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Using Analytical Methods (not simulation) calculate the following:

critical clearing time, t_cr:

R~

Given Parameters:

H:=3.5 max

critical clearing angle, & _cr:

0 =377.0  Tpaxi=2.8

the maximum swing angle, 5_maxswing (with t_c = 0.8*t_cr)
the minimum swing angle, 5_maxswing (with t_c = 0.8t_cr)

=08 Te= | Tmaxsin(8) if t<o0
0 if 0O<t<t,

Trnaxsin(8) if tg <t

Calculate the critical clearing angle (5_,):

Fort<0Te=Tm §:=0,0.01.1
Ty Te=0
0.8 - 2.8sin(8y) = 0
0.8
8g:=asin| — 8 = 0.28975
0 (zsj 0

n— 8y = 2.852

Aa+ Ac=Admaxt Ac

Ag = Tm‘(Scr - 8O)

dor =10

Given
(TC—SO

Toy(7 - 2:8) = ] T maxsin(3) dd
8CI’

8¢r = Find(8¢)

8¢r = 1.799 8¢r = 103.079deg

dp = 16.602deg

T — §p = 163.398deg

Ac=T [(n—ao)

initial rotor angle

7'5—60
Cr] Admax= J T naxSin(8) dd

6CF

this is the critical clearing angle required to satisfy the
Equal Area Criteria

30f15



Bakie ECE 520 HW 06

Calculate the critical clearing time (t_):

Spring 2008

this is the critical clearing time required to
satisfy the Equal Area Criteria

8¢ = 71.947deg

tor = 0.26469
maximum swing angle, 5maxsw,.ng (witht_=0.8"t_):
to:=0.81t. t.=0212
2
®eg Ty t¢

STC = 60 + o1 7 STC =1.256
Smaxswing = 1.0
Given

rSmaxswing
Trr(37¢ —30) = ] (Tmaxsin(8) - Tpy) dd

S1c
6maxswing = I:i”d(Smaxswing)

8 =1649  Saxswing= %4-508deg

maxswing

minimum swing angle, Ominswing

S =02

minswing -

Given

o |

)

8maxswing

(Tmaxsin(8) - Tpy) dd

minswing

Sminswing = I:ir1d(6minswing)

Bminswing= 0873 [Bminswing = BU:042deg
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this is the maximum swing
angle at § Tc = 0.8*5_cr

(with t_=0.8"t_):

this is the minimum swing angle
at§ Tc=0.8*§ cr
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-7

L i00L.n a:=-3,-2.99.3
22

§0:=0,00L.T -sin(50) § cr:=0,00L.T

max

maxSin(8¢r) 878 0:=0,0.0L. Tpyaysin( - &)

& maxswing := 0,0.01.. T, Sin

(Smaxswing)

8 _minswing := Tmax'Sin(Sminswing)’Tmax'Si” + 0.01..0

(Sminswing)

25 Te = Trmaxsin()

1.5

0.5

6minswing

60 / 6cr "'50

6maxswing

0.5 |
|
|
|

-3
-ld -12 -0% -04 1] 04 0Z 12 1 2 24 2Z

Figure 1: Equal Area Criteria

Summary
8 = 0.28975 80 = 16.602deg tor = 0.26469
d¢r = 1.79906 ¢r = 103.079%deg

te = 021175
O =1.25571 O7¢ = 71.947deg
Smaxswing =1.64947 Smaxswing = 94.508deg
Sminswing = —0-8734  Sminswing = ~50.042deg
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Rotor angle vs. Time
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Note: This is just at the edge of stability.

Figure 2: Delta vs Time (t. = t., (0.264))
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Rotor angle vs. Time
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Note: System is now unstable

Figure 4: Delta vs Time (t. = t., + 0.001 (0.265))
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Figure 5: Dellta,
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Rotor angle vs. Time
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Note: This system does not have damping, thus the rotor will continue to oscillate.

Figure 6: Delta vs Time (t. = 0.8t.,(0.21175))
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Torque vs. Delta

_~— Odmaxswing (1.65 radians)

)

-0.873 radians

dminswing (

(wun Jad) °1

delta (radians)

Figure 7: T_e vs Delta (t. =0.8 t., (0.212))
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Electrical Torque vs. Time

(uun Jad) °1

time (seconds)

Figure 8: T_e vs Time (t. =0.8 t., (0.212))
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Simulink Diagram
step time =10
initial value = 0.8
final wvalue =02
T_m ]
:I Scopel2
F 3
P Tau_m
delta - ]
Scope
= dilta Tau_e Jo= Tau_e
| deltamat

Electrical Tarque

Simple Mechanical

I

torqueSdelta. mat

Tao Filed

[

Scope

S

5 Graph

_Overall System Diagram
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Clack Switch
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Terminal Fault Subsystem
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Tau_al ] step time =0
— dalta_0 initial walue = 0.200

Goto final walue = 0.290

delta_w_r delta
1 1 delta_delta ’é
H =

Integratar Integratard

= n_eB
1027 H) —P [delta]

[delta_w_r] & oto?

Gotol |:|

Scope

vt

[delta_w _r] ] mechanical.mat

Fraom-

Ta File

[delta]

Simple Mechanical Subsystem
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