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A Numerical Analysis of Wind Driven Single
Phase Induction Generators

Chong-Kéun Jwa**

ABSTRACT

Newton Raphson algorithm using difference method for a wind driven self-excited
single-phase induction generator is proposed, when the capacitor is connected to the
auxiliary winding and the load to the main winding. This method requires only
simple numeric calculations. comparing with other reported methods which contain
monotonous and complicated algebraic manipulation. As the computed results, we
find that the three difference methods can be applied to Newton Raphson algorithm.
Also. the initial guess values and the step size are affected in the number of
iterations. Furthermore, the central difference method is better than the forward and
the backward difference method in the number of iterations.

Key words @ Single-phase induction generator, Newton Raphson method,
Difference method
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Fig.1 Equivalent circuit for single
phase induction generator.
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Table 1 Computed Results for Example Problem: initial guess values : F=1,

Xm=1, acceptable error interval in F and Xm : 10
Newton Raphson method by
SFGD Backward difference Central difference Forward difference
size No. of No. of No. of
. , F Xm |. . F Xm |. . F Xm
iterations iterations iterations
1.0 22 2.0 2.0 4 2.0 2.0 53 4.0 8.0
0.5 14 2.0 1.9 4 2.0 2.0 17 -2.0 -2.0
0.1 7 2.0 2.0 4 2.0 2.0 7 2.0 2.0
0.05 6 2.0 2.0 4 2.0 2.0 6 2.0 2.0
0.01 5 2.0 2.0 4 2.0 2.0 5 2.0 2.0
0.005 5 2.0 2.0 4 2.0 2.0 5 2.0 2.0
0.001 5 2.0 2.0 4 2.0 2.0 5 2.0 2.0
0.0005 5 2.0 2.0 4 2.0 2.0 5 2.0 2.0
0.0001 5 2.0 2.0 5 2.0 2.0 5 2.0 2.0
0.00005 5 2.0 2.0 5 2.0 2.0 5 2.0 2.0
0.00001 5 2.0 2.0 5 2.0 2.0 5 2.0 2.0
Table 2 Computed Results for Example Problem: initial guess vaiues : F=1.8,
Xm=1.8, acceptable error interval in F and Xm : 10°®
Newton Raphson method by
Step Backward difference Central difference Forward difference
size ' No. .of F xm | No. .of F xm | No. .of F Xm
iterations iterations iterations
1.0 18 2.0 2.0 3 2.0 2.0 49 4.0 8.0
0.1 6 2.0 2.0 3 2.0 2.0 6 2.0 2.0
0.01 4 2.0 2.0 3 2.0 2.0 4 2.0 2.0
0.001 3 2.0 2.0 3 2.0 2.0 3 2.0 2.0
0.0001 3 2.0 2.0 3 2.0 2.0 3 2.0 2.0
0.00001 3 2.0 2.0 3 2.0 2.0 3 2.0 2.0

Table 3 Computed Results Using Rahim’s Data: initical guess valuse : F=1,

Xm=80, acceptable error interval : 107, step size : 0.001,

parameters : v=1, Ri=97.05, X;=0, Xc=75.78, k=1.83
Number Newton Raphson method by
of Backward difference Central difference Forward difference
iterations F Xm F Xm F Xm
1 0.996506 | 31.372089 | 0.996510 | 31.229191 | 0.996514 | 31.087719
2 0.976570 | 34.322628 | 0.976354 | 34.231369 | 0.976124 | 34.154583
3 0.980886 | 35.520657 | 0.980910 | 35.541431 | 0.980930 | 35.562679
4 0.980596 | 35.666866 | 0.980597 | 35.664501 [ 0.980599 | 35.662041
5 0.980599 | 35.665066 | 0.980599 | 35.665085 | 0.980599 | 35.665089
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Table 4 Computed Results Using Rahim’s Data: initical guess valuse : F=0.98,

Xm =80, acceptable error interval : 10, step size : 0.001,

parameters : v=1, Rj=97.05. X;=0, Xc=75.78, k=1.83
Newton Raphson method by

Number

of Backward difference Central difference Forward difference
iterations

F Xm F Xm F Xm

1 0.974490 | 32.223080 | 0.974579 | 32.038448 | 0.974667 | 31.864697

2 0.981562 | 35.378269 | 0.981569 | 35.421272 | 0.981566 | 35.472988

3 0.980584 | 35.666122 | 0.980589 | 35.658401 | 0.980594 | 35.650604

4 0.980599 | 35.664970 | 0.980599 | 35.665089 | 0.980599 | 35.665123

5 0.980599 | 35.665089

Table 5 Computed Results Using Rahim’s Data: acceptable error interval : 107,

parameters : v=1, Ri=97.05, X,=0, Xc=75.78, k=1.83
Newton Raphson method by central difference
Step Initial guess values Initial guess values
size F=0.98. Xm=80 F=1, Xm=80
. No..of F Xm . No..of F Xm
iterations iterations
0.01 5 0.980599 | 35.665081 6 0.980599 | 35.665085
0.001 4 0.980599 | 35.665089 5 0.980599 | 35.665085
0.0001 4 0.980599 | 35.665173 5 0.980599 | 35.665085
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