GATE Electrical Kevision MNMotes

Synchronous Machines and Electromechanical Ene(qy Conversion

ENERGY COMVERSION PRINMCIPLES

/Meanfnﬁ S

Force and forzue follow  the f'endency of a maﬂnefft
system 1o move toward hfgher co-energy at Fixed current.
Physical idea .-

The result must preserve this  physical  rule: Force and
f'orzue follow the fendency of a majneﬁ'c system fo mouve
toward higher co-energy at Fixed current.

Key relation .-

LTzParﬂal coenerjy/parh'al theta at constant current l

il
When the stem points to energy  conversion  princuples,

marK KNnown Zuanh'h'es and bejin from T=partial
coeneo:gy/.parﬂa/ theta at constant current.

Common mistake :-

Do rot vse T=partial coene;:gy/parﬁa/ theta at constant
current before ﬁximy reference directions, operating conditions
and units.

— Rapid recall: Energy conversion principl...

— Mistake repair: Do not use T=partial coe...

— Formula cves Use TZparh'a! coenerﬂy/part..



ENERSY COMVERSION PRIMCIPLES : EXAM ROUTE

Recognize the pattern -

When the stemm points fto energy  conversion  principles,
mark  Known Zuanﬁ'ﬂes and beyt'n From T=partial

coenecgy/parh'al theta atr constant current.

L]

Start from the model :-
Force  and torgge  Follow the tendency of a magnetic
system to move toward higher co-energy at fixed current.

Worv(t'ny relation .-

(T:parﬁ'al coene::gy/parh'al theta at constant current J

Solve in this order

— draw the creurt, wavetorm or reference axes

— write Kno.wn valves with units and polarh‘y

— solve .symbolfcally before fnSEfﬁ'nﬁ numbers

— check  sign, dimensions and extreme cases

Common mistake .-

Do not vse T=partial coene::gy/parh'a/ theta at constant
current before ﬁ'xiny reference d{recﬁbns, opekﬂ-f'fnﬁ condrtions
and units.

Onre-line decsion -

The result must preserve this physical rule; Force and
forzue follow the f'enc/ency of a majneﬂc system to mouve

toward h{gher co-energy at Fixed current.

— Mini application: Ener:gy conversion prin...



SYMCHROMOUS SPEED ANMD EXCITATION

/Meam'nj e

Kotor dc exctation locks to the rof'ah'nﬂ stator Held and
produces exact Synchronous Speeo(.

Physical idea :-

The result must preserve this physical rule: [otor dc
excitation loctks to the rof'aﬁ'ny stator HFeld and proo(uces
exact synchronous speed.

Key relation -

[ Ws=/20 /P j

GATE clue -

When the stem points to synchronous speed and excitation,

mark Knowg Zuanﬁﬁ'es and beﬂfn from /VSZ/ZO.-. P/P.
Common mistake -

Do rot vse Ns=/20 +/P before Q'xf'ny reterence directions,
operaf'fnﬂ conditions an::/ units.

Worked route - .

Mark the reference direction and assumptions first. Start
with  As=)20 #‘/P,.; .Sfmp/f?cy Symbo/:'cally, then chec vnits
and the /imiﬁny case.

Rapid recall -

Synchronous  speed and excitation: The result must  preserve

this phy.ﬂ'ca/ rule: Rotor dc  exctation locks +o the rof'aﬁnﬁ

stator +Held and proc/uces exact Synchronous Speed.



SYNMCHROMOUS SPEED AND EXCEITATION : EXAM ROUTE

ﬁecoym’ze the pattern -

When the stem points to Synchronous Speed and exutation,
mark Known Zuanﬁ'ﬁ'es and beyt'n From Ns=720 +/P.
Start from “the model -

fotor dc  exctation locks to the rofah'ny stator Held and
Produces exact Synchronous Speed.

Wcorb{:hﬁ relation -

[ WNs=/20 £/P j

Solve in this order - »

— draw the cirevrt, wavevcorm or reference axes
— write Known valves with units and polarify
— solve Symbolfcally before fnSeff’fnj numbers
— check  sign, dimensions and extreme cases

Common mistake .-

Do nrot vse Ns=/20 F/P  before Q'xfnﬂ reference d:'recﬁ'ons,
operah'nﬁ conditions and units.

Onre-line decsion :- P

The result must preserve this  physical  rule: Rotor dc

exatation locks to  the rotating stator feld and produces

exact synchronous speed.

Mini application -

Synchronous .Speeo( and excitation: beyin £from Ns=/20 ﬁ‘/P.

— Mini application: Synchronous Speea’ and...



ALTERVATOR EMF EQUATION

/Meam'nj i y

Distributed and Shorf"pif'ched wnhd:hys reduce the ideal
series emt fhrouyh w:’nd{nﬁ factors.

Physical idea :-

The resvlt must preserve this physfcal rule: Distriouted and

shorf'—pl'f'(hed windinﬂ; reduce the ideal series emt f'hrouyh
wfndfnﬂ factors. -

Key relation .-

LEphaSezﬁ.V‘f Kw £ Phi T N J

GATE clue -

When the stem points to alternator em+ eguation, mar«
Known guantities and begin from Ephase=9.99 «w + Phi
i

Common mistake .-

Do not vuse Ephase=9.99 «w + Phi T before ﬁkt'ny
reference dt'recﬁons, operm"fny conditions and units.
Worked route -

Mark the reference direction and assumptions first. Start
with Ephase=9.97 «w £ Phi 7, St'mpltfy 57fml::ooll'cc:\'/lyJ then

check units and the /l}nl'ﬁ'ny case.

—’/?apfd recally Alternator ermt ezuahbn.’ Tt

— Mistake repair: Do not use Ephase=7.97 «...

— Formula cue: Use Ephase=9.99 «w + Phi T....



ALTERNVATOR EAMF EQUATION @ EXAM ROUTE

ﬁecojm’ze the pattern .-

When the stem points to alternator ermt ezuaﬁon, mark
Known Zuanh'ﬁ'es and beﬂin Ffrom Ephase=97.99 4w £ Fhi
T .

Start from the model -

Distributed and Shon"—pifched wtbdfnys reduce the ideal
series emt fhrouﬂh wt'ndinﬂ factors.

Worv(a'ny relation -

upha_fe:?.’#"?’ W Bl T j

Solve in this order

— draw the crevit wavetorm or reference axes
— write Known valves with units and polan'fy
— solve Symbo/t'cally betore inserhhy numbers
— checK S{gn, dimensions *and extreme cases

Common mistae .-
13

Do not  vse Ephase=9.99 «w +£ Phi T betore ﬁ;'xinﬂ
reference direch'o'ns, operah'nﬂ conditions and units.
Onre-line decision -

The result must preserve this physical rvle: Distributed and
.Shorf‘-pif'ched wfndfnj.s reduce the ideal series emt fhrouyh

wfndfnﬂ factors.

— Mini application: Alternator emt ezuaﬁ'o...

— Correction cue. Do not use Ephase=7.97 «...



CYLINVMDRICAL ROTOR POWER ANGLE

/Meam'ny iz
For neﬂlfgable resistance, real power varies with Ssine of

load any/e and reactive power with excutation.

Physical idea -

The result must preserve this phys:'cal rule: For nejltytble
resistance, real power varies with sine of load anﬂ/e and

reactive power with exctation.
Key relation :-

CPZS V E sin(dettal/Xs ]

GATE clue .-
When the stem points to cy/indfical rotor power anﬂ/e,

from P=3 V A

mark  Known Zuanﬂf’fes and beyin
sin(deltal)/Xs.

Common mistake .-

Do not use FP=3 \/ E Sl'n(delf'a)/xs before ﬁxinj reference

direcﬁons, operahhﬂ conditions and units.

Worked route -
Mark the reference direction and assumptions frst. Start

with P=3 V. E sin(deltal/Xs, simplify symbolically, then
check units and the h'mt'f'fny case.
=" Fapfd recall: Cyh'ndn'ca/ i'».foh:.r power an...

— Mistake repair: Do not vse P=3 V E sin(d...

0 ula cue: Uge P=2 V. E sinldeltal/Xs....



CYLINMDRICAL ROTOR POWER ANMGLE : EXAM ROUTE
ﬁecoym'zg the pattern -
When the stem points to cyh'ndrical rotor power angle,

mark  Known Zuanh'ﬁes and bejfn from P=3 V E
sin(deltal /X s.

Start Hrom the model -

For neyl{g:ble resistance, real power varies with sine of
load anﬂ/e and reactive power with exctation.

Worb(fny relation -

[ P=2 V E sfr:(de/ra)/x_: J

Solve in this order

— draw the circuh“, wavetorm or reference axes

— write Known valves with units and polarity

— solve .Symbolt'cal/y pbefore m.serh'nﬁ numlbers

— checK Si'gn, dimensions and extreme cases

Common mistake -

Do nrot vse P=3 V E sin(deltal) /Xs before -ﬁ;'xiny reference

da'recﬁon.:, operaﬁhy conditions and units.

One-line decision -
.

The result must preserve this ;;hysical rule: For neylfgt'ble

resisf’an(e,‘ real power varies with sine of load anﬁle and
reactive power with exctation.
— Mini application: Cyh'ndﬂ'cal rofor powe...

— Correction cve: Do not vse P=3 V E sin(d...



SALLENT POLE MACHIWNE
Meanin g -
vacvcerenf' dfrecf‘ and Zua dra ture reactances add a

reluctance-power component to exctation power.
Physical idea :-

The resvlt must preserve this physical rule: Different direct

and gquadratore reactances add a reluctance-power component
to excutation power. .

Key relation .-

[P:svg sin(deltal /X d+3V Z(Xd-Xz)sa'n(ZO(eifa7/(2XdXZ) j

GATE clue .-

When the stem points  to  salient pole ~machine, mar«
Known Zuanh'ﬁes and beﬂin From P=3VE
sin(delta)/ Xd+3v  2(Xd- XZ)S:'n(Zde/m)/(ZXdXZ).

Common mistake .-

Do not vse PZB\/.I‘:'
sinldeltal) /X d+3V z(deXz)sm(zde/m)/(zxcixz) before

-Q'xinﬂ reterence c/t'recﬁ'ons, operm"t'nﬂ conditions and units.
Worked route -

Mark the reference direction and assumptions First. Start
with PZBVE

sin(delta)/Xd+3V  20Xd-Xg)sin(2deital )(2XdXg),  simplify

symb-olically, then check units and the limiting case.

— Rapid recall: Salient pole maching: The...



SALIEN~NT POLE MACHINE : EXAmM ROUTE

Recogrize the pattern .-

When the stem points to salient pole machine, marK
Unown Zuanﬂf’ies and beﬁin *From P=3VE
sin(deltal /X d+3V Z(deXz)sin(?_delf'aU(ZXdXZ).

Start from the model -
Different direct and Zuadraf'ure reactances add a

reluctance-power component to exctation power.

Won(iny relation .-

LPzgw_: sin(deltal /X d+3V Z(Xd-Xz)srh(ZJe/fa)/(Z}(dXz) ]

Solve in this order

— draw the cireurt, wavetorm or reference axes
— write Known valves with units and po/arﬁy
— solve Symbolfcally betore inserf'inﬁ numbers
— cheek sign, dimensions and extreme cases

Common mistae .-

Do not use FP=3VE

sin(deltal)/ Xd+3V 2(Xd- Xz)SIh(Zde/f“a)/(ZXdXZ) before

Qkfnﬂ reference direcﬂons, operah'nﬂ conditions and units.

One-line decision :-

The result must preserve this physical rule: Different divect

and Zuadraf'ure reactances add a reluctance-power component

to exctation power.

— Mini application: Salient pole machine:...



ALTERNVATOR REGULATION

/Meam’nﬂ s

\/olf'aye reﬂulaﬁ'on compares nro-load 9enerafed voltage to
rated-load terminal voH’aﬁe at fixed Speed and excitation.
Physical idea .- .

The result must preserve this physical  rule:  Voltage
requlation compares no-load generated voltage to rated-load

terminal voltage at fixed speed and excitation.
Key relation .-
.

[ ‘percenf VﬁZ(EO‘V)/OO/\/ J

GATE cdue :-

»
When the stem points to alternator reﬂulaﬁon, mark

Unown Zuanﬁ'ﬁes and begin from percent VR=(EO-V)/OO0/V.
Common mistake .-

Do not wuse percent VR=(EO- V)/00/V  betfore -/-7'xfny
reference directions, operah'nﬁ conditions and units.

Worked route :-

Mark the reference direction and assumptions Hrst. Start
with percent VR=(EO-V)/00/V, simplity  symbolically, then
cheek units and the lfrm'f'fny case.

Rapid recall -
Alternator reyulaﬁ'on: The resvult must preserve  this physfcal
rule. \/olfaye regulation compares no-load 3enerafed voltage to

rated-load terminal voltage at fixed speed and excitation.



ALTERNVATOR REGULATION : EXAM ROUTE

ﬁeCOﬂntée the pattern -
When the stem points to  alternator regulation,

Unown Zuanh'ﬂes and beﬁfn from percent VR=(ED-V)/O0/V.

mark

Start From the model :- IS
Volfaye reﬁulah'on compares no-load jenerafed voltage to

rated-load terminal voltage at fixed speed and excitation.

WOrb(lhﬂ relation .-

[ percent VR=(EO-V)/00/V J

Solve in this order
the cfrcuif’, wavetorm or reperence axes

T df‘aw

— write Known valves with units and polarity

— solve symbol:'cally betore fnserﬁnﬁ numbers

— check  sign, dimensions and extreme cases
Common mistake .-

Do not wuse percent VR=(EO-V)IOO/V  before Q'xinj

reference dl'rech'ons, operah'nﬁ conditions and units.

One-line decsion .-

The resvlt  must  preserve this phy.s'fca/ rule. \/o/f'aje

reﬂulaﬂon compares no-load yeneraf'ed uolf'aye to rated-load

terminal voltage at fixed speed and excitation.

Mini' application .-

Alternator regulation: begin From percent VR=(EO-V)/00/V.

— Mini application: Alternator reﬁuiah'on.'...



PARALLEL OPERATION

/l/leam'ny e

Lncoming  veltage, Prezuency, phase  segquence and  phase
any/e must match the live bus before synchrom'zah'on.
Physical idea :-

The resvlt must preserve this physica/ ruler Incominy
voltage, Prezuency, phase  seqguence and phase angle  must

match the live bus before synchrom'zah'on.

Key relation -

[ synchronizing conditions: V F sequence phase
GATE cdle .-

When the stem points to parallel operation, mark Known

Zuanﬁ'ﬁes and beﬂfn from synchrom'z"hy conditions: V. F

sequence phase.

Common mistae .-

Do not wuse synchronfzinﬂ conditions: V £ segquence phase
before 1Ct'xiny reference direcﬁonsl operahhﬂ conditions and
units. ;
Worked route -

Mark the reference direction and assumptions first. Start
with Synchronfzthﬂ conditions: V £ seguence phase, .sfmpli»cy
.Symbo/t'callyl then cheek units and the h'mfﬁ'ny case.

—*ﬁ'apfd recall: Parallel operation: The re...

— Mistake repair: Do not use Synchrom'zmﬂ...



PARALLEL OPERATION : EXAM ROUTE
ﬁecoﬂnize the pattern :-
When the stem points to parallel operation, mark Known

Zuanﬁ'ﬂes and beﬁt'n From Syr;chrom'zfnﬂ conditions: V £
Sezuenc% phase.

Start +from the model :-

Lncoming  voltage, ﬁrezuency, phase  sequence and  phase

anyle must match the live bus before synchrom'zah'on.

Worv(fny relation .-

(:ynchronfz/nﬂ conditions: V. £ Seguence phase ]

Solve in this order

— draw the circurt, wavetorm or reference axes
— write Known wvalves with units and polarity
— solve Symbolt'cally before fnserh'nﬂ numbers
— check 5{9”! dimensions and extreme cases

Common mistake -

Do nrot wvuse Synchronf'zfnﬂ conditions: V £ seqguence phase
before ﬁkf"nﬂ reference dfrecﬁ'ons, operahby conditions and
units.

One-line decision :-

The result must preserve this physical rule. .fncOmfny
uolf'aje‘ .ﬁrezuency, phase Seguence and phase angle must
match the live bus before synchronization.

— Mini application: Para!le! operation. be...



SYNMCHROMOUS AOTOR

/Meanfnﬂ fi

A synchronous motor runs at fixed speed and changes
power factor by uaryfnﬂ Feld excitation.

Physical idea :-

The result must preserve this physical rules A Synchronous
motor runs at fixed speed and changes power factor by
uaryfny Feld excitation.

Key relation -

&33\/»‘5 sin(deltal/Xs j

GATE clue .-

When the stem points to Synchronous motor, mark Known

guantities and begin from FP=3VE s:'n(delf'a_)/)(s.

Common mistae .-

Do not use P=3VE sin(deltal/Xs before Fixing  reference
direcﬁbns, operaﬂnﬁ conditions and units.

Worked route -

Mark the reference direction and assumptions First. Start

with P=3VE sin(deltal)/Xs, simplify  symibolically, , then chec
units and the /fmif'fnﬁ case.

Rapid recall  :-

Synchronous motor: The result must preserve this physical
rule: A Ssynchronous motor runs at Fixed speed. and chanyes

power factor by varying Field exctation.



SYNMCHROMOUS AOTOR : EXAm ROUTE

ﬁeCOﬂnlée the pattern :-

When the stem points to synchronous motor, mark «nownr
Zuanf'ff'fes and bejin from P=3VE sin(deltal/Xs.

Start from the model -
A synchronous motor runs at fixed speed and chanﬂes

power factor by varyiny feld excitation.

Worv(fnﬁ relation :-

( P=3VE sin(deltal/Xs ]

Solve in this order

— draw the drcuit, wavetorm or reference axes

— write Known valves with units and po/an‘f’y

— solve Symbolfcally before fnserﬂny Nnumbers

— checK S{gn, dimensions and extreme cases

Common mistake .-

Do not use P=3VE sin(deltal/Xs betore Q'xinf reference
directions, operaﬁby conditions and units.

Ore-line decision :-

The resvlt must preserve this physical rule; A Synchronou.s
motor runs at HFixed ..Speed and changes power factor by
Uaryinj field excitation.

Mini application -

Synchmnous motor. beyfn from P=3VE an(delf'a)/x.s.

— Mini application: .Synchronous motor: beg...



V CURVES

/Meam'ny g

Armature current wversus ﬁ;'elo( current forms a V Shape,
with minimum current near um'fy power factor.

Physical idea .-

The resvult must preserve  this physical rule:  Armature
curremt  versus  theld  current forms a V shape, with

minimum current near unh‘y power factor.

Key relation .-

{ underexcited draws 1agging vars; overexcited supplies vars ]

GATE e .-

When the stem points to v curves, mark Unown guantities

and beyt'n From underexcff'ed draws Iaﬂyfnﬂ vars;

overexcited supplies vars. ¥

Common mistake .- i
Do nrnot vse underexc:'f'ed draws /aﬂﬂ‘."’ﬁ vars; overexcited
supplies vars before Fixin g reference directions, operatin g

conditions and units.

Worked route -

Mark the reference direction and assumptions First. Start
with underexcted draws lagging vars; overexcited  supplies
vars, Sa'mplffy symbolically, then cheek  units and  the
lfmff't'ny case.

*/?ap:d recall: V. curves: The result must...



V CURVES : EXAm ROUTE

ﬁecoym'ze the pattern :-

When the stem points to v curves, mark Known guantities
and beyfn from underexcited draws Iaﬂﬂfny vars;
overexcited svupplies vars.

Start from the model :-

Armature current wversus feld current forms a V shape,

with minimum current near unity power factor.

Worv(inj relation -

[ underexcited draws Iaﬂﬁfnﬁ vars; overexcited supplies vars \

Solve in this order

— draw the creuit, wavetorm or ;.feference axes

— write Known valves with units and po/aﬂ'fy '0‘
— solve symbolically before inserting numbers

— checK Styn, dimensions and extreme cases

Common mistake .-

Do not vuse underexated draws 1agging vars; overexcited
supplies vars before ﬁ'x:'nj reference directions, operating
conditions and units.

One-line decsion .-

The result must preserve this  physial rule:  Armature

current  wversus  Field  current  forms a V shape, with
minimum current near unity power factor.

— Mini application: V curves: beﬁr'n from w...



MACHINVE LOSSES AMD EFFICIEMCY

/I//eam'nﬂ e

Copper, core, mechanical and stray  losses  determine
eﬁpiciency and temperature rise.

Physical idea -

The resvlt must preserve this fSHy_c:'cal rule: Copper, core,
mechanical and stray  losses  determine evfﬁ'c:'ency and

temperature rise.

Key relation :-

] eta Zouf‘puf‘/(ouf‘puf’-}-f’ofal Iosse_s) ]

GATE cdue -

When the stem points to machine losses and eﬁpicfency,
mark Known Zuanﬂf’fes and begin from

ef‘azouf'puf'/(ouf‘puf'-l-fof'a/ losses).

Common mistake .-
Do not wuse efazouf’puf’/(ouf'puf'-l-fof'al losses) before Q'xfny

reference directions, operah'nﬂ conditions and units.

Worked route .-

Mark the reference direction and assumptions Frst. Start

with efazoufpuf/(oufpuf-f-f'of'a/ /o.s.se.s), Simph'%/ Symboh'cally,

then cheek units and the limiting case.

—"ft’apl'd recall: Machine losses and efFcie...

— Mistake repair: Do not use efa:oufpuf'/(o...

— Formula cve: Use ef'a«—_ouf'puf/(oufpuf-f-f'ofa...



MACHINVE LOSSES AMD EFFICIEMCY : EXAM ROUTE

ﬁemym'ze the pattern :-

When the stem points to machine losses and ewcﬁ;'ciency,
mark Known Zuanf'ff'fe.s and beyfn From
eta zoufpuf/(OUf'puf'-l-f'of'al losses).

Start from the model -

Copper, core, mechanical and stray  losses determine
efficiency and  temperature rise.

Worb(fnﬁ relation .-

l &
efaZQUfpuf'/(oufpuf-f-fof'al Iossgs) J

Solve in this order

— draw the crcurt, wavetorm or reference axes

— write Known valves with units and po/art'fy

— solve Symbo/t'cally betore in.serh'nﬂ Nnumbers

— cheek  sign, dimensions and extreme cases

Commonrn mistae .-

Do not wuse efazoufpuf/(oufpuf-f—fofa/ losses) before @'x:'ny
rederence dfrechbns, operah'nﬂ conditions and units.

One-line decision :-

The result must preserve this phys:'cal rule:  Copper, core,
mechanrnical and Sf'ray losses determine em'cfency and
temperature rise.

— Mini application: Machine losses and efF...

— Correction cve: Do not use efazoufpuf’/(o...



ECALL SYNMCHROMOUS MACHINVES AND ELECTROMECHANICAL ENERGY cOm

— Energy conversion pr... T=partial coener:gy/parhal theta at...

— Synchronous speed an... : Ns=/20 /P

— Alternator emt ezua'h'on : Ephase=9.99 «w Phi T

—*Cyh'ndn'f.al vator. po.. ~uP=S VE sin(delta) /X s

— Salient pole machine P=3VE th(delfa)/Xd+3V Z(XJ'XZ)SM(...

— Alternator reyulaﬁon © percent VR=(EO-V)/00/V

— Parallel operation : synchronizing conditions: V. £ seque...
— Synchronous motor : P=3VE sin(deltal/Xs

— V wrves : underexcited draws lagging vars; ov...

— Machine losses and e... - ef’azoufpuf‘/(ouf'puf-f-f'oml losses)

Fecall drill -
Cover each relation, rebuild i+ From the physical idea, then

say its units and onre lirm'h'ny case aloud.

— state the model and reference direction
— write the relation without Ioov(t'ny

— name the most h'»(ely exam mistacke
Firnal recall pair :-

En@:?y conversion princples and___ Machine losses and eﬁﬁct'ency.'

connect both to their assumptions.

Self-test :-

Explain Salient pole machine in two lines, then state its unit

checX.

— Final recall pair: Enefgy conversion pri...



GATE MISTAKES & FIWNAL cHECK

.S'ynchmnous Machines and FElectromechanical Enerjy Conversion .-

— Ene-:gy conversi... : Do not use T=partial coe... 5

= Synchronous spe... - Do not use AMs=/20 £/P be...

— Alternator em#¥... : Do nrot uvse Ephase=7.99 «... ol EY
—*Cyh'ndm'cal rot... 2 Do ot vuse F=2 V. E" sinld

— Salient pole ma... : Do not uvse P=3VE sin(del...

— Alternator requ... o Do not use percent VR=(E...

— Parallel operation : Do not wuse Synchrom'zinﬂ...

— Synchronous motor : Do not use P=3VE sin(del...

— V crves Do not use underexcited...

— Machine losses... : Do not use etaz=output/(o...

Berore .selecﬁnj the answer .-

— confirm passive S{gn convention and polarify

— Separate /("/MS, peak, line and phase valves

— chee vnits, per-unit base and »Crezuency

e iest  2ero, c'nﬁinify and Sf'eady—.sf'afe limits

Final habit :-

Use the Zu:'cKesf decisive law First. Calcvlate only atter the
circuit model, reference direction and assumptions are Fixed.
Last comparison .-

V. curves versus Machine losses and emtfency.' fdenﬁ»cf the

ﬂoverm'ny model First.

— [epair drill: Do not uvse FP=3VE sinldelta...



