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A 400 V, star connected, 3- phase ,6-pole, 50 Hz induction motor has
following parameters referred to the stator; Rs=Rr’=1 Q, Xs =Xr’ =2 Q
For regenerative braking operation of this motor determine:

1. |. . . . 10 |CO4 | L3
()maximum overhauling torque it can hold and range of speed for safe
operation
(ii)speed at which it will hold an overhauling load with a torque of 100 N-m

2 Discuss the operation of self-controlled synchronous motor drive employing load 10 lcos | L1

" |lcommutated thyristor inverter.

3 Explain the behavior of 3 phase induction motor when fed from a non-sinusoidal 10 lcoa | L1
voltagesupply.

4 _Descrl_be with relevant diagrams the voltage source inverter (VSI) control of three phase 10 lcoa | L2
induction motor.

5. [Explain brushless dc motor drive for servo application. 10 |CO5 | L1
A 2200 V, 50 Hz, 3- phase, 6 pole, Y — connected, Squirrel cage induction motor has
following parameters: Rs =0.075Q, Rr’ =0.12 Q, Xs =X1r’ = 0.5 Q
The combined inertia of motor and load is 200 kg-m?.(i)Calculate time taken and

6. energy dissipated in the motor during starting. (ii)Calculate time taken and energy 10 |CO5 | L3
dissipated in the motor when it is stopped by plugging. (iii)What resistance should be
inserted in the rotor to stop motor by plugging in the minimum time? Also calculate
stopping time and energy dissipated in the motor during braking.

CClI Cl HOD







IDA IAT Il solution
Q.1
@ A Aoov, A - conncefed 3‘5/ 6"[30!‘“/ gl

X oo
%ﬂ Uow«rzj thamdw AL#UJ\&& Ty &
= X-\l = 2.0

1
'Es:SR,, = l—'Q-r YQ

hos

FO& ,Gug,uu-h- e
() an /%06.?(,«1 ( ov %f—..mu(f,a ) % con h,oii
o vDL\fc}\ /u“ can fold an

(rr-) Q«P.ucxl
oer\.waij /Lo@d wib"‘/ Qa (QJDN?M e(? (OON—m
Ng = -‘__9'2_’5_’73 = 1000,
(Wmg= &Tixoe0 b Ng =taof
2 —
bo _ B
= top 7| wad/ aec . aTN e _ tom
S
bo
\ ) 180 § x 2l xN§g
Sm: — E’( £ . (70-
—_— X e,
V Ro+ (Xg+x<') {1+ (arey” Ng = boX o
2
= 30Wm%
o e 0-2ARE -—-:l;'.“'
4.128
_0-248%

8=



2 v
T
oo .
(Ret Rs ) 4 Geatxv)
8
= h3 383-33

2=
(Avo/(3)

4+ (o2 )‘

1+ |

—

(— ©R4&R)

2070 . CI4 A

9.1 7 + b

B

! D AR-R A

‘2- 1
gjo-s P'&'D

F
E =\
4 y e = yrag® P
N
B
w.
F) Vs = oo N . 9
\ '
¥ < e A W
- BR’{ ) ( + ¥ .)
= i ) AN
E y 2-
e 0) {@00,@) v
8 B B T CE S
mee = _——— P
s) A F «
- e A ( (rat = )
. o
: 0-°% 2301 5
B = " — i Ak 3""”’
S q 2> &
b



lothk 29

T S - 100 . i
2416
- S+ e /8
S
92
o 66-29 = oo g 4128 tlb
s
T 2
loo (S + 13++_8 ) _ robb-aq : 100 & 100 9’°°.f

L _ 510kb-2

)

p =0
100 &4 1100 ~SRLEIR0 75

& O
s + .38 41 =©,

/,/"
-

g~ -0-95%F pa’ 8 =-0:068.""

choo ot |
A 4

Wae (-B)Pde = I (- 0-063) (nooo)




Dd‘f) Cortrodled 5g.nc&nonows modoa rﬁfcc/\ /‘F’\Gn“ a
Aoad  commlaled /TU;j;LCs,(‘oA Dot .

’Tr\,‘t’/s C{.‘Lf Ve (’_mp,(c ;f,g XW’O canv @ V&v Vs
@ SOwLCQ Afdx cony thﬂ)t
@ Loac{ &1 O(Q Ceh VQN{-'UL

Ld

TEEE L

£ i + 4
Souwrcr  §iohe ' Load  &ide
anv@m Cﬂn\f@h’h’l

Sewner. aide  convenbin i-
= acds o a  Ling commadated  contiolled f\(cffffqu
i.nn 0 < A5 £%°
ofp Uoita?,a vds and ofp cpment Id ane e .
= ads on o dine commilafed  Znvettn fon 90 s <19



LOOCJ e cony Q_v\kul -
=5 rAH‘\RJ’L SM Q.,)C_‘LQ/ N

Load  &lde  conv anfen con be  eommul ft

C\i_ /Q(ao(fn Pf’ ) /U\z /ﬁ\; n:',f(w,
. .4 ‘}1 ;
(J

L n
/(j,t mofoa (zr\O[uLtC( uolh\((}ﬂf'. TF\AA o caU,tc/ E‘:j
COmmL[Lo«.tE@n .

= Thir cervedn  spoolts s an davestes P,L 9o ¢ Ag 2180
and  delvevs  —ve VL and te Id .
It /Gf),mqbus a5 A /mofﬁfim /f»oh 0 ¢ g £90 ard
delvens  4ve vdt  and 2o -

=> The SM can e apmatﬂo( ol loding PF (fzxj acgcu,t}?
AL (ﬁ?cf_d qxcfzfatt..on' when  Geunce - aiole  corvedoy s
.@f:eno[tcd as Avedtn  ard dLoad e comenln  as mc'ff?fc-z
Lhen  Ahe Aproer }Mowrs /ﬁhom, Ahe  motea Ae  ac

Lowee  wodich ?:V% Mg,u\ma’tfvﬁ /Emw"rg Qpc-zaf[on.

= For moli)fu’nj spoakion , oo 4ide con acls as Aect
ond ch{ &OO(L C&nveh/ﬁn aks invv\ﬁbx The (CCA?UJ
(phodmud (E(‘j Ahe motoa chu{beno(A en Ak ({?%c\mtf-
an L.“O(LL?szs i.e Vds—\dk .

= m &P,u.d e /ﬂ'u_ rnoib/r_ (‘\,,s cha /(0[ & chan 7r\’
MHae Uoitng/( ﬁ\;ds Le (EJ Qenf/\O((Unéj 0(11-‘2j j j

=> When e &b /tt& CMVQ'L&'M one  WOrKin as ,(7#» Q‘»&M )
Lthe ?}hfn& , Lo houtd  be  Lws Man ge Lo avodd
e shoat Q&/E éuzppxﬂ . S0 canc should  be  farer {
(f_.pn C,Omnwiab:cm GV%LOP and T - Gz’f 5{ ,de.’\:\.u‘/'* )



; s /Ft’. (\P{
et Fsﬂ - CC‘mmel(LtLOn Lead ar\((]/(q (fc
<<,‘,’0Lq conventin ’
Then P S lao - KLQ .

=> T} oo mmubalion oveh(qp s reg fecled , Ahen  Aba
ac  eunnent ot L /(c\(tj e A /P de vodtoqe
Cuxakﬁ XL As A T rmofoa cusend

Corw anfin ,f/p cwnenit , b
KLeivizial 5% X:tajx

/Qlaclfr{\j PF

,«n/p
l—/,‘-j U

s oppea ke Ao
moXoa CLU»\,(r»t ot AL ,(.-ocl tha
!?j BL. Thws Lhe rrig Aon 6/;@'1&1':'.-. at

= I p A A commaidaltion sredap , the b
7,011_ which e Alons aPpX,&c( A j'f’vqn 'ij
v = Pr-p
.,fc.& (SLLcCu«sf;LLL commuitoflen » vy >witq
twhoe  Aq- /&.Um;-@M Alme
Commutalion  Ovenl ol .—?‘)hO<PO&t:9nall Xn Ak
de Linkx  cwwaent Td - m,oln v=Ymn o, PL widl be
sedueed  ond PFowall £

ove -

) TFV\-}S c,s:\ﬁuoz( (cﬁ CCLuld (l)—nﬁ;faf\i OJ??/(( |2} LC\\? Zu C.Cr\'t"ﬁ( /

T
f{i4.4"~‘_klﬂh

= Al  Aower &pua(,«, ohend
woed, APrc  Ahe modBa podtage A At anral

noit Ul«oug/h ,ﬁon /'U\J/u'/s,&bh

C.omm'»latton P8

Co m’Tl,L\i a tL.Cn



A v\a,% e %’ I__M %—_GC/ ﬁm non - Arnseol dal
wolloge  appy ‘

X ﬂ:\l YWOXJO& Ma( vO/(fag/; becpmes e Frue -
,.K(Ofda' w han cired’ (})Mm. ;(.n ' 0~ f,a(io

—  Converfen
s halg - ware &Umwffd

¥ \/oumz,c

be MOMO{

f ® sl
Nen - &1 nusvi0Q wow.czrom oan

;JV&’ #,UJ" dmyw-wt o/ oun o h asumo nic compO N"j’s
C Fowuls analan ). Foa p\alj —  waw 4 M

M\Ld oc/o{_ hsmonics wdl be prre

fve Ao 7ou,nc;_ l'l (,Lummoc« - Aaamr loko/rﬁ ‘ 6 O_(Zu«.U‘ el ot

op Fo&oﬂ kaﬂ A&C (Zwmca

o
—viL /e (ZLL.i,r‘C(_ [’\CU[M-U Nt~

to (51.»" O{Wﬁl“r ¢

e A g UNEE hasmontch — ol 8 ‘FF\Q/r?\ \rol:tﬁg%:
A TR Pkowa ~ -

Lol Q‘m«o[a,muc[cu[ fsl«a/& vob(‘ag}/( LQ/

\/ﬁpl - \/l (.‘;’fﬂ wt
Ven = \[} L (wi.-— aﬁls )
Ven, = Vi &in (wt — 4773 ) : &

sk phate m7wum ABc .

f.ﬂl Haumonle  Phase \/'u'kfﬁ_-g{g - =

; " ) H\
\Van = Vi A% Rl s /g\/‘z/’

Ve = v i ﬁLwt— EY) .oy s
= ¢r 4in Tt -8 = Tige.

\en = Ve &an B



Pkowt A0 lifa?e

5N
F ”Wmom‘c

VM = A4 Aot )
¢ YBN = \"? &h (qwi-,3W3

B Ven = ’\/—1 \{"‘"”(‘7“’1—&]3).

A

e *,
IF]‘T‘L kq}k_wwmoe I’\Ab g

B g A0

(f,!mmz

s;—,-‘ff\ Ihasnmonie has phose
.‘&Q_‘? wen el Acls -

. s Hy He

e iR T 1] R

b o

- e’ gy e = b
B ™ ond e me
L3 o hosn nae vt 4
- j

3 - o qre M

B = bkt! e puE

[ =

ﬁ‘h bK




o e &Lﬁ ‘

— ® = i/j
eormmuclated t eltiinss [ oseey ™ (Hloir vzl y ,(,u,q/(,
> (rocuM) s TG BT, G710 IGe?r - AL J/"‘ A’f’ou-"«’-— ¢
ool ol T " R
e rase
= vsS T canr e s/be"-“)t'“d a 6&2{’& = - ¢
oA [N pPwrm An .
- e ) 5 womeke
L ehtod ! (an& cj 2 d (ﬁ
X Foa o 34m /de_(fjawdo-n L mOF\Id\_ B
L 7 2
it on wx e A g e

abail X AR Seguin
""‘:L:’;;w“"“ w,-j:;j - ‘\: Aire a[a’?l.f,c/\z?vc'— oi
o queguengy S veked by T
ofp veatmge B verted By UL
m))z Cebepper = ~ . sagelinn i . .
o At ekl wejeem  fet oAepr ‘
1 i S oL Aelocs f(j
S ver A 0 ]

HLE
>3 and
de 1P

Hh A A A A A N

Nae

n s B & b A

[ | .
/e /b T ‘ Sdeach R G
Al 3
S



Ves

PWM Inverter Line Voltage Waveform

When the supply is DC, then the variable DC input is obtained by connecting a
chopper between DC supply and inverter.

Filter Iy i
YY)
+ .
DC L A Six step
supply - Choprer ¢ T Va Inverter

dc link

Q.5 A brushless DC motor drives employing a current regulated voltage source inverter (VSI) and

a trapezoidal PMAC motor is shown in fig
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The stator winding are star connected and rotors are having rotor sensors which is not shown in



the figure

¢ The stator is fed with current pulses whose polarity is same as that of induced voltage

¢ Since air gap flux is constant , the induced voltage is prop to speed of the rotor

ej.e E=KeWm

e Also P =EId + (-E * -Id ) = 2Eld = 2KeWmId

e T=P/Wm =2Keld =KT Id

During the period Oe to 60¢, la = Id and Ib = —Id. The current la enters through the phase A and
leaves through the phase B. When transistors Trl and Tr6 are on, terminals A and B are
respectively connected to positive and negative terminals of the dc source Vd. A current will flow
through the path consisting of Vd, Tr1, phase A, phase B and Tr6 and rate of change of current

la will be positive. When Trl and Tr6 are turned off this current will flow through a path consisting
of phase A, phase B, diode D3, Vd and diode D4. Since the current has to flow against voltage Vd,
the rate of change of la will be negative. Thus, by alternately turning on and off Trl and Tr6 phase
A current can be made to follow the reference current Id within a hysteresis band as shown in fig..
By reducing the band sufficiently nearly a dc current of desired value can be produced.

Upper band

z_}-\y_ _____ A

Lower band

Q.6
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