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Abstract

The Sotetsu-Tokyu Direct Line connects Sagami Railway Co., Ltd.'s Hazawa-
Yokohama-Kokudai Station to Tokyu Railways Co., Ltd.'s Hiyoshi Station via
Shin-Yokohama Station and Shin-Tsunashima Station, establishing a hew con-
necting line (approximately 10 km) for through-service between the Sotetsu and
Tokyu lines.

Through-service operation improves rail service convenience by shortening
travel times and reducing the number of transfers.

This time, we supplied high-voltage equipment (Cubicle-type Gas Insulated
Switchgear (C-GIS)), rectifier transformers, silicon rectifiers, DC power feeding
equipment, and supervisory control system to two substations, Shin-Hazawa
Substation and Shin-Yokohama Substation. The Shin-Yokohama Substation also
features high-voltage distribution equipment and a regenerative power conver-
sion system that effectively utilizes regenerative energy generated during vehi-

cle braking.

1 Preface

The Sotetsu-Tokyu Direct Line is a new line
approximately 10 km long, running from Sagami
Railway Co., Ltd. (Sagami Railway)'s Hazawa-
Yokohama-Kokudai Station to Tokyu Railways Co.,
Ltd. (Tokyu)’s Hiyoshi Station via Shin-Yokohama
Station and Shin-Tsunashima Station. Fig. 1 shows
the section of the Sotetsu-Tokyu Direct Line that
opened. Its opening created an extensive railway
network with 14 lines from seven companies,
improving rail travel convenience by reducing travel
times and transfers. The line was constructed
under the implementing agency of Japan Railway
Construction, Transport and Technology Agency
("JRTT”), an incorporated administrative agency,
and opened on March 18, 2023.

We supplied DC traction substations and high-
voltage distribution equipment to two substations:
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Shin-Hazawa Substation near the Hazawa-Yokohama-
Kokudai Station and Shin-Yokohama Substation
near the Shin-Yokohama Station. This article intro-
duces each facility and its specifications.

2 Traction Substation Facilities

The Shin-Hazawa and Shin-Yokohama sub-
stations receive two 66 kV lines from TEPCO Power
Grid, Incorporated (TEPCO Power Grid), which
steps down the voltage to 1180V using a rectifier
transformer and converts it to DC using a silicon
rectifier, feeding 1500 V to the rolling stock.

2.1 66 kV High-Voltage Equipment

The 66 kV high-voltage equipment receives
two 66 kV lines from TEPCO Power Grid and
supplies power to the traction power equipment.

Ratings of the C-GIS

The ratings of the C-GIS supplied to Shin-Hazawa Substation
and Shin-Yokohama Substation are shown.

Item Ratings
e
No. of panels 6 11
Rated voltage 72 kKV
Rated current 1200 A
Rated breaking current 25 kA
Insulating medium Sulfur Hexafluoride (SF¢) gas
Rated breaking time 3 cycles
Standard operation duty  |0-1 min.-CO-3 min.-CO
Operation system Motor-powered spring system
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The equipment employs 72 kV Cubicle-type Gas-
Insulated Switchgear (C-GIS) to reduce the equip-
ment size. Table 1 lists the specifications of the
C-GIS, and Figs. 2 and 3 show its external view.

2.2 Rectifier Transformer

Since the Shin-Hazawa Substation is indoors
and the Shin-Yokohama Substation is underground,
flame-retardant SFs gas was used as the insulating
medium. Table 2 lists the specifications for the rec-
tifier transformer, and Figs. 4 and 5 show its exter-
nal view.

o

C-GIS (Shin-Yokohama Substation)

The external view of the C-GIS is shown. Since this substation is
located underground, a simplified drip-proof roof construction is
adopted.
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Ratings of Rectifier Transformer

The ratings of the rectifier transformer supplied to Shin-Hazawa
Substation and Shin-Yokohama Substation are shown.

Item Ratings
Installation sites | Shin-Hazawa Shin-Yokohama
(Substations) Substation Substation
No. of units 2 3
Rated primary F69-F67.5-R66-F64.5-F63 kV
voltage
Rated secondary 1180V
voltage

Rated capacity 4840/2 X 2500 kVA | 3230/2 X 1670 kVA

No. of phases 3/2 X 3

C-GIS (Shin-Hazawa Substation)

The external view of the C-GIS is shown. For the insulation
medium, an SFe gas is used.

Type SF¢ gas self-cooled type

Type of rating Class D (100% continuous, 150% for 2 hr.,
300% for 1 min.)
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Rectifier Transformer and Silicon Rectifiers
(Shin-Hazawa Substation)

The external view of the rectifier transformer (right side) and sili-
con rectifiers (left side) is shown. The units are connected
through a bus duct.
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Rectifier Transformer and Silicon Rectifiers
(Shin-Yokohama Substation)

The external view of the rectifier transformer (left side) and sili-
con rectifiers (right side) is shown. Similarly as for Shin-Hazawa
Substation, the units are connected through a bus duct.

2.3 Silicon Rectifier

In consideration of environmental friendliness,
the silicon rectifier uses an evaporative self-cooling
(heat-pipe-based) for its heat dissipation. Table 3
lists the specifications for the silicon rectifier, and
Figs. 4 and 5 show its external view.

2.4 DC Circuit Breaker

For the DC High-Speed Circuit Breaker (HSCB)
used to switch the power supplied to trains, a per-
manent-magnet holding type HSCB with an exten-
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Ratings of Silicon Rectifiers

The ratings of silicon rectifiers supplied to Shin-Hazawa
Substation and Shin-Yokohama Substation are shown.

Item Ratings
Installation sites | Shin-Hazawa Shin-Yokohama
(Substations) Substation Substation
No. of units 2 3
Rated output 4500 kW 3000 kW

Rated DC current |1500V

Connection
system

Double 3-phase bridge connection

Cooling system Evaporative cooling self-cooled type

Class D (100% continuous, 150% for 2 hr.,
300% for 1 min.)

Type of rating
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Ratings of DC Feeder Panels

The ratings of DC feeder panels delivered to Shin-Hazawa
Substation and Shin-Yokohama Substation are shown.

Item Ratings
Installation sites | Shin-Hazawa Shin-Yokohama
(Substations) Substation Substation
No. of panels 8 10
Rated voltage DC1500 V
Rated current 4000 A
Rated short-time |50 kA 100 KA
breaking capacity

Standard opera- |0-15 sec.-CO-15 sec.-CO-60 sec.-CO

tion duty

Applicable JIS E 2501-2

Standard
Holding system

Permanent magnet holding system

Closing operation |Electromagnetic closing operation
system
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DC Feeder Panels (Shin-Hazawa Substation)

The external view of DC feeder panels is shown. The ML type
HSCB is adopted.

sive track record of supply was adopted. Table 4
lists the specifications for the DC feeder panel, and
Figs. 6 and 7 show its external view.



DC Feeder Panels (Shin-Yokohama Substation)

The external view of DC feeder panels is shown. Similarly as for
Shin-Hazawa Substation, the ML type HSCB is adopted.
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Ratings of Power Distribution Transformer

The ratings of power distribution transformer supplied to Shin-
Yokohama Substation are shown.

Item Ratings
Installation sites | Shin-Yokohama Substation
(Substations)

No. of units 2

Rated primary F69-F67.5-R66-F64.5-F63 kV
voltage

Rated secondary |6.6 kV

voltage

5000 kVA
No. of phases 3

Rated capacity

Type SFs gas self-cooled totally transportable type

Type of rating Continuous

3 High-Voltage Distribution Equipment

In addition to the traction power equipment, the
Shin-Yokohama Substation also has high-voltage
distribution equipment, which reduces 66 kV AC to
6.6 kV and supplies power to the distribution station
at Shin-Yokohama Station. The insulating medium
for the distribution transformers is flame-retardant
SFs gas, the same as for the rectifier transformers.
The 7.2 kV circuit breakers in the medium-voltage
panel are electromagnetically operated, perma-
nently held vacuum circuit breakers with a small
number of parts, reducing maintenance. Table 5
lists the specifications of the distribution transform-
ers, and Fig. 8 shows their external view.

Distribution Transformers (Shin-Yokohama
Substation)

The external view of distribution transformers is shown. Although
the capacity is 5000 kVA, the totally transportable type is
adopted.
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Ratings of Regenerative Inverters

The ratings of regenerative inverters supplied to Shin-Yokohama
Substation are shown.

Item Ratings
Installation sites | Shin-Yokohama Substation
(Substations)

Rated output 1000 kW

Rated input DC1640V

voltage

Rated output AC2 X 460 V

voltage

Connection 3-phase bridge connection in series
system

Cooling system Forced-air-cooled type

Class S (100% continuous, 500% for 1 min.)

Type of rating

power) during deceleration. The regenerative
inverter converts this electrical energy to 6.6 kV AC
and supplies it to the electrical room as power. The
regenerative inverter consists of an inverter trans-
former and a regenerative inverter. The regenera-
tive inverter employs a Pulse-Width Modulation
(PWM) control method using Insulated Gate Bipolar
Transistor (IGBT) elements. High-speed switching
PWM control produces a smooth sine wave with low
harmonic content, eliminating the need for AC fil-
tering. Furthermore, since self-excited inverters do
not generate circulating current, they reduce stand-
by losses compared to externally excited inverters.
Table 6 lists the specifications of the regenerative
inverter, and Fig. 9 shows its external view.

4 Regenerative Inverter

Modern railway vehicles brake by converting
kinetic energy into electrical energy (regenerative

5 Supervisory Control System

The supervisory control system monitors
equipment status and fault information within the
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Regenerative Inverters (Shin-Yokohama
Substation)

The external view of regenerative inverters is shown. PWM con-
trol method using IGBT elements is adopted.
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Supervisory Control Panels (Shin-Hazawa
Substation)

The external view of supervisory control panels is shown. Mimic
busbars are arranged on the panel surface.

substation, and also interfaces with fault detection,
measurement, and Supervisory Control And Date
Acquisition (SCADA). The supervisory control sys-
tem consists of a supervisory control panel, an aux-
iliary relay panel, a protective relay panel, and
a feeder protection panel. By the request of the

MEIDEN REVIEW Series No.197 2026 No.2

Supervisory Control Panels (Shin-Yokohama
Substation)

The external view of supervisory control panels is shown.
Because there are many high-voltage power receiving equip-
ment (cubicles), the Shin-Hazawa substation has a greater num-
ber of panels.

implementing agency —our customer, the sub-
station single-line configuration is visually repre-
sented on the front panel using a mimic bus, and
operating handles are provided at the positions of
the switching devices. Figs.10 and 11 show the
external view of the supervisory control panel.

6 Postscript

On March 18, 2023, the Hazawa-Yokohama-
Kokudai, Shin-Yokohama, and Hiyoshi sections of
the Sotetsu Shin-Yokohama Line and Tokyu Shin-
Yokohama Line opened. The applicable line of
Sagami Railway and that of Tokyu connected at
Shin-Yokohama Station, completing a wide-area
railway network with seven railway lines.

We hope that the equipment supplied will fully
utilize its functions, contribute to safe railway opera-
tion, and become an important means of transpor-
tation for people.

In closing, we would like to express our
deepest gratitude to the many people involved in
this project like project people of JRTT and rail
operators, etc. as they provided precious guidance
and cooperation during the construction of these
facilities.

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



