PSA IAT 1 Solution

With the help of waveform at the time of three phase symmetrical fault, on synchronous generator
define steady state, transient and sub transient reactance. Also prove that Xd” <Xd’<Xd

S ay Sbn'm'c CQ"\NQ\QA)

(L) it skn&a M Quyre 200
Qredhasen  dar mlu:sé&(w _I_Qm\&nnv% =\
Wiy @3%ecl 0= reoshan (eactonco. Ko
eocladls X Cambired sl Yo W_
et __deaghunas. Ko s Mo ddnend. odwed,
 acall) ss dired o el g

-
“\\m Mws\m_ mn%uké {¢ S0P U8 4

mn&\\xm ,ﬁ__\\mm&: SLOWS o QLL'T\«L
,__sx.m&b_gm_u




R vt e andew 2l “{/\k Q»l/N»Q
ST - VY QW::M_WQQ@&%&&‘ Lo
— & Rroars: Mo waomuds oo il N
_Ohoses i AiP0eed S odialer
T ) st Ak B
HVFQQA,M‘ —_— :

L B Shed dvend Sadlen
_lose. conseNaYe @n Sam: S)m\ua_g.h}_g-_unmt,.
___S_\m.a‘_c»m-&&._.mh \'\1&&\.3,_&9&5&\%9— AT
- Cmesinyer Qﬁ&_&mmns\s&kM__
—ewtmoghardaen} vt cnce o aggeax




L o zey X N
womtied! PO o oYY Oy

W, X, Ko Ok S NS

= ?éi‘if—ui:mg v e I
f % Atack oL, e ‘3‘91“—

—  E—— —ﬁwc.\.k oo { ; '
Q\.&l_t&l.\nlae Q?‘}L\ZW\QIC! %.’ncb

e § \'\&L,XA“} S Y connn e\ef\&hm'&-&
— _‘LMJ@E M_S\:Q(:Q hmm\\,qs'\ Qe Yhsin




‘%\ BNM mu‘i-’&&& "_\DQJ'\.\ \()\
: |
Xy x ( Xa \\XQ_) = '7(0\_

e Caddmy X\d — tronvend N.L\Q.ch.o\
1 3t Yo m e
' Dn e 3‘ i‘!.’io’b =

Mok = XA - \\u\c\iub“nk:mm

j D(d“ o X-d.\ £ Xc\ .

——

€

& e m)o oo o bive "‘?‘-%3""3 ..

2 a Prove that the p.u impedance of a transformer is the same irrespective of the side on

which it is calculated.
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Mention the advantages of p.u quantities .Derive the expression for the per unit impedance, Zpu for
the given set of base values and also write a modified per unit equation Zpu(new) when referred to
a new set of base values.



The impedance of a device or component is usually specified in per unit on the
base of name plate rating. When a system is formed by interconnecting various devices,
it will be convenient for analysis if the impedances are converted to common base. Since
all impedance in any one part of a system must be expressed on the common impedance
base. It is necessary to have means of converting per-unit impedances from one base to
another.

Let, Z = Actual impedance, Q
Z, = Base impedance, Q

Perunitimpedance of a circuitelement = 2 . % _ZxMVA, (1.12)
Z 2 KV, 2
5 (kV,) (kVy)
MVA,

The equ(1.12) show that per unit impedance is directly proportional to base
megavolt amperes and inversely proportional to the square of the base voltage. Using
equ(1.12) we can derive an expression to convert the p.u. impedance expressed in one
base value (old base) to another base (new base).

LetkV, ,and MVA, _, represents old base values and KV, newand MVA,
represents new base value.

Let, Z 3= P-u.im ce of a circuit element calculated on old base.
ZP"- new = P-u. impedance of a circuit element calculated on new base.
If old base values are used to compute the p.u. impedance of a circuit element with
impedance Z, then equ(1.12) can be written as,

ZxMVA, .4

Zpu, cld = (kV.,...u)z ..... (1.13)
L TR 5| <~ e (1.14)

z=z
7 0 MVA . o

If the new base values are used to compute the p.u. impedance of a circuit element
with impedance Z, then equ(1.12) can be written as

ZxMVAy, pew

e I

1 On substituting for Z from equ(1.14) in equ(1.15) we get,

/_L



(KVy,ass)’ _ MVAS e

Zpu.m 'Z”'nld MVAy o (kV. _.)z
2
4 kVy o MVA, o
ol ) -

The equ(1.16) can be used to convert the p.u. impedance expressed on one base
value to another base.



Advantages of per-unit computations

.  Manufacturers usually specify the impedance of a device or machine in percent
or per unit on the base of the name plate rating.

2. The per-unit impedances of machines of the same type and widely different
rating usually lie within a narrow range, although the ohmic values differ
widely for machines of different ratings.

3. The per-unit impedance of circuit element connected by transformers
expressed on a proper base will be same if it is referred to either side of a
transformer.

4. The way in which the transformers are connected in 3-phase circuits (Y or

A) does not affect the per-unit impedances of the equivalent circuit, although
the transformer connection does determine the relation berween the voltage
bases on the two sides of the transformer.

3The one line diagram of an unloaded power system is shown in fig.Draw the per unit reactance diagram
choose a base of 50 MVA,13.8 KV in the generator G1 circuit.
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The generators and transformers are rated as follows.
G1:20MVA, 13.8 KV ,X"=0.2 pu
G2:30MVA , 18 KV ,X”"=0.2 pu

G3:30MVA, 20 KV ,X"=0.2 pu




T1:25 MVA,13.8 KV A/220 KV Y, X=10%
T2:Three single phase units each rated 10 MVA,127 KV Y/ 18 KV A, X=10 %
T3:35 MVA ,220 KV Y/22 KV Y, X=10 %
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5 (a) Write a short note on circuit breakers.

3.7 SELECTION OF CIRCUIT BREAKERS

mammmpmﬁmm:mwm wer
momam;_ the faulty part of the in the cvent of a faulr. ln .
condf’mtﬁeycanbetudasawﬁ& twoﬁancuomofmbmkasae
—Gy to act as switch for normal load conditions.

1 ] wmomnnallynsolmoromtb:&uhypanmtbce\mto‘afauln |
nemtbmkenmnormllymdmmrgnemnplamt'hmtbe
level is very high. They arc used in high voltage transmission lines, subst -“ :
statzons and for beavy loads in industries. X

Smumembmkeumemploytdmplnswbauthemkmlu :
wbmmmopmnhnwmbuvywbo&&mglo.d s
mdﬁulwwn&am&w&emmw =S

gt Normal working power level spacfiad 2 rated iaternepaing custent or rated
-merrupcing KVAL -
= g The faul level specified as either the raved shoam Ginouit intermepting curment o
raved shor cinouis interTupeing MWVAC
— Mooengany Crment rasing.
4" Norosal workiog voltage. -
_s Speed of circuit brealker.

Thespeed af cirouit bresleer i sl Goee borsoon the cooemenoe of the faal 1o the exazaction
of the anc (when the comtac: operm). B it nosmally spocifiod in cydles of power frequenicy.
[1 cycle for SOFEz power froquency s m—mmmwwamm
are 8, 5, 3 or 1% cyeles. —— ey T

mmmmsl&wmth.mh througha croust
m&::mmu;uwmmmmmwdm

subtransient cusrend. It is then maltplicd by a facvor of 1635 get the

AT ' LAY e [The acor 16 acocuots for do-offset carrem

dusring subtranssens period ) The cinaat beeaker s chosen such that its momentany currest
mingalesslhnn;becak\hedm

currene: b is then Wm _I:D_pg,}_p#! e mEAXEOAO |

[The factor 1.010 1.5 accoausts for do-offscs asrrent dusrng transient penod). | e cirouit

is chosen such that its short cinoait inzernupeing cusmen: ratiog = lews thun the caloulaed valoe.

The muliplying factor 1o find inmermugeing current depends on the spaed of circuit beealosr.
The multiplying factor for varsows speeds of cirowis breakor ame shown in table 3.1,

Table 3.1 : Multiplying factor to fimd the short circuit interrupting current

Speecd of circouit breaker Multipdying factor
= 2 cycles or meore . 1.0
5 cycles LS |
3 cycles g W
2cycles 14
1% cycles 1.5

The short circuit imterrupting MVA can be cstimated fromn the knowledge of
prefaul voltage and short-cincust interrupting curnment as shown below.

Short circuit interrupting BMVA = V3 |V [ ey ] e d325)
where |V ,| — Magnitude of prefault line voltage as the favh poincin kV.
15,1 bimdeo‘hnevﬂueo‘:ﬁpnmwmgmrmtazdw
fanlein kA
or Shmclrmg MVA -'Vvﬁ-n| 'l"”'-c MVA, (3-%)
-"wbetelv | =- Lizgnnudeo‘pcelauhvo]ugcazhefaultpo&uinp.u.

‘(. 1o | = Magnitude of shon cirauit nterrupting carrent at the faultin poa.
MNote © Mere the shorf cocul Inferueding MV A5 a vee AhEse Sower rEhng

The equaations G.ﬂ)and@.ﬁ&)mnbe;nedmmdgmgkva in normal
working condition if we use normal wocking voltage in kW and normal (load condition)
interrupting Current instead of faul: condition voltage and cuarrents.



5b

For the network shown in fig form the bus admittance matrix .Determine the reduced admittance matrix
by eliminating node 4.The values are marked in pu [5]
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