ECE 520 Advanced Electric Machinery

Assignment 3

Open Stator Circuit Voltage Build-up

|. Define the Situation

A synchronous generator is rotating at aconstant angular velocity, o.

The rotor angle, 9,, is given by the following. 0, = wt+ 6

The three stator windings are open-circuited; i.e.,

A DC voltage is applied to the field voltage at time equal to zero; i.e.,

V¢ = Viqc for time greater or equal to zero

Initial field current is zero.

. Determine if(t).

iy =iy =ig=0

: d
Vide = Reg-ig(t) + aﬂ)f(t) (1)
Pe(t) = Lgg-ig(t) (2)
Substitute Eq. 2 in to Eq. 1.
_ . d .
Vde = Rfdlf(t) + a(Lﬁ:lf(t)) (3)
L;; is a constant w.r.t. time.
_ . d.
Vde = Rfdlf(t) + Lﬁalf(t) (4)
The solution of Eq. 4 is given below.
-t
V. T
i(t)=—c |1 e )
Ry
Ltf
where T = —
Ry
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1. Determine v, (t).
d
Va(t) = awa(t)
Pa(t) = Lyag(1)-ig(t)
Las(t) = Lsf-cos(w-t + ero)

Substitute Eq. 8 into Eq. 7.

Py(t) = Lgg-cos(wt + Bpg)-ig (1)
Substitute Eq. 9 in to Eqg. 6.
d .
V,(t) = —(Les-COS[w-t + O,q)-if(t)
a dt( sf ( rO) f )

Using the product rule of differentiating yields:

vy(t) = if(t)-j—t(LSf-cos(w.t +0yg)) -
+ Lsf-cos(wt + ero)'(%if(t))

Va(t) = ~ig(t)-w Lgp-sin(wt + 6p) ..
-t

Vg U
+Lsf~cos(w-t + ero)-‘;— R_C 1-e !
1 Re
-t
Vide T
Vo) =4 ——\1-e f -w~LSf~sin(w~t + ero)
Ry
-t
Vide T
+ Lef-COS( -t + O,n): -e
sf r0
(0 002

(6)

(7

(8)

€)

(10)

(11)

(12)

(13)
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—t
V.
fdc Tt .
vy(t) = —R—f- 1-e ~w-LSf-sm(w-t + ero)
—t
V,
fdc Tf (14)
+ Log-COS( Wt + O.n)-——-e
sf ( rO) L
—t
V.
fdc Tt .
vy(t) = —R—f- 1-e ~w-LSf-sm(w-t + ero)
—t
L
sf T (15)
+Vde-L—-e -COS(w~t + ero)
or
V.
fdc .
Va(t) = —R—f~w-LSf-SIn(w-t + ero)
—t
¢ [(Wlef Lst (16)
+Vige-e ( > ~Sln((.d~t + ero) + L—f~cos(w~t + ero)
IV. Graph to Visualize
d
Vige = 140V Rg = 0200 Lpi=14H Ly = 0.0743H wi= 377
sec

V. V.
fd 3 Vfid
de oA NERMCE
Ry V2 Ry
L
f
Tf Z:R— Tf=7S
f

w-Lgs = 24.015kV A 24 kV machine.
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-t
Vidc g : Vidc
Vai) =4 ——\1-e ' J|wlgsin(wt+6g)  ——wle = 19.608kV
Rf Rt
-t
L L
sf Tf sf
Vao(t) = vfch—f.e -cos{wt + 6y) vde-L—f =743V

The transformer voltage term is
. negligible compared to the speed
Va(t) = Va1(D) + Vao(t) voltage term.
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t
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val(t)
10°
t
1 T T T
val(t)
10°
_1 1 1 1
0 0.05 0.1 0.15 0.2
t
C:\JLAW\CLASSES\ECE 520 Spring Page 5 of 6

2008\Assignments\Assignment03\




ECE 520 Advanced Electric Machinery Assignment 3
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