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AC Machines
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Synchronous Induction Machines
Machines

Magnetic field current 1s Field current is supplied

supplied by a separate dc by magnetic 111(.111ct1lon
power source (transformer action) into

their field windings.

S —

The field circuits are located
on their rotors.
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c e,=(vxB).l =vBlsin9,_ Jaly Cuew 4
€cb =€da = 0 _
c e,4=(xB).l=vBIsinO_, im e

» €ind = €pa +_ € + €dc + egd
=vBl sin 8,, + vBI sin 6_4
= 2 VBL sinB

note: 0, = 180° - O,
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O = wt e = 2r wBl sin wt
V=T W ‘ ind

A= 2rl, €ind = ABwW sin wt

¢ = AB e, =@ @®smut
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F=1(IxB)
T=r X Fsin®
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1 into page
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r. Finto page B
Tb(' = L]
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o r, F out of page
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F=1(xB) r . =(F)rsmé )

=ilB down — 7i[B s1n Qﬂgj clockwise

F=i(l_xB) T, = (F)(rsinOy)
= iIB 1nto the page ~0
F=i(IxB) T = (F)(rsm 6y )
=ilB up = 7ilB sin 6’{ ; clockwise
F=1(xB)

., =(F)(rsinf,)

=1ilB out of the page 0
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T, =T, +7T, +7T_,+7,

ind cd

=rilB sin 6 , + rilB sin 6_, = 2rilB sin@

B = A g G il Ol

loop G
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i (t)=1,, smaof A4

iy, (1) =1, sm( of—-120 °)A4
i (t)=1, sm( of —240 °)A4

S A g Ol & (e 2 OL >

H_ .(t)y=H, sin ®t/0° 4 e furns | m

H, (t)=H, sm( ot —120°)£120° 4 e turns / m
H_.(t)=H, sm(ot—-240°)2240° 4 o furns / m
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H_ .(t)=H, sm otZ0° 4 e fturns / m
H,, (1) = H, sm( ot —120°)£120° A4 o turns / m
H_.(t)=H, sm(of—-240°)2240° 4 o furns /' m

By=HHy U=«

B,.(t)=B, sm wtZ0°T

B,,.(t) = B,, sin( @f —120°)£120° T
B_.(t) = B,, sin( ot — 240 °)£240° T
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Baa' — 0
ot=0° ® p  _ B <in(-120°)/120°7T
B._.= B, sin(—240°)£240° T
Bnet - Ba:{' + Bbb"_Bcc’ : Jﬁ',"j O‘%c
/ \ / '
3 3
—0+ —£BU J41200+| N2 g |r240°
\ z2 \ 2

=1.5B,,/ —90°
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B..=B,/0°
ot =90" wm g 05B,/120°T
B_.=-05B,/240°T

Bnet — Baa’ + Bbb" +Bc-:" : J‘“‘.’.‘J'f d"’"f“

=B, /0+(-0.5B,,)£120°+(-0.5B,, )£240°¢

=1.5B,,/£0°
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B (1) = B, () + B,,(t) + B..(t)
= B,, sin of £0° + B,, sin (o — 120°) £120°
+ By, sin (wr — 240°) £240° T

B,.(t) = B, sin wiX

—[0.5B,, sin (wf — 120°)]% + [legBH sin (wf — ]20")]5'

—[0.5B,, sin (wt — 2407)]% — [}g B,, sin (of — 241!}")]?



sesboliss (lase ()l 98 Sl

B_. (1) = [B,, sin wt — 0.5B,, sin (wt — 120°) — 0.5B,, sin (ot — 240°)]R

+ [% B,, sin (wt — 120°) — -\2—/53_“ sin (wr — '240*’}]3'
B . (1) = (BH sin w! + %BH sin w? + ?BH cos wl + %BH sin w!
_ V3., cos wi)i

+ (g?ﬂﬂf sin wf — %BH cos w! + %BH sin of — %BH cos mr)i'
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B (1) = (1.5B,, sin o0& — (1.5B,, cos wi)§
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fe (5.,2) =T (Uso/S) 893
We(oLslyfS) = Wy, (oLslyfs)  hsss
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E'c =2 E'm
fc =2 fm

M. = 2 ®,,
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since  f =-—"  wheren is the number of rotation
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Bnet — Baa* + Bbb* +Bcc*

B, (t)=B, smwt/0°+ B, sin(or —240°)£120° + B,, sin(wr —120°)£240° T

ner

B _. . (f)=(1.5B sm a}r)} +(L.5B  cos mr);‘
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_ B Air-gap flux density:
Air gap ! B(a) = B,, cos (w, { —a)

B




@MjaJﬁmuad%QJaommljmj

5 ol ol j3 SSL 4l ) amsew Sy B us 55 0
:.qu\.sdj PO QQT;&@:—" .‘94..5’
B=Bycosu S ‘

bl 53 A assly 2 53 B oIl am 5o (s pmas Wy S w by 5,052 ©

B =Bycos (ot - o)

e=(vxB)l
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1. Segment ab
o = 180°.

€pa

(vxB)-l

vB!l  directed out of the page
~v[B,, cos (w,,t — 1809}

= —vB,,l cos (0,1 — 180°)

{
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2. Segment be
The voltage 15 zero, since the vector quantity v x B 1s perpendicular to 1

e, = (v X B)el= 0

3. Segment cd
o =0°

(v X B)*1l
vBl directed out of the page

€dc

I

= v(B,y cOs 0, 0]

- UBMi COS ﬁ),nf
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4. Segment da.

e.,=(vXB)+l=0

€ind = €ha T Egc
—vB,,l cos (v, — 180°) + vB,,I cos w1

T
—

Since cos 8 = —cos (6 — 180°),

€ing = VBl cosw, t + vBylcosw,1t

= 20B,,[ cOs w1
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Since, V — Fﬂ'}m €ind = Z[Ht]mlﬂuf Cos w,, [

Since, '?'5 = Zf‘fﬂm ) zr!BHmm w08 O
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€ind = N.O® COS wt
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Bs(0) = Bg sin 6

F =i(lxB)




Fina, = il X B)
= ilBg sin O

Tind,l =7r X F

= Tyq = 2rilB; sin 0
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v = 180° — 0
siny = sin (180° — 0) = sin 0

—  Tinq = KHgBg sin vy

Tind — KHR X BS

7=180°— 8
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* Since B, = pHy,
— Tind — kBR X BS
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Tina = kKBr X Bg

Tind = kBR X (Bnet - BR)
= k(Bg X B..) — k(B X Bp)

Tind — kBR X Bnet
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losses losses

Pﬂut =3 I"fr,'.l"‘.1 cos @



cony
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P =3V, cos@ Pou
Tind Wm
=v/3 ¥, I, cos b
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