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Notations and abbreviations

Notation Explanation Unit
a
ay

B(f)
Cc
D1
D2
D3

f

h

L
l
Q
R
Rxy
S Y
s
v
Y
Y/Q
yp

zp

rl
rr
y
eq

Y S



Abbreviation Explanation
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1 Introduction



Introduction
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2 Literature study

y z
alignment longitudinal level

z vertical
longitudinal level y lateral
irregularities z vertical irregularities

2.1 National and international standards

2.1.1 EN13848 1

Figure 2 1 Track geometry definitions. 1: running direction, 2: running surface and 3: coordinate
system [1].
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Track gauge

G
P zp

zp

Figure 2 2 Track gauge definition. Track gauge G for new rails (top) and worn rails (bottom), where
1 is the running surface [1].
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Vertical (Longitudinal level)

zp’ z

D1 D2
D3 D1

Figure 2 3 Vertical deviation definition. Vertical deviations zp’ for each rail with 1: running table
and 2: reference line [1].

Cross level (Cant)

h ht
heq hd he
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Figure 2 4 Cross level definition. 1: cross level, 2: running surface, 3: horizontal reference plane and
4: hypotenuse [1].

Lateral (Alignment)

yp y P

P

D1
D2 D3 D1

Figure 2 5 Lateral deviation definition. Lateral deviations yp for each rail with 1: running surface,
2: reference line and 3: centre line of running table [1].

Twist



Track Irregularities for High Speed Trains

2.1.2 EN13848 5

Table 2 1 EN13848 5 track quality levels.

AL

IL

IAL

2.1.3 prEN13848 6

2.1.4 EN14363
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About testing methods

Track geometry specification and quality levels

R

Table 2 2 EN14363 track quality levels.

QN1

QN2

QN3

2.1.5 Technical Specification for Interoperability: High speed railways
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2.1.6 UIC Code 518

2.1.7 BVF 587.02

Table 2 3 BVF 587.02 track quality levels.

A

B

C

Derailment
risk

2.1.8 Banenorm BN1 38 3
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Table 2 4 BN1 38 3 track quality levels.

0

1

3

4
v

v

Max/min

2.2 Other documents on track quality

2.2.1 MiW Konsult AB’s research about different standards

Table 2 5 MiW Konsult’s draft quality levels. Source: [12].

A
B

C

D



Track Irregularities for High Speed Trains

2.2.2 MIT paper: Estimation of rail irregularities

2.3 Summary of track irregularities and their limits

Table 2 6 Comparison between different track quality levels.

Error level EN
13848 5

EN14363,
UIC 518

JR East
(JP)

BN1 38 3
(DK)

BVF587.02
(SE)

MiW
draft

Quality of
new track
Action
during next
maintenance
Action
before next
maintenance
Immediate
action

D1
D2 D3

D1
D2 D3

D1 D2 D3
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2.3.1 Track gauge irregularities

eq rr rl
y eq y
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Figure 2 6 Example of mean track gauge limit values for different speeds. Nominal track gauge
to mean gauge over 100 m, deviation from 1435 mm, AL (see Table 2 6). Note that BVF
587.02 has no limit specified for 100 m.
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2.3.2 Vertical irregularities

Figure 2 7 Example of vertical track irregularity limits for different speeds. Nominal to peak
value, AL (see Table 2 6).

standard deviation
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2.3.3 Cross level irregularities

Figure 2 8 Example of cross level (cant) limits for different speeds. Nominal to peak value, AL
(see Table 2 6).
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2.3.4 Lateral irregularities

Figure 2 9 Example of lateral track irregularity limits for different speeds. Nominal to peak
value, AL (see Table 2 6).

standard deviation
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2.3.5 Twist

Figure 2 10 Example of track twist irregularity limits for different speeds. Zero to peak value, AL
(see Table 2 6).
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3 Track deterioration and maintenance

3.1 Effects on tracks and wheels

3.1.1 Track friendly vehicles

radial steering in curves

static axle load
unsprung mass

3.2 Maintenance



Track deterioration and maintenance

3.2.1 Alignment techniques

3.3 Track alignment vs. maintenance costs

3.3.1 Track access charging

3.4 Track irregularities vs. other influences
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Q forces
S forces

vertical
lateral

Table 3 1 Vehicle responses to different track geometry parameters. X is from EN13848 5, is
added in this report. Source: Table A.1 in [5].

Responses Track gauge Vertical Twist/cross level Lateral
Y
Q

Y / Q

Y
S Y Q

Y Q
Y/Q

S Q

Y/Q



Track deterioration and maintenance
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4 “Gröna Tåget” test results vs. track irregularities

4.1 General background

Q S

4.1.1 ”Gröna Tåget” summer tests 2008



“Gröna Tåget” test results vs. track irregularities

Figure 4 1 ”Gröna Tåget” test train. Source: Evert Andersson.

Test sections

R
R
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Table 4 1 Skövde – Töreboda straight track characteristics.

Up track Down track

Rail

Pad

Track gauge

 

ay
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4.1.2 Evaluations

Force evaluation

S Y/Q
Q

Table 4 2 Limit values for “Gröna Tåget” test train, according to EN14363 and UIC 518.

Force Limit value

Vertical wheel rail force Q
(99.85 percentile, LP filtered 20 Hz)

Vertical wheel rail force Q
(99.85 percentile, LP filtered 140 Hz)

Lateral track shift force S (or Y )
(99.85 percentile, sliding mean over 2 metres)

Lateral track shift force S (or Y)
(99.85 percentile, RMS over 100metres)

Comfort evaluation
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Cc

aw(t) t T

Figure 4 3 ISO 2631 vertical weighting curve. Magnitude of the alternative frequency weighting Wb

for vertical vibration along the z axis on the floor, source: [19].

Figure 4 4 ISO 2631 lateral weighting curve.Magnitude of the frequency weighting Wd for
horizontal vibration along the x or y axis on the floor, source: [19].
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CCy CCz y
z

Table 4 4 Preliminary scale for the CCy(t) and CCz(t) comfort indexes. Source: [19].

Acceleration range Ride quality

CCy(t), CCz(t)

CCy(t), CCz(t)

CCy(t), CCz(t)

CCy(t), CCz(t)

D1

4.1.3 Banverket STRIX track data

Figure 4 5 STRIX components. Arrows and text added in this report, source: Banverket [21].
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4.1.4 The present Matlab programmes

Figure 4 6 Example of discontinuous signal (solid lines) for lateral track irregularities. The
dashed horizontal lines mark the limit values in BVF 587.02, vertical lines mark km
positions, switches, stations and other points of interest. Source: [20].
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z

outwards

 

Rxy
x y Cov Var

Rxy

4.2 Results
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Table 4 5 Example of correlation between different wavelength ranges. The correlation between
different wavelength ranges is calculated for the left rail of the Up track in the test section
with straight tracks.

Straight U track, left rail
vertical irregularities,
correlation

1 – 3m 3 – 10 m 10 – 25m 25 – 70m

1 – 3m
3 – 10 m
10 – 25m
25 – 70m

4.2.1 Vertical forces (Q) vs. track irregularities

Q11
Q12

Straight track

Q11
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Figure 4 7 Vertical forces on the leading left wheel. Down track, 3 – 10 m wavelengths, 140 Hz low
pass filtering.



“Gröna Tåget” test results vs. track irregularities

Figure 4 8 Vertical forces on the front left wheel. Up track, 1 25 m wavelengths, 140 Hz low pass
filtering.
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Large radius curves

Q1X 1X

Figure 4 9 Vertical forces on the outer wheel in large radius curves. 1 – 25 m wavelengths, 140 Hz
low pass filter, the correlation is lower than on straight track.
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Medium radius curves

Figure 4 10 Vertical forces on the outer wheel in medium radius curves. 1 25 m wavelengths,
140 Hz low pass filter, the correlation is slightly higher than in the example with large
curve radii.
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Figure 4 11 Vertical forces on the outer wheel in medium radius curves. 1 – 25 m wavelengths,
20 Hz low pass filter, the correlation is higher than with 140 Hz filtered forces. Limit value
(EN14363) is 165 kN for this vehicle.

Q1X

4.2.2 Lateral forces (S) vs. track irregularities

S2
S2m

Straight track
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Figure 4 12 Lateral track shift forces on straight track (Up track). Poor correlation between lateral
forces and lateral track irregularities when using the 1 – 25 m wavelength range and 20 Hz
low pass filter. Limit value (EN14363) is 60 kN for this vehicle.
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Figure 4 13 Lateral track shift forces on straight track (Down track). A rather high correlation for
lateral track shift forces and lateral irregularities in the 10 – 25 m range with 20 Hz low
pass filter. Limit value (EN14363) is 60 kN for this vehicle.

Large radius curves



“Gröna Tåget” test results vs. track irregularities

Figure 4 14 Lateral track shift forces in large radius curves. 25 – 70 m wavelengths, 20 Hz low pass
filter, the maximum force amplitude does not seem to depend on the lateral track
irregularities. Limit value (EN14363) is 60 kN for this vehicle.
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Medium radius curves

Figure 4 15 Lateral track shift forces in medium radius curves. 25 – 70 m wavelengths, 20 Hz low
pass filter, the response is similar to the one in larger radius curves. Limit value (EN14363)
is 60 kN for this vehicle.
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Track gauge over 100 metres

Figure 4 16 The RMS of lateral track shift forces over 100 m in relation to mean track gauge on
straight track. Speed indicates the mean speed of the test run, limit value (EN14363) is
30 kN for this vehicle.

4.2.3 Vertical comfort vs. track irregularities
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Straight track

Figure 4 17 Vertical Wz ride comfort and standard deviation in the 25 – 70 m wavelength range.
Note that the limit value is for the 1 – 25 m range; no limit value for 25 – 70 m wavelengths
exist in Sweden today.



“Gröna Tåget” test results vs. track irregularities

Figure 4 18 Vertical ISO 2631 ride comfort and standard deviation in the 1 – 25 m wavelength
range.
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Figure 4 19 Vertical ISO 2631 ride comfort and standard deviation in the 1 – 3 m wavelength
range.
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Large radius curves

Figure 4 20 Vertical Wz ride comfort and standard deviation in the 1 – 25 mwavelength range.
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Figure 4 21 Vertical ISO 2631 ride comfort and standard deviation in the 1 – 25 m wavelength
range.
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Medium radius curves

Figure 4 22 Vertical Wz ride comfort and standard deviation in the 1 – 25 mwavelength range.
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4.2.4 Lateral comfort vs. track irregularities

 

 

Straight track



“Gröna Tåget” test results vs. track irregularities

Figure 4 23 Lateral Wz ride comfort and standard deviation for 25 – 70 m wavelengths. Note that
the limit value is for the 1 – 25 m range; no limit value exist for 25 – 70 m wavelengths in
Sweden today.
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Figure 4 24 Lateral Wz ride comfort and track gauge mean over the 1 km comfort sections on
straight track. The limit value corresponds to the HS TSI and EN13848 limit for mean
track gauge over 100 m for speeds over 230 km/h.

Large radius curves



“Gröna Tåget” test results vs. track irregularities

Medium radius curves

Figure 4 25 Lateral ISO 2631 ride comfort and standard deviation in the 25 – 70 m range. Note
that the limit value is for the 1 – 25 m range; no limit value for 25 – 70 m wavelengths exist
in Sweden today.
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4.3 Discussion

could
also

4.3.1 Straight track
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4.3.2 Large radius curves

4.3.3 Medium radius curves
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4.3.4 How representative is the “Regina” test train
for future high speed trains?

Table 4 6 Running characteristics of the Regina test train as compared with an average
European high speed train. Estimates by professor Evert Andersson, KTH Rail Vehicles.

Vehicle response Regina test train
Vertical track forces
Lateral track forces
Vertical comfort
Lateral comfort
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5 Conclusions, recommendations and future work

5.1 Results achieved in the present study

5.2 Conclusions on track quality

 are
 are less
 

 

 

 

5.3 Recommendations
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5.4 Future work
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Appendices



A – Table 2, 3 and 4 from BVF 587.02

A – Table 2, 3 and 4 from BVF 587.02

Banverket’s track quality:

Banverket’s track quality
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Banverket’s track quality:



B – Diagrams for comparisons of standards

B – Diagrams for comparisons of standards
Track gauge irregularities
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Vertical irregularities



B – Diagrams for comparisons of standards

Cross level
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Lateral irregularities



B – Diagrams for comparisons of standards
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Twist



C – Results – overview – Q forces 20 Hz LP filter

C – Results – overview – Q forces 20 Hz LP filter

Force Track Mean speed
[km/h]

Filter
[Hz]

Wavelength
range [m]

Correlation

Q11
Q11
Q11
Q11 Straight U 276 20 3 10 0.77
Q11
Q11
Q11
Q11
Q11 Straight U 292 20 3 10 0.71
Q11
Q11
Q11
Q11
Q11 Straight D 275 20 3 10 0.92
Q11
Q11
Q11
Q11
Q11 Straight D 288 20 3 10 0.91
Q11
Q12
Q12
Q12
Q12 Straight U 276 20 3 10 0.6
Q12
Q12 Straight U 292 20 1 25 0.71
Q12
Q12
Q12 Straight U 292 20 3 10 0.71
Q12
Q12 Straight D 275 20 1 25 0.66
Q12
Q12
Q12 Straight D 275 20 3 10 0.66
Q12
Q12 Straight D 288 20 1 25 0.8
Q12
Q12
Q12
Q12
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Force Curve radius
[m]

Acceleration
[m/s2]

Filter
[Hz]

Wavelength
range [m]

Correlation

Q1X outer
Q1X outer 900 < R < 1500 1.05 1.29 20 25 70 0.73
Q1X outer
Q1X outer
Q1X outer
Q1X outer R > 2000 1.18 1.30 20 1 25 0.39
Q1X outer
Q1X outer
Q1X outer
Q1X outer



D – Results – overview – Q forces 140 Hz LP filter

D – Results – overview – Q forces 140 Hz LP filter

Force Track Mean speed
[km/h]

Filter
[Hz]

Wavelength
range [m]

Correlation

Q11
Q11
Q11 Straight U 275 140 1 3 0.44
Q11
Q11
Q11
Q11
Q11
Q11 Straight D 274 140 3 10 0.9
Q11
Q12
Q12
Q12 Straight U 275 140 1 3 0.52
Q12
Q12
Q12
Q12
Q12 Straight D 274 140 1 3 0.86
Q12
Q12
Force Curve radius

[m]
Acceleration

[m/s2]
Filter
[Hz]

Wavelength
range [m]

Correlation

Q1X outer
Q1X outer
Q1X outer 900 < R < 1500 1.00 1.30 140 1 3 0.49
Q1X outer
Q1X outer
Q1X outer
Q1X outer R > 2000 1.05 1.30 140 25 70 0.27
Q1X outer
Q1X outer
Q1X outer
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E – Results – overview – S forces 20 Hz LP filter

Force Track Mean speed
[km/h]

Filter
[Hz]

Wavelength
range [m]

Correlation

S2 2m
S2 2m Straight U 276 20 25 70 0.41
S2 2m
S2 2m
S2 2m
S2 2m
S2 2m
S2 2m
S2 2m
S2 2m Straight U 292 20 10 25 0.35
S2 2m
S2 2m Straight D 275 20 25 70 0.52
S2 2m
S2 2m
S2 2m
S2 2m
S2 2m
S2 2m
S2 2m
S2 2m Straight D 288 20 10 25 0.63
Force Curve radius

[m]
Acceleration
range [m/s2]

Filter
[Hz]

Wavelength
range [m]

Correlation

S2 2m
S2 2m
S2 2m
S2 2m
S2 2m 900 < R < 1500 1.05 1.29 20 10 25 0.21
S2 2m
S2 2m R > 2000 1.18 1.30 20 25 70 0.38
S2 2m
S2 2m R > 2000 1.18 1.30 20 3 10 0.38
S2 2m
Force Track Mean speed

[km/h]
Filter
[Hz]

Correlation

S2 100m
S2 100m



F – Results – overview – comfort on straight Up track

F – Results – overview – comfort on straight Up track

Comfort value Track Speed
[km/h]

Wavelength
range [m]

Correlation

Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical Straight U 270 300 25 70 0.84
Wz vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical Straight U 270 300 25 70 0.83
ISO vertical / vertical
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral Straight U 270 300 3 10 0.50
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral
ISO lateral / lateral
ISO lateral / lateral Straight U 270 300 25 140 0.84
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination Straight U 270 300 70 140 0.35
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ISO lateral / combination
ISO lateral / combination Straight U 270 300 25 140 0.84
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination Straight U 270 300 25 70 0.58
Wz vertical / combination
ISO vertical / combination
ISO vertical / combination
ISO vertical / combination
ISO vertical / combination
ISO vertical / combination
ISO vertical / combination Straight U 270 300 25 70 0.68
ISO vertical / combination



G – Results – overview – comfort on straight Down track

G – Results – overview – comfort on straight Down track

Comfort value Track Speed
[km/h]

Wavelength
range [m]

Correlation

Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical Straight D 270 300 25 70 0.75
Wz vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical Straight D 270 300 1 3 0.83
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
Wz lateral / lateral Straight D 270 300 1 25 0.84
Wz lateral / lateral
Wz lateral / lateral Straight D 270 300 1 3 0.84
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral
ISO lateral / lateral
ISO lateral / lateral Straight D 270 300 25 140 0.74
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
Wz lateral / combination Straight D 270 300 1 25 0.84
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
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ISO lateral / combination
ISO lateral / combination Straight D 270 300 25 140 0.75
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination Straight D 270 300 10 25 0.70
Wz vertical / combination
Wz vertical / combination
ISO vertical / combination Straight D 270 300 1 25 0.66
ISO vertical / combination
ISO vertical / combination
ISO vertical / combination
ISO vertical / combination Straight D 270 300 10 25 0.66
ISO vertical / combination Straight D 270 300 25 70 0.66
ISO vertical / combination



H – Results – overview – comfort in curves R > 2000 m

H – Results – overview – comfort in curves R > 2000 m

Comfort value Curve
radius [m]

Speed
[km/h]

Wavelength
range [m]

Correlation

Wz vertical / vertical R > 2000 240 270 1 25 0.86
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical R > 2000 240 270 10 25 0.86
Wz vertical / vertical R > 2000 240 270 25 70 0.86
Wz vertical / vertical
ISO vertical / vertical R > 2000 240 270 1 25 0.82
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
Wz lateral / lateral
Wz lateral / lateral R > 2000 240 270 25 140 0.32
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral
ISO lateral / lateral
ISO lateral / lateral R > 2000 240 270 25 140 0.19
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination R > 2000 240 270 1 3 0.65
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
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ISO lateral / combination
ISO lateral / combination
ISO lateral / combination R > 2000 240 270 1 3 0.53
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
Wz vertical / combination R > 2000 240 270 1 25 0.63
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination
Wz vertical / combination
ISO vertical / combination R > 2000 240 270 1 25 0.59
ISO vertical / combination
ISO vertical / combination
ISO vertical / combination
ISO vertical / combination
ISO vertical / combination
ISO vertical / combination



I – Results – overview –
comfort in curves 900 m < R < 1500 m

I – Results – overview –
comfort in curves 900 m < R < 1500 m

Comfort value Curve radius
[m]

Speed
[km/h]

Wavelength
range [m]

Correlation

Wz vertical / vertical 900 < R < 1500 150 200 1 25 0.84
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
Wz vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical 900 < R < 1500 150 200 3 10 0.90
ISO vertical / vertical
ISO vertical / vertical
ISO vertical / vertical
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral
Wz lateral / lateral 900 < R < 1500 150 200 25 70 0.53
Wz lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral
ISO lateral / lateral 900 < R < 1500 150 200 25 70 0.72
ISO lateral / lateral
Wz lateral / combination 900 < R < 1500 150 200 1 25 0.59
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
Wz lateral / combination
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ISO lateral / combination
ISO lateral / combination 900 < R < 1500 150 200 25 140 0.48
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
ISO lateral / combination
Wz vertical /combination 900 < R < 1500 150 200 1 25 0.33
Wz vertical /combination
Wz vertical /combination
Wz vertical /combination
Wz vertical /combination
Wz vertical /combination
Wz vertical /combination
ISO vertical/combination 900 < R < 1500 150 200 1 25 0.39
ISO vertical/combination
ISO vertical/combination
ISO vertical/combination
ISO vertical/combination
ISO vertical/combination
ISO vertical/combination



J – Forces vs. track irregularities –
Straight Down track Q11 140 Hz LP filter

J – Forces vs. track irregularities –
Straight Down track Q11 140 Hz LP filter
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K – Forces vs. track irregularities –
Straight Down track Q11 20 Hz LP filter

K – Forces vs. track irregularities –
Straight Down track Q11 20 Hz LP filter
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L – Forces vs. track irregularities –
Large radius curves Q1X 140 Hz LP filter

L – Forces vs. track irregularities –
Large radius curves Q1X 140 Hz LP filter
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M – Forces vs. track irregularities –
Large radius curves Q1X 20 Hz LP filter

M – Forces vs. track irregularities –
Large radius curves Q1X 20 Hz LP filter
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N – Forces vs. track irregularities –
Medium radius curves Q1X 140 Hz LP filter

N – Forces vs. track irregularities –
Medium radius curves Q1X 140 Hz LP filter
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O – Forces vs. track irregularities –
Medium radius curves Q1X 20 Hz LP filter

O – Forces vs. track irregularities –
Medium radius curves Q1X 20 Hz LP filter
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P – Forces vs. track irregularities –
Straight Down track S2 20 Hz LP filter

P – Forces vs. track irregularities –
Straight Down track S2 20 Hz LP filter
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Q – Comfort vs. track irregularities – Straight Up track

Q – Comfort vs. track irregularities – Straight Up track
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R – Comfort vs. track irregularities – Straight Down track

R – Comfort vs. track irregularities – Straight Down track
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R – Comfort vs. track irregularities – Straight Down track
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R – Comfort vs. track irregularities – Straight Down track
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S – Comfort vs. track irregularities – Large radius curves

S – Comfort vs. track irregularities – Large radius curves
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T – Comfort vs. track irregularities –
Medium radius curves

T – Comfort vs. track irregularities –
Medium radius curves
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T – Comfort vs. track irregularities –
Medium radius curves
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T – Comfort vs. track irregularities –
Medium radius curves
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