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ECE 523: Homework #6

Due Session 30 (December 7)

1. A cylindrical rotor, synchronous machine with the machine parameters given below is operating at

rated current (1.0 pu) and 85% lagging power factor when a 3 fault occurs at the machine terminals.
Compute:

(a) The steady-state voltage E, behind the synchronous impedance. Plot a
phasor diagram showing E, V,, (terminal voltage), and I,

(b) The voltage E" behind the synchronous impedance

(c) The initial symmetrical fault current

(d) The peak symmetrical current after 5 cycles and 10 cycles.

(e) The maximum asymmetrical current after 5 cycles and 10 cycles.

pu:=1 X4:=1.05pu X"q == 0.12pu T'qo = 5.6s¢ec
Xq = 1.02pu X"q == 0.15pu T'q = l.1sec
X'q = 0.23pu X5 = 0.12pu T"q := 0.035sec
X'q = 0.23pu Ry = 0.0055pu Ty :=10.16s¢c

2. Repeat problem 1 using the data for the salient pole machine given below.

Xq = 1.25pu X"q := 0.24pu Tgg 1= S.b8ec
Xq = 0.75pu X"q == 0.34pu T'q := 1.8sec
X'q == 0.37pu Xq = 0.24pu T"q := 0.035sec
X'q == 0.75pu R, := 0.009pu T, = 0.15sec

3. A2000 HP, 4160V, induction motor operates at a slip of 2%, with 93% efficiency at rated load.

The machine parameters are given below. Assume a power factor of 0.85 lagging at rated
conditions. Do the following:

(a) Sketch the positive and negative sequence equivalent circuits using the
machines ratings as a base.
(b) Convert the equivalent circuits of part A toa 4160V, 100M VA base

(c) Compute the initial fault current provided by the machine to a 3 phase fault at
the motor terminals (rated prefault voltage at the terminals and rated load).
(d) Repeat part C for a LL fault

Rg = 0.02pu X = 0.075pu R, := 0.02pu X; = 0.075pu Xm = 3.0pu
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Synchronous Machine Modeling

Quadrature Axis

Transient Model for a Synchronous Machine

Generator Convention
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Notation

fcanr presenti v, A

S8 § v 21 5 o v

Ty

o = r = rotating reference frame fixed on the rotor

S stationary reference frame fixed on the stator
B = s = stator quantity

r = rotor quantity

a = A-Phase quantity

b = B-Phase quantity

¢ = C-phase quantity

d = direct-axis quantity

q = quadrature-axis quantity

F = field quantity

D = direct-axis damper winding quantity

Q = quadrature-axis damped winding quantity

g = eddy current winding quantity

1 = leakage quantity

m = mutual quantity

Ja fa
fope = | Jo |5 iiq() — (}
Je fo

Inductances
ol

A G

Aspe = Ligpe + Lgdrpgg

Stator Flux Linkage Equations:
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D‘I'I T 411 Er‘linf;r\nno
L1 LAjudiiuvllo.

Arpgo = Liiape + Liirpgo

Combined Stator and Rotor Flux Linkage Equations:

{ Aabc :| _ ! Ls L.s‘r] [iabc
ArDgo Ll L,

iFDg0
ESTETE"E" Lo Lap Lgg
Ay Lpg Lpp L Ly Lpp Ly,
Ac Lea Lep L Ler Lep L
w ~| Ar | | Lra Lrp Lre Lpr Lpp Lpg
- | AD Lpa Lpp Lpc Lpr Lpp Lpg
w Mg Lga Lgp Lge Lgr Lep  Lgg
\_ Ao | LLoa Lop Lo Lor Lop Log

where

P

|

Ly Q

IF

ip

| i |
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Stator Self-inductances ¢ J ‘MU
L,u‘: = L_r; + L;;ICOSQ.GJ i ‘
. ! (9

Lyp = Ls + Lyycos2(6; — 27 /3)
Lee = Lg+ Liycos2(6,+27/3)
Stator Mutual-inductances
Lap = Lpg = —M; — Lyycos2(6, + 1 /6)
Lye = Lep = =M — Lyycos2(6; — m/2)
Leq = Lye = —M; — Ly,,c082(0,;+ 57 /6)
Rotor Self-inductances

Lp

Rotor Mutual-inductances
Lrp = Lpr =M,y
Leg = Log = My
Lpg = Lgr = Lpg =Lp, =0

LFQ ILQF ZLDQ ZLDQ =0

Stator-rotor Mutual-inductances
Lor = Lpa = Mpcos6y

Ly =Lgp = MFCOS(Gd —-275/3)
Lep = Ly = Mpcos(6;+ 27!2/3)

La.p = Lp, = Mpcos8y

L;,D = LDb = MDCOS(G(; — 271?/3)
Lip=Llips= MDCOS(Bd +27‘C/3)
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Park’s Transformation

gdq R(B) ( )abc
where 6, = o, +%+6

Coordinate axis t1ansf01rnat8n

- 1 1 7
V2 V2 V2
6\%( f 1 —% —% ; abc = odq
V3 V3
L9 =g
Transformation to rotating reference frame
1 0 0
R(6,):= | 0 cosb, —sin(6,) |, 0dg’ = 0dq", Rotation
0 sinf, cos(6,)
Combine into one step
P(6,) = R(6,)P(0)
qu —P(Q ) abe
- or . 1 1 T r e
o V2 72 72 Ja
; 2
Iy | = 3 | cos6r cos(6,— ) cos(6,+ 3F) Iv
| 5 ] | sind, sin(e,.—%@) sin(@,.—i—%’E) | L/fe
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ORI

0 3 £l
V2 V2 V2
cos6, cos( ,.—‘%”) cos(B,.-#%”)

sin0; sin(ﬂ,-—%’r) sin(B,.—l—%”)

P~1(6,) =P(8,)

cos6; sinB,

N

cos(6, — &) sin(6, — )

Si-

cos(6,+ %) sin(6,+ %)

Si-
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Synchronous Machine Equations

-

1. Stator Voltage Equations: (Note: p = d/dt) I"g* g\eﬂ/

VYabes = _rsiabr:s —p 2&'al’;f;s 9@’]

\$ 3
Y
Yodgs = —Vslodgs — pﬁﬂdqs - wxa{){lqs % \JO

W;’q:\'

VrDeor = —RyirDeor — PAFDg0r

2. Rotor Voltage Equation:

3. Stator Flux Linkage Equations:
2?Lnbcs = Lsiabcs ai LsriFDgQr

ls ! s
m'od'qrs = leodqs + LsrlFDgQr

4. Rotor Flux Linkage Equations:
Arpeor = Lidapes + Liirpgor

T :
AFDgQr = L igpes +Lidp DgOr
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LY
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L‘\
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Synchronous Machine Parameters W
5\

Xa
Xq
XE
X

q
X5
Xo

Tsde

IS(JC

direct axis reactance s
quadrature axis reactance >

direct axis transient reactance
quadrature axis transient reactance
direct axis subtransient reactance
quadrature axis subtransient reactance
negative sequence reactance

Zero sequence reactance

stator dc resistance

stator ac resistance

field resistance referred to the stator
negative sequence resistance

direct axis open-circuit transient time-constant
direct axis short-circuit transient time-constant
direct axis short-circuit subtransient time-constant
armature short-circuit (d.c.) time-constant



