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Effects of High-Frequency AC Link Converter by Using Reverse Blocking IGBT

Takashi lida*, student member, Jun-ichi Itoh, member (Nagaoka University of Technology)

Abstract

This paper describes effect of high-frequency AC link converter by using reverse blocking IGBT(RB-IGBT) for bidirectional switches.
There are three steps to confirm the effects of the RB-IGBT for converter loss in this paper. At first, a calculation method by DLL function
of PSIM is adopted to clear the improvement loss by the RB-IGBT. This method calculates switching and conduction loss from Vce and Ic
with device characteristics which are obtained by switching test. As a result, this method can apply to various converter circuit topology.

Next, the experiential results using RB-IGBT for the only primary converter in 1.5kVVA system are shown. The total efficiency of 92.8%
is obtained and this result improved of 0.5%.

At last, the efficiency using RB-IGBT for both converter are prospected based on the loss simulation result. Those result are confirmed

that the RB-IGBT realizes high efficiency for the High-Frequency AC link converter.
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Fig. 1 Conventional PWM rectifier and inverter system with

a high-frequency ac link
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Fig. 2 AC/AC direct converter with high-frequency AC link
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Fig. 3 Control block diagrams
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Table. 1 Measurement condition

Switching Voltage 100V 200V 300V

Switching Current 2A 4A 6A 8A 10A




Srm Ssin stn

I

5

Fig.5 Simulation circuit

2
Table. 2  Simulation parameter
Input voltage 200[V] 2[mH]
LC filter
Input frequency | 50[Hz] 3.3[F]
AC link frequency | 10[kHz] | Cut-off frequency | 1.1[kHz]
Output frequency | 100[HZz] 5[mH]
Load
Carrier frequency | 10[kHz] 18.5[Q]
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Fig. 6 Bidirectional switches
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Table. 3 Comparison with heretofore device

Conduction Loss

|~ RB-IGBT —+ IGBT+FWD |

-
N

<
S 10
A
5 [
S 4
]
© 0 x‘/ . M/ ‘
0 1 2 3
Emitter-Collector voltage Vce[V]
Turn on characteristic 08
Vee=300V =
E 06 /
S /
- 04
° A RB-IGBT
5 02 *
= + |GBT+FWD
0 I I
0 2 4 6 8 10 12
Collector Curennt Ic[A]
Turn off characteristic 04
Vce=300V 5
E 03
[2]
8
g 01 . 4 RB-IGBT ||
= + IGBT+FWD
0 I I
0 2 4 6 8 10 12
Collector Current Ic[A]
Reverse recovery =
o £ 0.25
characteristic g 02 x
Vce=300V > /
2 015
>
§ o1 %
@ A RB-IGBT
2 0.05 I
2 d * |GBT+FWD
(9] | ! ! !
04 0
0 2 4 6 8 10 12

Collector Current Ic[A]

SPC 05 47
IEA 05 2

\—o— Reverse blocking IGBT —a— Conventional IGBT

935 r
93.0 1
925 1
920
915 1
910
9.5 1
90.0

Efficiency [%]

500

1000

1500 2000

Output power [W]

7

Fig. 7 Combined efficiency
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