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Experimental Verification of a High-Frequency Transformer for SST

with Plastic Molding Appling to Only the Electric Field Concentration Area

Ritsuki Yonetomi®, Keisuke Kusaka (Nagaoka University of Technology)

This paper reports on the experimental verification of a high-frequency molded transformer for solid-state transformers (SSTs).

The high-frequency transformer in DC/DC converters for SST require high-voltage isolation between the primary and secondary

windings. In this paper, the rise in temperature of the winding, which becomes a problem when a molded transformer with high

insulation reliability is operated at high frequency, is suppressed by using a structure that can be cooled. The experimental results

show that the rise in temperature of the windings is suppressed. In addition, the partial discharge test of the transformers shows the

developed transformer has sufficient withstand voltage for SST with 6.6-kV input.
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Fig. 1. ISOP connection assuming 6.6 kV system.
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Fig. 2. Current resonant DC/DC converter.

SPC-24-159
MD-24-105

<2:2> RET B VREE

BJEM N T A DHERIEREC DWW IR R E R 20
7o, FRIOKIE 2 5B R ERRE 2 TE L Te, 22 BRRE 4
RET HES, IEC61800-5-1 J ON IEC60664-1 1ZFE-S N THRTE
U7z, AHFIC L0 HEkxiERE 60.0 mm & 720 (9, ~—D
LY 70 mm (2 CTRRAFEITH 72,

WHOE—/L R FT AT Fig. 3 O & 9 IZERAEHEIC
BHONWTWD, DT, EEEAIZIE S ZZhiRbios g m L
BRI, BRORE FAMNREAT B, £ 2 TARFETIE, K
S TAE & D — IR AR — R AR R OY, B — =
7 T O BREFHOD LA NGE — /L REMT, A
ERBIT 5720, Fig 4 1R TREVEER LI, Ao
VERJTIEIC DWW T, Fig. SR LTEY, FIEE LTl
BRAETEHNERE 25K E L %(0) 3D 7V o & —I2Chiit
BPEDOEN ABS MERAWTAERT D, (¢) A LiRE
DZEFFRIINT—/V B & 72D D L & U 8(UF-110-1A, UF-
110B ELE)IZRIIE 2 Wi LIAATZD HiZ(d) F28 F oy
%e EOH%, KMEIOBLEMFETH 2 85CLL EDHIRIE T
BIEZ M LB EELZ LICL VA E—L RO T
VAERERT D, FER LT T A% Fig. 6 IZRT,

Fig. 3. Normal molded transformer.
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Fig. 4. Proposed transformer insulation structure.
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Fig. 5. Bobbin molded transformer creation procedure.
(a) Design in 3D CAD, (b) Printed by 3D printer, (c) Resin

insertion, (d) Vacuuming

Fig. 6. Transformer molded only in the electric field

concentration area.
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Table 1. Parameters of the prototype.

Parameter Value
Input DC voltage Vin 750V
Output DC voltage Vou 375V
Rated power P 20 kVA
Resonant frequency f 29.12 kHz
Number of turns M § Tum
N> 4 Turn
Self-inductor b 191 mH
L, 4.82 uH
Coupling coefficient k 0.947
Resonant inductor L, 487 uH
Resonant capacitor C, 56 nF
Snubber capacitor Coup 6800 pF
Smoothing capacitor Como 14100 pF
MOSFET Si4 BSM120D12P2C005
Rectifier (IGBT) Dy 7MBR100VB060-50

Rectifier

Primary side

Fig. 7. Prototype DC/DC converter.
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Fig. 8. Transformer operating waveform during rated

operation.
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Fig. 9. Transformer efficiency characteristics.
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Fig. 10. Temperature characteristics of transformer in rated

operation. snubber capacitor.
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Fig. 11. Test environment for partial discharge testing of a

transformer prototype.
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Fig. 12. Test results for partial discharge. (a) Proposed molded

structure, (b) Conventional molded transformers
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