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1 Preface

Transportation Bureau, City of Nagoya com-
menced subway operations in 1957 and currently 
operates six lines with a total route length of 93.3 km.

In response to the aging of substation facilities 
supplying electric power, the Bureau has been plan-
ning the phased renewal of its substation equip-
ment. As part of this program, our company carried 
out the renewal work of the Tempaku Substation. 
This paper introduces the substation equipment 
supplied for the renewal of the Tempaku Substation.

2 Equipment Overview

Fig. 1 shows a simplified single-line wiring dia-
gram.

The main equipment supplied by our company 
is as follows:
(1) Supervisory control and protection panel 
(2) High-voltage incoming power equipment
(3) Rectifier equipment
(4) DC traction power supply equipment
(5) High-voltage distribution switchgear
(6) Regenerative power conversion equipment

3 Supervisory Control and Protection 
Panel

Fig. 2 shows the supervisory control and pro-
tection panel. The supervisory control and protec-
tion panel is a control panel that performs condition 
monitoring of substation equipment, control of 
apparatus, measurement, and protection. In addi-
tion, it serves as an interface relay between the sub-
station and the remote supervisory control system 
that monitors all substations.

4 High-Voltage Incoming Power 
Equipment

Fig. 3 shows an 84 kV Gas-Insulated Switchgear 
(GIS). This equipment receives power from the elec-
tric power company at 77 kV and supplies it to the 
rectifier transformers and the auxiliary transformers.

The main specifications are as follows:
(1) Rated voltage: 84 kV
(2) Rated current: 800 A
(3) Rated short-time current: 25 kA
(4) Insulating medium: SF6 gas
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5 Rectifier Equipment

The rectifier equipment converts an AC 77 kV 
power supply to DC 1.5 kV. The rectifier transformer 
is cooled by mineral oil and installed indoors. In 
consideration of environmental impact, the rectifier 
is equipped with a heat-pipe self-cooling system for 
heat dissipation. To reduce installation space, the 
connection between the rectifier and the rectifier 
transformer is made using a bus duct. Fig. 4 shows 
an external view of the silicon rectifier. The main 
specifications of the equipment are as follows.
(1) Rectifier Transformer

(a) Primary Rated Capacity: 4310 kVA
(b) Secondary Rated Capacity: 2× 2230 kVA
(c) Rated Primary Voltage: 77 kV
(d) Rated Secondary Voltage: 2×1.18 kV
(e) Cooling Method: Oil-Immersed Self-Cooling
( f ) Rating Type: Class D (100% Continuous, 
150% for 2 hours, 300% for 1 minute)

(2) Silicon Rectifier
(a) Rated Capacity: 4000 kW
(b) Rated DC Voltage: DC 1.5 kV
(c) DC Voltage Regulation: 6% 
(d) Cooling Method: Heat Pipe Self-Cooling 
(e) Connections: Double 3-Phase Bridge Connec-
tion 
( f ) Rating Type: Class D (100% Continuous, 
150% for 2 hours, 300% for 1 minute)

Fig. 2 shows the supervisory control and protection panel. The 
configuration allows monitoring of the equipment operating sta-
tus at the Tempaku Substation, as well as monitoring of equip-
ment fault and measurement conditions, on a single panel.

Fig. 2 Supervisory Control and Protection Panel

This shows the 84 kV GIS. To avoid the building columns, gas 
ducts are installed around the column areas, thereby securing 
sufficient space for maintenance.

Fig. 3 84 kV GIS

This shows a silicon rectifier. A monitoring window allows the 
status of capacitors and other components to be checked with-
out opening the door.

Fig. 4 Silicon Rectifier
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6 DC Traction Power Supply Equipment

Fig. 5 shows the DC traction power supply 
equipment. This equipment supplies DC 1.5 kV, 
converted by the rectifier, to railway vehicles. The 
switching devices consist of a DC High-Speed 
Circuit Breaker (HSCB) and disconnectors, which 
are housed within the switchgear panels.

The main specifications of the circuit breaker 
installed in the DC traction power supply equipment 
are as follows:
(1) Rated voltage: 1800 V
(2) Rated current: 4000 A
(3) Rated breaking capacity: 100 kA

7 High-Voltage Distribution Switchgear

Fig. 6 shows the high-voltage distribution 
switchgear. This equipment steps down AC 77 kV to 
AC 6.6 kV and supplies electric power to each elec-
trical room. 

The same type of circuit breaker is also adopt-
ed at other substations, which contributes to high 
maintainability. The main specifications of the cir-

cuit breaker installed in the high-voltage distribution 
switchgear are as follows:
(1) Rated voltage: 7.2 kV
(2) Rated current: 600 A

8 Regenerative Power Inverter 
Equipment

Fig. 7 shows the regenerative power inverter 
equipment. This equipment effectively utilizes sur-
plus regenerative power by supplying AC 6.6 kV 
converted from regenerative DC power that cannot 
be consumed by railway vehicles.

The main specifications of the regenerative 
power inverter equipment are as follows.
(1) Regenerative Inverter

(a) Rated Capacity: 1000 kW
(b) Rated Voltage: DC 1.64 kV
(c) Rated Current: 610 A
(d) Cooling Method: Forced-air cooling
(e) Rating Type: Class S (100% continuous, 500% 
for 1 minute)

(2) Regenerative Inverter Transformer
(a) Rated Capacity: 1000 kVA
(b) Rated Primary Voltage: 2×460 V
(c) Rated Secondary Voltage: 6.6 kV

This shows the DC traction power supply equipment. The equip-
ment is designed so that the high-speed DC HSCB can be with-
drawn without the use of rails.

Fig. 5 DC Traction Power Supply Equipment

This shows the high-voltage distribution switchgear. By accom-
modating two feeder directions on a single panel, a space- 
saving configuration has been achieved.

Fig. 6 High-Voltage Distribution Switchgear
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(d) Cooling Method: Oil-Immersed Self-cooling
(e) Rating Type: Class S (100% continuous, 500% 
for 1 minute)

9 Postscript

This project was extremely challenging, as it 
involved the renewal of a substation originally man-
ufactured by another company while reusing the 
existing building. Beginning with the changeover of 
the supervisory control and protection panel, the 
renewal work was successfully completed in 
February 2023 through a total of ten carefully 
planned steps, and a stable power supply has been 
maintained since then.

In closing, we would like to express our sincere 
gratitude to all project-related people who gave us 
kind guidance and cooperation in the manufacture 
and renewal work of this project.

・ All product and company names mentioned in this paper are 

the trademarks and/or service marks of their respective owners.

This shows a regenerative power inverter equipment.

Fig. 7 Regenerative Power Inverter Equipment


