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D.23- Standard deviation D.24-  Peak values of isolated track errors

The table below sets out the values of standard deviation for vertical and lateral alignment for track Isolated track erors mean maximum values obtained by calculation for a given section.
quality levels QN4 and QN, which are to be taken into account in the choice of test sections used for
vehicle acceptance: Peak values of isolated track emors for QN4 and QN track qualities are given for guidance only.

Vertical alignment Lateral alignment QNyis defined as: QN3 =13 * QN
Standard deviation
QNg (mm) | QNp(mm) | QN; (mm) | QN, (mm) When the value of an isolated track error reaches QN the section involved may be excluded from the
V <80 kmh 23 26 15 18 analysis
80< V< 120kmh 18 21 12 15 The peak values for vertical and lateral alignment are given in the following table:
120 Ve 10 ki 14 7 10 '3 Maximum isolated Vertical alignment Lateral alignment
160< V<200kmh | 12 15 08 11 n TR T BT A A
200 < V < 300 km/h 1.0 13 0.7 1,0 V < 80 kmh 12 16 12 14
V> 300 kmh To be determined 80< V<120 kmh 8 12 8 10
120< V<160 kmh 6 10 6 8
160 < V<200 kmh 5 9 5 7
200< V<300 kmh 4 8 4 6
V> 300 kmh To be determined
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518. Testing and approval of railway vehicles from the point of view of
their dynamic behaviour - Safety - Track fatigue - Running behaviour

Appendix D.
Track geometric quality

Appendix D - Track geometric quality

D.1- General

D.1.1- Basic principles

representative for a European network quality.

D.1.2-  Track quality distribution

separately for vertical and lateral irregularities:

- atleast 50 % of all sections shall be worse than QN,,

- atleast 10 % of all sections shall be worse than QNa.

page 65).
D.1.3- Reporting

given in the report.

peak value

D.21- Background

For formal vehicle approval purposes, track geometric quality definition is within the framework of this
leaflet based upon three levels of quality (QN,, QN, and QN) specified in this appendix.

The limit values of this leaflet are linked to these quality levels which have been assumed to be

For the choice of frack sections within each zone (tangent track, large radius curves, medium radius
curves, small radius curves and very small radius curves), the following distribution is recommended,

Sections with valueg higher than QNj level may be excluded from the analysis (see point D.2.4 -

A graphic representation of track quality values (standard deviations of vertical alignment and lateral
alignment and mean value of track gauge), section by section, shall be given in the report.

It shall be accounted for in the report whether or not any sections were excluded (see point D.2.4) in
the analysis. In case of exclusion, a list of excluded sections and for each section radius, speed and
cant deficiency, track quality values and any assessment quantity exceeding the limit value shall be

D.2 - Description of track geometric quality by standard deviation and

According to the UIC 7G 20's final report, the description of track geometry according to quality levels
QN,, QN, and QN; is a possible method. "However, the task of reviewing the measuring results to
make them comparable would have been much more challenging, time consuming and costly.
Harmonisation of measuring results would, in many instances, have required a modification to the
measuring principle, for which most track-measuring cars owned by the railways are not suitable”.

Euro Code 1/4
EN 14363-2013. Railway applications - Testing and simulation for Annex M.

the acceptance of running characteristics of railway vehicles - Track geometric quality -

Running Behaviour and stationary tests Selection of test tracks

PrEN 14363:2013 (E)

Annex M
(normative)

Track geometric quality — Selection of test tracks

M.1 Basis of Evaluation

The basis for the evaluation shall be the measured sigmls of track geometric deviation obtained using normal
track methods with storage g to EN13848-1 and EN 13848-2
which specify the wavelength ranges and required filter chamcienst‘cs

The data used for the evaluation of the track geometric quality shall be representative of the maintenance
status of the test track during the test.

M2 A ities for track g ic quality

Track i are for each rail. vanables of track geometric deviation are:

a) alignment, lateral measuring direction:
1) maximum absolute value Ay,?m (mean to peak);
2) standard deviation Ay2 .

b) itudinal level, vertical ing direction:

1) maximum absolute value A::ux (mean to peak)

2) standard deviation Az2

For test zone 1 the higher value of the two rails shall be used for the assessment of track geometric quality.
For test zones 2, 3 and 4 the values of the outer rail shall be used.

No requirements are given for track twist in the evaluation sections. However, if the track twist in a section
exceeds the safety limit value in EN13848-5 the section may be excluded from the analysis.

Track geomelnc quality for each test zone is assessed on the basls of the distributions of standard deviations

for level d for ! range D1 as specified in EN13848-1. For
referencespeedsh her than 200 km/h track longer lengths shall also be
reported as shown in Table M.1. No requirements are given for the track geometric quality values in ranges
D2and D3.
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Appendix D.
Track geometric quality

It is currently easier to obtain better agreement and an improved comparison between measurement
results for the following reasons:

- the distortion of measured values can be comected more easily in certain conditions,

- new frack-measuring vehicles, the measuring results of which can be processed more easily, are
now being used or being developped.

This appendix therefore only deals with corrected geometrical values, either using the inverse transfer

function of the measuring vehicle or using a correction factor (see the table of coefficients given in

point D.2.5 - page 66).

D.2.2-  Track data analysis

To allow a comparison to be made between analysed results obtained from different railways, the
following conditions shall be applied:

1. Definition of the band-width of the track geometrical error
2. Definition of the evaluation method for test sections
Concerning point 1.

- In order to describe a geometric error by its frequency response, a band pass filter with the
following characteristics shall be used:

= 4-pole Butterworth filter,
« lower cut-off wavelength L, = 3,00 m
- upper cut-off wavelength Ly, = 25 m.

- Within the transmission area the filter shall have a precision of =1 dB.

- Outside the transmission area, a gradient of 24 dB/octave is required with a maximum attenuation
of 60 dB.

These cut-off wavelengths shall apply up to a maximum line speed of 200 km/h.

For speeds greater than 200 kmvh, the work should not be restricted to the short wavelength
geometrical errors, but geometrical errors with a wavelength of more than 25 m and up to at least 70
m should be accounted for. The corresponding values (for wavelength and quality) remain to be
defined.

Concerning point 2.

- The track geometric quality is only governed by the standard deviation for vertical and lateral
alignment of the track.

- The peak values of isolated errors for vertical and lateral alignment shall be provided for guidance
only. When the isolated errors reach the QN values, the test section involved may be excluded
from the analysis

Euro Code

2/4

EN 14363-2013. Railway applications - Testing and simulation for
the acceptance of running characteristics of railway vehicles -

Annex M.
Track geometric quality -

Running Behaviour and stationary tests

Selection of test tracks

PrEN 14363:2013 (E)

Table M.1— wavelength ranges for different reference speeds

Wavelength Reference speed (see definition below)
range
¥'<120 km/h 120 kmh <7< 200 km/h <¥'< 250 km/h <V
200 km/h 250 km/h
3mto25m (D1) Mandatory to comply with requirement in Table M.3
- Recommended to Mandatory to be Mandatory to be
25mto 70 m (D2) be reported repariad reporiad
Recommended to be
>70 m (D3) - - - reported

M.3 Different Measuring Systems

If a measuring vehicle having a transfer function deviating from 1 or with a different wavelength range |s used
for measurements, the track quality values shall be derived from values
be compatible with the above system.

There are two methods permitted for the correction:

a) The transfer function of the measuring system may be used to obtain absolute values of measured track
geometry. Here the measured signals are corrected using the transfer function and are compared with the
uncorrected values in Table M2
NOTE  Special attention has to be paid at wave lengths regions with low values of transfer function. Some systems
show even zeros of the transfer function. In these cases the measured signals are multiplied with high numbers. This
may lead to an unrealistic ampification of noise and wrong results in some wave length ranges.

or

b) If a railway has no ability to correct the measured values directly it is also permitted to use approximate
scale factors k such that:

— standard deviation ., = k. standard deviation s yepicie):

— the coefficients k to be applied in the wavelength band from 3 m to 25 m can be found in Table M.1
for certain measuring vehicles;

— the values in Table M.2 shall then be multiplied by the factors k of Table M.1 to give values
with the other ing system
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Appendix D.
Track geometric quality

- The geometric quality shall be determined for vertical and lateral alignment, separately. As a rule,
an evaluated section will be classified in two to four different quality categories, i.e. for standard
deviation and, if existing, peak values of isolated errors of vertical and lateral alignment.

- The definition of an isolated error to be identified by the track recording car differs from network
to network. Therefore, such threshold values must be accounted for in the test report.

- The decisive criterion for track classification is the maxi value on both
rails, with the exception of lateral alignment in curves where the peak value on the outside rail is
decisive, particularly for curves where R is < than 600 m.

- The reference speed to be used when applying the contents of the following tables shall be
determined in the following way:

= Vi, for straight track and large radius curve sections,

- 160 km/h <V < 200 km/h for sections with medium radius curves,

- 80 kmvh <V < 120 kmv/h for sections with small and very small radius curves.

- Two analysis methods may be used:

- 1! method:
The track sections used for the analysis shall be exactly the same as those selected for the
statistical evaluation of the vehicle behaviour. In this case, it is essential to identify distances
very carefully

With this method, the values at 50 % and 90 % of peak values for isolated track errors depend
upon the length used for the calculation of the maximum peak value.

2™ method:

The track sections used for the analysis are derived from data recorded by track-measuring
vehicles.

In this case, it is not possible for track-related and vehicle-related sections to strictly coincide.

However, for every straight-track or large-radius curve section, it is necessary to ensure that
the track-related sections coincide in the best possible way with the vehicle-related sections so
that the lengths over which they do not coincide shall not exceed 50 % of the vehicle-related
section lengths.

In order to improve upon this, the use of standard-deviation sliding values is recommended,
with a rather low sliding interval such as 10 m for example.

If these arangements are complied with, standard deviation values can be compared. Railways are
free to elicit the appropriate method so as to process measuring values. The method to be applied
depends upon the characteristics of measuring systems.

Euro Code 3/4
EN 14363-2013. Railway applications - Testing and simulation for Annex M.

the acceptance of running characteristics of railway vehicles - Track geometric quality -

Running Behaviour and stationary tests Selection of test tracks

PrEN 14363:2013 (E)

Table M.2 — Correction factors for different track measuring vehicles

Vertical alignment Lateral alignment
Measuring vehicle
3 Base k Base
gg:ﬂ?deeedc.l‘:c‘?“ inertial inertial
e 1,14 (wavelength up 120 (wavelength up
(HSTRC) 999550 — to35m) t035m)
Mark 2f coach (BR)
GMTZ (DB) 1,24 26m/6m 147 4/6m
(RFI) p ) 10m 172 10m
EM-120 (PKP) 073 10m 0,71 10m
MAUZIN cars 0,91 122m 147 10m
MATISA M562 0,91 122m 147 10m

M.4 Target Test Conditions

As the test results are related to the track conditions during the test, the target test conditions shall be
representative of the planned service operation. Therefore the distributions in test zone 2, and separate or
combined zones 3 and 4 shall be such that the 90 % values of the standard deviation of alignment and
longitudinal level fall into the ranges specified in Table M.3. In test zone 1 compliance with the above
requirement is not mandatory.

NOTE1  The numbers specified in Table M.3 are based on information given in EN 13848-6 (class D). An intermediate
speed class for 200 kmvh — 230 kmvh has been added.

The reference speed for application of Table M.3 and Table M.4 shall be determined in the following way:
—  Vaam for test zones 1 and 2;

— 80 km/h < ¥ < 120 kmv/h for test zones 3 and 4.

Table M.3 — Target ranges for track ic quality for i i app |
. Target ranges for Standard deviation TL90 in mm
Reference speed in km/ for wavelength range D1

A_vg L itudinal level A:f',
Min Max Min Max
<V < 80kmh 1,95 270 275 375
80km/h < ¥ < 120 km/h 1,05 145 1,80 2550
120 km/h < ¥ < 160 km/h 0,75 1,00 140 185
160 kmh < ¥° < 200 km/h 0,70 0,90 1,15 1,60
200 km/h < ¥ < 230 kmh 0,65 0,80 1,05 145
230 km/h < ¥ < 300 km/h 0,50 0,65 085 1,15
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D.2.3-  Standard deviation

The table below sets out the values of standard deviation for vertical and lateral alignment for track
quality levels QN4 and QN which are to be taken into account in the choice of test sections used for
vehicle acceptance:

Vertical alignment Lateral alignment
Standard deviation
QN (mm) | QN (mm) | QN (mm) | QN (mm)

V = 80 km/h 23 26 15 18

80< V=120 kmh 18 21 12 15

120< V = 160 kmh 14 17 10 13

160 < V = 200 km/h 12 15 08 1.1
- - - - - | - m m m m m m m m m m m '

. 200< V = 300 kmh 10 13 07 10
V> 300 km/h To be determined i
L o o o n p an an pe a me mm an mn am o am am e B

D.2.4-  Peak values of isolated track errors

Isolated track errors mean maximum values obtained by calculation for a given section.

Peak values of isolated track erors for QN4 and QN track qualities are given for guidance only.
QN3 is defined as : QN3 = 1,3 * QN,.

When the value of an isolated track error reaches QNj, the section involved may be excluded from the
analysis

The peak values for vertical and lateral alignment are given in the following table

Maximum isolated Vertical alignment Lateral alignment
error QNg (mm) | QNp(mm) | QN;(mm) | QN;(mm)
V=80 kmh 12 16 12 14
80< V<120 kmh 8 12 8 10
120< V=160 kmh 6 10 3 8
200< V=300 kmh 4 8 4 6
" V> 300 km/n To be determined L]

Euro Code

4/4

EN 14363-2013.

the acceptance

Running Behaviour and stationary tests

Annex M.
Track geometric quality -
Selection of test tracks

Railway applications — Testing and simulation for
of running characteristics of railway vehicles -

PrEN 14363:2013 (E)

Results from track sections with amplitudes of discrete defects higher than the stated QN3 values in Table M.4
may be excluded from the statistical evaluation to avoid a distortion of the statistical analysis.

Table M.4 — Limits for discrete track defects

Maximum absolute value (mean to peak) QN3 in mm
Reference speed in km/h for wayelength range D1
Ali ne Longitudinal level Az%_,
<V < 80kmh 182 208
80km/h < ¥ < 120kmh 130 15,6
120kmh < ¥ < 160 kmh 104 130
160 kmh < ¥ < 200 kmh 9.1 "7
200 km/h < ¥ < 300 km/h 78 104

NOTE2 Table M.3 and Table M.4 contain requirements for international approval. For local, national or multinational
operation the values may be varied.

NOTE3  The values in Table M.4 are taken from EN 14363:2005, therefore only 200 kmvh is used as interval boundary.
In addition 200 kmvh is used as boundary also in Table M.3, deviating from EN13848-6 where this boundary does not
exist.

For the evaluation of track ic d
running characteristics shall be used.

in the test route, the track sections selected for the testing of

Two analysis methods may be used:

— 1" method (recommended):
The frack sections used for the analysis are the same as those selected for the statistical evaluation of
the vehicle behaviour.

— 2% method:
The track sections used for the analysis are derived from standard data from track-measuring vehicles
(e.g. standard deviations in 200m sections). In this case, it is not possible for track-related and vehicle-
related sections to strictly coincide. The track quality data shall be assigned in the most appropriate way
to the track sections used for evaluation of the test results. The process used shall be stated in the test
report.

NOTE4  Forzones 3 and 4 itis strongly recommended to use the 1™ method. In order to improve upon this, the use of
standard deviation sliding values is recommended, with a rather low sliding interval such as 10 m for example.

M.5 Reporting

For each test zone a graphical representation of standard deviation values of vertical alignment and lateral
alignment in the wavelength range D1, section by section, together with the 90 % values, shall be given in the
report (see example in N.2). A table of these values may also be included.

It shall be stated in the report, if any sections were excluded from the analysis due to amplitudes higher than
the stated QN3 values. A list of such excluded sections shall be given in the report including information about
radius, speed, cant deficiency and the four track geometric quality values.
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D.2.5- Corrections

The values QN, and QN relating to standard deviations and peak values for isolated track errors have
been obtained from measurements taken with the NS measuring vehicle. On this vehicle, the transfer
function of the measuring system equals 1 for all wavelengths from 3 to 25 m, which normally is the
case at all measurement systems with inertial fixed reference systems.

If a measuring vehicle having a transfer function deviating from 1 or with a different wavelength range
is used for measurements, the values of QN,; and QN, shall be derived from measuring values
subsequently corrected by means of the inverse transfer function of the measuring system. If a railway
has no ability to correct the measured values directly it is also allowed to approximate the values of
QN, and QN, by:

Sother) = K-S(NS venicle)
Peak value ggner) = K.Peak valuenys venice)

The coefficients K to be applied in the wavelength band from 3 to 25 m can be found in the following
table:

Vertical alignment Lateral alignment
Measuring vehicle

K Base K Base
High Speed Track Recording 1,14 inertial 1,20 inertial
Coach (HSTRC) 999550 - (wavelength (wavelength
Mark 2f coach (BR) up to 35 m) up to 35 m)
GMTZ (DB) 1,24 26m6Em 147 4/6m
(RF1) 1,33 10m T2 10m
EM-120 (PKP) 0,73 10m o 10m
MAUZIN cars 0,91 122m 147 10m
MATISA M562 0,91 122m 1.47 10m

If a measuring system with a transfer function deviating from 1 is used, the correction method used,
inverse transfer function or use of factor K, shall be stated in the report.

D.3 - Twist and gauge

Twist and track gauge are not reflected in the definition of track quality standards. However, some
requirements should be met for both quantities during test runs.

Twist: The requirements of ERRI B55 (see Bibliography - page 118) shall be complied

with. The test route should preferably include sections with limiting values for twist.
Track If there is no possibility to have information about the actual rail profiles, provisions
gauge: of point 6.4.3 - page 29 have to be applied.
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(a) Bogie and Axle modeling (b) Rolling stock modeling

19 2.17 Details in Numerical Modeling for Train Load Application Method
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Model property Model property
Damping Coefficient of
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Primary Spring (kN/m)
Damping Coefficient of .
Primary Spring (KNs/m) 16.0 Diameter of Wheel (m) 0.43
Spring Constant of 3 Car Body modulus of g
Secondary Spring (kN/m) 12610 elasticity (kN/m? 21010
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@ Numerical Modeling for Track and Track bed

RE Q4 329 dA FA9 Solid@AE  modelingdtga ZF 8490 AHH
Equivalence o] ¥ o] F{F5 =5 modelingstAtt. AWt4-2 HAd3 =
¢1 Mohr-Coulomb model-&- 74430}95113} gL UIC60kgS A3ty IZe ARuLA
o] B47)Z3 UIC 713 R Concrete sleeper7]&<S Faste] JA&Eo] z79 714S »d
sFFTHUIC 713 R, 2004).

T3 gl == EVAHEE Ag3te] 2 A 4 3,032kN/mme} B A4 29kNs/m=Z &
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+ Joint 842 modelings| % o

2dy SHEE dAEPoE Qg Fo] AAZRD o) WALEE IS HAa3 A
7171 #18t joint 8 4E A5t olF T RA FIAAAE A & F Ut 34
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AL B2E=AS AHESE] 1.435moltt. Zb ARke] F3h uH] Bl ARG EA2 & 21600

Aglstgeh Aol AHe" AEA2E @ wulo] BEHO ¥ 21542163 7o)

(a) Bogie and Axle modeling (b) Rolling stock modeling
a9 218 FAEA Yy AAS HIL-sY s Y% modeling

3 216 FAS Ao AR ARt B =48], (11D

Young® s Mass Possion” s

Material Model Modulus Density : B(m) H(m)
(Pa) GNmd | P

Rail (UIC60kg) Elastic 2.1 x 101 78.5 0.3 1.435 0.172
TCL Elastic 3.4 x 10 20.58 0.21 3.2 0.24
HSB Elastic 1.0 x 10% 20.58 0.21 3.8 0.3
ngfgégzd M/C 13 x 10° 195 0.28 14 0.9
Upper Roadbed M/C 5.5 x 107 19.5 0.28 20 4.1
Lower Roadbed M/C 4.7 x 10 18.0 0.34 27.3 4.5
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LI Point loading case Wheel loading case | Vehicle loading case
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2 HoMes uHd-Ey HERY FAYERY EF ©
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(DA si Mol At kel Zo), Hol &3 3 97t TR A
Bttty Tieja @AAS Aol A Rk mieh o], 24 dAvit i Apol= AT o
gHoz EFAH AHAA < 60m "ozl AHANA &Fo] F7Hst
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A &Fo) At ARo] FAMY FEFA AAT F UA=F 2o, i
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A st mdllye] dol= FAstEe] AskE Zo® didEe 60m AR olM A &
o] T3] a4tE F AES 1B3m=E ZAs o, ARk 3m, e 2m2 &2
FYstrh. = 300kmhd w 130m= FH3h7] 98] LaH= A F Li6xolH, 3
e 10x10°% SR F 2027 A4S FAdstd dAsrFel FAHNY RS SR
THsto] s E = =S A

= 329 A o= SolideawE RdA#HEgoH, ZEIYEALE FEXREL
dd, eA-ddl=, &, TCL(track concrete layer), HSB(hydraulic stabilized base), 73}k
(reinforced roadbed), Z&HF ik, stF it o2 mdHsTh #HY, H&, TCL, HBS, 733}
ke g#dRE S Hgstdoen, - sk xHk2 Mohr-Coulomb models A -8-3t%th.
d-& UIC 60kge] &4 A&t on, et ASHARE I8t
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A3t AFH AEE e
LHdxo BA7|Ed UIC 713 R
9 THUIC 713 R, 2004). A& H=
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v o)l Fsts 2 AVIAAE T A ol FotTS ulF 9 Hdol HEH AEjolA <]
=A17171 98l Slide line &S o] 839ttt dAxul o] Master SurfaceES A A3, #Y
of Slave SurfaceE =A|7g3}ed 343} THLUSAS 2001).

7 Aud ANlE Fad AR, @ £t ANAPeIA AT ARLAE A8
oF Shih, @Y, U%, TCL, HBSE 2%, Z8hwul, 4 - 8% wuke 5%e] ralul2 74 st

8H )_\_q| < ._/]Efsg ?3‘]‘%@[23]

O I9 254= el AHgd Edde Yehlien, & 2310 Ags 3 =44
£ Astin

O% 254 SAYNERN BdF

3 231 A AEHE AP 9 B A
. e A A FHF X ol5H]| A3 2 opgz}
E_t
Ll et d Pa) KN/m) (0) (kPa) ($)
Rail 2.1x 101 78.50 0.30 - -
TCL 3.0x10% 20.58 0.21 - -
Elastic
HSB 1.3x 108 20.58 0.25 - -
Abutment 2.0x 108 24.50 0.21 - -
Cement treated 2.5%10° 20.50 0.21 20 35
Gravel
Gravel 1.6 x 108 19.60 0.21 - 35
Reinforced M/C 3
Roadbed 1.6x10 19.60 0.21 35
Upper Roadbed 8.0x 107 17.64 0.20 3.0 32
Lower Roadbed 6.0 x 107 17.64 0.20 5.0 30
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AYEAE Fx[24]] ¢ dE ¥ SHIEKHEY V&S Aehste F 2363 Zo] HE
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g &5 oy 7E Z 1

Ay AR3E 90MPa =X : 130MPa, 7]1%% : 90MPa
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g sk 3.0mm B A FFAFZE=EFAA)
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2.1MPa$ AMg3lRom, kit A3 Z I EHSB)E AAZE7} £, = 12MPac| =22, 38 3
282 . = 1L.6MPao. 2 4FA3}9 .

AN FadEARdA mw Axe] WPoR skl nAEYC] BHIYL
D11, AUt =40 38 AL ARtk HZAAWY 71ES ol g5l AEYL 7
oo, AREEE AL FH}F0] S AXNHe FANEATY Y
EYY 89 A5E AU AFYL Tol WAR J1zo2 Hof smm - )
A F R rsion, aAgREe dAssd ne B4 Aus) A5l Ak
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- 9mm)9‘r %i}i‘:ﬂ "7}64—’? ALt =42
237»} 7“:}

2 oo

<% (Mpa)
A TCL HSB
4% (km/h)
100 54.92 1.52 0.40
200 56.24 1.53 0.41
300 57.06 1.54 0.42
400 58.14 1.54 0.42
500 59.33 1.55 0.43
600 60.58 1.56 0.44
Azt £% 600km/hd o, Hof o] LA, T43t5 LA A= 60m AHS
2 Jegth 283 29 2600 99 ARen 24 Hede yeplon], A A
71EAE A 33ste Ao E UEsTh
* °
N W
g ] S A
& 70 &8 HSB 318 2122 1.6MPa
* 2 o sggeazve |
L HUXESE 90MPa
Distance(m) Distance(m)
(@ #Yg AF&H () ZAYEEHYN 3<$4
a9 260 #Y AFEEE 2 =4 3-89 (600km/h)
gebd DAEY Fo| WA AFNA, DA 5 Fobe] hE AAFYLY YR AT
o] A= 7tete TA Y3 =T E & AV §ls Ao E AddHn
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9, dY MYIE IAEY A=Gmm > Immst A&t FAREE Z4sHE o
Z Uiyt S45t5 EA XA Ak £5(100 ~ 600km/h)E dd HAE AHlstA
¥ 2383} o
¥ 238 IAEHY dA&EE E dd WY

HE g Y S (mm)
4% (km/h) N_1om,bmm N_10m,6mm N_10m, 7mm N_10m,8mm N_10m,9mm
100 2.73 2.80 2.84 2.89 2.94
200 2.77 2.83 2.88 2.93 2.98
300 2.82 2.87 2.93 2.98 3.03
400 2.86 2.90 2.97 3.02 3.07
500 2.94 2.97 3.05 3.10 3.15
600 2.98 3.01 3.11 3.16 3.21
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