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1. Application of the calculation procedure to the Czeh Pendolino wheel

The endurance design procedure has been applig t€zech Pendolino wheel from the
same wheelset on which the load measurements werfermped in this project (see
Deliverables D1 and D2). This wheel was formallysigaed according to the UIC_210 5
(calculation report CRS_RC _L106_1.

From the calculation report, in the worst condit{langing curve with worn wheel) for the
most stressed node we found a safety coeffigjentl.108(for new wheel the report gives a

minimum safety coefficiery = 1.137)

The load values used in this report are:

UIC 210 5
Q Y
Straight
104.2 kN -
Load case 1
Curve in flange
171 kN 76 kN
Load case 2
Curve not in flange
Load case 3
Switch
104.2 kN 35 kN
Load case 4

Table 1 — Load used to check the Pendolino whéleisimg the UIC_210_5 standard.
Where Q is the vertical load and Y the lateral lo@de positions and the directions (and

versus) of loads are the same described in Figure 1

The permissible stress amplitude is used by theann®180 MPa.
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Figure 1 Position and direction of applicatiortlod forces according to UIC 510.5

2. Wohler Curve

Figure 2 shows the Wohler curve for solid-wheelsnaterial R8T based on full scale fatigue

tests at constant loading; these tests were cawtiethy Lucchini Sidermeccanica during the

Hyper-Wheel project.

The confidence vale is 99.95%,. The knee-point 23@MPa with a cycle of aborio® .

As suggested by LBF the slope of the second pattteoturve is k' = (2-k)-1 where Kk is the

slop of the first part (k=5).

R is the cycle ratio of tests, RGmin/Omax R=-1 : an alternate-symmetric cycle load on the
wheels tested.

So at 10cycles the fatigue limit was about 200MPa.

This curve was considered a conservative referemdbe wheel design.
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Figure 2 — Wohler-curve used in "Palmgren-Miner host"

3. Load Spectra

LBF sent to Lucchini Sidermeccanica the load spetir each running condition extrapolated
to the theoretical wheel life of 6M cycles. Eachminer of repetition given in the various

matrixes, corresponds to the relative vertical @) Lateral (Y) force levels the load interval

between one load level and the following one is 1kN

Figure 3 shows the convention of load, acceleradiot speed direction performed during the

measurements.
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For the wheel 1 we obtained:
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Figure 4 — Load spectrum for wheel 1, leading wbeiehnd trailing wheelset in curve

For this representation we used a logarithmic soalerder to increase the visibility of the
less occurring loads that could be also the higgeds acting on the wheel. The white colour,
in the graphs, represents the load cases that appear in data acquisition. The spectra are
defined for two cases:

. Unloaded vehicle: the low part of the graphs ;

. Full loaded vehicle: the high part of the graph®mithe force Q is shifted of 20kN.

For simplicity, we consider the vehicle running Faif life fully loaded and for the rest half

life unloaded, in order to cover the overall indeg conditions.
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Figure5 — Wheel 1 (leading wheelset) curve in feang
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Figure 6 — Wheel 1 (leading wheelset) curve notdta
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Figure 7 — Wheel 1 (leading wheelset) in straigining
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Figure 8 — Wheel 1 over switch
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For the wheel 2:
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Figure 9 — Load spectrum for wheel 1, leading wheieind trailing wheelset in curve
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Figurell- Wheel 2 (leading wheelset) in curve ndtange
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Figure 12 — Wheel 2 (leading wheelset) in straight
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Figure 13 — Wheel 2 in switch
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Following the Palmgren-Miner method for estimate tbtal life of a mechanical component,
we implemented in Matlab a program. The input tg firogram are the spectrum matrixes
and the Ansys result files for the six forces taett in the load cases, the output is the total
damage fraction for each node of the web in theySamalysis.

The intermediate result is the stress spectradoh @ode ; figure 14 shows this diagram for
the most critical node (with the highest damagigtdr) and the wohler curve for R8T wheel
material. For this wheel the maximum stress is aB20 MPa.

. Spectrum equivalent completely reversed stress cycle - node 111 - All cases

"o | e \ohler Curve
Total Spectrum

107 10 10° 10° 10° 10° 10"
Repetition

Figure 14 Original wheel; stress spectra for masital node; Wohler curve for R8T
We have performed the analysis for the original et§811kg) of the Pendolino Cechia then

we reduced the web thickness reducing the weighbofit 40kg (12% less from the original

weight) and repeated the calculation.
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Figure 15— Total damage fraction for the web (thedr part in bleu and the outer part in
red) of the original wheel

As shown in Figure 14 the most stressed node th@mner part of the web and it arrives to
have a damage fraction of about “10Therefore, following this method the web
mass/thickness could be reduced, reducing the bueraprung masses of the vehicle.
Working on the 3D drawing of the Czech Pendolineelra new web geometry was defined
then the calculation procedure was repeated onninig design obtaining the new damage
fraction for all the nodes.

The intermediate result is the stress spectradoh eode ; figure 16 shows this diagram for
the most critical node (with the highest damagigtdr) and the wohler curve for R8T wheel

material. For this new wheel the maximum stresdbut 300 MPa.

Page 15 of 19



Stress [MPa)

Spectrum equivalent completely reversed stress cycle - node 111 - All cases

" | —{\phler Curve
Total Spectrum

Total damage

Auxial ordinate [mm]

10° 10° 10* 107 10 10'
Repetition

Figure 16 New wheel with 10% less mass; stressispir most critical node;
Wohler curve for R8T
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Figure 17 — Total damage fraction for the web (th@er part in bleu and the outer part in
red) of the new wheel
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Figure 17 shows the fraction of damage foundedHemew wheel. The most stressed node is
again on the inner web, almost in the same posiothe original wheel. It arrives to a
fraction of total damage of 0.4 (remember thatagtfon of damage of 1 would correspond
theoretically to breaking of the component at the ef the proposed life).

LBF analysts use in their FEM analysis a limit lo¢ fraction of damage of 0.5, therefore our
new wheel respects the limits accepted for a sesggd. Moreover for this project we used a
Wohler curve with high restrictions on the confidengap for a safer forecast of the total
damage.
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5. Conclusions

This endurance procedure, based on load spectr#Vahter curves, is an alternative method
to the standard method defined by UIC510.5.
The example of calculation shows that it is possiblreduce the wheel weight of at lest 10%

It should be underlined that the load spectra usdtie calculation is representative of the
Czech railway lines and of the Alsto Czec Pendaoliamset.

For a more general application of the procedurditierent railway lines, the load spectra
calculated for each case defined in DeliverablecB2 be reassembled considering the new
distribution of straight line and curving runningnditions.

To compare the two different calculation methotig, JIC calculation is made also for the
new wheel applying the same loads defined in table

In table 3 are shown the safety factors for the wiels, obviously if the safety factor is
larger than 1 the life would be infinite If lesathl the design is not verified.

The safety values show that the UIC method desenable the verification of the lower

weight wheel.
New wheel (274 kg) Original wheel (311 kg)
new worn new worn
d 0.67 0.63 1.137 1.108

Table 3 — Comparison of the minimum safety coefftsibetween the original wheel and the

new one developed with this procedure.

The load values calculated by the UIC 510 5 strecanalysis are quite different from the
ones read in load spectra. In the Table 3 are suinedathe values which the standard
UIC 210 5 gives and the maximum valued from thesensce tests during the project
Widem.
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Miner UIC 510 5
Q max Q med Y max Y med Q Y
Straight 120 kN 90 kN 45 kN 0 kN 104.2 kN -
Curve in
130 kN 95 kN 80 kN 0 kN 171 kN 76 kN
flange
Curve not in
120 kN 90 kN 55 kN O kN - -
flange
Switch 110 kN 65 kN 20 kN O kN 104.2 kN 35 kN

Table 4 — Loads used following the two differersigie procedure.

We can note that the loads fixed by UIC standands kagger than the medium loads

measured with the spectra, and the maximum loadsctéd in service, act only for very few

revolution cycles in the whole life of the wheel fexample for 0.3 meters (0.1 revolution

cycle as shown in figures from 7 to 16) on 6-&f.
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