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Abstract

The saturation characters of transformer and inductor affect a lot of the transient

effects for power systems.

The systent s performance of many electric machines and protected equipments
is affected by magnetic saturation. Then, it is important to establish the mathematical
model of the saturation character of the transformer for transient effect research of

power system.

First, this paper use the LR low pass filter to confer if the inductance will be
changed. This is due to the fact that when the current is large, the inductance always
suffer from saturation. It can be proved by the Bode-plot and computer simulation.
Secondary, we use the describing function to simulate the saturation of inductor and
then compare the results of the linear inductors and nonlinear inductors.

Thirdly, we use describing function to ssmulate surge inductance current when iron

core is saturate, and get voltage regulation again to study the effects of voltage

regulation. Finally, we prove the fact with experiment and computer simulation.
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2.2
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2.2.2 (backlash-saturated)
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223 (saturated)
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3.2

1 Fig. 3.3
2 Fig. 3.4
A(t)
I
N(A)
_kp, . .. 2D 2b, |b 4kb b
N(A)_B[E+Sn - K)+2(1 )\/z PA (A ) (3.2.1)
(A>D)
|
A
|
|
- A b A
| b A AL

sl ope=k

Fig. 3.3

N(A)

15



K M +Kk M-kb M+k / M +k
N(A)=—[sn* b+s‘n'1 b+ b 1- ( b)2
p KA KA KA KA

M-kb [[ M- Kkb,. .4Mb M +kb
+ 1-( )1-1— >
KA KA pA

(3.2.2)
)

(A

O
>|— — —

Fig. 3.4

16



33LR LR low-pass filter
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B. MATLAB

Fig. B.1

clf;clear all;
global R1X1LOR2X2RL XL Reg XeqV1sw Xel2
w=60*2*pi;
L0=0.745;
s=0.68;
R1=13.02;
X1=7.75;
R2=13.02;
X2=7.75,
RL=400;
XL=0;



Reg=R2+RL;
Xeg=X2+XL,;
V1=50* (2"0.5);
figure(1);
fplot(ftransformerl’,[-1000 1000])
hold on;
grid on;
12=0;
A=0;
true=0;1X1=0;1X2=0;
while (true==0) & ( A<3000)
if A>s
z=9/A;
NA=(2*L0/pi)* (asin(z)+z* ((1-2*2)"0.5));
else
NA=LO;
end
XM=w*NA;
Xb=((V1* Reg)"2+(V 1* Xeq)"2)"0.5;
X c=R1* Reg-X 1* X eq-X 1* X M-X eg* XM;
Xd=R1* Xeq+R1* XM +X1* Reg+Reg* X M;
Xe=(Xc2+Xd*2)"0.5;
12=Xb/Xe;
IX1=12-A;
if IX1*I1X2<0
x=A-1,
true=1,
if x<0
true=0;
end
bresk;
end
IX2=1X1;
A=A+1,;
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end
switch true
cael
for x1=x:0.00001:x+1
A=x1;
if A>s
Z=9A;
NA=(2*L0/pi)* (asin(2)+z* ((1-2"2)"0.5));
else
NA=LO;
end
XM=w*NA,;
Xb=((V1* Req)"2+(V 1* X eq)*2)"0.5;
Xc=R1*Reg-X1* Xeg-X1* XM-Xeg* X M;
Xd=R1*Xeg+R1* XM +X 1* Req+Reg* XM;
Xe=(Xch2+Xd2)"0.5;
12=XDb/Xe;
IX1=I2-A;
if IX1*1X2<0
x2=A-0.00001,
bresk;
end
IX2=1X1,
end
A=X2:
if A>s
Z=9A;
NA=(2*L0/pi)* (asin(z)+z* ((1-2*2)"0.5));
else
NA=LO;
end
XM=w*NA,;
Xf=((XL*XM)"2+(RL* XM)*2)"0.5;
VoltageRegularRate=(1-Xf/Xe)* 100;



disp('The saturation current(A)=")
disp(s)
disp(‘current(A)=")
disp(A)
disp(‘'The regulating rate of voltage for transformer=")
disp(VoltageRegul arRate)
otherwise
disp('No solution ")
end



