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A Study on the Minimization of Tie-plate Loss of Cast Resin Transformer

using Surface Impedance Boundary Condition
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(Sung-Ryul Hwang - Pan Seok Shin)

Abstract - In this paper, a tie-plate shape is optimized by using the numerical technique to reduce the stray load loss of the
tie-plate which is a mechanical structure for assembling and supporting of the transformer core. The eddy current loss of the
structure is calculated by an electromagnetic field FEM program and the results are compared with 4 different shapes of
tie-plates. Since the thickness of the tie-plate is very thin, and the skin depth is very small, the number of FE elements for
3-D transformer model is too big to solve. So, the surface impedance boundary condition (SIBC) is used to reduce the system
matrix size and its computing time. To verify the method a 2.5 MVA 22,900/380V distribution transformer is simulated using
one objective function and three design variables with some constraints. The final optimized tie-plate has three slots of 6 mm
width and 23 mm gap, and the loss is reduced by 75 %. Consequently, the proposed algorithm seems to be considerably

applicable to electric machinery as well as power transformer.
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Fig. 1 Leakage flux paths around iron structure of

transformer
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Fig. 2 Various shapes of tie-plates
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Table 1 Specifications of the transformer model

Phase 3 Primary coil cupper
Voltage[V] 22,900/380 Secondary coil Al sheet
Frequency[Hz] 60 Core material PN
. Tie-plate
Capacity [kVA] 2.,500 material SUS

| 1880 I

r

I 4 Tie-plate®] 7|21 (Z0] 1880 mm, =: 110 mm)
Fig. 4 The initial model of tie-plate (Length : 1880 mm,
Width: 110 mm)




8 5 E5HYY9 R4 diA BE(@2.5 MVA, 22,900/380 V)
Fig. 5 FEM model of cast resin transformer (2.5 MVA,
22,900/380V)

(a) Analysis result of the Tie-plate model
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(b) Eddy current density of non-slot Tie-plate

T8 6 Tie-plate®] QT Ui B [A/m’]
Fig. 6 Eddy current distribution of Tie-plate
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ol= S8 UEA ©th O8] 7(h)= Tie-plateQ] 2ZF REO|
st RRYUEE AlLSH Ziolt), PFRUE Fthgtel XolE
sloto] Ql= 7|EREel FHEZHOA Hng + JAxSE AR
Qo] Mz WS 0~1.283[A/mmE EYstA AEH oD
2, 3} 2go] ARYUE 3719 Folg €A TR & Qlrk

(a) Design model of Tie-plate : from upper initial model
(None-Slot), 1-Slot, 3-Slots, 7-slots

r——E—

(b) Analysis result of Tie-plate(eddy curret density distribution,
from upper, initial model(None-Slot), 1-Slot, 3-Slots,
7-slots)

9 7 Tie-plate slot =0l ME &t RF HUE B

Fig. T Tie-plate shapes and eddy current distribution

Tie-plate®] FafMsto] mt Z42ko] HEg siAst 41} &
20119t 0] Tie-plate®] FAF A sloto] Gl BF 4TW,
1-slot9] AL 25[W], 3-slot®] B 14[W]Z L4l E=ot
A8 slot HE AR ARE £40] 258 5716101 4WE
AAEIQCE o] ZIE HIFYORE & o slot+E S7HAIFIH o

F A SO0ISAW tie-plate?] 7IAR ZEE dlEsio] Ut
ZOog AMAAANE F2 3-slot HEIZ At HYVIE Al
Zotal Arh

¥ 2 0i¥cH SEfO] Tie-plateQ] siA] At &4 Hlal

Table 2 Comparison of tie-plate loss for various types

Type of Tie-plate eddy currenrt loss (W) | remarks
non-Slot Tie-plate 47
1-Slot Tie-plate 24
3-Slot Tie-plate 14
small 7-slot Tie-plate 34
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23 FAS =2 JAS 0|8 Tie-plate TA F|48 XY

Tie-plate® =Ag Z|ASket7] floto] 1AHE SR 2.249) 3
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de 7N FEs Z203e F8cto] SA4g Fldslkele
Tie-plate®] AAE & Hrh F4s U 25 MVA
Het719] Tie-plateo] 371 slotE FEdh 2102 AAHSE 1
g 8ol TUIst AT} Z0] slot? Zo|(Slot Length), 2= (Slot
Width), €24 Slot Gap)g AIFSIUCH, tie-plate®] FA=
6 mmZ Foto] &t StIrt 2t A7 HeE2 WYY AR
ol SleiAl 7IAF ZBEE 112isto] AN HRE FoiA
Hole sdsipion, FoiR dAHS HE 3 33 Zrh
Tie-plate ZHEO] ZO] L-ende ZSEHYY] REO] FopA0]
o} Z& 185l0] 150 - 210 mmE, Slot-Width(EZ2Z)2 FA|
o7} 300mm Bofl 7IAN ZEE aBfEiA B4R 2-10
mmZE, Slot-Gap2 FA &EZ1 Slot-widthE  IH5HA]
15-25 mm=z XAESI} Tie-plateZS 110 mm= 1ASH0] FE
o} o] S0t} AAMS L-end9 FHAZO] 130 mmE F
QIF9] Het7] Foto] ZHLE AME EHEZ 130 mmzE Z2F
SR, €529 FA] 10mm9l Z<Lo| Tie-plate®] 0]
10mmz g0 OHE, SRIA0] 20mm Hol A &
oA 188 EEEE: 16mm)Ald S(ZF 18 mm)0] 7HSEH,
TERHOR VAN ZTrt URAl Ee= BAFER Ftgtoz
ZepSkojiecin S

E 3 FHHAE QIS Tie-plate FL FEO AAHEO HE

Table 3 Design variables ranges of tie-plate for optimal

design
Design variable of Tie-plate Range of design remarks
variables(mm)
End length of Tie-plate (L-end) 150~210

Slot Width 2~10
Slot Gap 15~25

Width of Tie-plate 110 fixed

Slot Length lL end J

Slot width

Slot Gap

I8 8 FFst guglg HEe et 3-slot Tie-plate @It
AAM4(L_end, Slot _Width, Slot_Gap )

Fig. 8 3-slot Tie-plate Model and design variables applying
for optimization algorithm

FHg} o|2Y Age &2 AgdoA Jdstol g8stal (e
AHREidIEES AESIAr9]. of LaElE2 HIEEER
FASH ¥ S sholal o gl AREHA e WHOR, 3
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Fig. 9 Flow chart of optimization algorism using FEM

program
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Table 4 Tie-plate loss as function of design variable

Slot_width L-end[mm]
[mm] 162 166 170 174
2 14.0 137 139 149
4 138 137 14.1 147
6 13.1 12.9 13.1 13.3
8 12.5 12.4 12.5 12.9

14515

4 A 014145
15 | A / 13514

—_
E 145 Jr P [13-135

| 2
§ 14 12513
- > m12-12.5
3 13.5 P
] | A 174
= 137 4 = 172
d | < 170
£ 125 - < 168
[ 166

12 -
2 164 L-end [mm)]
3 62

Slot width [mm)]

a9 10 AAMES Slot-width®t L-endol] W Tie-plate 41
Fig. 10 Tie-plate loss as functions of design variable Slot-
width and L-end
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5 FH3} slotS HETH 7} Tie-PlateQ] &7 &4

Table 5 Tie-plate eddy current loss with optimized slot

Type None-Slot 1-Slot 3-Slot
Loss [Watt] 48 20 12

O3 11 IBLEAE 25 MVA BEHQY|9] Tie-plate (slot3:
6 mm, slotZt4: 23 mm)

Fig. 11 Final Designed tie-plate of 25 MVA cast-resin
transformer (slot_width : 6 mm, slot gap: 23 mm)

50
45
]
35
30
b
20
15
10

5

Mone-Siot 1-Slot 3-Slot

T8 12 Tie-PlateQ] @Alo] WE &4
Fig. 12 Losses as shape of tie-plate
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