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Railway axles are an important component in ensuring train safety. In order to review
the current design methods of axles and develop more reasonable design methods, two stan-
dards on strength evaluation methods and fatigue damage evaluation methods for railway
axles were established on September 1, 2016. The establishment of the strength design
method enables the reduction of axle diameter for high-speed train axles, and the establish-
ment of the fatigue damage evaluation method led to the creation of reasonable criteria to
prevent an increase in diameter beyond what is necessary to achieve the maximum design
speed. This paper reports the features of both standards with case studies.

1. Introduction

The railway rolling stock axle is an important component to en-
sure the safety of a rolling stock (Refer to Fig. 1). As design meth-
ods for axle strength, there are two standards: one is the “JIS E
4501:1995 Railway rolling stock—Design methods for strength of
axles"” (hereafter referred to as JIS E 4501), and the other is the
“JRIS D1201-1:2016 Rolling stock—Axle strength—Part 1: Design
method?” (hereafter referred to as JRIS D1201-1) which comple-
ments the JIS. Furthermore, intended for the development of more
reasonable railway axle design methods based on fatigue damage is
the standard for methods of evaluation of axle fatigue damage “JRIS
D1201-2:2016 Rolling stock—Axle strength—Part 2: Fatigue dam-
age evaluation method®” (hereafter referred to as JRIS D1201-2).
Proposed by Nippon Steel Corporation, the basic study pertaining to
JRIS D1201-1 and JRIS D1201-2 by the “Research Committee for
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High-Speed Rolling Stock Axle” was started in August 2010. Later,
as a substructure of the Committee, a subcommittee consisting of
experts for establishing a standard was formed. Discussions contin-
ued from May 2012 until March 2015, and the respective method
came into effect on the 1st of September, 2016 as the Japan Associa-
tion of Rolling Stock Industries Standard (JRIS). This report intro-
duces the concepts of the present axle strength design and the fatigue
damage estimation based on JRIS D1201-1 and JRIS D1201-2.

2. Standard for Axle Strength Design Method (JRIS

D1201-1)

The axle design standard JIS E 4501 was established in 1972.
However, as only the fundamental items were provided, until the es-
tablishment of JRIS1201-1, JIS E 4501 that complemented it in de-
tail was used as the design method (hereafter referred to as the con-
ventional design method).

However, the conventional design method was not established as
an official standard, and additionally, there was a concern about the
calculation overestimating the load caused by braking and driving.
Therefore, solutions for such issues were sought, and the conven-
tional design method was improved, and was officially standardized.

2.1 Standard based on the conventional design method
For standardization as JRIS D1201-1, the following items that
complemented JIS E 4501 by the conventional design method were
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incorporated.

(1) Although, in JIS E 4501, the subject part of the stress evalua-
tion was limited to the wheel seat of the axle of the pressed-in
wheel, the design procedure was provided in detail so as to en-
able the design of the entire axle including the starting point of
a fitted part and the starting point of the change in shape in the
stepped area.

(2) Although, in JIS E 4501, braking force is not taken into con-
sideration, and the driving force is evaluated as the ratio of
added stress, the load calculation method taking into account
the load generated by braking and driving was provided in de-
tail. Thus the force exerted on the axle by braking and driving
from the component equipment installation location and the
force acting on the journal via the bogie frame as the reactional
force of the motor armature shaft are now taken into account.

(3) As opposed to JIS E 4501 which evaluates only the bending
stress, the design method was developed to take into account
the combination of bending stress ¢ and torsional stress 7 based
on the following formula of Nagashima-Nakamura®.

1

v oS s
Vo + ey
Where, S, denotes the design safety factor, the suffix N de-
notes the division of the evaluated section, and s denotes the
allowable stress. Furthermore, the allowable stress is un-
changed from those of the conventional design method and JIS
E 4501.

(M

2.2 Provision reviewing the conventional design method
The following items which had been considered as issues to be
revised in the conventional design method were reviewed.

(1) For calculating the braking force and the driving force, the load
acting in the vertical direction used for obtaining the tangential
force in the circumferential direction of the wheel was re-
viewed from the velocity-dependent dynamic load to the static
load without speed-dependency.

(2) Regarding the standard safety factor, in response to the review
of the evaluation method of the braking force and the driving
force, to secure safety equivalent to that of the conventional
design method, the safety factor was converted and newly set.

(3) The upper limit of the applicable speed in the high-speed rail-
way system (System 1 Applied division SA™) was increased
from the current 350 km/h specified in JIS standard to 370 km/h.

Details of the above three items will be described in Sections 2.4
to 2.6 later.

2.3 Strength design procedure
Herein, the procedure of the strength design method based on
the standards described in Section 2.1 and Section 2.2 is introduced.
(1) Setting an axle shape plan and the positions of the sections for
strength design. The dimension of the respective part is to be
tentatively decided.
(2) Calculation of the acting stress caused by the load exerted on
the axle.
(3) Calculations of the bending moment and the bending stress.

*1

The classification set forth herein corresponds to the rolling stocks,
tracks, and the relevant maintenance and management, and corresponds
to the high-speed railway system having high-speed rolling stocks and
tracks (System 1), and the conventional railway system of another (Sys-
tem 2). Its Applied division corresponds to the design speed.
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(4) Calculations of the torsional moment and the torsional stress
(Refer to Section 2.4).

(5) Calculation of the design safety factor. Apply the bending
stress and the torsional stress obtained by (3) and (4) above to
Formula (1).

(6) Evaluation. Confirm the design safety factor of (5) above ex-
ceeds the standard safety factor (Refer to Section 2.5).

2.4 Review of the speed-dependency of the tangential force in

the circumferential direction of the wheel

In the conventional design method, the tangential force F, in the
wheel circumferential direction used for the calculation of the brak-
ing torque and the driving torque employed the following Formulae
from (2) to (4). Namely, F, was considered to be dependent on the
design maximum speed.

F=ux2W,
Where,
W,: vertical load acting on a journal consisting of the load acting
on an axle and an additional dynamic load
u:  coefficient of friction between a rail and a wheel

@

W,
=1+ o) x 22 3)
Where,
a,: vertical dynamic force coefficient

W, : static force by the mass on an axle

a,, is sought by the following formula for a high-speed rolling
stock. V' is the maximum design speed (km/h).

a,=0.0027V 4

In order to evaluate the validity of this formula, the torsional
stress generated while actually traveling on-track was investigated.
Figures 2 and 3 show the relationship between the speeds before
braking and accelerating (“Initial speed” in the figures) and the vari-
ations of the torsional stress, and it is found that the torsional stress
is not dependent on speed. Based on this result, in JRIS D1201-1,
the following revised formula employing static force and without
speed-dependency is employed.

F=pux W, 6)

2.5 Establishment of new standard safety factor

Due to the review described in the preceding section, the design
load is reduced in JRIS D1201-1. However, in order to avoid the de-
terioration of the actual safety on account of this revision, the stan-
dard safety factor was converted and reviewed. Specifically, the
standard safety factor in the conventional design method was re-
placed through the following procedure, and a new standard safety
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factor was provided.

Table 1 shows the standard safety factor defined in the conven-
tional design method, and the axle diameter satisfying the standard
safety factor based on the concept of the conventional design meth-
od was determined. Then, the safety factor of the axle diameter de-
termined based on the concept of JRIS D1201-1 was provided by
counting backwards, and was employed as the candidate standard
safety factor. Herein, in the conventional design method, the braking
force and the driving force increase as the design speed goes higher.
However, since in JRIS D1201-1, there is no speed-dependency, the
candidate standard safety factor value grows higher in line with the
increase of the design maximum speed. In general, since the change
in the standard safety factor depending on speed is unnatural, the
safety factor of the rolling stock with the lowest design speed in the
same applied division for which safety is confirmed based on its
proven result was provided as the “standard safety factor in the re-
spective part”.

However, fundamentally, the change in safety factor depending
on part™ cannot be explained logically. Therefore, a design was
studied which realizes the result equivalent to that of the design
which employed to the extent possible the standard safety factor of
individual parts, and as a conclusion, the unified standard safety fac-
tors as shown in Table 2 were decided.

Furthermore, concerning System 2, in the case of the design us-
ing Formula (5) which does not take into account the speed-depen-
dency and the new safety factor, the axle diameter may become
larger in the actual design, and the use of the conventional design
method is accepted.

As for the Shinkansen, in the conventional design method, due
to historical circumstances, the standard safety factor actually dif-
fered depending on users. However, in establishing this standard,
the safety factors were unified, and for the Applied divisions of SA
and A of System 1, the value at 210 km/h of the 0 Series Shinkansen
having a proven performance result was employed as the standard
value. With this, the axle diameter could be made smaller than that
of the conventional design, the design example of which is ex-
plained in Section 2.7.

2.6 Expansion of applied speed range in high-speed railway sys-
tem (Applied division SA of System 1)
In response to the increase of the rolling stock speed, the design
speed range in the high-speed railway system (Applied division SA

> The part herein referred to consists of the respective region correspond-

ing to the fitting of various unit parts and the region where there is no
fitting of unit parts.
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Table 1 Standard safety factor defined in conventional design method

lz:llsl::;y Applied division De;l(gklnns/;;lt;ed Standard safety factor
SA 200<V<350 | Consultation with
System1 A 150<1'<280 each customer for
each part
Limited express 16
System2 | A | (inter-city) type V<160 '
Commuter type 1.2

Table 2 Standard safety factor defined in new design method (JRIS

D1201-1)
Standard safety factor
Railway . L Design speed S
Applied d R
system pplied dvision V (km/h) . Non-fitted
Fitted part
part
SA 200<V<370 1.99 1.97
System1
A 150<¥7<280 2.00 1.95
Limi
.1m1ted. express 208 204
SA| (inter-city) type | 120<V'<160
System?2
Commuter type 1.56 1.52
A <120 1.35 1.26

of System 1) was increased from 350 km/h to 370 km/h.

The applied speed range in Applied division SA is up to 350 km/
h in JIS E 4501. However, since high-speed rolling stocks with a
design speed exceeding this speed range were planned, the test data
of Shinkansen travelling at a speed exceeding 350 km/h were added,
and the relationship between the travelling speed and the maximum
stress was determined. The result is shown in Fig. 4. In the range
above 350 km/h also, the maximum stress stays below the stress-ve-
locity relationship formula (straight line in the figure) of JIS E
4501:1995 in which the dynamic coefficient of additional force was
reviewed in 1995. It is found that the gradient of the increase of the
stress vs. velocity is almost equal to that in the range below 350 km/
h. With this, the dynamic coefficient of additional force in the Ap-
plied division SA of System 1 was unchanged, and the application
range was expanded up to the maximum speed of 370 km/h in the
measured data.

Furthermore, as for the conventional railway line, the Applied
division was divided at 120 km/h, and for below 120 km/h, the dy-
namic coefficient of additional vertical force of 0.4, and the dynamic
coefficient of additional lateral force of 0.3 provided in JIS E
4501:1986, and for 120 km/h—160 km/h, values in Applied division
A of System 2 provided in JIS E 4501:1995 are respectively em-
ployed, and Applied division B of System 2 was abolished. These
provisions are based on those of the conventional design method.
Namely, for below 120 km/h of the conventional railway, speed-de-
pendency is not taken into account even in the conventional design
method.

Table 3 is a list of the dynamic coefficients of additional force
provided by JRIS D1201-1 based on the above study. The formula
of the dynamic coefficient of additional force of Applied division
SA of System 1 is divided into the dynamic coefficient of additional
vertical force a,, and the dynamic coefficient of additional lateral
force o based on the formula of the bending stress-velocity rela-



NIPPON STEEL TECHNICAL REPORT No. 133 MARCH 2025

35

0d/ 0st=1.126+0.0052V

3.0

25

20

05

Dynamic stress 0 d./Static stress O st

0.0

200 250 300

Velocity (km/h)

350

)

A

*

x

x

400

STAR21

Series300 | Referenced data® at the time
JIS E4501 establishment (1995)

WIN350

Series A(M): Straight |
Series A(T): Straight
Series A(M):R8000
Series A(T): R8000
Series B(M):R8000
Series A(T): R7000
Series B(T):R7000
Series B(T): R6000

rAdditional data

Relationship Stress—Velocity

Fig. 4 Velocity dependence of bending stress

Table 3 Dynamic coefficient of vertical and horizontal additional force?

Dynamic coefficient of
Railway | Applied | Design speed | vertical additional force a,
System | division V (km/h) Dynamic coefficient of
horizontal additional force o,
a, = 0.0027V
SA 200<V<370 v
- a, =0.030 + 0.00060/
System1
a, =0.0027V
A 150<V<280
a, =0.030 +0.00085)
a, = 0.0027V
SA 120<V<160
a, =0.040 +0.0012V
System2
o, =04
A V<120
o, =03

tionship in Fig. 4.

2.7 Change in axle diameter by application of new standard

In the design of Shinkansen axles based on JRIS D1201-1, the
minimum required axle diameter to satisfy the standard safety factor
for a rolling stock with a design maximum speed exceeding 210 km/
h is smaller than that of the previous design due to the review of the
speed-dependency of the braking force and the driving force and the
review of the standard safety factor based on 210 km/h.

Then, axle diameters were compared between that of the con-
ventional design method and that of the JRIS D1201-1 method, as-
suming a maximum speed of 360 km/h. The resulting changes in di-
ameter and mass are shown in Fig. 5. With this, the diameter of the
wheel seat is made smaller by 6 mm, and the weight is reduced by
29 kg.

Furthermore, as the minimum required axle diameter has be-
come smaller, it may become possible for the existing axles to be
used as they are for the increase of the maximum speed and the in-
crease of the axle load of the existing rolling stock.

3. Standard for Axle Fatigue Damage Evaluation

Method (JRIS D1201-2)

The conventional design method and JRIS D1201-1 described in
the preceding chapter are based on the concept of fatigue strength.
In recent years, since no axle breakage accidents due to fatigue have
ever happened, there is no problem of safety in these design meth-
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Fig. 5 Estimated variation of diameter and mass estimation by JRIS
D1201-1 compared to conventional design method

ods. However, upon developing more reasonable design methods, it
is considered effective to focus on the accumulation of fatigue (fa-
tigue damage). However, a method to evaluate the damage of axles
due to the accumulation of fatigue caused by the stress in actual on-
track operation has not yet been standardized not only in Japan, but
also throughout the world.

Therefore, we tackled the development of a new standard for
various evaluation results for easy comparison and examined it by
eliminating the difference in results due to the difference in evalua-
tion methods by standardizing the fatigue evaluation method of rail-
way axles.

3.1 Concept of the standard and subject axle material

This standard provides the evaluation method for the fitted part
and the non-fitted part of SFA640 and S38C-QA by employing the
linear cumulative damage rule based on the Modified Miner’s rule.
In addition, the evaluation based on the concept of this standard is
applicable to other steel grades.

Figure 6 shows the evaluation flow of fatigue damage, which is
explained sequentially hereunder.

3.2 Evaluation index

As the index for the evaluation of the fatigue damage design
method, equivalent stress is provided. This is because in recent
years, there have been no domestic axle breakage accidents at all,
and furthermore, the data which evaluate the fatigue damage of the
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actual size of axle fatigue damage are very scarce; accordingly, we
are unable to discuss the fatigue damage focused on axle breakage
life. Therefore, by grasping the equivalent stresses of the existing
axles that have been used safely, the evaluation of safety was con-
ducted by comparing stresses with these stresses.

As shown in Fig. 7, the “equivalent stress” is sought for the
stress having a constant amplitude stress which will develop fatigue
damage at the same number of cycles at which number the actual
on-track stress having varying amplitudes will develop fatigue dam-
age based on the Modified Miner’s rule. This is an index which en-
ables fatigue damage evaluation.

In the case of setting a standard value of an equivalent stress for
evaluation, select an existing rolling stock having a sufficiently
proven safety record, grasp the actual state of operation of the sub-
ject rolling stock such as the operating section, operating ratio and
average load factor, and calculate the equivalent stress per steel
grade and per part, and the highest value among them is to be se-
lected as the standard equivalent stress.

However, in this standard, the standard equivalent stress is not
provided specifically. Therefore, hereafter, it is necessary to set
proper standard values by gathering the actual values of axles hav-
ing sufficient proven safety records.

3.3 Gathering of measured stress spectrum (base data)

In order to obtain the equivalent stress, a stress spectrum is nec-
essary, which should be composed of the data of one both-ways
consisting of the data of the first axle on the outward train direction
and the data of the fourth axle on the return train direction (Refer to
Fig. 8, both-ways in acceptable reverse direction).

In this standard, two kinds of spectrum are employed for calcu-
lating the equivalent stress. One is the spectrum composed of the
stress measured during actual rolling stock operation, and the other

Prepare base data

Prepare operation
and track condition

;@Preparation before
calculating stress

Divide section |«————— spectrum
into elements Analyze base data
I Calculate stress spectrum in each element | @Calculation of
[ i __________________________________ stress spectrum

I Calculate roundtrip equivalent stress in each element |

l ®cCalculation of
equivalent stress

Sum equivalent stress
(= Equivalent stress of entire analyzed rail line)

I Compare to standard equivalent stress | @Evaluation

Fig. 6 Evaluation flow of fatigue damage
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is the spectrum estimated based on the measured data spectrum. The
former is defined as “base data”. The estimation method of the latter
is described in Sections 3.5 to 3.7.

The base data of the first axle is essential. As for the data of the
fourth axle, as a matter of course, measurement is desirable; howev-
er, it is not necessarily essential. Refer to Section 3.7 for the estima-
tion method of a spectrum when data of the fourth axle are not
available.

3.4 Base data analysis

As a result of the analysis of the spectrum of the data measured
on an actual rolling stock, it was found that such spectrum can be
approximated mostly by a normal distribution. Figure 9 shows the
spectrum of the actual measured values on a curved section of a
track line and a normal distribution curve produced by using the
mean value and the standard deviation of the spectrum. Both are al-
most equal. Therefore, when estimating the spectrum under similar
conditions based on the base data, all spectrums were assumed to be
normal distributions. Therefore, the base data obtained is assumed
as a normal distribution, and the mean value and the standard devia-
tion are sought, and a subsequent study is conducted, employing
these values as standard values.
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Fig. 8 Axle position of data acquisition

70

——On-track
3 — .

~-Calculation
04— —

40 ]

| s

Stress (MPa)

20

10

1 10 100
Number of cycles

Fig. 9 Spectrum of on-track stress and calculated stress (On curve)

n
Damage value Dy =) -

i

Evaluation by equivalent stress

WAV = WA

Variable stress Constant stress

Fig. 7 Modified Miner’s rule and equivalent stress®



NIPPON STEEL TECHNICAL REPORT No. 133 MARCH 2025

3.5 Calculation of correction parameter for the section without
base data

For the axle of a new type of rolling stock, since the track condi-
tion and/or the operation condition are not always the same as those
of the existing base data, the equivalent stress cannot be obtained
from such base data. In such a case, a new spectrum is developed
by correcting the base data obtained under a similar condition. As
aforementioned, these spectrums are assumed to be normal distribu-
tions.

Then firstly, the bending stress generated on an axle while a roll-
ing stock travels on a track was studied by multibody dynamics
simulation. The results are plotted in Fig. 10, and the mean value of
the distribution in each curved section can be approximated mostly
by the curve in the figure. This curve is created by Formula (6), and
the mean value of the axle bending stress o, can be obtained by in-
putting the excessive centrifugal acceleration a,, curved section ra-
dius R, and the static axle bending stress . The correlation between
the mean values thus obtained by calculation (approximation) and
the actual measured values is shown in Fig. 11, and both are in good
agreement.

In addition, when the bending stress spectrum is assumed as a
normal distribution on each curve, the standard deviation o, is ob-
tained from Formula (7).

o tog(E

o=axa el ©)
a, 1y

aaxlp re M

st

Where, A, B, C, D, E, a, b, and ¢ are undetermined constants,
and this standard introduces the Newton-Raphson’s method as an
example of seeking these undetermined constants”®. By using For-
mulae (6) and (7) with the input of these constants, a stress spectrum

2.2
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based on a normal distribution can be obtained by calculation even
when the static bending stress, excessive centrifugal acceleration,
and the curved section track radius in the subject evaluation section
are different from those of the base data.

3.6 Division of evaluation section

The track line for evaluation is divided into several sections at
the boundary positions where the track line information, operation
parameters, existence of base data, operating conditions, and so
forth change, each section of which is to be addressed as an inde-
pendent evaluation section.

3.7 Preparation of stress spectrum in respective evaluation section

A stress spectrum is to be prepared per section divided for evalu-
ation. The stress spectrum to be prepared herein is based on that of a
both-ways per section (outward direction: first axle, return direction:
fourth axle). Furthermore, in a rolling stock workshop, high stress
tends to be generated. However, as a result of a comparison of the
data obtained only during travelling on a main track line and that
added with the data in a workshop, since no significant difference
was noticed between the two, data in a workshop was omitted.

When the condition in a section for evaluation is the same as
that of the actually measured base data, the base data itself is as-
sumed as the spectrum to be evaluated.

When the condition in a section for evaluation differs from that
of the base data, the normal distribution obtained by inputting into
Formulae (6) and (7) the constants introduced by using the base
data, the excessive centrifugal acceleration, the radius of the curved
track in the subject evaluation section, and the static axle bending
stress, and then by calculating the mean value and the standard de-
viation of the bending stress thereby is assumed as the spectrum in
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the subject section.

Furthermore, regarding the fourth axle, even when the base data
does not exist at all, with respect to the static bending stress o, a
normal distribution having the mean value equal to 1.0¢, and the
standard deviation equal to 0.1, is assumed as the spectrum. This
is because, as a result of an investigation, noticeable influence of the
travelling speed on the stress of the fourth axle was not clearly rec-
ognized, and the change in the stress while passing a curved track
was also small.

Furthermore, the bending stress needs to be calculated per axle
evaluation position, and nominal stress is taken at the fitted part, and
net stress incorporating the stress concentration coefficient is taken
at the non-fitted part.

3.8 Calculation of equivalent stress in each section

In the case of studying the axle strength from the viewpoint of
fatigue damage, the S-N curve of the part for evaluation is neces-
sary. An S—N curve is generally expressed by Formula (8). In this
standard, the parts for evaluation are broadly classified into the fitted
part and the non-fitted part, and the values of m required for the cal-
culation of fatigue damage are provided in the Table 4, respectively.
These values are based on the result of the evaluation of the fatigue
strength of an actual size axle conducted by Makino et al.®.

Furthermore, in JRIS D1201-2, since the data for the S—N curve
index m at the non-fitted part of S38C-QA presently used for high-
speed rolling stocks are not sufficient, the same value as that of
SFA640 is used. Currently, a study is in progress to gather new data,
and to revise the standard.

Next, upon evaluating fatigue damage, the concept of the linear
cumulative damage rule (Modified Miner’s rule) was employed.

The equivalent stress a, is calculated by Formula (9) based on
the Modified Miner’s rule respectively per spectrum constituent ele-
ment, namely, the first axle in the outward direction, and the fourth
axle in the return direction.

N=A4"xg™ ®)
Where,
N: number of repeated cycles
o: bending stress of axle
A": S-N curve coefficient
m: S-N curve index

A ) Jim x n,
O-eq - m Tn, (9)

Where,
o0,: representative stress at 7 th rank in stress spectrum
n,: frequency (number of repeated cycles) at ith rank in stress

spectrum
Table 4 Index of S—N curve?
Mark Part
Fitted 5
SFA640 Non-fitted 9
(Surface roughness: Ra = 3.2 um)
Fitted 6
S38C-QA Non-fitted 99
(Surface roughness: Ra = 3.2 um)

Note ¥ Determined as the same value as that of SFA640
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3.9 Sum up of equivalent stress

The equivalent stress in the respective evaluation section is
weighted based on the travelling mileage, and the equivalent stress
in the entire evaluation section is required.

3.10 Evaluation

The equivalent stress in the entire evaluation section so obtained
is compared with the standard equivalent stress corresponding to the
parts for evaluation. When the value of the standard equivalent
stress divided by the equivalent stress of the entire evaluation sec-
tion is 1 or above, it is judged as safe.

3.11 Utilization of the standard hereafter
3.11.1 Subject of application
This standard can be utilized in the following cases hereafter.

(1) To verify the safety of an axle designed by JRIS D1201-1 de-
scribed in the preceding chapter. The safety of the high-speed
rolling stock axle is to be confirmed especially by applying the
fatigue damage evaluation since the diameter of the axle de-
signed by D1201-1 becomes smaller than that designed by the
conventional design.

(2) To judge the necessity by the fatigue damage evaluation of in-
creasing the diameter of an existing axle designed by the con-
ventional design method for the application to higher speed
which may require increase of the axle diameter from the
viewpoint of fatigue strength design.

(3) To evaluate safety by the fatigue damage evaluation towards
the changes in the track line condition and/or the changes in
the operation condition anticipated in a track line extension.

3.11.2 Introduction of expected utilization case
Assuming the application case of (1) of Section 3.11.1 above,
the application procedure is illustrated below (Refer to Fig. 12).

(1) An axle designed by the conventional design method has al-
ready been provided to an existing rolling stock series (defined
as rolling stock A). The actual result of the bending stress of
this axle is shown in Fig. 13 with a full line.

(2) To this, a new axle was designed by JRIS D1201-1 described
in Chapter 2 based on the design specification for the rolling
stock A. Compared with the existing axle, the diameter became
smaller by 2 mm at the fitted part, and by 7 mm at the non-fit-
ted part (body part).

(3) Based on the axle diameter so decided, the spectrum of the ex-
isting axle in Fig. 12 was modified, the result of which is
shown in the same figure with a broken line. As a result of ap-
plying the abovementioned fatigue damage evaluation based
on this spectrum, the equivalent stress was o, =33.24 MPa.

(4) On the other hand, as a result of seeking the equivalent stress
of an existing rolling stock having a sufficient proven safe op-
eration record (defined as rolling stock B) with the above men-
tioned method, aqu=35.50 MPa was obtained at the same
evaluation position.

(5) Since the value of the equivalent stress of the rolling stock B
divided by the equivalent stress of rolling stock A is above 1,
the newly designed axle is judged to be safely serviceable.

4. Conclusions
(1) For a high-speed rolling stock, based on the axle strength de-
sign standard JRIS D1201-1, increase of the allowable design
speed and the allowable axle load of the existing axle has be-
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Fig. 13 Modifying stress spectrum

come possible by reducing the design driving force and the de-
sign braking force, and by setting the evaluation standard at
one of the 0 Series Shinkansen (design maximum speed 210
km/h). As compared with that of the conventional design, the
reduction of the axle diameter, namely, reduction of weight is
enabled by the new design.

(2) Based on the axle fatigue damage evaluation standard JRIS
D1201-2, the evaluation of axle strength from the viewpoint of

fatigue damage has become possible, and since reasonable
evaluation toward the increase of the maximum speed based
on the stress under actual operation has become possible,
avoidance of the increase of the axle diameter to more than
necessary is considered possible. Concerning the fatigue dam-
age evaluation method, future standardization as further rea-
sonable axle design methods is desired.
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