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Disturbance State Identification of Power Transformer Based on
Dempster’'s Rule of Combination
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Abstract - This paper proposes a fuzzy decision making method for power transformer protection to identify an internal
fault from other transient states such as inrush, over-excitation and an external fault with current transformer (CT)
saturation. In this paper, analyzing over 300 EMTP simulations of disturbances, four input variables are selected and
fuzzified. At every sampling interval from half to one cycle after a disturbance, from the EMTP simulations, different
fuzzy rule base is composed of twelve if-then fuzzy rules associated with their basic probability assignments for
singleton- or compound-support hypotheses. Dempster’s rule of combination is used to process the fuzzy rules and get
the final decision. A series of test results clearly indicate that the method can identify not only an internal fault but also
the other transients. The average of relay operation times is about 12 (ms). The proposed method is implemented into a
Digital Signal Processor (TMS320C31) and tested.

Key Words : Protective relay, Power transformer protection, Basic probability assignment, Dempster-Shafer's theory of
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Herrl AHE 3 vngAEE FYE T 9 o)
= B840l glow, Wil Ay JYRE AR ¥
A At nFAEA7L oldrte] B EHHAe] &
AFFEE ol HXAo|EF HXFEe EAY HIF E
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F: AR |:6XHEY, O: Do§XlL, E: 2|FAR
sjax dg M
BEF fy f fy fa

2em=081| im=078 | jem=0.62 | Iom=0.66
§ Lm=0.19 | bm=0.2 | im=0.38 | im=0.34
9 M Im=0.71 Lm=0.63 | Lom=0.76 | im=0.90
bm=029 | im=037 | im=024 | im=0.10
L Im=0.64 im=0.90 | im=08 | im=0.75
im=0.3 | tm=0.10 | 4m=020 | im=025
%xm=0.80 zsm=0-67 7om=0.68

S ) Lm=1.00 ;
Ym=0.20 | im=0.33 Lm=0.32
" M im=090 | ism=0.63 | Lsm=0.90 | tm=0.9
Im=0.10 | im=0.37 | im=010 | }m=0.10
L Im=0.72 | Lim=0.90 | tm=0.68 | tm=0.9
m=028 | 4m=0.10 | im=0.37 | 4m=0.10
5 2em=0791 5:m=060 | L om=0.60 | {sm=0.68
Im=0.21 | 4m=0.36 | im=0.40 | im=0.32
16 M om=0.90 | im=0.90 | tm=0.90 | im=0.%
Ym=0.10 | 4m=0.10 | im=010 | }m=0.10
L im=0.90 im=0.80 2om=0.90 | $m=0.90
Im=010 | im=0.20 | ym=0.10 | {m=0.10
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Table 2 Results {last BPAs) of internal faults
090 : All2 N2} n% : AtZct AMel x|
G: HEXE, L BAuE T S2cket
F:ul®AL, | odXHES, O : AoiX} E : AR

veAT A2 NAE
ABVEZH| 2F wdd
AL F I (o] E

Go 12 1.00 | 000 | 000 | 0.00 F
Lo 12 1.00 | 000 | 000 | 0.00 F
T2%0 14 100 | 000 | 000 | 0.00 F
T2%90 | 13 1.00 | 000 | 000 | 0.00 F
T5%0 10 1.00 | 000 | 0.00 | 0.00 F
TS%90 | 13 1.00 | 0.00 | 0.00 | 0.00 F
TIO%0 | 10 100 | 000 | 000 | 0.00 F
TI0%90 | 10 1.00 | 000 | 0.00 | 0.00 F
T50%0 10 1.00 0.00 0.00 0.00 F
TS0%90 | 10 1.00 | 000 | 0.00 | 0.00 F

¥ 3 7|Et el @t
Table 3 Results (last BPAs) of other disturbances
090 AR &2 n% @ BHY, F: YEAIR
EG: lgx|al | : oXiEY, O : HoX} E: AR

YA A2 AAE
AqUFH| (AB¥E Riss g
BE 2 F i (0] E

EGO 10 0.00 0.00 0.00 1.00 E
EG90 It 0.00 0.00 0.00 1.00 E
10 11 0.00 1.00 0.00 0.00 I
120 15 0.21 0.77 0.01 0.01 I
140 14 0.16 0.81 0.02 0.01 1
0120% 10 0.00 0.00 1.00 0.00 o}
0130% 12 0.00 0.00 1.00 0.00 (o}
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Fig. 3 Relaying and trip signals for a 2% turn-to-turn
fault
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Fig. 4 Relaying and trip signals of other disturbances
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Fig. 5 Relay test system
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Fig. 6 HW test result for a 2% turn-to-turn fault
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