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The Environmental Engineering Research Laboratory conducted measurements of driving energy for conventional lines 
in the greater Tokyo area and in provincial regions, Shinkansen lines, and the like in order to study how to reduce driving 
energy consumption.  In that, we found that frequency at which restriction of regenerative braking occurs is high and 
operating energy efficiency is poor in DC sections of provincial regions due to the small number of train runs.  In this 
study, we analyzed the situation of driving energy consumption of Series E129 EMUs equipped with rheostatic brakes 
running in the Niigata area and propose measures for effective use of braking energy. 

2. Measuring Driving Energy

2.1 Series E129 EMU
Fig. 1 shows the composition of the Series E129 EMU propulsion equipment.  The EMU is equipped with 
rheostatic brakes that transmit electricity to brake resistors 
(generation resistance) in addition to regenerative brakes that 
transmit electricity to overhead contact lines.  The equipment 
composition is designed in order that regeneration and return 
of power to overhead contact lines by VVVF inverters happens.  
When overhead contact line voltage is high, the system restricts 
regenerative braking and sends commands on the ratio of power 
transmit to the brake chopper (chopper duty ratio) and converts 
braking energy to heat and consumes that by a brake resistor as 
rheostatic braking.

2.2 Sections where Series E129 EMUs Run 
Series E129 EMUs run on mainly in the Niigata area on the Echigo, Hakushin, Uetsu, Joetsu, Shinetsu, and Yahiko lines.  
They are operated in a variety of sections from flat to mountainous.
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In DC sections of provincial regions, the frequency that restriction of regenerative braking occurs is high due to the small number 
of operations.  Recently, the ratio of electric brake use by Series E129 EMUs introduced in the Niigata area has increased by 
using rheostatic braking, but because rheostatic braking converts electricity to heat energy, there is an energy loss.  Therefore, we 
recorded and analyzed the driving energy consumption situation of the Series E129 EMU and made recommendations on effective 
use of braking energy in a combined regenerative/rheostatic braking vehicle.
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Fig. 1  Series E129 Regenerative Braking and Rheostatic Braking
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2.3 Measuring Driving Energy 
Series E129 EMUs are operated in two- and four-car train sets.  To measure energy, onboard monitoring devices were 
connected to data recorders on each of those train sets.  Subsystems for which energy is measured were main circuits, 
auxiliary circuits, and the like, all of which were related to rolling stock driving energy.

2.4 Measurement Details and Overview of Modifications
Series E129 EMUs were equipped with monitoring devices to record information on individual parts of the rolling stock.  
This time, in order to improve measurement accuracy, data recorders were installed.  Data of monitoring devices shows 
main circuit voltage and current data in more detail was recorded over a long period of time of approx. 1 year.  Main 
items measured were “powered running and regenerative power”, “auxiliary machine power”, “overhead contact line 
voltage”, “rheostatic braking power”, and “traffic control command, passenger occupancy rate, speed, running location, 
etc.”.  Recorders handle automatic startup and shutdown in accordance with pantograph rising and lowering.  Data for 
at least the past month (approx. 750 hours worth) is recorded and saved to a CFast card.  Software for devices such as 
monitoring devices, main circuit devices, and auxiliary power supplies was updated to enable measurement data to be 
sent to recording devices. 

3. Measurement Results

3.1 Driving Energy
Table 1 shows results of driving energy measured for each line calculated as average per distance per car.
(1) Powered running energy
The largest values on the six lines were seen on the inbound Joetsu Line.  This is because there are sections of continuous 
upward gradients, resulting in more power consumed for powered running than other sections. 
(2) Regenerative energy and rheostatic braking energy 
Hakushin Line had the most regenerative power and least generation of the six lines.  That is because many trains 
run near Niigata Station and regeneration to overhead 
contact lines can be done easily.  The sum of regenerative 
power and rheostatic braking power is largest on the 
Joetsu Line, particularly in the outbound direction, as 
shown in Fig. 2.  This is because in downward gradients 
regenerative power is generated for a long period of 
time by using holding braking.  Regenerative power is 
small and rheostatic braking power is largest in both the 
inbound and outbound directions on the Uetsu Line, as 
shown in Fig. 3.  This is because overhead contact line 
voltage is constantly high on the Uetsu Line, meaning 
regeneration to overhead contact lines is difficult and 
rheostatic braking is frequently used.

Table 1  Power per Interval Between Stations

Line Outbound/
Inbound

Power consumption rate (kWH/car/km)

Powered running Regeneration Rheostatic braking

(A) Uetsu Line
       (Niigata - Murakami)

Outbound 1.250 0.177 0.263

Inbound 1.406 0.201 0.317

(B) Joetsu Line
       (Minakami - Nagaoka)

Outbound 1.041 0.455 0.187

Inbound 1.818 0.259 0.110

(C) Echigo Line
       (Kashiwazaki - Niigata)

Outbound 1.348 0.454 0.137

Inbound 1.480 0.480 0.160

(D) Hakushin Line
       (Niigaga - Shibata)

Outbound 1.446 0.487 0.108

Inbound 1.419 0.500 0.094

(E) Shinetsu Line
       (Naoetsu - Niigata)

Outbound 1.401 0.410 0.155

Inbound 1.449 0.379 0.189

(F) Yahiko Line
       (Yahiko - Higashisanjo)

Outbound 1.109 0.311 0.102

Inbound 1.170 0.388 0.101
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Fig. 3  Overhead Contact Line Voltage and Occurrence of 
Regenerative/Rheostatic Braking (Uetsu Line, Outbound)
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Fig. 2  Overhead Contact Line Voltage and Occurrence of 
Regenerative/Rheostatic Braking (Joetsu Line, Outbound)
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3.2 Difference in Power Depending on Use of Snowproof Brakes
Mechanical snowproof brakes are frequently used on the Joetsu Line.  We thus compared average power when using and 
not using snowproof brakes on trains with the same train number in a one-station section on the Joestu Line (between 
Iwappara Skiing Ground and Echigo-Yuzawa stations).  The results are shown in Table 2, demonstrating that the amount 
of power generated is lower when using snowproof brakes.  This is thought that power generated is reduced because 
braking force is supplemented by mechanical brakes.

3.3 Auxiliary Power
Fig. 4 shows the relationship between outside air temperature 
and auxiliary power from analysis of the data of all lines.  
Auxiliary power increased as temperature both increased and 
decreased from a boundary of around 20 ºC.  This is caused by 
air conditioning making up a large percentage of auxiliary power 
consumption.

4. Measures for Effective Use of Braking Energy

4.1 Effective use of Rheostatic Braking Power
Currently, rheostatic braking power is emitted as heat via brake 
resistors.  An energy-conserving effect can be expected by storing 
that energy and using as power for powered running the next 
time and other uses.  We therefore studied installing storage 
batteries for storing energy that would otherwise be consumed 
by brake resistors.  Fig. 5 shows an image of the situation with 
storage batteries installed.

4.2 Application to Storage Batteries
(1) Concept of storage battery capacity 
Installation of storage batteries to the Series E129 was presumed under the following conditions. 
· Apply rheostatic braking power absorbed in the previous section to powered running in the next section. 
· Capacity of storage batteries required for absorbing shall be the amount of rheostatic braking power.

Fig. 5  Image of when Storage Battery Installed

Fig. 4  Auxiliary Power at Specific Outside Air Temperatures 
(Intervals Between Stations on All Lines)
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Table 2  Comparison of Power when Using/Not Using Snowproof Brakes (Joetsu Line)

Powered running Regeneration Rheostatic braking Consumption

Without snowproof brakes 1.758 3.340 1.158 -1.582

With snowproof brakes 2.180 3.448 0.173 -1.268

Line Rheostatic braking power 
[kW] Line Rheostatic braking power 

[kW]

(A) Uetsu Line 639(86.5) (D) Hakushin Line 538(77.0)

(B) Joetsu Line  506(73.5) (E) Shinetsu Line 497(72.5)

(C) Echigo Line  465(69.0) (F) Yahiko Line 344(54.5)

(   )Chopper duty ratio in parentheses: %

Table 3  Ratio of Rheostatic Braking Power Covered by Limiting Duty Ratio and Amount of CO2 Reduced
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When presuming under those conditions, there are both cases where the absorbed rheostatic braking power can 
and cannot be fully consumed by powered running in the next section.  Cases where power cannot be fully consumed 
are sections where long downward gradients continue and the amount of rheostatic braking power is greater than the 
amount used for powered running.  With the Series E129, storage battery composition needs to be studied to satisfy 
those conditions. 
(2)Concept of storage battery output
As covered in 3.1, the amount of rheostatic braking power tends to be large on the Uetsu Line, so a composition where 
storage battery is compatible with large input and output also needs to be studied.  Table 3 shows rheostatic braking 
power in intervals between stations. 

4.3 Concept of Limiting Chopper Duty Ratio
There are concerns that, in order to completely supplement current brake output, the storage batteries would need to 
be larger and much heavier.  Fig. 6 shows in what range of chopper duty ratio the rheostatic braking power is most 
distributed.  It is not used to the upper limit of chopper duty ratio, and approx. 99% is used at 70% or less of the 
chopper duty ratio.  We thus studied probability of achieving energy-conserving effects while increasing possibility of 
installation by arbitrarily limiting duty ratio.  The values shown in Table 4 indicate to what extent rheostatic braking 
power currently used can be covered.  We found that even if limiting duty ratio to 50%, 93% of total rheostatic braking 
power can be covered.  Additionally, up to 1,416 tons of CO2 is expected to be reduced by deploying storage batteries 
to all Series E129 EMUs.  

4.4 Future Studies
Into the future, we will select storage batteries that can tolerate the capacity and output where the amount of rheostatic 
braking power mentioned in 4.3 can be absorbed and study the composition of that. 

5. Conclusion

This time, we analyzed running energy for Series E129 EMUs running in the Niigata area equipped with rheostatic brakes 
and studied the energy-conserving effect when brake resistors are changed to storage batteries.  As storage batteries are 
used much at a chopper duty ratio of about 30%, limiting chopper ratio may enable lowering input and output power 
and configuration with small-capacity storage batteries.  Into the future, we intend to select relatively low-price and high-
performance storage batteries and perform evaluations and the like on the scale appropriate for equipping to rolling stock.

Table 4  Ratio of Rheostatic Braking Power Covered by Limiting Duty Ratio and Amount of CO2 Reduced

Item
Chopper duty ratio

0 - 30 % 0 - 40 % 0 - 50 % 0 - 60 % 0 - 70 %

Per range of duty ratio   Cumulative for all lines (%) 53.5 79.1 93.8 98.8 99.8

Per range of duty ratio   Cumulative for all lines (kWh) 18218 26947 33640 33640 33985

Converted to CO2 reduction (per train set (two cars)) 10.1t 14.9t 17.7t 18.6t 18.8t

Converted to CO2 reduction (all 160 cars) 808t 1192t 1416t 1488t 1504t

Shinetsu Line 

Joetsu Line  

Echigo Line

Uetsu Line Shinetsu Line total
Joetsu Line total
Echigo Line total
Uetsu Line total
Hakushin Line total
Cumulative ratio

Hakushin Line

Cumulative ratio

Duty ratio 50 %

Duty ratio 70 %

Upper
limit

Fig. 6  Output per Chopper Duty Ratio and Estimated Rheostatic Braking Power (all lines)


