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Measurement of Seat Vibration Using 
a Shaking Table3

Seats received a variety of forced oscillation in running tests, so the 
results do not necessarily represent the vibration characteristics of 
the seat itself.  We thus carried out seat vibration measurement 
using a shaking table to identify the vibration characteristics of 
the seat itself.  The input acceleration PSD of the table surface 

Seats are the train equipment closest to passengers.  As passengers 
come into direct contact with seats, those play an important role 
in efforts to provide service.  For rolling stock seats, comfort is 
required in terms of vibration when running on top of improving 
the comfort of the seats themselves1).  We found in running tests 
using the FASTECH360S Shinkansen high-speed test train 
that high-speed running caused high-frequency vibration to 
occur on the car floor and be transmitted to the seats.  Such 
transmission adversely affects seat comfort.  In order to study 
methods of designing seats that control uncomfortable vibration, 
we measured seat vibration in high-speed running tests and in 
oscillation tests using a shaking table, built a seat dynamic model 
and conducted numerical simulation on the model.

Measurement of Seat Vibration in 
High-speed Running2

In order to identify vibration characteristics of the seats in high 
speed running, we measured vibration acceleration of a seat 
(vacant) in FASTECH360S running tests (at 320 km/h).  The 
accelation measurement points are shown in Fig. 1.  Fig. 2 shows 
some of the measured items: power spectrum density (hereinafter 
“acceleration PSD”) of floor back-and-forth vibration (fx), 
of floor vertical vibration (fz) and of backrest out-of-plane 
vibration (hx).  The measurements demonstrated that the peak 
frequency of the acceleration PSD of the backrest was around  
7 Hz, 11 Hz, 25 Hz and 32 Hz.  The peak frequency around  
32 Hz is the vibration caused by the wheel imbalance vibration2).
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In running tests using the FASTECH360S Shinkansen high-speed test train, we encountered a phenomenon where high-speed 
running caused high-frequency vibration to occur on the car floor and be transmitted to the seats.  Such transmission affects ride 
comfort for passengers when seated.  We thus measured seat vibration in high speed running tests and in oscillation tests using 
a shaking table to identify the vibration characteristics of the seat.  Those tests clarified that back-and-forth vibration of backrest 
notable in running tests was due to natural vibration of the seat excited by floor vibration caused by wheel imbalance.  Furthermore, 
we built a dynamic model of a seat to study methods of designing seats that control uncomfortable vibration.  Using this model, we 
were able to reproduce seat vibration by numerical simulation.
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Fig. 2  High-speed Running Test Measurement Results (320 km/h)
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Fig. 1  Vibration Acceleration Measurement Points for a Seat
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vibration where the backrest vibrates back and forth and torsional 
vibration where the backrest vibrates while twisting.  Fig. 5 
compares back-and-forth translation vibration and torsional 
vibration for the results of measurement using the shaking table 
and results of simulation using the dynamic model.  The figure 
shows that the peak acceleration frequencies of both were almost 
equal, thus we can say that the seat model reasonably reproduces 
actual seat vibration.

Conclusion5
We have been able to identify vibration characteristics of the 
seat by measuring vibration in high-speed running tests and the 
oscillation tests using a shaking table.  We have also built a seat 
dynamic model and verified the adequacy of the model.  Using 
the dynamic model, we will further study methods of designing 
seats to control uncomfortable vibration.

was set to a uniformed random wave approx. 10-3 (m/s2) 2/Hz, 
and oscillation was made along the back-and-forth, lateral and 
vertical axes.  The measurement points were the same as in running 
tests.  Fig. 3 shows the acceleration PSD of floor back-and-forth 
vibration (fx), of floor vertical vibration (fz) and of backrest out-
of-plane vibration (hx).  The measurements demonstrated that 
the peak frequency of the acceleration PSD of the backrest was 
around 13 Hz and 34 Hz.

Those measurement results revealed that the back-and-forth 
vibration of the backrest around 32 Hz notable in running tests 
was caused by natural vibration of the seat itself around 34 Hz.  
That natural vibration was excited by floor vibration due to the 
wheel imbalance as the input.

Numerical Simulation4
4.1 Dynamic Model of a Seat
To reproduce seat vibration, we investigated a dynamic model 
of a seat that included the backrest and seat base.  We developed 
a nine-degree-of-freedom seat model by modeling the backrest 
with two rigid inverted pendulums, rotational springs and 
dampers and the seat base with a mass, springs and dampers.  
The model is shown in Fig. 4.  We located rotational springs 
that generate resilience according to the rotation angle (ktr, ktl, 
krl) and dampers (ctr, ctl, crl) to the hinge connecting the inverted 
pendulums and the seat base and between right and left inverted 
pendulums.  Between the seat base and the floor, we located four 
springs and dampers in the vertical direction (kzl, kz2, kz3, kz4 and 
cz1, cz2, cz3, cz4), two springs in the back-and-forth direction (kz1 
and kx2) and two dampers (cx1 and cx2).  This seat model outputs 
backrest out-of-plane vibration and seat base back-and-forth, 
vertical, pitching, rolling and yawing acceleration when input is 
floor surface back-and-forth and vertical acceleration.  θ0 is the 
initial angular displacement of the backrest and θr and θ1 are 
reclining angular displacement.

4.2 Numerical Simulation
Vibration measurement up to this point has clarified that the 
vibration of the backrest included back-and-forth translation 
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Fig. 5  Comparison of Shaking Table Test Results 
and the Simulation Results

Fig. 3  Shaking Table Test Measurement Results

Fig. 4  Dynamic Model of a Seat


