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[Abstract]

The LLC resonant converter is widely adopted in industrial applications that require high efficiency and
high power density. However, open-circuit faults in power switching devices frequently occur, resulting in
power supply interruptions and potential safety hazards. In response, research has been conducted on
three-phase LLC resonant converters capable of maintaining operation under fault conditions. Nevertheless,
conventional studies have primarily focused on post-fault operational behavior, without addressing the
associated power losses which are crucial for enabling continued operation after faults. In particular, since
power losses are significantly affected by the transformer winding configuration, it is crucial to analyze
transformer loss characteristics under fault conditions. This paper presents a comprehensive analysis and
comparison of transformer winding loss, core loss, and core loss of resonant inductor before and after a

leg-open fault in three-phase LLC resonant converters with wye-wye and delta-delta transformer connections.

» Key words: Three-phase LLC Resonant Converter, Leg-open Fault, Wye-Wye Connection,
Delta-Delta Connection
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I. Introduction
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Fig. 2. Three—phase delta—delta LLC resonant converter

II. The Operation Analysis of the
Wye-Wye and Delta-Delta Three-Phase
LLC Resonant Converter

1. Circuit Description
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Fig. 3. Three—phase wye—-wye LLC resonant converter
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2. Operation Comparison
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Fig. 6. Operation waveforms of Y-LLC under leg—open fault

2.2 Operation Analysis of Y-LLC and A-LLC under
Leg-Open Fault
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III. The Loss Comparison between
Wye-Wye and Delta-Delta Three-Phase
LLC Resonant Converter

1. The Loss Comparison between Y-LLC and
A-LLC
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Fig. 7. Operation waveforms of A—-LLC under leg—open fault
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A-LLC under Leg-Open Fault
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Fig. 11. Simulation results of Y-LLC under the leg—open
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Table 1. System Environment

Parameter Value

Input Voltage(V;) 400V

Ouput Voltage(V,) 48V
Switching frequency(f,) 120kHz
Magnetizing inductance(rz,,) 240uH
Leakage inductance(L,) 60uH
Resonant capacitance(c,) 87nF

Fig. 82 &JAF £+ A] Y-LLCQF A-LLC9] &4 HWZS
Ho{20], Y-LLC7F A-LLCEH ¥e7] £4o] of Aot
A 2-70 14 A] Y-LLCOA &= Cioll X7t 524
BRI A-LLCOlM= B Cdoll sdet ARt AY
o] WAstRZ &+ Aol ¥7] A FUsH AR
webA | 2-71gr 1A A] &4 EXYo AAF BAMIE B3
it Fig. 9% L7027 Al Aol oieh &4

o= H]—E’—

<, Fig. 102 B4l digt &4 8|luS Hojeeh 27 C
off 7 7ol EAget 73% A-LLC Aol 7V W2 A
7t 3202 o 2 W] BY &40 Ws 33
QIEE] Fo] 247 W] o] 2% WYY] UM 24
S0 op7R] = §F Aol dis A-LLColA o 2 &4

o] st 3Pl Uehdr)

o

0 —f g isq wmm

4 5 4
%:Lril VLma wem 0] vl“ —
:g,: l [ 50 | :

2 . :

50 —|

T AR

2L 3 20
08465 98470  9.8475 x le-2 i
9.8465

98470  9.8475
Time /s

(b)

x le-2

Time /s

SO N N lrecem

0-| o=
S04 N .

T T
9.8470  9.8475

T
4 _ 9.8465 x le-2
] : iyc Ti
4 *W e
BN T T
9.8465  9.8470  9.8475 x le-2
Time /s

(c) (d)
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