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FASTECH360S and FASTECH360Z Shinkansen high-speed test 

trains have sound absorbing panels attached under the floor, to side 

skirts and side beams and to ends of the bogies for the purpose of 

noise reduction at the lower part of the car body.  We confirmed the 

noise reduction effect of sound absorbing panels in two-dimensional 

numerical simulation, tests using scale models, tests using a full size 

model and running tests using a E2-1000 series car train1) 2).  But 

those simulation and model tests modeled only a part of the train 

set and the surrounding environment; and we have not yet verified 

the noise reduction effect at the point 25 m from the track—the 

standard noise measurement point of the Shinkansen—when 

the sound absorbing panels were attached to a whole train set.  

Furthermore, we have not clarified which panels on four different 

locations contributed to noise reduction and to what extent due to 

the limit of the models and simulation model.

Accordingly, in this study, we replaced the sound absorbing panels 

in specified ranges with panels having no noise insulation effect to 

eliminate the noise absorption effect in the area where the panels 

have been replaced, and checked the effect sound absorbing panels 

have on the total noise.  In this way, we verified the attachment 

ranges that are effective.

2.1 Structure of the Sound Absorbing Panel

Fig. 1 shows the structure of the sound absorbing panel, and Fig. 

2 the appearance of the panel.  The surface of the panel is an 

aluminum sandwich-type panel that has a material of honeycomb 

structure between punched metal sheets (1.5 mm diameter X 3.0 t 

= 1 mm).  Perforation gives resonance; and, at the same time, 

the honeycomb structure brings about strength against change of 

horizontal pressure.  Under the surface, the panel has a nylon mesh 

under which sound absorbing foam (phenolic foam) is inserted.

2.2 Attachment Locations 

Fig. 3 shows the locations where the sound absorbing panels are 

attached; specifically, at side beams, side skirts, underfloor covers and 

ends of the bogie.

The height from the rail surface to the upper end of the sound 

absorbing panel on the side beam is 1,300 mm.  The surface area of 

each panel is different due to the difference of the shape of the panels 
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Fig. 1  Structure of Sound Absorbing Panel

Fig. 2  Appearance of Sound Absorbing Panel
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and the equipment attached to each car; but the surface area of the 

panels is approx. 85 m2 on each leading car and approx. 105 m2 on 

middle cars.  The effective noise absorption area is also different for 

the same reason; and the rate of such to the total area up to the upper 

end of the side beam is approx. 55%.  This is because no sound 

insulating material can be installed to the edge of the panel and no 

panels are attached to some parts of the side beam.

 

Performance tests of sound absorbing panels using FASTECH360S 

were carried out from April 13 through June 2, 2006.  In this 

section, we will give a brief explanation of those tests.  We attached 

the panels without sound insulating material shown in Fig. 4 to 

each location in the pattern shown in Table 1 and measured noise.  

We evaluated the performance of the sound absorbing panels, 

comparing the data of each case.  The noise measurement point was 

at 387k750m on the Tohoku Shinkansen.  Fig. 5 shows the overview.  

Since the measurement was done on the side of the outbound line, 

we made no changes of the conditions for the cars related to the 

sound absorbing panels on the opposite side, as those were expected 

to have no impact on the measurement as shown in Fig. 5.  In the 

performance evaluation of the panels, we measured noise at the point 

Side beam

Side skirt

(a) Side beams and side skirts

(b) Underfloor cover

(c) Front and back of bogies

Fig. 3  Locations Where Sound Absorbing Panels are Attached

Fig. 5  Noise Measurement at 387k750m Post
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25 m from the track that is the standard measurement point for 

Shinkansen noise, and took measurement results at the top of the 

sound barrier, near the rails and with a microphone array.

4.1 Measurement Results

Fig. 6 shows the measurement results at the point 25 m from the 

track.  For the purpose of comparing the data of each case, we 

plotted the data excluding the following measurement results that 

greatly affected elements other than the noise to be measured and 

could have impact on the evaluation.

•	 Measurement	 results	 that	were	 affected	by	 other	noise	 sources	

such as that caused by passing trains

•	 Data	on	rainy	days

•	 Measurement	 results	 that	 include	extremely	high	peak	noise	at	

pantographs

Fig. 6 shows a remarkable rise of noise level in Case 3 where no 

sound absorbing panels are attached.  But based on Case 1 where 

sound absorbing panels are attached to all locations, measurement 

results of all other cases except Case 3 were included within the noise 

level of Case 1.

4.2 Speed Adjustment by Power-Law

The range of speed of the data obtained in these tests is 308 to 

319 km/h, but analysis of the difference between cases only based on 

the measurement results gives advantage to cases that include the data 

at lower speed.  Thus, we adjusted individual data to the values at 

320 km/h, using the following formula (1).

4.3 Comparison of Significant Difference between Cases

Based on data adjusted as explained in the above subsection, we 

calculated the significant difference at 95% reliability (a = 0.05) 

at each measurement point of the cases using the variance t of the 

degree of freedom v3) 4) to analyze the difference by the effect and 

installation location of the sound absorbing panels.  Considering 

that we could obtain only a few instances of data in some cases and 

that data differed between cases and that variance affected some 

measurements, we did not take the comparison of average values.  

Instead, we employed comparison of significant difference.

Table 2 Line (1) shows the comparison results.  In that table, w, 

x, y and z are noise absorption effects at side beams, side skirts, end 

of the bogie and the underfloor covers respectively; and we defined 

that positive numbers mean that there is a noise absorption effect.  

By taking two of the five cases and comparing them to each other, 

we can compare the noise absorption effects at a single location or 

combination of locations.  We obtained 10 types of results in total 

and 10 equations for the four variables of w, x, y and z; but those 

cannot determine a unique solution.  Accordingly, we estimated the 

ranges that each variable can fall into as follows, and considered those 

ranges as the effects of the noise insulation panels.

Looking at ① in the table, the significant difference of y (end 

of the bogie) is 0 at the point 25 m from the track, 0 at the top 

of the sound barrier and 0.16 near the rails.  These results can be 

interpreted as meaning that attaching sound absorbing panels to 

the end of the bogie indeed produces some noise absorption effect 

near the rails, but this effect is limited, and that there is no effect 

at the point 25 m from the track.  Also, when comparing ② with 

③ , ④ with ⑤ and ⑦ with ⑧ , we can find that adding sound 

absorbing panels to the end of the bogie (y) has no effect at the point 

25 m from the track because adding those did not increase the noise 

absorption effect in any case.

Assuming y = 0, the results of ⑦ and ⑧ give us the conclusion 

that sound absorbing panels on w (side beams) have no effect either.  

And also, when comparing ② with ⑨ and ④  with ⑩ , we can find 

that adding sound absorbing panels to side beams (w) has no effect 

at the point 25 m from the track because that did not increase the 

absorption effect in any case.  The table shows that installing sound 

absorbing panels to side beams slightly increased noise at the top of 

the sound barrier and near the rails.  This would be because noise at 

the lower part of the car body shifted to be relatively small in Case 5.
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Fig. 6  Noise Measurement Results at 25 m from Track

L pA,V =320 = L pA,V + 10log
320

V

n

V : Velocity (km/h)

n = 5.7351

(Calculated from data of April 13 through June 24, 2006)

L pA,V : Noise level at the velocity V

here

and

are number of data instances and variance 
of each statistic respectively.

and 

Performance Tests of Sound Absorbing 
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sound absorbing panels.

The significant difference between cases in the data of current 

commercial trains is calculated as shown in Table 2 Line (2).  Assuming 

that this significant difference is the daily fluctuation, the result 

in Line (1) minus the result in Line (2) is the solution in Line (3).  

Considering that as the net effect of the sound absorbing panel, the 

evaluation results obtained as in the above subsection are as follows.

On an x - z plane, formulae (3) and (4) are represented in a 

parallelogram as shown in Fig. 10, and the area shaded with diagonal 

lines is the net noise reduction effect of the sound absorbing panel.  

Taking the center of gravity as the representative point, we can 

estimate the net noise reduction effect of the panel at the point 25 m 

from the track as shown in the table on the right side of Fig. 10.  

Specifically, there is no effect at the end of the bogie (y) and on the 

side beams (w), a 0.06 dB effect at the underfloor covers (z), and 

0.81 dB effect at the side skirts (x), for a total of 0.87 dB.

4.5 Comparison with Measurement Results near Rails and 
at Top of the Sound Barrier

Estimating the effect of the sound absorbing panel near the rails and 

at the top of the sound barrier based on the results in Table 2 as was 

done for the point 25 m from the track, the noise reduction effect at 

each location for each measurement point is as shown in Fig. 11.

The results show that the panels at the end of the bogie and on 

the underfloor covers have some effect near the rails but less at 

the top of the sound barrier and almost none at the point 25 m 

from the track.  Panels on the side skirts have more effect near the 

rails than the panels at the end of the bogie and on the underfloor 

covers.  Furthermore, we found that panels on the side skirts have 

considerable noise reduction effect at the top of the sound barrier too 

since they produce a noise absorption effect in the process of multiple 

noise reflection between car bodies and sound barriers.  Thus, they 

have noise absorption effect at the point 25 m from the track.

Assuming y = w = 0 and also evaluating x and z, we can consider 

that 0 ≤ z ≤ 0.25 based on ④ , ⑤ and ⑩ and 0.67 ≤ x + z ≤ 1.16 

based on ② , ③ and ⑨ .  Furthermore, we can consider that 0.42 ≤ 

x ≤ 1.16 based on ⑥ and the above two inequalities.  Consequently, 

we can conclude that x and z—the effects of the sound absorbing 

panels on side skirts and on underfloor covers—fall into the range of 

formula (3).

4.4 Performance Evaluation Considering Effects other than 
from Panels

As explained in the above subsection, we evaluated performance of 

sound absorbing panels based on the significant difference between 

cases shown in the measurement results.  But, also as explained 

before, the data measured in a single period might include daily 

fluctuation.

Fig. 7 through 9 show the time series measurement results of a 

current commercial train (coupled E2 and E3 series) taken on the 

same day as Case 1 through 5, in addition to the measurement results 

of FASTECH360S.  The data of that train is also adjusted to the 

value at 270 km/h using formula (1).  The thick lines in the figures 

are the moving average lines with n = 5, and those indicate the 

fluctuation of the measurement results of that train.

These figures show that the data of the current commercial train 

changes daily; so, tendencies in the data depend on the period that 

they were acquired.  The measurement data of FASTECH360S, 

which includes the difference of the effects of sound absorbing 

panels, would include such daily fluctuation too.  The figures 

indicate tendencies similar to those of current commercial trains.

T h u s ,  we a s s u m e d t h a t  t h e r e i s  d a i l y  d i f f e r e n c e i n 

running conditions for both current commercial trains and 

FASTECH360S, and estimated the difference of the data of each 

case due to the difference of the running conditions based on the 

data of current commercial trains to evaluate net performance of 

(1) FASTECH360S 
measurement results

(2) Current commercial train 
measurement results

(3) Net effect of sound absorbing
panels

Comparison Evaluation 25 m point
Top of 
sound 
barrier

Near rails 25 m point
Top of 
sound 
barrier

Near rails 25 m point
Top of 
sound 
barrier

Near rails

Table 2  Calculation Results of Significant Differences between Cases
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between cars without pantographs) for the wave shape measured with 

the microphone array of each measurement location between Case 

1 where sound absorbing panels are installed to all locations, Case 4 

where the panels are installed to side skirts and the end of the bogie 

and Case 3 where no panels are installed.

The measurement results using a microphone array proves that the 

effect of the panels on the underfloor covers is limited.  Fig. 12 shows 

the level difference of P (pantograph peak level) and Q (peak level 
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Fig. 7  Noise Level near the Rails
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Fig. 8  Noise Level at the Top of the Sound Barrier
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Fig. 9  Noise Level at 25 m from Track

Reduction (dB)Location
w (side beam)
x (side skirt)
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Fig. 10  Noise Reduction Effect at 25 m from Track (at 320 km/h)
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Case 3 where no panels are installed.  As explained above, this is 

because the sound absorbing panels on the side skirts produce a noise 

absorption effect in the process of multiple noise reflection between 

car bodies and sound barriers.

Looking at the noise at the point 25 m from the track in Fig. 9, 

the difference to the level of current commercial trains is significantly 

reduced, even in Case 3 without sound absorbing panels.  This 

can be seen as being mainly because of the noise reduction around 

pantographs; yet the noise at the point 25 m from the track is larger 

than the noise of current commercial trains, while the noise level 

in the cases with sound absorbing panels is lower than the level of 

current commercial trains.  Consequently, we can conclude that 

sound absorbing panels are indispensable to keeping the noise at 320 

km/h at or below the present level.

We replaced sound absorbing panels of FASTECH360 in certain 

ranges with those without noise insulating material, and examined 

the effect to the total noise to verify locations where installation of 

sound absorbing panels is effective.  The information obtained in this 

study is as follows.

(1) Attaching sound absorbing panels to the lower part of the 

car body can reduce noise by approx. 0.9 dB at 320 km/h, 

measured at the point 25 m from the track.

(2) The contribution of the panels on the side skirts is approx. 

0.8 dB and the panels on the underfloor covers approx. 0.1dB.

(3) Attaching sound absorbing panels to the end of the bogie and 

the side beams as well does not improve the noise reduction 

effect measured at the point 25 m from the track.

As the panels on the side beams have no effect, the difference 

between Case 1and Case 4 comes from the panels on the underfloor 

covers.  Fig. 12 show that the noise reduction on each car is larger 

in Case 1 with panels on the underfloor covers than in Case 4.  But, 

as shown by the wave shape measured with the microphone array 

(Fig. 13), the contribution of the noise source of each car is smaller 

than the contribution of the pantograph peak noise and the noise 

sources at the train nose and between cars.  In other words, the noise 

reduction at the point 25 m from the track would be small, even if 

we take some measures on each car.  Based on the evaluation at the 

point 25 m away from the track, we can conclude that the noise 

reduction effect of the panels on the underfloor covers will be around 

0.1 dB at 320 km/h.  These would be the reasons that the noise 

reduction of the panels on the underfloor covers is small compared to 

the noise absorption area.

The measurement results shown in Fig. 7 through 9 clarify 

the following.  As shown in Fig. 7, the noise near the rails of 

FASTECH360S at 320 km/h is larger than the noise of current 

commercial trains at 270 km/h and is larger by approx. 3 dB than 

Case 3 where no sound absorbing panels are installed as with current 

commercial trains.  Calculating difference of noise level according to 

speed using formula (1), the difference obtained is approx. 3.4 dB.  

Therefore, the noise near the rails of FASTECH360S is a slightly 

larger than the noise of current commercial trains.  In other words, 

noise increases as speed increases.  Installing sound absorbing panels 

can decrease noise in every case; yet the noise reduction near the rails 

falls short of the level of current commercial trains.

On the other hand, the diagram of the noise at the top of the 

sound barrier in Fig. 8 shows that sound absorbing panels can lower 

the noise to a level less than current commercial trains, except in 
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Fig. 13  Wave Shape Measured Using Microphone Array
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