 1 5 duil 4 <)
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nlaliaall

-



S35 Jndy Y QI (T i) JeadUl sie T € jlias 21355 Aol (5) ad 5201 iaia (e a3l
EL&S&.&\)MS\BJQ)JMM&JSM&AQMAJPJ@MY‘;\A&AJP}(‘;JQm&‘ﬂ‘&ﬂy

(19-4 ) Jsa

&

o8

aJallg de pudl g milal) LS Cp ABMaY) Jiay Ao Asda (19 - 4) Jsdd)

Eb=

Vin - I(Ra + Rse)

(A) Andaliaall CUEY) clile A Sl Ll Jlaal) s

toh WS (Daadd) ga ) gadl ASladll Al 5eSIl dadlall 3 g8l Slagy Y

(A) aall Ji (0 ganaadl Ll
Ise
(A).zual s ],

QA sl daglia s R,

Q il e glia R,

(V) sSlaall & 560 Axilall 5 80 ¢
V oaadl 1,

S Gigiadd T

Rﬁga/b}aﬁmﬂ\;n
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:(10 - 4) Jba

Al yeSl Aadlall 5 58l Caval ¢ sl (0.1) il dagling ¢ asl (0.2) sl clile daglia 55 & e
8 (220) saaall 3ea 5 ¢l (50) asna Al dad ) ale 1) Asal)

s Sladaeal)

Vi =220V, 1, =50A,,R,=0.1Q , R, =02Q, E,=?
: Jad)

Ep = Vin —I(Rq + Rse)

I, =1, =1I,=50A

E, =220 —50(0.1 + 0.2)

E, =220—-50x0.3

E, =220—15

E, =205V  4uSall 20 5eSl dadlall 5 54l

: D.C Shunt motor ) sill &l xa
Gy clile (65 ¢ A s I B AN Byl e iiall ae (o) sl Apdalinall CUEY) e Jaa s
Al de o alhdi A OV 8 Jastiy sed Gl 138 e s ¢ Jaall sty i ¥ & el de
sl delia (&6 g e lball (filSa 5 acliadl) 5 A0l 5e<I ¢ plalall Jia Jeall pad die

ol imiall Jiey (21-4) JSE5 ¢ sl ol aal AES Al Sl 5l Jiey (20-4) JSA
el s el s de jull (G 4831l

INPUT

VOLTAGE

Torgque —a

ARMATU

Speed ———=

O Al by Aada g (21 - 4 ) JSd) Ablal) Ay g<l) 3 30l pria 99 (20 - 4) JSdl
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5l & jaal) el g ds yudl

E,=Vi,—I, xR, e, (27-4)
L= Iy — Ly e, (28-4)
ISh == Vin/RSh ........................ (29'4)

Vi
D=1 (30-4)

Z X2P
b= (31-4)

&\g\fx J\ﬁ‘ : b SAYEN

:(11 - 4) Jba

635 il aa glie ClS 1M ¢ yal (22) JLS cema s < (220) 2 e eny (5315 e
40nSall 400 5e S Ardlall 3 58) caval ¢ a5) (0.2) il daslin s ¢ a5l (110)

s ilulanall

E,=? ,V,=220V , [[,=22A, Ry, =110Q , R,=02Q

:Jadl

E, = Vi, — I, xR,
Igp = Vin/Rgy = 220/110=2A )l s
=1, -, =22—2=20A il s
E, =220—20%0.2=220—4 =216V  4uSall 43l j<l) dadlall 3 )

(12 - 4) Jua

(1000) gisall & Slasall 225 ¢ 5 (220) srae o dory U Al 53 (5155 e
25 (0.02) ki JS pedabinall aill 5 el (52) &) duny 3 Jliill g ¢ o pai bl Cagilag
oaall Ao o sl o 51 (110) (531530 Ao slins ¢ ol (0.2) i) e sl
s Siluanall
Z=1000 , 2P=4 , V,, =220V, Ry =110Q , ssil, =52A,
@ =0.002wb ,Ra=02Q ,n=7?

:Jadl

E, =V, — I, xR,
I, = Vin/Rgy = 220/110=2A
I,=1l,—-l,=52—2=50A
E, =220 —50x 0.2 =210V
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nZ@o?2P

E. =
b 120
n x 1000x0.02 x4
210 = 70
n= —210x120 _ 345 /g adall 85y sl Clas gy & jaall de

1000x 0.02 x 4

: Compound D.C Motor S sall & aall : Gl

sl ol (B aaall HUS 48 e )5 il 4l Capal (55158 me lad 58 Sl
D85 535 Sy (yma ol 3 (23-4) UKD 3 LS sl o mall b il LS ) (22-4) Sl 3
Syl iy Wy 508 il el Jlaal b lilal) 034 4ulaes 531 eblind) Jlad
Gl Olse ae Sl dsmanll CS all d aall aladinl (Saps a0l 5 Ao jull Ly dipne pailad
OS5 Al 5eS cbaldl g el phalal) ol a4 LS Jaall iy sl JS30 i Y A6 de ju Jle

FURR!

E T+
!
E = |

Jash S 5 & aa iy (23-4) S b oS 5a & aa Sy (22-4) S

: D.C Motor Speed Control saiwal) jul) <l o (b 4 yud) ailili (9-4)

L e s LT m o e & ) ey Aol il 291 b i) Ll S e ol e
sl Gk e ol il e dliaie daglia By sl oo Wl i de jully dlesiual) (al 2 YV 233 IS
Ge JS il Jaall 350 Gayb Ge paublinall (il i 3ok e Wl el jad) Gl ki e Jalual
Aoyl i 5k b S5l sl e

15 e daglla aladinl 9-4-1
adly aSaty Uik b da glial) e yuas e pull uai il B3 e )AL b _ysiie Aaglin Jom g3
(24-9). S 5 main s LaS 5 (IS8 e slaiall 566 s i SLall o34 e (o s 5 piial) A stid
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rey
AR
£

Fila g da glia aladindy o165 & el A ) alali (24-4) JSill

+ Jalewall agal) 8 aSadilly de judl alaliQ — 4 - 2
3y ) Muag 8 Jdall @ WS ade haludll sgall e 8 2Sailly o) sl @ jan Aoy adaii (Say
Aulle S 3 2yl a3 o V) (35

 Jaall gk oe Aol aliiig -4 -3
Oe s uaiiie 508 Jlaall aylal A slie aadius 3 AKH ALK dagedl @5kl (e 36y Hlal 038 23

pmtbliea) (gl 5 ey Jlanall 5 8 Sl 0 Lk o

1ol st el de yud) 28559 - 4 - 4
po sl A glie ALl Gl e 58 S el adl 503 ge G SIL Aegie Joms ol
Syl SNl e 5] il 5 s
Gk oo V) S Y Jaall s dad 8 Sail) () ¢ Jlaall e ae (55311l e A lie Jua i -
o s ol 5 el el iy eJaal lile gn 55 e e slie Joas
(25-4) JS2) L3 LS el padll ey

R:

i < > R.
%
S 5

Y )

d el 4y aSadi ST S2 daglia (25-4) Jead)

: palal) L S ) Ao yudl uSe 10-4
&J\gﬂ\w&eﬁgu\ GC\‘).I(J\AAM C'_ML\@}‘ cc:u.d\ U_:\Alo@‘)\:uh c\;ﬁ‘wﬂuu\‘)}ﬂ\ oladl puSe é
(26-4) JSaN 3 LS L (ylall 500
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v
Y
\ 4

lin lin

la

R,

(2) (1)

djaal de pudl use i (2)5 (1) (26-4) s
- Starting Methods 4sadl s (&b (11- 4)

elial & Ll ¥alas Gl (e ey s clan @i e JLall 138 (0 6 Cua cdglal)

Ia = (Vin_Eb) /Ra ...................... ( 32' 4)

L=(Vip—Ep) /Ry +Ree) | oo, (33-4)

Ol A all ey da gl Jlastion) Cany 131 ¢ atlilad ALY Ao glial) Capsy laa Jle ¢ sSan Jll (O ing 18
Aaslaall JlE Cum ¢ dpuSe 4l 5eS A28 B8 ¢ gl 2xy Aladll die ju (40 %75 ) sl Jgas
s Al ool Salagisl o ey Wl ASoa ol Jasiny hall Al ) deai o ) sy
Al e lehad ol e 2o (ol dilza) oSy Gl yhal ldy il e dlia pe e gliall (e de gana

(27-4) JS) A LS i U Aol g

il Sl

9% ASua (ol bl cpy (27- 4 ) J8&
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¢ atusall Sl (S 8 CSL ¢ ) (g ging 3l 1

¢ il lall DS 8 miall cal 35l le 1 2

¢ aianall Ll il e dpudalizall Ua8Y) cilile 25305 35yl L 13w
¢ patusall Slll AL 3 Janall 52306 Lo ;4

¢ patusall Hlill A3SLe 8 (a3l il ) Bac bl eV 538 e 5
DS o) L L g il il g 51 530 @ il &l jaall 5 o gl Al ySU) 8 A0l s ) 2 6
fdas o0 sl LAl il & jae Joadily sy ¥ 13 17

¢ paionall Ll il s b adliall o) gl 8 Lt 8

sl bl il g 85 5080 el Jadadia aus jlly miag 1 9

¢ el Sl 53 5 )5l & aad de ) aidasi $) 5k L 110 (e

¢ alisall Ll QS jase ) 50 oladl (uSe Sy aS 111

¢ L) S jme A4S all ey da gl Jleriasd 230 e 112

¢ yaiuall Ul CUlS jae Jardd Aoyl W 113

¢ aioall il il e 8 g0 g0 KI5l 5306 e 214

(1000)gisal (& cBlasall 22e 5 "L s "W Cagile ¢ (4) 4wkl de et LS A ge 116
us (0.02)ublinall (sl gy <l 8 (200) 5] siall 4l 5g<Ul dndlal) 3 58l il 1M (Jaca 5

(300 2/27) . 4o ju Gl

SV sill A gl il 5 (200) 2enss ol (10) Gomuds gl 13 Sl (s3ay 55 atese )l Al g 117

A il A glia Gl il 58 (220) 5] siall AL 5eSU dadlall 3 80 laia g casl (0.2)

(Rg=0.8 ¢5l z)
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¢ mal(88) Jaadl & Hlall il 1S clal g oLS (22) 43,508 Das (533 )55 e L A ga
(Ir =2 Az) a5 (125) @) s A glie ol caale 13) 6 5) il clile (& Hlall Ll Caeal

sl Aaglias casl (100) 4 53153 Aaslin sl (98) iy Sles (s3ay ypal S ja A ga

18

19 o~

(R,=2 Q7) ) de e Gl el (2) )5l clile A Ll Ll el (0.2)

Ao Jsu s ¢(1200) 4 ba sall dae MLdldail Cagila g lad] (8) 53 ual S ja A ga
el il dagliag ¢ yus (0.02) oubbinall Gl ual (50) gl i ¢« (32 600)
13 LN aa 5l casl (110) 5315l clile dagliag el (0.1) sl lile dasliay casl (0.4)

(n=0.771z) Ll (1330) uaadl g ASlSal) adldall cuils

4 Cla gall e ("Lad gad WM Casile 4 iiall cadl (4) 53 aiusal) Lall g5 jaa
Guaal casl (0.4) il Clile daglias ol (0.2) sl clile daglia (Jase (1000)
A A s s (0.02) ol IS 5 sl el Gadll o) (e 13 < e

(N=300 2 z) : < (230) s Sle Jerys aal(50)

(s lile mo gl e daglie Cibnzmld e pu Q5 3 el il (o515 yaa
@5 Aagling asl (0.5) el mitall daglia o) ale 13 Ailiaal) daglial) 228 daf Coal
Dl (10) gtial) Aaslia (B ey dl) Ll s ¢ Ll (60) Sl dsms 53 Ll 5 casl (10)

(R=12 ¢35 z) <l 8 (220) ras e daryg

(0.2) 48 il daglia g il 8 (220) 22z bl 5 (2200) 45,38 Sea (530 Jigha S e Al ga
Gl Gl (227.5) salsiall Al Sl dxdlal) 558l 5 ol (44) )5l Clile dasliag ol
(R, =0.32Q ) sl il A sl
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348l culad g sy

(AL A gl g gl Cial) im0 ians ALY) zalad) Cing)

dualAll Calaay)
O Se 1M G S Jaadll 13g] @lind 2 2y lUall (6 3 0
e () csliiall sgadl ygad A Leilindal 5 s gill 3 50 (o jed 1
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oAl Ladl)
Gl gall

: gl (1-5)

g sil 5 Lpal s L ya g b all il g iU pualic aal (1Y) dla jall dpcliall aglell US 6 Wlgls
gl il g A Lganl g5 a8l il g yiSI il oo 8 clgilindal aal Ala jall oda 8 sl g clglas 4y ki
Lo Ae sSaall 5 da Saall ye (sl

rdagSaa i s ga el Cilaa g (2-5)

(e s2all) ja\:;,d\._.aha,\sbjmgﬁm)g‘;) 23 el Hlall Jgad Sl 5l &l juea (e
Lala Taga aad LY @lldy e sSaall je Culas gally Lgdde (3l 6308l 35l a2diud 3 Chlas gl g
sl LS | ypaie asplall aay AU (22 i) agall ) Jalall agal) ded culS Lallla dagal) gl s | jainne
rodbad e il sall Caial g aal g oladl 8 Jaa sill Gl 53 Cans Ge sSaall e s 5l

) skl AN aaly yshar )kl a1
Jiadll 138 (8 [ peiin 1 ALalS dnga gl dn e dial i (Z AN dAage JSE) daadiciad) dipgl) -2
a8 ll ate glia o) ol Al Gal s al aglall o (2l 5381w canl sl shall i3 Cilas s
J<al Lae T3kl Tjlaie 43 K Alla  Tas Alle 4 glia y caalal 3Ll Jlaie s glal) o S Alls b

3ol 2 Al S8 a2 (1-5)

A gall Al Jsil) ma g (1-5) Jsd)

: Half - Wave - Rectifier skl gaa¥) da gal) cinai aa 90 (5-2-1)

23 el dgall Huaay (2 sall) SN dmaall Coyla dialy A Glas gall i) g0 Jasal (e 3500 038 23
Jeall 4 gliay laygall oyl Jaally g o2 53 a1 sl

G AR 5 ey Ul ey oalal Jlail Al 8 as sall (6K JAA 2ga A gl n sl Caail) A
e gl gall 3ok o agadal seall dad Gl e aa ge pladin) Al 8 cJaad) daglae
Jaall sea da sl Con gall Caatll <1 Ll laldas Jaall daglia ok o milill agall o5 daglly
(2-5) Jll & i ge LS

Aalall s uad) dea (iS5 ad e 43 (A g cJpnall aladtinls oy )l Adeal (U5 32 Al
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30 oSl Gladall atal @l s gall g glitadl Uil jaaad) o AU jeSH Jjad) gaay 4l AN
= 9 9 < D) UH S o ra 3
s Call) 3 ply 8 Adaleal)

1 /’_.4——7 » ]

[ /’ . + \ |

‘ | { f" Load ‘\\ 1
v, A | | voltage , v, A
O = LS

da g0 cinali 23 g4 gl gy (2-5) Jsl

() O (e el ) 5AY) aga Clua (S

Vout = VdC == - == 7 X Vrms ................. (1'5)
Y O e g # ) AYD L XS
Vac _ Vin _ V2 Vs
Iout = Idc = d == R == T ............... (2-5)

o) Al

oA el adaall Al Jis V),
- as sall Jalall Jladl) agadl (Vi)

: (1-5) Jba

(100) 4iad suadl a OS5 a5l (8) Leiad Lalls daglia Jen 53 skl galal A s0 Ciual 50
SIAY -2z AY e - 1 il 35 (50) 28 2ie <l g

s Slabaeal)
R=80Q
Vims= 100 v
F=50Hz
: Jadl
Vo=Vdc = Vm/n = @
_ V2 x100 — 45y
Vs
lo=Ildc = V4./R
=45/8 =5.63 A
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seall G Sles Allug Qo 3 Zadll 4 G pal) Choat o gl gAY seal Aa giall dadll Cilual
10 Llea (S Luzly 5 ( De voltmeter) el

: (2-5) Jba
il (50) = gl seall aliall dagll CulS 3 ¢ A ga Chuai 3a g gl (V) Ao siall Lagll x4

s Sladaeal)
V=50V
V=2
 Jadl
Vo=V T
=50/3.14
=159 v

/ ._Full - Wave Rectifiers 4!l 4 gall cilinga (3-5)
oLl iS) ALalS) A gall aa ga alasiivd o V) cciliphaill (aey 4} da gall Caial da ge () e a2 ) e
Aagall e Ol 2 dasall Chiais ALK Aa gl da g G @Ay ¢ el il B3N jaliaa (8
o b A A e bl DDA Gl B e el OV sl olad) 8 Ll 5 ey ey ALK
ae o Joans Glldl daip ¢ Jadd A gall con gl Coaill DA Ll 5 a0 da gl Clial aa 50 s
o lle Juant 30 dum pal) iliadl i o (5 g ALK A sl Clim g 53 (g S gl il
Gage Glo Jsmnll (Sais (3-5) S 3 LS | Lgnih a3l 82all QD5 ¢ A pall i dn e ¢ A

_:\;y&mﬁ[}q:\lﬁg

Vin m‘s &_;y hy

dLalS 43 ga 3 gal) babia g gy (3-5) Jsdll

- Full - Wave center Tapped Rectifier Jaw gl & 8 <) Alalsl) da gall aa g0 (5-3-1)
salall o2 A Aghans o i Akl 63 Jsaae Jleriul aly 3) ALalS A ge 2a g0 3 il gy ¢ 1 (4-5) JS
& Gas ¢ abal il Al (8 Sy (Dy) s sall G ¢ an el Cluaill (8 Dyl Aa sl 0S5 Leie

=Se hail Alla 8 (D, ) 2 sall 055
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¢ oSe Sl Ala 8 55K (Dy) sl G ¢l Caaill J dguall A sall S5 O Al B L
Gl 5 s sall A gl Caa (8 13g s Ll Ja gy 43l Al g ¢ el Sl Ala i (D) 2asall

b a2z @ (4-5) JSilly | da se ial e O ST A e W O Sy iz AL e ek

i

A T aaa

dlalS da ga hyﬁﬂ\d@bxi(4-5)d$&

i B

2 (4-5) Jsd

ALl A gall o guanl) g g ) ) pall guiags ¢ 2 -3 - o (4-5) e
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) I e A a3 b sgall Al gial) al) Canen g
2V
Vav - _m ................................................ (4_5)

T
Jrant ) Al Cona (g e (ALS A g0) Al ol (B (V) oAl dgad Al siall dadl) of Laa3ls

: (3-5) Jua

72, wi g Al dgad abiall dal) CuilS 1) ALS da ge aa gall 2gall (V) ddass siall dal) 2 f
25 (3) = daadl Laslie cilS 1) ¢ Jaall i aa sl 5 ¢ <l 58 (15)
: Sludaral)
Vm = 15 ‘Vav? y IL: IdC:?
s Jad)
2V,
Voo ==
=2x15/3.14
=9.55v
Idc:Vav/R
=9.55/3
=3.18A

( Single — Phase Full Wave Bridge Jgall salal ddalsl) da gal) o3 5 )killl aa ga (3-5-2)
(5-5) & JSall (8 (e LS5 3 pilall 0 S8 ila als day ) () as sl 138 2 Uisy Rectifier)

v -+
D, P Da
DC
+ output
> P
AC ”

input o D;

skl gl 5 _daid A ga s (5-5) Jsdd
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(D3,Dy4) craselally JAaY) sea (n asall o jall A Jua i Alla B (6 S (Dg,Dy) cpasehdl o)
32 A sl ALl il J3A 5 (Dy,Dy) sl e dasdl () LAl ja 131 LSe () Slaia (U 5Sy
Dl ary L omSe Sbadl Al 3 (6 S (D, Dy )l ¢ Jua s s (3 (Dy,D3) 0sS Jaal

. (D4,D3) ¢l e dasll )
AL Ao gall (53 5 aiall aa 90 3,000 (e AUl atisall LN A g0 JSG a3 (6-5) P8 IS

((Jand) i ) gl aienall gl A pa JS4 e 53 (6-5) Jsad

Of Aaadle cangs ¢ Ghusll g oal cld ALK da gl aa g ALl agall il GV alre axii
5 all  aglall 4l ey A dgal) Coial g by uSe gal (i iy 5kl dage 33 glall
WS dase dagi Jal e g a1 (7-5 ) JSally | sl it (e I Lae el gl

s e ) Jlexialy

| (7-5) ds)
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< (7-5) Jsa

—

AC
vollnge q\D

source

= (7-5) Jsdd

&) Jlariiy ALalS A ga aa g8 Ja) 0 gy > @ 1 (( 7-5) Jsd
P g Al ) g8 (4-5)
¢ g b ) a8 Al jurie sladV) aa ge g 0o Boke z AN O ALl aa gl 50 JBA (e Lidde
z A G ki G (Filters) s el (e )il (ars axdius Lild ¢ agall 8 Cils i) Ao il
(LC) dnuiin s &lan 5l (C)  Anasia Lol g ¢ (L) 4ilae Lol patasall Sl i o 050 33ke 5 da gl il 50

b )93 a6 (8-5) A8 JSA

IR R

G A Sl g3 gl (8-5) Jsa
sl Jav) s | A6 4h Aad o Jpanll @l oz Jal) sgall 480 4 Al Clad pall s2a a8 3
z AN o T a zsalll S WSy (J8l jua Jagaglly g las V1 o 3) (A dadl aga ) i) el
2ol Alae a5y (9-5) ad JSAN 5 1o sl
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HALF WAVE RECTIFIER

FULL WAVE RECTIFIER

il Ales g (9-5) e

- aal gl skl @l ale laswal) i gal) (5-5)
o0y Z) AY) g aSaill Zaal) 451 5 dafs ) s Ul Cilas gall 028 adais

Thyristor Firing circuits g8l Jad) (i b ((5-5-1)
and agi Xy ¢ a8l g 21 Calhal g adde Jalua Can ge g 235 1) Dhage oy g ) ()
Lo Lia ) (8 i duas JS5 (e Aol i) o Adalia 3 5L3) (e 3 )k Aaaill (5S35 Al sl 335k (e
s Ul Jei) LS
D Ol ¢ e s e ela¥) dgall by ik e b gl JadY s AT Ak aa i
iy o eala¥) Jra il Ala ) s i) Gyl LEK 4 &4 (leakage Current ) ) siss il co il
sl Jeds 3 Laladial SV e Y1 AG k)

Pl haall ilas gall il g3 (8 ) gl g pUl) aladin (5-5-2)
e 2 e L () cosliiall Ll Jysail @l g Lo lasall Clas gall S 00 (A& st 5 pUl) a2diy
lele sl Gilaa gall JUiaiy ¢ (trigger angel) sivs Bl Judl 435 ) Bk e 49 oSaill Koy
Qe ) Geliall clialadl b andis I dleasioal CallSs A (e Slmb dlall 3 5 ALl
S jaall Aoy aSaill gl sgall ys

(Aastia) Jos dpiadl )ohl) sala) da ga cikal 3a 94 (5-5-3)

Single phase half wave controlled rectifier with resistive load

Csliie U jtae e OSE Y deale hiwal aagll il e il Jal (e 8 il sda aad
(10-5) J—Sill & a9 LaS (Aaglie ) Jan ) s s i
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da g4 cinai 2a 54 5,0 (10-5) Jsll

0sSis ¢« (Cathod ) 2558 3a (e el (Anod ) 253Y) O5S da gall (e o sall Caaill (314
Jei¥l a5 xie (- Gate ) sl )i Gk Ge ) siu i) Jladl diad ol Sladl Al () g 0
sl DA e daall 3 Ll e Tans deal) o jeday s JAY) 3 G ( Current)
O5S Gage Jaally Ll il (d ¢ (Trigger angle (a))iall dad I Jaall 3 Jeay Ladic
OsSams JEIY) A e e bl Cauail) 63y ie 5 (OFf) lida) Alla 3 i ) oy SN jiall Ly glose
(21) 350 OS e clly 5 Sy S Shadl Al 8 st 8 65 SIS e B 25V 2ga lanie

Ay daladl P (e (Average Value ) z)oAY) il sdl jaiva) sgall dan siall dadl) slag) (Sa g

Vo = Z—: (14 cosxX) e (5-5)

: Single phase halfcilag daglia 4,350 dule Jlasas yohal) galal da ga Cinai 3 54 (5-5-4)
JSall Llaa s daglia o (5 5n3 Ada Jlaa) (& Lelivall Jlaa¥) dulle o)) 58 855l o3a dpaal (a3
Z1AY) s JAaY) Cila s ea g ((12-5) JSl) Ll cdilaay daslie dos ld 35000 oasy (11 -5)

Bl adgd Ll 5 4.1 4all

JRY) Al oo hakie 06 Ll 138 gy ¢ allad] o Ladie [ giv il el fay Cage Ll o)
Sodadl Alladl asa gl Ll g e palen Al Aaladl) dage 5S5 Ledie s (Jaall 8 Alladd) 2sa
(Diode Freewheel)Fpall sbuwall agls Ulal addiig g calall 4anw g3 LT (Transient)
Jaall Al g e llid) ¢ jall (e palaill

AV Aabaall sk e adl Jlaall 3 gala G 92 71 SAY) agad Ao siall dagdll Syl (Say s

Vo = Z—’;(cos X —COSPB) e (6-5)

DAl aie cahay AV 450 a0 B
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: Ao g daglia Jos L8 ale s ) salal Ao gall JalS 38 94 (5-5-4 )
Single phase fullwave control rectifier with RL load

L Jeall o sy, sl ) (o (ssind 3k (g da sl JalS dgle lassdl) s sall (S5
L T s T8 —adl ¢« 2] AV L5 i 3 Gl ¢ Alle Aia Aailas s daslie o (g sing
e Ldldl amy aa gall ¢ jall B8 Jua B Al 8 (T, Ty) < giu 8 o S (Pure DC Current)
Aage Oo Al o all (A (T3, Ty) Dlosis il ag)s aal dealls Gl a5 4nds Gl (8 4550 5
L (13-5) JS2) b mampe LS5 . el b Do 353 53 5 pbal) Al sy 35 ¢ JLASY!

—l

—PF A

vity —T™ é
; hy v

x4

da gall Jals jghall galal as g 83 gl g (13-5) Jsal

Load

1oAY JasY 4l (14 -5) JSA sy
Ay Ualaall Gy yha e zI LAY 4l 8 Jass g Sl (S

Vo = % (cos ) e, (7-5)
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4a 54l JS& sy (14-5) Jsé

: (4-5) Jba
OS5 R=100 Q lgied dalls daglia Jas s axdiing adde s 4 0 Ciuai shll galal aa se

) F= 50 Hz o ke 33 5 ie (220 V) Lacadl 262
&X= 90°)( i z) AY Ll -1
sl s Gy oc= 907 (e gl AY) s -2

2 Jall

Vo .zl A% (S (7-5) Aalas g sa )b -1
Vo = V—m(l + cos X)

21
= %\/7 (1+c0s90°)
Vo=49.51V
l,=Vo/R =49.51 /10 = 4.951A

Iav:|0

=4.951 A
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(50) HZ 22515 1200 4l st (e e Ulaas Laslia o 53 shall (salal da 50 Coal a5
B =200°( )¢ (0= 60") sie gAY 24a ol -1

e Gl Sl 2ie # AY) LS sl -2

; Jad)
Vo = Z—’;(cos < —cosf)
Vo = (ﬁ;nlzo)(cos 60 — cos 200)
Vo, =38.88V
lo=Vo/R =38.88/5
=7.77 A
: (5-5) Jua

lalaie 4l g8 (g Jema fan Dlle Dilaas (R=22) Q deslia Jon 53 skl salal da sall JalS s 50
cal (0¢= 60) il IS 36 G55 (50 HZ) 23585 ( 200V)

AV RS -1

LAY o -2
: Jad)

1.V, =V7m(cos x)

2v/2 x200

:( —
=90V

) cos 60

2. |0: Vo/R
=90/2
= 45A
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2
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Boalall ALA 0 A gal) A e JSS o) -1
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Renewable and alternative energy 4baa) 43Ual) g 31aakal) 4dUal)

: Introduction ¢« (1-6)

el Baanie Ayglie p g Auiali ye jalias e lealil oSay Al 28U QWSS O a 3o0aial) 23U
8asane Jlal @llia 5 dyetia 5 dnznls jobas (e Sl GO i) d8UAY jobiae B e alall e
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) il 222 T Y allad) g0 alame A3 805 - 1
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(Energy from Industrial and Urban Wastes)
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