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ABSTRACT:
transformer winding deformation, it is necessary to detect the

In order to have a clearer sense of the

axial and radial deformation of windings simultaneously. The
paper firstly analyzes the strain distribution regularities of
ribbon optical fibers on the windings, according to which the
concept of strain vector as well as the decoupling method of
axial and radial strain of the windings is proposed.
Subsequently, with ribbon optical fibers laid on a 35kV
continuous winding prototype, a test platform is set up. With
the help of Brillouin optical time domain analysis technology,
the distributed strain sensor is used to measure the axial and
radial deformation of the windings, and the relative error of
strain vector is within 7.5%. Finally, it is obtained that the axial
and radial deflection of the windings and the average strain of
the ribbon optical fibers satisfies a quadratic function
relationship, i.e. R*>0.99. The degree of deformation of the
windings is predicted using this relationship, with an error of
less than 5%. The proposed method could not only detect axial
or radial deformation individually, but also derive axial and
radial deformations separately when both deformations occur at
the same time, which addresses the problem that the axial
deformation of windings cannot be sensed effectively and the
difficult

quantitatively, as well as provides a new solution for detecting

degree of deformation is to be determined

transformer winding deformation.

KEY WORDS: transformer; winding deformation; axial and
radial strain decoupling; distributed optic fiber sensing;
Brillouin optical time domain analysis technology
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Fig. 3 Schematic diagram of

windings with ribbon optical fibers
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Fig. 4 Schematic diagram of object bending deformation
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Table 1 Total strain measurement value

31 3238 39 40

SUNAR 1) B /e
B /mm
&1 & & & &

R12.5A5 17.58 -256.34 -575.23 -907.12 -1122.01
R12.5A7.5 39496  —56.63 —483.15 —920.24 —1234.83
R12.5A10 803.90 23426 -41833 -958.76 -1510.93
R12.5A12 1093.41 35491 -345.78 -979.02 -1677.52
RI12.5A13.5 146134 691.70 —264.83 —1004.70 —1937.54
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Table 2 Calculation of strain offset

B /mm AHER/(ue/mm) MW Epe  WAE
AS -266.36 218.42 0.996
A75 ~374.83 307.36 0.996
Al10 -529.33 434.05 0.999
Al2 —625.06 512.55 0.999
Al35 ~772.18 633.19 0.999
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Table 3 Transition strain vector

T AR [7] /e
PeJ /mm
& & & & &
R12.5A5 —200.84 -474776 -793.65 -—1125.54 —1340.42

RI12.5A7.5 87.60 -363.99 -790.51 -1227.60 —1542.16

R12.5A10 369.85 —199.79 -852.35 —1392.81 -1944.95
RI12.5A12 580.85 —157.64 -858.33 -1491.55 -2190.05
RI12.5A13.5  828.11 58.51 —898.02 -1637.89 —2570.69
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Table 4 Radial strain obtained under

various axial deflections

1A HR L /mm RIS E /e AR R (/e
RI2.5A5 —787.043

RI2.5A7.5 -767.332

RI2.5A10 -804.01 -805.14
RI12.5A12 -823.344

RI2.5A13.5 —843.996
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Table 5 Calculated value of axial strain vector
Pepz/ Al AR 1) BB T BAE e AR
mm & £n &5 » &s ¥I{E/ue
AS 82272 54880 22991 -101.98 -316.86  404.05
A75 1200.10 74851  321.99 -—11510 -429.66  563.07
A10 1609.04 1039.40 386.84 —153.62 -705.76  778.93

Al2 189854 1160.05 45936 -173.86 -872.36 912.83
Al35 226644 1496.84 54031 —-199.56 -1132.36 1127.10
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Fig. 10 Radial strain measurement curve
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Table 6 Radial strain measurement value

BRI/ o o) AR [ i 0 /e SE
mm &1 &2 &3 &4 &s MR /ue
R25 -1143 -1245 -111.6 -1354 -119.1 —-120.98
RS —222.6 2150 -237.6 2326 -240.8 -229.72
R75 -403.8 4874 -3950 -479.6 -389.7 —431.10
RI11 -7244 -711.8 -702.7 -711.8 —-667.2  -703.58
R12.,5 8044 -800.6 —-817.1 —-866.2 —778.6 —813.38
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Fig. 11 Comparison between calculated and

easured values of radial strain vector
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Fig. 12 Axial strain measurement curve
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Table 7 Measurement value of axial strain vector

Pepz/ il i) 2 ) ) L e
mm &l &0 &3 & &5
AS 805.92 520.70 242.07 —40.91 —342.84
A5 1183.34 720.41 333.98 —54.04 —456.38
Al0 1592.22 1011.30 398.82 -92.57 —732.15
Al2 1881.71 1131.93 471.35 -112.77 —898.78
Al3.5  2249.60 1468.80 552.28 —-138.61 -1158.8
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Fig. 13 Comparison between calculated and

measured axial strain values
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Table 8 Relative error of strain vector

LA 8 1 JO A i | il e 97 [
$eJ% fmm HART R Z /% $2J%/mm AR /%
AS 7.16
A7.5 5.02
R12.5 3.73 Al0 3.64
Al2 3.10
Al13.5 2.52
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