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Abstract: This Recommended Practice (RP) has been created for the purpose of helping
to ensure compliance with 49CFR 238.231(f), 49CFR238.231(j)(4) and 49CFR
238.303(e)(8)(x) which state (in part) that “the operating railroad shall require that the
design and operation of the brake system results in wheels that are free of condemnable
cracks.” While the rule specifically addresses the brake system, this RP suggests a method
by which a wheel design, appropriate for the envisioned operation, can be chosen to
minimize the risk of cracking due to service brake loading. Application of this RP is also
suggested when a railroad is considering changes to its operation (such as maximum
authorized speed, deceleration rate, stopping profile, or station spacing).
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Introduction

This Recommended Practice (RP) has been developed to assst APTA member railroads in the
selection process of wheels appropriate for particular service applications. The RP has no
predecessor and has not been adapted from any other standard. The RP establishes a
performance-based approach to the sdection of wheds to preclude their development of
condemnable cracks. The RP can be envisoned as a filter which discriminates between
combinations of whed design and operating parameters which are likely to result in poor whedl
performance and those which are not. The railroad needs to further consider the requirements
of 49CFR238.231(k) during the evaluation of the gppropriate whed type to be utilized.

The RP has been developed using results of research conducted by severd andysts from the
private sector and the federal government. The Federd Railroad Adminidration (FRA) has
gponsored a sgnificant amount of this research and testing, the results of which appear in the
reports listed in Annex B.

The RP considers the thermd loading imposed at the whed tread resulting from friction braking.

Much of the research noted above has focused on understanding the phenomenon of rim stress
reversal’ due to therma loading and its relationship to therma cracking. The essence of this
research has been didtilled into this RP. Using rdatively few operating parameters, which are
wedl-known and understood by railroad personne, the RP helpsto identify whed designswhich
are not likely to experience thermal cracksin normal revenue service,

This RP is evolving. The limits prescribed in the RP are subject to change as experience is
gained through its application in actud ralroad practice. Periodic inputs from users of this RP
are welcomed. |If the operaing agency has had satisfactory experience with an existing whedl
design, tis does not prohibit the purchase of wheds of the same design even though they are
not recommended by this RP,. This assumes operating conditions remain the same (vehicle
design, maximum speed, braking rate, maintenance practices).

1 Rim dress reversd refers to the Stuation in which the as-manufactured residua
circumferentid (hoop) compression in the vicinity of the whed tread is reversed to tension as a
result of severe heating during ontread friction braking. The as-manufactured residud
compression assigts in preventing the formation and growth of cracks which may form a the
whed tread. Reversa to tenson increases the likelihood of crack formation and growth.
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APTA RP-M-013-06
Recommended Practice for Selection of Wheels
for Passenger Applications

1. Overview

The purpose of this Recommended Practice (RP) is to reduce the risk to APTA member
agencies of the occurrence of condemnable tread surface cracks in service. The proposed
gpproach seeks to identify maximum loading conditions for particular whed designs and AAR
materid classes above which whed cracking may be expected to occur. Such a performance
standard helps accomplish this purpose. Improved economics may aso be redized in that
reduced whed reprofiling (truing) to remove whed tread therma cracks will prolong whed life.

The RP comprises asmplified method to estimate the braking demand on a whed resulting
from a given set of operating conditions. The method uses basic characteritics of the railroad
operation to estimate limiting brake power above which therma cracking may be expected to
occur.

1.1 Scope

This Recommended Practice (RP) may be gpplied to al equipment operated in passenger
service.

1.2 Purpose

The purpose of this RP isto provide arationd basis for assessng whether a given whed design
will perform satisfactorily under normd railroad operating service conditions. The objective is
to sidfy the desgn criteria sat forth in 49CFR238.231(f), 49CFR238.231(j)(4) and
49CFR238.303(€)(8)(x)?. The methodology is designed to suggest whed designs which will
not likely experience whed tread therma cracking under norma operating conditions.  This
method requires specification of particular vehicle and operating parameters.

1.3 Practical considerations and limitations

This RP is gpplicable to stuaions representative of nomind (routine, day-to-day) operating
conditions.  Potentidly extreme conditions which may occur in the event of equipment
mafunctions or other unusua operationd scenarios may exceed the limits of gpplicability of the
technique described here. Heavy-grade (drag braking) operations are not addressed in this RP.

2 Other relevant federal regulations include 238.431(d), (e)(4) and 238.501(b)(1) which
pertain to Tier 11 rail equipment operating a speeds above 125 mph.

12 5 Voliime V - Mechanical



APTA PR-M-RP-013-06
Edited 02-15-07

AAR Standard S-660 should aso be gpplied to these Stuations.

In addition to being able to obtain suggestions for appropriate whed designs for a particular
type of service, the potentid impact of changes to the operation can aso be evauated. This
may be particularly relevant to operating environments with relatively benign braking demand.
These operations may be able to tolerate greater brake horsepower per whed than might be
suggested by this gpproach. These environments might include exclusvely express service with
limited station stops and civil redrictions, resulting in relatively few (or widdy-spaced) braking
cydes. Future plans (such as the potentid for changing maximum authorized speed,
deceleration rate, opping profile, or ation spacing) should be consdered before considering
aless conservative approach.

This RP is intended neither to prohibit nor endorse continued operation of whed designs and
operating conditions that exhibit satisfactory performance. It is aso not the intent to endorse
continued operation under circumstances where condemnable therma cracking exigts.

Due to minima rallway operdiond data avalable to APTA to develop this RP, the RP
Spreadsheet tool results may not accurately reflect the whed service performance experienced
on the many different railway properties of APTA. The RP and spreadsheet tool must be
vaidated agang red-world service operating characteristics (loads, speeds, operating
parameters, whed truing operations, etc.) and the actua whed service experience of each
individud railroad. If wheds are performing successfully on equipment in actud service, this fact
should be given important consideration when evauating results obtained using the spreadsheet
tool. Conversdy, if gpplication of the tool results in condemnable thermd cracking in service,
this must be brought to APTA’ s atention.

It is essentid that APTA receive feedback from operating railroads on the gpplication of the RP
document in such areas as, 1) how the tool is used, 2) how results from the spreadsheet tool are
evauated, 3) how results compare to actua service experience. It is anticipated that a tria
period of implementation will be necessary to evduate the RP, given the complex and
theoretical nature of the calculations upon which it is based.

2. References

This Recommended Practice shdl be used in conjunction with the following publications.
Should any of the following references be superseded by an gpproved revision, the most recent
revison shdl apply.

49 CFR 238.231(f), July 3, 2000
49 CFR 238.231()(4) , July 3, 2000
49 CFR 238.231(K), July 3, 2000

49 CFR 238.303(€)(8)(x), July 3, 2000
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49 CFR 238.431(d), April 23, 2002

49 CFR 238.431(€)(4), April 23, 2002

Procedure for the Analytic Evaluation of Locomotive and Freight Car Wheel Designs,
Association of American Railroads Standard S-660-83, Adopted 1981, Revised 2004.

3. Definitions, abbreviations, and acronyms

For the purposes of this Recommended Practice, the following definitions, abbreviations and
acronyms apply.

3.1 Definitions

3.1.1 braking, disc: ameans of retardation used on somerail vehicles that utilizes flat metal
discsasabraking surface. Thediscisclamped by brake pads through a caliper arrangement.

3.1.2 braking, dynamic: ameans of train braking whereby the kinetic energy of a moving
rail vehicle(s) is used to generate a current at the traction motor, which isthen dissipated through
banks of resstor grids (resstive brake) or back into the catenary or third ral sysem
(regenerative brake). In a hydraulic transmission arrangement, a hydrogtatic brake is the
dynamic brake.

3.1.3 braking, tread: ameans of retardation used on some rail vehicles that utilizes brake
shoe that is pressed againgt the whed tread.

3.1.4 cracking, thermal: a heat-induced crack at the braking surface caused by frictiona
heating during braking. Therma cracking may occur in whed tread and brake discs at the
interface between the brake pad/disc and the brake shoe/whed tread.

3.1.5 decderation rate: insantaneous rate of change of speed with respect to time during a
brake application. The unit of measure is usualy expressed as miles per hour per second
(mphps). The deceleration rate may be speed-dependent.

3.2 Abbreviations and acronyms

AAR Association of American Railroads

APTA American Public Trangportation Association
CFR Code of Federd Regulations

FRA Federd Railroad Adminigtration

PRESS Passenger Rail Equipment Safety Standards
RP Recommended Practice

4. Wheel selection for tread thermal crack avoidance

1237 Voliime V - Mechanical



APTA PR-M-RP-013-06
Edited 02-15-07

4.1 Contextual background

Wrought (forged) wheds for passenger gpplications are typicaly heat-trested during
manufacture to induce beneficid gran dructure and compressve circumferentid resdud
stresses in the rim. The heat treatment consists of gpplication of a water spray (quench) at the
tread surface when the whed is a high temperature near the end of the manufacturing process.
The water soray causes rapid cooling of the quenched region, which results in a fine-grained
microgtructure that is more wear-resigant. A second benefit of the quenching process is the
cregtion of compressve resdua sress in the whed rim at the tread surface. This compressive
gtress helps to prevent the formation of cracks and retards their growth if they manage to form.
New whedls, therefore, have improved wear resistance at the tread surface and an internd

dress digtribution that is unfavorable to crack propagation.

Whed tread therma cracking is caused by severe heating d the whed tread during on-tread
friction braking in service. Excessve friction brake hegting has two distinct adverse effects on
whesdls.

Locdly, immediately under the brake shoe, a shdlow layer of tread materid is rapidly hested,
causng it to expand. At the same time, the mechanical properties (strength) of the heeated layer
are reduced due to the high temperatures. The expansion is ressted by the bulk of the
ggnificantly cooler rim and plate materid. Depending on the temperature gradient attained
during the brake application, local compressive yielding can occur in the thin layer due to the
reduced yield strength of the materid. When the whed is alowed to cool, the materid shrinks,
the converse of therma expansion. If the heat-affected layer hed yidded during heating, it will
now be in a gate of circumferentid (hoop) tenson. That is, the resdua compression that was
present following manufacture is reversed to tenson a the treed surface. This is commonly
referred to as stress reversd.

The presence of condemnable therma cracks is undesirable, and in violation of FRA regulation
49CFR238.321(f), 49CFR238.231(j)(4) and 49CFR238.303(e)(8)(x). Severa brake system
design concepts are available to reduce the thermal |oading imposed by tread brakes.

Disc brakes, which comprise ether an axle-mounted, whed-hub mounted or whed-cheek
mounted disc (or discs), that is engaged by a cdiper fitted with brake pads, represent an
efficient means of reducing therma loads on the whed tread. Disc brake-equipped rail vehicles
often adso have conventiond tread brakes as well, since moderate tread braking helps to
condition the whed tread, remove built-up contaminants which may adversdy affect axle
shunting and maintain whed to rall adheson. Dsc brake systems are generdly designed to
provide a pecified fraction of the tota braking effort of asingle vehicle.

Dynamic braking, in which the eectric motors are reconfigured as generators to dissipate
braking energy as heet through resstor grids, is one option. However, dynamic brakes may fall
without warning en route. Also, dynamic brakes are not avalable on a particular axle if the
traction motor is inoperative or cut-out for any reason. Therefore, for the purposes of this RP,

12 8 Voliime V - Mechanical



APTA PR-M-RP-013-06
Edited 02-15-07

dynamic braking, if available on the equipment under consideration, is assumed to provide no
brake effort. Retarding force is therefore provided by the friction braking system (tread and/or
disc) done.

4.2 Application to normal service braking operations

As discussed in the Introduction, the results of a body of research have been didtilled into this
RP. The outcome, for the purposes of this RP is a smple, spreadsheet-based tool® that can be
used to disinguish whedl design/operating condition combinaions which may be prone to
thermal cracking (due to the reasons described above) from those which are less likely.

To download the tools, follow these ingtructions:

a) Go to www.apta.com.

b) From the menu on the left of the screen select “ Standards Program.”

c) A new Home Page will open

d) From the menu on the left select “Published Standards.”

€) From the drop down menu that appears select “PRESS.”

f) From here you can download any PRESS Document.

The tool is avaldble directly from the APTA webste a the following URL:
http://Aww.aptastandards.com/PublishedStandards PRESS/tabid/85/Default.aspx.  From  the
list of published standards, select APTA PR-M-RP-013-06, Recommended Practice for Selection
of Whed s for Passenger Applications.

Thetool alows selection of two consst arrangements.

locomotive-hauled consists (coaches and cab cars)
sdf-propelled congsts (EMUs, DMUS).

The blank spreadsheet is shown in Figure 1. The input parameters required to implement the
tool are described in the order in which they are presented.

A checkbox is provided to reflect the user's desire to evduate a locomotive-hauled cons<.

3 The current version of the tool (version 12, 02/15/2007) isimplemented in Microsoft®
Excel 2003 SP2. In order to provide required functiondity, macros have been embedded in the
workbook. Depending on the security settings of your computer, a didog box asking whether
to enable or disable macros may appear when loading the spreadsheet. Users should select
“Enable Macros.”
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The dtatus of the checkbox determines the input requirements and the user is required to enter
some number of the following parameters:

Maximum operating speed (mph)
LOCOMOTIVE PARAMETERS

Maximum fully-fueled locomotive weight (1b)
Number of locomotive axles

If disc/tread combination, disc fraction (%)
Brake shoe width (in)

Locomotive/car deceleration rate (mph/s)
Locomoative/car brake shoe width (in)

CAR PARAMETERS

Car weight (Ib) *

Check if car is sdf-propelled (checkbox available only if locomotive-hauled consst is
not checked)

If disc/tread combination, disc fraction (%)

Brake shoe width (in)

The sarvice decderation rate may be characterized in two ways. If the operation
employs a congtant deceleration rate, the next check box should be cleared and the
brake rate (in mph/sec) entered in the appropriate cell. If the operation is defined by a
variable decderation rate, the corresponding box should be checked and the variable
decderation rate is defined as a series of speed-brake rate pairs beginning a maximum
speed and ending at zero. Up to five speed-brake rate pairs may be defined.

Checkbox for variable deceleration rate (speed taper) (if selected input table appearsto
enter speed-dependent deceleration rate)

Maximum service deceleration rate (mph/s) (available only if variable deceleration rate
checkbox is not checked)

4 This corresponds to the AW3 crush load for passenger equipment. The Spreadsheet
includes a factor to account for the effective increase in mass due to rotary inertia effects, which
is 10% for EMUs and DMUs and 5% for coaches.
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Car/consist performance data is displayed below the input data. The car/consst stop time, the
maximum and average brake power and the brake power and deceeration rate plots are
caculated and displayed automatically. The average brake power (expressed in hp) isthe result
of interest.

This result is compared to a table of nomina vaues caculated automaticaly for each whed
desgn/AAR materid class combination shown in the CARWHEEL DESIGN table.

Currently six® whedl designs are represented for each of the four AAR materia classes. Whed
designs that are not represented in the table require that additional caculations be performed to
develop the appropriate brake power limits. APTA should be informed of this so that these
designs may be included in future revisons of the RP.

Combinations (individua cells) in the CARWHEEL DESIGN table change colors depending
on the relaionship between the average brake power caculated for the specific set of input
conditions and the nomina vaues. The colors indicate whether these designs and materid grade
combinations are expected to provide satisfactory performance in service:

Combinations likely to preclude whed tread therma cracking turn green.

Margind combinations turn yelow indicating that these combinations may be suitable,
but are not recommended.

Combinations which should not be considered appear orange.

In order to avoid confusion in interpreting the indicator colors chosen for the table, the letter G
(green), Y (yellow) or O (orange) aso appears in each cdl. Other colors used in the
oreadsheet are purdly aesthetic. The user is reminded that the results presented in the
Spreadshest are subject to the limitations described in Section 1.3.

4.2.1 Example: self-propelled consist

Fgure 2 presents an example gpplication (example 1) using the following parameters:

Maximum operating speed (mph) Example: 90 mph
Car weight (Ib) Example: 140,000 Ib
Check if car is sdf-propelled Example: checked

If disc/tread combination, disc fraction (%) Example 0%

Brake shoe width (in) Example: 2.875

5 As of 02/15/2007, the table data for the E42 locomotive whed has not been
determined. Interim placeholder data is used in these examples until the actud caculations are
completed.
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In this example, a variable deceleration rate is consdered which tapers from 1.60 mph/s a 90
mph to 1.85 mph/s a 60 mph and is constant 1.85 mph/s from 60 mph to 0 mph.

For the operating parameters specified in the spreadsheet, the average brake power is 190 hp.
Three whed designs spanning al AAR materid classes are suggested as suitable candidate
wheds for the envisoned service. Three desgn/materia combinations are identified as margindl.

4.2.2 Example: locomotive-hauled consist

Figure 3 contains another example (example 2). In this case, a locomotive-hauled conss is
chosen (by checking the appropriate box). The maximum operating speed remains at 90 mph.

Additiond input is required to describe the locomotive- hauled consst:

Maximum fully-fudled locomoative weight® (Ib) Example: 300,000 Ib
Number of locomotive axles’ Example 4

If disc/tread combination, disc fraction (%) Example 0%

Brake shoe width (in) Example 2.875in
Locomotive deceleration rate (mph/s) Example: 1.25 mph/sec

Additiona input is required to describe the cars entrained:
Number of carsin consst: Example 8

All parameters used to describe the car are the same asin example 1. Note that the locomotive
deceleration rate in this example is lower than that for the eight cars in the cons<, dthough the
same brake rates for both cars and locomotive(s) can be used. In this example, as in the
previous one, car/consist performance data is calculated and displayed below the input data
area. However, in this case, the calculated stop time is greater by about 4 seconds. Thisis due
to the fact that the locomotive brake rate (deceleration rate) islower than that of the cars.

The maximum and average brake horsepower vaues are now caculated and presented for the
car and locomotive whedls. A new table (the LOCOWHEEL DESIGN TABLE) iscreated in
addition to the CAR\WHEEL DESIGN TABLE. The two tables represent the same
information described above for example 1, however al table entries are recalculated based on
the revised consst description.

The results for the new st of conditions are more redrictive, suggesting only three green
(recommended) and one ydlow (margind) candidate whed desigrymateria class combinations
for the cars. The locomotive whed desgn table indicates a wide variety of agppropriate
combinations, with one combination identified as not recommended.

6 If more than one locomative is included in the consg, the tota weight and the totd
number of axles of dl locomotives should be entered.
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4.2.3 Example: service braking of locomotive-hauled consist with
locomotive brake rate equal to coach brake rate

Figure 4 contains a find example (example 3). Inthis case, a locomotive-hauled consgt is
evauated with the locomotive deceleration rate equd to that of the cars entrained. Thisis
accomplished by unchecking the speed taper checkbox, which in turn, removes the variable
decderation rate table option. The locomotive deceleration rate (in this case 1.25 mph/sec) is
entered as the maximum service deceleration rate for the cars. The maximum operating speed
remans a 90 mph. The remaining parameters describing the car are identicd to those in
example 1 for the self-propelled consist. No additiona input is required.

The performance datais recaculated. In this example, the average brake power gpplied to the
car whedsis 126 hp. Thisis lower than what is estimated in the previous examples (190 ad
196 hp, respectively) which conddered a locomotive-hauled consst and sef-propelled
equipment. The average locomotive brake power is 282 hp, sginificantly grester than was
found in Example 2 (168 hp) in which the deceleration rate of the cars exceeds that of the
locomotive.

The results for these conditions are less redrictive for the cars, suggesting Sx green
(recommended) and two ydlow (margina) candidate whedl desgn/materia class combinations.
The results are more redrictive for the locomotive wheds since no combinations are
recommended.
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APTA WHEEL SELECTOR v.12 (02/15/2007)

Check if evaluating locomotive-hauled consist =]

Consist maximum operating speed (mph) |:l
LOCOMOTIVE CAR
Maximum fully-fueled locomotive weight (Ib) Car weight (Ib) :
Number of locomotive axles
Number of cars in consist
If disc/tread combination, disc fraction (%) If disc/tread combination, disc fraction (%)
Brake shoe width (in) Brake shoe width (in)
Locomotive deceleration rate (mph/s) |:l Check if variable deceleration rate (speed taper) El
Enter number of speed/deceleration rate pairs (max 5) :
DECEL.
Complete table to right with up to five (5) Z:ii? RATE
speed/deceleration rate pairs. (mph/s)

Speed column must be filled in descending

order beginning with max. operating speed.

Fill from top down, with last row at zero speed.

R/CONSIST PERFORMANCE D,

Car/consist stop time seconds

Brake power (hp): MAXIMUM AVERAGE

CAR
LOCO

INSTANTANEOUS BRAKE POWER PER WHEEL (hp) LOCO CAR

CAR/CONSIST DECELERATION RATE (mph/s)

100

05

10 o] 10
TIME (sec) SPEED (mph)

SUGGESTED WHEEL DESIGN/MATERIAL CLASS COMBINATIONS

Table entries highlighted in green represent combinations of wheel design and AAR material grade which should not result in thermal cracking for
chosen operating conditions.

Combinations highlighted in yellow may be suitable, but are not recommended.
Combinations highlighted in orange are not recommended.

0CO WHEEL DESIGN CAR WHEEL DESIGN
AAR E40 D AAR 32" 36" 36" D36
MATERIAL E42 MATERIAL | reverse

CLASS s-plate CLASS dish s-plate | str-plate | s-plate

L L

A A

B B

C C

Figure 1. Spreadsheet-based whed design sdection tool.
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APTA WHEEL SELECTOR v.12 (02/15/2007)

Check if evaluating locomotive-hauled consist ]
Consist maximum operating speed (mph)

CAR
Car weight (Ib)
Check if car is self-propelled EH m
If disc/tread combination, disc fraction (%)
Brake shoe width (in) 2.875
Check if variable deceleration rate (speed taper) El
Enter number of speed/deceleration rate pairs (max 5)
DECEL.
Complete table to right with up to five (5) (S:quEhI;’ RATE
speed/deceleration rate pairs. (mph/s)
Speed column must be filled in descending 90 1.60]
order beginning with max. operating speed. 60 1.85)
Fill from top down, with last row at zero speed. 40| 1.85)
20 1.85]
0] 1.85)
CAR/CONSIST PERFORMANCE DATA
Car/consist stop time 49.89 seconds
Brake power (hp): MAXIMUM AVERAGE
CAR 337 190
INSTANTANEOUS BRAKE POWER PER WHEEL (hp) ~ LOCO CAR/CONSIST DECELERATION RATE (mph/s)
400 20
300 A 154
200 4 1.01
100 A 0.5
° i ; ; i v 0.0 T T T T T T T T T
o 10 20 20 %0 . 60 0 10 20 30 40 50 60 70 8 90 100
TIME (sec) SPEED (mph)

SUGGESTED WHEEL DESIGN/MATERIAL CLASS COMBINATIONS

Table entries highlighted in green represent combinations of wheel design and AAR material grade which should not result in thermal cracking for
chosen operating conditions.

Combinations highlighted in yellow may be suitable, but are not recommended.

Combinations highlighted in orange are not recommended.

WHEEL DESIGN

AAR 32"
MATERIAL | reverse
CLASS dish

Figure 2. Spreadsheet-based whedl design sdection tool (example 1).
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APTA WHEEL SELECTOR v.12 (02/15/2007)

Check if evaluating locomotive-hauled consist =]
Consist maximum operating speed (mph)

LOCOMOTIVE

Maximum fully-fueled locomotive weight (Ib)
Number of locomotive axles

If disc/tread combination, disc fraction (%)
Brake shoe width (in)

Locomotive deceleration rate (mph/s)

CAR/CONSIST PERFORMANCE D.

Car/consist stop time

Car weight (Ib) m
Number of cars in consist 3|
If disc/tread combination, disc fraction (%) 0%
Brake shoe width (in) 2.875

Check if variable deceleration rate (speed taper) El
Enter number of speed/deceleration rate pairs (max 5)

DECEL.
Complete table to right with up to five (5) SPEED RATE
. (mph) h/:
speed/deceleration rate pairs. (mph/s)
Speed column must be filled in descending 90 1.60]
order beginning with max. operating speed. 60 1.85]
Fill from top down, with last row at zero speed. 40 1.85
20| 1.85
0 1.85

53.48 seconds

Brake power (hp): MAXIMUM AVERAGE
CAR 354 196
LOCO 304 168
INSTANTANEOUS BRAKE POWER PER WHEEL (hp) LOCO CAR CAR/CONSIST DECELERATION RATE (mph/s)
400 20
300 1 15 R
200 1.01
100 A 0.5
° I } } I I 0.0 T T T T T T T T T
o 10 20 20 %0 . 60 0 10 20 30 40 50 60 70 8 90 100
TIME (sec) SPEED (mph)

SUGGESTED WHEEL DESIGN/MATERIAL CLASS COMBINATIONS

Table entries highlighted in green represent combinations of wheel design and AAR material grade which should not result in thermal cracking for

chosen operating conditions.

Combinations highlighted in orange are not recommended.

Combinations highlighted in yellow may be suitable, but are not recommended.

WHEEL DESIGN

WHEEL DESIGN

AAR E40 D AAR 32"
MATERIAL E42 MATERIAL | reverse
CLASS s-plate CLASS dish
L G G L
A G G A
B Y G B

Figure 3. Spreadsheet-based whed design sdlection tool (example 2).
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APTA WHEEL SELECTOR v.12 (02/15/2007)

Check if evaluating locomotive-hauled consist =]
Consist maximum operating speed (mph)

LOCOMOTIVE CAR
Maximum fully-fueled locomotive weight (Ib) @ Car weight (Ib) m

Number of locomotive axles

Number of cars in consist 3|
If disc/tread combination, disc fraction (%) If disc/tread combination, disc fraction (%) 0%
Brake shoe width (in) Brake shoe width (in) 2.875
Locomotive deceleration rate (mph/s) Check if variable deceleration rate (speed taper) O

Maximum service deceleration rate (mph/s)

CAR/CONSIST PERFORMANCE DATA

Car/consist stop time 72.00 seconds
Brake power (hp): MAXIMUM AVERAGE
CAR 251 126
LOCO 564 282
INSTANTANEOUS BRAKE POWER PER WHEEL (hp) LOCO CAR CAR/CONSIST DECELERATION RATE (mph/s)
1.5
1.0 1
0.5
0.0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
TIME (sec) SPEED (mph)

SUGGESTED WHEEL DESIGN/MATERIAL CLASS COMBINATIONS
Table entries highlighted in green represent combinations of wheel design and AAR material grade which should not result in thermal cracking for
chosen operating conditions.
Combinations highlighted in yellow may be suitable, but are not recommended.
Combinations highlighted in orange are not recommended.

WHEEL DESIGN AR WHEEL DESIGN

-l AAR 32" 36" 36" D36
MATERIAL MATERIAL | reverse | | |
CLASS CLASS dish s-plate [ str-plate | s-plate

L L G G G
A A G G Y
B B G Y

C C

Figure4. Spreadsheet-based whed design sdlection tool (example 3).
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Volpe National Transportation Systems Center, Cambridge, MA, and Federd Railroad
Adminigtration, Washington, DC. Report no. DOT/FRA/ORD-93/15.

2. Tang, Y.H., JE. Gordon, A.B. Pelman and O. Orringer. 1993. Finite Element
Models, Validation and Results for Wheel Temperature and Elastic Thermal Stress
Distributions. Volpe Nationa Trangportation Systems Center, Cambridge, MA, Report
no. DOT/FRA/ORD-93/17.

3. Tang, Y.H., JE. Gordon, O. Orringer and A.B. Perlman. 1993. Stress Reconstruction
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Volpe Nationa Trangportation Systems Center, Cambridge, MA, Report no.
DOT/FRA/ORD-93/18.
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Science and Engineering, MIT, Cambridge, MA. Report no. DOT/FRA/ORD-94/01.
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9. Czarnek, R. 1999. Experimental Determination of Release Fields in Cut Railroad
Car Whedls. Concurrent Technologies Corporation, Johnstown, PA. Report no.
DOT/FRA/ORD-97/06.

10. Gordon, J. and A. B. Perlman. 2003. Estimation of Residual Stresses in Railroad
Commuter Car Wheels Following Manufacture. Volpe Nationa Transportation
Sysems Center, Cambridge, MA. Report no. DOT/FRA/ORD-03/24.
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Exhibition, Orlando, FL, November 2005.
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