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Abstract

The Hokuriku Shinkansen, under construction in accordance with the
Nationwide Shinkansen Railway Development Act, is a planned Shinkansen line
connecting Osaka via Nagano, Toyama, Kanazawa, and Tsuruga. The Takasaki-
Nagano section opened in 1997, and the Nagano-Kanazawa section opened in
2015. The Kanazawa-Tsuruga section, an extension of these sections, opened on
March 16, 2024.

For this project, we supplied traction substation equipment to Shin-Sakai
Substation and seven other substations, providing power for the trains. The sup-
plied products are eco-friendly, high-voltage equipment unique to the Shinkansen,
including Scott-connected transformers, 168 kV Vacuum Circuit Breakers (VCBs),
and eco-friendly eco-tank VCBs. The use of VCBs is expected to reduce mainte-
nance and extend service life.

1 Preface

The construction section of the Hokuriku
Shinkansen (between Kanazawa and Tsuruga) is
approximately 125 km long. We manufactured and
supplied traction substation equipment for this
extension. Construction was undertaken by the Japan
Railway Construction, Transport and Technology
Agency, and the line opened on March 16, 2024.
This article introduces the traction substation equip-
ment we manufactured and supplied.

2 Traction Substation Equipment

The eight substations we supplied were Shin-
Sakai Substation (SS), Shin-Kaga Sectioning Post
(SP), Shin-Echizen SP, Shin-Nomi Substation
Sectioning Post (SSP), Shin-Komatsu SSP, Shin-
Daishoji SSP, Shin-Takatsuka SSP, and Shin-Fukui
SSP.

The Shin-Sakai Substation receives two 154 kV
circuits from Hokuriku Electric Power Transmission
and Distribution Company, and steps them down to
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two 60 kV single-phase circuits using a 60 MVA
Scott-connected transformer. The single-phase
60 kV is then fed to commercial line rolling stock at
30 kV via an autotransformer. Fig. 1 shows the main
circuit configuration of the Shin-Sakai SS.

2.1 Incoming Circuit Breaker

We supplied a 168 kV Vacuum Circuit Breaker
(VCB) to the Shin-Sakai Substation. Table 1 shows
its ratings, and Fig. 2 shows its external view. lts
main features are as follows:
(1) Higher voltage interrupter: A two-break Vacuum
Interrupter (VI) is used. To maintain equal voltage
across the two series-connected VIs, a voltage-
sharing capacitor is positioned and optimized.
(2) Higher voltage and larger capacity VI: By
adopting a vertical magnetic field electrode struc-
ture, we have an improved interrupting performance
and achieved a high frequency of 10,000 cycles of
switching. This is expected to extend the device’s
lifespan.
(3) Reduced Life Cycle Cost (LCC): Compared to
Gas-insulated Circuit Breakers (GCBs), LCC is
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Main Circuit Configuration of Shin-Sakai SS

The main circuit configuration of the Shin-Sakai SS is shown. A
high voltage power at 154 kV is received from Hokuriku Electric
Power Transmission & Distribution Company through two cir-
cuits. The incoming voltage is stepped down by the Scott-
connected transformer.
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Ratings of Incoming Circuit Breaker

The ratings of the incoming circuit breaker supplied to the Shin-
Sakai SS are shown.

Item Specifications
168 kV

1200 A

25 kA

Rated voltage

Rated current

Rated breaking current

Rated interruption time |3 cycles

Rated gas pressure

0.15 MPa-G (20°C)

Insulation medium

Sulfur hexafluoride (SFe)

Operation system

Motor-charged spring system

Applicable Standard

JEC-2300

reduced by eliminating the need for open inspection
of the interrupter after 2000 cycles and eliminating
the need to dispose of decomposed gases upon
removal. Over a 24 year service life, VCBs are
expected to reduce LCC by approximately 60%

Incoming Circuit Breaker

An external view of the 168 kV VCB for the Shin-Sakai SS is
shown.
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Based on the result of comparison of maintenance cost for 24
years, approximately 60% reduction of maintenance cost can be
expected compared with the GCB.

compared to GCBs, thereby reducing maintenance
costs. Fig. 3 shows a rough comparison® of LCCs
between VCBs and GCBs.

2.2 Feeder Transformer

We supplied a 60 MVA Scott-connected trans-
former to the Shin-Sakai SS. Table 2 shows its rat-
ings, and Fig. 4 shows its external view. The main
features are as follows:
(1) Previously, a soundproof building was installed
to reduce transformer noise. However, by reducing
the noise level of the transformer itself, we were able
to eliminate the building and simplify construction.
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Ratings of Feeder Transformer

The ratings of the feeder transformer supplied to the Shin-Sakai
SS are shown.

Item Specifications

Connection system |Scott-connected system

Cooling system Oil-immersed self-cooled type

Rated capacity 60 MVA
Rated primary 154 kV
voltage

Rated secondary 60 kV X 2

voltage

Overload durability  [300% of the rated current for 2 minutes

No. of phases 3/2

Equipment
configuration

Radiator separated type with soundproof
walls for the main body

Applicable Standard |JEC-2200
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Feeder Transformer

An external view of the 60 MVA Scott-connected transformer is
shown. The primary voltage is 154 kV and the secondary voltage
is 60 kV x 2 lines

(2) Advances in field strength analysis technology
have made the transformer more compact.

(8) The Scott-connected transformer eliminates
the need for an M-point arrester by fully insulating
the neutral point.

2.3 Feeder Circuit Breaker

We supplied an eco-friendly, tank-type VCB
that uses dry air as an insulating medium. It contrib-
utes to mitigating global warming by being SF¢ gas-
free, and reduces LCC by eliminating the need for
gas recovery and circuit breaker maintenance.
Furthermore, the aluminum tank eliminates the
need for paint. Table 3 shows the ratings. Fig. 5
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Ratings of Feeder Circuit Breaker

The ratings of the feeder circuit breaker supplied to the Shin-
Sakai SS are shown.

Item Specifications
Rated voltage 72 kV
Rated current 1200 A
Rated breaking current 25 kA
Rated interruption time 3 cycles
Standard operation duty |Class R
Rated gas pressure 0.5 MPa-G (20°C)
Insulation medium Dry air
Operation system Motor-charged spring action type
Applicable Standard JEC-2300
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Feeder Circuit Breaker

An external view of the 72 kV eco-tank type VCB is shown. The
mechanical section is dry-air insulated, while the circuit-breaking
section is vacuum-insulated, eliminating the need for SFs.

shows the external view, and Fig. 6 shows the CO.-
equivalent emissions associated with the use of SFg
gas.

2.4 Change-over Switch

We supplied a low-operating-current, electro-
magnetically operated change-over switch. Table 4
shows the ratings, and Fig.7 shows the external
view.

2.5 Traction Power Switchgear
We supplied function-integrated traction power
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The elimination of SFs gas contributes to mitigating global
warming. Furthermore, because the insulating medium can be
safely discharged to the atmosphere, maintenance requirements
are also reduced.
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Ratings of Change-over Switch

The ratings of the change-over switches supplied to the Shin-
Sakai SS are shown.

Item Specifications
Type Change-over switch
Place of operation Indoors
No. of poles Single pole
Application For switch-over

Operation system Electromagnetic operation system

36 kV

Rated voltage

Pole-to-pole insulation voltage |42 kV

Rated frequency 60 Hz
Rated current 1200 A
Rated closing current 31.5kA
Rated short-time current 12.5kA(2s)
Rated contact opening time |0.05s
Rated breaking time 5 cycles
Closing time 0.15s

Operation duty 0-(1s)-C, C-(1s)-O

switchgear for each post. Fig. 8 shows the moni-
toring and control panel, and Fig. 9 shows the sys-
tem configuration for the Shin-Sakai SS. The main
features of the traction power switchgear are as fol-
lows:

(1) A high-capacity, high-speed programmable
logic controller (PLC) was adopted, and interlocking
processing was configured using a ladder sequence,
achieving high speed. Reliability was also improved
through redundancy.

Change-over Switch

An external view of the 36 kV change-over switch is shown.
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Traction Power Switchgear

An external view of the traction power switchgear at the Shin-
Sakai SS is shown. This switchgear is composed of the operator
panel, respective PLC panels, protection interlock units, inter-
locked breaker unit, locator equipment, and telemetry equipment.

(2) A centralized, next-generation digital relays
are adopted, achieving a highly functional, high-
performance system. Reliability was also improved
through device redundancy.

(38) Connecting each device via an Ethernet LAN
facilitated system configuration, including devices
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RTU: Remote control unit follower station, IP: Internet Protocol, CB: Circuit Breaker, DS: Disconnecting switch, FTr: Feeder transformer, AT: Auto-transformer

System Configuration of Shin-Sakai SS

The system configuration of switchgears is shown. This is a function-classified centralized duplex configuration designed to realize

large-capacity processing and high-speed operation.

from other manufacturers.
(4) During on-site interlocking testing at the time of
installation, a simulator was installed to reduce the
number of circuit breaker trips and improve the effi-
ciency of central interlocking verification.
(5) Optical fiber cables are used for the inter-
locking circuit, reducing noise and improving reli-
ability.
(6) Live-line insulation monitoring devices are
installed in the station’s low-voltage panel and bat-
tery control panel. This has reduced the labor
required for maintenance.
(7) We introduced measuring equipment with cur-
rent value display, daily and monthly report aggre-
gation, and inspection aggregation functions, which
improved the efficiency of maintenance work and
on-site inspections.

The main automatic functions of the switch-
gear at the Shin-Sakai SS are as follows:
(1) Automatic incoming power changeover and
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incoming circuit reclosing

(2) Feeder reconfiguration, feeder reclosing, and
automatic feeder opening

(3) Individual automatic interlocking switching and
automatic switchover to the standby unit in case of
changeover switch failure

(4) Automatic opening of the 89AT upon occur-
rence of a 63AT

3 Postscript

This article introduced the traction substation
equipment manufactured and supplied to the
Hokuriku Shinkansen (between Kanazawa and
Tsuruga). We hope that each piece of equipment
supplied will fully demonstrate its functions, contrib-
uting to safe and reliable Shinkansen operation and
becoming an important means of transportation for
people.

In closing, we would like to express our



deepest gratitude to the many project-related peo-
ple who provided us with kind guidance and cooper-
ation in the course of manufacturing and construc-
tion of this equipment.

ETHERNET is the registered trademark of FUJIFILM

Business Innovation Corporation.

+ All product and company names mentioned in this paper are
the trademarks and/or service marks of their respective owners.
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