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ABSTRACT

Experimantal evaluation of an energy storage device with high rotational speed to store regenerative 
energy which might be generated during the braking period of the trains is presented. The proposed 
ESS is small scale model and has 5kW output power, high rotational speed. In general railway trains 
generate regenerative energy for 10-20 sec when the train brakes and also high traction energy is 
needed for very short moment (10 sec) when the train increases the traction force. Considering such 
characteristics of the railway system energy storage device for the railway should have very fast 
response property. Among the various energy storage devices flywheel energy storage system has the 
fastest response property, which means that flywheel ESS is the most suitable for the railway system.

1) 

1. Introduction

Energy storage device with high rotational 
speed (flywheel energy storage device) is used to 
store excess electrical energy into mechanical 
rotational energy. The stored rotational energy is 
converted into electrical energy to supply that 
energy to the electrical machines etc. when it is 
needed. In order to make energy conversion 
between the electrical and mechanical energy or 
mechanical and electrical energy a power 
conversion device, high speed rotational flywheel 
to store rotational energy, rotational rotor, bearings 
to support the high speed rotational rotor, and 
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housing are needed. 
In general railway trains generate regenerative 

energy for 10-20 sec when the train brakes, on 
the other hand high traction energy is needed for 
very short moment (10 sec) when the train 
increases the traction force. Considering such 
characteristics of the railway system energy 
storage system for the railway should have very 
fast response property. Among the various energy 
storage systems flywheel energy storage system 
has the fastest response property, which means 
that flywheel ESS is the most suitable for the 
railway system.

In this paper the system configuration for the 
flywheel ESS including operational system for the 
energy conversion and the design of small-scale 
flywheel energy storage system (five-degrees-of 
-freedoms) supported by magnetic bearings are 
presented. The effectiveness of the proposed 
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flywheel energy storage system is shown based on 
the high speed rotational test and also the 
applicability of the proposed configurations to the 
railway system is presented by using the energy 
conversion of the flywheel energy storage system 
that indicates the charging of the regenerative 
energy and discharging for the traction force 
based on the load test.

2. System Configuration

Fig. 1 shows the overall system configuration 
that consists of flywheel system, vacuum pump, 
and levitation controller. The flywheel system has 
the flywheel rotor and the housing that rotational 
motor stator, upper, lower, and thrust magnetic 
bearings are to be installed in it. The vacuum 
pump is connected with the housing to make 
vacuum the inside of the hosing, which increase 
the efficiency of the power conversion. The 
levitation controller levitates the rotor and controls 
the vibration of the rotor during the high speed 
rotation. 

Fig. 1. FESS (Flywheel Energy Storage 
System) configuration

3. Analysis of the Rotational Rotor

One of the important issues in the design of 

the flywheel energy storage system is to design 
and to analysis of the rotational rotor. Fig. 2 
shows the shape of the rotational rotor. The 
rotational rotor is composed of the upper and 
lower radial bearing to support the rotor in the 
radial direction, the thrust plate which is used for 
the levitation of the rotor in the horizontal 
direction, the flywheel to store the rotational 
energy, and the PM type motor to make the rotor 
rotate. Fig. 3 shows the FRF(Frequency Response 
Function) test result that has been produced from 
the general natural frequency test using the impact 
hammer. As seen in the figure the first mode is 
at 1,160Hz (69,600rpm).

Fig. 2. Shape of the rotational rotor

Fig. 3. FRF test result
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Fig. 4. Rotational modes analysis
Fig . 4 presents the measured data to analyze 

the relations between the rotational speed and the 
natural mechanical modes that appear in the 
rotational machine when the rotor rotates in high 
speed.  Fig. 4 indicates that the first natural 
frequency appears at 1,050Hz ~ 1,100Hz, and the 
rotational speed in that frequency is 10,000rpm ~ 
12,000rpm that meets the 5th and 6th mechanical 
modes and makes the amplitude of the rotational 
vibration at these modes be increased. Based on 
these analyses the rotational speed is set to 
12,000rpm to avoid the mechanical resonance in 
this paper. The 1st natural frequency in the FRF 
test is 1,160Hz and the 1st natural frequency in 
the rotational mode test is 1,050Hz ~ 1,100Hz. 
The 60Hz frequency difference is considered as 
measuring error.

4. Experimental Results

Fig. 5 shows the run down test results for the 
vacuum pump when the speed of the rotor has 
been increased up to the 3,000[rpm]. In the figure 
the blue line and the green line are for the non- 
vacuum and vacuum, respectively. The blue line 
reaches to zero speed in 178[sec] faster than that 
of the green line, which means the rotor rotates 
longer time in the vacuum. 

Fig. 5. Run down test for the vacuum pump

Fig. 6. Rotational speed test(12,000rpm)

Fig 6 and 7 are the rotational test results at 
12,000[rpm] that show 0.01[mm] vibration 
amplitude, which means that the rotational rotor is 
in very good centering position. Natural frequency 
at 4,400[rpm] (rigid mode) causes the higher 
vibration amplitude. In these figures the red line 
indicates the nominal air gap distance, 0.3[mm]. 
Fig. 8 presents the output power for the different 
load level. In case of 4[W] the output power at 
12,000[rpm] is 3.6[kW] and it is reduced to about 
96[W] at the rotational speed 1,769[rpm]. 
However for the lower load level (6[W] or 
10[W]) than 4[W] the rotational speed to reach to 
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about 96[W] is higher than that of the 4[W] load 
level, which means that higher load can use more 
energy.

Fig. 7. Rotational speed test(12,000rpm)

Fig. 8. Output power for the different load 
level

5. Conclusions

In this paper experimental evaluation for the 
energy storage device with high speed was 
presented. The design and analysis of the 
rotational rotor for the flywheel ESS, and the 
preliminary rotational test results were shown. 

Output power versus different load level tests 
were also performed and indicated that higher 
load can use more energy.

In the future to define the FESS efficiency 
various experimental tests will be performed.
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