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ABSTRACT

Recently, the Steering Committee on Full-Scale Multipurpose Wheel/
Rail System Testing, which includes representatives from the National
Research Council (NRC), Transport Development Centre (TDC) of Transport
Canada and the major Canadian railways, proposed that a facility
capable of testing a full-scale standard gauge freight car wheelset,
and associated brake rigging, over a realistic range of environmental
conditions be designed and buillt,

This report details the design specifications and acceptance tests
for such a full-scale multipurpose wheel/rail test facility,

RESUME

Récemment, le comité directeur des essails polyvalents & 1'échelle
réelle de roues/rails de chemin de fer qui rassemble des représentants
du Conseil national de recherches (CNRC), du Centre de d&veloppement
des transports (CDT) et des principales compagnies canadiennes de
chemin de fer a propoesé qu'on congolve et construise une installation
permettant d'effectuer des essals 3 1'échelle réelle d'un essieu monté

de wagon de marchandises 3 écartement normal avec les organes des

freins dans des conditions ambiantes dont les variations correspondent
d la réalité,.

Ce rapport donne les dé&tails des critéres de conception de
l'installation et les exigences pour les essals de ré&ception effectués
sur cette iastallation,

(1)
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SPECIFICATION FOR FULL-SCALE MULTIPURPOSE WHEEL/RAIL TEST FACILITY

1.0 INTRODUCTION

The Steering Committee on Full-Scale Multipurpose Wheel/Rail
System Testing (which includes representatives from National Research
Council (NRC), Transport Development Centre of Transport Caunada (TDC)
and the railways), has proposed building a facility capable of testing
a full-scale freight car wheelset (28-44" (71.1-111.8 cm)* diameter
wheels) and associated brake rigging to speeds of 80 mph (130 kph)
under realistic environmental conditions., Such conditions include
extremes of temperature from -20°F to +113°F (-29°C to +45°C) as well
as the presence of wheel/rail contamination. The facility is to be
located at the Raillway Laboratory, NRC, Ottawa, with access to the
recently commissioned NRC Environmental Chamber and is to be available
for use by the railway industry and for basic in-house research,

Specifications for this facility, in terms of potential user
requirements, were defined and a counceptual design evolved by National
Research Council, The Steering Committee extensively reviewed the
National Research Councll specifications and conceptual design and the
resultant proposal has been published as Reference 1.

The current report has been prepared to serve as a specification
for the designer and/or builder and thus it summarizes (from Reference
1):

- the potentlal applications for the facility
- the parameters that must be controlled and/or measured
— the recommended rig configuration,

Further, the current report details:

— considerations that have been updated and/or clarified since the
writing of Reference 1

— design considerations and constraints

- the ranges of the parameters to be controlled and/or measured
— relevant site considerations

- acceptance testing procedures

— NRC-supplied components

- relevant terminology (see Appendix A).

*Throughout the text, the first set of units are as given in the source
material,



The rig is to be within the overall size and weight limits of Sections
5.1 and 5.2 and is to be capable of:

- performing the tests outlined in the general design specification as
per Reference 1, which also provides the rationale for the proposed
conceptual design

- meeting the parameter ranges and accuracies of Section 5.3

- meeting the acceptance tests of Section 8.

2,0 SUMMARY OF POTENTIAL APPLICATIONS

The Full-Scale Multipurpose Wheel/Rail Test Facility is to be
capable of the following types of tests, in the presence of typical

wheel/rail contaminants and over the temperature range -20°F to 113°F
(-29° to +45°C):

— evaluation of brakes under realistic and controlled environmental
conditions, including the introduction of contaminants such as sand,
water and/or grease. (Such tests include braking effectiveness
and/or extended duration brake wear testing.)

-~ evaluation of wheels, axles and/or bearings (stress and/or
temperature distribution) under realistlic and controlled
environmental conditions

- wheel/rail wear tests under realistic and controlled environmental
conditions, including the introduction of contaminants such as sand,
water and/or grease, to evaluate correlation with field experience
and with tests on small-scale models. (Individual tests could be of
a month or more duration.)

- investigation of wheel/rail contact area mechanics, including
determination of creep forces, particularly under varying conditions
of temperature or contamination

- investigation of wheelclimb,

These potential applications, in terms of the parameters to be
controlled and/or measured for each type of test, are summarized in
Table 1. Details of the wheel/rail system and the conditions to which
it is exposed are given in Section 2 of Reference 1.

3.0 SUMMARY OF RECOMMENDED RIG CONFIGURATION

The recommended facility configuration represents an attempt to
simulate, as accurately as possible, actual wheel/rail contact
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TABLE 1
POTENTIAL UTILIZATION OF PROPOSED NRC/TDC WHEEL/RAIL TEST

FACILITY

RIG UTILIZATION PARAMETERS MEASURED
FORCE DISPLACEMENT VELOCITY MISCELLANEOUS
Type of Testing| Individual Tests TYPICAL TEST CONDITIONS *1 . : ,
Roller | Roller| Roller Brake | Brake| Yaw Lat, Decrown | Roller Wheel Wheel/Roller | Wheel/Roller| Brake Shoe| Stress| Temp. Noise| Vibration
Lat. Long. Vert. | Normal| Tang.| Angle| Offset| Angle Rotation | Rotation| Differential| Profile Profile Distn.| Distun.
brake testing 1) efficiency control wheelset velocity and brake OPT OPT YES YES YES OPT OPT NO OPT YES NO OPT OPT NO YES OPT OPT
application profiles
2) wear control wheelset velocity and brake OPT OPT YES YES YES OPT OPT NO OPT YES NO OPT YES NO YES OPT OPT
application profiles (extended dura-
tion)
wheel (or 1) static wheel *2 vertical load to 80,000 1b/wheel OPT NO YES NO NO OPT OPT NO NO NO NO OPT NO YES OPT NO NO
axle) stress lateral load to 40,000 1b/wheel
distribution or thermal load to simulate braking
2) rotating wheel requires instrumented wheelset OPT YES YES OPT OPT OPT OPT NO YES YES OPT OPT OPT YES OPT NO NO
*2
bearing 1) stress vertical load to 80,000 1b/wheel OPT OPT YES OPT OPT OPT OPT NO OPT OPT NO NO NO YES OPT OPT OPT
testing distribution lateral load to 40,000 1b/wheel
2) noise and/or lateral position *14" OPT OPT YES OPT OPT OPT OPT NO OPT OPT NO NO NO NO NO YES YES
vibration yaw angle +2.5°
levels
3) temperature OPT OPT YES OPT OPT OPT OPT NO OPT OPT NO NO NO OPT YES OPT OPT
distribution
wheel/rail wear peripheral speed to 80 mph YES YES YES NO NO YES YES NO OPT YES OPT YES NO NO NO NO NO
investigation vertical load to 80,000 1b/wheel
lateral position to 13" *3
yaw angle to *2.5° *3
may be of month or more duration
wheel climb load rotating wheel, increase lateral| YES OPT YES NO NO YES YES YES OPT YES NO OPT NO NO NO NO NO
investigation force and monitor wheelset position
lateral position *2"
wheel/rail con—| 1) contact ellipse static impression of contact area NO NO NO NO NO YES YES YES NO NO NO YES NO NO NO NO NO
tact phenomena on film or tape
investigation 2) creep
a) longitudinal fix wheelset at yaw ~0° and apply YES YES YES NO NO YES YES YES YES YES YES YES NO NO NO NO NO
controlled braking *4
b) lateral fix wheelset at selected yaw angles YES YES YES NO NO YES YES YES YES YES YES YES NO NO NO NO NO
OPT - optional Distn = Distribution
. Lat. - Lateral
*1 - may include temperature extremes and/or presence of contaminants Long. - Longitudinal
*2 - wheel thermal load available Temp. — Temperature
*3 — may be quasi-statically cycled (1 cycle/minute or less) Vert. — Vertical
*4 - other than tread brakes Tang. — Tangential
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conditions without compromising mechanical simplicity or operating
reliability. Reference 1 indicates the tradeoffs in rig design and
reviews the inherent limitations of the recommended configuration,

The rig, as -proposed, would use two driven rollers to simulate
rails and would consist, as shown in Figure 1, of a double frame
wherein the flexure-mounted inner frame can move relative to a stiff
outer frame. Such flexure mounting allows for incorporation of 1load
cells to provide for measurement of the relevant force components at
each roller, Hydraulic actuators and ball screws, mounted on the outer
frame, provide for application of the required forces, or positional
restraints, respectively, to the wheelset through the inner frame,

The selection of the recommended facility configuration, and its
inherent tradeoffs and limitations, are documented in Section 3 of
Reference 1,

Considerations concerning the basic rig configuration and
subsequent re—configuration requirements are summarized in Section 3,1
below. Herein the rig is to be configured such that subsequent roller
canting can be incorporated (see Section 3.7.4 of Reference 1).
Considerations concerning rig re-location between test sites and test
site details are given in Sections 5 and 5.1 respectively,

3.1 Required Rig Configurations and Re—configurations
3.1.1 Wheelset in upper position

In the basic rig configuration, as shown in Figure 1, the wheelset
(with appropriate forces or positional constraints applied) is to be
located above the rollers and the rollers are to be driven. (Provision
must be made for braking of the driveline such that the brakes are not
applied directly to the roller treads, and preferably not to the
rollers.) This configuration is to be suitable for the following types
of tests:

brake testing
- determination of wheel, or axle, stress distribution

— bearing testing

investigation of wheel/rail wear

investigation of wheelclimb

investigation of basic wheel/rail contact phenomena

Provision is to be made in this configuration, with the wheelset over
the rollers, for the wheelset to be driven by an integral traction
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motor assembly, Further, provision should be made to drive the
wheelset, rather than the rollers, using the rig-mounted drive motor.

Provision is to be made for the introduction of controlled rates
of contaminants as detailed in Section 3.,8,.,7 of Reference 1,

The vertical actuators are to be such that they can 1lift the
wheelset from the rollers to allow for insertion of tape or film
between the wheelset and rollers and determination of the wheel/roller
contact area at any given wheelset lateral position (to *2" to an
accuracy of *0,010", and ideally to *0.,001")* and yaw angle (to
¥2,5° to an accuracy of *2 minutes, and ideally to *1 minute)¥*,

Provision is to be made for physical containment of a wheelset, as
per Section 3.3 of Reference 1, should a "derailment” occur,

3.1.2 Wheelset in lower position

The rig is to be counfigured such that the rollers can be removed
and the wheelset re-located to the lower position, coupled to any
required portion of the inertia, and driven by the rig drive motor.
This 1s an energy-efficient configuration for braking tests and as such
will require application of the brakes (tread, disc or clasp),
measurement of the relevant brake forces and provision for water spray.
The water, at each wheel, should be supplied at a rate controllable
between 200 and 1000 ml/min through two nozzles directed upwards
towards the bottom of the wheel,

This configuration, with the wheelset in the lower position, is
also to allow for mounting a section of rail below a statlc wheelset
such that vertical or lateral forces, lateral offset, yaw angle and/or
thermal load can be applied to provide for measurement of wheel (or
axle) stress distribution or determination of actual wheel/rail contact
area. The vertical actuators are to be such that they can lift the
wheelset from the stub rail such that tape or film can be inserted for
the determination of the wheel/rall contact area at any given wheelset
lateral position to *2" (to an accuracy of *0,010" and ideally
+0,001")* and yaw angle to *2,5° (to an accuracy of #*2 minutes and
ideally *1 minute)*,

4,0 DETAILS UP-DATED AND/OR CLARIFIED SUBSEQUENT TO REFERENCE 1
It has been necessary to modify some of the recommendations

originally given in Reference 1 and such changes and/or clarifications
are detailed and substantiated in the following sectiomns,

*Sec Section 5.3 and Table 7.
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4,1 Roller Considerations

General roller considerations, in terms of lateral stiffness,
canting, etc. are addressed in Section 3.7 of Reference 1,

4,1,1 Roller reprofiling

The cost of roller reprofiling 1s likely to be one of the most
significant rlg operating costs, In Section 3,7.4 of Reference 1 it
was recommended that the rig be designed such that the rollers, or
alternately roller tires, could be readily removed for reprofiling.
However, subsequent practical experience on an off-shore roller rig has
indicated that, in order to achieve meaningful results in fundamental
wheel/rail interaction studies, frequent reprofilings are likely to be
necessary., In view of the time and cost that would be incurred by
doling frequent reprofilings of the rollers or tires off the rig, it is
now recommended that a profiling machine, including profile follower
and carbide bits, be appropriately mounted on the rig frame, such that
a high accuracy of rail head profile* can be achieved, and that for
reprofiling, the rollers (wheels, or wheelsets) be rotated using the
roller drive system.

The National Research Council should supply the templates required
for reprofiling wheels or rollers. The reprofiler should be such that
the resultant profiles are within 0,010" of the templates, For such
reprofiling to be done on the rig it will be necessary to ensure that
all components be adequately protected from the fine abrasive dust
produced. However, for creep studies, as per Section 4.3.3, Reference
1, provision is to be made for minimizing contamination by removing
wear particles with brushes and a vacuum system and possibly a magnetic
pickup. Further, adequate sealing and/or air pressurization of the
motor housing must also be incorporated.

4,1.2 Roller diameter and metallurgy

In Section 3.7.2 of Reference 1, for the purpose of tentatively
investigating flywheel design, three arbitrary flywheel diameters were
selected:

- 42" (107 cm), corresponding to a locomotive wheel

- 63" (160 cm), corresponding to the rollers on the NRC Curved Track
Simulator

- 72" (183 cm), corresponding to an arbitrarily assumed upper limit of
practical roller diameter,

*The reprofiler should be capable of producing a 136RE or 140RE
rallhead profile as per Figure 2 and 3 respectively [Ref, 2] at a
zero cant angle or at an angle of 1/20 or 1/40, It should also be
suitable for use as a wheel reprofiler, when the wheelset is mounted
in the lower position, to reproduce wheel profiles such as shown in
Figures 4, 5 and 6, [Ref. 3] on wheels of 28" to 44" diameter.
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It is now recommended, that for extended duration wear testing,
40" or preferably 42" diameter locomotive wheels*! be incorporated as
rollers since such wheels are readily available and are of metallurgy
that is reasonably representative of rail metallurgy*2, Herein the 54"
tread width is sufficient that a rail profile which is of the order of
3" wide, and canted at zero, 1/20 or 1/40, may be machined on the wheel
and a number of subsequent reprofilings accomplished.

The use of 42" rollers is not, however, adequate for fundamental
creep investigation in that the contact area, and the corresponding
force distribution within it becomes rapidly less representative of
that on actual track as the roller diameter is decreased, particularly
when the wheelset 1s yawed relative to the rollers [App. C of Reference
1l. 1t is recommended that, for fundamental studies, a minimum roller
diameter of 63" be chosen. It is further recommended that the rollers
be designed to incorporate roller tires that can be readily replaced on
the rollers while the rollers remain mounted on the rig, The tires
must be designed to be of at least 3" depth (tread face to major inner
dlameter) and will preferably consist of one section and not more than
two sections (as per those incorporated into the NRC Curved Track
Simulator), They must be designed such that they are positively keyed
to, and thus correctly positioned when mounted on, the rollers, Design
of the rollers and tires simlilar to those of the NRC Curved Track
Simulator, as per Figure 7, but with a symmetrical head profile, is
recommended, The portion of the rail head profile that must be
simulated is indicated in Figures 2 and 3, The contract should provide
for delivery of 2 sets of tires, made from SAE 1070 process annealed
forgings rough machined and heat treated to 285 to 321 Brinell
Hardness, finish machined and then ultrasonically inspected, The tires
should be free of cracks, blowholes and inclusions and the supplier
should provide certification of physical and chemical properties. This
material, which is the same as that used in the tires of NRC's Curved
Track Simulator is readily available, readily machined and reasonably
representative of rail metallurgy.

Both sets of tires should be supplied with a 140RE railhead
profile as per Figure 3 machined on at a cant angle of 1/40,%*3

4,2 Hydraulic System Considerations

The maximum flow rate requirements for the facility (as estimated
in Appendix B) are expected to be in the order of 3 US gpm, for either

*1These wheels do not need to be delivered with the facility but the
facility must be supplied such that such wheels can be readily
incorporated.

*2(Jse of such wheels has been deemed acceptable by J. Kalousek of the
NRC's Western Laboratory for the wear tests required for correlation
with the Western Laboratory's small scale facility.

*3See Appendix A and Figure A-l for definition and illustration of
profile canting.
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a 2500 or 3000 psi system and typically the flow rate required will be
considerably less than 2 US gpm, even at 2500 psi supply.

Section 3.8.2 of Reference 1 recommended incorporation of a
rig-mounted hydraulic supply but conceded that the existing hydraulic
supply in the Dynamics Laboratory of U-89 might be used, Further
consideration of this approach has indicated that it is not practical
in that:

- the hydraulic supply in U-89 is considerably oversized for the rig
requirements since 1t consists of a dual pump system with a single
pump rating of 70 US gpm at 3000 psi

—~ use of the hydraulic system in U-89 would incur the expense of
running appropriately protected high pressure underground
stainless steel hydraulic lines from U-89 to U-87 and U-88,
Herein the required line lengths are estimated to be 125-140' of
underground line to U-87 and approximately 75' to U-88 and an
additional 100-120' in U-87 and 25-50' in U-88., (For site layout
see Section 5,1.)

- running such hydraulic lines would significantly increase the
chance of condensation and/or contamination, and thus corrosion,
in the hydraulic system

- running such hydraulic lines would also 1ncur the expense of
multiple supply controllers, with appropriate safety interlocks,

Alternately, a spare hydraulic pump and induction motor, capable
of supplying 108 US gpm at 2700 psi (see Appendix C for details), is
also available but’ it too is considerably oversized. Further, this
hydraulic pump weighs in the order of 6 tons and requires substantial
water cooling.

Thus, it 1s recommended that a self-contained, rig-mounted
hydraulic supply, preferably air-cooled (only very limited water flow
rates are available in U-87 and U-88), and sultable for operation from
-29°C to +45°C (-20°F to 115°F) be incorporated, If such a unit is not
avallable for the specified temperature range, it would be appropriate
to consider demounting the hydraulic supply from the rig and using it
remotely for those tests which are carried out under conditions of low
and/or high temperature extremes in the Environmental Chamber. For
such operation, connection lengths in the order of 50' would be
required,

4,3 Inertia Considerations

The use of two stacked steel sheet flywheels located on the same
driveline as the rollers, 1s recommended as per Section 3,6.2 and
Appendix B of Reference 1, Herein such flywheels must have the
following characteristics:
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- variation of inertia must be achieved without removal of the
remaining inertia from the rig

— the weight of each inertia must not exceed 25 T and will be
preferably less than 20T

— the diameter of the inertia should not exceed 8' (material
availability and machining considerations)

- the width of each inertia should not exceed 5' (handling
considerations)

— for freight car studies the maximum required roller peripheral
speed is 80 mph

~ for passenger car testing, the possibility of achieving 125 mph
should be assessed,

For freight cars, typical vehicle weights and corresponding journal
size are as given in Table 2 [p. 84, Ref. 3]. It is recommended that
the inertia be designed such that, at least, incorporation of no
inertia, or simulation of an empty vehicle or loaded vehicles of "30T"
(hypothetical), 75T or 125T, as per Figure 8, be readily available.
The maximum peripheral roller speed is to be 80 mph except for the
"30T" vehicle configuration for which 125 mph is required.

TABLE 2
TYPICAL VEHICLE WEIGHTS AND CORRESPONDENCE JOURNAL SIZES

VEHICLE TOTAL WELGHT#* JOURNAL SIZE
(1b)
loaded 125 T car 315,000 7" x 12"
loaded 100 T car 263,000 64" x 12"
loaded 75 T car 222,000 6" x 11"
loaded 50 T car 177,000 58" x 10"
loaded 35 T car 142,000 5" x 9"
loaded 25 T car 103,000 44" x 8"
empty vehicle 65,000 any of above
sizes

*For a single wheelset on the test rig, inertia equivalent to 4 of the
quoted total car weight is required.

This minimum division of inertia has been selected such that heavily
loaded freight cars as well as empty freight cars, may be readily
simulated to 80 mph., Further, these values will also allow realistic
simulation of a typical rail passenger vehicle (100,000-140,000 1b) to
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125 mph or of a rapid transit vehicle (60,000-90,000 1b). Table 3
summarizes the minimum vehicle weights to be simulated and the
corresponding

- welght per axle to be simulated by the inertia
~ maximum required vertical load per wheel
~ maximum required roller peripheral speed.

The contract should be such that both the minimum acceptable
inertia variation, as per Table 3, and the ideal inertia variation, as
per Table 2, are priced.

It is recommended that the weight per axle to be simulated be
assigned a tolerance of #1500 1b., (This is deemed reasonable in view
of the availability of steel sheet suitable for flywheel construction.)
It is further recommended that the final report from the contractor
should specify the actual flywheel weight to an accuracy of 200 1b,

TABLE 3
SUMMARY OF MINIMUM NUMBER OF VEHICLES TO BE SIMULATED AND THE
CORRESPONDING REQUIRED PARAMETER RANGES

VEHICLE TOTAL VEHICLE |WEIGHT/AXLE *2 MAXTMUM MAXIMUM ROLLER
SIMULATED WEIGHT (1v) VERTICAL LOAD| PERIPHERAL
(1b) PER WHEEL *3 SPEED
(1b) (mph)
125T 315,000 78,750 80,000 80
75T 222,000 55,500 60,000 80
"30T" 122,000 30,500 32,000 125
EMPTY 65,000 16,250 17,000 80
NONE*1 0 *1 80,000 80

*1 No inertia, other than that of the driveline itself, is required for
some tests.

*2 The weight per axle is the translational weight that must be
simulated by the rotational inertia.

*3 To allow for dynamic loading, the maximum vertical load/wheel is
approximately twice the total weight per axle,

4.4 Sources of Dynamic Load
The load frame must be such that the maximum dynamic loads

transmitted through the rig support pads to the floor do not exceed
those appropriate for the limiting floor section at the rig test
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location in Bullding U-87 as described in Section 5.1 and (shown in
Fig. 12(a)). Such dynamic effects can be caused by such factors as
load frame flexibility and/or drive system resonance effects, brake
"grab™, wheel flats or wheels out-of-round., Thus the flexibility of
the load frame must be minimized and the driveline must be designed
such that no significant dynamic effects occur over the operating range
(i.e. to 80 mph roller peripheral speed with inertia equivalent to a
125 ton car (315,000 1b) or to 125 mph with inertia equivalent to a
122,000 1b car),

The worst case of "wheel flats” or "wheels out-of-round” to be
encountered on the rig would be expected to correspond to the
condemning limits for these faults as per Reference 4. Herein testing
of wheelsets with such faults 1s not planned but could possibly occur
and thus their effect should be considered. Further, the use of the
facility for testing wheels to failure is not envisaged and no
containment is provided,

4,5 Load Cell Considerations

Ideally the vertical, lateral, longitudinal and spin moment
components of force should be measured at each wheel/roller interface.
In practice this is not achievable and general considerations for load
measurement are given in Section 3.8.4 [Reference 1] and a possible
load cell configuration suggested in Figure 10 of Reference 1 and
reproduced here as Figure 9. However, the force relatlonships
indicated in Figure 9 are not qulte correct since, as shown in Figure
10, the vertical forces VL and VR are not in line with the reaction
forces F; and Fp but are offset by distances y;, and yp respectively.

Thus, taking moments about the intersectlon of V, with the axle

yLFL + (yL+yg)FR = (yL+yg+yR)VR

_ oy Fp Gty )Fg

vV, =
R Y *Yg * ¥R

However when

L~ Fr

Vo, = F + R

R ZR1 ZR2

since yg >> Yy,

However, VL and Vg are not independent of Rp and R; respectively, as
had been 1ndicated in Figure 9, and the other components will have
similar approximations. This situation is somewhat more complicated
when the wheelset is not centered, particularly if flange contact
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occurs, Thus, since high measurement accuracy of the wheel/roller
forces is required, it is recommended that alternate load cell
arrangements be discussed with appropriate load cell manufacturers in
order to minimize the errors introduced by not measuring the force
components at the actual wheel/roller interface. Herein, both the
National Research Council and the contractor should participate in
these discussions to ensure the required measurement accuracy and
mechanical compatibility. Further, it will be necessary to develop
appropriate algorithms such that the force components at the
wheel/roller interface can be resolved in terms of the load cell
measured components and the actual geometry.

4,6 Measurement of Wheel Stress and Temperature Distribution

As detalled in Sections 2,3 through 2.4 of Reference 1, provision
is to be made for the measurement of wheel (or axle) stress and
temperature distribution, The relative cost of incorporating slip
rings (both wheels) or using telemetry, for such monitoring should be
detailed as a function of the number of sensor locations, say 10 to 50
per wheel., At this time it is felt that the accuracy of remote
monitoring systems for either stress or temperature distribution is
such that they would be appropriate only to ald in the selection of
strain gauge (or thermocouple) positions, rather than for the
determination of the actual distributions.

4,7 Measurement of Brake Force Components

As indicated in Section 3.8.5 of Reference 1, provision must be
made for measurement of the wheelset brake force components with tread
brakes, clasp brakes and disc brakes., In view of the potential
diversity of brake and brake rigging configurations, it 1is recommended
that no brake force component measurement is specified in the contract
but that such instrumentation be subsequently developed, as required,
by the National Research Council, Further, NRC should be responsible
for the air supply required for wheelset brake actuation,

4,8 Instrumentation Requirements

In order to achieve meaningful investigation of creep phenomena,
the following parameters must be measured over the specified ranges to
at least the corresponding estimated accuracies:

wheelset lateral position over *2" to *0,001" accuracy

wheelset yaw angle over *2,5° to *1 minute accuracy

wheelset decrown angle over #3° to *1 minute accuracy

longitudinal creep to *0,017% accuracy
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wheel gauging diameter 28" to 44" to *0,001" accuracy
roller gauging diameter 63" to 72" to *0,001" accuracy

Herein, the sensor response should be flat to 25 Hz, and preferably
higher, in order to detect any significant wheelset induced variations,
Further, the wheel and roller profiles must also be measured to #0,001"
accuracy across the profile and very accurately referenced to wheelset
position and gauging diameter.

The National Research Council should be responsible for obtaining
and/or designing and fabricating, the above instrumentation. 1In order
to ensure mechanical compatibility with the facility, it will be
necessary to maintain close lialson with the contractor during the
deslgn stages,

5.0 DESIGN CONSIDERATIONS
The rig is to be capable of

- performing the tests, summarized in Section 2 and generally as per
the general design specification of Reference 1 which provides the
rationale for the preliminary design proposal

- satisfying the mechanical constraints and design considerations of
Section 5.2

- satisfying the parameter ranges and accuracies specified in
Section 5.3

- meeting the acceptance tests of Section 8,

The rig is not to be self propelled but must be suitable for slow
speed movement on standard gauge track. The appropriate wheelsets and
drawbars for rall movement will be supplied by the customer (Section
9.2). Provision must be made to support the rig on appropriately
slzed, rig-mounted, levelling pads during tests, The details of the
two test sites (in Buildings U-87 and U-88), including relevant floor
structure details, are given in Section 5.1l. Sources of possible

dynamic loads at the wheel/roller interface are considered in Section
4,4,

5.1 Site Layout and Details

The layout of the buildings, U-87 and U-88, to which the rig is to
have rall access, including relevant door sizes and building/track
clearances, 1s shown in Figure 11, The door in U-87 is 5,6 m high x
4,9 m wide whereas the door in U-88 is basically 6,08 m high x 4,8 m
wide except below 0.44 m above the ground where it is only 4.5 m wide.
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In the Rallway Fatigue and Wear Facility Building, U-87, the rig
is to be moved sideways* from the track (see Figure 11 for location)
and appropriately supported on rig-mounted floor pads. Details of the
floor in Buillding U-87 are given in Figure 12, 1In the Environmental
Chamber, U-88, the rig is to remain positioned on the track but 1s to
be appropriately supported on floor pads, In this location the floor
slab was designed to support a locomotive (estimated loading
approximately 20 tons (metric) per square metre) and is understood to
be at least as thick as that at the track in building U-87. From
Figure 12 it will be apparent that the floor in the rig test location
in U-87, as per Figures 12(a), will determine the allowable rig floor
loading and corresponding levelling pad design.

5.2 General Design Considerations and Constraints

The facility must meet the general simulation considerations and
constraints of Table 4 and the design considerations and constraints of
Table 5 and of Section 3.2, Reference 1. The life expectancy should be
at least 20-25 years with usage rate assumed to be at least 50% at an
average of 60 mph roller peripheral speed.

5.3 Required Parameter Ranges and Accuracies

The facility should satisfy the parameter ranges and accuracies
detailed in Table 6, All sensors should have flat response to 25 Hz,
and preferably higher, such that any variations induced as a function
of driveline rotational rate may be readily identified.

It should be noted that in Table 6 the accuracy required of some
of the parameters in creep studies has not been defined. The
parameters required in creep studies are detailed in Table 7 in terms
of their typical accuracy requirement and in terms of thelr more
stringent accuracy requirement for creep studies. It is recommended
that the contractor supply instrumentation with the facility capable of
meeting the less stringent accuracy requirement (except for the load
cells) as these will be suitable for most tests and will permit
verification of the acceptance tests. It is recommended that the load
cells (Section 4,5) meet the higher accuracy requirement as it is not
practical to consider changing lcad cells between tests. The lower
quoted load cell accuracy 1is deemed adequate for those load cells
supplied in the hydraulic cylinders,

In parallel with the contractor's design of the facility, the
National Research Council must develop the sensors required to satisfy
the more stringent accuracy requirements of Table 7, preferably in

conjunction with the sensors being developed for the NRC Curved Track
Simulator.

*Such movement could be readily achieved using air bearing techniques
as are commercially available for movement of railway vehicles in
assembly plants.
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5.4 Contractor Supplied Monitoring*

The contractor shall be responsible for supplying the following
signals, suitable for monitoring by the custowmer's computer (see
Section 9.4):

a) Safety

hydraulic system {(e.g. temperature, oil level)

motor (e.g., temperature, speed)

bearing temperature

temperature of wheel and roller (in range -20°F to +900°F)
rig vibration level (Section 6.3)

load cells and LVDT's mounted in the hydraulic actuators

(maximum limits, reflecting actuator capacity are to be
specified by the contractor).

b) Data Signals

load cell outputs, and the appropriate geometry-dependent
algorithms, such that vertical, lateral, longitudinal and
spin moment components at each wheel can be determined (see
Section 4.5)

wheelset lateral position (Section 4.8)

wheelset yaw angle (Section 4.8)

wheelset decrown angle (Section 4.8)

roller speed (Section 5.3)

wheelset speed (Section 5.3)

gauging diameter (Section 4.8)

strain gauges (Section 4,6)

thermocouples (Section 4.6)

All sensors 1lncorporated into the facility, with the exception of
those for vibration monitoring as per Section 6, should have flat re-

sponse

to at least 25 Hz, and preferably higher. Even though position

*See Section 9.4 for computer output signals supplied by NRC.
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TABLE 4

GENERAL SIMULATION CONSIDERATIONS AND CONSTRAINTS

tudinal creep tests

minimize wheel/rail contamination
during creep studies

DESIGN REQUIREMENTS SECTIONS COMMENTS SECTIONS
CONSIDERATIONS * *
VEHICLE
— Maximum vehicle 125 T car, total weight rig to be capable of applying vertical [2.3.1(]
weight simulated ~315,000 1b loads equal to approximately twice
the static wheel loads of a 125 T car
(see Table 5 for vertical load actuator
requirenents)
it is considered unlikely that cars
exceeding 125 T will be run on 4 axles
- Maximum vehicle 80 mph with inertila equiva-
speed simulated lent to 125 T car,
(~315,000 1b)
1f practical, provide for the stacked steel sheet flywheel 3.6.2[1]
tests of passenger vehicle recommended in Ref. 1 1is safely App. B[1]
brake equipment to 125 mph stressed for 125 mph
(vehicle weight to approx-
imately 140,000 1b)
- Maximum vehicle to that of 125 T car, using |[3.6.2[1] variation of inertia required 4.3
inertia simulated stack steel sheet flywheels App B[1]
RAIL
large diameter rollers with |3,7[1) for simulation accuracy, large roller [3.6.2[1]
machined profiles and 3,.7.1(1] diameter 1s preferable but effect on
removable tires 3.7.2{1} flywheel design must be considered
high lateral stiffness 3.7.1[1)
provision for reprofiling 4,1
rail canting simulated by 3.7.3[1] rig design should allow for subsequent
tilting of machined incorporation of canted rollers
profiles
standard gauge App A
WHEELSET
~ Wheelset rig to accommodate freight appropriate handling techniques to be 3.4,1[1]
Configuration car wheelset and assoclated indicated for mounting and dismounting
brake rigging (tread, clasp wheelset assemblies including brake
or disc) Tigging and traction equipment
provision for subsequent
accommodation of powered
wheelset
provision for subsequent
accommodation of passenger
car wheelset and associated
brake rigging (including
disc)
— Wheelset diameter 28" to 44" allows for testing of locomotive
range wheels
- Maximum wheel/ roller temperature to be
roller temperature controlled such that for
other than brake or thermal
testing, the wheel tempera-
ture does not exceed typical
operating temperature
- Creep studies braked wheelset for longi- brakes to be other than tread to 4.3,3[1]

ENVIRONMENT
— Temperature

- Contaminants

~29°C to +45°C

wear particles, water,
grease, sand, etc,

see 3.8.7[1]
for required
flow rates

achieved in NRC Environmental
Chamber

contaminant containment must be
provided on rig

*Referenced sections are

in this report, except those indicated [1] which are in Reference 1.
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TABLE 5

RIG DESIGN CONSIDERATIONS AND CONSTRAINTS

must be held accurately for lateral
creep testing

DESIGN REQUIREMENTS SECTIONS COMMENTS SECTIONS
CONSIDERATIONS * *
OVERALL RIG SIZE
~ width <14' 9" 5.1 such that rig can be re—located by 3.2[1]
rail, between NRC test facilities
- height <18’ 5.1 height of wheelset in rig to be
minimized to simplify wheelset exchange
— total welght < 90 Tons total weight to be minimized (see 5.1
for floor details)
- length <30-35'
DRIVE SYSTEM
CONSIDERATIONS
- reversal of - rotation 1in either direction simpler than reversing wheelset for
rotation (switched when stopped) brake or wear testing
- regenerative mode - Tegenerative action to be
available
- driveline braking - driveline braking must not
incorporate tread brakes on
the rollers
- motor location - outboard of rollers outboard motor location recommended
- to minimize risk of motor contamina-
tion during tests with contaminants
- to allow lateral isolation of force
components between rollers
- to provide ease of tire (or roller)
changing
INERTIA
- using 2 stacked steel sheet [3.6.2{1] quick and simple variation of inertia |[4.3
flywheels preferably located |App. B[1] required (without removal of flywheels
on roller driveline from driveline)
- flywheel dia. <8' 4,3
~ flywheel width <5' each 4,3
- flywheel weight <20 T each 4,3 flywheel weight to be minimized for
handling
FORCE APPLICATION
- in force mode, actuator drive|4.5 actuator load cells also required 3.8.1[1]
signal to be derived from 3.8.1[1]
load cells appropriately 3.8.4[1]
located in the rig
- vertical load - by 2 hydraulic actuators 3.8,1[1] 6,000 to 80,000 1b/actuator 3.8.1[1]
- #}" to 1 cycle/minute
- 3" total travel
- longitudinal - by wheelset braking (other for longitudinal creep studies
force than tread brakes)
- lateral load - by 2 hydraulic actuators 3.8.1[1] 50 to 40,000 1b/actuator 3.8.1[1]
(possibly 1) - £14" to 1 cycle/minute
- 12" total travel
POSITION CONTROL
- in position mode, actuator 3.8.3[1] actuator LVDT also required 3.8.3[1]
drive signal to be derived
from appropriate rig-mounted
seunsors
- lateral position - by screw jack 3.8.3[1} 2" 3.8.3[1]
- yaw angle — differential ball screw 3.8.3[1] +2,5° 3.8.3[1]

*Referenced sectlons are

in this report, except those indicated [1l] which are in Reference 1.
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SUMMARY OF PARAMETERS REQUIRED FOR CREEP STUDIES
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TABLE 7

PARAMETER

PARAMETER RANGE

TYPICAL REQUIRED
ACCURACY

REQUIRED ACCURACY
FOR CREEP STUDIES

LOAD (per wheel)
Vertical

6,000 to 80,000 1b

*1 to 2% *1

+0,25% of reading

speed Vw

Lateral 50 to 40,000 1b 1 to *2} *1 +0.25% of reading
Longitudinal 50 to 30,000 1b *1 to 2% *1 +0,25% of reading
POSITION

Wheelset lateral £2" +0,01" +0,001" *2
Wheelset yaw angle +2,5° +21 +]! *x2
Wheelset decrown +3° 2! 1! *2

angle

VELOCITY

Roller peripheral *125 mph 1l to *2%

speed Vr

Wheelset peripheral +125 mph *1l to *2%

Longitudinal creep to 2% creep +0.,01% or better +0.01% or better
Vv -V
s W r
;E;r . :w)
PROFILES
Gauging diameters
- wheel 28" to 44" +1/32" 0.001" or better
*2
- rollers 40" to 72" +1/32" 0,001™ or better
*2
Wheel profile +0,01" across 0.001" across
profile profile *2 *3
Roller profile +0,01" across 0.001" across
profile profile *2 *3

*] Although for many tests, thils lower accuracy would be totally

acceptable, it is

not practical to consider changing load cells between tests and thus the load

cells must meet the accuracy of the right hand column,
*2 If longitudinal creep is to be determined using V = rw, the wheelset position,

the gauging diameters and/or profiles must be extremely accurately determined.
*3 Eventually determination of the wheel or roller surface finish may be

necessary.
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and force cycling is only required to 1 cycle/minute, this response is
recommended in order that any parameter variation caused by rotation of
either the driveline or the wheelset may be determined. Herein,
rotation of a 63" diameter roller at peripheral speeds of 80 and 125
mph will be at 7 and 11 revolutions per second, respectively whereas
rotation of a 28" diameter wheel at a peripheral speed of 80 and 125
mph will be at 16 and 25 revolutions per second, respectively.

6.0 VIBRATION AND BALANCE CONSIDERATIONS

For the type of facility being developed, it is necessary to
ensure that for each configuration, there is no significant vibration
at any rotational rate (up to the maximum specified), since any
configuration may be run for prolonged duration, at any speed within
the range., Such operation precludes the luxury of running through a
critical speed to attaln a required operating speed. However, as per
Table 8 the maximum operational speed, even at 125 mph peripheral speed
and with 42" diameter rollers, would be less than 20 rev/sec,

TABLE 8
DRIVELINE ROTATIONAL SPEED AT VARIOUS PERIPHERAL SPEEDS FOR DIFFERENT
ROLLER DIAMETERS

ROLLER DIAMETER PERIPHERAL SPEED ROTATIONAL SPEED
(inches) (mph)
(rad/sec) (rev/sec) |(rev/min)
72 ' 125 61 10 580
80 39 6 370
10 5 0.8 47
63 125 70 11 670
80 45 7 430
10 6 0.9 53
42 125 105 17 1000
80 67 11 640
10 8 1.3 80

The vibration frequency spectra of any machine in good condition
will have a characteristic shape., It is recommended that during the
acceptance tests, baseline spectra be taken against which subsequent
spectra can be periodically checked for identification of any
degradation of performance.
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operation, limits of
0.0002" peak to peak displacement to 30 Hz
0.02"/sec peak veloclty to approximately 320 Hz
0.10 g acceleration peak at higher frequencies
and for "good" operation
0.001" peak to peak displacement to 30 Hz
0.10"/sec peak to 200 Hz
0.30 g acceleration peak above 200 Hz
Converting the above velocity limits to RMS values (V ns = 0.707 Vv
and comparing them to the vibration severity limits o¥ Table 11
(adopted from Ref. 5, Table 19.2 or Reference 8, Figure 7) indicates
that either above limit would provide a "good” quality machine
vibration for either Class IILI or Class IV machines, Class IIL
machines are described as
"large machines" [Reference 5]
and "large prime movers mounted on rigid and heavy foundations”
[Reference 8]
and Class IV as
"turbomachines” [Reference 5]
and "large prime movers on relatively soft and light structures (steel
tuned foundations)" [Reference 8].

peak)

TABLE 11
VIBRATION SEVERITY CRITERIA FOR CLASS III AND IV MACHINES
(AFTER ISO STD IS2372)%*

RANGES OF VIBRATION VIBRATION SEVERITY*1 FOR CLASS IIT
SEVERITY AND IV MACHINES*2
\Y velocity Class III Class IV
rms
(mm/sec)| (in/sec)
0.28 0.01
0.45 0.02
0.71 0.03 A
1,12 0.04 A
1.8 0,07
2.8 0.11 B
4,5 0.18 B
7.1 0.28 C
11,2 0.44 C
18 0.71 .
23 1.10 D
45 1.77 D

*1 A, B, C and D represent machine vibration quality grades ranging
from good (A) to unacceptable (D).

*2 Class IIL and IV machines are defined in the preceding body of the
text,

*This IS0 standard applies to rotating machines in the range 600 to
12,000 rpm,
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This is also consistent with the vibration severity limits
recommended as a function of support classification (taken from Table
19,1 of Reference 5 and adapted here as Table 12) wherein an rms value
of 0.07 in/sec would yield "good” vibration severity with either "hard”
or "soft"” supports., Herein supports are said to be "soft" if the
fundamental frequency of the machine on 1ts supports is lower than its
main excitation frequency and "hard"” if the fundamental frequency of
the machine on its supports is higher than its main excltation
frequency. It 1s anticipated that, because the test facility is to
operate over a range of speed, rather than at a single operating speed,
its support system may be "hard” or "soft” depending on the actual
operating speed. Thus, 1t 1s recommended that the following minimum
vibration criteria be adopted:

0.001" peak to peak displacement to 30 Hz
0.1"/sec peak to 200 Hz

0.07"/sec rms 10 to 1000 Hz

0.3 g acceleration peak above 200 Hz

but that an attempt be made to approach

0.0003" peak to peak displacement to 30 Hz
0.05"/sec peak to 250 Hz

0.035"/sec rms 10 to 1000 Hz

0.2 g acceleration peak above 250 Hz,

TABLE 12
VIBRATION SEVERITY CRITERIA AS A FUNCTION OF SUPPORT CLASSIFICATION
(AFTER ISO STD IS3945)%*

; SUPPORT CLASSIFICATION*!
VIBRATION SEVERITY
(mm/sec) (in/sec) HARD SUPPORTS SOFT SUPPORTS
0.45 0.017
0.71 0.028 Good
1.12 0.044 Good
1.8 0.071
2.8 0.11 Satisfactory
4,5 0.18 Satisfactory
7.1 0.28 Unsatisfactory
11.2 0.44 Unsatisfactory
18,0 0.71
28,0 1.10 Impermissible
71.0 2,80 Impermissible

*l Supports are said to be "soft" if the fundamental frequency of the
machine on 1ts supports 1is lower than its main excitation frequency
and "hard" if the fundamental frequency of the machine on its
supports 1s higher than 1its main excitation frequency.

* This ISO standard is for classifying vibration severity of large

rotating machines, in situ, operating at speeds from 600 to 12,000
rpme The rms velocity measurements are made on the bearing housings
in three orthogonal directions and the largest measured value is

used to characterize "vibration severity”.
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developed for this investigation, the software should be made available
to NRC, complete with a users' manual. If a commercial program is
used, source, update, etc, must be fully documented and the program
made avallable to NRC. Herein although such a program is initially
required for investigation of the facility dynamics, it will be
subsequently required for verification of the dynamics and ultimately
for incorporation into subsequent models,

The fact that the rig may be ultimately run at any speed (from 0
to 80 mph roller peripheral speed) with any amount of inertia and in
any configuration (e.g. wheelset above or below) precludes the luxury
of running through a critical speed to attain a required operating
speed, Thus it 1s essential to ensure that, for each configuration,
there is no significant vibration at any rotational rate (up to the
maximum specified) since any configuration may be run for prolonged
duration, at any speed within the specified range.

7.1 Required Documentation

The documentation of the modal analysils of the proposed design
should include:

~ details of the program used in the analysis including version
used, inherent assumptions, number of stations, etc.

— an indication of the sensitivity of the facility vibration
levels to

driveline unbalance and flexibility

frame misalignment and flexibility

- bearing clearances, flexibilities, asymmetries and
misalignment

- temperature effects

(Such a sensitivity analysis should provide an indication of the
worst case combination of conditions for which the facility
vibration levels should be predicted to ensure that it will be
capable of meeting the vibration standards of Section 6.2.)

8.0 ACCEPTANCE TESTS

Prior to undertaking the acceptance tests, the contractor shall
inform NRC of the proposed schedule for the acceptance tests such that
NRC personnel may be on—-site to verify the performance and such that
provision may be made for the use of the Environmental Chamber,
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Before undertaking the acceptance tests, the contractor should
verify that all out-of-limit signals are present such that facility
shut-down will be inltiated if any of the following parameters goes out
of range during the tests:

hydraulic system - high temperature
- low o0il level

- motor - high temperature
- high speed

~ rollers — high temperature
— high speed

- bearings - high temperature
- excessive displacement or vibration

- load cells - excessive force level in vertical or lateral
direction

position sensors — excessive movement in lateral direction
or in yaw or decrown angle.

Prior to undertaking the acceptance tests detailed below, the
contractor shall balance the rotor such that the residual unbalance*
shall preferably not exceed 0.0015 1b-in/lb and shall not exceed
0.0022 1b-in/1b,

The contractor 1s to demonstrate, in the specified order(unless
prior arrangements are made with NRC), that the rig meets the
specification of Sections 8.1 through 8.2

The National Research Council shall be responsible for supplying
the sensors and instrumentation used to determine the facility
vibration levels as required in the acceptance tests., The National
Research Council shall also be responsible for selecting the positions
for the sensors to be using during the vibration tests. The positions
will typically be on the bearing housings in the horizontal, vertical
and axial directions (as per Figure 13), or on any portion of the
driveline where significant shaft whirl way occur, or on any long spans
of the frame that may be susceptible to vibration, The positions will
be selected in accordance with the results of the theoretical dynamic
analysis carried out by the contractor and impact tests carried out by
NRC on the assembled facility before driveline rotation is undertaken.

During the acceptance tests, NRC shall record or shall specify
which vibration spectra are to be recorded.

*Selection of these limits assumes use of a 42" locomotive wheel (for
wear tests) to 80 mph and use of a 63" roller to 125 mph.
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8.1 Testing in the Railway Fatigue and Wear Facility Building (U-87)

The contractor is to move the rig to the rig test location in U-87
(if it has not been assembled there) and perform the tests outlined
below in the specified order, Each test must be satisfactorily
demonstrated before proceeding to the following one.

8.1.1 Demonstration of frame and driveline stability (no
wheelset)

a) With zero flywheel inertia, the roller speed is to be
increased from O rpm to "26,900 rpm/d(inches)” (i.e. to a roller
peripheral speed of 80 mph), which is to be held for two minutes, and
then decreased to 0 rpm at a rate of approximately 0.025 rad/sec?,
Over the speed range, the amplitude of the selected positions shall
preferably not exceed 0.0003" peak to peak displacement to at least 30
Hz, the rms velocity at the selected positions shall preferably not
exceed 0,035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0.2 g at least for the range 200 Hz to 1000 Hz. At no point
over the speed range shall the amplitude of the selected positions
exceed 0.001" peak to peak displacement to at least 30 Hz nor shall the
rms velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least for the range 200 Hz to 1000 Hz,

b) With zero flywheel inertia, maximum driveline braking is to be
demonstrated from "26,900 rpm/ d(inches)"” (i.e. from a roller
peripheral speed of 80 mph) bringing the driveline to a full stop
within 30 seconds of beginning the brake application., During braking,
the amplitude of the selected positions shall preferably not exceed
0.0003" peak to peak displacement to at least 30 Hz, the rms velocity
at the selected positions shall preferably not exceed 0.035"/sec at
least for the range 10 to 1000 Hz and the acceleration peaks at the
selected positions shall preferably not exceed 0.2 g at least for the
range 200 Hz to 1000 Hz. At no point over the speed range shall the
amplitude of the selected positions exceed 0.001" peak to peak
displacement to at least 30 Hz nor shall the rms velocity at the
selected positions exceed 0.07"/sec at least for the range 10 to 1000
Hz nor shall there be any acceleration peaks exceeding 0.3 g at least
for the range 200 Hz to 1000 Hz,.

*The testing detailed in this Section assumes selection of the five
inertia values of Table 2, Should the inertia values of Table 1l be
selected, the testing would be extended to include the eight inertia
values of Table 1.
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¢) With inertia simulating 16,250 1b/axle, the roller speed is to
be increased from 0 rpm to "26,900 rpm/d(inches)” (i.e. to a roller
peripheral speed of 80 mph), which is to be held for two minutes, and
then decreased to O rpm at a rate of approximately 0.025 rad/sec?,
Over the speed range, the amplitude of the selected positions shall
preferably not exceed 0.0003" peak to peak displacement to at least 30
Hz, the rms velocity at the selected positions shall preferably not
exceed 0.035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0.2 g at least for the range 200 Hz to 1000 Hz, At no point
over the speed raunge shall the amplitude of the selected positions
exceed U.001" peak to peak displacement to at least 30 Hz nor shall the
rms velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least for the range 200 Hz to 1000 Hz,

d) With inertia simulating 30,500 1lb/axle, the roller speed is to
be increased from 0 rpm to "26,900 rpm/d(inches)"” (i.e. to a roller
peripheral speed of 80 mph), which is to be held for two wminutes, and
then decreased to O rpm at a rate of approximately 0,025 rad/sec?,

Over the speed range, the amplitude of the selected positions shall
preferably uvot exceed 0.,0003" peak to peak displacement to at least 30
Hz, the rms velocity at the selected positions shall preferably not
exceed 0,035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0.2 g at least for the range 200 Hz to 1000 Hz. At no polnt
over the speed range shall the amplitude of the selected positions
exceed 0,001" peak to peak displacement to at least 30 Hz nor shall the
rms velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least for the range 200 Hz to 1000 Hz,

e) With inertia simulating 55,500 1b/axle, the roller speed is to
be increased from O rpm to "42,000 rpm/d(inches)” (i.e. to a roller
peripheral speed of 125 mph), which is to be held for two minutes, and
then decreased to O rpm at a rate of approximately 0.025 rad/sec”’.

Over the speed range, the amplitude of the selected positions shall
preferably not exceed 0.0003" peak to peak displacement to at least 30
Hz, the rms velocity at the selected positions shall preferably not
exceed 0.035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0.2 g at least for the range 200 Hz to 1000 Hz, At no point
over the speed raage shall the amplitude of the selected positions
exceed 0,001" peak to peak displacement to at least 30 Hz nor shall the
rims velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least for the range 200 Hz to 1000 Hz,

£) With inertia simulating 78,750 1lb/axle, the roller speed is to
be increased from O rpm to "26,900 rpm/d(inches)” (i.e. to a roller
peripheral speed of 80 mph), which is to be held for two mintues, and
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then decreased to O rpm at a rate of approximately 0.025 rad/sec?,
Over the speed range, the amplitude of the selected positions shall
preferably not exceed 0.0003" peak to peak displacement to at least

30 Hz, the rms velocity at the selected positions shall preferably not
exceed 0.035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0.2 g at least for the range 200 Hz to 1000 Hz. At no point
over the speed range shall the amplitude of the selected positions
exceed 0.001™ peak to peak displacement to at least 30 Hz nor shall the
rms velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least for the range 200 Hz to 1000 Hz.

g) With inertia simulating 78,750 1lb/axle inertia, maximum drive-
line braking is to be demonstrated from "26,900 rpm/d(inches)” (i.e.
from a roller peripheral speed of 80 mph) bringing the driveline to a
full stop within 90 seconds or less. During braking, the amplitude of
the selected positions shall preferably not exceed 0.0003" peak to peak
displacement to at least 30 Hz, the rms velocity at the selected
positions shall preferably not exceed 0.035"/sec at least for the range
10 to 1000 Hz and the acceleration peaks at the selected positions
shall preferably not exceed 0.2 g at least for the range 200 Hz to
1000 Hz. At no point over the speed range shall the amplitude of the
selected positions exceed 0.001" peak to peak displacement to at least
30 Hz nor shall the rms velocity at the selected positions exceed
0.07"/sec at least for the range 10 to 1000 Hz nor shall there be any
acceleration peaks exceeding 0,3 g at least for the range 200 Hz to
1000 Hz.

8.1.2 Demonstration of sustained running (no wheelset)

After successful demonstration of 8,1.1, the rig shall be run,
according to the velocity schedule of Table 13, with inertia simulating
78,750 1b/axle and with the bearing temperatures and vibration levels
continuously monitored. Between velocity levels, changes in velocity
should be at a rate of approximately 0,025 rad/sec?. During the test,
the amplitude of the selected positions shall preferably not exceed
0.0003" peak to peak displacement to at least 30 Hz, the rms velocity
at the selected positions shall preferably not exceed 0.035"/sec at
least for the range 10 to 1000 Hz and the acceleration peaks at the
selected positions shall preferably not exceed 0.2 g at least for the
range 200 Hz to 1000 Hz. At no point over the speed range shall the
amplitude of the selected positions exceed 0.001" peak to peak
displacemeat to at least 30 Hz nor shall the rms velocity at the
selected positions exceed 0.07"/sec at least for the range 10 to 1000
Hz nor shall there be any acceleration peaks exceeding 0.3 g at least
for the range 200 Hz to 1000 Hz.

Baseline vibration spectra should be recorded during this
demonstration for purposes of subsequent condition monitoring.
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(2 minutes), maximum driveline braking is to be demonstrated from
“26,900 rpm/d(inches)” (i.e. from a roller peripheral speed of 80 mph)
bringing the driveline to a full stop within 90 seconds or less,

During braking, the amplitude of the selected positions shall prefer-
ably not exceed 0.0003" peak-to-peak displacement to at least 30 Hz,
the rims velocity at the selected positions shall preferably not exceed
0.035"/sec at least for the range 10 to 1000 Hz and the acceleration
peaks at the selected positions shall preferably not exceed 0.2 g at
least for the range 200 Hz to 1000 Hz. At no polnt over the speed
range shall the amplitude of the selected positions exceed 0.001" peak-
to-peak displacement to at least 30 Hz nor shall the rms velocity of
the selected positions exceed 0.07"/sec nor shall there be any acceler-
atlon peaks exceeding 0.3 g at least over the range 200 Hz to 1000 Hz.

8.1.7 Demonstration of force actuation and measurement
(wheelset in upper position, rotating driveline)

a) Vertical force actuation

With inertia simulating 78,750 1lb/axle in the driveline and the
driveline rotating at "26,900 rpm/d(inches)"” (i.e. at a roller periph-—
eral speed of 80 mph) and with the wheelset centered within *0.01" and
at zero yaw angle (%2 minutes), the vertical force on each wheel is to
be cycled simultaneously at 1 cpm from 6000 1b to 80,000 1b, The ver-
tical, lateral and longitudinal force components at each wheel/roller
interface as determined by the load cells shall be within 27 of those
measured using a strain gauged wheelset or the load cells in the
hydraulic cylinders. Should the difference exceed 2%, the load cells
are to be recalibrated.

This test is to be repeated with the vertical forces cycled 180°
out-of-phase with each other.

During these tests the roller rotational velocity 1s to be
monltored and is to remain within £1% of the set rotatlonal velocity.
The amplitude of the selected positions shall preferably not exceed
$.0003" peak—to-peak displacement to at least 30 Hz, the rms velocity
at the selected positions shall preferably not exceed 0.035"/sec at
least for the range 10 to 1000 Hz and the acceleration peaks at the
selected positions shall preferably not exceed 0.2 g at least for the
range 200 Hz to 1000 Hz, At no point shall the amplitude of the
selected positions exceed 0,001" peak-to-peak displacement to at least
30 Hz nor shall the rms velocity at the indicated positions exceed
0.07"/sec at least for the range 10 to 1000 Hz nor shall there be any
acceleration peaks exceeding 0.3 g at least over the range 200 Hz to
1000 Hz,

b) TLateral force actuation

With inertia simulating 78,750 1b/axle in the driveline and the
driveline rotating at “26,900 rpm/d(inches)” (i.e. at a roller
peripheral speed of 80 mph) and the wheelset at zero yaw angle (2
minutes), and the vertical force at 40,000 1lb/wheel the lateral force
on the wheelset is to be cycled at 1 cpm such that the wheelset moves
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TABLE 5

RIG DESIGN CONSIDERATIONS AND CONSTRAINTS

DESIGN REQUIREMENTS SECTIONS COMMENTS SECTIONS
CONSIDERATIONS * *
OVERALL RIG SIZE
- width <14' 9" 5.1 such that rig can be re-—located by 3.2[1]
rail, between NRC test facilities
- height <18’ 5.1 height of wheelset in rig to be
minimized to simplify wheelset exchange
- total weight < 90 Tons total weight to be minimized (see 5.1
for floor details)
- length <30-35'
DRIVE SYSTEM
CONSIDERATIONS
- reversal of - rotation in either direction simpler than reversing wheelset for
rotation (switched when stopped) brake or wear testing
- regenerative mode - regenerative action to be
available
= driveline braking |- driveline braking must not
incorporate tread brakes on
the rollers
= motor location — outboard of rollers outboard motor location recommended
- to minimize risk of motor contamina-
tion during tests with contaminants
- to allow lateral isolation of force
components between rollers
— to provide ease of tire (or roller)
changing
INERTIA
~ using 2 stacked steel sheet [3.6.2[1] quick and simple variation of inertia (4,3
flywheels preferably located |App. B[1] required (without removal of flywheels
on roller driveline from driveline)
~ flywheel dia, <8' 4,3
- flywheel width <5' each 4,3
= flywheel weight <20 T each 4,3 flywheel weight to be minimized for
handling
FORCE APPLICATION
= in force mode, actuator drive|4.5 actuator load cells also required 3.8.,1[1]
signal to be derived from 3.8,1[1]
load cells appropriately 3.8.4[1]
located in the rig
~ vertical load - by 2 hydraulic actuators 3.8,.1[1] 6,000 to 80,000 1b/actuator 3.8.1[1]
- #" to 1 cycle/minute
— 13" total travel
= longitudinal - by wheelset braking (other for longitudinal creep studies
force than tread brakes)
- lateral load - by 2 hydraulic actuators 3.8.1([1] 50 to 40,000 1lb/actuator 3.8,1[1]
(possibly 1) - #14" to 1 cycle/minute
- +2" total travel
POSITION CONTROL
= in position mode, actuator 3.8.3[1] actuator LVDT also required 3.8.3{1]
drive signal to be derived
from appropriate rig-mounted
sensors
- lateral position - by screw jack 3.8.3[1] " 3.8.3(1]
- yaw angle — differential ball screw 3.8.3[1] +2,5° 3.8.3[1]

must be held accurately for lateral
creep testing

*Referenced sections are

in this report, except those indicated [1] which are in Reference 1.
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TABLE 7

PARAMETER

PARAMETER RANGE

TYPICAL REQUIRED
ACCURACY

REQUIRED ACCURACY
FOR CREEP STUDIES

LOAD (per wheel)
Vertical

6,000 to 80,000 1b

*1 to 2% *1

+0.25% of reading

speed Vw

Longitudinal creep

to 2% creep

+0.,01% or better

Lateral 50 to 40,000 1b 1 to #2% *1 +0,25% of reading
Longitudinal 50 to 30,000 1b t]l to %27 *1 +0,25% of reading
POSITION

Wheelset lateral £2" +0,01" +0,001" #2
Wheelset yaw angle +2,5° +2! +1°' *2
Wheelset decrown +3° 2! 3 i *2

angle

VELOCITY

Roller peripheral *125 mph +1 to *27%

speed Vr

Wheelset peripheral +125 mph +1 to *2%

+0.017% or better

Vo = Yy
PROFLLES
Gauging diameters
- wheel 28" to 44" +1/32" 0.001" or better
*2
- rollers 40" to 72" +1/32" 0.001" or better
*2
Wheel profile +0,01" across 0.001" across
profile profile *2 #*3
Roller profile +0,01" across 0.001" across
profile profile *2 #3

*] Although for many tests, this lower accuracy would be totally acceptable, it is
not practical to c¢onsider changing load cells between tests and thus the load
cells must meet the accuracy of the right hand column.

*2 If longitudinal creep is to be determined using V = rw, the wheelset position,
the gauging diameters and/or profiles must be extremely accurately determined.

*3 Eventually determination of the wheel or roller surface finish may be

necessarye.
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and force cycling is only required to 1 cycle/minute, this response is
recommended in order that any parameter variation caused by rotation of
either the driveline or the wheelset may be determined, Herein,
rotation of a 63" diameter roller at peripheral speeds of 80 and 125
mph will be at 7 and 11 revolutions per second, respectively whereas
rotation of a 28" diameter wheel at a peripheral speed of 80 and 125
mph will be at 16 and 25 revolutions per second, respectively.

6.0 VIBRATION AND BALANCE CONSIDERATIONS

For the type of facility being developed, it 1is necessary to
ensure that for each configuration, there 1s no significant vibration
at any rotational rate (up to the maximum specified), since any
configuration may be run for prolonged duration, at any speed within
the range, Such operation precludes the luxury of running through a
critical speed to attain a required operating speed. However, as per
Table 8 the maximum operational speed, even at 125 mph peripheral speed
and with 42" diameter rollers, would be less than 20 rev/sec.

TABLE 8
DRIVELINE ROTATIONAL SPEED AT VARIOUS PERIPHERAL SPEEDS FOR DIFFERENT
ROLLER DIAMETERS

ROLLER DIAMETER PERIPHERAL SPEED ROTATIONAL SPEED
(inches) (mph)
(rad/sec) (rev/sec) |(rev/min)
72 125 61 10 580
80 39 6 370
10 5 0.8 47
63 125 70 11 670
80 45 7 430
10 6 0.9 53
42 125 105 17 1000
80 67 11 640
10 8 1.3 80

The vibration frequency spectra of any machine in good condition
will have a characteristic shape. It is recommended that during the
acceptance tests, baseline spectra be taken against which subsequent
spectra can be periodically checked for identification of any
degradation of performance.
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6.1 - Recommended Balance Specifications

In the absence of specific balance guidelines for this type of
facllity operating over the inherently low speed range, it 1is
recommmended that the balance quality grade of at least G6.3 and
possibly G2.,5 as per References 5 and 6 be adopted., (Reference 5
indicates these balance grades apply only to "rigid" rotors, whereas
Reference 6 indicates that they apply to both "rigid"” and "flexible"
rotors,) The corresponding acceptable residual unbalance per unit
rotor welght, as per Fig. 39.20 of Reference 5 is tabulated in Table 9
for both G6.3 and G2.5 grade and at 125 and 80 mph., Herein, Grade 6.3
(Table 39.3 of Reference 5, or Table 2 of Reference 6) is recommended
for -

"parts or process plant machines; marine maln—turbine gears;

centrifuge drums; fans; assembled aircraft gas—turbine rotors; fly

wheels; pump impellers; machine-tool and general machinery parts;
electrical armatures”

whereas Grade 2.5 is recommended for -
"gas and steam turbines; rigid turbo-generator rotors;

turbo—~compressors; machine—-tool drives; small electrical
armatures; turbine-driven pumps”.

rotors;

TABLE 9
ACCEPTABLE RESIDUAL UNBALANCE OF ROTOR AT G2.5 AND G6.3 BALANCE QUALITY
GRADES
AT 125 MPH AT 80 MPH N

ROLLER SPLED UNBALANCE JUNBALANCIE |SPEED |UNBALANCE |UNBALANCE

DIAMETER | (rev/ AT G6.3 AT G2.5 (rev/ [AT G6.3 AT G2.5

(inches)| min) (1b-in/1b) {(1b=in/1b)| min) |(lb=-in/1b)|(1lb-in/1b)

72 580 0.003 0.001 370 |0.004 0.0015

63 670 0.0022 0,0008 430 0.0035 0.0012

42 1000 0.0015 0.0006 640 (0,0023 0.0009

Since Grade 2.5 seems to apply to equipment of typically higher

rotation rate, it is recommended that Grade 6.3 be adopted as a minimum
standard and that a preferable standard be set somewhat closer to G2.5.
Thus, the facility should be balanced to the criteria of Table 10,
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TABLE 10
ACCEPTABLE RESIDUAL UNBALANCE OF FACILITY

ROLLER NOMINAL MAXIMUM MAXIMUM ALLOWABLE
DIAMETER VEHICLE *1 SPEED RESIDUAL UNBALANCE OF ROTOR
(inches) (mph) | (rpm) (1b-in/1b)
PREFERABLE ACCEPTABLE
72 125T 80 370 0.0025 0,0040
75T 80 370 00,0025 0,0040
"30T" 125 580 0,0020 0.0030
EMPTY 80 370 0.0025 0.0040
ZERO *2 80 370 0,0025 0.0040
63 125T 80 430 0.0025 0.0035
75T 80 430 0,0025 0.0035
"30T" 125 670 0,0015 ' 0.0022
EMPTY 80 430 0.0025 0.0035
ZERO *2 80 430 0,0025 0.0035
42 125T 80 640 0,0016 0.0023
75T 80 640 0,0016 0.0023
"30T" 125 1000 0,0010 0.,0015
EMPTY 80 640 00,0016 0,0023
ZERO *2 80 640 0,0016 0,0023

*] See Table 3 for weight per axle to be simulated by inertia,
%2 Some tests do not require simulation of vehicle inertia.

6.2 Recommended Vibration Specifications

In order to ensure good life expectancy and to minimize machine
vibration that could affect parameter measurement in the facility it is
recommended that the facllity meet very stringent vibration limits
during the acceptance testing procedure, As in the definition of
balance specifications, it is difficult to find an exact equivalence of
equipment on which to base the specifications and further, most
equipment for which vibration severity is specified tends to have a
recommended operating speed and typically the operating speeds tend to
be somewhat higher than those required for the current facility. Thus
considerable judgement must be exercised in the specification
selection,

Some references, such as 7 (Figure X-24), suggest vibration limits
for bearing cap measurements which are displacement limited at low
frequency, velocity limited at intermediate frequency and acceleration
limited at higher frequency. This reference recommends, for "smooth"
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operation, limits of
0.0002" peak to peak displacement to 30 Hz
0.02"/sec peak veloclty to approximately 320 Hz
0.10 g acceleration peak at higher frequencies
and for "good” operation
0.001" peak to peak displacement to 30 Hz
0.10"/sec peak to 200 Hz
0.30 g acceleration peak above 200 Hz
Converting the above velocity limits to RMS values (V. . = 0.707 V
and comparing them to the vibration severity limits o% Table 11
(adopted from Ref, 5, Table 19.2 or Reference 8, Figure 7) indicates
that either above limit would provide a "good"” quality machine
vibration for either Class III or Class IV machines, Class III
machines are described as
"large machines” [Reference 5]
and “"large prime movers mounted on rigid and heavy foundations”
[Reference 8]
and Class IV as
"turbomachines"” [Reference 5]
and "large prime movers on relatively soft and light structures (steel
tuned foundations)” [Reference 8].

peak)

TABLE 11
VIBRATION SEVERITY CRITERIA FOR CLASS III AND IV MACHINES
(AFTER ISO STD 1S2372)*

RANGES OF VIBRATION VIBRATION SEVERITY*1 FOR CLASS IIT
SEVERITY AND IV MACHINES*2
\Y velocity Class III Class 1V
rms
(mm/sec){ (in/sec)
0.28 0.01
0.45 0.02
0.71 0.03 A
1,12 0.04 A
1.8 0,07
2.8 0.11 B
4,5 0.18 B
7.1 0.28 c
11.2 0.44 c
18 0.71 -
28 1.10 D
45 1,77 D

*1 A, B, C and D represent machine vibration quality grades ranging
from good (A) to unacceptable (D).

*2 Class III and IV machines are defined in the preceding body of the
text,

*This IS0 standard applies to rotating machines in the range 600 to
12,000 rpm,
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This 1s also consistent with the vibration severity limits
recommended as a function of support classification (taken from Table
19,1 of Reference 5 and adapted here as Table 12) wherein an rms value
of 0.07 in/sec would yield "good" vibration severity with either "hard”
or "soft” supports. Herein supports are said to be "soft” if the
fundamental frequency of the machine on its supports is lower than its
main excitation frequency and "hard" if the fundamental frequency of
the machine on its supports is higher than its main excitation
frequency. It is anticipated that, because the test facility is to
operate over a range of speed, rather than at a single operating speed,
its support system may be "hard” or "soft” depending on the actual
operating speed. Thus, it is recommended that the following minimum
vibration criteria be adopted:

0.001" peak to peak displacement to 30 Hz
0.1"/sec peak to 200 Hz

0.07"/sec rms 10 to 1000 Hz

0.3 g acceleration peak above 200 Hz

but that an attempt be made to approach

0.0003" peak to peak displacement to 30 Hz
0,05"/sec peak to 250 Hz

0.,035"/sec rms 10 to 1000 Hz

0.2 g acceleration peak above 250 Hz.

TABLE 12
VIBRATION SEVERITY CRITERIA AS A FUNCTION OF SUPPORT CLASSIFICATION
(AFTER ISO STD IS3945)%*

; SUPPORT CLASSIFICATION*!
VIBRATION SEVERITY
(mm/sec) (in/sec) HARD SUPPORTS SOFT SUPPORTS
0.45 0,017
0.71 0.028 Good
1.12 0.044 Good
1.8 0.071
2.8 0.11 Satisfactory
4,5 0.18 Satisfactory
7.1 0.28 Unsatisfactory
11.2 0.44 Unsatisfactory
18.0 0.71
28.0 1.10 Impermissible
71.0 2,80 Impermissible

*1 Supports are said to be "soft" if the fundamental frequency of the
machine on 1ts supports 1s lower than its main excitation frequency
and "hard"” if the fundamental frequency of the machine on 1ts
supports 1s higher than its main excitation frequency.

* This ISO standard is for classifying vibration severity of large

rotating machines, in situ, operating at speeds from 600 to 12,000
rpme The rms velocity measurements are made on the bearing housings
in three orthogonal directions and the largest measured value is

used to characterize "vibration severity”.
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6.3 Recommended Measurement Techniques and Measurement Locations

The National Research Council should be responsible for providing
the sensors and instrumentation for determining the facility vibration
levels as required in the acceptance tests. Vibration should be
ideally measured at each bearing housing in the horizontal, vertical
and axial directions (see Fig. 13) and on any long spans on the frame
that may be susceptible to vibration. The exact measurement positions
where data is taken must be marked such that the measurements may be
subsequently duplicated. The sensors must be mounted on stiff surfaces
that are not affected by the presence of the probes,

The National Research Council should be responsible for selecting
the positions for the sensors to be used during the vibration tests.
The positions should be selected in accordance with the results of the
theoretical dynamic analysis carried out by the contractor and impact
tests carried out by NRC on the assembled facility before driveline
rotation is undertaken.

6.4 Recommended "Health" Monitoring

It is recommended that dedicated "health"” monitoring equipment be
incorporated into the facility by NRC following the acceptance tests.
The vibration acceptance tests should be documented in such a way as to
provide a vibration reference baseline for each rig configuration such
that all subsequently monitored rig vibration can be quickly assessed
relative to the baseline condition. It 1is recommended that, at any
time, should vibration levels be monitored that exceed the baseline
level for that operating configuration by 50%, the rig should be shut
down and the cause of the vibration be established, (This criteria is
slightly more stringent than a 4 db velocity increase (1:16) which
typically represents a significant change in the vibratory response in
most machines as per p3—-11 of Reference 8.) Further, should vibration
levels exceeding those listed for good operation in 6.2 by 507 ever be
monitored in any configuration, the rig should be immediately shut down
and the cause of the vibration established.

7.0 DYNAMIC ANALYSIS REQUIREMENTS

A comprehensive modal analysis of the proposed structure -
including driveline, rollers, and wheelset in the various specified
configurations — is to be carried out during the design process to
ensure that the rig will be capable of meeting the general design
considerations of Section 5, the balance and vibration specifications
of Section 6 and thus the acceptance tests of Section 8. Herein it is
recommended that the responsibility for this analysis be assigned to
the contractor in order that there is some degree of flexibility,
particularly with respect to selection of readily available materials.

This design process must be fully documented, indicating the
program(s) used, with a listing of inputs and outputs. If a program is



- 20A -

<3
o
g

L AAAA

////////I/////////

T

FIGURE 13
TYPICAL POSITIONS FOR VIBRATION MEASUREMENT
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developed for this investigation, the software should be made available
to NRC, complete with a users' manual, If a commercial program is
used, source, update, etc, must be fully documented and the program
made available to NRC. Herein although such a program is initially
required for investigation of the facility dynamics, it will be
subsequently required for verification of the dynamics and ultimately
for incorporation 1nto subsequent models,

The fact that the rig may be ultimately run at any speed (from O
to 80 mph roller peripheral speed) with any amount of inertia and in
any configuration (e.g. wheelset above or below) precludes the luxury
of running through a critical speed to attain a required operating
speed, Thus it 1is essential to ensure that, for each configuration,
there is no significant vibration at any rotational rate (up to the
maximum specified) since any configuration may be run for prolonged
duration, at any speed within the specified range,

7.1 Required Documentation

The documentation of the modal analysis of the proposed design
should include:

— details of the program used in the analysis including version
used, inherent assumptions, number of stations, etc,

— an indication of the sensitivity of the facility vibration
levels to

~ driveline unbalance and flexibility
— frame misalignment and flexibility

— bearing clearances, flexibilities, asymmetries and
misalignment

- temperature effects

(Such a sensitivity analysis should provide an indication of the
worst case combination of conditions for which the facility
vibration levels should be predicted to ensure that 1t will be
capable of meeting the vibration standards of Section 6.2.)

8.0 ACCEPTANCE TESTS

Prior to undertaking the acceptance tests, the contractor shall
inform NRC of the proposed schedule for the acceptance tests such that
NRC personnel may be on-site to verify the performance and such that
provision may be made for the use of the Environmental Chamber.
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Before undertaking the acceptance tests, the contractor should
verify that all out-of-limit signals are present such that facility
shut—down will be initiated if any of the following parameters goes out
of range during the tests:

- hydraulic system - high temperature
= low oil level

~ motor — high temperature
- high speed

~ rollers - high temperature
— high speed

~ bearings - high temperature
— excessive displacement or vibration

— load cells - excessive force level in vertical or lateral
direction

- position sensors — excesslve movement in lateral direction
or in yaw or decrown angle.

Prior to undertaking the acceptance tests detailed below, the
contractor shall balance the rotor such that the residual unbalance*
shall preferably not exceed 0.0015 1b-in/1b and shall not exceed
0,0022 1b—in/1b.

The contractor is to demonstrate, in the specified order(unless
prior arrangements are made with NRC), that the rig meets the
specification of Sections 8,1 through 8.2

The National Research Council shall be responsible for supplying
the sensors and instrumentation used to determine the facility
vibration levels as required in the acceptance tests, The National
Research Council shall also be responsible for selecting the positions
for the sensors to be using during the vibration tests, The positions
will typically be on the bearing housings in the horizontal, vertical
and axial directions (as per Figure 13), or on any portion of the
driveline where significant shaft whirl may occur, or on any long spans
of the frame that may be susceptible to vibration., The positions will
be selected in accordance with the results of the theoretical dynamic
analysis carried out by the contractor and impact tests carried out by
NRC on the assembled facility before driveline rotation 1s undertaken,

During the acceptance tests, NRC shall record or shall specify
which vibration spectra are to be recorded.

*Selection of these limits assumes use of a 42" locomotive wheel (for
wear tests) to 80 mph and use of a 63" roller to 125 mph.
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8.1 Testing in the Railway Fatigue and Wear Facility Building (U-87)

The contractor 1s to move the rig to the rig test location in U-87
(if 1t has not bheen assembled there) and perform the tests outlined
below in the specified order. Fach test must be satisfactorily
demonstrated before proceeding to the following one.

8.1.,1 Demonstration of frame and driveline stability (no
wheelset)

a) With zero flywheel inertia, the roller speed is to be
increased from 0 rpm to "26,900 rpm/d(inches)” (i.e. to a roller
peripheral speed of 80 mph), which is to be held for two minutes, and
then decreased to 0 rpm at a rate of approximately 0.025 rad/sec?,
Over the speed range, the amplitude of the selected positions shall
preferably not exceed 0,0003" peak to peak displacement to at least 30
Hz, the rms veloclity at the selected positions shall preferably not
exceed 0.035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0,2 g at least for the range 200 Hz to 1000 Hz, At no point
over the speed range shall the amplitude of the selected positions
exceed 0,001" peak to peak displacement to at least 30 Hz nor shall the
rmg velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least for the range 200 Hz to 1000 Hz.

b) With zero flywheel inertia, maximum driveline braking is to be
demonstrated from "26,900 rpm/ d(inches)"” (i.e. from a roller
peripheral speed of 80 mph) bringing the driveline to a full stop
within 30 seconds of beginning the brake application. During braking,
the amplitude of the selected positions shall preferably not exceed
0.0003" peak to peak displacement to at least 30 Hz, the rms velocity
at the selected positions shall preferably not exceed 0.035"/sec at
least for the range 10 to 1000 Hz and the acceleration peaks at the
selected positions shall preferably not exceed 0,2 g at least for the
range 200 Hz to 1000 Hz, At no point over the speed range shall the
amplitude of the selected positions exceed 0.001" peak to peak
displacement to at least 30 Hz nor shall the rms veloclty at the
selected positions exceed 0.07"/sec at least for the range 10 to 1000
Hz nor shall there be any acceleration peaks exceeding 0.3 g at least
for the range 200 Hz to 1000 Hz.

*The testing detalled in this Section assumes selection of the five
inertia values of Table 2., Should the inertia values of Table 1 be
selected, the testing would be extended to include the eight inertia
values of Table 1,
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¢) With inertia simulating 16,250 lb/axle, the roller speed is to
be increased from O rpm to "26,900 rpm/d(inches)" (i.e. to a roller
peripheral speed of 80 mph), which is to be held for two minutes, and
then decreased to O rpm at a rate of approximately 0.025 rad/sec?.
Over the speed range, the amplitude of the selected positions shall
preferably not exceed 0.0003" peak to peak displacement to at least 30
Hz, the rms velocity at the selected positions shall preferably not
exceed 0,035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0.2 g at least for the range 200 Hz to 1000 Hz. At no point
over the speed raunge shall the amplitude of the selected positions
exceed 0.001" peak to peak displacement to at least 30 Hz nor shall the
rms velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least for the range 200 Hz to 1000 Hz,

d) With inertia simulating 30,500 1b/axle, the roller speed is to
be increased from O rpm to "26,900 rpm/d(inches)” (i.,e. to a roller
peripheral speed of 80 mph), which is to be held for two minutes, and
then decreased to O rpm at a rate of approximately 0,025 rad/sec?.

Over the speed range, the amplitude of the selected positions shall
preferably not exceed 0.0003" peak to peak displacement to at least 30
Hz, the rms velocity at the selected positions shall preferably not
exceed 0,035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0.2 g at least for the range 200 Hz to 1000 Hz. At no point
over the speed range shall the amplitude of the selected positions
exceed 0.,001" peak to peak displacement to at least 30 Hz nor shall the
rms velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least for the range 200 Hz to 1000 Hz,

e) With inertia simulating 55,500 1lb/axle, the roller speed is to
be increased from O rpm to "42,000 rpm/d(inches)” (i.e. to a roller
peripheral speed of 125 mph), which is to be held for two minutes, and
then decreased to 0 rpm at a rate of approximately 0,025 rad/sec”’.

Over the speed range, the amplitude of the selected positions shall
preferably not exceed 0.0003" peak to peak displacement to at least 30
Hz, the rms velocity at the selected positions shall preferably not
exceed 0.035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0.2 g at least for the range 200 Hz to 1000 Hz. At no point
over the speed raange shall the amplitude of the selected positions
exceed 0,001" peak to peak displacement to at least 30 Hz nor shall the
rimns velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least for the range 200 Hz to 1000 Hz,

f) With inertia simulating 78,750 1b/axle, the roller speed is to
be increased from O rpm to "26,900 rpm/d(inches)" (i.e. to a roller
peripheral speed of 80 mph), which is to be held for two mintues, and
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then decreased to 0 rpm at a rate of approximately 0,025 rad/sec?.
Over the speed range, the amplitude of the selected positions shall
preferably not exceed 0.0003" peak to peak displacement to at least

30 Hz, the rms veloclity at the selected positions shall preferably not
exceed 0,035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0.2 g at least for the range 200 Hz to 1000 Hz., At no point
over the speed range shall the amplitude of the selected positions
exceed 0.001" peak to peak displacement to at least 30 Hz nor shall the
rms velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least for the range 200 Hz to 1000 Hz.

g) With inertia simulating 78,750 1b/axle inertia, maximum drive-
line braking is to be demonstrated from "26,900 rpm/d(inches)” (i.e.
from a roller peripheral speed of 80 mph) bringing the driveline to a
full stop within 90 seconds or less. During braking, the amplitude of
the selected positions shall preferably not exceed 0.0003" peak to peak
displacement to at least 30 Hz, the rms velocity at the selected
positions shall preferably not exceed 0.035"/sec at least for the range
10 to 1000 Hz and the acceleration peaks at the selected positions
shall preferably not exceed 0.2 g at least for the range 200 Hz to
1000 Hz, At no point over the speed range shall the amplitude of the
selected positions exceed 0.001" peak to peak displacement to at least
30 Hz nor shall the rms velocity at the selected positions exceed
0.07"/sec at least for the range 10 to 1000 Hz nor shall there be any
acceleration peaks exceeding 0.3 g at least for the range 200 Hz to
1000 Hz,

8.1.2 Demonstration of sustained running (no wheelset)

After successful demonstration of 8.,1.1, the rig shall be run,
according to the velocity schedule of Table 13, with inertia simulating
78,750 1b/axle and with the bearing temperatures and vibration levels
continuously monitored. Between velocity levels, changes in velocity
should be at a rate of approximately 0,025 rad/sec?. During the test,
the amplitude of the selected positions shall preferably not exceed
0.0003" peak to peak displacement to at least 30 Hz, the rms velocity
at the selected positions shall preferably not exceed 0.035"/sec at
least for the range 10 to 1000 Hz and the acceleratiomn peaks at the
selected positions shall preferably not exceed 0.2 g at least for the
range 200 Hz to 1000 Hz. At no polnt over the speed range shall the
amplitude of the selected positions exceed 0.001" peak to peak
displacement to at least 30 Hz nor shall the rms velocity at the
selected positions exceed 0.07"/sec at least for the range 10 to 1000
Hz nor shall there be any acceleration peaks exceeding 0.3 g at least
for the range 200 Hz to 1000 Hz.

Baseline vibration spectra should be recorded during this
demonstration for purposes of subsequent condition monitoring.
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TABLE 13
VELOCITY SCHEDULE FOR SUSTAINED RUNNING

ROLLER PERIPHERAL SPEED ROTATIONAL SPEED* DURATION
F_ (mph) (rev/min) (hours)

20 + 6700 rpm/d(inches) 6

40 + 13,400 rpm/d(inches) 6

60 + 20,200 rpm/d(inches) 6

80 + 26,900 rpm/d(inches) 6

70 ~ 23,500 rpm/d(inches) 6

50 - 16,800 rpm/d(inches) 6

30 - 10,100 rpm/d(inches) 6

10 - 3400 rpm/d(inches) 6

*Sign changes indicate a reversal of rotational direction,

8.1.3 Demonstration of placing wheelset above rollers
Wheelset is to be placed in upper postion above rollers,

8.1.4 Demonstration of force actuation and measurement (static
driveline)

a) Vertical force actuation

With the driveline not rotating and the wheelset centered within
#),01" and at zero yaw angle (2 minutes), the vertical force on each
wheel is to to cycled simultaneously at 1 cpm from 6000 1b to 80,000
1b. The vertical and lateral force components at each wheel/roller
interface, as determined by the load cells, shall be within 2% of those
measured using a strain gauged wheelset or the load cells in the
hydraulic cylinders. Should the difference exceed 2%, the load cells
are to be recalibrated.

This test is to be repeated with the vertical forces cycled 180°
out-of—-phase with each other.

b) Lateral force actuation

With the driveline not rotating and the wheelset at zero yaw angle
(22 minutes), the lateral force on the wheelset is to be cycled such
that the wheelset moves from flange contact at one wheel to flange
contact at the other wheel. The vertical and lateral force components
at each wheel/roller interface as determined by the load cells, shall
be within 2% of those measured using a strain gauged wheelset or the
load cells ian the hydraulic cylinders., Should the difference exceed
2%, the load cells are to be recalibrated.

¢) Lifting of wheelset

. The wheelset i1s to be lifted with the actuators, such that tape or
film may be inserted between the wheels and rollers. The wheelset 1is
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to be set at a position of 1/2" lateral offset and 1 1/2° yaw and
lowered into contact with the rollers., The lateral position and yaw
are to be independently measured and are to be within 10.01" and *2
minutes respectively of the measurements taken using the rig-mounted
sSensors.

8.1.5 Demonstration of position actuation and measurement
(static driveline)

a) Lateral position control

With the driveline not rotating and the wheelset at zero yaw
angle (12 minutes), the lateral position actuation system is to be
cycled at 1 cpm from flange contact at one wheel to flange contact at
the other wheel, The lateral position is to be independently measured
and the measurements are to be within #0.01" of the measurements taken
using the rig—mounted sensors,

b) Yaw angle control

With the driveline not rotating and the wheelset centered within
#),01", the yaw actuation system is to be cycled at 1 cpm from maximum
yaw angle in one direction (2,5°) to maximum yaw angle in the other
direction (2.5°). The yaw angle 18 to be independently measured and
the measurements are to be within *2 minutes of the measurements taken
using the rig-mounted sensors.,

8.1,6 Demonstration of frame and driveline stability (wheelset
in upper position, rotating driveline)

a) With inertia simulating 78,750 1b/axle in the driveline, and
the wheelset in the upper position and centered within #0,01" and at
zero yaw angle (*2 minutes) and the vertical force at 40,000 1b/wheel,
the roller rotational gpeed is to be taken to "26,900 rpm/d(inches)”
(i.e. to a roller peripheral speed of 80 mph) at a rate of approxi-
mately 0,025 rad/sec?., The roller peripheral speed of 80 mph 1s to be
held for one hour, During the test, the amplitude of the selected
positions shall preferably not exceed 0,0003" peak to peak displacement
to at least 30 Hz, the rms velocity at the selected positions shall
preferably not exceed 0.035"/sec at least for the range 10 to 1000 Hz
and the acceleration peaks at the selected positions shall preferably
not. exceed 0.2 g at least for the range 200 Hz to 1000 Hz. At no point
over the speed range shall the amplitude of the selected positions
exceed 0.001" peak-to-peak displacement to at least 30 Hz nor shall the
rms veloclty of the selected positions exceed 0.07"/sec nor shall there
be any acceleration peaks exceeding 0.3 g at least over the range
200 Hz to 1000 Hz,

During the test, the wheel and roller temperatures shall remain
within 5°C of the ambient temperature.

b) With inertia simulating 78,750 1lb/axle, and the wheelset in
the upper position and centered within #0,01" and at zero yaw angle
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(2 minutes), maximum driveline braking is to be demonstrated from
"26,900 rpm/d(inches)” (i.e. from a roller peripheral speed of 80 mph)
bringing the driveline to a full stop within 90 seconds or less,

During braking, the amplitude of the selected positions shall prefer-
ably not exceed 0,0003" peak—-to—peak displacement to at least 30 Hz,
the rims velocity at the selected positions shall preferably not exceed
0.035"/sec at least for the range 10 to 1000 Hz and the acceleration
peaks at the selected positions shall preferably not exceed 0,2 g at
least for the range 200 Hz to 1000 Hz. At no point over the speed
range shall the amplitude of the selected positions exceed 0.001" peak-
to—-peak displacement to at least 30 Hz nor shall the rms velocity of
the selected positions exceed 0,07"/sec nor shall there be any acceler-
ation peaks exceeding 0.3 g at least over the range 200 Hz to 1000 Hz.

8.1.,7 Demonstration of force actuation and measurement
(wheelset in upper position, rotating driveline)

a) Vertical force actuation

With inertia simulating 78,750 1b/axle in the driveline aund the
driveline rotating at "26,900 rpm/d(inches)" (i.e. at a roller periph-
eral speed of 80 mph) and with the wheelset centered within #0,01" and
at zero yaw angle (*2 minutes), the vertical force on each wheel is to
be cycled simultaneously at 1 cpm from 6000 1b to 80,000 1b., The ver-
tical, lateral and longitudinal force components at each wheel/roller
interface as determined by the load cells shall be within 2% of those
measured using a strain gauged wheelset or the load cells in the
hydraulic cylinders. Should the difference exceed 2%, the load cells
are to be recalibrated.

This test is to be repeated with the vertical forces cycled 180°
out-of-phase with each other.

Muring these tests the roller rotational veloclty is to be
monitored and is to remain within *1% of the set rotatlonal velocity.
The amplitude of the selected positions shall preferably not exceed
0.0003" peak-to—-peak displacement to at least 30 Hz, the rms velocity
at the selected positions shall preferably not exceed 0.035"/sec at
least for the range 10 to 1000 Hz and the acceleration peaks at the
selected positions shall preferably not exceed 0.2 g at least for the
range 200 Hz to 1000 Hz. At no point shall the amplitude of the
selected positions exceed 0.001" peak-to—peak displacement to at least
30 Hz nor shall the rms velocity at the indicated positions exceed
0.07"/sec at least for the range 10 to 1000 Hz nor shall there be any
acceleration peaks exceeding 0.3 g at least over the range 200 Hz to
1000 Hz,

b) Lateral force actuation

With inertia simulating 78,750 1lb/axle in the driveline and the
driveline rotating at “26,900 rpm/d(inches)” (i.e. at a roller
peripheral speed of 80 mph) and the wheelset at zero yaw angle (2
minutes), and the vertical force at 40,000 1b/wheel the lateral force
on the wheelset is to be cycled at 1 cpm such that the wheelset woves
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from flange contact at one wheel to flange contact at the other wheel,
The vertical, lateral and longitudinal force components at each wheel/
roller interface, as determined by the load cells, shall be within 2%
of those measured using a strain gauged wheelset or the load cells in
the hydraulic cylinders, Should the difference exceed 2%, the load
cells are to be recalibrated.

During these tests the roller rotational velocity is to be
monitored and is to remain within *17% of the set rotational velocity.
The amplitude of the selected positions shall preferably not exceed
0.0003" peak to peak displacement to at least 30 Hz, the rms velocity
at the selected positions shall preferably not exceed 0,035"/sec at
least for the range 10 to 1000 Hz and the acceleration peaks at the
selected positions shall preferably not exceed 0.2 g at least for the
range 200 Hz to 1000 Hz. At no point shall the amplitude of the
positions exceed 0,001" peak-to—peak displacement to at least 30 Hz nor
shall the rms velocity at the selected positions exceed 0,07"/sec at
least for the range 10 to 1000 Hz nor shall there be any acceleration
peaks exceeding 0.3 g at least over the range 200 Hz to 1000 Hz.

8.1.8 Demonstration of position actuation and measurement
(wheelset in upper position, rotating driveline)

a) Lateral position control

With inertla simulating 78,750 1lb/axle in the driveline and the
driveline rotating at “26,900 rpm/d(inches)" (i.e. at a roller
peripheral speed of 80 mph) and the wheelset at zero yaw angle (%2
minutes) and the vertical force at 40,000 1lb/wheel, the lateral posi-
tion actuation system is to be cycled at 1 cpm from flange contact at
one wheel to flange contact at the other wheel. The lateral position
is to be independently measured and the measurements are to be within
#0,01". During these tests the roller rotational velocity is to be
monitored and is to remain within *1%7 of the set rotational velocity.
The amplitude of the selected positions shall preferably not exceed
0.0003" peak-to-peak displacement to at least 30 Hz, the rms velocity
at the selected positions shall preferably not exceed 0.035"/sec at
least for the range 10 to 1000 Hz and the acceleration peaks at the
selected positions shall preferably not exceed 0.2 g at least for the
range 200 Hz to 1000 Hz. At no point shall the amplitude of the
selected positions exceed 0,001" peak-to—peak displacement to at least
30 Hz nor shall the rms velocity at the selected positions exceed
0.07"/sec at least for the range 10 to 1000 Hz nor shall there be any
acceleration peaks exceeding 0.3 g at least over the range 200 Hz to
1000 Hz,

b) Yaw angle control

With inertia simulating 78,750 1b/axle in the driveline and the
driveline rotating at "26,900 rpm/d(inches)” (i.e. at a roller
peripheral speed of 80 mph) and the wheelset centered (within *0.01")
the yaw actuation system is to be cycled at 1 cpm from maximum yaw



- 30 -

angle in one direction (2,5°) to maximum yaw angle in the other
direction (2.5°). The yaw angle is to be independently measured and
the measurements are to be within #2 minutes., During these tests the
roller rotational velocity is to be monitored and is to remain within
*1% of the set rotational velocity. The amplitude of the selected
positions shall preferably not exceed 0,0003" peak to peak displacement
to at least 30 Hz, the rms velocity at the selected positions shall
preferably not exceed 0.,035"/sec at least for the range 10 to 1000 Hz
and the acceleration peaks at the selected positions shall preferably
not exceed 0.2 g at least for the range 200 Hz to 1000 Hz, At no point
shall the amplitude of the selected positions exceed 0.001"
peak-to—-peak displacement to at least 30 Hz nor shall the rms velocity
at the selected positions exceed 0.07"/sec at least for the range 10 to
1000 Hz nor shall there be any acceleration peaks exceeding 0.3 g at
least over the range 200 Hz to 1000 Hz,

8.1.9 Demonstration of re—positioning wheelset to lower
position

a) The rollers are to be removed and the wheelset and actuators
are to be relocated to the lower position.

b) Demonstration of lifting wheelset

The wheelset is to be lifted with the actuators, such that tape or
film may be inserted between the wheels and rollers., The wheelset is
to be set at a position of 1/2" lateral offset and 1 1/2° yaw and
lowered into contact with the rollers. The lateral position and yaw
are to be independently measured and are to be within t0,01"” and 2
minutes respectively.

8.1,10 Demonstration of frame and driveline stability (wheelset
in lower position)

With the wheelset in the lower position and with inertia
simulating 78,750 1b/axle, the speed is to be increased from O rpm to
“26,900 rpm/d(inches)” (i.e. to a wheel peripheral speed of 80 mph),
which is to be held for two minutes, and then decreased to O rpm at a
rate of approximately 0.025 rad/sec2. Over the speed range, the
amplitude of the selected positions shall preferably not exceed 0.0003"
peak to peak displacement to at least 30 Hz, the rms velocity at the
selected positions shall preferably not exceed 0.035"/sec at least for
the range 10 to 1000 Hz and the acceleration peaks at the selected
positions shall preferably not exceed 0,2 g at least for the range 200
Hz to 1000 Hz, At no point over the speed range shall the amplitude of
the selected positions exceed 0.001" peak—-to—-peak displacement to at
least 30 Hz nor shall the rms velocity at the selected positions exceed
0.07"/sec at least for the range O to 1000 Hz nor shall there be any
acceleration peaks exceeding 0.3 g at least over the range 200 Hz to
1000 Hz,
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8.2 Testing in the Environmental Chamber (U-88)

The purpose of this testing 1s to demonstrate that the actuators
and sensors are capable of accurate control and monitoring over the
required temperature range and thus this testing is significantly less
extensive than that to be carried out in the Railway Fatigue and Wear
Facility Building (U-87).

The contractor is to specify the time required to bring the rig to
temperature and is to document any specialized procedures for running
the rig at, or between, the temperature extremes of -30°C and +45°C.

The contractor is to relocate the rig from its test location in
U-87 to the track in U-88, NRC will provide motive power to relocate
the rig, by rail, to U-88 where the contractor will perform the tests
detailed in Sections 8.2,1 and 8.2.2,

National Research Council shall provide the required time in the
Environmental Chamber.

8.2.1 Demonstration of rig operation at minimum temperature

a) With the Environmental Chamber at ~30°C and with inertia
simulating 78,750 1lb/axle and the rig in the wheelset over roller
configuration with vertical load of 40,000 1lb/wheel and the wheelset
centered within #0,01"” and at zero yaw angle (*2 minutes), the roller
rotational speed is to be taken to "26,900 rpm/d(inches)" (i.e. to a
roller peripheral speed of 80 mph) at a rate of approximately 0,025
rad/sec?. Over the speed range, the amplitude of the selected
positions shall preferably not exceed 0.0003" peak to peak displacement
to at least 30 Hz, the rms velocity at the selected positions shall
preferably not exceed 0.035"/sec at least for the range 10 to 1000 Iz
and the acceleration peaks at the selected positions shall preferably
not exceed 0.2 g at least for the range 200 Hz to 1000 Hz. At no point
shall the amplitude of the selected positions exceed 0.001" peak-to-
peak displacement to at least 30 Hz nor shall the rms velocity at the
selected positions exceed 0.,07"/sec at least for the range 10 to 1000
Hz nor shall there be any acceleration peaks exceeding 0.3 g at least
over the range 200 Hz to 1000 Hz,

b) The rig shall then be run for 6 hours at "26,900
rpm/d(inches)"” (i.e. at a roller peripheral speed of 80 mph) with
bearing temperatures and vibration levels continuously monitored,

Each half hour the vertical load is to be cycled from 40,000 1b/
wheel to 80,000 1b/wheel and returned to 40,000 lb/wheel at a rate of
approximately 1 cpm. Following each cycling of the vertical load, the
wheelset lateral position, and then yaw angle, are to be changed in
accordance with Table 14 (at a rate of 1 cpm), and the resultant
position maintained for the following half hour,
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TABLE 14
SCHEDULE FOR POSITION AND YAW ANGLE CHANGES

TIME LATERAL POSITION YAW ANGLE
(hours) (inches) (nminutes)
to 1/2 0.00 * 0,01 0 2
to 1 0.50 + 0,01 40 * 2
to 1 1/2 1.00 £ 0,01 80 £ 2
to 2 1.50 + 0,01 120 + 2
to 2 1/2 1.00 * 0,01 80 * 2
to 3 0.50 + 0,01 40 + 2
to 3 1/2 -0.50 + 0.01 -40 + 2
to 4 -1.00 + 0,01 -80 £ 2
to &4 1/2 -1.50 £ 0,01 =120 + 2
to 5 -1.00 + 0,01 -80 £ 2
to 5 1/2 -0.50 * 0,01 =40 t 2
to 6 0.00 £ 0.01 0 2

Over the speed range, the amplitude of the selected positions
shall preferably not exceed 0,0003" peak-to-peak displacement to at
least 30 Hz, the rms velocity at the selected positions shall
preferably not exceed 0.035"/sec at least for the range 10 to 1000 Hz
and the acceleration peaks at the selected positions shall preferably
not exceed 0.2 g at least for the range 200 Hz to 1000 Hz. At no point
shall the amplitude of the selected positioans exceed 0.001" peak-to-—
peak displacement to at least 30 Hz nor shall the rms velocity at the
selected positions exceed 0.07"/sec at least for the range 10 to 1000
Hz nor shall there be any acceleration peaks exceeding 0.3 g at least
over the range 200 Hz to 1000 Hz.

During the test, the wheel and roller temperatures shall remain
within 5°C of the ambient temperature.

¢) The tests described in 8.1.7 (a) and (b), 8.1.8 (a) and (b),
and 8.1.6 (b) are to be repeated.
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8.2,2 Demonatration of rig operation at maximum temperature

a) With the Environmental Chamber at +45°C and with inertia
simulating 78,750 1lb/axle and the rig in the wheelset over roller
configuration with vertical load of 40,000 lb/wheel and the wheelset
centered within 0,01" and at zero yaw angle (%2 minutes), the roller
rotational speed is to be taken to "26,900 rpm/d(inches)” (i.e. to
80 mph roller peripheral speed) at a rate of approximately 0.025
rad/sec2, Over the speed range, the amplitude of the selected posi-
tions shall preferably not exceed 0,0003" peak to peak displacement to
at least 30 Hz, the rms velocity at the selected positions shall
preferably not exceed 0.035"/sec at least for the range 10 to 1000 Hz
and the acceleration peaks at the selected positions shall preferably
not exceed 0.2 g at least for the range 200 Hz to 1000 Hz. At no point
over the speed range shall the amplitude of the selected positions
exceed 0,001" peak-to—peak displacement to at least 30 Hz nor shall the
rms velocity at the selected positions exceed 0.07"/sec at least for
the range 10 to 1000 Hz nor shall there be any acceleration peaks
exceeding 0.3 g at least over the range 200 Hz to 1000 Hz.

b) The rig shall then be run for 6 hours at "26,900
rpm/d(inches)” (i.e. at a roller peripheral speed of 80 mph) with
bearing temperatures and vibration levels continuously monitored.

Each half hour the vertical load is to be cycled from 40,000
1b/wheel to 80,000 1lb/wheel and returned to 40,000 1lb/wheel at a rate
of approximately 1 cpm. Following each cycling of the vertical load,
wheelset lateral position and yaw angle are to be changed in accordance
with Table 14, and maintained for the following half hour.

Over the speed range, the amplitude of the selected positions
shall preferably not exceed 0.0003" peak to peak displacement to at
least 30 Hz, the rms velocity at the selected positions shall prefer-
ably not exceed 0.035"/sec at least for the range 10 to 1000 Hz and the
acceleration peaks at the selected positions shall preferably not
exceed 0,2 g at least for the range 200 Hz to 1000 Hz. At no point
shall the amplitude of the selected positions exceed 0,001" peak-to-
peak displacement to at least 30 Hz nor shall the rms velocity at the
selected positions exceed 0.07"/sec at least for the range 10 to
1000 Hz nor shall there be any acceleration peaks exceeding 0.3 g at
least over the range 200 Hz to 1000 Hz,

During the test, the wheel and roller temperatures shall
remain within 5°C of the ambient temperature.

c¢) The tests described in 8.1.7 (a) and (b), 8.1.8 (a) and (b),
and 8.1.6 (b) are to be repeated.

9.0 CUSTOMER SUPPLIED COMPONENTS

The components to be supplied by NRC, and their specifications,
are detalled in the following sections.
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9,1 Electric Motor and Controller

The specifications of a 150 hp motor and its countroller,
currently available in the NRC Railway Laboratory for use on the rig,
are given below.

a) ASEA 150 1IP DC MOTOR
Type: LAB 250 LB
Number: 6555 279
Temp. Rating: 40°C Amb.
Class: F

Speed: 1600 rpm
Arm: 500V 245A
Field: 220/110V 5.8/11,6A

Speed: 1750 rpm (maximum)
Arm: 550V 295A
Field: 220/110V 5.8/11.6A

b) BEEL SCR CONTROL
Model: 10B-3
Serial no: 6762
HP Rating: 150
AC Taput: 460V 243A 3 Phase 60 Hz
DC Output: 500V 243A
Field: 300V 2A

9.2 Wheelsets and Drawbars

National Research Council will supply a wheelset, possibly strain—
gauged, complete with brake rigging and suitable for use during the
Acceptance Tests. Details of the wheelset, in terms of the jourmal
size, the wheel diameter (in the range 28" to 44"), and the brake
rigging will be available by June 28, 1985,

National Research Council will also supply an appropriate number
of wheelsets (probably 4) of appropriate wheel diameter and journal
size, to support the rig during 1ts low speed relocation by rail,
Appropriate wheelset diameter and journal size will be determined
following the preliminary design stage, based on the weight estimate
for the rig. General considerations of wheel diameter and mechanical
loading are given in Table 3 of Reference 1 and of journal size and
waximum loading in Table 2 of this report. Mechanical details of
typical wheelsets may be found in References such as 3 and 4.

National Research Council will supply drawbars (to be mounted
2'10%4" (876 mm) above the railhead) at either end of the rig, such that
the rig may be readily relocated by rail.
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9.3 Instrumentation and Monitoring

National Research Council shall be responsible for supplying the
sensors and instrumentation for determining the facility vibration
levels as required in the acceptance tests.

9.4 Computer Control and Data Acquisition

National Research Council will be responsible for providing a
computer for rig control and data acquisition. The selection of the
computer or microprocessor will be made by June 28, 1985 such that bus
specification, digitizer codes, resolution, etc, wlll be specified by
that time, (See Section 5.4 for the signals that must be supplied by
the contractor.,)

National Research Council will supply the following output signals
from the computer:

a) Safety:
- initiation of shutdown procedure

b) Control of

1

vertical forces at each wheel, by hydraulic actuators
- lateral force, by hydraulic actuator(s)

- wheelset lateral position, by hydraulic actuator(s) or
ballscrew

~ wheelset yaw angle, by differential ballscrew

~ wheel speed, by drive motor, braking or integral traction
motor

- roller speed, by drive motor
— wheel temperature, by induction heater

~ brake application profiles.

10,0 CONTRACT REQUIREMENTS

It 1s recommended that the couatract have provision for the
contractor, preferably accompanied by the NRC scientific authority, to
see at least the following American railway test dynamometer
facilities:
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(1) United States Steel Research Dynamometer, understood to be now
located at the American Association of Railways in Chicago. This
machine incorporates a bank of flywheels to simulate car inertia, a
9 foot diameter roller to simulate the track and can accomodate
wheels from 30 to 48 inch diameter, The design of the flywheels in
this machine is of particular interest as a wide range of inertia
is available without demounting any portion of the inertia.

(2) Westinghouse Air Brake Company dynamometers (3) at Wilmerding,
Pennsylvania, in which flywheels are used to simulate train inertia
in braking tests, It is understood that one machine is capable of
250 mph wheel rim speed.

(3) ABEX Corporation, Mahwah, New Jersey, in which flywheels are used
to simulate train inertia for testing of wheels to 40 inch
diameter,

It is recommended that the contract be written to ensure
performance by holding back of funds at each stage until the sgpecific
standards have been achieved. To this end some of the specifications
are detailed in terms of desirable levels and less stringent, but
acceptable, levels,

It is recommended that major review meetings are held at major
identified milestones and that regular review meetings be scheduled at
6-8 week intervals,

10.1 Detailed Work Plan

The detailed work plan is to indicate tasks, scheduling, and major
milestones.

10,2 A Preliminary Design
The preliminary design is to include

- gize and weight estimate (the rig is to meet the size and weight
limits of Table 5)

- design drawings (detail drawings, assembly drawings, hydraulic and
electrical systems, incorporation of monitoring equipment listed
in Section 5.4, etc,)

- list of materials

- parts list, including specifications on purchased components and
equipment
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- suggested operating procedures (e.g. for wheelset exchange,
facility reconfiguration, inertia variation, special requirements
for low and/or high temperature operation)

- suggested malntenance schedules and procedures (herein maintenance
items, such as bearings, should be readily exchanged)

— indication of provision for wheelset containment should a
derailment occur

~ indication of mechanical changes required to accomodate rollers
canted at 1/20 or 1/40

— detailed cost breakdown such that, if required, appropriate
tradeoffs may be made before the design 1s finalized

10.3 Dynamic Analysis

A dynamic analysis is to be done of the proposed design (and its
various reconfigurations) to ensure that it is capable of meeting the
vibration test specifications of Section 8 over the range of speed and
inertia combinations indicated., Herein it 1s necessary to ensure that
no significant driveline critical speeds or structural resonances occur
within the operating range. The design process is to be fully
documented, indicating the computer program(s) used, with a listing of
inputs and outputs. If a program is developed for this investigation,
it must be fully documented and the software made available to NRC,
complete with a users' manual, If a commercial program is used,
source, update, etc, must be fully documented and the program made
avallable to NRC.

The documentation of the modal analysis of the proposed design
should include:

— details of the program used in the analysis including version
used, inherent assumptions, number of stations, etc.

— an indication of the sensitivity of the facility vibration levels
to

driveline unbalance and flexibility

frame misalignment and flexibility

bearing clearances, flexibilities, asymmetries and misalignment
~ temperature effects

(Such a sensitivity analysis should provide an indication of the
worst case combination of conditions for which the facility
vibration levels should be predicted to ensure that it will be
capable of meeting the vibration standards of Section 6.2.)
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10.4 Operational Facility

The contractor is to assemble the facility at the customer's site,
where the contractor must supply all equipment and manpower for
assembly. The facility is to be generally as per Figure 1 and is to be
capable of meeting the acceptance specifications of Section 8. The
facility is to consist of a stiff outer frame and a flexure—-mounted
inner frame, The stiff outer frame 1s to provide a mounting base for

wheels and drawbars such that the rig can be relocated by rail at
low speed '

- floor pads such that the rig can be levelled and supported on a
250 mm thick concrete floor during operation (Section 5.1)

— hydraulic actuators and ball screws for application of the
required forces and positional restraints, respectively, to the
wheelset through the inner frame

- a driveline including variable flywheels, rollers, a drive motor
(customer—supplied, see Section 9.1) and driveline braking

- a self-contained hydraulic supply system capable of operating at
temperatures of -29°C to +45°C mounted on the rig, or, mounted on
the rig but such that it can be demounted and run remotely (say
50" lines) when the rig itself is operated in the Enviroumental
Chamber

- a control panel providing manual shut down and reset and limited
manual operation which may be demounted and run remotely (say 50'
connection) when the rig itself is operated in the Environmental
Chamber.

The flexure mounting of the inner frame allows for incorporation of
load cells to provide for measurement of the relevant force components
at the wheel/roller interface by means of appropriate geometry-
dependent algorithms.
10.5 Final Report
The Ffinal report shall be legibly typed and is to include:
~ complete design documentation
- the originals and two sets of blueprints of the detail drawings,
assembly draw’ngs, hydraulic and electrical systems showing wiring
and coonector identification

- documentation of acceptance tests (as per Seatich 8)

~ documentation of modifications, if required (including updated
drawings)
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- operating procedures (e,g. for wheelset exchange, reconfiguration,
inertia variation, special requirements for low and/or high
temperature operation, etc.,) such that National Research Council
can subsequently prepare operating manuals, if required,

- recommendations for facility maintenance.
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APPENDIX A
RELEVANT TERMINOLOGY

see "yaw angle”

angle of rail relative to horizontal as shown in
Figure A-1, Also shown in Figure A-1 are the
simulation of canted rail using canted and
uncanted rollers

truck brake rigging arrangement using two brake
shoes on each wheel instead of the usual one.
The shoes are on either side of the wheel and
act in opposite directions like a vice, It is
used for unusually heavy braking requirements

the directions of the force and displacement
components for the rig are assumed to be those

conventionally used in the field as indicated on
Figure A-2

angle produced by a yawed wheelset ruanning on
rollers as per the discussion of "yaw angle” and
Figure A-3, (The effect of decrown angle on the
resultant wheel/rail force distribution and on
yaw spring rate are discussed in Appendix C of
Reference 1,)

the distance between the rails measured between
the inside heads of the rail 5/8" below the top
of the rail is 4' 84"

Yaw angle (angle of attack) — the angle of the wheelset centreline

relative to the rails (or rollers in the case of
the rig) as shown in Figure A-3. Also shown in
Figure A-3 is the associated "decrown angle"”
produced when a wheelset is yawed on rollers.
(Such a "decrown angle” obviously does not occur
with wheels running on rail.)
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SIMULATION OF CANTED RAIL. USING CANTED AND UNCANTED ROLLERS
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FIGURE A2
FORCE AND DISPLACEMENT COMPONENT DIRECTIONS
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APPENDIX B
APPROXIMATE HYDRAULIC SYSTEM FLOW RATE REQUIREMENTS#*

The recommended conceptual design of the facility incorporates two
palr of hydraulic actuators, which typically would not be used
simultaneously, as follows:

Vertical load actuators:
(Ref, 1, Section 3,8.1(a))
- 80,000 1lb/actuator
- *3" travel (to accommodate different wheel sizes)
- +}" travel at 1 cpm

Lateral load actuators:
(Ref, 1, Section 3.8.1(b), 3.8.3(a))
~ 40,000 1b/actuator
~ +2" travel at 1 cpm

To conservatively estimate the hydraulic flow rate required,
calculations are based on 2 actuators at 80,000 1b at *3}" at 1 cycle/
minute and 2 actuators at 40,000 1b at #2" and 1 cycle/minute, This
will overestimate the flow requirement in that typically

- cycling of the vertical load will occur significantly over less
than *3" of travel and the load will decrease substantially as
distance increases from the maximum downward extension

~ cycling of the lateral load will ocecur over less than 2"
- vertical and lateral load cycling will not occur simultaneously,

For a system pressure of P (psi) the required piston area, A (in?2)
for a maximum load, L (1b), may be calculated as

L 2
A=—1n
P

The maximum required piston velocity, V (in/sec), may be calculated
from the maximum displacement and corresponding frequency as
60 sec

since
y =D sin wt =D sin 21 ft

*This Appendix has been included only to illustrate the fact that the
hydraulic systems avallable at NRC (Section 4,2) are not sultable for
the current application. This Appendix should not be used as the
basis for the hydraulic system design,
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d
vV = (H%)max = 2nfD(cos2nfL) ..
= 27ufD
= %% D at 1 cycle/minute,

The corresponding maximum flow rate, Q, may then be calculated as the
product of the piston area, A, and the maximum piston velocity, V, as

AV cu in sec

Q

AV x 0,0043 x 60 US gpm

The required piston areas and maximum velocities and the
corresponding maximum flow rates, are given in Table B-1 for each
vertical and each lateral actuator for system pressures of 2500 and
3000 psi. Thus, to run 2 vertical and 2 lateral actuators
simultaneously, system capacities of approximately 2.6 US gpm or 2,2 US
gpm are required at 2500 psi or 3000 psi respectively.

TABLE B-1
HYDRAULIC SYSTEM FLOW REQUIREMENTS, PER ACTUATOR,* AT 2500 AND
3000 psi
SYSTEM ACTUATOR |REQUIRED PISTON |MAXIMUM |MAMIMUM MAXIMIM
PRESSURE AREA VELOCITY | FLOW FLOW
(psi) (sqe. in.) (in/sec)|(cm in/sec)|(US gpm)
2500 Vertical 32 0.052 1.68 0.43
Lateral 16 0.21 3.35 0.86
3000 Vertical 26,7 0,052 1.40 0.36
Lateral 13.3 0.21 2.79 0,72

*No selection of an actual actuator has been made.
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APPENDIX C
AVATLABLE HYDRAULIC SYSTEM

A pressure—-compensated variable-delivery pump and an AC Induction

drive motor are available. The relevant specifications for the pump
and motor are as follows:

PUMP ‘ Sl A |

Manufacturer: Oilgear Co.,, Milwaukee, Wisc,
Serial: 93254

Type: DP-15025 one—way variable-displacement pump
Flow Range: 0-108 US gpm at pressures to 2700 psi
Pressure Range: 0-2700 psi

Average Temperature Range: 55°F to 140°F

Cooling: water cooling required

Weight: estimated to be in the order of 6 Tons

DRIVE MOTOR

Manufacturer: Louis-Allis Co., Milwaukee, Wisc,
Type: COGX, 5885 Frame, AC Induction Motor
Serial: 2819211

Power: 200 horsepower

Speed: 890 RPM

Electrical Supply: 550 Volts, 3 Phase, 60 Hz



REPORT DOCUMENTATION PAGE/PAGE DE DOCUMENTATION DE RAPPORT

REPORT/RAPPORT

TR-RW-005

1a

REPORT/RAPPORT

- NRCC 24380

DISTRIBUTION/DIFFUSION

UNLIMITED
Bonkrolled 7

REPORT SECURITY CLASSIFICATION
CLASSIFICATION DE SECURITE DE RAPPORT

Unclassified
2 3
TITLE/SUBTITLE/TITRE/SOUS-TITRE (CLASSIFICATION)  Unclassified
DESIGN SPECIFICATIONS AND ACCEPTANCE TESTS FOR A
4 FULL-SCALE MULTIPURPOSE WHEEL/RAIL TEST FACILITY

AUTHOR({S)/AUTEUR(S)

H.G. Tucker
5

SERIES/SERIE

UNCLASSIFIED/CONTROLLED TECHNICAL REPORT
8]

CORPORATE AUTHOR/PERFORMING AGENCY/AUTEUR D'ENTREPRISE/AGENCE D'EXECUTION

7

SPONSORING AGENCY/AGENCE DE SUBVENTION

National Research Council of Canada

g Division of Mechanical Engineering, Railway Laboratory

DATE FILE/DOSSIER LAB. ORDER PAGES DIAGS REFS
COMMANDE DU LAB.
1985/4 3730-9
985/ 22182 70 16 8
9 10 11 12a 12b 12¢
NOTES '

13

DFSCRIPTORS(KEY WORDS) /MOTS-CLES
Railway - Testing Facility, Railroad cars-axles, railroad cars -
brakes, railroad cars - wheels, railroad cars - wheel/rail wear.
14

SUMMARY /SOMMAIRE
This report details the design specifications and acceptance

tests for a facility for testing full-scale railway wheelsets
. and associated brake rigging, over a realistic range of environ-

. _mental conditions
ADDRESS/ADRESSE

Mr. C.A.M, Smith, Section Head
Railway Laboratory
Division of Mechanical Engineering
16 Ottawa, Ontario, K1A OR6 (613) 998-9638




