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ABSTRACT:

In this paper ride comfort of Indian road and rail vehicle is evaluated using 1SO 2631-1 comfort specifications. A three
wheel vehicle, light four wheel vehicle and general sleeper ICF coach of Indian railway have been evaluated on the
basis of 1 hr, 2.5 hrs, 4 hrs and 8 hrs ISO 2631 comfort specifications in seated position as these are the normal
duration for passengers. An insight to comfortable ride duration for these vehicles is presented in this paper.
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1. Introduction

In different countries, a variety of standards or criteria
are used to evaluate the ride comfort of rail and road
vehicles because it is extremely difficult to establish a
single universally applicable international standard for
the ride comfort. In this paper, the long-term ride
comfort of rail and road vehicles is evaluated using 1SO
2631-1 criteria [12]. ISO 2631, which is proposed and
revised by the International Organization for
Standardization (ISO), has been initiated to evaluate
human exposure to whole-body vibration which specifies
a RMS based method of evaluation. As per 1SO 2631
specifications, the human body is sensitive to shocks and
vibrations are different in various frequency range.
Therefore different frequency weighting factors are
multiplied in RMS acceleration value at each frequency
from 0.1 to 100 Hz. These frequency weighting factors
are dominant in the frequency range of around 2 to 20
Hz because of human body sensitivity in this frequency
range. The overall weighted RMS acceleration is
determined in the wvertical and lateral direction
independently.

In this study, the ride comfort of the roadway
vehicles i.e. three wheel vehicle & light four wheel
vehicle and general sleeper ICF coach of Indian railway
have been evaluated on the basis of 1 hr, 2.5 hrs, 4 hrs
and 8 hrs 1ISO 2631 comfort specifications in seated
position as these are the normal duration for passengers.
All the vehicles have been modelled to move on the
straight track with the speed 80 km/hr (rail), 40 km/hr
(three wheeler) and 60 km/hr (four wheeler). In this
study, the ride comfort is evaluated by utilising the
coupled vertical-lateral model of these vehicles which is
formulated using Lagrangian dynamics. In the past
coupled vertical-lateral rail and road vehicles have been
formulated using Lagrangian dynamics by different

researchers [6-11]. However ride comfort evaluation is
not carried by all the researchers. In the past, the author
has carried out ride comfort, stability and sensitivity
analysis of general sleeper/Rajdhani coach i.e. rail
vehicle [1-5] and present study is extended to road
vehicles.

2. 1SO 2631-1 ride comfort criteria

In brief, as per I1ISO 2631-1 [12], it is specified that
weightings factors are applicable in vertical and lateral
directions for seating, standing and recumbent
passengers. 1SO 2631-1 considers RMS acceleration as
the basic measure of vibration evaluation and ride
comfort may be evaluated through overall frequency
weighted RMS acceleration using,

By :\/Z(Wf ai)z 1)

Where W, and a; are the frequency weighting factor

and RMS acceleration in the f™ octave frequency band.

Guidelines on applicable frequency weightings for
comfort as per 1SO 2631-1 criteria are given in Table 1.
Sensitivity of these weightings for different frequencies
are shown in Fig. 1 and basicentric axes of the human
body is shown in Fig. 2. The overall frequency weighted
RMS acceleration value is calculated in both vertical and
lateral directions and combined overall frequency
weighted RMS acceleration a is obtained using,

a:\/kx(aw)i+ky(aw)§+kz(aw)f 2)

Where k,, k, and k, are the multiplying factors in

longitudinal, lateral and vertical direction respectively.
Their values as per ISO 2631-1 are 1.4, 1.4 and 1
respectively. The ride comfort index of rail and road
vehicles is evaluated as per Table 2.
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Table 1: Guidelines to application of frequency weightings with
different positions of passengers

Frequency

A Comfort
weighting
Z - axis, seat surface

Z - axis, standing vertical recumbent (except

Wi
head)
X -, Y -, Z - axis, feet (sitting)
X -, Yy - axis, seat surface
Wy X -, Yy - axis, standing horizontal recumbent
y -, Z - axis, seat-back

W, X - axis, seat-back
W, I, Ty=, I~ axis, seat surface
W, Vertical recumbent (head)
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Fig. 1: Sensitivity of frequency weightings with frequency
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Fig. 2: Basicentric axes of the human body [13]

Table 2: Ride comfort of rail and road vehicle

Reaction
Not comfortable
A little uncomfortable
Fairly uncomfortable
Uncomfortable
Very uncomfortable
Extremely uncomfortable

Vibration
Less than 0.315m/s?
0.315m/s? to 0.63m/s>
0.5m/s? to 1m/s?
0.8m/s? to 1.6m/s?
1.25m/s? to 2.5m/s?
Greater than 2m/s?

3. Ride comfort of rail vehicle

The weighted RMS accelerations of loaded car body
were obtained by mathematical modeling in vertical and
lateral directions. The rail vehicle is considered to be
moving at a constant speed of 80 km/hr on a straight
track. Since the ride comfort of rail vehicle is evaluated
for sitting passengers who normally travel for short
journeys. It will be sufficient for the purpose of ride
comfort, to consider ISO fatigue decreased proficiency
(FDP) boundary from 1 to 8 hrs duration only as this is
normally the maximum duration of travel time in a
seated posture. With the existing suspension parameters,
the overall weighted vertical and lateral RMS
accelerations for the frequency range from 1 to 80 Hz are
1.94 m/s’> and 1.1 m/s® respectively. The result of
weighted vertical RMS acceleration response (Fig. 3)
indicates that the response of loaded GS coach lies well
within the 1S0-2631 comfort criteria except for
frequency range from 4 to 18 Hz for 8 hrs comfort.
Vertical ride lies in discomfort for frequency range from
5 to 11.5 Hz for 4 hrs comfort and from 8.5 to 10 Hz for
2.5 hrs comfort. Vertical ride is well within the comfort
range for 1 hr comfort.
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Fig. 3: Weighted vertical RMS acceleration of loaded GS coach

The result of weighted lateral RMS acceleration
response (Fig. 4) indicates that the response of loaded
GS coach lies well within the ISO comfort criteria
except for frequency at nearly 4 Hz for 4 hrs comfort,
where the peak value is obtained. After 8 hrs, lateral ride
becomes discomfort for frequency range from nearly
3.95 to 4.05 Hz. Lateral RMS acceleration value just
reaches the 2.5 hrs comfort boundary at nearly 4 Hz and
well within the comfort boundary for 1 hr comfort.
Therefore it may be concluded on the basis of present
analysis that for Indian railway GS coach discomfort
frequency range lies from 4 to 115 Hz and
improvements in the suspension design are required for 4
hrs comfort. The ride is comfortable for 1 hr ride for all
frequency range as per 1SO-2631 comfort criteria.
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Fig. 4: Weighted lateral RMS acceleration of loaded GS coach
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4. Ride comfort of three wheel vehicle

The weighted RMS accelerations of sprung mass of three
wheel vehicle were obtained by mathematical modeling
in vertical and lateral directions. The wvehicle is
considered to be moving at a constant speed of 40 km/hr
on a straight track. The overall weighted vertical and
lateral RMS accelerations of the three wheel vehicle for
the frequency range from 1 to 80 Hz obtained from the
present analysis are 2.63 m/s? and 0.81 m/s respectively.
The result of weighted vertical RMS acceleration
response (Fig. 5) indicates that the response of three
wheeler lies well within the 1SO-2631 comfort criteria
except for frequency range from 1.8 to 7 Hz and from 8
to 9 Hz for 8 hrs comfort. Vertical ride lies in discomfort
for frequency range from 2 to 6.9 Hz for 4 hrs comfort
and from 2.2 to 6.7 Hz for 2.5 hrs comfort. Vertical ride
is well within the comfort range for 1 hr comfort except
for frequency range from 2.5 to 4.1 Hz and 5.5 to 6.1 Hz.
The result of weighted lateral RMS acceleration
response (Fig. 6) indicates that the response of three
wheeler lies well within the ISO comfort criteria except
for frequency at nearly from 2.5 to 4.1 Hz for 8 hrs
comfort, from 2.8 to 3.1 Hz for 4 hrs comfort. For 2.5
hrs and 1 hr lateral ride lies in comfort range. Therefore
it may be concluded on the basis of present analysis that
the lateral ride of three wheel vehicle is comfortable in
all frequency range up to 2.5 hrs travel.

10 3

10 2.5 hrs._

-

1SO 8 hrs.

RMS acceleration m/s*
.
Y

frequency in Hz
Fig. 5: Weighted vertical RMS acceleration of three wheeler
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Fig. 6: Weighted lateral RMS acceleration of three wheeler

5. Ride comfort of light four wheel vehicle

The weighted RMS accelerations of sprung mass of four
wheel vehicle obtained by mathematical modeling in
vertical and lateral directions are shown in Fig. 7 and
Fig. 8 respectively. The vehicle is considered to be
moving at a constant speed of 60 km/hr on a straight
track. The overall weighted vertical and lateral RMS
accelerations of the four wheel vehicle for the frequency
range from 1 to 80 Hz obtained from the present analysis
are 2.33 m/s* and 0.61 m/s® respectively. The result of

weighted vertical RMS acceleration response (Fig. 7)
indicates that the response of light four wheeler lies well
within the 1S0-2631 comfort criteria except for
frequency range from 1.5 to 10 Hz for 8 hrs comfort.
Vertical ride lies in discomfort for frequency range from
1.8 to 7.1 Hz for 4 hrs comfort and from 1.85 to 6 Hz for
2.5 hrs comfort. Vertical ride is well within the comfort
range for 1 hr ride except for frequency range from 1.9
to 25 Hz. The result of weighted lateral RMS
acceleration response (Fig. 8) indicates that the response
of light four wheeler lies well within the ISO comfort
criteria except for frequency from 2.9 to 3.1 Hz for 4 hrs
comfort and from 2.75 to 3.25 Hz for 8 hrs comfort. For
1 hrs and 2.5 hrs rides, lateral acceleration lies in the
comfort range. Therefore it may be concluded that the
lateral ride of four wheel vehicle is comfortable in all
frequency range up to 2.5 hrs.
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Fig. 7: Weighted vertical RMS acceleration of light four wheeler
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Fig. 8: Weighted lateral RMS acceleration of light four wheeler

6. Results

The overall weighted vertical and lateral RMS
accelerations a of the rail vehicle for the frequency range
from 1 to 80 Hz obtained from the present analysis are
1.94 m/s* and 1.1 m/s® respectively. All the vehicles
analysed in present analysis are considered to move at
constant speed therefore longitudinal ride is not
investigated. The ride comfort index obtained for the rail
vehicle is 2.336 which indicate the ride is in ‘extremely
uncomfortable’ range as per 1SO 2631-1 criteria. The
three wheeler’s overall weighted vertical and lateral
RMS accelerations as obtained from the present analysis
are 2.63 m/s?> and 0.81 m/s® respectively. The ride
comfort index obtained for the three wheeler is 2.8
which indicates that the ride is in ‘extremely
uncomfortable’ range as per ISO 2631-1 criteria. The
four wheeler’s overall weighted vertical and lateral RMS
accelerations obtained from the present analysis is 2.33
m/s? and 0.61 m/s’ respectively. The ride comfort index
obtained for the four wheeler is 2.44 which indicate the
ride is in ‘extremely uncomfortable’ range.
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7. Conclusions

The ride comfort index of the rail and road vehicles
considered in the present analysis lies in ‘extremely
uncomfortable’ range. The rail vehicle ride is
comfortable upto 2.5 hrs travel in seating position as
comfort boundaries are just crossing weighted vertical
RMS acceleration values for this duration. The peak
weighted lateral RMS acceleration value is attained at a
sharp frequency of 4 Hz therefore lateral ride is not
critical as compared to vertical ride. The three wheeler
ride is comfortable within 1 hr travel in seating position
as comfort boundaries are crossing weighted vertical
RMS acceleration values for 1 hr for considerable
frequency range for this duration of travel. The light four
wheeler is comfortable up to 1 hr travel in seating
position as comfort boundaries are crossing weighted
vertical RMS acceleration values for 2.5 hrs for wider
frequency range as compared to 1 hr duration. In this
case, the vertical ride is critical whilst the lateral ride is
comfortable for 2.5 hrs travel.
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