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Digital transformer protection simulation based on S-function
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Abstract: Using Simulink and SPS( simpowersystem ) toolbox and S-Function in MATLAB software, this paper establishes a
three-phase saturable transformer and its differential protection simulation model. Simulink and SPS( simpowersystem ) provide a
graphical user interface (GUI) for building a transformer models as block diagrams. The transformer differential protection model,
which were created using S-Functions, contains a transformer ratio brake and twice harmonic brake differential function. This paper
uses the M-file to program the differential protection S-function. The transformer and its differential protection simulation model can
operate or brake correctly according to varietals internal faults or external faults such as single faults, two phase faults, three phase
faults, two phase grounding faults etc. The differential protection model also can be barked through analyzing the twice
harmonic in the inrush current during energization of a three-phase saturable transformer. The simulation results indicate that
transformer digital protection S-Function programs are correct. This paper also shows some differential protection S-Function
program and explanation.
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Fig.1 Simple simulation model of two-winding transformer
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Fig.2 Differential protection subsystem
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case 0
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case 2,
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8] [/ 35 B K .
case 3
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s—function F%IH
case 9, )
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otherwise
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end
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A BH .

sys (1)=abs ((u (1) *cos (u(2)) +u (1) *i*xsin (u(2))-u(9) *
cos (u(10) ) —u(9) *i*sin (u(10))) /sart (3) ~u(3) *cos (u4)
)+u(3)*ixsin(u(4))): %k AMESBHE, WK (2). (3.
sys (2)=abs ((u(1) *cos (u(2)) +u (1) *i*sin(u(2))-u(9)*
cos (u(10))—u(9) *i*sin(u(10)))/sqrt (3) +u(3) *cos (u(4)
Y+uB)*i*sin(u(4))/2) %K A MFFBF AKX (2). (4.

function
sys=md10utputs(t, x, u, Iopmin, Kres, Iresmin)
W Z R 12 BT A BB B R EFME
if
(x(1) >Iopmin& (x (1)-Topmin) >Kres* (x (2)-Iresmin)) | ((x
(3) >Iopmin& (x (3) ~Topmin) >Kres* (x (4) -Iresmin)) | (x (5)>
Topmin& (x (5)-Iopmin) DKres* (x (6)-Iresmin))) %F&=, (1)
X = AHI B VE BB R B e AT B

sys=1;
else
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Fig.3 Simulative waveform of inrush current
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Fig.4 Simulative waveform of internal faults
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