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• 
PREFACE 

Many advanced intercity high-speed train technologies have become an operating 
reality in recent years. Though mostly of foreign origin, these new trains offer the 
potential for immediate application in the United States to lessen trip times and 
improve ridership. Each high-speed train has been developed to meet the particular 
operating environment appropriate to the parent country's transportation policy, and 
must be evaluated with regards to applicability to U.S. practices and expectations to 
ensure that the safety levels are maintained in the U.S. environment. This 
responsibility rests with the Federal Railroad Administration {FRA), U.S. Department 
of Transportation {U.S. DOT), which is charged with ensuring the safety of rail 
systems in the United States under the Federal Railroad Safety Act of 1970, as 
amended. 

The Swedish X2000 tilting train, manufactured by ASEA-Brown Boveri {ABB), offers 
opportunity for application over the existing rail infrastructure. For evaluation 
purposes, a representative X2000 trainset was provided to Amtrak by the Swedish 
State Railways {SJ) for test and revenue service demonstration in the U.S. Northeast 
Corridor.· A cooperative test effort was conducted under the direction of Amtrak and 
supported by the FRA Office of Research and Development, with test instrumentation 
supplied and operated by SJ, data analysis support provided by ABB, and test 
monitoring maintained by the FRA Office of Safety. Based on the results of the 
performance testing, the trainset was entered into a revenue service demonstration. 

This report describes the procedures and results of the vehicle dynamics tests carried 
out with the X2000 trainset in the Northeast Corridor and on the Philadelphia -
Harr.isburg line, in a time period between October, 1992, and January, 1993. 
Instrumented wheelsets, installed on both the power car and cab car ends of the 
trainset, provided direct and immediate measurement of the wheel/rail forces 
experienced during high speed and high cant deficiency operation. In order to attain 
maximum speeds in tangent and curved track, the tests were conducted 
incrementally, with analysis of forces and accelerations evaluated against safety 
criteria during and at the conclusion of each test run before proceeding to the next 
stage. 

This test report, prepared for the U.S. DOT, FRA Office of Research and Development, 
is preliminary in nature. Its purpose was to provide the FRA Office of Safety 
Enforcement with timely technical data and test results on which to base decisions 
in establishing operating limits for the ensuing revenue service demonstration of the 
X2000 trainset in the Northeast Corridor. The final report describing the complete 
test program and results will be forthcoming in a separate document. 
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1. INTRODUCTION/BACKGROUND 

1.1 SUMMARY 

The evaluation program for the X2000 trainset involved a series of different technical 
tests followed by two simulated or demonstration revenue service operations. Each 
test in sequence was dependent upon successful completion and analysis of 
performance from previous tests. 

The overall test sequence was as follows: 

1) Commissioning - confirmed operational readiness. 
2) Cant Deficiency - established safe curving limits. 
3) High Speed Stability - established maximum safe speed. 
4) Pre Bevenue Test Runs - demonstrated the safety of the intended revenue service 

operation. 

The purpose of this preliminary test report is to document the procedures, events and 
results from the overall test program, to support Amtrak's request for FRA approval 
for operation in revenue service. 

Current plans for revenue service type operations include approximately four months 
of revenue service between Washington, DC and New Haven (or New York City). 

1.1. 1 Commissioning Tests in Northeast Corridor 

The purpose of the commissioning tests was to confirm operational readiness, up to 
125 mph, with particular interest in: 1) propulsion systems, 2) safety appliances (i.e.­
lights, horns, etc.), 3) brake systems, and 4) cab signals. 

A stop test using only air brakes was performed from 125 mph. 

Operational checkout was also performed for: 

tight switch/curve negotiation, 
clearances, 
ride quality of a coach and locomotive, 
basic vehicle stability, 
stop distance, 
EMI (including during regeneration braking), 
pantograph uplift forces, and 
acceleration/current draw and transformer in-rush current. 

(NOTE: interior and wayside sound level, stop distances, and wheel and disc 
temperatures were assessed using data provided by ABB). 
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1.1.2 Cant Deficiency Tests 

5" to 12" cant deficiency runs were conducted over a test zone between Harrisburg 
and Philadelphia (curves between MP 44 to MP 68 were identified as suitable test 
candidates. 

7" to 12" cant deficiency tests were run between New Brunswick and Metro Park. 

1.1.3 High Speed Stability Tests 

Tests of high speed stability were conducted east of Trenton between MP34 and 
MP54 on the Northeast Corridor (NEC) Mainline. Tests were scheduled to a maximum 
speed of 150 mph. 

Stop tests, using air brakes only, were performed during a run at which 135 mph was 
achieved and a run at which 151 mph was achieved. 

1.1.4 Pre-Revenue Test Run - Round Trip Washington to New York City 

A recommended revenue speed profile run between Washington and New York City 
was submitted by Amtrak and approved by the FRA. Following the above tests, two 
round trips were made between Washington and New York City, one at the proposed 
revenue service cant deficiency/speed profile and the second at a speed profile 5 mph 
faster where the 125 mph maximum speed would not be exceeded. 

1.1.5 New York to Boston Demonstration 

Following the successful completion of the above tests and approval by the FRA, the 
X2000 was operated on several demonstration runs at a maximum of seven inches 
of cant deficiency on Metro North and eight inches of cant deficiency elsewhere. This 
consist was powered by two RTL turbo locomotives, between New Haven and 
Boston. 

1.1.6 Revenue Service Operation 

Following successful completion of the above and approval by the FRA, the X2000 
will be placed in service in the Northeast Corridor from New Haven and New York City 
to Washington and from New York City to Boston for approximately two (2) months. 

1.2 INTRODUCTION AND AIMS 

The objective of this test was to determine the suitability of the X2000 trainset for 
operation at elevated cant deficiencies and speeds in Amtrak's Northeast Corridor 
under existing track conditions. The results of the technical tests will be used as a 
basis for the FRA to assess and evaluate Amtrak's request to run the X2000 at higher 
cant deficiencies and speeds in a revenue service demonstration. 
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1.3 REPORT ORGANIZATION 

The purpose of this preliminary test report is to document the procedures, events and 
results from the overall test program as a reference for the FRA to assess Amtrak's 
request for demonstration in revenue service. 

The safety criteria against which the performance of the X2000 test train was 
examined during the tests are reviewed in Section 2. The train configuration, 
instrumentation, procedures, and test locations are discussed in Section 3. 
Preliminary results of testing on the Philadelphia - Harrisburg and NEC mainlines are 
presented in Section 4. In Section 5, the significance of the results are discussed, 
and in Section 6, preliminary conclusions and recommendations are drawn from the 
results. 
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2. SAFETY REQUIREMENTS 

The fundamental basis for safe operation at higher cant deficiencies and speeds is the 
satisfactory control of forces acting at and across the wheel/rail interface. Safety 
criteria are concerned with assessing the risk of vehicle derailment through vehicle 
overturning, wheel climb, track gage widening (rail rollover, lateral deflection), lateral 
panel shift, and truck hunting. 

2. 1 SAFETY CRITERIA 

Instrumented wheelsets were installed on the locomotive and on the driving trailer 
(cab car) of the X2000 trainset (a total of 4) to directly measure wheel/rail forces 
during these tests. The safety criteria against which the measured wheel forces are 
assessed were established prior to testing and are given below. These parameters 
and limits were used to monitor all test operations: 

1) Track Panel Shift: Net Axle Lateral Force (NALi < 0.5 x Static Axle Load 

for the X2000 locomotive, 
for the X2000 cab car, 

NAL < 90 kN 
NAL < 78 kN 

2) Wheel Climb Derailment: LN Ratio (Nadal), Single Wheel < 0.8 

conditions considered safe if each wheel L/V is less than 0.8; 
exceeds 0.8, then: 

if any wheel 

Axle Sum LN Ratio (Weinstock) < 1.0 
examine axle sum if single wheel LN exceeds 0.8; 
considered safe if sum is less than 1.0 

conditions are 

3) Rail Rollover: Truck Side LN Ratio (T-LN) < 0.5 

4) Vehicle Overturn: Minimum Vertical Wheel Force (Vmin) > -10% of Static Wheel 
Load 

for the X2000 locomotive, Vmin > 9.0 kN 
for the X2000 cab car, Vmin > 7.8 kN 

5) Truck Hunting: I Truck Frame Acceleration I < 0.8 g 

no sustained oscillations 

Measurements of safety parameters 1) - 4) were low-pass filtered at 25 Hz; 
measurements of 5), truck frame acceleration, were band-pass filtered, 2 - 8 Hz. 
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During any test run, these safety criteria were monitored to ensure that none of the 
above limits were exceeded. Data projections had been used to minimize the 
likelihood that any safety limit would be exceeded. Prior to each run above five 
inches of cant deficiency, the track was visually inspected by Amtrak. 

If any stop test criterion was met or exceeded during the test period, that condition 
was used to define the limiting speed for that particular curve. 

Vertical and lateral accelerations were recorded at various locations on the car body. 
For future test considerations, it may be desirable to correlate carbody accelerations 
versus instrumented wheelset measurements. 

Review of Test Safety Assurance 

Prior to test initiation, ABB provided test results from previous X2000 trials carried out 
in Germany. It was demonstrated that, during these tests, no safety criteria limits 
were reached and that a substantial margin of safety was evident for all cant 
deficiencies. Issues of note included: 

o top speed was 251 km/h; maximum cant deficiency was 12 inches. 
o track in Germany is of better Class than in U.S.; measured lateral forces 

on U.S. track were expected to be somewhat higher, but the load limits 
are higher also. 

o radial steering made a significant contribution to the reduction of 
wheel/rail forces in curves of 500 m radius and greater; for curve radii 
less than 500 m, partial radial steering was purported to reduce wear 
and wheel/rail noise. 

Comparisons of simulation predictions and measurements taken from tests in Sweden 
were also provided; agreement was good (given the limitations of the simulation) and 
a good margin of safety was both predicted and observed. 

For comparison purposes, measurements taken from previous tests-on the NEC of a 
somewhat similar vehicle, the "banking Amcoach", at cant deficiencies up to 12 
inches were reviewed. Again, a good margin of safety was observed. 

A test zone of the Harrisburg Line, including 4 principal curves, was referenced for the 
presentation of simulation predictions. ABB provided model projections of the 
anticipated forces and L/V ratios using, as input, track data (specifically Track 4) from 
this test zone provided by Amtrak. Items noted include: 

a 2-point wheel-rail contact condition could occur in most curves of the 
Harrisburg Line, given the worn track profile; projections for both single and 
2-point contact conditions were reviewed. 
significant track alignment deviations measured by Amtrak at the beginning and 
end of curve transition spirals were included in the simulation. 
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the critical speed (hunting), even at an equivalent conicity of 0.4, is predicted 
to be well above 1 50 mph ( - 165 • 175 mph). 

Extensive vehicle dynamic simulations were carried out for the X2000 configuration, 
the details of which are given in (proprietary) ABB Reports TRP 9224 and TRP 9226. 
The data used in these simulations are representative of the X2000 vehicle types that 
went to make up the actual X2000 trainset under test in the United States. 

The relevant pages of TRP 9226 give an explanation of the main parameters used in 
the simulations mentioned above. Thereafter follow several tables giving the values 
of parameters for the different vehicles in the X2000 of the mathematical model. 
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3. TEST PROCEDURE 

3.1 TRAIN CONFIGURATION 

The X2000 trainset used during the trials was comprised of a 6 car consist as 
indicated below. 

CAR TYPE CAR CLASS CAR NUMBER 
Locomotive X2 2013 
Coaches UA2 2719 

UA2 2718 
UA2 2810 

First-Class Buffet UAR2 2609 
Driving Trailer (Cab Car) UA2X 2511 

UA2X + UA2 + URA + UA2 + UA2 + X2 

Driving trailer + 1st Class Car + Bistro Car + 1st Class Car + 1st Class Car + Power Unit 

Two RTL turbo power cars were coupled to the X2000 trainset for motive power in 
the non-electrified territory between New Haven and Boston only. 

Wheel Profile 

The X2000 demonstrated in the US was equipped throughout with S1002 wheel 
profiles with a thin 30mm flange. This profile had been chosen to-approximate the 
AAR 1B, and to provide: 

o adequate conicity and thus steering of wheelsets in curves, 
o stable running at speed even on sections of tight gauge (no less than 

1428mm), and 
o a stable wheel profile shape which should no~ ch,:mge too much with wear. 

The X2000 wheel profile was checked by superimposing it on the Amtrak standard 
wheel profile per drawing 246. The Amtrak wheel profile is identical to the AAR 
wheel profile, the only exception being the tread taper modified from 1:20 to 1 :40. 
The comparison showed the X2000 and Amtrak profiles to be very similar, and the 
X2000 profile was approved for use on the Amtrak system. 
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The suitability of this profile to conditions on the North East Corridor (NEC) has been 
investigated by ABB for the 140 RE rail profile both as new and for actual worn rail 
profiles measured in curves 662 and 663 (track #4) at Gap and Eby's on the 
Harrisburg Line, and from worn rail head profiles for tangent track of the section of 
the NEC where 150 mph running was performed. An analysis of the profiles indicates 
that rail heads are worn slightly flatter than new 140RE rail which leads ABB to 
expect that equivalent conicities exceeding 0.4 are possible (continuous rail head 
profiles would be needed to enable a check of the entire route). Significant deviation 
of maximum likely equivalent conicity from the above values was not likely and did 
not occur as far as known. 

For more detailed description and analyses of the probable wheel-rail combinations 
met during trails on the Harrisburg Line and for nominal conditions in the United States 
of America, see ABB Report TRP 9224, Section 3.3. 

3.2 INSTRUMENTATION 

A description of the measurement transducers and their locations on the vehicle is 
given in Table 3.1, and depicted in Figure 3.1. 

The nomenclature used to define each signal name was as follows: 

V = Vertical wheel/rail force 
L = Lateral wheel/rail force 
y = Lateral acceleration 
z = Vertical acceleration 
I = left side 
r = right side 
a = axle, on axle bearing 
b = bogie (truck), on bogie 
cb = car body, on car floor over bogie (truck) center 

8 



5 

10 

15 

20 

25 

TABLE 3.1 TRANSDUCERS AND SIGNAL NAMES FOR X2000 TEST RUNS 

Signal Transducer Type Signal Description 
# Name 

1 Instrumented Wheelset L1I W/R Lateral Force, Axle 1, left wheel (Locomotive) 

2 Instrumented Wheelset W/R Lateral Force, Axle 1, right wheel {Locomotive)L1r 

3 Instrumented Wheelset V1I W/R Vertical Force, Axle 1, left wheel {Locomotive) 

4 Instrumented Wheelset W/R Vertical Force, Axle 1, right wheel (Locomotive)V1r 

W/R Lateral Force, Axle 2, left wheel {Locomotive)Instrumented Wheelset L2I 

W/R Lateral Force, Axle 2, right wheel (locomotive)6 Instrumented Wheelset L2r 

7 Instrumented Wheelset V2I W/R Vertical Force, Axle 2, left wheel (Locomotive) 

W/R Vertical Force, Axle 2, right wheel (Locomotive)8 Instrumented Wheelset V2r 

W/R Lateral Force, Axle 23, left wheel (Cab Car)9 Instrumented Wheelset L23I 

Instrumented Wheelset W/R lateral Force, Axle 23, right wheel (Cab Car)L23r 

1 1 Instrumented Wheelset V23I W/R Vertical Force, Axle 23, left wheel (Cab Car) 

12 Instrumented Wheelset V23r W/R Vertical Force, Axle 23, right wheel (Cab Car) 

W/R Lateral Force, Axle 24, left wheel (Cab Car)13 Instrumented Wheelset L24I 

14 W/R Lateral Force, Axle 24, right wheel (Cab Car)Instrumented Wheelset L24r 

Instrumented Wheelset W/A Vertical Force, Axle 24, left wheel (Cab CarlV24I 

W/R Vertical Force, Axle 24, right wheel (Cab Car)16 Instrumented Wheelset V24r 

17 Servo Accelerometer Lateral Acceleration in car over Bogie 1 (Locomotive) ycb1 

Vertical Acceleration in car over Bogie 1 {Locomotive) 18 Servo Accelerometer zcb1 

Lateral Acceleration, Bogie 1 (Locomotive} 19 Servo Accelerometer yb1 

Variable Capacitance ya2 Lateral Acceleration, Axle 2 (Locomotive); used to 
Accelerometer measure unbalance or cant deficiency 

21 Servo Accelerometer lateral Acceleration in car over Bogie 5 (Coach) 
-

ycb5 

22 Servo Accelerometer Vertical Acceleration in car over Bogie 5 {Coach)zcb5 

23 Servo Accelerometer yb5 Lateral Acceleration, Bogie 5 (Coach) 

24 Lateral Acceleration in car over Bogie 12 (Cab Car)Servo Accelerometer ycb12 

Servo Accelerometer zcb12 Vertical Acceleration in car over Bogie 12 (Cab Car) 

26 Servo Accelerometer yb12 Lateral Acceleration, Bogie 12 (Cab Carl 

27 Servo Accelerometer ycbRTL Lateral Acceleration in car over front Bogie of leading 
RTL unit !Boston - New Haven tests only) 

28 Speed Pickup Trainset forward speedV 
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3.3 CHANNEL DESIGNATION 

Safety criteria parameters were displayed in real time during the test runs using five 
6-channel strip chart recorders. The channel allocations and descriptions are given in 
Table 3.2. 

TABLE 3.2 STRIP CHART RECORDER CHANNEL DESIGNATIONS 

IStripchart Description
Channel# I Signal Name I I 

1.1 NA1L 

1.2 V1I 

1.3 V1r 

NA2L1.4 

1.S V2I 

1.6 V2r 

2.1 LN11 

2.2 LN1r 

LN212.3 

LM2r2.4 

2.5 T1-L "'I 

2.6 T1-LNr 

3.1 NA°'' 

V23I3:2 

V23r3.3 

3.4 NA24L 

V24I3.5 

V24r3.6 

4.1 L"123I 

4.2 L"123r 

LM24I4.3 

4.4 LN24r 

4.5 T12-LNI 

4.6 T12-LNr 

va25.1 

5.2 vcb5 

vcb125.3 

vb125.4 

V"·" 
5.6 

Net Axle Lateral Force Axle 1 tLocomotivel rkNl IQ to ± 1no kNI 

Vertical Wheel Force Axle 1 left wheel ILocomotivel lkNl /0 to 200 kNI 

Vertical Wheel Force Axle 1 rioht wheel ILocomotivel lkNl 10 to 200 kNl 

Net Axle Lateral Force Axle 2 llocomotivel rkNl (0 to ± 100 kNl 

V"'-,...if"'::il Wh"'"I Fnr,.,,, AxlF! ? IP.ft whPP.I fl"""mntivP.l rkNl 10 +.... 2'"' kNl 

Vertical Wheel Force. Axle 2 rinht wheel (locomotive) fkNI IQ to 200 kNl 

Wheel LN Ratio Axle 1 left wheel (locomo<tive\ l-0. 1 to 0.9\ 

Wheel LN Ratio Axle 1 rinht wheel •Locomotivel 1-0.1 to 0.91 

Wheel LN Ratio. Axle 2 left wheel llocomotive) l-0.1 to G.9l 

Wheel L {\/ Ratio Axle 2 rinht wheel llocomntivel l-0.1 to 0.91 

Truck Side L /\/ Ratio Truck 1 left sidP llocomotive1 1-0.1 •o 0.91 

Truck Side LN Ratio Truck 1 rinht side llocomotivel l-0.1 to 0.91 

N°• Axle L"•ral Forno Axle ?O iron r 0 rI lkNl ID tn ± 1"" kNl 

Vertical Wheel Force Axle 23 left wheel ICab Carl lkNl 10 to 200 kNI 

Vertical Wheel Force Axle 23 riaht wheel ICab Carl lkNI 10 to 200 kNI 

Net Axle LatPral Force Axle 24 lCab Carl FkN1 IO to ± 100 kNl 

Vertical Wheel Force Axle 24 left wheel tCab Carl lkNl 10 to 200 kNl 

Vertical Wheel Force Axle 24 riaht wheel ICab Carl lkNI 10 to 200 kNl 

Wheel LI\/ Ratio Axle 23 left wheel !Cab Carl 1-0.1 to 0.91 

Wheel LI\/ Ratio Axle 23 rioht wheel !Cab Carl 1-0.1 to 0.91 

Wheel LIV Ratio. Axle 24 left wh00I tron r 0 rl 1-0.1 '" o_o\ 

Wheel LN Ratio Axle 24 rinht wheel ICab Carl 1-0.1 to 0.91 

Truck Side LN Ratio Truck 12 left side tCab Carl 1-0.1 to 0.91 

Truck Side LN Ratio. Truck 12. riaht side (Cab Carl 1-0.1 to 0.9\ 

lateral Acceleration Axle 2 tLocomotivel rmls21 to to ± 2.5 mls2l 

Lateral Acceleration car over Truck 5 tCoachl fmls21 IQ to ± 2.5 mls2\ 

Lateral Acceleration car over Truck 12 ICabl lm/s21 10 to ± 2.5 mls'l 

Lateral Acceleration Truck 12 !Cab Carl lm/s21 ID to ± 10 mls'l 

VPhidP fnrw~rrl ""'"'"'~ rmnh1 In +n 1~n mnhl 

Tractive effort 
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3.4 TEST ZONES 

The trials run to date have been divided up into four main test zones: 

100 Series Philadelphia - Harrisburg Line between Parkesburg and Lancaster; 
Cant Deficiency Tests up to 110 mph 

200 Series Northeast Corridor (NEC) Mainline (Philadelphia - New York) between 
New Brunswick and Metro Park; Cant Deficiency Tests up to 125 mph 

300 Series NEC Mainline (Philadelphia - New York) between Trenton and New 
Brunswick; High Speed Stability Tests up to 150 mph 

400 Series NEC Mainline between Washington, DC and New York Penn Station; 
Simulated Revenue Earning Service Long Distance Runs up to 125 mph 

3.4. 1 100 Series Test Runs, Philadelphia - Harrisburg Line, MP 44 - 68 

The test zone between Parkesburg (MP 44) and Lancaster (MP 68) comprised 24 
miles (39 km) of electrified double track on wooden ties with tie-plates and cut spike 
rail fasteners. The majority of rail was CWR or long welded rail with a 140 RE profile. 
Some sections of jointed (bolted) rail exist with 39 foot rail lengths and staggered 
joints. 155 RE rail profiles also occur on this test zone. At approximate intervals of 
two miles, a 30 foot cut section (insulated joint) was welded into the track for 
signalling (cab signal) purposes. The track was well bedded in stone ballast. 
Although the wooden ties fully meet the FRA safety standards for the speeds run, 
there were a number of isolated locations where ties were allowing little gauge 
widening restraint. 

There are 23 curves encountered within this test zone on each track as described in 
Appendix B. Four particular test curves were selected for more detailed computer 
analyses in two groups of reversed pairs for each track. Travelling west in the 
direction of Lancaster on Track #4, these particular test curves are encountered as 
follows: 

Curve Curve 
Number Name 

Gap662 
(A&B) 

663 Eby's 

671 Ronks 

672 Bird-in-Hand 

Location 
MP 

51 

52 - 53 

60 - 61 

61 - 62 

Curvature/ 
[Radius] 

4° 10' !419 ml 

4• 12' !416 ml 

2° 4' !845 ml 

2° 2' [859 ml 

Super 
elevation 

5 1/2" 

6" 

6" 

6" 

Posted 
Speed 

55 mph 

55 mph 

75 mph 

75 mph 

12" UB Direction 
Speed 

77 mph Left 

78 mph Right 

112 mph Right 

112 mph Left 
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Travelling East in the direction of Parkesburg on Track #1, the detailed test curves are 
encountered as follows: 

CurveCurve 
NameNumber 

Bird-in-Hand672 

671 Ranks 

Eby's663 

Gap662 
(A&B) 

Location 
MP 

62 - 61 

61 - 60 

53 - 52 

51 

Curvature/ 
[Radius] 

2° 4' [845 ml 

2° 1' [866 ml 

4° 6' [426 ml 

4' 16' [409 ml 

Super 
elevation 

5 3/4" 

5 3/4" 

5 1/2" 

5 1/2" 

Posted 
Speed 

75 mph 

75 mph 

50 mph 

50 mph 

12" UB Direction 
Speed 

111 mph Right 

112 mph Left 

78 mph Left 

77 mph Right 

3.4.2 200 Series Test Runs, New Brunswick to Metro Park, MP 31 - 21 

The test zone, roughly between New Brunswick (MP 31) and Metro Park (MP 21) 
comprised 10 miles (16 km) of electrified quadruple track. The two center high speed 
tracks consisted of concrete mono-block ties with Pandrol rail fasteners. The majority 
of rail was CWR with a 140 RE profile.. The interlockings (cross-overs) were on 
wooden ties with tieplates and cut spike rail fasteners. At approximate intervals of 
two miles, a 30 foot cut section (insulated joint) was welded into the track for 
signalling (cab signal) purposes. The track was well bedded in stone ballast. The 
maximum line speed in the zone was 125 mph. 

There are 12 curves encountered within this test zone on each track as described in 
Appendix B. Three particular test curves were selected for more detailed computer 
analyses in two groups comprising one reversed pair and a singlet for each of the high 
speed Tracks # 2 and 3. Travelling East in the direction of Metro Park on Track #2, 
the particular test curves are encountered as follows: 

Curve Curve 
Number Name 

268 1st Curve west 
of Lincoln 

266 Curve west of 
MP24 

265 Curve east of 
MP24 

Location 
MP 

27 - 26 

25 - 24 

24 - 23 

Curvature/ 
[Radius) 

1° 52' [934 ml 

1° 33' [1127 ml 

1' 27' [1204 ml 

Super 
elevation 

6" 

5 3/4" 

5 1/4" 

Posted 
Speed 

80 mph 

90 mph 

90 mph 

12" UB 
Speed 

117 mph 

Direction 

Left 

128 mph Left 

130 mph Right 

Travelling West in the direction of New Brunswick on Track #3, the detailed test 
curves are encountered as follows: 
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CurveCurve 
NameNumber 

Curve east of265 
MP24 

Curve west of 
MP24 

266 

1st Curve west 
of Lincoln 

268 

Location 
MP 

23 -24 

24 - 25 

26 - 27 

Curvature/ 
[Radius] 

1° 26' [1221 ml 

1° 30' [1164 ml 

1° 56' [905 ml 

Super 
elevation 

6" 

5 1/4" 

6" 

Posted 
Speed 

90 mph 

90 mph 

80 mph 

12" UB Direction 
Speed 

134 mph Left 

128 mph Right 

115 mph Right 

3.4.3 300 Series Test Runs, Trenton to New Brunswick, MP 55 - 32 

The test zone between Trenton (MP 55) and New Brunswick (MP 32) comprised 22 
miles (35 km) of electrified quadruple track. The two center high speed tracks 
consisted of concrete mono-block ties with Pandrol rail fasteners. The majority of rail 
was CWR with a 140 RE profile. The interlockings (cross-overs) were on wooden ties 
with tieplates and cut spike rail fasteners. At approximate intervals of two miles, a 
30 foot cut section (insulated joint) was welded into the track for signalling (cab 
signal) purposes. The track was well bedded in stone ballast. The maximum line 
speed was normally 125 mph but had been raised to 150 mph for the X2000 tests 
only. 

Of the 6 curves within this test zone, two large radius curves were passed at the 
Eastern one-third of the test zone on each of the high speed Tracks # 2 and 3. 
Travelling East in the direction of New Brunswick on Track # 2, these higher radius 
curves are encountered as follows: 

Curve Location 
Number MP 

276 41 - 39 

275 39 

Curvature/ 
[Radius! 

O' 32' [3274 ml 

0° 19' [5514ml 

Super 
elevation 

3 5/8" 

2· 

Ord 
Speed 

125 mph 

125 mph 

UB at 
150 mph 

Direction 

4.6" Left 

2.9" Right 

Travelling West in the direction of Trenton on Track #3, the higher radius curves are 
encountered as follows: 

LocationCurve 
Number MP 

275 39 

276 39 - 41 

Curvature/ 
[Radius! 

O' 20' [5238 ml 

0° 31' 13379 ml 

Super 
elevation 

2 1/8" 

3 1/2" 

Ord 
Speed 

125 mph 

125 mph 

UB at Direction 
150 mph 

3.0" Right 

4.5" Left 
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3.4.4 400 Series Test Runs, Washington,DC to New York Penn Station 

The test zone between Washington and New York comprised 225 miles (362 km) of 
electrified double track, quadrupled where possible between Washington DC and 
Newark, New Jersey. The two high speed tracks consisted predominantly of concrete 
mono-block ties with Pandrol rail fasteners. The majority of rail was CWR with a 140 
RE profile. All but a few interlockings (cross-overs) were on wooden ties with 
tieplates and cut spike rail fasteners. At approximate intervals of two miles, a 30 foot 
cut section (insulated joint) was welded into the track for signalling (cab signal) 
purposes. The track was well bedded in stone ballast. The maximum line speed was 
normally 125 mph but was often restricted to less due to Metroliner trains not allowed 
linespeeds for more than 4 inches of unbalance. The 150 mph test speed for the 
X2000 between Trenton and New Brunswick was not in force during the 400 Series 
long distance test runs. Turnouts (switches) and numerous curves of different radii 
and superelevation were encountered along the route. See Appendix B for a full curve 
and speed profile description. 

Track data in space-curve form has been supplied by Amtrak for various portions of 
the test zones. These data will be described in more detail in the final analysis. 

3.5 TEST SEQUENCE 

The test sequence is described in the Test Event Log of Appendix A and is 
summarized in Table 3.3. 

3.6 METHOD FOR DETERMINATION OF CANT DEFICIENCY/UNBALANCE 

Unbalance has been calculated from the lateral acceleration signal generated by an 
accelerometer installed on the axle box lower damper bracket of axle (wheelset) 
number 2 of the locomotive. Location magnets were installed on the track at the 
entry and exit spirals of each test curve on which a detailed analysis was to be 
performed. These magnets were detected by the passing train and informed the 
onboard computer of the time each curve was entered and exited for-each test run on 
a consistent basis. From such acceleration signals it has been possible to determine 
the duration of wheelset 2 in the full body of each test curve. The portion of the axle 
box lateral acceleration signal so identified was averaged in order to determine the 
mean track-plane lateral acceleration or cant deficiency of the train in the full body of 
each curve. 

The effect of wheelset lateral displacement relative to the track causing a slight 
change in cant of the wheelset on the track (due to conical type wheel profiles) has 
been ignored. Where magnets did not identify curves, manual inspection of the signal 
was used to determine the duration of the full body of the curve. 

The full body of any curve is judged to exist where the steady state values of both 
curvature and superelevation have been reached at two points in the curve between 
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which the sum of the fluctuations of the actual curvature and actual superelevation 
from their intended steady state values respectively tend to zero. 

TABLE 3.3 X2000 TEST RUNS IN CHRONOLOGICAL ORDER 

Date Run# 

Nov 30/92 101 . 102 . 103 . 104 . 105 . 106 

Dec 1/92 107 . 108 . 109 . 110 

• 111 

• 112 . 113 

• 114 

Dec 2/92 115 

• 116 . 117 . 118 

• 119 . 120 

Dec 3/92 121 . 122 . 123 

• 124 

• 125 . 126 . 127 

Line 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Hrsbg • Ph 

Ph· Hrsbg 

Direction/ 
Track 

WI Trk 4 

E / Trk 1 

W /Trk4 

E / Trk 1 

WI Trk 4 

E / Trk 1 

W /Trk 4 

E / Trk 1 

WI Trk 4 

E / Trk 1 

W /Trk 4 

E / Trk 1 

W /Trk 4 

E / Trk 1 

W /Trk 4 

E / Trk 1 

W /Trk4 

E / Trk 1 

W /Trk 4 

E / Trk 1 

W /Trk 4 

E / Trk 1 

W /Trk4 

E / Trk 1 

W /Trk 4 

E / Trk 1 

WI Trk 4 

Track 
Condit 

Dry 

Dry 

Ory 

Dry 

Dry 

Dry 

Damp 

Damp 

Wet 

Wet 

Wet 

Wet 

Wet 

Wet 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Scheduled 
Unbalance/Speed 

3• 

5" 

6" 

6" 

7" 

7" 

7• 

7" 

8" 

8" 

9• 

9• 

10· 

10· 

10" 

10" 

11· 

11' 

12· 

12· 

9• 

10· 

10· 

11· 

9• 

9• 

12· 

Leading Car/ 
Axle 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive I Axle 1 
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Date Run# 

128" 

" 129 

130" 

Dec 7/92 300 

200" 

" 201 

202" 

203" 

" 204 

" 205 

" 301 

Dec 8/92 302 

" 206 

207" 

" 208 

209" 

" 210 

211" 
• 303 

Dec 12/92 304 

" 305 

Dec 14/92 400 

" 402 

" 401 

403" 

Dec 15/92 404 

" 406 

" 405 

• 410 

" 411 

" 407 

Line 

Hrsbg - Ph 

Ph - Hrsbg 

Hrsbg - Ph 

Ph - NYP 

Ph - NYP 

NYP - Ph 

Ph - NYP 

NYP - Ph 

Ph - NYP 

NYP - Ph 

NYP - Ph 

Ph - NYP 

Ph - NYP 

NYP - Ph 

Ph - NYP 

NYP- Ph 

Ph - NYP 

NYP - Ph 

NYP - Ph 

Ph - NYP 

NYP - Ph 

Wa-Ph 

Ph - NYP 

NYP - Ph 

Ph -Wa 

Wa - Ph 

Ph - NYP 

NYP - Ph 

Ph - Tren 

Tren - Ph 

Ph - Wa 

Direction/ 
Track 

E / Trk 1 

W /Trk 4 

E / Trk 1 

E / Trk 3 

EI Trk 3 

WI Trk 3 

E / Trk 3 

W /Trk3 

E / Trk 3 

W /Trk3 

W /Trk 3 

E / Trk 3 

E /Trk 3 

W /Trk 2 

E / Trk 2 

WI Trk 2 

E / Trk 2 

W /Trk3 

W /Trk 3 

E / Trk 3 

W /Trk3 

N / Trk 2 

E /Trk 2 

WI Trk 3 

SI Trk 3 

N / Trk 2 

E / Trk 1,2 

W /Trk3 

E / Trk 2 

WI Trk 3,4 

SI Trk 3 
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Track 
Condit 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Wet 

Wet 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Scheduled 
Unbalance/Speed 

12" 

9" 

9" 

130 mph 

5" 

7" 

9" 

10" 

11" 

12" 

140 mph 

150 mph 

9" 

9" 

10" 

11" 

12" 

at profile 

150 mph 

140 mph 

150 mph 
-

9" 

9" 

9" 

9" 

9" + 5 mph 

9"+5mph 

9" + 5 mph 

9" + 5 mph 

9" + 5 mph 

9" + 5 mph 

Leading Car/ 
Axle 

Cab Car I Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Cab Car I Axle 24 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car I Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Locomotive / Axle 1 

Cab Car / Axle 24 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive I Axle 1 

Cab Car / Axle 24 

Cab Car / Axle 24 

Locomotive / Axle 1 

Locomotive / Axle 1 

Cab Car / Axle 24 

Cab Car / Axle 24 

Locomotive / Axle 1 

Cab Car / Axle 24 

Locomotive / Axle 1 

Locomotive / Axle 1 



4. RESULTS 

Preliminary test results are presented herein to examine the safety aspects and the 
safety margin involved with the high cant deficiency operation of the X2000 train. 
During each test run, measured peak values of the safety parameters were compiled 
on a mile by mile basis. A summary of the peak values, closest to the safety limits, 
recorded over all the cant deficiency and high speed test runs and over all test zones 
is given in Table 4.1. Each safety parameter will be addressed in turn in this section. 

4. 1 MAXIMUM UNBALANCE RECORDED 

The lateral accelerometer installed on Axle #2 of the locomotive was used to indicate 
the degree of unbalance or cant deficiency. The maximum quasi-steady lateral 
acceleration recorded from all test runs was 2.07 m/s2

• This occurred during Test Run 
128 on the Philadelphia - Harrisburg line while travelling east on Track #1 in curve 
662 (Gap, 4° curvature) at a speed of 78 mph. This lateral acceleration translates to 
an unbalance or cant deficiency of 12.5 inches. 

4.2 MINIMUM VERTICAL WHEEL-RAIL FORCE (VEHICLE OVERTURN), Vmin 

A composite plot of the minimum vertical wheel force peaks measured from each test 
run and over all test zones on both the Philadelphia - Harrisburg and NEC mainlines is 
shown in Figure 4. 1. It should be noted in this plot that individual wheels are not 
distinguished; these peak values were drawn from each test run at any location within 
the test zone (not necessarily in a curve) and may be for any wheel (of the 8 
instrumented wheels). In addition, the peak values are plotted against the intended 
or scheduled test run cant deficiency (not necessarily the actual cant deficiency when 
the peak was recorded) and no trend line should be drawn from this composite. 

During these test runs, cant deficiencies up to 12.5 inches and speeds up to 154 mph 
were achieved. The results indicate that no measured wheel approached the minimum 
allowable unloading at any time throughout the tests. From the lowest values 
recorded, a safety margin of about 14% from the allowable limit is apparent for cant 
deficiencies up to 12.5 inches on representative track. No appreciable crosswinds 
were encountered during these test runs. 

A more detailed examination of the minimum vertical wheel force is given as an 
example in Figure 4.2. Peak values on the left wheel of trailing axle 1 (locomotive) 
measured in test curve 671 (Ranks, 2° curvature) of the Philadelphia - Harrisburg Line, 
westbound on track #4, are plotted as a function of the quasi-steady cant deficiency 
measured in the circular portion of the curve. This plot includes the lowest vertical 
wheel force ever measured throughout the tests runs, and also includes values 
measured under both wet and dry track conditions. Extrapolation of these results 
indicate that the safety limit would be reached at a cant deficiency of about 15 inches 
for similar conditions. 
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TABLE 4.1 PEAK VALUES MEASURED FROM ALL TEST ZONES, HARRISBURG and NEC LINES 

Safety Measured % of Run No/ Direct/ Track Intended Measured Measured Leading CommentsVahlcla Track 
Value Limit Line Track Cant Def AxleCriteria Element MIiepost Condit Cant Dal Spead 

23 kN DryMin Vertical 83% Left Wheel 101 West 3" 3.1" 57 mph Axle 24 In curve 662 !Gap - 4°151 - 52 
HrsbgWheel Force Axle 1 (Loco\ Track 4 (Cab\ 

Vmln 
10· 11· In curve 671 (Ronks - 2°120 kN 113 West Wet 108 mph Axle 2486% Left Wheel 60 - 61 

Hrsbg Track 4Axle 1 !Local !Cab) 

Dry In curve 671 (Ranks - 2°122 kN 84% Left Wheel 119 West, 12" 11.7" 111mph Axle 2460 - 61 
(Cab)Hrsbg Track 4Axle 1 (Local 

In curve 266 (1.5°)23 kN 83% 204 East 25 - 24 Dry 11" 12.4" 125 mph Axle 24Left Wheel 
NECAxle 1 (Local Track 3 !Cab) 

66 kN 84% Axle 24 113 West 10" 11" 77 mph Axle 24 In curve 662 (Gap - 4°1Max Net 51 - 52 Wet 
(Cab)Hrsbg Track 4Axle Lateral !Cab! 

Force NAL "' 
~ 

In curve 672 (Bd Hnd - 2°)68 kN 87% Axle 24 114 East Wet 10" 10" 106 mph Axle 162 - 61 
!Cab) Hrsbg Track 1 \Loco) 

12· 12.1 • In Curve 663 iEBYs - 4°)-66 kN 120 East Dry 80 mph Axle 185% Axle 24 63 - 52 
Hrsbg Track 1 tLocoJtCabJ 

11 • 125 mph In curve 266 (1.5°)63 kN 70% 204 East 25 - 24 Dry 12.4" Axle 24Axle 1 
(Cab)Track 3NEC!Local 

12· In Curve 663 (EBYs - 4°)120 East Dry 12.1" 80 mph Axle 1Max Wheel 0.61 76% Left Wheel 53 - 52 
Hrsbg (Loco)Track 1LN Ratio Axle 1 !Local 

LN 
Dry 10· Axle 24 In Curve 663 iEBYs - 4°)0.60 75% 122 East 53 - 52 9.8" 75 mphLeft Wheol 

(Cab)Axle 24 (Cab) Hrsbg Track 1 

12· In Curve 663 iEBYs - 4°)128 East Dry Axle 240.60 75% Left Wheel 53 - 52 10.9" 78 mph 
(Cab)Axle 24 (Cab) Hrsbg Track 1 

Dry 125 mph Axle 1 In curve 265 11 .5°)0.56 205 West 12" 8.8"70% Right Wheel 23 - 24 
NEC Track 3 !Loco)Axle 1 !Local 



Sofotv 
Criteria 

Max Truck 
Side LN 

T-LN 

N 
0 

Measured 
Value 

0.44 

0.46 

0.45 

0.45 

% of 
Limit 

88% 

92% 

90% 

90% 

Vehicle 
Element 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 !Cab) 

Left Side 
Truck 12 (Cab) 

Run No/ 
Line 

113 
Hrsbg 

122 
Hrsbg 

126 
Hrsbg 

128 
Hrsbg 

Dlract/ Track 
Track MIiepost 

West 61 - 62 
Track 4 

East 53 - 52 
Track 1 

East 53 - 52 
Track 1 

East 63 - 52 
Track 1 

Track 
Condit 

Wet 

Dry 

Dry 

Dry 

Intended 
Cant Def 

10" 

10" 

9" 

12" 

Measured 
Cant Def 

10.1" 

9.8" 

9.2" 

10.9" 

Measured 
Spead 

108 mph 

75 mph 

72 mph 

78 mph 

Leading 
Axle 

Axle 24 
!Cab) 

Axle 24 
!Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Comments 

In curve 672 !Bd Hnd - 2°1 

In Curve 663 (EBYs - 4°) 

In Curve 663 (EBYs - 4°) 

In Curve 663 (EBYs - 4°) 
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4.3 NET AXLE LATERAL FORCE (TRACK PANEL SHIFT), NAL 

A composite plot of the peak net axle lateral forces measured for the locomotive 
(axles #1 and #2) from each test run and over all test zones is given in Figure 4.3a. 
A similar plot for the cab car axles (axle #23 and #24) is given in Figure 4.3b. 

It is evident that the net lateral forces measured for the locomotive axles were 
significantly lower than the allowable safety limit of 90 kN, with a substantial margin 
of safety. For the axles of the lighter weight cab car, similar forces were observed 
although the allowable safety limit is less (78 kN). A margin of safety of about 15% 
is evident in this case. 

A more detailed examination of the net lateral force for axle #24 (cab car) is given in 
Figure 4.4. Peak values measured in test curve 671 (Bird-in-Hand, 2° curvature) of 
the Philadelphia - Harrisburg line, westbound on track #4, are plotted as a function of 
the quasi-steady cant deficiency measured in the circular portion of the curve. This 
plot includes one of the highest forces measured throughout the tests runs during test 
run #113 under damp rail conditions. Extrapolation of these results indicate that the 
safety limit would be reached at a cant deficiency of about 14 inches for similar 
conditions. 
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Figure 4.3a: Peak Net Axle Lateral Forces, Locomotive (Composite of Test Runs) 
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4.4 LN DERAILMENT QUOTIENT (WHEEL CLIMB), LN 

A composite plot of the maximum wheel L/V ratios measured from each test run and 
over all test zones is shown in Figure 4.5. It should again be noted that individual 
wheels are not distinguished in this plot; these peak values were drawn from each test 
run and may be for any wheel (of the 8 instrumented wheels). In addition, the peak 
values are plotted as a function of the intended test run cant deficiency (not measured 
cant deficiency when the peak occurred) and no trends should be drawn. 

The highest wheel L/V ratios measured during the cant deficiency and high speed runs 
were about 0.6, approximately 75% of the allowable (Nadal) single wheel limit of 0.8. 
As a result, the axle sum L/V ratio (Weinstock) was not examined. A safety margin 
of about 25 % is apparent for cant deficiencies up to 12.5 inches for similar track and 
vehicle conditions. 

A more detailed examination of a single wheel L/V ratio is given in Figure 4.6 for the 
left wheel of axle #1 (locomotive). Peak values measured in test curve 663 (Eby's, 
4° curvature) of the Philadelphia - Harrisburg line, eastbound on track #1, in which 
axle #1 was the leading axle, are plotted as a function of the quasi-steady cant 
deficiency measured in the circular portion of the curve. This plot includes two of the 
highest wheel L/V values measured throughout the tests runs, with cant deficiencies 
up to 12 inches. For similar conditions, extrapolation of these results indicate that the 
safety limit would be reached well above a cant deficiency of 15 inches. 
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Figure 4.5: Peak Maximum Wheel LN Ratios (Composite, All Wheels, Test Runs) 
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Figure 4.6: Peak Maximum Wheel LN Ratios, Left Wheel, Axle 1, Curve 663 

4.5 TRUCK-SIDE LN RATIO (RAIL ROLL-OVER), T-LN 

A composite of the maximum truck side L/V ratios, which includes both left and right 
sides for truck #1 (locomotive) and truck #12 (cab car), measured from each test run 
and over all test zones, is given in Figure 4.7.. No peak values were measured that 
exceeded the allowable limit of 0.5. At cant deficiencies above 9 inches, some peak 
values of truck side LN were observed around 90% of the allowable limit during test 
runs on the Philadelphia - Harrisburg line. 

A more detailed examination of the truck side L/V ratio is given in Figure 4.8. Peak 
values on the left side of truck #12 (cab car) measured in test curve 672 (Bird-in Hand, 
2° curvature) of the Philadelphia - Harrisburg Line, westbound on track #4, are plotted 
as a function of the quasi-steady cant deficiency measured in the circular portion of 
the curve. This plot includes one of the highest truck side L/V ratios measured 
throughout the tests runs, and also includes values measured under both wet and dry 
track conditions. A margin of safety of about 10% is apparent for cant deficiencies 
up to 12 inches for similar track and vehicle conditions. 
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4.6 FIELD OBSERVATIONS OF TRACK PANEL AND TIE-PLATE SHIFT 

Track panel shift and rail movement were monitored during high cant deficiency test 
runs by surveying from lineside structures. No permanent deformation of track or rail 
was registered during any of the trials on both wooden ties with cut spikes and tie 
plates or concrete monoblock ties with pandrol fasteners. 

4.7 MAXIMUM SPEED RECORDED 

The maximum speed recorded from the high speed test runs was 154 mph. This 
occurred during Test Run 305 on the NEC Philadelphia - New York Penn line while 
travelling west on Track #3 at MP 51 near Trenton. This was a scheduled 150 mph 
run under wet track conditions, in which a 150 mph or greater speed was sustained 
for over 8 miles. A speed of 152 mph was also recorded at the same location under 
dry track conditions during Test Run 303. 

4.8 TRUCK FRAME ACCELERATION, TA 

The truck frame lateral accelerations of truck #1 (locomotive), truck #5 (coach car), 
and truck #12 (cab car) were monitored throughout the trial period. No evidence of 
truck instability (hunting) was observed in any test run, including high speed test runs 
at speeds up to 152 mph in tangent track under dry track conditions. 

4.9 SIMULATED REVENUE EARNING SERVICE RUNS 

After a data review of the cant deficiency and high speed test runs, a speed profile 
was prepared by Amtrak for a simulated revenue service round trip from Washington 
to New York Penn Station. This speed profile was based on a maximum cant 
deficiency of 9 inches, and accounted for actual allowable speeds dependent on signal 
spacings and other local restrictions. 

Using this speed profile, a simulated revenue service round trip was made with full 
instrumentation. For data recording, the trip was segmented into 4 t-est zones (runs): 

1) Washington - Philadelphia, northbound, principally on track 2 
2) Philadelphia - New York Penn, eastbound, principally on track 2 
3) New York Penn - Philadelphia, westbound, principally on track 3 
4) Philadelphia - Washington, southbound, principally on track 3 

On a mile-by-mile basis, the peak values of each safety parameter were recorded in 
each test zone. A composite plot of the four highest recorded values of each safety 
parameter in each test zone is shown in Figures 4.9 - 4.12 as a function of vehicle 
speed. More detailed information on the location and conditions for these peak values 
are given in Table 4.2. 
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TABLE 4.2 PEAK VALUES, SIMULATED REVENUE RUN, NEC, WASHINGTON - NEW YORK R/t 

A) MINIMUM VERTICAL WHEEL FORCE, Vmin 

Measured 
Value 

% of 
Limit 

Vehicle Element Run No/ 
Line 

Direct/ 
Track 

Track 
MIiepost 

Track 
Condit 

Measured 
Cant Def 

Measured 
Speed 

Leading 
Axle 

Comments 

30 kN 74% Right Wheel 
Axle 1 (Loco) 

400 
Wa-Ph 

North 
Track 2 

76 - 76 Dry 125 mph Axle 24 
(Cab) 

Tangent track 

31 kN 73% Left Wheel 
Axle- 1 (Loco) 

400 
Wa-Ph 

North 
Track 1 

63 - 62 Dry 126 mph Axle 24 
(Cab) 

27 kN 72% Left Wheel 
Axle 23 (Cab) 

400 
Wa-Ph 

North 
Track 2 

59 - 58 Dry 105 mph Axle 24 
(Cab) 

w 
0 

31 kN 

37 kN 

73% 

66% 

Left Wheel 
Axle 1 (Loco) 

Right Wheel 
Axle 1 (Loco) 

400 
Wa-Ph 

402 
Ph-NYP 

North 
Track 2 

East 
Track 2 

39 - 38 

66, 65 

Dry 

Dry 

126 mph 

125 mph 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

36 kN 66% Left Wheel 
Axle 2 (Loco) 

402 
Ph-NYP 

East 
Track 2 

66 - 65 Dry 125 mph Axle 24 
(Cab) 

28 kN 76% Left Wheel 
Axle 1 (Loco) 

401 
NYP-Ph 

West 
Track 3 

22 - 23 Dry 44 mph Axle 1 
(Loco) 

32 kN 72% Left Wheel 
Axle 2 (Loco) 

401 
NYP-Ph 

West 
Track 3 

22 - 23 Dry 44 mph Axle 1 
(Loco) 

26 kN 74% Left Wheel 
Axle 24 (Cab) 

401' 
NYP-Ph 

West 
Track 3 

57 - 58 Dry 103 mph Axle 1 
!Loco) 

24 kN 77% Right Wheel 
Axle 24 (Cab) 

403 
Ph-Wa 

South 
Track 3 

35 - 36 Dry 124 mph Axle 1 
(Loco) 

25 kN 80% Right Wheel 
Axle 1 (Loco) 

403 
Ph-Wa 

South 
Track 3 

55 - 56 Dry 121 mph Axle 1 
!Loco) 

26 kN 80% Right Wheel 
Axle 2 (Loco) 

403 
Ph-Wa 

South 
Track 3 

55 - 56 Dry 121 mph Axle 1 
!Loco) 

28 kN 76% Left Wheel 
Axle 23 !Cab) 

403 
Ph-Wa 

South 
Track 4 

62 - 63 Dry 114 mph Axle 1 
!Loco) 



TABLE 4.2 PEAK VALUES, SIMULATED REVENUE RUN, .NEC, WASHINGTON - NEW YORK R/t 

Measured 
Value 

63 kN 

48 kN 

50 kN 

44 kN 

c., 
~ 

39 kN 

45 kN 

47 kN 

46 kN 

54 kN 

47 kN 

43 kN 

41 kN 

49 kN 

% of 
Limit 

70% 

62% 

64% 

49% 

50% 

49% 

52% 

69% 

60% 

60% 

48% 

46% 

64% 

Vehicle Element 

Axle 1 
!Loco) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 1 
(Loco) 

Axle 23 
(Cab) 

Axle 1 
(Loco) 

Axle 2 
(Loco) 

Axle 24 
(Cab) 

Axle 1 
!Loco) 

Axle 24 
(Cab) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Bl 

Run No/ 
Line 

400 
Wa-Ph 

400 
Wa-Ph 

400 
Wa-Ph 

402 
Ph-NYP 

402 
Ph-NYP 

401 
NYP-Ph 

401 
NYP-Ph 

401 
NYP-Ph 

401 
NYP-Ph 

' 403 
Ph-Wa 

403 
Ph-Wa 

403 
Ph-Wa 

403 
Ph-Wa 

MAXIMUM NET AXLE LATERAL FORCE, NAL 

Direct/ 
Track 

North 
Track 2 

North 
Track 2 

North 
Track 2 

East 
Track 2 

East 
Track 2 

West 
Track 3 

West 
Track 3 

West 
Track 3 

West 
Track 4 

South 
Track 3 

South 
Track 3 

South 
Track 3 

South 
Track 3 

Track 
Milepost 

99 - 98 

98 - 97 

27 - 26 

75 - 74 

75 - 74 

7 • 8 

74 • 75 

74 - 75 

87 - 88 

50 - 51 

94 - 95 

95 - 96 

96 - 97 

Track 
Condit 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Measured 
Cant Def 

Measured 
Spead 

55 mph 

33 mph 

35 mph 

120 mph 

120 mph 

45 mph 

118 mph 

118 mph 

40 mph 

120 mph 

45 mph 

20 mph 

31 mph 

Leedlng Comments 
Axle 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 



TABLE 4.2 PEAK VALUES, SIMULATED REVENUE RUN, NEC, WASHINGTON - NEW YORK R/t 

Cl MAXIMUM WHEEL L/V RATIO, L/V 

Measured 
Value 

0.66 

0.62 

0.62 

0.57 

w 
N 

0.67 

0.61 

0.77 

0.63 

0.67 

0.62 

0.64 

0.64 

0.62 

% of 
limit 

83% 

78% 

78% 

71% 

84% 

76% 

96% 

79% 

84% 

78% 

80% 

80% 

78% 

Vehicle Element 

Right Wheel 
Axle 24 (Cabl 

Left Wheel 
Axle 24 (Cabl 

Right Wheel 
Axle 2 (Loco) 

Left Wheel 
Axle 24 (Cab) 

Right Wheel 
Axle 1 (Loco) 

left Wheel 
Axle 1 (Loco) 

Right Wheel 
Axle 1 (Loco) 

Right Wheel 
Axle 23 (Cab) 

Right Wheel 
Axle 1 (Loco) 

Right Wheel 
Axle 1 (Loco) 

Right Wheel 
Axle 1 (Loco) 

Right Wheel 
Axle 1 (Loco) 

Right Wheel 
Axle 1 (Loco) 

Run No/ 
line 

400 
Wa-Ph 

400 
Wa-Ph 

400 
Wa-Ph 

402 
Ph-NYP 

401 
NVP-Ph 

401 
NVP-Ph 

401 
NVP-Ph 

401 
NVP-Ph 

403' 
Ph-Wa 

403 
Ph-Wa 

403 
Ph-Wa 

403 
Ph-Wa 

403 
Ph-Wa 

Direct/ 
Treck 

North 
Track 2 

North 
Track 2 

North 
Track 1 

East 
Track 2 

West 
Track 3 

West 
Track 3 

West 
Track 4 

West 
Track 4 

South 
Track 3 

South 
Track 4 

South 
Track 3 

South 
Track 3 

South 
Track 3 

Track 
MIiepost 

97 • 96 

94 • 93 

27 • 26 

82 • 81 

10 -11 

81 • 82 

87 • 88 

87 • 88 

35 • 36 

60 • 61 

95 • 96 

96 • 97 

98 - 99 

Track 
Condit 

Ory 

Dry 

Dry 

Dry 

Ory 

Dry 

Dry 

Dry 

Ory 

Ory 

Dry 

Dry 

Dry 

Measured 
Cant Del 

Measured 
Speed 

31 mph 

60 mph 

35 mph 

71 mph 

78 mph 

62 mph 

40 mph 

40 mph 

124 mph 

93 mph 

20 mph 

31 mph 

54 mph 

leading 
Axle 

Axle 24 
(Cabl 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cabl 

Axle 1 
!Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Local 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Local 

Axle 1 
(Loco) 

Comments 

In "Zoo" interlocking, approaching 30th 
St. Station, Phil. 

In "Zoo" interlocking, approaching 30th 
St. Station, Phil. 

. 



TABLE 4.2 PEAK VALUES, SIMULATED REVENUE RUN, NEC, WASHINGTON - NEW YORK R/t 

Measured 
Value 

0.42 

0.42 

0.42 

0.37 

"' "' 0.41 

0.42 

0.47 

0.39 

0.39 

0.45 

0.43 

0.42 

0.44 

% of 
Limit 

84% 

84% 

84% 

74% 

82% 

84% 

94% 

78% 

78% 

90% 

86% 

84% 

88% 

Vehicle Element 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 (Cab) 

left Side 
Truck 1 (Loco) 

Right Side 
Truck 1 (Loco) 

Left Side 
Truck 1 (Loco) 

Right Side 
Truck 1 (Loco) 

Right Side 
Truck 1 (Loco) 

Right Side 
Truck 1 (Loco) 

Right Side 
Truck 1 (Loco) 

Left Side 
Truck 1 (Loco) 

DI 

Run Nol 
Line 

400 
Wa-Ph 

400 
Wa-Ph 

400 
Wa-Ph 

402 
Ph-NYP 

402 
Ph-NYP 

401 
NYP-Ph 

401 
NYP-Ph 

401 
NYP-Ph 

401 
NYP-Ph 

' 403 
Ph-Wa 

403 
Ph-Wa 

403 
Ph-Wa 

403 
Ph-Wa 

Direct/ 
Track 

North 
Track 2 

North 
Track 2 

North 
Track 1 

East 
Track 2 

East 
Track 2 

West 
Track 3 

West 
Track 3 

West 
Track 4 

West 
Track 4 

South 
Track 3 

South 
Track 3 

South 
Track 3 

South 
Track 3 

MAXIMUM TRUCK SIDE L/V RATIO, 

Track Track 
Milepost Condit 

Dry 

94 • 93 

95 • 94 

Dry 

13 • 12 Dry 

86 • 85 Dry 

82 • 81 Dry 

10 • 11 Dry 

10 • 11 Dry 

87 - 88 Dry 

87 - 88 Dry 

35 - 36 Dry 

97 • 98 Dry 

98 • 99 Dry 

128 • 129 Dry 

Measured 
Cant Def 

Measured 
Speed 

46 mph 

60 mph 

91 mph 

64 mph 

71 mph 

78 mph 

78 mph 

40 mph 

40 mph 

124 mph 

32 mph 

54 mph 

111 mph 

T-L/V 

leading Comments 
Axle 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
ICabJ 

Axle 24 
ICabl 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 



A maximum top speed of 125 mph was attained during the simulated revenue service 
round trip, and no transgressions of any safety limits were observed. 

A second simulated revenue service round trip was made between Washington and 
New York Penn Station. In this case, the trip was made at speeds 5 mph above the 
9 inch cant deficiency baseline speeds, except where other restrictions were applied. 
A composite plot of the four highest recorded values of each safety parameter in each 
test zone is shown in Figures 4.13 - 4.16 as a function of vehicle speed. More 
detailed information on the location and conditions for these peak values is given in 
Table 4.3. 

MINIMUM VERTICAL WHEEL FORCE 
SIMULATED REVENUE RUN(+ 5 MPH), WASH. - NY -WASH. 
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Figure 4.13: Minimum Vertical Wheel Forces, Simulated Revenue Run + 5mph 
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NET AXLE LATERAL FORCE 
SIMULATED REVENUE RUN(+ 5 MPH), WASH. - NY -WASH. 
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Figure 4.14: Peak Net Axle Lateral Forces, Simulated Revenue Run + 5mph 

MAXIMUM WHEEL LN 
SIMULATED REVENUE RUN(+ 5 MPH), WASH. - NY -WASH.
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Figure 4.15: Maximum Wheel LN Ratios, Simulated Revenue Run + 5mph 
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MAXIMUM TRUCK SIDE LN 
SIMULATED REVENUE RUN(+ 5 MPH) WASH • NY. WASH
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Figure 4.16: Maximum Truck Side LN Ratios, Simulated Revenue Run + 5 mph 

For this second higher speed round trip, no transgressions of any safety limits were 
observed during any of the transits of approximately 400 different curves at or below 
the intended + 5 mph speed profile. Of the total of 448 miles of track tested, only 
three transgressions of the locomotive truck-side LN limit of 0.5 were registered: 

0.57 at 60 mph, 1 mile south of 30th Street Station in Philadelphia, past a 
turnout at the end of a curved section (curve 305) adjacent to a bridge 

0.54 at 81.5 mph, done deliberately at 6.5 mph above the simulated engineer 
5 mph excess-speed profile for a section of 1° (1746m radius) curve 
with four switches in the curve at Hunter interlocking • 

0.51 at 126 mph, on tangent track while transiting a switch for the Harmony 
Industrial Track, south of Stanton 

No transgression of any other safety limit was recorded. 

It should be noted that the force ratio required to roll over a rail on tangent track, even 
if worn, is likely to be closer to 0.6 (new rail limit) than the 0.5 limit used in trials for 
worn curve rail. Any rail bolted to a nearby switch crossing will probably tolerate 
force ratios in excess of 0.6 without rolling over. 
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TABLE 4.3 PEAK VALUES, SIMULATED REVENUE RUN (+5 mph}, NEC, WASHINGTON - NEW YORK R/t 

Measured 
Value 

31 kN 

31 kN 

30 kN 

27 kN 

w .... 23 kN 

31 kN 

27 kN 

30 kN 

30 kN 

30 kN 

31 kN 

31 kN 

% of 
Limit 

73% 

73% 

75% 

78% 

82% 

68% 

77% 

74% 

68% 

69% 

66% 

73% 

Vehicle Element 

Right Wheel 
Axle 1 !Loco) 

Left Wheel 
Axle 1 ILocoJ 

-Left Wheel 
Axle 1 (Loco) 

Left Wheel 
Axle 1 !Loco) 

Left Wheel 
Axle 2 (loco) 

left Wheel 
Axle 24 !Cab) 

left Wheel 
Axle 1 ICabJ 

left Wheel 
Axle 2 !loco) 

Right Wheel 
Axle 24 !Cab) 

left Wheel 
Axle 24 (Cab) 

Left Wheel 
Axle 23 !Cab) 

Right Wheel 
Axle 2 (loco) 

Al 

Run No/ 
Line 

404 
Wa-Ph 

404 
Wa-Ph 

404 
Wa-Ph 

404 
Wa-Ph 

406 
Ph-NVP 

406 
Ph-NVP 

406 
Ph-NVP 

406 
Ph-NVP 

405 
NVP-Ph 

405 
NVP-Ph 

405 
NVP-Ph 

405 
NVP-Ph 

MINIMUM VERTICAL WHEEL FORCE, Vmin 

Direct/ 
Track 

North 
Track 2 

North 
Track 1 

North 
Track 2 

North 
Track 2 

East 
Track 1 

East 
Track 1 

East 
Track 1 

East 
Track 2 

West 
Track 3 

West 
Track 3 

West 
Track 3 

West 
Track 3 

Track 
MIiepost 

75 - 74 

62 - 61 

50 - 49 

29 - 28 

88 - 87 

88 - 87 

71 - 70 

11 - 10 

24 - 25 

25 - 26 

32 - 33 

74 - 75 

Track 
Condit 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Measured 
Cant Def 

0.0" 

6.0" 

9.0" 

4.8" 

1.2" 

1.2" 

3.0" 

0.0" 

10.8" 

6.0" 

0.0" 

10.8" 

Measured 
Speed 

126 mph 

126 mph 

125 mph 

89 mph 

40 mph 

40 mph 

104 mph 

86 mph 

115 mph 

116 mph 

126 mph 

126 mph 

Leedlng Comments 
Axle 

Axle 24 
!Cab) 

Axle 24 
ICabJ 

Axle 24 
ICabl 

Axle 24 
!Cab) 

Axle 24 
ICabJ 

Axle 24 
ICabJ 

Axle 24 
ICabJ 

Axle 24 
!Cab) 

Axle 1 
!loco) 

Axle 1 
flocoJ 

Axle 1 
!Loco) 

Axle 1 
llocoJ 



Measured 
Value 

% of 
Limit 

Vehicle Element Run No/ 
Line 

Direct/ 
Track 

Track 
MIiepost 

Track 
Condit 

Measured 
Cant Def 

Measured 
Speed 

Leading 
Axle 

Comments 

29 kN 70% Left Wheel 
Axle 24 (Cab) 

407 
Ph-Wa 

South 
Track 3 

35 - 36 Dry 0.0" 126 mph Axle 1 
(Loco) 

22 kN 80% Right Wheel 
Axle 24 (Cab) 

407 
Ph-Wa 

South 
Track 3 

36 - 36 Dry 0.0" 126 mph Axle 1 
(Loco) 

23 kN 82% Right Wheel 
Axle 2 !Loco) 

407 
Ph-Wa 

South 
Track 3 

55 - 56 Dry 0.0" 126 mph Axle 1 
(Loco) 

25 kN 76% Right Wheel 
Axle 24 !Cab) 

407 
Ph-Wa 

South 
Track 3 

55 - 56 Dry 0.0" 126 mph Axle 1 
(Loco) 

33 kN 70% Right Wheel 
Axle 1 (Loco) 

410 
Ph-Tre 

East 
Track 2 

82 • 81 Dry 6.0" 77 mph Axle 24 
!Cab) 

w 
Cl) 

31 kN 

34 kN 

73% 

63% 

Right Wheel 
Axle 2 !Loco) 

Right Wheel 
Axle 24 (Cab) 

410 
Ph-Tre 

410 
Ph-Tre 

East 
Track 2 

East 
Track 2 

82 - 81 

82 - 81 

Dry 

Dry 

6.0" 

6.0" 

77 mph 

77 mph 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

33 kN 70% Left Wheel 
Axle 2 (Loco) 

410 
Ph-Tre 

East 
Track 2 

66 - 65 Dry 4.8" 126 mph Axle 24 
!Cab) 

36 kN 59% Left Wheel 
Axle 24 (Cab) 

411 
Tre-Ph 

West 
Track 3 

65 - 66 Dry 3.6" 126 mph Axle 1 
!Loco) 

40 kN 62% Left Wheel 
Axle 2 !Loco) 

411 
Tre-Ph 

West 
Track 3 

70 - 71 Dry 9.0" 126 mph Axle 1 
(Loco) 

37 kN 58% Left Wheel 
Axle 24 (Cab) 

411 
Tre-Ph 

West 
Track 3 

70 - 71 Dry 9.0" 126 mph Axle 1 
(Loco) 

41 kN 61% Right Wheel 
Axle 1 (Loco) 

411 
Tre-Ph 

West 
Track 3 

85 - 86 Dry 0.0" 66 mph Axle 1 
(Loco) 



TABLE 4.3 PEAK VALUES, SIMULATED REVENUE RUN (+5 mph), NEC, WASHINGTON - NEW YORK R/t 

Bl MAXIMUM NET AXLE LATERAL FORCE, NAL 

Measured 
Value 

49 kN 

48 kN 

48 kN 

50 kN 

w 
<D 43 kN 

44 kN 

48 kN 

46 kN 

46 kN 

55 kN 

51 kN 

50 kN 

% of 
Limit 

63% 

53% 

62% 

64% 

48% 

49% 

53% 

59% 

51% 

61% 

65% 

64% 

Vehicle Element 

Left Wheel Net 
Axle 24 (Cab) 

Left Wheel Net 
Axle 1 !Loco) 

Left Wheel Net 
Axle 24 (Cab) 

Left Wheel Net 
Axle 24 !Cab) 

Left Wheel Net 
Axle 1 (Loco) 

Left Wheel Net 
Axle 1 (Loco) 

Left Wheel Net 
Axle 1 (Loco) 

Left Wheel Net 
Axle 24 (Cab) 

Left Wheel Net 
Axle 1 (Loco) 

Left Wheel Net 
Axle 2 (Loco) 

Left Wheel Net 
Axle 24 (Cab) 

Left Wheel Net 
Axle 24 (Cab) 

Run No/ 
Line 

404 
Wa-Ph 

404 
Wa-Ph 

404 
Wa-Ph 

404 
Wa-Ph 

406 
Ph-NYP 

406 
Ph-NYP 

406 
Ph-NYP 

406 
Ph-NYP 

405 
NYP-Ph 

405 
NYP-Ph 

405 
NYP-Ph 

405 
NYP-Ph 

Direct/ 
Treck 

North 
Track 2 

North 
Track 2 

North 
Track 2 

North 
Track 2 

East 
Track 2 

East 
Track 2 

East 
Track 2 

East 
Track 2 

West 
Track 3 

West 
Track 3 

West 
Track 3 

West 
Track 3 

Track 
MIiepost 

94-93 

93 - 92 

93 - 92 

50 - 49 

27 - 26 

25 - 24 

11 - 10 

11 • 10 

10 - 11 

74 • 75 

74 • 75 

81 - 82 

Treck 
Condit 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Measured 
Cent Def 

o.o-

4.2" 

4.2" 

9.0" 

9.0" 

10.8" 

0.0" 

0.0" 

3.0" 

10.8" 

10.8" 

9.0" 

Measured 
Spead 

46 mph 

68 mph 

68 mph 

125 mph 

109 mph 

117 mph 

86 mph 

86 mph 

82 mph 

126 mph 

126 mph 

70 mph 

Leading Comments 
Axle 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab! 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 



Measured 
Value 

% of 
Limit 

Vehicle Element Run No/ 
Lina 

Direct/ 
Track 

Track 
MIiepost 

Track 
Condit 

Measured 
Cent Doi 

Measured 
Spead 

Leading 
Axle 

Comments 

44 kN 49% Left Wheel Net 
Axle 2 (Loco) 

407 
Ph-Wa 

South 
Track 3 

23 - 24 Dry 8.4" 110 mph Axle 1 
(Loco) 

49 kN 63% Left Wheel Net 
Axle 24 (Cab) 

407 
Ph-Wa 

South 
Track 3 

50 - 51 Dry 11,4" 126 mph Axle 1 
(Loco) 

43 kN 48% Left Wheel Net 
Axle 1 !Loco) 

407 
Ph-Wa 

South 
Track 3 

76 • 76 Dry o.o· 126 mph Axle 1 
!Loco) 

49 kN 54% Left Wheel Net 
Axle 1 (Loco) 

407 
Ph-Wa 

South 
Track 3 

97 - 96 Dry 31 mph Axle 1 
(Loco) 

46 kN 59% Left Wheel Net 
Axle 24 (Cab) 

410 
Ph-Tre 

East 
Track 2 

82 • 81 Dry 6.0" 77 mph Axle 24 
(Cab) 

t 
47 kN 

47 kN 

52% 

52% 

Left Wheel Net 
Axle 1 (Loco) 

Left Wheel Net 
Axle 1 !Loco) 

410 
Ph-Tre 

410 
Ph-Tre 

East 
Track 2 

East 
Track 2 

81 - 80 

75 - 74 

Dry 

Dry 

6.0" 

11.4" 

93 mph 

125 mph 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

42 kN 54% Left Wheel Net 
Axle 23 (Cab! 

410 
Ph-Tre 

East 
Track 2 

75 - 74 Dry 11.4" 125 mph Axle 24 
!Cab) 

38 kN 42% Left Wheel Net 
Axle 1 (Loco) 

411 
Tre-Ph 

West 
Track 3 

70 - 71 Dry 9.0" 126 mph Axle 1 
!Loco) 

45 kN 50% Left Wheel Net 
Axle 2 (Loco) 

411 
Tre-Ph 

West 
Track 3 

70 - 71 Dry 9.0" 126 mph Axle 1 
!Loco) 

40 kN 51% Left Wheel Net 
Axle 24 !Cab) 

411 
Tre-Ph 

West 
Track 3 

70 - 71 Dry 9.0" 126 mph Axle 1 
(Loco) 

42 kN 47% Left Wheel Net 
Axle 1 !Loco) 

411 
Tre-Ph 

West 
Trek 3,4 

87 - 88 Dry o.o· 40 mph Axle 1 
!Loco) 



TABLE 4.3 PEAK VALUES, SIMULATED REVENUE RUN (+5 mph), NEC, WASHINGTON - NEW YORK R/t 

Cl MAXIMUM WHEEL L/V RATIO, L/V 

Measured 
Value 

0.70 

0.60 

0.59 

0.61 

-I> 
~ 

0.60 

0.52 

0.54 

0.50 

0.62 

0.60 

0.77 

0.60 

% of 
limit 

88% 

75% 

74% 

76% 

75% 

65% 

68% 

63% 

78% 

75% 

96% 

75% 

Vehlcle Element 

Right Wheel 
Axle 24 (Cab) 

Right Wheel 
Axle 2 (Loco) 

Left Wheel 
Axle 24 (Cab) 

Left Wheel 
Axle 24 (Cab) 

Left Wheel 
Axle 2 (Loco) 

Left Wheel 
Axle 24 (Cab) 

Right Wheel 
Axle 24 (Cab) 

Left Wheel 
Axle 24 (Cab) 

Right Wheel 
Axle 1 (Loco) 

Right Wheel 
Axle 1 (Loco) 

Right Wheel 
Axle 1 (Loco) 

Left Wheel 
Axle 1 (Loco) 

Run No/ 
line 

404 
Wa-Ph 

404 
Wa-Ph 

404 
Wa-Ph 

404 
Wa-Ph 

406 
Ph-NYP 

406 
Ph-NYP 

406 
Ph-NYP 

406 
Ph-NYP 

405 
NYP-Ah 

405 
NYP-Ph 

405 
NYP-Ph 

405 
NYP-Ph 

Direct/ 
Track 

North 
Track 2 

North 
Track 2 

North 
Track 2 

North 
Track 2 

East 
Track 1 

East 
Track 1 

East 
Track 1 

East 
Track 1 

West 
Track 2 

West 
Track 3 

West 
Track 3 

West 
Track 3 

Track 
MIiepost 

96 • 95 

95 • 94 

94 • 93 

93 • 92 

88 • 87 

88 • 87 

88 • 87 

86 • 85 

1·2 

7-8 

10-11 

81-82 

Track 
Condit 

Dry 

Dry 

Dry 

Dry 

Dry 

• Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Measured 
Cent Dal 

0.0" 

4.8" 

o.o· 

4.2" 

1.2" 

1.2" 

1.2" 

0.0" 

4.8" 

3.0" 

3.0" 

9.0" 

Measured 
Speed 

30 mph 

24 mph 

46 mph 

68 mph 

40 mph 

40 mph 

40 mph 

58 mph 

60 mph 

45 mph 

82 mph 

70 mph 

leading Comments 
Axle 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 



Measured 
Value 

% of 
Limit 

Vehicle Element Run No/ 
Line 

Direct/ 
Track. 

Track 
Milepost 

Track 
Condit 

Measured 
Cant Def 

Measured 
Spead 

leading 
Axle 

Comments 

0.68 85% Right Wheel 
Axle 1 (loco) 

407 
Ph-Wa 

South 
Track 3 

2-3 Dry 3.0" 67 mph Axle 1 
(loco) 

0.63 79% Right Wheel 
Axle 1 (Loco) 

407 
Ph-Wa 

South 
Track 3 

3.4 Dry 3.0" 79 mph Axle 1 
(Loco) 

0.64 80% Right Wheel 
Axle 1 (Loco) 

407 
Ph-Wa 

South 
Track 3 

13-14 Dry 0.0" 96 mph Axle 1 
(Loco) 

0.69 86% Right Wheel 
Axle 1 (Loco) 

407 
Ph-Wa 

South 
Track 3 

35-36 Dry 0.0" 126 mph Axle 1 
(Loco) 

0.47 59% Left Wheel 
Axle 24 (Cab) 

410 
Ph•Tre 

East 
Track 2 

83-82 Dry 0.0" 77 mph Axle 24 
(Cab) 

-I> 
N 

0.41 

0.44 

51% 

55% 

left Wheel 
Axle 2 (Loco) 

Right Wheel 
Axle 24 (Cab) 

410 
Ph•Tre 

410 
Ph-Tre 

East 
Track 2 

East 
Track 2 

82-81 

82-81 

Dry 

Dry 

6.0" 

6.0" 

77 mph 

77 mph 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

0.43 54% Right Wheel 
Axle 24 (Cab) 

410 
Ph-Tre 

East 
Track 2 

81-80 Dry 6.0" 93 mph Axle 24 
(Cab) 

0.62 78% Right Wheel 
Axle 1 (LOCO) 

411 
Tre-Ph 

West 
Track 3 

85-86 Dry 0.0" 66 mph Axle 1 
(Loco) 

0.58 73% left Wheel 
Axle 1 (Loco) 

411 
Tre-Ph 

West 
Trek 3,4 

87-88 Dry 0.0" 40 mph Axle 1 
(Loco) 

0.78 98% Right Wheel 
Axle 1 (Loco) 

411 
Tre-Ph 

West 
Trek 3,4 

87-88 Dry 0.0" 40 mph Axle 1 
(loco) 

0.64 80% Right Wheel 
Axle 23 (Cab) 

411 
Tre-Ph 

West 
Trek 3,4 

87-88 Dry 0.0" 40 mph Axle 1 
(Loco) 



TABLE 4.3 PEAK VALUES, SIMULATED REVENUE RUN ( + 5 mph), NEC, WASHINGTON - NEW YORK R/t 

Measured 
Value 

0.45 

0.47 

0.45 

0.46 

.... 
w 0.35 

0.35 

0.41 

0.34 

0.42 

0.47 

0.54 

0.39 

% of 
Limit 

90% 

94% 

90% 

92% 

70% 

70% 

82% 

68% 

84% 

94% 

108% 

78% 

Vehicle Element 

Left Side 
Truck 12 !Cab) 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 !Cab) 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 (Cab) 

Right Side 
Truck 1 (Loco) 

Left Side 
Truck 1 (Loco) 

Right Side 
Truck 1 (Loco) 

Left Side 
Truck 1 (Loco) 

DI 

Run No/ 
Line 

404 
Wa-Ph 

404 
Wa-Ph 

404 
Wa-Ph 

404 
Wa-Ph 

406 
Ph-NYP 

406 
Ph-NVP 

406 
Ph-NVP 

406 
Ph-NVP 

405 
NYP-Rh 

405 
NVP-Ph 

405 
NYP-Ph 

405 
NYP-Ph 

MAXIMUM TRUCK SIDE L/V RATrO, 

Direct/ 
Track 

North 
Track 2 

North 
Track 2 

North 
Track 2 

North 
Track 2 

East 
Track 1 

East 
Track 1 

East 
Track 1 

East 
Track 2 

West 
Track 2 

West 
Track 3 

West 
Track 3 

West 
Track 3 

Track 
MIiepost. 

94-93 

93-92 

62-61 

12-11 

86-85 

85-84 

82-81 

42-41 

1-2 

10-11 

10-11 

81-82 

Track 
Condit 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Measured 
Cant Def 

4.8" 

4.2" 

6.0" 

2.4" 

o.o· 

0.0" 

1.2" 

o.o· 

4.8" 

3.0" 

3.0" 

9.0" 

Measured 
Speed 

46 mph 

68 mph 

126 mph 

96 mph 

58 mph 

59 mph 

54 mph 

126 mph 

60 mph 

82 mph 

82 mph 

70 mph 

T-L/V 

Leading 
Axle 

Axle 24 
!Cab) 

Axle 24 
!Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cabl 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Axle 1 
(Loco) 

Comments 

70 mph posted speed, Class 4 Track, 
interlocking in middle of 1° curve, Hunter 

70 mph posted speed, Class 4 Track, 
inter!ocking in middle of 1° curve, Hunter 



Measured 
Valu.e 

% of 
Limit 

Vehicle Element Run No/ 
Line 

Direct/ 
Track 

Track 
MIiepost 

Track 
Condit 

Measured 
Cant Def 

Measured 
Speed 

Leading 
Axle 

Comments 

0.57 114% Right Side 
Truck 1 (Loco) 

407 
Ph-Wa 

South 
Track 3 

2-3 Dry 0.6" 60 mph Axle 1 
(Loco) 

Switch, in a spiral adjacent to bridge. 
Posted Class 3 

0.47 94% Right Side 
Truck 1 (Loco) 

407 
Ph-Wa 

South 
Track 3 

3.4 Ory 3.0" 79 mph Axle 1 
(Loco) 

0.47 94% Right Side 
Truck 1 (Loco) 

407 
Ph-Wa 

South 
Track 3 

13-14 Ory 0.0" 96 mph Axle 1 
(Loco) 

0.51 102% Right Side 
Truck 1 (Loco) 

407 
Ph-Wa 

South 
Track 3 

35-36 Dry 0.0" 126 mph Axle 1 
(Loco) 

Switch, tangent track, Class 5 profile 
exception 

0.27 54% Left Side 
Truck 12 (Cab) 

410 
Ph·Tre 

East 
Track 2 

83·82 Ory 0.0" 77 mph Axle 24 
(Cab) 

t 
0.35 

0.42 

70% 

84% 

Left Side 
Truck 12 (Cab) 

Left Side 
Truck 12 (Cab) 

410 
Ph-Tre 

410 
Ph-Tre 

East 
Track 2 

East 
Track 2 

82-81 

82-81 

Dry 

Dry 

6.0" 

6.0" 

77 mph 

77 mph 

Axle 24 
(Cab) 

Axle 24 
(Cab) 

0.29 58% Right Side 
Truck 12 (Cab) 

410 
Ph-Tre 

East 
Track 2 

82-81 Ory 6.0" 77 mph Axle 24 
(Cab) 

0.27 54% Left Side 
Truck 12 (Cab) 

410 
Ph-Tre 

East 
Track 2 

75-74 Ory 11.4" 125 mph Axle 24 
(Cab) 

0.27 54% Left Side 
Truck 12 (Cab) 

410 
Ph-Tre' 

East 
Track 2 

66-65 Dry 4.8" 126 mph Axle 24 
(Cab) 

0.34 68% Right Side 
Truck 1 (Loco) 

411 
Tre-Ph 

West 
Track 3 

84-85 Ory 0.0" 63 mph Axle 1 
(Loco) 

0.41 82% Right Side 
Truck 1 (Loco) 

411 
Tre-Ph 

West 
Track 3 

85-86 Dry 0.0" 66 mph Axle 1 
(Loco) 

0.41 82% Left Side 
Truck 1 (Loco) 

411 
Tre-Ph 

West 
Track 3 

87-88 Dry 0.0" 40 mph Axle 1 
(Loco) 

0.39 78% Right Side 
Truck 1 (Loco) 

411 
Tre-Ph 

West 
Track 3 

87-88 Dry 0.0" 40 mph Axle 1 
(Loco) 



5. DISCUSSION OF RESULTS 

5.1 TEST HIGHLIGHTS AND SIGNIFICANT EVENTS 

12.5" maximum average cant deficiency achieved in a test curve. 

154 mph maximum speed attained; no instability observed. 

No safety criteria exceeded during cant deficiency test runs on the 
Harrisburg line and the NEC test zone between Trenton and Newark. 

The main circuit breaker, left open for an extended time, resulted in loss 
of tilting at one occasion during a test; no safety criteria were exceeded. 

5.2 MAXIMUM THEORETICAL CANT DEFICIENCY 

Based on the trends exhibited for the safety related criteria, it could be expected that 
the X2000 would not exceed any of the safety criteria in the test curves for cant 
deficiencies of up to 15 inches. While extrapolation of the test data to this extent 
assumes linearity and is not truly valid, it is useful in assessing the relative margin of 
safety which is likely to exist for the proposed revenue service. 

5.3 EFFECTS OF TILT 

During two test runs on the Philadelphia - Harrisburg line, the tilt system was 
deactivated on the cab car and on the 2 adjacent cars (#2810 & 2609). These test 
runs (129,130) were carried out at 9 inches of cant deficiency, with the locomotive 
leading westbound and the cab car leading eastbound. A preliminary comparison of 
results for the cab car with those obtained from similar 9 inch cant deficiency test 
runs (125,126) with normal tilting shows little difference in the derailment related 
safety parameters. 

The maximum steady state carbody lateral acceleration recorded with the tilt system 
deactivated was 0. 19g on the cab car above truck #12 while traversing curve 662 
(4°). The maximum peak lateral acceleration observed with no tilting was 0.33g while 
traversing curve 672 (2°). 

A more detailed comparison will be carried out in the final analysis. 

5.4 EFFECTS OF WET RAIL 

During the test it was observed that the amount of lateral load sharing by the wheel 
on the low rail, due to radial steering, was reduced when the rail was wet. As a result 
the lateral force applied to the high rail increased. This was felt to have little or no 
impact regarding wheel climb due to the reduction in the coefficient of friction on the 
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high rail. While no hazards are anticipated in any way, further analysis to determine 
the effect on truck side L/V ratio is recommended to fully describe the effect of wet 
rail conditions on performance. 

5.5 EFFECTS OF SIDE WIND ON ATTAINABLE CANT DEFICIENCY 

The effect of side winds on vehicle overturning can be expressed in terms of vertical 
wheel force unloading. An estimate of the unloading experienced by the cab car, the 
worst case vehicle for the X2000 in the leading position, predicts the vertical wheel 
force will unload by 5.7 kN (1280 pounds) with a 40 mph side wind applied. This is 
roughly equivalent to the unloading experienced by the X2000 when operating at 1.5" 
of cant deficiency around a curve. 

The effect of sidewinds on the attainable cant deficiency can also be expressed by the 
weight vector intercept (WVI) value. Since the wind conditions during the tests have 
been negligible, the measured WVI values have been low. In order to draw 
conclusions as to the influence of higher sidewinds on the WVI, simulations using 
wind tunnel test results have been made by ABB. In principle, the calculated effect 
of a sidewind (in an ideal curve) is added to the actual measured values. 

At this preliminary stage, no calculations from a specific curve including track 
irregularities (e.g. from the NEC) have been done. Nevertheless there is a high degree 
of confidence in the method used. One uncertainty is the assumption that the 
dynamic variation of the WVI with sidewind is not higher than without sidewind (as 
in tests). Since the dynamics that are essential with respect to vehicle overturning 
are of rather low frequency (a very short duration wheel unloading will not result in 
overturning), it is likely that the low frequency variations of the WVI will not be higher 
than without sidewind. However, this has still to be proven through calculations. 

Investigations have shown that for the X2000, the most exposed car during sidewinds 
is the cab car in the leading position. Preliminary results of this case were derived by 
adding the effect of a 45 mph sidewind on the WVI to the measured values for the 
curves 662, 663, 671, and 672 on the Harrisburg line, as well as for the curves 265, 
266, and 268 on the Trenton-Newark line. With the above assumptions, the 
maximum expected dynamic value of the WVI for a 45 mph sidewind and at 1O" cant 
deficiency is about 24. 5" for curve 663 and about 23" for the other curves on the 
Harrisburg line. On the Trenton-Newark curves, the maximum expected WVI is about 
22". 

The limit of 26.5" assumes a 10% margin remaining on the inner wheels before total 
unloading occurs. This and the fact that the WVI values are derived with a filter 
frequency of 25 Hz (in Sweden 1.5 Hz is used in these cases) and most likely contains 
high frequency components, gives an additional safety margin against vehicle 
overturning at 10" unbalance and 45 mph sidewind. 
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5.6 EFFECT OF TRACK GEOMETRY VARIANCE ON ATTAINABLE CANT 
DEFICIENCY 

To describe the full effect of various track geometry variations on the performance 
relative to the safety criteria is a major task well beyond the scope of this effort. 
Realistic, performance based limits for track geometry for high speed passenger train 
operations in the United States have yet to be developed and will be addressed in the 
final test report. An anomaly which reduces the crosslevel by one inch in the body 
of a curve will be used as a convenient estimate of the likely contribution of the 
'realistic worst case' track geometry. Although it is unlikely such an anomaly would 
exist on Amtrak's high speed track, it is considered a reasonable indicator of the 
maximum track geometry related effect. The net effect of such an anomaly would be 
to increase the actual cant deficiency by 1 inch. Deviations in curvature or crosslevel 
could realistically be expected to increase the cant deficiency by this amount. 

5.7 EFFECT OF SPEED VARIANCE ON ATTAINABLE CANT DEFICIENCY 

Operating at speeds greater than intended due to speedometer or operator error is a 
likely occurance. The effect of overspeed operation is a function of both curve 
geometry and the planned operating speed. In general, the higher the degree of 
curvature and the greater the operating speed, the greater the effect overspeed 
operation will have on safety. The change in cant deficiency for an overspeed of 5 
mph is shown as a function of operating speed for various curvatures in Figure 5.1. 

5.8 EFFECT OF VEHICLE CONDITION ON ATTAINABLE CANT DEFICIENCY 

Obviously the range of possible effects of vehicle maintenance condition on 
performance is unlimited. As a realistic worst case condition, it is conceivable that 
the radial steering ability of the truck would be lost. 

Much experience gained from a wide variety of radial steering trucks in service (in 
particular, the X2000) has indicated that the components most likely to suffer from 
sub-standard maintenance are the dampers. Extensive trials were carried out during 
1989 in Sweden to verify the effects of removing up to half of any one group of 
dampers, often in combinations of several groups together. It was found that under 
such conditions of only 50% damping, safety criteria at high cant deficiencies in 
curves were little affected. Stability at high speed on tangent was affected 
negatively, but even with truck hunting, all safety criteria were still fulfilled. However, 
ride comfort did degenerate more significantly with 50% damper unavailability. This 
supports the conclusion that damper failure is primarily a comfort and wear problem 
rather than a safety risk. A 1 inch cant deficiency margin should be ample to account 
for damper degradation. 

Another area requiring maintenance is that of wheel profiles. Careful follow-up 
programs in Sweden during X2000 revenue service have shown that the wheel 
profiles maintain a fairly stable worn shape after an initial period of wear-in. 
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CHANGE IN CANT DEFICIENCY 
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Figure 5.1: Effect of 5 mph Overspeed on Cant Deficiency 

Inspection of the profiles chosen for running in the U.S. after some 5000 miles 
suggests this pattern would be repeated for Amtrak track conditions. Again, a 1 inch 
cant deficiency margin on safety should provide adequate margin for the eventuality 
of turning different wheel diameters and other such errors, and for a likely worst case 
worn wheel profile shape. 

5.9 SUMMARY OF EFFECTS ON SUSTAINABLE OPERATIONAL CANT DEFICIENCY 

The sum total of the above effects would be to increase the effective cant deficiency 
by 5.9 inches. A discussion of these effects is presented in Section 6. 
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6. PRELIMINARY RECOMMENDATIONS AND CONCLUSIONS 

As previously stated, the purpose of this report is to provide a basis for establishing 
procedures and limits for the safe operation of the X2000 by Amtrak in the NEC. In 
developing the conclusions and recommendations presented here the authors have 
attempted to strike a balance between performance and safety. Where either the 
available data or time for analysis was limited, conservative judgement has been 
applied in the interest of safety. 

The X2000 has been thoroughly analyzed and tested in Europe and has compiled a 
successful operating and safety record in service in Sweden. The fundamental 
question addressed by the tests and analysis supporting operations in the United 
States is how the X2000 would respond to the track conditions here. 

The tests here were conducted by Amtrak over specific test zones on Amtrak's 
Harrisburg line and on the NEC between Trenton and Newark. Specific test curves 
chosen for detailed analysis ranged from 4° 16' (409m radius) to 1° 26' (1221m 
radius) giving a theoretical cant deficiency of 12" at speeds ranging from 77 mph to 
134 mph respectively. Trials were carried out in each of these selected curves at up 
to 12" of cant deficiency or at a maximum of 125 mph, whichever limit was reached 
first. During the 42 test runs, from which 156 curve transits were analyzed in detail, 
not one safety limit was exceeded. The highest average cant deficiency recorded by 
the axle mounted accelerometer through an entire curve during trials was 12.5". The 
test runs were made in conditions varying from dry to wet and with the tilt activated 
and deactivited on separate runs. 

The following recommendations were developed from the preliminary analysis of the 
test results. A brief reference to the relevant and supporting analysis, test results and 
conclusions is included with each recommendation. 

6.1 RECOMMENDATION FOR OPERATION AT 9" OF CANT DEFICIENCY 

Test results show the X2000 radial truck to be effective in transferring lateral loads 
from the high rail to the low rail at elevated cant deficiency. Vertical load transfer and 
vehicle overturning are effectively controlled by the truck design which incorporates 
a roll stabilizer. These design features allow the X2000 to operate in regular service 
at 9.6 inches of cant deficiency in Sweden (1.6 m/s2 lateral acceleration), based on 
the design curve geometry. 

The test results from both the Harrisburg line and the NEC test zones indicate the 
peak dynamic responses for the safety relevant parameters never reached more than 
92% of the stop test criteria at up to 12" of cant deficiency. 

The Harrisburg test zone was believed by the Amtrak test planners to be 
representative of the 'realistic worst case' Amtrak track conditions. A linear 
projection of the trends established from the test data suggest that, for the conditions 
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tested, somewhere around 15 inches of cant deficiency could be attained before the 
safety criteria would have been exceeded. 

Several factors which were not evaluated during the test, will affect the margin of 
safety for high cant deficiency operation. A summary of these factors, and their 
estimated likely contributions, in terms of equivalent cant deficiency, is shown below. 

Primary Factors Influencing the Margin of 
Safety for High Cant Deficiency Operations 

Factor Calculated/Estimated 
Equivalent Cant Deficiency 

-40 mph Side Wind 1.5" 

-Track Geometry Variations 1.0" 
(FRA cant deficiency enforcement limit) 

-5 mph Overspeed 1.4" 

-Vehicle Maintenance Condition 2.0" 
(Preliminary estimate based on worst likely 
vehicle condition with sub-standard maintenance) 

Taken in combination these effects would yield an equivalent increase in cant 
deficiency of 5.9 inches. While the probability of each of these negative factors 
existing simultaneously is considered extremely remote, planned operations at 9 
inches of cant deficiency based on average geometry would produce a total equivalent 
cant deficiency of just below 15 inches. 

While it is impossible to know the precise contribution of each of these factors and 
their combinations under actual service conditions, this type of assessment 
demonstrates that operating the X2000 at 9 inches of cant deficiency over Amtrak 
track can be considered safe with the following cof')ditions. 

6.2 RECOMMENDED CONDITIONS FOR 9 INCH CANT DEFICIENCY OPERATION 

Condition (1) Track Geometry/Structure for 9" C.D. - The track geometry in the curves 
over which 9" C.D. operation is allowed should meet all applicable FRA Track Safety 
Standards. The limiting speed for each curve will be calculated based on a 9 inch 
cant deficiency using average geometry with a 1 inch tolerance limit for the worst 
case combination of curvature and-crosslevel as measured by monthly inspections an 
automated Track Geometry measurement car. 

- Track structure, ballast, ties and fasteners must meet the FRA regulations for the 
planned operating speed. 
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Condition (2) Wind - Should wind speeds be predicted in excess of 40 mph, X2000 
speeds should be restricted to those for Metroliner operations under the same 
conditions. 

Condition 13) Vehicle Conditions - While wheel wear has been reported from service 
experience in Sweden to be very light, it is considered prudent, due to the different 
rail profiles which exist on Amtrak rail, that wheel profiles be monitored to assure that 
accelerated tread and flange wear do not occur. 

Dampers are used more extensively on the X2000 than on existing Amtrak equipment 
to limit undesired vehicle response. Evaluating the effects of degraded dampers was 
not part of the test program; therefore it is considered prudent that the condition of 
all vehicle suspension dampers be monitored to assure they are functioning properly 
by measuring vehicle carbody accelerations on a regular basis . 

Condition 141 Speed Control - Amtrak should take steps to assure that the combined 
effects of speedometer error and engineer error will not result in more than 5 mph 
overspeed in the worst case. It is recommended that this be accomplished by careful 
implementation of Amtrak's and the equipment manufacturer's existing procedures 
for speedometer calibration and engineer training. 

6.3 RECOMMENDATIONS FOR OPERATION AT 10" OF CANT DEFICIENCY IN 
SELECTED CURVES 

From observations of both the measured track geometry and vehicle response, it is 
clear that some curves on the NEC could safely support operation at even higher cant 
deficiency. Curves which meet the following conditions should apply to safely 
support 10" C.D. operation: 

Condition 15) Track Geometry/Dynamic Response Analysis -
Analog plots of both the track geometry and vehicle response should be analyzed to 
confirm that the following conditions exist: 

Relatively smooth and coordinated spirals and spiral/curve transitions 
No special trackwork or structures within 200 feet of the curve along the track 
(i.e.- switches, crossings, undergrade bridges, etc.) 
Limited dynamic response during simulated revenue test runs. 

Condition 161 Strict speed control - Steps will be taken to ensure that the 1O" 
unbalance speed, based on the limiting track geometry conditions, is never exceeded. 
Thus overspeed operation is prevented from impacting the margin of safety. 
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6.4 RECOMMENDATION FOR 135 MPH MAXIMUM OPERATION SPEED 

The X2000 demonstrated stable operation at 150 mph over the NEC high speed 
stability test zone. Analysis performed by the equipment manufacturer has predicted 
stable performance, under normal conditions, for speeds up to 165 mph. 

Both the data and the analysis support the operation at elevated speeds. Operation 
at speeds up to 135 mph would be considered conservatively safe under conditions 
2, 3 and 4 above and the following: 

Condition (71 Track Geometry/Structure for 125 mph - The track meets the conditions 
currently approved for 125 mph Metroliner operations. 

Condition (81 Instability in Service - Any indications of instability during operation 
would be reported to the FRA and speeds for the X2000 would be restricted to 125 
mph until the cause(s) of instability were identified and corrected. 
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APPENDIX A 

TEST EVENT LOG, X2OOO U.S. DEMONSTRATION 
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Eastbound x2000 TEST PROGRAM Track No. 1 
HARRISBURG LINE SPEEDS 

TIIETABI.I! CURVl!OEOlll!IRYMII.EPOST PROPOll;Q CURVIH:G IPEH> BB l·B Ir.Si PROPOSED IIAXIIIUII 
CV.I DEIICIUl'IIOII DEGREE RADIUS I.E.LOCA11011 :rue 4"UII l"U8 rua rua rua rua 11r1111 11"UII. 1rua TESTING SPEED__,,w,11 ENI /INII (lnchNJ (""4)1>/ (""4)1>/ (""4)1>/ (mph/ (mph/ [mph/ (mph/ (mph/ (mph/ (mph/ (mph/ 
671 66.58 6626 0.60 9,549 1.815 108 110 110 110 110 110 110 110 110 110 110 

678.1 0.37 15,628 0.15066.22 66.17 •110 110 110 110 110 110 110 110 110 110 
678 0.32 18,004 0.15066.52 64.79 •110 110 110 110 110 110 110 110 110 110 
675 63.87 63.51 1.00 5,730 3.315 •95 103 109 110 110 110 110 110 110 110 
674 0.45 12,733 0.5006321 82.97 •105 110- 110 110 110 110 110 110 110 110 
673 82.10 61.64 1.02 5,636 3.250 •94 101 108 110 110 110 110 110 110 110 
672 c.....-1olMP61 61.48 60.97 2.03 2,618 5.250 •76 61 85 89 93 97 100 104 107 110 
671 C.....-olMP60 60.82 58.97 2.00 2,665 5.500 •78 82 87 91 95 96 102 105 109 110 
670 C.....-olMP58 58.69 58.53 1.10 5.209 3.000 •86 95 102 108 110 110 110 110 110 110 
669 58.89 58.42 1.52 3.778 5.500 •90 95 99 104 109 110 110 110 110 110 
66B 57.64 57.36 0.66 8.815 1.250 •97 107 110 110 110 110 110 110 110 110 
667 58.64 66.79 0.96 5,827 2.250 •67 95 103 110 110 110 110 110 110 110 
666 54.58 54.36 0.45 12,733 0.815 •110 110 110 110 110 110 110 110 110 110 

,~ . 666 53.99 53.66 0.47 12.278 0.615 109 110 110 110 110 110 110 110 110 110 •·~ 664 2.05 2,795 5.82553.25 52.74 •76 82 86 90 94 97 101 104 108 110 
663 c.....-1o1Gop 52.44 52.00 4.03 1,421 5.150 •58 58 82 66 67 70 72 15 77 79 
682 Cl.vve 11 Gop 51.63 50.77 4.20 1.364 5.825 •54 67 60 63 66 66 71 73 15 77 
661 50.61 50.19 2.00 2,665 5.815 •60 64 6B 82 95 100 103 107 110 110 
660 50.08 49.61 1.00 5,730 3.315 •95 103 109 110 110 110 110 110 110 110 
658 49.16 48.64 1.00 5,730 3.315 •95 103 109 110 110 110 110 110 110 110 
66B 48.72 48.36 I.DD 5,730 3.125 94 101 108 110 110 110 110 110 110 110 • 
667 c.....- ol Alglln 48.29 47.50 2.00 2,866 5.150 79 64 6B 82 95 99 103 106 109 110 • 
656 46.86 48.77 0.33 17,189 0.315 110 110 110 110 110 110 110 110 110 110 • 
665 45.34 4524 0.40 14,324 0.150 110 110 110 110 110 110 110 110 110 110 • 

664.1 44.61 44.61 0.45 12,733 0.615 110 110 110 110 110 110 110 110 110 110 • 
664 43.79 43.66 0.32 18,004 0.150 110 110 110 110 110 110 110 110 110 110 • 

663.1 43.97 43.96 0.37 15,628 0.150 110 110 110 110 110 110 110 110 110 110 • 
663 41.63 41.32• 0.66 8,615 2.250 107 110 110 110 110 110 110 110 110 110 • 
662 0.15 7,640 1.615.41.03 40.64 •96 106 110 110 110 110 110 110 110 110 
661 39.90 39.42 0.67 8,584 2.250 106 110 110 110 110 110 110 110 110 110 • 
550 39.09 36.39 0.50 11,459 1.825 110 110 110 110 110 110 110 110 110 110 • 
649 37.92 37.33 I.OZ 5,636 3.315 85 1oz 109 110 110 110 110 110 110 110 • 
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Eastbound Track No.1 ;,c2000 TEST PROGRAM 
HARRISBURG LINE SPEEDS 

TIIIETABU! 1111.EPOST CURVECll!OIIETIIY PROPOSa! CURVINB ~PEED BIi 1·2!11 IESI PROPOSED MAXIMUM 
CV.I DESCRIPIION LOCAT10N DEIIREE RADIUS S.E. rua 4"U8 ll"U8 rue MIS rue rue tO"UII tt"Ue t2"U8 TESTING SPEED 

Wtsl ENI /d,clm,IJ treetl (n:hHJ (mp/,/ (mp/,/ (ny,/IJ (mph/ {mp/,/ (mph/ (mph} {mp/,/ {mph/ (mph/ {mph/ 

648 37.30 36.77 0.98 5,827 3.500 97 104 110 110 110 110 110 110 110 110 110 
647 35.87 35.70 0.37 15,626 1.250 110 110 110 110 110 110 110 110 110 110 • 
648 35.55 35.(1 0.32 18,004 1.125 110 110 110 110 110 110 110 110 110 110 • 
645 35.13 3(,8( 0.32 18,00( t.500 110 110 110 110 110 110 110 110 110 110 • 
64( 3(.58 3'.10 0.92 8,251 3.000 97 104 110 110 110 110 110 110 110 110 • 
643 3(.04 33.55 0.72 7,996 1250 102 110 110 110 110 110 110 110 110 110 • 
642 3318 32.88 0.82 7,018 1500 98 107 110 110 110 110 110 110 110 110 • 
641 32.118 32.18 0.97 5,'111 3.375 97 104 110 110 110 110 110 110 110 110 • 
640 31.118 31.27 1.70 3,370 8.000 87 92 96 100 105 100 110 110 110 110 • 
839 111 &21c1 ...... 1200' - orS9III295 30.M 30.3( 2.37 2,421 5.825 72 7& IIO 8( 87 91 9( 97 100 103 • 
838 111 &:bid c:uNO 1200'-olSv,ol 295 3028 29.81 3.00 1,910 5.500 8( fl 71 74 77 IIO 83 86 89 91 • 
637 29.20 28.20 010 31,648 1.250 110 110 110 110 110 110 110 110 110 110 • 
636 25.71 25.50 MS 12.733 1.500 110 110 110 110 110 110 110 110 110 110 • 
635 24.50 24.15 0.50 11,«il 1.750 110 110 110 110 110 110 110 110 110 110 • 
63( 23.00 23.30 020 28,648 0.750 110 110 110 110 110 110 110 110 110 110 • 
630 fill 3QIYOI -lolMP 21 22.74 22.35 2.05 2,795 5.500 77 81 86 90 93 97 101 104 107 110 • 
629 fill 3--orMP21 22.31 21.97 2.05 2,795 5.750 78 82 87 91 9( 98 101 105 108 110 • 
628 firll 3QIYOI-I olMP 21 21.85 21.00 2.12 2,707 5.825 76 81 85 89 92 96 99 103 105 100 • 

~ 
•.} 

, 
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' 
WestbOuncl X-2000 TEST PROGRAM Track No. 4/2 

HARRISBURG LINE SPEEDS 

0IJI 
Tllll!TAIIU! 

DEICRIPllON 
111.EPOSr 
LOCATION 

CIIRVl!llfllllETRY 
DEGREE RADIUS I.E. S"UII 4"1111 rua 

CALR~ !ImCURVllt!ilBH-AiS 
rua rue rua rua 111"W 11-ua 1rua 

PROPOSED IIA)(JMUII 
TESTING SPEED 

628 Fill 3.,.__, ol MP 21 
629 Fnt 3...-.. _, olMP21 

&,f 

21.84 
22.01 

w,11 
21.88 
22.32 

{cltdmlllJ 
2.13 
2.10 

/IHI/ 
2,686 
2,728 

f"""'I 
5.750 
5.750 

(mph/ 

77 
T1 

(mph/ 

81 
81 

(mph/ 

85 
86 

(mph/ 

89 
89 

(mph] 

92 
93 

(mph/ 

96 
97 

(mph/ 

99 
100 

(mph/ 

100 
104 

(mph/ 

106 
107 

(mph/ 

109 
110 

1mph) 
110. 

630 Fill 3 ...-..-1o1MP 21 22.37 22.78 2.00 2,818 6.750 78 83 87 91 !16 98 102 106 109 110 • 
631 23.30 23.80 0.20 29,848 1.000 110 110 110 110 110 110 110 110 110 110 • 
832 24.63 24.85 1.17 4,911 4.125 93 100 108 110 110 110 110 110 110 110 • 
633 2525 25.40 0.43 13,222 0.750 110 110 110 110 110 110 110 110 110 110 • 
634 25.63 25.75 0.42 13,751 1.825 110 110 110 110 110 110 110 110 110 110 • 
635 28.30 28.39 0.22 29,446 0.875 110 110 110 110 110 110 110 110 110 110 • 
636 28.47 28.63 0.27 21,485 1.000 110 110 110 110 110 110 110 110 110 110 • 
637 28.20 29.20 0.20 28,848 1.250 110 110 110 110 110 110 110 110 110 110 • 
838 111& 2ndcuvt 120ll-lo1Slpl295 29.81 30.25 3.07 1,868 5.825 63 ff/ 70 74 T1 80 83 85 88 91 • 
639 111 I 2nd cuvt 120ll-lo1Slpl 295 30.32 30.81 2.35 2,438 5.825 72 T1 80 84 88 91 94 98 101 104 • 
840 3122 31.65 1.55 3,897 5.875 90 95 100 106 109 110 110 110 110 110 • 
841 32.18 32.55 0.93 8,139 3.500 100 107 110 110 110 110 110 110 110 110 • 
842 32.87 33.15 0.82 7,016 3.500 107 110 110 110 110 110 110 110 110 110 • 
843 33.57 33.87 0.27 21,485 1.250 110 110 110 110 110 110 110 110 110 110 • .')844 

• ·J645 
34.23 
35.08 

34.81 
35.19 

0.32 
0.55 

18,094 
10,418 

1.125 
1.375 

110 
107 

110 
110 

110 
110 

110 
110 

110 
110 

110 
110 

110 
110 

110 
110 

110 
110 

110 
110 

• 
• 

848 35.88 36.04 0.38 14,947 1.250 110 110 110 110 110 110 110 110 110 110 • 
847 36.11 36.25 0.37 15,628 1.500 110 110 110 110 110 110 110 110 110 110 . 
848 3579 37.31 I.Oil 5,730 3250 95 102 109 110 110 110 110 110 110 110 . • 
848 37.34 37.93 0.98 5,827 3.375 98 104 110 110 110 110 110 110 110 110 • 
650 38.43 39.12 0.47, 12,278 1.375 110 110 110 110 110 110 110 110 110 110 • 
551 39.45 39.90 0.75 7,640 2.500 102 110 110 110 110 110 110 110 110 110 • 
552 
553 
554 
555 
556 

557 CUw-olAlglon 
558 
558 
660 

40.85 
41.33 
43.80 
45.13 
48.78 
47.41 
48111 
48.78 
48.73 

41.05 
41.85 
43.71 
45.34 
48.87 
48.21 
48.85 
48.08 
II0.10 

0.73 
0.73 
0.42 
0.45 
0.37 
2.02 
0.97 
1.02 
0.81 

7,813 
7,813 
13,751 
12,733 
15.628 
2,841 
5,927 
5,836 
0,488 

2.500 
2.375 
0.500 
0.750 
0.000 
5.500 
3.000 
3.375 
2.750 

104 
102 
110 
109 
108 
78 
94 
95 
98 

110 
110 
110 
110 
110 
82 
102 
102 
105 

110 
110 
110 
110 
110 
86 
108 
1(11 

110 

110 
110 
110 
110 
110 
90 
110 
110 
110 

110 
110 
110 
110 
110 
94 
110 
110 
110 

110 
110 
110 
110 
110 
98 
110 
110 
110 

110 
110 
110 
110 

110 
101 
110 
110 
110 

110 
110 
110 
110 
110 
106 
110 
110 
110 

110 
110 
110 
110 
110 
108 
110 
110 
110 

110 
110 
110 
110 
110 
110 
110 
110 
110 

• 
• 
• 
• 
• 
• 
• 
• 
• 
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Westbound Track No. 412x-2000 TEST PROGRAM 
HARRISBURG LINE SPEEDS 

11111:fABU! MILEPOST CIIR'IEOEOlllllRI' CAl,Cll 8,ffl)CUIMNOltHFIS PROPOSED MAXIIIUII 
CVJI OESCRIPIION I.IICA110H DEOREE IWIIUS I.E. S"UII 4"U8 rw rue rua rua rua IO"UII lnnl 12"111 TESTING SPEED 

&al w..r {decillll/ (/Ml/ [lllt:her] [mph/ [mph/ [mph} {mph/ [mph} [mph/ [mph} [mph} [mph} [mph} [mph] 
661 Cc.M easlofGep 50.22 50.64 2.05 2,795 5.750 78 82 87 91 94 98 101 106 108 110 110 
662 

663 

c ...... , Gep 
cuw-1o1Gep 

50.79 
5202 

51.70 
52.46 

4.05 
4.13 

1.415 
1,386 

5.250 
5.875 

54 
55 

57 
58 

IIO 

61 
63 
64 

66 
67 

68 
69 

71 
72 

73 
74 

78 
78 

78 
79 

• . 
664 CUMI 11 MP 53 52.77 53.27 2.02 2,841 5.500 78 82 811 90 94 98 101 105 108 110 • 
665 53.69 54.02 0.45 12,733 0.750 108 110 110 110 110 110 110 110 110 110 • 
666 54.41 54.IIO 0.45 12,733 0.750 108 110 110 110 110 110 110 110 110 110 • 
667 55.82 58.65 1.00 5,730 3.000 113 100 107 110 110 110 110 110 110 110 • 
668 57.39 57.65 0.65 8,815 1.500 99 110 110 110 110 110 110 110 110 110 • 
E69 58.43 58.99 1.50 3,820 5.500 90 95 100 105 108 110 110 110 110 110 • 
670 59.54 59.69 0.97 5,927 3.125 95 103 110 110 110 110 110 110 110 110 • 
671 CIIVO-olMPOO 59.97 00.81 2.03 2,818 5.625 78 82 811 90 94 98 101 105 108 110 • 
672 Cc.M-olMP61 00.98 81.48 2.00 2,865 5.825 79 83 87 91 95 99 102 108 109 110 • 
673 81.83 82.11 1.00 5,730 3.250 95 102 108 110 110 110 110 110 110 110 • 
674 82.98 83.22 0.43 13,222 0.500 90 90 90 90 90 90 90 90 90 90 90 
675 83.53 83.87 1.00 5,730 2.825 90 90 90 90 90 90 90 90 90 90 • 
878 64.85 65.51 0.33 17,189 0.750 90 90 90 90 90 90 90 90 90 90 • 
671 811.36 811.59 0.85 8,741 2.815 90 90 90 90 90 90 90 90 90 90 • 

• 

,-.:;;, 
·::;, 

• 
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~ Eastbound X..2000 TEST PROGRAM Track No.2 
NEC MAINLINE SPEEDS 

rN.I 
TIIIEfAIIU! 

DESCRl'l10II 
IIILEPOST 
LOCA11011 

CURVEIIEOIIEl'RY 
IIEOREl!RADIUI I.E. rua .-us l"UI 

CNP! !BPQJIMNCI IPffPI 
rue TUI rue rue 1D"IJI 11"UB 12"UB 

l'Rlll'OSED IIAXJ-
TESTINCISl'EED w.., &d (declm,I/ /fltll lh;/lel/ (mp/I/ (mph/ (mph} (mph} (mph} (mph} (mph] [mph} [mph} [mph/ (mph/ 

302 85.40 85.30 1.911 2,889 2.00 60 66 71 76 81 85 89 90 90 90 1IO 
301 85.08 85.00 1.47 3,907 1.75 68 75 81 87 90 Ill) Ill) Ill) 90 Ill) • 
300 C..... at NII &-endl olN. Philo. 1111. pltlnn. 84.93 84.84 0.83 8,878 2.00 Ill) Ill) Ill) Ill) Ill) Ill) Ill) Ill) Ill) Ill) • 
299 C..... 11•1&-endl olN. Phill.1111. pltlnn. 84.78 84.70 1.03 5,5«; 1.25 77 85 90 Ill) Ill) Ill) Ill) Ill) 90 90 • 
299 C......MP84.01o:1nd6treol-bridgo 83.82 83.08 2.52 WI 5.00 ffT 71 75 79 83 85 89 Ill) Ill) Ill) • 
2911 c.r...-. m-..ifold 81.75 81.38 4.cr.! 1,426 5.50 55 58 61 84 ffT 88 72 74 77 79 100 
'1!11 C...... •lwl!d hm Fonl 81.30 80.89 1.80 3,183 2.00 63 88 75 80 85 89 93 911 100 100 • 
298 79.88 79.18 0.00 9,549 2.25 100 100 100 100 100 100 100 100 100 100 • 
295 78.51 7810 0.32 18.~ 1.50 100 100 100 100 100 100 100 100 100 100 . 
294 77.04 76.88 1.00 5,730 4.75 105 112 118 124 125 125 125 125 125 125 125 
293 71.47 71.11 0.88 8,385 3.25 114 123 125 125 125 125 125 125 125 125 • 
292 Finl --ofMP 75.0 75.40 · 75.08 0.75 7,840 4.00 115 123 125 125 125 125 125 125 125 125 • 
281 ---MP74.0n!MP75.0 75.08 74.62 1.55 3,887 5.75 Ill) 85 100 104 108 113 117 120 124 125 • 
290 _,._ _,MP74.0n!MP75.0 74.47 74.07 1.47 3,907 5.25 Ill) 85 100 105 1119 114 118 12'l 125 125 • 
289 72.57 72.17 0.33 17,189 1.75 125 125 125 125 125 125 125 125 125 125 • 
288 C......-olC!v,,lon 70.81 70.08 1.18 • 4,842 5.75 103 108 114 119 124 125 125 125 125 125 • 
287 88.70 88.00 0.17 34,378 0.50 150 150 150 150 150 150 150 150 150 150 150 
286 ffT.89 ee.12 0.47 12,218 2.25 127 138 149 150 150 150 150 150 150 150 • 
285 C...... - olGnrlctt 66.33 85.82 • 0.72 7,895 4.75 124 132 139 1<16 150 150 150 150 150 150 • 
284 C...... ealolGnrlctt 84.94 84.111 0.66 8,815 3.75 122 131 139 1<16 150 150 150 150 150 150 • 
283 C......_,MP81.0n!MP82.0 81.93 81.39 0.72 7,'i!IE, 4.25 120 128 138 143 150 150 150 150 150 150 • 

, 282 
280 Fillt __.,_ 

111.54 

57.13 

111.22 

57.00 

0.35 

0.57 

18,370 

10,111 

1.25 

2.00 

132 

112 

146 

123 

150 

133 

150 

142 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

• 
• 

279 Fillt""""-olT- 56.33 56.05 O.ffT 8,!94 2.25 108 118 125 133 141 148 150 150 150 150 • 
278 50.46 50.38 0.30 19,009 1.00 138 150 150 150 150 150 150 150 150 150 • 
277 40.24 39.48 0.30 19,009 1.50 146 150 150 150 150 150 150 150 150 150 • 
278 39.38 41.94 0.52 11.cm 3.25 131 142 150 150 150 150 150 150 150 150 • 

Pagefo/2 
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Eastbound TrackNo.2X-2000 JEST PROGRAM 
NEC MAINLINE SPEEDS 

TIIIETABU: IIIILEPOIT CUIM! Ol:OIIETRY ~1 mumClJRVINQ PFF• s PROPOSED IIAXI-
cu DEICRIPIION I.OCAllOII DEGREE RADIUS I.E. :rue -rue rue rua TUB rua rua 111"1111 11"UB 1l'UB 1BTING SPEED 

Wat &d r-n.i, [IN/} (lndln] (mph} (mph] (mph} {mph} {mph} (mph} (mph] (mph} (mph} (mph} (mph} 

275 34.21 33.75 0.30 19,089 1.25 142 150 150 150 150 150 150 150 150 150 150 

274 31.34 31.12 0.'45 12,7.13 2.75 135 146 150 150 150 150 150 150 150 150 . 
273 30.65 30.25 0.43 13,222 2.75 138 149 150 150 150 150 150 150 150 150 • 
m 26.91 21.es 0.47 12,218 2.25 127 138 149 150 150 150 150 150 150 150 • 
271 71.65 71.43 028 20.222 1.75 150 150 1511 150 150 150 150 150 1511 150 • 

270 Thid CUMI - ol t..ilc:on 71.\1 26.74 0.11 1,413 3.75 112 120 128 135 142 148 150 150 150 150 • 

269 Second--ol t..i1c:on
268 Firlt __, olt..ilc:on 

28.65 

25.84 

28.38 

24.88 

1.'45 

1.87 

3,951 

3,069 

5.75 

8.25 

B3 

84 

98 

89 

IOI 

93 

109 

117 

112 

101 

116 

104 

121 

109 

125 

112 

125 

115 

125 

11B 

125 

• 
267 CurvHI MP 25.0 24.53 24.11 1.1B 4,842 4.15 117 103 109 114 119 124 125 125 125 125 • 
26B firltQIM -olMP 24.0 23.88 23.81 1.55 3,897 5.75 90 95 100 104 109 113 117 120 124 125 . 
265 Flrl1 cuw-olMP 24.0 23.51 22.88 1.'45 3,951 5.25 90 .95 100 1115 110 114 118 123 125 125 • 
264 22.81 22.45 0.77 1,413 4.50 118 125 125 125 125 125 125 125 125 125 • 
263 22.04 21.88 0.72 7,996 4.25 120 125 125 125 125 125 125 125 125 125 • 
262 21.84 21.68 0.72 7,996 3.25 112 120 125 125 125 125 125 125 125 125 . 
281 20.80 20.71 0.67 B,594 3.25 116 125 125 125 125 125 125 125 125 125 • 
260 20.89 20.39 0.25 22,919 0.50 125 125 125 125 125 125 125 125 125 125 • 
258 19.74 19.64 0.42 13,751 1.75 125 125 125 125 125 125 125 125 125 125 • 
25B 19.41 19.26 0.28 20.222 1.75 125 125 125 125 125 125 125 125 125 125 • 
25B 1B.94 1B.64 0.42 13,751 3.00 125 125 125 125 125 125 125 125 125 125 • 
2!i6 1B.50 1B20 020 28,648 0.50 125 125 125 125 125 125 125 125 125 125 • 
254 15.10 14.70 ' 020 28,648 0.50 125 125 125 125 125 125 125 125 125 125 • 
253 C--.Elizll>e!h&9ncnBlockSlltion

• 252 c--.Elizll>e!haancnBlocks1111an 

14.28 

13.10 

14.03 

13.05 

2.37 

1.97 

2,421 

2,913 

2.50 

4.25 

5B 

73 

63 

11 

67 

82 

72 

88 

76 

90 

80 

94 

B3 

98 

B7 

102 

90 

1115 

94 

109 

110 

• 
251 12.54 12.29 020 28,648 0.50 110 110 110 110 110 110 110 110 110 110 • 
250 

·-

249 C...011-

10.49 

9.24 

10.21 

9.18 

0.32 

1.02 

18,094 

5,838 

2.00 

2.75 

110 

90 

110 
•

90 

110 

90 

110 

90 

110 

90 

110 

90 

110 

90 

110 

90 

110 

90 

110 

90 

• 
90 

248 920 9.30 1.47 3J111 2.00 lU 78 83 88 90 90 90 90 90 90 • 
•.j'age2of2 X2000NEEJ<I.S ...... 



' •-J 
., !I Westbound x.2000 JEST PROGRAM TrackNo,3 

NEC MAINLINE SPEEDS 

fNJj 
TIIIErABLE 

DEICIUPIION 
MILEPOST 
LOCATION 

&at w..r 

CURVE OEOIIEIRY 
DEGREERADIUS u, 
(dm,IJ ((Ht] (h:/ltl/ 

rue 
(mph] 

4"UB 
(mph] 

CAI.CH A,lE) CURVlfll lOFFIIS 
rue rue rue rue 

(mp/I/ (mph] (mph/ (mph] (mph/ - 111"UB 
(mph/ 

1rua 
(mph/ 

1:rue 
(mph/ 

PROPOSED 11AX11U1 
TESTING SPEED 

(mp/I/ 
248 9,20 9.30 0,115 8-031 1.000 78 111 90 90 90 90 90 90 90 90 90 
248 C....11- 10.24 10,116 0.97 5.f1ll 2750 90 90 90 90 90 90 90 90 90 90 . 
2liO 12.28 12,116 0.32 18,1114 1.2li0 110 110 110 110 110 110 110 110 110 110 110 
251 13.05 13.10 0.20 28,848 0.500 110 110 110 110 110 110 110 110 110 110 • 
252 
253 

Clmo_,_&EinontlllockStllicxl 
Cimo __,EinontlllockSlllion 

14.05 

14.29 

14.29 

14.70 

1.115 

240 

2.93B 
2,387 

4.2li0 

4.500 

73 

111 

78 

71 

82 

75 

87 

78 

91 
B3 • 

115 

811 

119 

90 

102 

Ill 

108 

115 

100 

119 

• 
• 

254 18.20 18.48 0.20 28,848 0.500 125 125 125 125 125 125 125 125 125 125 125 
25B 18.85 18.115 0.20 28,848 0.2li0 125 125 125 125 125 125 125 125 125 125 • 
258 19.25 19.45 0.20 :28,848 0.500 125 125 125 125 125 125 125 125 125 125 • 
258 19.75 111.115 0.20 28,848 0.500 125 125 125 125 125 125 125 125 125 125 • 
259 20.39 20.71 0.48 11,1154 1.500 115 125 125 125 125 125 125 125 125 125 • 
2&) 20.74 20.80 0.29 20,222 1.000 125 125 125 125 125 125 125 125 125 125 • 
281 21.67 21.115 0.70 8,1115 4.000 120 125 125 125 125 125 125 125 125 125 • 
2112 21.89 22.08 0.70 8,185 3.000 111 120 125 125 125 125 125 125 125 125 . 
283 22.47 22.84 0.115 8,815 3.500 120 125 125 125 125 125 125 125 125 125 • 
264 2'2.87 23.57 0.82 · 7,018 4.500 115 122 125 125 125 125 125 125 125 125 • 
2115 FillQIYOeatolMP24.0 23.66 23.92 1.42 4,044 6000 115 100 105 110 115 119 123 125 125 125 • 
266 Fill _ _,GIMP24.0 24.15 24.19 1.50 3,820 5.500 90 115 100 105 100 113 116 122 125 125 • 
261 CUVe II MP 25.0 24.73 25.52 ' 1.20 4,715 4.750 115 102 1111 113 118 123 125 125 125 125 • 
266 
2!i9 

Fillcuvo_,ol~ 
___.,~ 28.39 28.66 1.83 2,964 6.000 82 8ll 90 94 98 102 105 109 112 115 • 

270 

271 

Tlwd __,,~ 
28.76 

27.48 

28.98 

27.18 

27,66 

29.07 

1.43 

0.11 

0.20 

3,997 

7,473 

28,848 

6.000 

3.750 

1.500 

95 

112 

150 

100 

120 

150 

105 

128 

150 

109 

135 

150 

114 

142 

150 

118 

148 

150 

122 

150 

150 

125 

150 

150 

125 

150 

150 

125 

150 

150 

• 

-150 

• 
272 30.27 30.66 0.43 13,222 2.750 138 148 150 150 150 150 150 150 150 150 • 
273 31.13 31.33 0.45 12,733 3.CKXI 138 148 150 150 150 150 150 150 150 150 • 
274 33.77 34.22 0.45 12,733 3.CKXI 138 148 150 150 150 150 150 150 150 150 • 
275 39.08 311.37 0.30 19,099 1.500 148 150 150 150 150 150 150 150 150 150 • 

Paae1d'2 



Westbound Track No.3x-2000 JEST PROGRAM 
NEC MAINLINE SPEEDS 

--TIIIETABL! IIUPOST CURVE OEOIIEIRY CALctn.ATED CURVlllQ SPFFDS 
CV~ DEICRl'l10II LOCATION DEGRE£ RADIUS I.E. rue 4"1111 ll"IJII rua l"'UB rue "'8 111"UB 11"UII 1Z"UII TES11NO SP&D 

Eut WMI (do<.lm«J f!MIJ fincl>ul (mp/11 (mp/lJ (mp/lJ (mp/lJ (mp/11 (mp/lJ (mp/11 (mpt,J (mp/lJ (mp/lJ (mpt,J 

278 31U9 40.26 0.52 11,090 3.250 131 142 150 150 150 150 150 150 150 150 150 

'DI 50.38 50.50 0.30 19,099 1.000 138 150 150 150 150 150 150 150 150 150 • 

278 56.13 56.35 0:0 21.486 1.000 148 150 150 150 150 150 150 150 150 150 • 

279 FimCIIIYO-lafTIOlllon 56.99 57.12 0.87 8.594 2.600 109 118 127 135 143 150 150 150 150 150 • 

280 Finl - -•al Moni1 56.42 68.09 0.82 7,018 4.000 111 118 125 132 139 145 150 150 150 150 • 
261 68.50 68.70 0.17 34,378 0.750 150 150 150 150 150 150 150 150 150 150 • 
282 00.24 00.57 0.37 15,626 2.250 143 150 150 150 150 150 150 150 150 150 • 
283 CUV.-.MP81.0andt.f'82.0 81.40 81.94 0.73 7.813 4.600 121 129 136 143 150 150 150 150 150 150 • 
294 cuv.-1 alGM<lf 84.82 84.95 0.65 8,815 4.000 124 133 141 148 150 150 150 150 150 150 •. 

266 CUV.-afQIIICtt 65.83 118.33 0.73 7.813 4.600 121 129 136 143 150 150 150 150 150 150 • 
295 118.72 87.118 0.47 12,278 2.250 127 138 149 150 150 150 150 150 150 150 • 
267 118.00 118.70 0.17 34,378 0.600 150 150 150 150 150 150 150 150 150 150 • 
288 CUV.-afenr,,don 70.03 70.68 1.17 4,911 8.000 105 111 118 121 125 125 125 125 125 125 125 

2S8 72.21 72.00 0.35 18.370 1.600 125 125 125 125 125 125 125 125 125 125 • 
290 ---t.f'74.0andt.f'75.0 74.08 74.49 1.45 3,951 5.750 93 98 103 108 112 116 121 125 125 125 • 
291 ---t.f'74.0andt.f'75.0 74.84 75.11 1.42 4.044 5.000 90 95 100 105 110 115 119 123 125 125 • 
292 fn1CIIIYO-aft.f'75.0 75.14 75.41 0.75 7.840 3.600 111 120 125 125 125 125 125 125 125 125 • 
293 78.14 78.48 0.70 8,185 3.250 113 • 122 125 125 125 125 125 125 125 125 • 
294 78.70 77.04 1.00 5,730 4.000 100 107 113 120 125 125 125 125 125 125 . 
295 7821 78.50 0.33 17.189 1.250 100 100 100 100 100 100 100 100 100 100 100 

295 7923 79.73 '0.62 9.291 1.600 100 100 100 100 100 100 100 100 100 100 • 
295 cuv.-,Shcnandf'Old 81.39 81.75 4.07 1.409 5.000 53 56 68 62 65 118 70 73 75 77 • 
299 CUV.MP84.0lo:bld8--..odbqo 83.14 83.83 2.47 2,323 5.000 68 72 78 II) 83 87 90 90 90 90 Ill) 

299 Cuveul ..iand_._ GIN. Phil. -pl 84.74 84.81 1.08 5,269 1.000 73 81 89 90 90 90 90 90 90 90 • 
li! C11ve11I ..ianc1-1-afN. Pia allliM pl 84.88 65.01 0.00 7,162 2.250 90 90 90 90 90 90 90 90 90 90 • 
301 85.07 85.14 1.37 4,192 1.600 69 78 82 89 90 90 90 90 90 90 • 
3lll 85.38 85.49 1.90 3,018 2.250 83 119 74 79 83 88 90 90 90 90 • 

•-1 Page2of2 X2000NEW.XlS 
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Eastbound NATIONAL RAILROAD PASSENGER CORPORATlON WAStoNYP 

X-2000 Proposed Revenue Service Speed Profiles 

MILEPOST TIMETABLE 
DESCRIPTIONi CV, ITRKI LOCATION 

·125 moh Ma,cfmum Spe, 
CURVE GEOMETRY 

DEGREE 

AU:TRACKS TIMETABLE SP£EO 

L::•1~:-:, I ,±·:: 2.80 .1.75 2.2 · • • I · .. 2.2• . -45 -45 •.. 0 . 

TRACK#2 85 
,JIFJit.1.'133.91.•0AAI ·>" :: ,+. ., · .,.,,.,,,: .,,,. _....,,...::c,:: o.97 < I .; 4.-45 ·o:s 0.5 .,85. 85. 0 
TRACK #2 133.00 99.80 MILEPOST 133.0 to FREDERICI< RO. 

ti;l\11 ::1:: 

it 
i!Ol'i1f ', :it 
'.iorr'• 

,~-·3111 2 106.93 106.48 CIIWICIUtholMP 108.0 

11■1 

~1 Page 1 of7 

, . 0,88 <::'\ . 4.54 . . 2.9 5.3'. 

.,::;;:..o.:is.·o:::-.-·: .·5.3·:-.> 
Wto.111/ti' u 

2.<IO .. ·. 

/0.12 

::::.·o:e2 
,• :::;;·

t11I::: •• 

1.53 8.59 8.8 9.3 90 120 3D 

tilfilliliif~i, 
X2RV125EXI.S 

·'J'"l 

121 



125 

.,."} 

Eastbound NATIONAL RAILROAD PASSENGER CORPORATION 
X-2000 Proposed Revenue Service Speed Proff/es 

'126 mph Maximum Spee, 
CURVING SPEEDS 

CN# ITRK I LOCATION DESCRIPTION 
MILEPOST TIMETABLE 

CURRENT IPROPOSED I INCREASE 

TRACK# 2 133.00 99.80 MILEPOST 133.0 fo FREDERICK ROAD (continued) 

• ••,125 ·''· 20 

••• \.125,J;;j,;.,<,.0:Et2'l•'':~Il;:~~tl~~il~~i:D~;::.:.,,2t: ., ,)-< 1:: •l: .:ti'.:;::::·; ii tll';~:Cl:, ;:t:~ ,t.: ir:: 
1.12 3.91 7.◄ 9.0 100 120 20 

TAACK#2 99.80 98.10 FREDERICKROADfoFULTON 
., .,•••••••••• ····1::~···. -•.. ' .. ' ,... ' ··.· . ._ .··-• ......- :-· . ·:.;.-·•· . ·, 

,~x ;/: t ,.=;~,w,~:, ::::::::.~,w Road Sfiltion 
. ., . .......... -.:'• . 5 ..
' >'+ •I ' -!'.! ~:~ >Iii!:~-'' I { ::; 10 

AU. TRACKS 98.10 94.80 FULTON to NORTH PORTALS OF UNION TUNNEL 
~ 2 4.22 1.65 3.1 3.8 ,4() "1(J 

Ill iiiiiii~'Ei&,-
First CIIY9 north ol Union Tunnels 5.00 2.58 6.2 7.1 45 50 5 ..?~,.ii ,,~ ·l:ti

IB ,~l~~'~11~E:~;f~~;r~ 
TRACKU 85.00 BAY to MILEPOST 85.0 

11111 11,:Eift;~i~E4111i 
TRACK#2 

1i;~ I!:1 .::_,:i::;! ;rf~~;ii½iftt:t:;"::!tJ~it,f ::;r::" <\:::11 ~~;;i 
,,.361, _M, :·.. l·.... .. 79 8' . ; 'N.57.., t:=::)~ \:.<?JL : ....<:V'.... . ~--, , i « , /'~i::.., :'. . ·f D,30 -.., _ 1.38 

10 '1;,,~lfl!11',::t!t I! •-~_;;,~l~;,; ~f!:=~zi;i1f1,t:/;·i!~1t~i:':f;+> ~::ii:t:. :~:•: 

..3115 · 2. 73.80 .· i73.IIIS ·o.20 0.Tii u .. , 1.4 '· ,:is· • • 12,r:· • ' •• o · 

WAStoNYP 

MAXIMUM 
UNESPEED 

80 

TIMETABLE SPEED 

60 

110 

125 



Eastbound NATIONAL RAILROAD PASSENGER CORPORATION 
x-2000 Proposed Revenue Service Speed Profiles 

,hMaxlmum 
TIMETABLE CURVE GEOMETRY UNBAI..ANCE CURVING SPEEDSMlLEPOSf 

DESCIUPTION OEGAEECV, ITRI( I LOCATION 

1TRACK#2l1 71.50 80.70 BUSH to GRACE 

i~-- fi~i;i1~1~~tf~!19~,~·
~ 1 81.36 !0.45 FntcuvelCIUtholGraco 0.72 1.17 3.8 5.1 95 100 5 

TRACK# 2 li0,70 59.70 GRACE to SO\lll\WARD LIMITS OF PERRY 
TRACK #2 59.70 28.30 SOUTIIWARD LIMITS Of PERRY to YARD 

•;;~I., ,?:? :Jl,119.;;J}§T~J ;ij+,i/l\½;w#'.tu.J;,\\t\\ L: •o,-45.>Iss • :·• .. 1;15 ,.;;$,2 4.2•.. 1!0 125 ,; 1s 
347 2 57.17 56.71 Cllvea1MP57.0,nor1ho1Princo uo 6.07 8.0 8.7 95 120 25 

342 2 56.ee 49.oo Cllvea\MP!iO.O 1.38 5.83 7.9 9.1 90 120 30 

i4"-~-""""'" " ••,,• --- .,, '•c '"'''' ,w•· .,i:11ISiIii 
".4i Y'o•-\ 

f::/''15 \.}~\.
·,Jl8.I Jiii~!Ifif': iii{o,· 

·O;;~
-.;i,_,,·;s 

·15 '· 

•·1,o'X (!~;1tj>.; 

• 

'i!U~ll~ 
~J 
.} 

WAStoNYP • 

MAXIMUM 
LINE SPEED 

125 

90 
125 

PB(l8 3of7 X2RV125E.xLS 



~} 
c.:.c Eastbound NATIONAL RAILROAD PASSENGER CORPORATION 

X-2000 Proposed Revenue Service Speed Profiles 
'125 mph Maximum Speed, 

MILEPOST TIMETABLE CURVE GEOMETRY UNIIAI.ANCE CURVING SPEEDS 
CYI ITRK LOCATION DESCRIPTION 

TRACK# 2 28.30 
328 I 2 I 21.53 

27.00 YARD to BRANDY 
28.98 IC11Ve1tMP27.0 3.48 0.01 4,9 4.9 40 .cs 5 

TRACK#2 27.00 26.80BRAND'rto WINE 
TRACK# 2 26.80 25.50 WINE to LANDUTH 
327 I 2 I 26.17 (CIIVe noi1h of WimlfGlon Station 4.77 1.76 5.0 5.4 40 .cs 5 

TRACK#2 16.50 LANDUTH to HOOK 

.;.,~;f~~~:i£~t1~·u:mt=~~ ;::~f:t~:'.:::!:;1fM: ... , ..~.:-·:· . .,_, .-. 

·:::e::•5_114_ 

TRACK# 2 1&.50 

WASIONYP 

MAXIMUM 
LINE SPEED 

ao 

30 

80 

110 

90 

~I. ii E~ii~f~lilll 
TRACK#2 11.50 

-1.00 • 100:dd>C:.:,O_;2J?l1
l~:};

• 

100 



I I I 

Eastbound NATIONAL RAILROAD PASSENGER CORPORATION WAStoNYP 

MILEPOST 
Cvt ITRI< 1 LOCATION 

X-2000 Proposed Revenue Service Speed Profiles 
,hMaKlmum 

TIMETABLE CURVE GEOMETRY UNBALANCE 
DESCRIPTION DEGREE 

CURVING SPEEDS MOM 
LINE SPEED 

ALL TRACKS 3.00 88.75 MILEPOST 3.0 lo E.ASTWARDUMlfS-OF ZOO 
, ·70 
·101 

•• ·80'liili '•·"·..J)t.s:..·••/···r:i''.,\;'Ai,i.l,t(::;,,·,tI:;ti:::):'"···•· ;~E~ gf 't,E. § ., 
303 H 2 1.23 1.14 Al CUNeO be-341h Sl OH 8rtdgo &Pem 1/1. S9111lloc 4.78 0.21 5.1 4.3 40 
3030 2 0.88 0.67 AICUNeObe-341hSlOHBridgo&PeMI/I.Si,,alloc 6.crr 1.10· 5.1 5.9 40 

303F 1 88.99 88.79 AllarvnbeMenZoolllld34thSLOHBridgo 0.97 1.66 •1.0 .0.6 30 
303E 1 88.73 88.44 AlarvnbeMenZooand34th8lOHBridgo 2.80 2.59 -0.8 .0.1 30 

TRACK I 2 86.75 &5.50 EASTWARD LIMITS OF ZOO lo NORTH PHILADELPHIA 

TIMETABLE SPEED 

•. 70 ·O 

:..:if} i't: 
40 0 

40 0 

30 0 

30 0 

70 
~±L2d·•88.!iF#88~t'deiiwall!ridge_86.11~\le)./L·~~~· L~J.78 .•1(~3'74·.·... J..::::~2.4 • 2.9 ro T ,10 ·FT o .· · 
TRACK# 2 &5.50 14.50 THROUGH NORTH PHILADELPHIA IMTERLOCl<lNG 

,,111;~:f3S~~s~~~, :: 1=111~~111 ~ES: ~~1111I.::,,,,,... " -~ ,@fil1l.t~-<', ,¼.ltrr,~J,=",._:,,'::'. -;_n~},, '7, -+- ,<,~,w ,,,'..!-ill -i:,,· :;.:t· :·:.,,;.:..-. ·:-\f..;. -::;:.·;:.,,. ·.:::.,,.. ,: ·<·.:"::'-{·.-··. ·:r,::.=, :,.:·,::::.,_, .._:I:·--• .'-:::::.,-- :.:·.i::.t _.,,,,t,;,:.-·•:-fj/ 
, 299W )'.:'2' M,77,F'.va..ro> ~~--~hiridNOflD' o•. \IUllll 

A' 

n :)'-: '.~· :::··.:;,too/s: /\_i_:1.38'{:~'.: ""\''t·f;f'.?: -\\t.9 ···,:i/ )i·->·,~!>'/::i ;\?:%~''If 

TRACK #2 84.50 82.00 NORTH PHILADEI.P~A lo SHORE . . . .. , a ~ 70 ~r 
i299 "d..2 :rc:-$3.82 + &:1,oa •· toABrldge C,_2.ss . I s.08 ·. L 3.1. I ~-· = · I ·.,ro ···• I 5I 
TRACK 12 82.00 76.00 110 
298 2 I 81.75 4.05 5.30 8.6 8.9 I 50 70 I 20 

'NI 2 81.30 1.80 1.98 8.2 9.8 80 90 30I 

trl§I 1s!~!Et~ ~JliI~ti:~": 
-.J 
{'0 
~ Pagt, 6of7 X2RV125E.XLS 
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Eastbound NATIONAL RAILROAD PASSENGER CORPORATION WASloNYP 

X-2000 Proposed Revenue Service Speed Profiles 
'125 mph Maximum S, 

MILEPOST TIMETABLE CURVE GEOMETRY UNBALANCE CURVING SPEEDS 
DEGREEDESCRIPTIONLOCATIONCV# ITRK 

TRACK #27UO • 58.40 MILEPOST76.0 to MORRIS 
•.. '• 0.75 :•••:,M:::rl.,:2,.:e 

291 2 1.55••~:;•+':i~::i1===5~:~::::l~~~::: 1.48290 
)WIY: lfflfffiff,iP 

a 
2 Monts lnllr1ocklng 

125... ,'.• 5 

8.3 8.9 90 115 25 
5.'49 8.2 8.7 90 115 25 

..-::_h1:20,,i. 

1
!itf:i:1i 

100 100 
11111~111 ili1 

1~4IIJ,~ffll1;~.~~1;:·:Jltl11
;ztl::;Tt;, ·;n'ti::~:~j'.z!~:J::: i~iil~f1itiI(li.i'.tlft}t!~~:!:}\ll 1;~~:1:i~~~i~: 

TRACK-n 54.00 125 

f't;: .., 

' TRACK#2 110 

:~;;;l:'1~1Jj1~~;f£~;t ~~_::~::.~J:;;}~.~i;;.;I~;··;~rl t~~i:r,~:==~·,.i~,f?i~;::1;. ;11:~:~\N!:j i;·i11~,:1;·1,1•·1~::i:;1t·1:;;::~;21 
268 2 26.65 26.38 Fntc:uve-Clllilcoln 1.87 I 8.38 8.1 8.5 80 105 25 

1i11 :i!j,lti\iI~:r~if:l!1!!1:1 

110 



110 

Eastbound WAStoNYP •NATIONAL RAILROAD PASSENGER CORPORATION 
X-2000 Proposed Revenue Service Speed Profiles 

Maximums, 
MAXIMUMMILEPOST TIMETABLE I CURVE GEOMETRY I -··- ··-- I ······- -· ---- ;;;:l

DESCRIPTIONM ITAK I LOCATION 

TRACK# 2 28.00 :Z0.00 MILEPOST 28.0 to MILEPOST :ZO.O tc:onUnuedl 

~I■.
TRACK #2 20.00 15.10 MILEPOST 20.0 to ELMORA 

1:lii~ :I!;( 1ii11iiit
1 

TRACK#2 15.10 10.50 ELMORAtoHUNTER 
2 15]0-14.70 Elmora lnteitocl<lng 

253 2 14.65 14.25 ClrveeastolElmora 

252 2 14.25 14.03 FhlcuveMStolMP 14.0 

J:·:;; ni: i¼~~lll! 
249 2 10.49 10.21 

ALI. TRACKS 10.50 0.00 HUNTER to PENNSYLVANIA STATION;-HEW YORK 

,249 .. . 2 . >9.24 
·• 241 M ,·2·•• ·•es··,:··,:,: ...; ·:_, ::- ,\/. 

' ji,i~ 
:,it::~ ;;wi1~t3W'i~i>o•·,::JKAY-F?·::gns'.: :z:;'yr:=y:g~:~pt1~1}-<:::=(:':.-'',:: 

240 W3.61 W2.96 CIIVI wast olIlle- portal North River Tunnels 
;23e'!'i /i'I wt1•·'"wt.10 

..... Page 7of7 

........n.-.- l .. ,...,.. ..... ,r., _.,_,.. __ 1 ,,............ .... ............ 1 ..... - ...... 1 ........... ..;: UNESPEED 

• 0.78 .• ... 4.72 .•• • • •. 1.9 ..• · 3.3 110 . 110 

,Ii::,~~llit~!~iiP• 
~~ ii1~!~~g;, • , 

125 

110 
55 55 0 

2.37 2.68 3.3 3.5 55 60 5 

1.98 ◄.09 2.7 3.1 85 70 5 

··•· ::::? •• ···• • ::••:/ IJ?r1t::l!lw tll1i'J!:t!:!! ·::i;~::I\! :!l!ll~llll 
1.02 2.74 0.8 1.8 70 70 

TIMETABLUPRD 
1.00.. 0.50 . 2.9 . T .-5.S 

:..• o.42 • o.2i • 

11,.,:~gi~/,~~: 
70 70 

:.·.! d.-itH) ;;;::::,11>):i }J';iil'O'.Jft: ' ~=::;~,w: 2;;::l;;;~:;:90:n?-
75 0 

::: :: /::: ::: .I·•· . ~:~ .. . ··eo ·••o. 

' X2RV125E.XL.S 
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Westbound NATIONAL RAILROAD PASSENGER CORPORATION NYPtoWAS 
X-2000 Proposed Revenue Service Speed Profiles 

5 mah Maximum Saeed, 
MILEPOST CURVE GEOMETRY IJN8AI.ANCE CURVING SPEEDS 

CV, ITRK I LOCATION 
TIMETMILE 

DEGREEDESCRIPTION 

ALL TRACKS 0.00 CURRENT TIMETABLE 

.:,,~,c;;J,,2rh,v,J2G.);WXall.l :c.:Udi :.:s';;;;y;,. :h\.: ··,A,:,':' o~ '.ii, ,,J>.070,,:•:.l ': :,o.a:.:~· I.: .o.a • .60 ··>!:.:: 60 
60 60 

i~#''3 5~?t ;wl·;,1;~i;l~i1ii!i¼0,trscl;0;:1;rr::s:;l2x:;;~zKk:f;~;;L:1.::~:t.::zl :~.:~:::;.,1.•.·7M}::1LL&0:JE1 

70 70W8.10 W8. 

i:!;;:~~:;: J!l1:::l: 
. f35C· 

t!~~'.lf:. C;i;}~l, '.i~;i;ly' 
TRACK #3 10.50 15.10 110 
249 3 10.24 10.58 Cine at Hunter 

,i;!!i: Iji~, llllli" ...!i1;:i;:jr:i, 1J,;tt8'r~ l{1;[!71 ·;::j:itlilii:\!l;!{[!j!!(~:!1 
252 3 14.06 14.29 FnlcuvtMStolMP 14.0 t.97 4.120 2.6 3.2 65 70 5 

253 3 14.29 14.70 CIIYleaslolEmcnlnllfb:klng 2.42 4.580 'l.5 1.9 55 60 5 
14.70 15.10 E_,,.,. ln1"'1ocldng 55 55 0 

TRACKU 15.10 20.00 ELMORAtoMILEPOST20.0 125 

Hs:i,1 ,ret iilti~ '"·~~~':'\,;;~ ~:v~ll~i~ii11,;\?:i;i!i1i1 i1w~1~1J11:1 ~,ii~S1li1:1J.~i: 
TRACK I 3 20., no 

~:~'.;lt'.i A;i!;It, 

''!::Jx 
( .... ,,, 

'.'-' Page 1of 7 X2RV125W.XLS 
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'XI 
.:,,. Westbound NATIONAL RAILROAD PASSENGER CORPORATION NYPtoWAS 

X-2000 Proposed Revenue Service Speed Profiles 

CURVE GEOMETRY I UNB.ILANCE I CURVING SPEEDS MAXIMUM 
CV# ITRKI LOCATION 

TIMETABLEMILEPOST 
CEGREE - ISUPER-E\£V. I AVf.AAGE I LIMITING I CURRENT IPROPOSED I INCREASE LINE SPEED 

TRACK# 3 20.00 28.00 MILEPOsno.o to MILEPOST 28.0 !continued) 
268 3 I 26..0 26.67 IFisl cirve west ol Uncoln I 1.93 s.190 e.1 o.4 eo 105 25 

DESCRIPTION 

1i:ll~~~ a:•~11 ~•':Jl~tii:i::~~,~~\:lr\~::1~.:::,, ,>'!;.,,,; i:;:::~~ '1::::~:,~: x:;~':!!,;; ;':l;~~~I!: ;:::::: :;:5~~; 
TRACK# 3 28.00 54.00 MILEPOST 28,0 to MILEPOST 54.0 na 

i~iiill11f• 
110 

:::~f. !~j~ ~1:;11.11, 1•-1r•1!i!~if:::~j\}j•,·,;r~:!'Yf:!~'.:1f'.5{!,~{~!!! it11i~,~:l;'. tKij~:~/:ii >I1¼i'.~: i::f~!: :i:1r·~l'i!t,
3 58.00 58..0 Molllslnlertocklng 1n;,u.aa:.yT·'''·} 100 100 0 

TRACK# 3 58.40 76.00 MORRIS to MILEPOST 76.0 125 

i}::,· 1:t1j~iII1li11l!1S:11ili 

,.1/bl_s~f(,!\/f' 

290 3 Wl& 74.50 Rr,e,so...--MP74.0andMP75.0 1.45 90 115 2533020
291 3 74.65 75.09 Rr,e,so...-be-.MP74.0andMP75.0 1.43 90 115 25 

::8030 m:I x2!,.,,j:--,,•_•-:!-"'?mt/ ,::;.;~::,= =\ts:.~/t%~.:~{? fnt.~,:wm;w~:1S,O_'_#N~t,g;p:-=1,-;;}/=.:f_(ff}7}FW?/ ·,·_,,,.?o.n =t-} • >.·'.;"~ ·.::.•,··-..V·'- • '"•-·· :-: r:x;·_1-o?}tn;0i1~:}n:1mrir1s11w-.,...·.·-•·-·'-

V"ll'Hl....r1,uv,.., 

https://1n;,u.aa:.yT
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Westbound NATIONAL RAILROAD PASSENGER CORPORATION 
X-2000 Proposed Revenue Service Speed Profiles 

f125 mah Maximum Saeedl 
TIMETABLE CURVE GEOMETRY UNBALANCE CURVING SPEEDS 

CVI ITRKI LOCATION 
MILEPOST 

DESCRIPTION DEGREE SUPER-ELEV. AVERAGE LIMITING CURRENT PROl'OSED INCREASE 
r......&.o...1 I r--.a... .. , I r,,•.,h,...,f I rmMI f,nnhl ,,....,,, 

TRACK# 3 76.00 12.00 - MILEPOST 7&:o to SHORE 

~~Iii-•i~~.:.er,, ~;: ..~ :: • +~,; if,;~.,iE,:f,.~ 
298 3 81.39 81.79 CIIVtbe-ShoreendFOld 4.10 5.320 8.7 9.5 50 70 20 

NYPtoWAS 

MAXIMUM 
UNESPEED 

r..,..,,, 

110 

TRACK# 3 82.00 84.50 SHOREto NORTH PHlIAllELPHIA 70 

299 .. /3JBJ.16c•8384J&iveMP841D:fudffie\&\8ridge j 2.47 .I 5,190 I·· 3.3 ..... j3.9 •• J.65•.·•·•J.70 ,h• 5·.• i j 
TRACK# 3 14.50 85.50 THROUGH NORTH PHILADELPHIA INTERLOCKING 60 

TRACK# 3 85.50 86.75 NORTH PHILADELPHIA-to EASTWARD LIMITS OF ZOO]N'IERLOCKING 70 
.. m ,;L~ .}•81l,24;{fk86.38;(Ciiviat~S6,!!~Ave.)::-::.•~ .. 1- 1.s2 . I 3."40. I . I.e •.·I 2.4 • t 60 .!,; ;-10 •.L lo 

ALL TRACKS 86.75 3.00 EASTWARD UMffS OF ZOO to SOUTHWARD UMITSOF PENN (MP3.GI II CURRENT TIMETABLE 

303Z 4 87.68 89.76 AACIIVtlbe-Zooand34thSlOHBridge 4.8S 0.340 2.7 1.4 30 30 O 

304 3 89.80 90.04 AlcuwsSouthStOHBridgeloSi!,IIIIBr.2.0.2.1 4.32 1.340 3.5 4.2 411 411 o 

305 3 90.46 2.31 All cuws South St OH Bridge lo Si!,1111 Br. 2.0.2.1 2.02 2.920 o.e 0.9 50 50 0 

TRACK# 3 3.00 11.50 MILEPOST 3.0 to BALDWIN 100 

::[ Iii:: Iii~\ 
31 t'i}li{~j. :t1.~.,----;3tttbt \ttw q',ll 

;{; Xl! I:~:-,\ J-~~~l.~~i~D~~~~.·-,·:j1~1 
1 

·:Jl Page 3 of 7 X2RV125W.XLS 
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,y-, 
,:-;-, Westbound NATIONAL RAILROAD PASSENGER CORPORATION NYPtoWAS 

X-ZOOO Proposed Revenue Service Speed Profiles 
:S, 

MILEPOST TIMETAlllE UNBALANCE CURVING SPEEDS 
CY# ITRI( I LOCATIOH DESCRIPTION 

TRACK #3 11.SO 16.SO BALDWIN to HOOK 

.,, 0.85 ,,''!:, 2.260, t: 7-;i, I !3, 00 00 o

,1~11 ~i~1!!~~~~*¾, ~!~ ii~t1° 
TRACK#3 f10 

···i:=i2.7., •:,:: ,' 4.1 

,iiJ::iiiJ:;::::!:! :;;:~' ::::!,.O 

'It::~1 
TRACK# 3 25:IIO' 80 
327TT 3.42 1.210 3.6 3.8 "5 "5 11 
TRACK#3 30 

26.93 1.37 0.580 0.3 0,6 30 30 0 
26.97 1.10 0.320 0.4 0.1 30 30 0 

80 
3.95 2.960 7.6 2.9 "5 "5 0 

'ARD UMITS OF PERRY 125 
329 3 

;;ji~:;•~i!il:i!li;;,all~l~i!ll·• 



Westbound NATIONAL RAILROAD PASSENGER CORPORATION NYPtoWAS 

X-2000 Proposed Revenue Service Speed Profiles 
25moh 

UNBALANCE MAXIMUM 
DEGREE-
CURVE GEOMETRY CURVING SPEEDSTIMETABLEMILEPOST 

CURRENT !PROPOSED) INCREASE UNESPEEDDESCRIPTIONLOCATIONCYI ITRK 

125TRACK# 3 28.30 59.70 YARD to SOUTHWARD LIMITS OF PERRYTconlliiiied) 

illlllll\lfi, '~:.~ ~~t~Eitlii,,t~ ~. t 
342 3 49.85 !I0.87 CWvellMP!IO.0 UO 5.170 U U 110 120 30 

IIIE~t~;~~iii~i~~~~~ 
90TAACK#3 60.70 SOUTHWARD LIMITS OF PERRY to GRACE 

TRACK# 4-60.70 71-;-50 -GRACE Iii BUSH 125 
349 4 61.3&- fnl c,neiwtt, al llllice 0.71 2.110 3.8 - 8.2 96 105 10 

llill!f ;tilfil~1~"''1s:'fS~;,~i ~~~~e;:·JSE 
125 

·1 

TRACKl3 

II~ --~~l~t~~t;~; ·:[~itt~ 
110TRACK #3 85.00 

- 369 3 

VJ 

--1~ l 1~lt~;ffllll 
•,l Page5of1 X2RV125WXL.S 



C.•')
--~ Westbound NATIONAL RAILROAD PASSENGER CORPORATION NYPtoWAS ._... ~ 

X-2000 Proposed Revenue Service Speed Profiles 
~hM, 

TIMETABLE CURVE GEOMETRY UNBALANCE CURVING SPEEDSMILEPOST 
DESCRIPTIONcw ITRK I LOCATION 

TRACK#3 91.70 94.60 BAYtoNORTHPOIITALSOFUNIONTONNEL 60 
eo·, . 0 ..371_ : . 3 -,91:$7, ,;: 9'1.00.i RavenieCIM9-alllay ln1mtoddiig •:i::·,\' -:::: ' ~~; 'eo'.• 0 

>~ 1~ J/ -'/;:::, };'.!:~:'t '" !!;~,ii1 ~if:: :j1;~i~ti~~. lll~i\ii~:~;~:1;'.t:;,1tm:;t,1i; •i·=xii:: ViI 
1:::§'- :'t\\~::t 

375 3 94.22 94.53 First cove nortt, al Urion Tunnels 4.43 I 3.360 u 5.o 45 50 5 

All TRACKS 94.60 98.10 NORfil PORTALS OF UNION 1UNNEL to FULTON CURREHTTIMETABLf 

If ;i0::~§~I:~I§.:1;;~~~!\t :;1:~~0;\ ;::r;1,~~~: :~~ei:~t :[(~!:~:;it; 
4.15 1.IMO 2.7 3,5 40 40 0 

TRACKl3 98.10 99.60 FULfONtoFREDERlCKROAD 80 

<:1w &:0 ,w;~;:::v ;::z---=:~ta:1Mi>tY''iN'.'%W&'' >H::~ T •"<'~:+,6~::xwlx:,,;:!r 1->,ww;mw ,,,y:::%'' 
10 

TRACK# 3 99.60 133.00 FREDERICK ROAD to MILEPOST 133.0 
383 3 1.18 3.360 8.5 8,8 

391 3 106.«I 106.95 CllvellOU!hafMP 108.0 1.55 8.000 8,3 8,3 

L{f-1:~:'/\ 

100 120 20 

'1{25'!( 
:;{(20 

:-:::e,: ' 
·.t5 • 

oo I 115 

.n~-. -· .. Vftftll.ftlt'l.111 VI~ 

125 
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Westbound. NATIONAL RAILROAD PASSENGER CORPORATION NYPtoWAS 

X-2000 Proposed Revenue Service Speed Profiles 
'125 

TIMETABLE CURVE GEOMETRY UNBALANCE CURVING SPEEDS MAXIMUMMILEl'OST 
DESCRIPTION DEGREE !SUI LINE SPEEDCN# ITRKI LOCATION 

TRACK I 3 tUO 133.00 FREDERICK ROAD lo MILEPOST 133.0 (conllniitlll 125 
\,40t, I .li-. 0.83 6.060 ·.·. :i.o.,,, ,., ...4, .• ,.,,1:15 . 

1 34 
i-.·,· .. :, /;:; •\;::,::, }:t:i'{I <> • -' I~ii:1 

:'}1,;,;:o•/i

·Ei!§J • 
·\;::!'];[, 

TRACK13 1.-,vu •-- m1-.rvv1 •-•· 85 
4t4., I .3. J.J:ll.34 ,,,133.91,l++••-,:::.,.,ZZ' 0.517 -t4S()r··o.&. . f. 85' 85 0 

ALL TRACKS 134.50 136.00 AVENUE lo WASHINGTON TERMINAL CURRE!ITTIMETABU! 

415 l·J.Ji134,82\J36.\! 2.80 ·• 1.750 . I .. :.2.2 ·3.0:'/ -4&" '. 4S 0 

•:O 
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	PREFACE 
	Many advanced intercity high-speed train technologies have become an operating reality in recent years. Though mostly of foreign origin, these new trains offer the potential for immediate application in the United States to lessen trip times and improve ridership. Each high-speed train has been developed to meet the particular operating environment appropriate to the parent country's transportation policy, and must be evaluated with regards to applicability to U.S. practices and expectations to ensure that 
	The Swedish X2000 tilting train, manufactured by ASEA-Brown Boveri {ABB), offers opportunity for application over the existing rail infrastructure. For evaluation purposes, a representative X2000 trainset was provided to Amtrak by the Swedish State Railways {SJ) for test and revenue service demonstration in the U.S. Northeast Corridor.· A cooperative test effort was conducted under the direction of Amtrak and supported by the FRA Office of Research and Development, with test instrumentation supplied and ope
	This report describes the procedures and results of the vehicle dynamics tests carried out with the X2000 trainset in the Northeast Corridor and on the Philadelphia Harr.isburg line, in a time period between October, 1992, and January, 1993. Instrumented wheelsets, installed on both the power car and cab car ends of the trainset, provided direct and immediate measurement of the wheel/rail forces experienced during high speed and high cant deficiency operation. In order to attain maximum speeds in tangent an
	-

	This test report, prepared for the U.S. DOT, FRA Office of Research and Development, is preliminary in nature. Its purpose was to provide the FRA Office of Safety Enforcement with timely technical data and test results on which to base decisions in establishing operating limits for the ensuing revenue service demonstration of the X2000 trainset in the Northeast Corridor. The final report describing the complete test program and results will be forthcoming in a separate document. 
	The authors wish to thank Arne Bang and Thomas Schultz of the FRA Office of Research and Development, for their direction and support in realizing the test and demonstration, and Ken Koehler who managed the program for Amtrak. Valuable information during the test program and in the preparation of this document was provided by Amtrak, under the test direction of Ed Lombardi, by Al Shaw, Michael Trosino and Conrad Ruppert. 
	The authors also wish to thank Al MacDowell and William O'Sullivan of the FRA Office of Safety, and Herbert Weinstock of the Volpe National Transportation Systems Center for their careful monitoring and judgement in the progression of all tests. 
	In the conduct of tests, the personnel of ABB Traction, lead by Jan-Olaf Hiiggblad and Roger Nilsson, and the personnel of SJ, lead by Lennart Kloow and Martin Biifverfeldt are gratefully acknowledged for their careful preparation, proficient data collection and presentation. 
	Finally, the authors wish to thank Thomas Edwards of ABB Traction for his thorough, informed analysis and interpretation of the test data and valuable discussions throughout the program. 
	• 
	• 
	METRIC (SI*) CONVERSION FACTORS 
	APPROXIMATE CONVERSIONS TO SI UNITS 
	APPROXIMATE CONVERSIONS TO SI UNITS 
	APPROXIMATE CONVERSIONS TO SI UNITS 
	APPROXIMATE CONVERSIONS TO SI UNITS 

	s,-mbol 
	s,-mbol 
	When You Know 
	MultlplJ By 
	To Find 
	Symbol 
	Symbol 
	When You Know 
	Multlpl»' By 
	To Find 
	Sy,nbol 

	TR
	LENGTH 
	• 
	--' 
	~;; :;: 
	-

	LENGTH 

	In 
	In 
	Inches 
	2.54 
	mllllmelres 
	mm 
	= 
	~ 
	mm m 
	mllllmet,es metres 
	0.039 3.28 
	Inches leel 
	In II 

	II yd ml 
	II yd ml 
	laet yards mlles 
	0.3().48 0.914 1.61 
	metres metres kilometres 
	m m km 
	-
	--
	~ ~ 
	~ ---ii 
	m km 
	metres kilometres 
	1.09 0.621 
	yards miles 
	yd ml 

	In' II' yd' ml' 
	In' II' yd' ml' 
	square Inches square feet square yards square mlles 
	AREA 645.2 0.0929 0.636 2.59 
	mllllmetres squared metres squared metres squared kilometres squared 
	mm• m• m• km• 
	a • 
	-
	~ ~~ =-;;; 
	-

	• • • = • 
	mm' m• km• ha 
	mllllmelres squared metres squared kllometres squared hectorH (10 000 m'} 
	AREA 0.0016 10.764 0.39 2.53 
	square Inches square feet square miles acres 
	In' fl' ml' ac 

	ac 
	ac 
	acrH 
	0.395 
	hectares 
	ha 
	~ 
	~ 
	MASS (weight) 

	< 
	< 
	MASS (weight) 
	• 
	. ~ 
	g "':;; 
	= = = 
	g kg Mg 
	grams kilograms megagrams (1 000 kg) 
	0.0353 2.205 1.103 
	ounces pounds short tons 
	oz lb T 

	oz lb T 
	oz lb T 
	ouncea 28.35 pounds 0.454 short lone (2000 lb) 0.907 
	grams kilograms magagr■ ms 
	g kg Mg 
	• 
	. 
	~ ~ 
	~ . 
	VOLUME 

	TR
	~ ~--
	-

	ml 
	mlllllltres 
	0.034 
	fluid ounces 
	fl oz 

	II oz 
	II oz 
	lluld ounces 
	VOLUME 29.57 mlllllltrea 
	ml 
	-
	~ ~L 
	-

	. .. 
	l m• m• 
	Hires metres cubed metres cubed 
	0.264 35.315 1.3-08 
	gallons cubic feet cubic yards 
	gal fl' yd' 

	gel II' 
	gel II' 
	gallona cubic feet 
	3.785 0.0328 
	lllres metres cubed 
	l m• -
	-
	. 
	~ ;;; 
	--. 
	TEMPERATURE (exact) 

	yd' cubic yards 0.0765 metres c"bed NOTE: Volumes greater than 1000 L ahall be shown In m'. 
	yd' cubic yards 0.0765 metres c"bed NOTE: Volumes greater than 1000 L ahall be shown In m'. 
	m• 
	-
	;;; = 
	. • 
	•c 
	Celslus temparalure 
	915 (lhen add 32) 
	Fahrenheit temperature 
	•F 

	•F 
	•F 
	TEMPERATURE (exact) Fahrenhall 5/9 (afler Celsius 
	•c 
	f 
	• 
	=' ~ ~= 
	-

	" -! 
	Of 32 -f... ?•• i'-"1-40 r -~ I oC 
	•F.... 212 .. ~k·''°. I.•~.. ,'?"J~ I 'I 60 I 80 I 100 37 "C 
	-


	temperature 
	temperature 
	aubtracllng 32) 
	temperature 
	These factors conform to the requirement of FHWA Order 5190.1A. 

	• SI Is the symbol tor the lnlernatlonal System ol Measurements 
	• SI Is the symbol tor the lnlernatlonal System ol Measurements 


	X2OOO U.S. DEMONSTRATION VEHICLE DYNAMICS TRIALS 
	TABLE OF CONTENTS 
	Section Page 
	1. 
	1. 
	1. 
	BACKGROUND/INTRODUCTION 
	1 

	1
	1
	. 1 Summary 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	1 

	1.2 
	1.2 
	Introduction and Aims 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	2 

	1.3 
	1.3 
	Report Organization 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	3 

	2. 
	2. 
	SAFETY REQUIREMENTS 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	4 

	2.1 
	2.1 
	Safety Criteria 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	4 

	3. 
	3. 
	TEST PROCEDURE 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	7 

	3.1 
	3.1 
	Train Configuration 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	7 

	3.2 
	3.2 
	Instrumentation 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	8 

	3.3 
	3.3 
	Channel Designation 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	11 

	3.4 
	3.4 
	Test Zones 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	12 

	3.5 
	3.5 
	Test Sequence 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	15 

	3.6 
	3.6 
	Method for Determination of Cant Deficiency/Unbalance 
	. . . . 
	15 

	4. 
	4. 
	RESULTS 
	......................................... 
	18 

	4.1 
	4.1 
	Maximum Unbalance Recorded 
	. . . . . . . . . . . . . . . . . . . . . . 
	18 

	4.2 
	4.2 
	Minimum Vertical Wheel-Rail Force (Vehicle Overturn), Vmin . 
	18 

	4.3 
	4.3 
	Net Axle lateral Force (Track Panel Shift), NAL 
	. . . . . . . . . . 
	22 

	4.4 
	4.4 
	L/V Derailment Quotient (Wheel Climb), LN 
	... : . . . . . . . . . 
	22 

	4.5 
	4.5 
	Truck-side L/V Ratio (Rail Roll-Over), T-LN 
	. . . . . . . . . . . . . 
	25 

	4.6 
	4.6 
	Field Observations of Track Panel and Tie-plate Shift 
	. . . . . . . 
	27 

	4.
	4.
	7 Maximum Speed Recorded 
	. . . . . . . . . . . . . . . . . . . . . . . . . 
	27 

	4.8 
	4.8 
	Truck-frame Acceleration, TA 
	. . . . . . . . . . . . . . . . . . . . . . . 
	27 

	4.9 
	4.9 
	Simulated Revenue Earning Service Runs 
	. . . . . . . . . . . . . . . 
	27 

	5. 
	5. 
	DISCUSSION OF RESULTS 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	45 

	5. 
	5. 
	1 Test Highlights and Significant Events 
	. . . . . . . . . . . . . . . . . 
	45 

	5.2 
	5.2 
	Maximum Theoretical Cant Deficiency 
	. . . . . . . . . . . . . . . . . 
	45 

	5.3 
	5.3 
	Effects of Tilt 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	45 

	5.4 
	5.4 
	Effects of Wet Rail 
	.............................. 
	45 

	TABLE OF CONTENTS (con't) 
	Section Page 
	5.5 
	5.5 
	Effect of Side-wind on Attainable Cant Deficiency 
	. . . . . . . . . 
	46 

	5.6 
	5.6 
	Effect of Track Geometry Variance on Attainable Cant Deficiency 
	.................................... 
	47 

	5.
	5.
	7 Effect of Speed Variance on Attainable Cant Deficiency 
	. . . . . 
	47 

	5.8 
	5.8 
	Effect of Vehicle Condition on Attainable Cant Deficiency 
	. . . 
	47 

	5.9 
	5.9 
	Summary of Effects on Sustainable Operational Cant Deficiency 
	48 

	6. 
	6. 
	PRELIMINARY RECOMMENDATIONS AND CONCLUSIONS 
	....... 
	49 

	6. 
	6. 
	1 Recommendation for Operation at 9" of Cant Deficiency 
	. . . . 
	49 

	6.2 
	6.2 
	Recommended Conditions for 9" Cant Deficiency Operation 
	. . 
	50 

	6.3 
	6.3 
	Recommendations for Operation at 1O" of Cant Deficiency in Selected Curves 
	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	51 

	6.4 
	6.4 
	Recommendation for 135 mph Maximum Operation Speed 
	. . . 
	52 

	APPENDIX A Test Event Log, X2000 U.S. Demonstration 
	APPENDIX B Track Curve Information 
	LIST OF TABLES 
	3.1 
	3.1 
	Transducers and Signal Names for X2000 Test Runs 
	. . . . . . . . . . . . 
	9 

	3.2 
	3.2 
	Strip Chart Recorder Channel Designations 
	. . . . . . . . . . . . . . . . . . . 
	11 

	3.3 
	3.3 
	X2000 Test Runs in Chronological Order 
	. . . . . . . . . . . . . . . . . . . . 
	16 

	4.1 
	4.1 
	Peak Values Measured From All Test Zones, Harrisburg and NEC Lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	..... 
	19-20 

	4.2 
	4.2 
	Peak Values, Simulated Revenue Run, NEC, Washington -New York 
	................................ 
	30-33 

	4.3 
	4.3 
	Peak Values, Simulated Revenue Run (+5mph), NEC, Washington -New York 
	................................ 
	37-44 

	LIST OF FIGURES 
	Figure Page 
	3. 
	3. 
	1 Transducer Configuration, X2000 Tests 
	..................... 1 0 

	4.1 
	4.1 
	Minimum Vertical Wheel Forces Measured During X2000 Test Runs 
	.. 
	21 

	4.2 
	4.2 
	Minimum Vertical Wheel Force, Measured in Curve 671, Westbound . 
	21 

	4.3a 
	4.3a 
	Peak Net Axle Lateral Forces, Locomotive (Composite of Test Runs) 
	. . 
	22 

	4.3b 
	4.3b 
	Peak Net Axle Lateral Forces, Cab Car (Composite of Test Runs) 
	. . . . 
	23 

	4.4 
	4.4 
	Peak Net Axle Lateral Force, Axle 24, In Curve 672, Track 4 
	. . . . . . . 
	23 

	4.5 
	4.5 
	Peak Maximum Wheel L/V Ratios (Composite, All Wheels, Test Runs) . 
	24 

	4.6 
	4.6 
	Peak Maximum Wheel L/V Ratios, Left Wheel, Axle 1, Curve 663 
	... 
	25 

	4.7 
	4.7 
	Peak Maximum Truck Side L/V Ratios (Composite of Test Runs) 
	.... 
	26 

	4.8 
	4.8 
	Peak Maximum Truck Side L/V Ratios, Truck 12 (Cab) in Curve 672 
	.. 
	26 

	4.9 
	4.9 
	Minimum Vertical Wheel Forces, Simulated Revenue Service Run 
	. . . . 
	28 

	4. 
	4. 
	1 0 Peak Net Axle Lateral Forces, Simulated Revenue Service Run 
	. . . . . . 
	28 

	4.11 
	4.11 
	Maximum Wheel L/V Ratios, Simulated Revenue Service Run 
	. . . . . . 
	29 

	4.12 
	4.12 
	Maximum Truck Side L/V Ratios, Simulated Revenue Service Run 
	. . . 
	29 

	4.13 
	4.13 
	Minimum Vertical Wheel Forces, Simulated Revenue Run + 5 mph 
	. . 
	34 

	4.14 
	4.14 
	Peak Net Axle Lateral Forces, Simulated Revenue Run + 5 mph 
	. . . . 
	35 

	4.15 
	4.15 
	Maximum Wheel L/V Ratios, Simulated Revenue Run + 5 mph 
	. . . . . 
	35 

	4.16 
	4.16 
	Maximum Truck Side L/V Ratios, Simulated Revenue Run + 5 mph 
	. . 
	36 

	5.
	5.
	1 Effect of 5 mph Overspeed on Cant Deficiency 
	. . . . . . . . . . . . . . . . 
	48 


	Figure


	1. INTRODUCTION/BACKGROUND 
	1. INTRODUCTION/BACKGROUND 
	1.1 SUMMARY 
	The evaluation program for the X2000 trainset involved a series of different technical tests followed by two simulated or demonstration revenue service operations. Each test in sequence was dependent upon successful completion and analysis of performance from previous tests. 
	The overall test sequence was as follows: 
	1) Commissioning -confirmed operational readiness. 
	2) Cant Deficiency -established safe curving limits. 
	3) High Speed Stability -established maximum safe speed. 
	4) Pre Bevenue Test Runs -demonstrated the safety of the intended revenue service operation. 
	The purpose of this preliminary test report is to document the procedures, events and results from the overall test program, to support Amtrak's request for FRA approval for operation in revenue service. 
	Current plans for revenue service type operations include approximately four months of revenue service between Washington, DC and New Haven (or New York City). 
	1.1. 1 Commissioning Tests in Northeast Corridor 
	The purpose of the commissioning tests was to confirm operational readiness, up to 125 mph, with particular interest in: 1) propulsion systems, 2) safety appliances (i.e.­lights, horns, etc.), 3) brake systems, and 4) cab signals. 
	A stop test using only air brakes was performed from 125 mph. 
	Operational checkout was also performed for: 
	tight switch/curve negotiation, clearances, ride quality of a coach and locomotive, basic vehicle stability, stop distance, EMI (including during regeneration braking), pantograph uplift forces, and acceleration/current draw and transformer in-rush current. 
	(NOTE: interior and wayside sound level, stop distances, and wheel and disc temperatures were assessed using data provided by ABB). 
	1.1.2 Cant Deficiency Tests 
	5" to 12" cant deficiency runs were conducted over a test zone between Harrisburg and Philadelphia (curves between MP 44 to MP 68 were identified as suitable test candidates. 
	7" to 12" cant deficiency tests were run between New Brunswick and Metro Park. 
	1.1.3 High Speed Stability Tests 
	Tests of high speed stability were conducted east of Trenton between MP34 and MP54 on the Northeast Corridor (NEC) Mainline. Tests were scheduled to a maximum speed of 150 mph. 
	Stop tests, using air brakes only, were performed during a run at which 135 mph was achieved and a run at which 151 mph was achieved. 
	1.1.4 Pre-Revenue Test Run -Round Trip Washington to New York City 
	A recommended revenue speed profile run between Washington and New York City was submitted by Amtrak and approved by the FRA. Following the above tests, two round trips were made between Washington and New York City, one at the proposed revenue service cant deficiency/speed profile and the second at a speed profile 5 mph faster where the 125 mph maximum speed would not be exceeded. 
	1.1.5 New York to Boston Demonstration 
	Following the successful completion of the above tests and approval by the FRA, the X2000 was operated on several demonstration runs at a maximum of seven inches of cant deficiency on Metro North and eight inches of cant deficiency elsewhere. This consist was powered by two RTL turbo locomotives, between New Haven and Boston. 
	1.1.6 Revenue Service Operation 
	Following successful completion of the above and approval by the FRA, the X2000 will be placed in service in the Northeast Corridor from New Haven and New York City to Washington and from New York City to Boston for approximately two (2) months. 
	1.2 INTRODUCTION AND AIMS 
	The objective of this test was to determine the suitability of the X2000 trainset for operation at elevated cant deficiencies and speeds in Amtrak's Northeast Corridor under existing track conditions. The results of the technical tests will be used as a basis for the FRA to assess and evaluate Amtrak's request to run the X2000 at higher cant deficiencies and speeds in a revenue service demonstration. 
	1.3 REPORT ORGANIZATION 
	The purpose of this preliminary test report is to document the procedures, events and results from the overall test program as a reference for the FRA to assess Amtrak's request for demonstration in revenue service. 
	The safety criteria against which the performance of the X2000 test train was examined during the tests are reviewed in Section 2. The train configuration, instrumentation, procedures, and test locations are discussed in Section 3. Preliminary results of testing on the Philadelphia -Harrisburg and NEC mainlines are presented in Section 4. In Section 5, the significance of the results are discussed, and in Section 6, preliminary conclusions and recommendations are drawn from the results. 

	2. SAFETY REQUIREMENTS 
	2. SAFETY REQUIREMENTS 
	The fundamental basis for safe operation at higher cant deficiencies and speeds is the satisfactory control of forces acting at and across the wheel/rail interface. Safety criteria are concerned with assessing the risk of vehicle derailment through vehicle overturning, wheel climb, track gage widening (rail rollover, lateral deflection), lateral panel shift, and truck hunting. 

	2. 1 SAFETY CRITERIA 
	2. 1 SAFETY CRITERIA 
	Instrumented wheelsets were installed on the locomotive and on the driving trailer (cab car) of the X2000 trainset (a total of 4) to directly measure wheel/rail forces during these tests. The safety criteria against which the measured wheel forces are assessed were established prior to testing and are given below. These parameters and limits were used to monitor all test operations: 
	1) 
	1) 
	1) 
	Track Panel Shift: 
	Net Axle Lateral Force (NALi < 0.5 x Static Axle Load 

	TR
	for the X2000 locomotive, for the X2000 cab car, 
	NAL < 90 kN NAL < 78 kN 

	2) 
	2) 
	Wheel Climb Derailment: 
	LN Ratio (Nadal), Single Wheel < 0.8 

	TR
	conditions considered safe if each wheel L/V is less than 0.8; exceeds 0.8, then: 
	if any w
	heel 

	TR
	Axle Sum LN Ratio (Weinstock) < 1.0 examine axle sum if single wheel LN exceeds 0.8; considered safe if sum is less than 1.0 
	conditions 
	are 


	3) Rail Rollover: Truck Side LN Ratio (T-LN) < 0.5 
	4) Vehicle Overturn: Minimum Vertical Wheel Force (Vmin) > -10% of Static Wheel Load 
	for the X2000 locomotive, Vmin > 9.0 kN for the X2000 cab car, Vmin > 7.8 kN 
	5) Truck Hunting: I Truck Frame Acceleration I < 0.8 g 
	no sustained oscillations 
	Measurements of safety parameters 1) -4) were low-pass filtered at 25 Hz; measurements of 5), truck frame acceleration, were band-pass filtered, 2 -8 Hz. 
	During any test run, these safety criteria were monitored to ensure that none of the above limits were exceeded. Data projections had been used to minimize the likelihood that any safety limit would be exceeded. Prior to each run above five inches of cant deficiency, the track was visually inspected by Amtrak. 
	If any stop test criterion was met or exceeded during the test period, that condition was used to define the limiting speed for that particular curve. 
	Vertical and lateral accelerations were recorded at various locations on the car body. For future test considerations, it may be desirable to correlate carbody accelerations versus instrumented wheelset measurements. 
	Review of Test Safety Assurance 
	Priorto test initiation, ABB provided test results from previous X2000 trials carried out in Germany. It was demonstrated that, during these tests, no safety criteria limits were reached and that a substantial margin of safety was evident for all cant deficiencies. Issues of note included: 
	o 
	o 
	o 
	top speed was 251 km/h; maximum cant deficiency was 12 inches. 

	o 
	o 
	track in Germany is of better Class than in U.S.; measured lateral forces on U.S. track were expected to be somewhat higher, but the load limits are higher also. 

	o 
	o 
	radial steering made a significant contribution to the reduction of wheel/rail forces in curves of 500 m radius and greater; for curve radii less than 500 m, partial radial steering was purported to reduce wear and wheel/rail noise. 


	Comparisons of simulation predictions and measurements taken from tests in Sweden were also provided; agreement was good (given the limitations of the simulation) and a good margin of safety was both predicted and observed. 
	For comparison purposes, measurements taken from previous tests-on the NEC of a somewhat similar vehicle, the "banking Amcoach", at cant deficiencies up to 12 inches were reviewed. Again, a good margin of safety was observed. 
	A test zone of the Harrisburg Line, including 4 principal curves, was referenced for the presentation of simulation predictions. ABB provided model projections of the anticipated forces and L/V ratios using, as input, track data (specifically Track 4) from this test zone provided by Amtrak. Items noted include: 
	a 2-point wheel-rail contact condition could occur in most curves of the Harrisburg Line, given the worn track profile; projections for both single and 2-point contact conditions were reviewed. significant track alignment deviations measured by Amtrak at the beginning and end of curve transition spirals were included in the simulation. 
	the critical speed (hunting), even at an equivalent conicity of 0.4, is predicted to be well above 1 50 mph ( -165 • 175 mph). 
	Extensive vehicle dynamic simulations were carried out for the X2000 configuration, the details of which are given in (proprietary) ABB Reports TRP 9224 and TRP 9226. The data used in these simulations are representative of the X2000 vehicle types that went to make up the actual X2000 trainset under test in the United States. 
	The relevant pages of TRP 9226 give an explanation of the main parameters used in the simulations mentioned above. Thereafter follow several tables giving the values of parameters for the different vehicles in the X2000 of the mathematical model. 

	3. TEST PROCEDURE 
	3. TEST PROCEDURE 
	3.1 TRAIN CONFIGURATION 
	The X2000 trainset used during the trials was comprised of a 6 car consist as indicated below. 
	CAR TYPE CAR CLASS CAR NUMBER 
	Locomotive X2 2013 
	Coaches UA2 2719 
	UA2 2718 
	UA2 2810 
	First-Class Buffet UAR2 2609 
	Driving Trailer (Cab Car) UA2X 2511 
	UA2X + UA2 + URA + UA2 + UA2 + X2 
	Driving trailer + 1st Class Car + Bistro Car + 1st Class Car + 1st Class Car + Power Unit 
	Two RTL turbo power cars were coupled to the X2000 trainset for motive power in the non-electrified territory between New Haven and Boston only. 
	Wheel Profile 
	The X2000 demonstrated in the US was equipped throughout with S1002 wheel profiles with a thin 30mm flange. This profile had been chosen to-approximate the AAR 1B, and to provide: 
	o 
	o 
	o 
	adequate conicity and thus steering of wheelsets in curves, 

	o 
	o 
	stable running at speed even on sections of tight gauge (no less than 1428mm), and 

	o 
	o 
	a stable wheel profile shape which should no~ ch,:mge too much with wear. 


	The X2000 wheel profile was checked by superimposing it on the Amtrak standard wheel profile per drawing 246. The Amtrak wheel profile is identical to the AAR wheel profile, the only exception being the tread taper modified from 1:20 to 1 :40. The comparison showed the X2000 and Amtrak profiles to be very similar, and the X2000 profile was approved for use on the Amtrak system. 
	The suitability of this profile to conditions on the North East Corridor (NEC) has been investigated by ABB for the 140 RE rail profile both as new and for actual worn rail profiles measured in curves 662 and 663 (track #4) at Gap and Eby's on the Harrisburg Line, and from worn rail head profiles for tangent track of the section of the NEC where 150 mph running was performed. An analysis of the profiles indicates that rail heads are worn slightly flatter than new 140RE rail which leads ABB to expect that eq
	For more detailed description and analyses of the probable wheel-rail combinations met during trails on the Harrisburg Line and for nominal conditions in the United States of America, see ABB Report TRP 9224, Section 3.3. 
	3.2 INSTRUMENTATION 
	A description of the measurement transducers and their locations on the vehicle is given in Table 3.1, and depicted in Figure 3.1. 
	The nomenclature used to define each signal name was as follows: 
	V = Vertical wheel/rail force L = Lateral wheel/rail force y = Lateral acceleration z = Vertical acceleration I = left side r = right side a = axle, on axle bearing b = bogie (truck), on bogie cb = car body, on car floor over bogie (truck) center 
	TABLE 3.1 TRANSDUCERS AND SIGNAL NAMES FOR X2000 TEST RUNS 
	Signal Transducer Type Signal Description # 
	Name 
	1 
	Instrumented Wheelset 
	Instrumented Wheelset 
	L1I 
	W/R Lateral Force, Axle 1, left wheel (Locomotive) 

	2 
	Instrumented Wheelset 
	Instrumented Wheelset 
	W/R Lateral Force, Axle 1, right wheel {Locomotive)
	L1r 

	3 
	Instrumented Wheelset 
	Instrumented Wheelset 
	V1I 
	W/R Vertical Force, Axle 1, left wheel {Locomotive) 

	4 
	Instrumented Wheelset 
	Instrumented Wheelset 
	W/R Vertical Force, Axle 1, right wheel (Locomotive)
	V1r 
	W/R Lateral Force, Axle 2, left wheel {Locomotive)
	Instrumented Wheelset 
	L2I 
	W/R Lateral Force, Axle 2, right wheel (locomotive)

	6 
	Instrumented Wheelset 
	Instrumented Wheelset 
	L2r 

	7 
	Instrumented Wheelset 
	Instrumented Wheelset 
	V2I 
	W/R Vertical Force, Axle 2, left wheel (Locomotive) 

	W/R Vertical Force, Axle 2, right wheel (Locomotive)
	8 
	Instrumented Wheelset 
	Instrumented Wheelset 
	V2r 
	W/R Lateral Force, Axle 23, left wheel (Cab Car)

	9 
	Instrumented Wheelset 
	Instrumented Wheelset 
	L23I 

	Instrumented Wheelset 
	Instrumented Wheelset 
	W/R lateral Force, Axle 23, right wheel (Cab Car)
	L23r 

	1 1 
	1 1 
	Instrumented Wheelset 
	V23I 
	W/R Vertical Force, Axle 23, left wheel (Cab Car) 

	12 
	Instrumented Wheelset 
	Instrumented Wheelset 
	V23r 
	W/R Vertical Force, Axle 23, right wheel (Cab Car) 

	W/R Lateral Force, Axle 24, left wheel (Cab Car)
	13 
	Instrumented Wheelset 
	Instrumented Wheelset 
	L24I 

	14 
	W/R Lateral Force, Axle 24, right wheel (Cab Car)
	W/R Lateral Force, Axle 24, right wheel (Cab Car)
	Instrumented Wheelset 
	L24r 

	Instrumented Wheelset 
	Instrumented Wheelset 
	W/A Vertical Force, Axle 24, left wheel (Cab Carl
	V24I 
	W/R Vertical Force, Axle 24, right wheel (Cab Car)

	16 
	Instrumented Wheelset 
	Instrumented Wheelset 
	V24r 

	17 
	Servo Accelerometer 
	Servo Accelerometer 
	Lateral Acceleration in car over Bogie 1 (Locomotive) 

	ycb1 
	Vertical Acceleration in car over Bogie 1 {Locomotive) 
	18 
	Servo Accelerometer 
	Servo Accelerometer 
	zcb1 

	Lateral Acceleration, Bogie 1 (Locomotive} 
	19 
	Servo Accelerometer 
	yb1 
	Variable Capacitance 
	ya2 
	Lateral Acceleration, Axle 2 (Locomotive); used to Accelerometer 
	measure unbalance or cant deficiency 
	21 
	Servo Accelerometer 
	lateral Acceleration in car over Bogie 5 (Coach) -
	ycb5 
	22 
	Servo Accelerometer 
	Servo Accelerometer 
	Vertical Acceleration in car over Bogie 5 {Coach)
	zcb5 

	23 
	Servo Accelerometer 
	yb5 
	Lateral Acceleration, Bogie 5 (Coach) 
	24 
	Lateral Acceleration in car over Bogie 12 (Cab Car)
	Servo Accelerometer 
	ycb12 
	Servo Accelerometer 
	zcb12 
	Vertical Acceleration in car over Bogie 12 (Cab Car) 
	26 
	Servo Accelerometer 
	yb12 
	Lateral Acceleration, Bogie 12 (Cab Carl 
	27 
	Servo Accelerometer 
	Servo Accelerometer 
	ycbRTL 

	Lateral Acceleration in car over front Bogie of leading RTL unit !Boston -New Haven tests only) 
	28 
	Speed Pickup 
	Trainset forward speed
	V 
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	3.3 CHANNEL DESIGNATION 
	Safety criteria parameters were displayed in real time during the test runs using five 6-channel strip chart recorders. The channel allocations and descriptions are given in 
	Table 3.2. TABLE 3.2 STRIP CHART RECORDER CHANNEL DESIGNATIONS 
	Stripchart DescriptionChannel# 
	I
	I
	Signal Name 

	I 
	I 
	1.1 
	NA1L 
	1.2 
	V1I 
	1.3 
	V1r 
	NA2L
	1.4 
	1.S 
	V2I 
	1.6 
	V2r 
	2.1 
	LN11 
	2.2 
	LN1r 
	LN21
	2.3 
	LM2r
	2.4 
	2.5 
	T1-L"'I 
	2.6 
	T1-LNr 
	3.1 
	NA°'' 
	V23I
	3:2 
	V23r
	3.3 
	3.4 
	NA24L 
	V24I
	3.5 
	V24r
	3.6 
	4.1 
	L"23I 
	1

	4.2 
	L"23r 
	1

	LM24I
	4.3 
	4.4 
	LN24r 
	4.5 
	T12-LNI 
	4.6 
	T12-LNr 
	va2
	5.1 
	5.2 
	vcb5 
	vcb12
	5.3 
	vb12
	5.4 
	V
	"·" 
	5.6 
	Net Axle Lateral Force Axle 1 tLocomotivel rkNl IQ to ± 1no kNI Vertical Wheel Force Axle 1 left wheel ILocomotivel lkNl /0 to 200 kNI Vertical Wheel Force Axle 1 rioht wheel ILocomotivel lkNl 10 to 200 kNl Net Axle Lateral Force Axle 2 llocomotivel rkNl (0 to ± 100 kNl V"'-,...if"'::il Wh"'"I Fnr,.,,, AxlF! ? IP.ft whPP.I fl"""mntivP.l rkNl 10 +.... 2'"' kNl 
	Vertical Wheel Force. Axle 2 rinht wheel (locomotive) fkNI IQ to 200 kNl Wheel LN Ratio Axle 1 left wheel (locomo<tive\ l-0. 1 to 0.9\ Wheel LN Ratio Axle 1 rinht wheel •Locomotivel 1-0.1 to 0.91 Wheel LN Ratio. Axle 2 left wheel llocomotive) l-0.1 to G.9l Wheel L{\/ Ratio Axle 2 rinht wheel llocomntivel l-0.1 to 0.91 Truck Side L /\/ Ratio Truck 1 left sidP llocomotive1 1-0.1 •o 0.91 
	Truck Side LN Ratio Truck 1 rinht side llocomotivel l-0.1 to 0.91 N°• Axle L"•ral Forno Axle ?O iron r 0 rI lkNl ID tn ± 1"" kNl Vertical Wheel Force Axle 23 left wheel ICab Carl lkNl 10 to 200 kNI Vertical Wheel Force Axle 23 riaht wheel ICab Carl lkNI 10 to 200 kNI Net Axle LatPral Force Axle 24 lCab Carl FkN1 IO to ± 100 kNl Vertical Wheel Force Axle 24 left wheel tCab Carl lkNl 10 to 200 kNl Vertical Wheel Force Axle 24 riaht wheel ICab Carl lkNI 10 to 200 kNl Wheel LI\/ Ratio Axle 23 left wheel !Cab Ca
	Wheel LIV Ratio. Axle 24 left wh
	2
	2
	2
	2
	2

	VPhidP fnrw~rrl ""'"'"'~ rmnh1 In +n 1~n mnhl Tractive effort 
	3.4 TEST ZONES 
	The trials run to date have been divided up into four main test zones: 
	100 Series Philadelphia -Harrisburg Line between Parkesburg and Lancaster; Cant Deficiency Tests up to 110 mph 
	200 Series Northeast Corridor (NEC) Mainline (Philadelphia -New York) between New Brunswick and Metro Park; Cant Deficiency Tests up to 125 mph 
	300 Series NEC Mainline (Philadelphia -New York) between Trenton and New Brunswick; High Speed Stability Tests up to 150 mph 
	400 Series NEC Mainline between Washington, DC and New York Penn Station; Simulated Revenue Earning Service Long Distance Runs up to 125 mph 
	3.4. 1 100 Series Test Runs, Philadelphia -Harrisburg Line, MP 44 -68 
	The test zone between Parkesburg (MP 44) and Lancaster (MP 68) comprised 24 miles (39 km) of electrified double track on wooden ties with tie-plates and cut spike rail fasteners. The majority of rail was CWR or long welded rail with a 140 RE profile. Some sections of jointed (bolted) rail exist with 39 foot rail lengths and staggered joints. 155 RE rail profiles also occur on this test zone. At approximate intervals of two miles, a 30 foot cut section (insulated joint) was welded into the track for signalli
	There are 23 curves encountered within this test zone on each track as described in Appendix B. Four particular test curves were selected for more detailed computer analyses in two groups of reversed pairs for each track. Travelling west in the direction of Lancaster on Track #4, these particular test curves are encountered as 
	follows: Curve 
	Curve 
	Number 
	Name 
	Gap
	662 
	(A&B) 663 
	Eby's 671 
	Ronks 672 
	Bird-in-Hand 
	Location 
	MP 
	51 
	52 -53 60 -61 61 -62 
	Curvature/ 
	[Radius] 
	4° 10' !419 ml 
	4• 12' !416 ml 2° 4' !845 ml 2° 2' [859 ml 
	Super 
	elevation 
	5 1/2" 
	6" 6" 6" 
	Posted 
	Speed 
	55 mph 
	55 mph 75 mph 75 mph 
	12" UB 
	12" UB 
	12" UB 
	Direction 

	Speed 
	Speed 

	77 mph 
	77 mph 
	Left 

	78 mph 
	78 mph 
	Right 

	112 mph 
	112 mph 
	Right 

	112 mph 
	112 mph 
	Left 


	Travelling East in the direction of Parkesburg on Track #1, the detailed test curves are 
	encountered as follows: 
	Curve
	Curve 
	Name
	Number 
	Bird-in-Hand
	672 
	671 
	Ranks 
	Eby's
	663 
	Gap
	662 
	(A&B) 
	Location MP 
	62 -61 61 -60 53 -52 51 
	Curvature/ [Radius] 
	2° 4' [845 ml 2° 1' [866 ml 4° 6' [426 ml 4' 16' [409 ml 
	Super elevation 
	5 3/4" 5 3/4" 5 1/2" 5 1/2" 
	Posted Speed 
	75 mph 75 mph 50 mph 50 mph 
	12" UB 
	12" UB 
	12" UB 
	Direction 

	Speed 
	Speed 

	111 mph 
	111 mph 
	Right 

	112 mph 
	112 mph 
	Left 

	78 mph 
	78 mph 
	Left 

	77 mph 
	77 mph 
	Right 


	3.4.2 200 Series Test Runs, New Brunswick to Metro Park, MP 31 -21 
	The test zone, roughly between New Brunswick (MP 31) and Metro Park (MP 21) comprised 10 miles (16 km) of electrified quadruple track. The two center high speed tracks consisted of concrete mono-block ties with Pandrol rail fasteners. The majority of rail was CWR with a 140 RE profile.. The interlockings (cross-overs) were on wooden ties with tieplates and cut spike rail fasteners. At approximate intervals of two miles, a 30 foot cut section (insulated joint) was welded into the track for signalling (cab si
	There are 12 curves encountered within this test zone on each track as described in Appendix B. Three particular test curves were selected for more detailed computer analyses in two groups comprising one reversed pair and a singlet for each of the high speed Tracks # 2 and 3. Travelling East in the direction of Metro Park on Track #2, 
	the particular test curves are encountered as follows: 
	Curve 
	Curve 
	Curve 
	Curve 

	Number 
	Number 
	Name 

	268 
	268 
	1st Curve west 

	TR
	of Lincoln 

	266 
	266 
	Curve west of 

	TR
	MP24 

	265 
	265 
	Curve east of 

	TR
	MP24 


	Location MP 
	27 -26 25 -24 24 -23 
	Curvature/ [Radius) 1° 52' [934 ml 
	1° 33' [1127 ml 
	1' 27' [1204 ml 
	Super elevation 
	6" 5 3/4" 5 1/4" 
	Posted 
	Speed 
	80 mph 90 mph 90 mph 
	12" UB Speed 117 mph 
	12" UB Speed 117 mph 
	12" UB Speed 117 mph 
	Direction Left 

	128 mph 
	128 mph 
	Left 

	130 mph 
	130 mph 
	Right 


	Travelling West in the direction of New Brunswick on Track #3, the detailed test curves are encountered as follows: 
	Curve
	Curve
	Curve 

	Name
	Name
	Number 
	Curve east of

	265 
	MP24 
	Curve west of MP24 
	266 
	1st Curve west of Lincoln 
	268 
	Location MP 
	23 -24 24 -25 26 -27 
	Curvature/ [Radius] 1° 26' [1221 ml 
	1° 30' [1164 ml 
	1° 56' [905 ml 
	1° 56' [905 ml 
	Super 

	elevation 
	6" 5 1/4" 6" 
	Posted 
	Speed 
	90 mph 90 mph 80 mph 
	12" UB 
	12" UB 
	12" UB 
	Direction 

	Speed 
	Speed 

	134 mph 
	134 mph 
	Left 

	128 mph 
	128 mph 
	Right 

	115 mph 
	115 mph 
	Right 


	3.4.3 300 Series Test Runs, Trenton to New Brunswick, MP 55 -32 
	The test zone between Trenton (MP 55) and New Brunswick (MP 32) comprised 22 miles (35 km) of electrified quadruple track. The two center high speed tracks consisted of concrete mono-block ties with Pandrol rail fasteners. The majority of rail was CWR with a 140 RE profile. The interlockings (cross-overs) were on wooden ties with tieplates and cut spike rail fasteners. At approximate intervals of two miles, a 30 foot cut section (insulated joint) was welded into the track for signalling (cab signal) purpose
	Of the 6 curves within this test zone, two large radius curves were passed at the Eastern one-third of the test zone on each of the high speed Tracks # 2 and 3. Travelling East in the direction of New Brunswick on Track # 2, these higher radius 
	curves are encountered as follows: 
	Curve 
	Curve 
	Curve 
	Location 

	Number 
	Number 
	MP 

	276 
	276 
	41 -39 

	275 
	275 
	39 


	Curvature/ [Radius! 
	O' 32' [3274 ml 0° 19' [5514ml 
	Super elevation 
	3 5/8" 2· 
	Ord Speed 
	125 mph 125 mph 
	UB at 150 mph 
	UB at 150 mph 
	UB at 150 mph 
	Direction 

	4.6" 
	4.6" 
	Left 

	2.9" 
	2.9" 
	Right 


	Travelling West in the direction of Trenton on Track #3, the higher radius curves are 
	encountered as follows: 
	Location
	Curve 
	Number 
	MP 
	275 
	39 
	276 
	39 -41 
	Curvature/ [Radius! O' 20' [5238 ml 0° 31' 13379 ml 
	Super 
	elevation 
	2 1/8" 
	3 1/2" 
	3 1/2" 
	Ord Speed 125 mph 125 mph 

	UB at 
	UB at 
	UB at 
	Direction 

	150 mph 
	150 mph 

	3.0" 
	3.0" 
	Right 

	4.5" 
	4.5" 
	Left 


	3.4.4 400 Series Test Runs, Washington,DC to New York Penn Station 
	The test zone between Washington and New York comprised 225 miles (362 km) of electrified double track, quadrupled where possible between Washington DC and Newark, New Jersey. The two high speed tracks consisted predominantly of concrete mono-block ties with Pandrol rail fasteners. The majority of rail was CWR with a 140 RE profile. All but a few interlockings (cross-overs) were on wooden ties with tieplates and cut spike rail fasteners. At approximate intervals of two miles, a 30 foot cut section (insulate
	Track data in space-curve form has been supplied by Amtrak for various portions of the test zones. These data will be described in more detail in the final analysis. 
	3.5 TEST SEQUENCE 
	The test sequence is described in the Test Event Log of Appendix A and is summarized in Table 3.3. 
	3.6 METHOD FOR DETERMINATION OF CANT DEFICIENCY/UNBALANCE 
	Unbalance has been calculated from the lateral acceleration signal generated by an accelerometer installed on the axle box lower damper bracket of axle (wheelset) number 2 of the locomotive. Location magnets were installed on the track at the entry and exit spirals of each test curve on which a detailed analysis was to be performed. These magnets were detected by the passing train and informed the onboard computer of the time each curve was entered and exited for-each test run on a consistent basis. From su
	The effect of wheelset lateral displacement relative to the track causing a slight change in cant of the wheelset on the track (due to conical type wheel profiles) has been ignored. Where magnets did not identify curves, manual inspection of the signal was used to determine the duration of the full body of the curve. 
	The full body of any curve is judged to exist where the steady state values of both curvature and superelevation have been reached at two points in the curve between 
	which the sum of the fluctuations of the actual curvature and actual superelevation from their intended steady state values respectively tend to zero. 
	TABLE 3.3 X2000 TEST RUNS IN CHRONOLOGICAL ORDER 
	Date 
	Run# 
	Nov 30/92 
	101 
	. 
	102 
	. 
	103 
	. 
	104 
	. 
	105 
	. 
	106 
	Dec 1/92 
	107 
	. 
	108 
	. 
	109 
	. 
	110 
	• 
	111 
	• 
	112 
	. 
	113 
	• 
	114 
	Dec 2/92 
	115 
	• 
	116 
	. 
	117 
	. 
	118 
	• 
	119 
	. 
	120 
	Dec 3/92 
	121 
	. 
	122 
	. 
	123 
	• 
	124 
	• 
	125 
	. 
	126 
	. 
	127 
	Line 
	Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg Hrsbg • Ph Ph· Hrsbg 
	Direction/ Track 
	WI Trk 4 E / Trk 1 W /Trk4 E / Trk 1 WI Trk 4 E / Trk 1 W /Trk 4 E / Trk 1 WI Trk 4 E / Trk 1 W /Trk 4 E / Trk 1 W /Trk 4 E / Trk 1 W /Trk 4 E / Trk 1 W /Trk4 E / Trk 1 W /Trk 4 E / Trk 1 W /Trk 4 E / Trk 1 W /Trk4 E / Trk 1 W /Trk 4 E / Trk 1 
	WI Trk 4 
	Track Condit 
	Dry Dry Ory Dry Dry Dry Damp Damp Wet Wet Wet Wet Wet Wet Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry 
	Scheduled 
	Unbalance/Speed 3• 5" 6" 6" 7" 7" 7• 7" 8" 8" 9• 9• 10· 10· 10" 10" 11· 11' 12· 12· 9• 10· 10· 11· 
	9• 9• 12· 
	Leading Car/ Axle 
	Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive I Axle 
	Date 
	Run# 
	128
	" 
	" 
	129 
	130
	" 
	Dec 7/92 
	300 
	200
	" 
	" 
	201 
	202
	" 
	203
	" 
	" 
	204 
	" 
	205 
	" 
	301 
	Dec 8/92 
	302 
	" 
	206 
	207
	" 
	" 
	208 
	209
	" 
	" 
	210 
	211
	" 
	• 
	303 
	Dec 12/92 
	304 
	" 
	305 
	Dec 14/92 
	400 
	" 
	402 
	" 
	401 
	403
	" 
	Dec 15/92 
	404 
	" 
	406 
	" 
	405 
	• 
	410 
	" 
	411 
	" 
	407 
	Line 
	Hrsbg -Ph Ph -Hrsbg Hrsbg -Ph Ph -NYP Ph -NYP NYP -Ph Ph -NYP NYP -Ph Ph -NYP NYP -Ph NYP -Ph 
	Ph -NYP Ph -NYP NYP -Ph Ph -NYP NYP-Ph Ph -NYP NYP -Ph NYP -Ph Ph -NYP NYP -Ph Wa-Ph Ph -NYP NYP -Ph Ph -Wa Wa -Ph Ph -NYP NYP -Ph Ph -Tren Tren -Ph 
	Ph -Wa 
	Direction/ Track 
	E / Trk 1 W /Trk 4 E / Trk 1 E / Trk 3 EI Trk 3 WI Trk 3 E / Trk 3 W /Trk3 E / Trk 3 W /Trk3 W /Trk 3 E / Trk 3 E /Trk 3 W /Trk 2 E / Trk 2 WI Trk 2 E / Trk 2 W /Trk3 W /Trk 3 E / Trk 3 W /Trk3 N / Trk 2 E /Trk 2 WI Trk 3 SI Trk 3 N / Trk 2 E / Trk 1,2 W /Trk3 E / Trk 2 WI Trk 3,4 
	SI Trk 3 
	17 
	Track 
	Condit 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Wet 
	Wet Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry 
	Scheduled Unbalance/Speed 
	12" 9" 9" 130 mph 5" 7" 9" 10" 11" 12" 140 mph 150 mph 9" 9" 10" 11" 12" at profile 150 mph 140 mph 150 mph 
	-
	9" 
	9" 
	9" 
	9" 9" + 5 mph 9"+5mph 9" + 5 mph 9" + 5 mph 9" + 5 mph 9" + 5 mph 
	Leading Car/ 
	Axle 
	Cab Car I Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Cab Car I Axle 24 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car I Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Locomotive / Axle 1 Cab Car / Axle 24 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive / Axle 1 Locomotive / Axle 1 Cab Car / Axle 24 Locomotive I Axle 1 Cab Car / Axle 24 Cab Car / Axle 24 Locomotive / Axle 1 Locomotive / Axle 1 Cab Car / Axle 24 Cab Car / Axle 24 Lo

	4. RESULTS 
	4. RESULTS 
	Preliminary test results are presented herein to examine the safety aspects and the safety margin involved with the high cant deficiency operation of the X2000 train. During each test run, measured peak values of the safety parameters were compiled on a mile by mile basis. A summary of the peak values, closest to the safety limits, recorded over all the cant deficiency and high speed test runs and over all test zones is given in Table 4.1. Each safety parameter will be addressed in turn in this section. 

	4. 1 MAXIMUM UNBALANCE RECORDED 
	4. 1 MAXIMUM UNBALANCE RECORDED 
	4. 1 MAXIMUM UNBALANCE RECORDED 
	The lateral accelerometer installed on Axle #2 of the locomotive was used to indicate the degree of unbalance or cant deficiency. The maximum quasi-steady lateral acceleration recorded from all test runs was 2.07 m/s• This occurred during Test Run 128 on the Philadelphia -Harrisburg line while travelling east on Track #1 in curve 662 (Gap, 4° curvature) at a speed of 78 mph. This lateral acceleration translates to an unbalance or cant deficiency of 12.5 inches. 
	2

	4.2 MINIMUM VERTICAL WHEEL-RAIL FORCE (VEHICLE OVERTURN), Vmin 
	A composite plot of the minimum vertical wheel force peaks measured from each test run and over all test zones on both the Philadelphia -Harrisburg and NEC mainlines is shown in Figure 4. 1. It should be noted in this plot that individual wheels are not distinguished; these peak values were drawn from each test run at any location within the test zone (not necessarily in a curve) and may be for any wheel (of the 8 instrumented wheels). In addition, the peak values are plotted against the intended or schedul
	During these test runs, cant deficiencies up to 12.5 inches and speeds up to 154 mph were achieved. The results indicate that no measured wheel approached the minimum allowable unloading at any time throughout the tests. From the lowest values recorded, a safety margin of about 14% from the allowable limit is apparent for cant deficiencies up to 12.5 inches on representative track. No appreciable crosswinds were encountered during these test runs. 
	A more detailed examination of the minimum vertical wheel force is given as an example in Figure 4.2. Peak values on the left wheel of trailing axle 1 (locomotive) measured in test curve 671 (Ranks, 2° curvature) of the Philadelphia -Harrisburg Line, westbound on track #4, are plotted as a function of the quasi-steady cant deficiency measured in the circular portion of the curve. This plot includes the lowest vertical wheel force ever measured throughout the tests runs, and also includes values measured und
	TABLE 4.1 PEAK VALUES MEASURED FROM ALL TEST ZONES, HARRISBURG and NEC LINES 
	Safety 
	Measured 
	% of 
	Run No/ 
	Direct/ 
	Track 
	Intended 
	Measured 
	Measured 
	Leading 
	Comments
	Vahlcla 
	Track 
	Value 
	Limit 
	Line 
	Track 
	Cant Def 
	Axle
	Criteria 
	Element 
	MIiepost 
	Condit 
	Cant Dal 
	Spead 
	23 kN 
	Dry
	Min Vertical 
	83% 
	Left Wheel 
	101 
	West 
	3" 
	3.1" 
	57 mph 
	Axle 24 
	In curve 662 !Gap -4°1
	51 -52 
	Hrsbg
	Wheel Force 
	Axle 1 (Loco\ 
	Track 4 
	(Cab\ 
	Vmln 
	10· 
	11· 
	In curve 671 (Ronks -2°1
	20 kN 
	113 
	West 
	Wet 
	108 mph 
	Axle 24
	86% 
	Left Wheel 
	60 -61 
	Hrsbg 
	Track 4
	Axle 1 !Local 
	!Cab) 
	Dry 
	In curve 671 (Ranks -2°1
	22 kN 
	84% 
	Left Wheel 
	119 
	West, 
	12" 
	11.7" 
	111mph 
	Axle 24
	60 -61 
	(Cab)
	Hrsbg 
	Track 4
	Axle 1 (Local 
	In curve 266 (1.5°)
	23 kN 
	83% 
	204 
	East 
	25 -24 
	Dry 
	11" 
	12.4" 
	125 mph 
	Axle 24
	Left Wheel 
	NEC
	Axle 1 (Local 
	Track 3 
	!Cab) 
	66 kN 
	84% 
	Axle 24 
	113 
	West 
	10" 
	11" 
	77 mph 
	Axle 24 
	In curve 662 (Gap -4°1
	Max Net 
	51 -52 
	Wet 
	(Cab)
	Hrsbg 
	Track 4
	Axle Lateral 
	!Cab! 
	Force NAL 
	"' 
	"' 
	~ 

	In curve 672 (Bd Hnd -2°)
	68 kN 
	87% 
	Axle 24 
	114 
	East 
	Wet 
	10" 
	10" 
	106 mph 
	Axle 1
	62 -61 
	!Cab) 
	Hrsbg 
	Track 1 
	\Loco) 
	12· 
	12.1 • 
	In Curve 663 iEBYs -4°)
	-66 kN 
	120 
	East 
	Dry 
	80 mph 
	Axle 1
	85% 
	Axle 24 
	63 -52 
	Hrsbg 
	Track 1 
	tLocoJ
	tCabJ 
	11 • 
	125 mph 
	In curve 266 (1.5°)
	63 kN 
	70% 
	204 
	East 
	25 -24 
	Dry 
	12.4" 
	Axle 24
	Axle 1 
	(Cab)
	Track 3
	NEC
	!Local 
	12· 
	In Curve 663 (EBYs -4°)
	120 
	East 
	Dry 
	12.1" 
	80 mph 
	Axle 1
	Max Wheel 
	0.61 
	76% 
	Left Wheel 
	53 -52 
	Hrsbg 
	(Loco)
	Track 1
	LN Ratio 
	Axle 1 !Local 
	LN 
	Dry 
	10· 
	Axle 24 
	In Curve 663 iEBYs -4°)
	0.60 
	75% 
	122 
	East 
	53 -52 
	9.8" 
	75 mph
	Left Wheol 
	(Cab)
	Axle 24 (Cab) 
	Hrsbg 
	Track 1 
	12· 
	In Curve 663 iEBYs -4°)
	128 
	East 
	Dry 
	Axle 24
	0.60 
	75% 
	Left Wheel 
	53 -52 
	10.9" 
	78 mph 
	(Cab)
	Axle 24 (Cab) 
	Hrsbg 
	Track 1 
	Dry 
	125 mph 
	Axle 1 
	In curve 265 11 .5°)
	0.56 
	205 
	West 
	12" 
	8.8"
	70% 
	Right Wheel 
	23 -24 
	NEC 
	Track 3 
	!Loco)
	Axle 1 !Local 
	Sofotv 
	Criteria 
	Max Truck Side LN T-LN 
	N 
	0 
	Measured Value 
	0.44 0.46 0.45 0.45 
	% of Limit 88% 92% 90% 90% 
	Vehicle 
	Element 
	Left Side Truck 12 (Cab) 
	Left Side Truck 12 (Cab) 
	Left Side Truck 12 !Cab) 
	Left Side Truck 12 (Cab) 
	Run No/ 
	Line 
	113 Hrsbg 
	122 Hrsbg 
	126 Hrsbg 
	128 Hrsbg 
	Dlract/ 
	Dlract/ 
	Track 

	Track 
	Track 
	MIiepost 

	West 
	West 
	61 -62 

	Track 4 
	East 
	53 -52 
	Track 1 
	East 
	53 -52 
	Track 1 East 
	63 -52 
	Track 1 
	Track 
	Condit 
	Wet 
	Dry 
	Dry 
	Dry 
	Intended Cant Def 
	10" 
	10" 
	9" 
	12" 
	Measured Cant Def 
	10.1" 
	9.8" 
	9.2" 
	10.9" 
	Measured Spead 
	108 mph 75 mph 72 mph 78 mph 
	Leading Axle 
	Axle 24 !Cab) 
	Axle 24 !Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Comments 
	In curve 672 !Bd Hnd -2°1 In Curve 663 (EBYs -4°) In Curve 663 (EBYs -4°) In Curve 663 (EBYs -4°) 
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	Figure 4.1: Minimum Vertical Wheel Forces Measured During X2000 Test Runs 
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	Figure 4.2: Minimum Vertical Wheel Force, Measured In Curve 671, Westbound 
	4.3 NET AXLE LATERAL FORCE (TRACK PANEL SHIFT), NAL 
	A composite plot of the peak net axle lateral forces measured for the locomotive (axles #1 and #2) from each test run and over all test zones is given in Figure 4.3a. A similar plot for the cab car axles (axle #23 and #24) is given in Figure 4.3b. 
	It is evident that the net lateral forces measured for the locomotive axles were significantly lower than the allowable safety limit of 90 kN, with a substantial margin of safety. For the axles of the lighter weight cab car, similar forces were observed although the allowable safety limit is less (78 kN). A margin of safety of about 15% is evident in this case. 
	A more detailed examination of the net lateral force for axle #24 (cab car) is given in Figure 4.4. Peak values measured in test curve 671 (Bird-in-Hand, 2° curvature) of the Philadelphia -Harrisburg line, westbound on track #4, are plotted as a function of the quasi-steady cant deficiency measured in the circular portion of the curve. This plot includes one of the highest forces measured throughout the tests runs during test run #113 under damp rail conditions. Extrapolation of these results indicate that 
	conditions. 
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	Figure 4.3a: Peak Net Axle Lateral Forces, Locomotive (Composite of Test Runs) 
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	Figure 4.3b: Peak Net Axle Lateral Forces, Cab Car (Composite of Test Runs) 
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	Figure 4.4: Peak Net Axle Lateral Force, Axle 24, In Curve 672, Track 4 
	4.4 LN DERAILMENT QUOTIENT (WHEEL CLIMB), LN 
	A composite plot of the maximum wheel L/V ratios measured from each test run and over all test zones is shown in Figure 4.5. It should again be noted that individual wheels are not distinguished in this plot; these peak values were drawn from each test run and may be for any wheel (of the 8 instrumented wheels). In addition, the peak values are plotted as a function of the intended test run cant deficiency (not measured cant deficiency when the peak occurred) and no trends should be drawn. 
	The highest wheel L/V ratios measured during the cant deficiency and high speed runs were about 0.6, approximately 75% of the allowable (Nadal) single wheel limit of 0.8. As a result, the axle sum L/V ratio (Weinstock) was not examined. A safety margin of about 25% is apparent for cant deficiencies up to 12.5 inches for similar track and vehicle conditions. 
	A more detailed examination of a single wheel L/V ratio is given in Figure 4.6 for the left wheel of axle #1 (locomotive). Peak values measured in test curve 663 (Eby's, 4° curvature) of the Philadelphia -Harrisburg line, eastbound on track #1, in which axle #1 was the leading axle, are plotted as a function of the quasi-steady cant deficiency measured in the circular portion of the curve. This plot includes two of the highest wheel L/V values measured throughout the tests runs, with cant deficiencies up to
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	Figure 4.5: Peak Maximum Wheel LN Ratios (Composite, All Wheels, Test Runs) 
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	Figure 4.6: Peak Maximum Wheel LN Ratios, Left Wheel, Axle 1, Curve 663 
	4.5 TRUCK-SIDE LN RATIO (RAIL ROLL-OVER), T-LN 
	A composite of the maximum truck side L/V ratios, which includes both left and right sides for truck #1 (locomotive) and truck #12 (cab car), measured from each test run and over all test zones, is given in Figure 4.7.. No peak values were measured that exceeded the allowable limit of 0.5. At cant deficiencies above 9 inches, some peak values of truck side LN were observed around 90% of the allowable limit during test runs on the Philadelphia -Harrisburg line. 
	A more detailed examination of the truck side L/V ratio is given in Figure 4.8. Peak values on the left side of truck #12 (cab car) measured in test curve 672 (Bird-in Hand, 2° curvature) of the Philadelphia -Harrisburg Line, westbound on track #4, are plotted as a function of the quasi-steady cant deficiency measured in the circular portion of the curve. This plot includes one of the highest truck side L/V ratios measured throughout the tests runs, and also includes values measured under both wet and dry t
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	Figure 4.8: Peak Maximum Truck Side LN Ratios, Truck 12 (Cab) in Curve 672 
	4.6 FIELD OBSERVATIONS OF TRACK PANEL AND TIE-PLATE SHIFT 
	Track panel shift and rail movement were monitored during high cant deficiency test runs by surveying from lineside structures. No permanent deformation of track or rail was registered during any of the trials on both wooden ties with cut spikes and tie plates or concrete monoblock ties with pandrol fasteners. 
	4.7 MAXIMUM SPEED RECORDED 
	The maximum speed recorded from the high speed test runs was 154 mph. This occurred during Test Run 305 on the NEC Philadelphia -New York Penn line while travelling west on Track #3 at MP 51 near Trenton. This was a scheduled 150 mph run under wet track conditions, in which a 150 mph or greater speed was sustained for over 8 miles. A speed of 152 mph was also recorded at the same location under dry track conditions during Test Run 303. 
	4.8 TRUCK FRAME ACCELERATION, TA 
	The truck frame lateral accelerations of truck #1 (locomotive), truck #5 (coach car), and truck #12 (cab car) were monitored throughout the trial period. No evidence of truck instability (hunting) was observed in any test run, including high speed test runs at speeds up to 152 mph in tangent track under dry track conditions. 
	4.9 SIMULATED REVENUE EARNING SERVICE RUNS 
	After a data review of the cant deficiency and high speed test runs, a speed profile was prepared by Amtrak for a simulated revenue service round trip from Washington to New York Penn Station. This speed profile was based on a maximum cant deficiency of 9 inches, and accounted for actual allowable speeds dependent on signal spacings and other local restrictions. 
	Using this speed profile, a simulated revenue service round trip was made with full instrumentation. For data recording, the trip was segmented into 4 t-est zones (runs): 
	1) Washington -Philadelphia, northbound, principally on track 2 
	2) Philadelphia -New York Penn, eastbound, principally on track 2 
	3) New York Penn -Philadelphia, westbound, principally on track 3 
	4) Philadelphia -Washington, southbound, principally on track 3 
	On a mile-by-mile basis, the peak values of each safety parameter were recorded in each test zone. A composite plot of the four highest recorded values of each safety parameter in each test zone is shown in Figures 4.9 -4.12 as a function of vehicle speed. More detailed information on the location and conditions for these peak values are given in Table 4.2. 
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	Figure 4.10: Peak Net Axle Lateral Forces, Simulated Revenue Service Run 
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	Figure 4.11: Maximum Wheel LN Ratios, Simulated Revenue Service Run 
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	Figure 4.12: Maximum Truck Side LN Ratios, Simulated Revenue Service Run 
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	TABLE 4.2 PEAK VALUES, SIMULATED REVENUE RUN, NEC, WASHINGTON -NEW YORK R/t 
	TABLE 4.2 PEAK VALUES, SIMULATED REVENUE RUN, NEC, WASHINGTON -NEW YORK R/t 

	A) 
	A) 
	MINIMUM VERTICAL WHEEL FORCE, Vmin 

	Measured Value 
	Measured Value 
	% of Limit 
	Vehicle Element 
	Run No/ Line 
	Direct/ Track 
	Track MIiepost 
	Track Condit 
	Measured Cant Def 
	Measured Speed 
	Leading Axle 
	Comments 

	30 kN 
	30 kN 
	74% 
	Right Wheel Axle 1 (Loco) 
	400 Wa-Ph 
	North Track 2 
	76 -76 
	Dry 
	125 mph 
	Axle 24 (Cab) 
	Tangent track 

	31 kN 
	31 kN 
	73% 
	Left Wheel Axle-1 (Loco) 
	400 Wa-Ph 
	North Track 1 
	63 -62 
	Dry 
	126 mph 
	Axle 24 (Cab) 

	27 kN 
	27 kN 
	72% 
	Left Wheel Axle 23 (Cab) 
	400 Wa-Ph 
	North Track 2 
	59 -58 
	Dry 
	105 mph 
	Axle 24 (Cab) 

	w 0 
	w 0 
	31 kN 37 kN 
	73% 66% 
	Left Wheel Axle 1 (Loco) Right Wheel Axle 1 (Loco) 
	400 Wa-Ph 402 Ph-NYP 
	North Track 2 East Track 2 
	39 -38 66, 65 
	Dry Dry 
	126 mph 125 mph 
	Axle 24 (Cab) Axle 24 (Cab) 

	TR
	36 kN 
	66% 
	Left Wheel Axle 2 (Loco) 
	402 Ph-NYP 
	East Track 2 
	66 -65 
	Dry 
	125 mph 
	Axle 24 (Cab) 

	TR
	28 kN 
	76% 
	Left Wheel Axle 1 (Loco) 
	401 NYP-Ph 
	West Track 3 
	22 -23 
	Dry 
	44 mph 
	Axle 1 (Loco) 

	TR
	32 kN 
	72% 
	Left Wheel Axle 2 (Loco) 
	401 NYP-Ph 
	West Track 3 
	22 -23 
	Dry 
	44 mph 
	Axle 1 (Loco) 

	TR
	26 kN 
	74% 
	Left Wheel Axle 24 (Cab) 
	401' NYP-Ph 
	West Track 3 
	57 -58 
	Dry 
	103 mph 
	Axle 1 !Loco) 

	TR
	24 kN 
	77% 
	Right Wheel Axle 24 (Cab) 
	403 Ph-Wa 
	South Track 3 
	35 -36 
	Dry 
	124 mph 
	Axle 1 (Loco) 

	TR
	25 kN 
	80% 
	Right Wheel Axle 1 (Loco) 
	403 Ph-Wa 
	South Track 3 
	55 -56 
	Dry 
	121 mph 
	Axle 1 !Loco) 

	TR
	26 kN 
	80% 
	Right Wheel Axle 2 (Loco) 
	403 Ph-Wa 
	South Track 3 
	55 -56 
	Dry 
	121 mph 
	Axle 1 !Loco) 

	TR
	28 kN 
	76% 
	Left Wheel Axle 23 !Cab) 
	403 Ph-Wa 
	South Track 4 
	62 -63 
	Dry 
	114 mph 
	Axle 1 !Loco) 


	TABLE 4.2 PEAK VALUES, SIMULATED REVENUE RUN, .NEC, WASHINGTON -NEW YORK R/t 
	Measured Value 
	63 kN 48 kN 50 kN 44 kN 
	c., 
	~ 
	39 kN 45 kN 47 kN 46 kN 54 kN 47 kN 43 kN 41 kN 49 kN 
	% of Limit 70% 62% 64% 49% 50% 49% 52% 69% 60% 60% 48% 46% 64% 
	Vehicle Element 
	Axle 1 
	!Loco) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 1 
	(Loco) 
	Axle 23 (Cab) 
	Axle 1 
	(Loco) 
	Axle 2 
	(Loco) 
	Axle 24 (Cab) 
	Axle 1 
	!Loco) 
	Axle 24 (Cab) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Bl 
	Run No/ 
	Line 
	400 Wa-Ph 
	400 Wa-Ph 
	400 Wa-Ph 
	402 Ph-NYP 
	402 Ph-NYP 
	401 NYP-Ph 
	401 NYP-Ph 
	401 NYP-Ph 
	401 NYP-Ph 
	' 
	403 Ph-Wa 
	403 Ph-Wa 
	403 Ph-Wa 
	403 Ph-Wa 
	MAXIMUM NET AXLE LATERAL FORCE, NAL 
	Direct/ 
	Track 
	North Track 2 
	North 
	Track 2 
	North 
	Track 2 
	East 
	Track 2 
	East 
	Track 2 
	West Track 3 
	West Track 3 
	West 
	Track 3 
	West 
	Track 4 
	South 
	Track 3 
	South Track 3 
	South 
	Track 3 
	South Track 3 
	Track Milepost 
	99 -98 
	98 -97 
	27 -26 
	75 -74 
	75 -74 
	7 • 8 
	74 • 75 
	74 -75 
	87 -88 
	50 -51 
	94 -95 
	95 -96 
	96 -97 
	Track Condit 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Measured Cant Def 
	Measured Spead 
	55 mph 33 mph 35 mph 120 mph 120 mph 45 mph 118 mph 118 mph 40 mph 120 mph 45 mph 20 mph 31 mph 
	Leedlng 
	Comments Axle 
	Axle 1 
	(Loco) 
	Axle 1 
	(Loco) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 1 
	(Loco) 
	Axle 1 (Loco) 
	Axle 1 
	(Loco) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 

	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Axle 1 
	(Loco) 
	Axle 1 (Loco) 
	TABLE 4.2 PEAK VALUES, SIMULATED REVENUE RUN, NEC, WASHINGTON -NEW YORK R/t 
	Cl MAXIMUM WHEEL L/V RATIO, L/V 
	Measured 
	Value 0.66 0.62 0.62 0.57 
	w 
	N 
	0.67 0.61 0.77 0.63 0.67 
	0.62 
	0.64 0.64 0.62 
	% of limit 83% 78% 78% 71% 84% 76% 96% 79% 84% 78% 80% 80% 78% 
	Vehicle Element 
	Right Wheel Axle 24 (Cabl 
	Left Wheel Axle 24 (Cabl 
	Right Wheel 
	Axle 2 (Loco) 
	Left Wheel Axle 24 (Cab) 
	Right Wheel Axle 1 (Loco) 
	left Wheel Axle 1 (Loco) 
	Right Wheel 
	Axle 1 (Loco) 
	Right Wheel Axle 23 (Cab) 
	Right Wheel 
	Axle 1 (Loco) 
	Right Wheel Axle 1 (Loco) 
	Right Wheel 
	Axle 1 (Loco) 
	Right Wheel Axle 1 (Loco) 
	Right Wheel Axle 1 (Loco) 
	Run No/ line 
	400 Wa-Ph 
	400 Wa-Ph 
	400 Wa-Ph 
	402 Ph-NYP 
	401 NVP-Ph 
	401 NVP-Ph 
	401 NVP-Ph 
	401 NVP-Ph 
	403' Ph-Wa 
	403 Ph-Wa 
	403 Ph-Wa 
	403 Ph-Wa 
	403 Ph-Wa 
	Direct/ 
	Treck 
	North Track 2 
	North Track 2 
	North Track 1 
	East 
	Track 2 
	West Track 3 
	West Track 3 
	West Track 4 
	West Track 4 
	South Track 3 
	South Track 4 
	South Track 3 
	South Track 3 
	South Track 3 
	Track 
	MIiepost 
	97 • 96 94 • 93 27 • 26 82 • 81 10 -11 81 • 82 87 • 88 87 • 88 35 • 36 60 • 61 95 • 96 96 • 97 98 -99 
	Track Condit Ory Dry Dry Dry Ory Dry Dry Dry Ory Ory Dry Dry Dry 
	Measured 
	Cant Del 
	Measured Speed 
	31 mph 60 mph 35 mph 71 mph 78 mph 62 mph 40 mph 40 mph 124 mph 93 mph 20 mph 31 mph 54 mph 
	leading Axle 
	Axle 24 (Cabl 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cabl 
	Axle 1 !Loco) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Axle 1 (Local 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Axle 1 (Local 
	Axle 1 (Loco) 
	Comments 
	In "Zoo" interlocking, approaching 30th 
	St. Station, Phil. 
	In "Zoo" interlocking, approaching 30th 
	St. Station, Phil. 
	. 
	TABLE 4.2 PEAK VALUES, SIMULATED REVENUE RUN, NEC, WASHINGTON -NEW YORK R/t 
	Measured Value 
	0.42 0.42 0.42 0.37 
	"' 
	"' 0.41 0.42 0.47 0.39 0.39 0.45 0.43 0.42 0.44 
	% of Limit 
	84% 84% 84% 74% 82% 84% 94% 78% 78% 90% 86% 84% 88% 
	Vehicle Element 
	Left Side Truck 12 (Cab) 
	Left Side Truck 12 (Cab) 
	Left Side Truck 12 (Cab) 
	Left Side Truck 12 (Cab) 
	Left Side Truck 12 (Cab) 
	left Side 
	Truck 1 (Loco) 
	Right Side Truck 1 (Loco) 
	Left Side 
	Truck 1 (Loco) 
	Right Side Truck 1 (Loco) 
	Right Side Truck 1 (Loco) 
	Right Side Truck 1 (Loco) 
	Right Side Truck 1 (Loco) 
	Left Side Truck 1 (Loco) 
	DI 
	Run Nol 
	Line 
	400 Wa-Ph 
	400 Wa-Ph 
	400 Wa-Ph 
	402 Ph-NYP 
	402 Ph-NYP 
	401 NYP-Ph 
	401 NYP-Ph 
	401 NYP-Ph 
	401 NYP-Ph 
	' 
	403 Ph-Wa 
	403 Ph-Wa 
	403 Ph-Wa 
	403 Ph-Wa 
	Direct/ 
	Track 
	North Track 2 
	North Track 2 
	North Track 1 
	East 
	Track 2 
	East 
	Track 2 
	West 
	Track 3 
	West Track 3 
	West 
	Track 4 
	West Track 4 
	South Track 3 
	South Track 3 
	South Track 3 
	South Track 3 
	MAXIMUM TRUCK SIDE L/V RATIO, 
	Track 
	Track 
	Track 

	Milepost 
	Milepost 
	Condit 

	Dry 94 • 93 
	95 • 94 
	Dry 
	13 • 12 
	Dry 86 • 85 
	Dry 82 • 81 
	Dry 10 • 11 
	Dry 10 • 11 
	Dry 87 -88 
	Dry 87 -88 
	Dry 35 -36 
	Dry 97 • 98 
	Dry 98 • 99 
	Dry 128 • 129 Dry 
	Measured 
	Cant Def 
	Measured 
	Speed 46 mph 60 mph 91 mph 64 mph 71 mph 78 mph 78 mph 40 mph 40 mph 124 mph 32 mph 54 mph 111 mph 
	T-L/V 
	leading 
	Comments 
	Axle 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 ICabJ 
	Axle 24 ICabl 
	Axle 1 
	(Loco) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Axle 1 
	(Loco) 
	Axle 1 (Loco) 
	Axle 1 
	(Loco) 
	Axle 1 (Loco) 
	A maximum top speed of 125 mph was attained during the simulated revenue service round trip, and no transgressions of any safety limits were observed. 
	A second simulated revenue service round trip was made between Washington and New York Penn Station. In this case, the trip was made at speeds 5 mph above the 9 inch cant deficiency baseline speeds, except where other restrictions were applied. A composite plot of the four highest recorded values of each safety parameter in each test zone is shown in Figures 4.13 -4.16 as a function of vehicle speed. More detailed information on the location and conditions for these peak values is given in 
	Table 4.3. 
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	Figure 4.13: 
	Figure 4.13: 
	Minimum Vertical Wheel Forces, Simulated Revenue Run + 5mph 


	NET AXLE LATERAL FORCE 
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	Figure 4.14: Peak Net Axle Lateral Forces, Simulated Revenue Run + 5mph 
	MAXIMUM WHEEL LN SIMULATED REVENUE RUN(+ 5 MPH), WASH. -NY -WASH.
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	Figure 4.15: Maximum Wheel LN Ratios, Simulated Revenue Run + 5mph 
	MAXIMUM TRUCK SIDE LN 
	SIMULATED REVENUE RUN(+ 5 MPH) WASH • NY. WASH
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	Figure 4.16: Maximum Truck Side LN Ratios, Simulated Revenue Run + 5 mph 
	For this second higher speed round trip, no transgressions of any safety limits were observed during any of the transits of approximately 400 different curves at or below the intended +5 mph speed profile. Of the total of 448 miles of track tested, only three transgressions of the locomotive truck-side LN limit of 0.5 were registered: 
	0.57 at 60 mph, 1 mile south of 30th Street Station in Philadelphia, past a turnout at the end of a curved section (curve 305) adjacent to a bridge 
	0.54 at 81.5 mph, done deliberately at 6.5 mph above the simulated engineer 5 mph excess-speed profile for a section of 1° (1746m radius) curve with four switches in the curve at Hunter interlocking • 
	0.51 at 126 mph, on tangent track while transiting a switch for the Harmony Industrial Track, south of Stanton 
	No transgression of any other safety limit was recorded. 
	It should be noted that the force ratio required to roll over a rail on tangent track, even if worn, is likely to be closer to 0.6 (new rail limit) than the 0.5 limit used in trials for worn curve rail. Any rail bolted to a nearby switch crossing will probably tolerate force ratios in excess of 0.6 without rolling over. 
	TABLE 4.3 PEAK VALUES, SIMULATED REVENUE RUN (+5 mph}, NEC, WASHINGTON -NEW YORK R/t 
	Measured Value 
	31 kN 31 kN 30 kN 27 kN 
	w 
	.... 
	23 kN 31 kN 27 kN 30 kN 
	30 kN 30 kN 31 kN 31 kN 
	% of 
	Limit 
	73% 73% 75% 78% 82% 68% 77% 74% 
	68% 
	69% 
	66% 
	73% 
	Vehicle Element 
	Right Wheel 
	Axle 1 !Loco) 
	Left Wheel Axle 1 ILocoJ 
	-Left Wheel 
	Axle 1 (Loco) 
	Left Wheel Axle 1 !Loco) 
	Left Wheel Axle 2 (loco) 
	left Wheel Axle 24 !Cab) 
	left Wheel Axle 1 ICabJ 
	left Wheel Axle 2 !loco) 
	Right Wheel Axle 24 !Cab) 
	left Wheel Axle 24 (Cab) 
	Left Wheel Axle 23 !Cab) 
	Right Wheel 
	Axle 2 (loco) 
	Al 
	Run No/ Line 
	404 Wa-Ph 
	404 Wa-Ph 
	404 Wa-Ph 
	404 Wa-Ph 
	406 Ph-NVP 
	406 Ph-NVP 
	406 Ph-NVP 
	406 Ph-NVP 
	405 NVP-Ph 
	405 NVP-Ph 
	405 NVP-Ph 
	405 NVP-Ph 
	MINIMUM VERTICAL WHEEL FORCE, Vmin 
	Direct/ 
	Track 
	North Track 2 
	North Track 1 
	North Track 2 
	North Track 2 
	East Track 1 
	East Track 1 
	East Track 1 
	East Track 2 
	West Track 3 
	West Track 3 
	West Track 3 
	West Track 3 
	Track MIiepost 
	75 -74 62 -61 50 -49 29 -28 88 -87 88 -87 71 -70 11 -10 24 -25 25 -26 32 -33 74 -75 
	Track 
	Condit Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry Dry Dry Dry Dry Dry 
	Measured Cant Def 
	0.0" 
	6.0" 
	9.0" 
	4.8" 
	1.2" 
	1.2" 
	3.0" 
	0.0" 
	10.8" 
	6.0" 
	0.0" 
	10.8" 
	Measured Speed 
	126 mph 126 mph 125 mph 89 mph 40 mph 40 mph 104 mph 86 mph 115 mph 116 mph 126 mph 126 mph 
	Leedlng 
	Leedlng 
	Comments 

	Axle 
	Axle 24 !Cab) 
	Axle 24 ICabJ 
	Axle 24 ICabl 
	Axle 24 !Cab) 
	Axle 24 ICabJ 
	Axle 24 ICabJ 
	Axle 24 ICabJ 
	Axle 24 !Cab) 
	Axle 1 !loco) 
	Axle 1 flocoJ 
	Axle 1 !Loco) 
	Axle 1 llocoJ 
	Measured Value 
	Measured Value 
	Measured Value 
	% of Limit 
	Vehicle Element 
	Run No/ Line 
	Direct/ Track 
	Track MIiepost 
	Track Condit 
	Measured Cant Def 
	Measured Speed 
	Leading Axle 
	Comments 

	29 kN 
	29 kN 
	70% 
	Left Wheel Axle 24 (Cab) 
	407 Ph-Wa 
	South Track 3 
	35 -36 
	Dry 
	0.0" 
	126 mph 
	Axle 1 (Loco) 

	22 kN 
	22 kN 
	80% 
	Right Wheel Axle 24 (Cab) 
	407 Ph-Wa 
	South Track 3 
	36 -36 
	Dry 
	0.0" 
	126 mph 
	Axle 1 (Loco) 

	23 kN 
	23 kN 
	82% 
	Right Wheel Axle 2 !Loco) 
	407 Ph-Wa 
	South Track 3 
	55 -56 
	Dry 
	0.0" 
	126 mph 
	Axle 1 (Loco) 

	25 kN 
	25 kN 
	76% 
	Right Wheel Axle 24 !Cab) 
	407 Ph-Wa 
	South Track 3 
	55 -56 
	Dry 
	0.0" 
	126 mph 
	Axle 1 (Loco) 

	33 kN 
	33 kN 
	70% 
	Right Wheel Axle 1 (Loco) 
	410 Ph-Tre 
	East Track 2 
	82 • 81 
	Dry 
	6.0" 
	77 mph 
	Axle 24 !Cab) 

	w Cl) 
	w Cl) 
	31 kN 34 kN 
	73% 63% 
	Right Wheel Axle 2 !Loco) Right Wheel Axle 24 (Cab) 
	410 Ph-Tre 410 Ph-Tre 
	East Track 2 East Track 2 
	82 -81 82 -81 
	Dry Dry 
	6.0" 6.0" 
	77 mph 77 mph 
	Axle 24 (Cab) Axle 24 (Cab) 

	TR
	33 kN 
	70% 
	Left Wheel Axle 2 (Loco) 
	410 Ph-Tre 
	East Track 2 
	66 -65 
	Dry 
	4.8" 
	126 mph 
	Axle 24 !Cab) 

	TR
	36 kN 
	59% 
	Left Wheel Axle 24 (Cab) 
	411 Tre-Ph 
	West Track 3 
	65 -66 
	Dry 
	3.6" 
	126 mph 
	Axle 1 !Loco) 

	TR
	40 kN 
	62% 
	Left Wheel Axle 2 !Loco) 
	411 Tre-Ph 
	West Track 3 
	70 -71 
	Dry 
	9.0" 
	126 mph 
	Axle 1 (Loco) 

	TR
	37 kN 
	58% 
	Left Wheel Axle 24 (Cab) 
	411 Tre-Ph 
	West Track 3 
	70 -71 
	Dry 
	9.0" 
	126 mph 
	Axle 1 (Loco) 

	TR
	41 kN 
	61% 
	Right Wheel Axle 1 (Loco) 
	411 Tre-Ph 
	West Track 3 
	85 -86 
	Dry 
	0.0" 
	66 mph 
	Axle 1 (Loco) 


	TABLE 4.3 PEAK VALUES, SIMULATED REVENUE RUN (+5 mph), NEC, WASHINGTON -NEW YORK R/t 
	Bl MAXIMUM NET AXLE LATERAL FORCE, NAL 
	Measured Value 
	49 kN 48 kN 48 kN 50 kN 
	w 
	<D 
	43 kN 44 kN 48 kN 46 kN 
	46 kN 55 kN 51 kN 50 kN 
	% of Limit 63% 53% 62% 64% 48% 49% 53% 59% 51% 61% 65% 64% 
	Vehicle Element 
	Left Wheel Net Axle 24 (Cab) 
	Left Wheel Net Axle 1 !Loco) 
	Left Wheel Net Axle 24 (Cab) 
	Left Wheel Net Axle 24 !Cab) 
	Left Wheel Net Axle 1 (Loco) 
	Left Wheel Net Axle 1 (Loco) 
	Left Wheel Net Axle 1 (Loco) 
	Left Wheel Net Axle 24 (Cab) 
	Left Wheel Net Axle 1 (Loco) 
	Left Wheel Net Axle 2 (Loco) 
	Left Wheel Net Axle 24 (Cab) 
	Left Wheel Net Axle 24 (Cab) 
	Run No/ 
	Line 
	404 Wa-Ph 
	404 Wa-Ph 
	404 Wa-Ph 
	404 Wa-Ph 
	406 Ph-NYP 
	406 Ph-NYP 
	406 Ph-NYP 
	406 Ph-NYP 
	405 NYP-Ph 
	405 NYP-Ph 
	405 NYP-Ph 
	405 NYP-Ph 
	Direct/ 
	Treck 
	North Track 2 
	North Track 2 
	North 
	Track 2 
	North Track 2 
	East 
	Track 2 
	East Track 2 
	East 
	Track 2 
	East 
	Track 2 
	West 
	Track 3 
	West Track 3 
	West Track 3 
	West Track 3 
	Track MIiepost 
	94-93 
	93 -92 
	93 -92 
	50 -49 
	27 -26 
	25 -24 
	11 -10 
	11 • 10 
	10 -11 
	74 • 75 
	74 • 75 
	81 -82 
	Treck 
	Condit Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry 
	Measured Cent Def 
	o.o
	-

	4.2" 
	4.2" 
	9.0" 
	9.0" 
	10.8" 
	0.0" 
	0.0" 
	3.0" 
	10.8" 
	10.8" 
	9.0" 
	Measured Spead 
	46 mph 68 mph 68 mph 125 mph 109 mph 117 mph 86 mph 86 mph 82 mph 126 mph 126 mph 70 mph 
	Leading 
	Comments Axle 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab! 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 1 
	(Loco) 
	Axle 1 
	(Loco) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Measured Value 
	Measured Value 
	Measured Value 
	% of Limit 
	Vehicle Element 
	Run No/ Lina 
	Direct/ Track 
	Track MIiepost 
	Track Condit 
	Measured Cent Doi 
	Measured Spead 
	Leading Axle 
	Comments 

	44 kN 
	44 kN 
	49% 
	Left Wheel Net Axle 2 (Loco) 
	407 Ph-Wa 
	South Track 3 
	23 -24 
	Dry 
	8.4" 
	110 mph 
	Axle 1 (Loco) 

	49 kN 
	49 kN 
	63% 
	Left Wheel Net Axle 24 (Cab) 
	407 Ph-Wa 
	South Track 3 
	50 -51 
	Dry 
	11,4" 
	126 mph 
	Axle 1 (Loco) 

	43 kN 
	43 kN 
	48% 
	Left Wheel Net Axle 1 !Loco) 
	407 Ph-Wa 
	South Track 3 
	76 • 76 
	Dry 
	o.o· 
	126 mph 
	Axle 1 !Loco) 

	49 kN 
	49 kN 
	54% 
	Left Wheel Net Axle 1 (Loco) 
	407 Ph-Wa 
	South Track 3 
	97 -96 
	Dry 
	31 mph 
	Axle 1 (Loco) 

	46 kN 
	46 kN 
	59% 
	Left Wheel Net Axle 24 (Cab) 
	410 Ph-Tre 
	East Track 2 
	82 • 81 
	Dry 
	6.0" 
	77 mph 
	Axle 24 (Cab) 

	t 
	t 
	47 kN 47 kN 
	52% 52% 
	Left Wheel Net Axle 1 (Loco) Left Wheel Net Axle 1 !Loco) 
	410 Ph-Tre 410 Ph-Tre 
	East Track 2 East Track 2 
	81 -80 75 -74 
	Dry Dry 
	6.0" 11.4" 
	93 mph 125 mph 
	Axle 24 (Cab) Axle 24 (Cab) 

	TR
	42 kN 
	54% 
	Left Wheel Net Axle 23 (Cab! 
	410 Ph-Tre 
	East Track 2 
	75 -74 
	Dry 
	11.4" 
	125 mph 
	Axle 24 !Cab) 

	TR
	38 kN 
	42% 
	Left Wheel Net Axle 1 (Loco) 
	411 Tre-Ph 
	West Track 3 
	70 -71 
	Dry 
	9.0" 
	126 mph 
	Axle 1 !Loco) 

	TR
	45 kN 
	50% 
	Left Wheel Net Axle 2 (Loco) 
	411 Tre-Ph 
	West Track 3 
	70 -71 
	Dry 
	9.0" 
	126 mph 
	Axle 1 !Loco) 

	TR
	40 kN 
	51% 
	Left Wheel Net Axle 24 !Cab) 
	411 Tre-Ph 
	West Track 3 
	70 -71 
	Dry 
	9.0" 
	126 mph 
	Axle 1 (Loco) 

	TR
	42 kN 
	47% 
	Left Wheel Net Axle 1 !Loco) 
	411 Tre-Ph 
	West Trek 3,4 
	87 -88 
	Dry 
	o.o· 
	40 mph 
	Axle 1 !Loco) 


	TABLE 4.3 PEAK VALUES, SIMULATED REVENUE RUN (+5 mph), NEC, WASHINGTON -NEW YORK R/t 
	Cl MAXIMUM WHEEL L/V RATIO, L/V 
	Measured Value 
	0.70 0.60 0.59 0.61 
	-I> 
	~ 
	0.60 0.52 0.54 0.50 0.62 0.60 0.77 0.60 
	% of limit 88% 75% 74% 76% 75% 65% 68% 63% 78% 75% 96% 75% 
	Vehlcle Element 
	Right Wheel Axle 24 (Cab) 
	Right Wheel 
	Axle 2 (Loco) 
	Left Wheel Axle 24 (Cab) 
	Left Wheel Axle 24 (Cab) 
	Left Wheel Axle 2 (Loco) 
	Left Wheel Axle 24 (Cab) 
	Right Wheel Axle 24 (Cab) 
	Left Wheel Axle 24 (Cab) 
	Right Wheel 
	Axle 1 (Loco) 
	Right Wheel 
	Axle 1 (Loco) 
	Right Wheel 
	Axle 1 (Loco) 
	Left Wheel Axle 1 (Loco) 
	Run No/ 
	line 
	404 Wa-Ph 
	404 Wa-Ph 
	404 Wa-Ph 
	404 Wa-Ph 
	406 Ph-NYP 
	406 Ph-NYP 
	406 Ph-NYP 
	406 Ph-NYP 
	405 NYP-Ah 
	405 NYP-Ph 
	405 NYP-Ph 
	405 NYP-Ph 
	Direct/ 
	Track 
	North Track 2 
	North Track 2 
	North Track 2 
	North Track 2 
	East Track 1 
	East 
	Track 1 
	East 
	Track 1 
	East 
	Track 1 
	West Track 2 
	West Track 3 
	West Track 3 
	West Track 3 
	Track MIiepost 
	96 • 95 95 • 94 94 • 93 93 • 92 88 • 87 88 • 87 88 • 87 86 • 85 1·2 7-8 10-11 81-82 
	Track 
	Condit 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	• Dry 
	Dry Dry Dry Dry Dry 
	Dry 
	Measured 
	Cent Dal 0.0" 
	4.8" 
	o.o· 
	4.2" 
	1.2" 1.2" 1.2" 0.0" 
	4.8" 
	3.0" 
	3.0" 
	9.0" 
	Measured Speed 
	30 mph 24 mph 46 mph 68 mph 40 mph 40 mph 40 mph 58 mph 60 mph 45 mph 82 mph 70 mph 
	leading 
	Comments Axle 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 1 
	(Loco) 
	Axle 1 
	(Loco) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Measured Value 
	Measured Value 
	Measured Value 
	% of Limit 
	Vehicle Element 
	Run No/ Line 
	Direct/ Track. 
	Track Milepost 
	Track Condit 
	Measured Cant Def 
	Measured Spead 
	leading Axle 
	Comments 

	0.68 
	0.68 
	85% 
	Right Wheel Axle 1 (loco) 
	407 Ph-Wa 
	South Track 3 
	2-3 
	Dry 
	3.0" 
	67 mph 
	Axle 1 (loco) 

	0.63 
	0.63 
	79% 
	Right Wheel Axle 1 (Loco) 
	407 Ph-Wa 
	South Track 3 
	3.4 
	Dry 
	3.0" 
	79 mph 
	Axle 1 (Loco) 

	0.64 
	0.64 
	80% 
	Right Wheel Axle 1 (Loco) 
	407 Ph-Wa 
	South Track 3 
	13-14 
	Dry 
	0.0" 
	96 mph 
	Axle 1 (Loco) 

	0.69 
	0.69 
	86% 
	Right Wheel Axle 1 (Loco) 
	407 Ph-Wa 
	South Track 3 
	35-36 
	Dry 
	0.0" 
	126 mph 
	Axle 1 (Loco) 

	0.47 
	0.47 
	59% 
	Left Wheel Axle 24 (Cab) 
	410 Ph•Tre 
	East Track 2 
	83-82 
	Dry 
	0.0" 
	77 mph 
	Axle 24 (Cab) 

	-I> N 
	-I> N 
	0.41 0.44 
	51% 55% 
	left Wheel Axle 2 (Loco) Right Wheel Axle 24 (Cab) 
	410 Ph•Tre 410 Ph-Tre 
	East Track 2 East Track 2 
	82-81 82-81 
	Dry Dry 
	6.0" 6.0" 
	77 mph 77 mph 
	Axle 24 (Cab) Axle 24 (Cab) 

	TR
	0.43 
	54% 
	Right Wheel Axle 24 (Cab) 
	410 Ph-Tre 
	East Track 2 
	81-80 
	Dry 
	6.0" 
	93 mph 
	Axle 24 (Cab) 

	TR
	0.62 
	78% 
	Right Wheel Axle 1 (LOCO) 
	411 Tre-Ph 
	West Track 3 
	85-86 
	Dry 
	0.0" 
	66 mph 
	Axle 1 (Loco) 

	TR
	0.58 
	73% 
	left Wheel Axle 1 (Loco) 
	411 Tre-Ph 
	West Trek 3,4 
	87-88 
	Dry 
	0.0" 
	40 mph 
	Axle 1 (Loco) 

	TR
	0.78 
	98% 
	Right Wheel Axle 1 (Loco) 
	411 Tre-Ph 
	West Trek 3,4 
	87-88 
	Dry 
	0.0" 
	40 mph 
	Axle 1 (loco) 

	TR
	0.64 
	80% 
	Right Wheel Axle 23 (Cab) 
	411 Tre-Ph 
	West Trek 3,4 
	87-88 
	Dry 
	0.0" 
	40 mph 
	Axle 1 (Loco) 


	TABLE 4.3 PEAK VALUES, SIMULATED REVENUE RUN ( + 5 mph), NEC, WASHINGTON -NEW YORK R/t 
	Measured Value 
	0.45 
	0.47 0.45 0.46 
	.... 
	w 
	0.35 0.35 0.41 0.34 
	0.42 0.47 0.54 0.39 
	% of Limit 90% 94% 90% 92% 70% 
	70% 
	82% 
	68% 
	84% 
	94% 108% 
	78% 
	78% 
	Vehicle Element 

	Left Side Truck 12 !Cab) 
	Left Side 
	Truck 12 (Cab) 
	Left Side Truck 12 !Cab) 
	Left Side Truck 12 (Cab) 
	Left Side Truck 12 (Cab) 
	Left Side Truck 12 (Cab) 
	Left Side Truck 12 (Cab) 
	Left Side Truck 12 (Cab) 
	Right Side Truck 1 (Loco) 
	Left Side Truck 1 (Loco) 
	Right Side Truck 1 (Loco) 
	Left Side Truck 1 (Loco) 
	DI 
	Run No/ Line 
	404 Wa-Ph 
	404 Wa-Ph 
	404 Wa-Ph 
	404 Wa-Ph 
	406 Ph-NYP 
	406 Ph-NVP 
	406 Ph-NVP 
	406 Ph-NVP 
	405 NYP-Rh 
	405 NVP-Ph 
	405 NYP-Ph 
	405 NYP-Ph 
	MAXIMUM TRUCK SIDE L/V RATrO, 
	Direct/ 
	Track 
	North 
	Track 2 
	North Track 2 
	North Track 2 
	North Track 2 
	East Track 1 
	East 
	Track 1 
	East 
	Track 1 
	East 
	Track 2 
	West 
	Track 2 
	West Track 3 
	West 
	Track 3 
	West Track 3 
	Track MIiepost. 
	94-93 
	93-92 
	62-61 
	12-11 
	86-85 
	85-84 
	82-81 
	42-41 
	1-2 
	10-11 
	10-11 
	81-82 
	Track Condit 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Dry 
	Measured Cant Def 
	4.8" 4.2" 6.0" 2.4" 
	o.o· 
	0.0" 
	1.2" 
	o.o· 
	4.8" 3.0" 3.0" 9.0" 
	Measured Speed 
	46 mph 
	68 mph 
	126 mph 
	96 mph 
	58 mph 
	59 mph 
	54 mph 
	126 mph 
	60 mph 
	82 mph 
	82 mph 
	70 mph 
	T-L/V 
	Leading Axle 
	Axle 24 !Cab) 
	Axle 24 !Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cabl 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 24 (Cab) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Axle 1 (Loco) 
	Comments 
	70 mph posted speed, Class 4 Track, 
	interlocking in middle of 1° curve, Hunter 
	70 mph posted speed, Class 4 Track, 
	inter!ocking in middle of 1° curve, Hunter 
	Measured Valu.e 
	Measured Valu.e 
	Measured Valu.e 
	% of Limit 
	Vehicle Element 
	Run No/ Line 
	Direct/ Track 
	Track MIiepost 
	Track Condit 
	Measured Cant Def 
	Measured Speed 
	Leading Axle 
	Comments 

	0.57 
	0.57 
	114% 
	Right Side Truck 1 (Loco) 
	407 Ph-Wa 
	South Track 3 
	2-3 
	Dry 
	0.6" 
	60 mph 
	Axle 1 (Loco) 
	Switch, in a spiral adjacent to bridge. Posted Class 3 

	0.47 
	0.47 
	94% 
	Right Side Truck 1 (Loco) 
	407 Ph-Wa 
	South Track 3 
	3.4 
	Ory 
	3.0" 
	79 mph 
	Axle 1 (Loco) 

	0.47 
	0.47 
	94% 
	Right Side Truck 1 (Loco) 
	407 Ph-Wa 
	South Track 3 
	13-14 
	Ory 
	0.0" 
	96 mph 
	Axle 1 (Loco) 

	0.51 
	0.51 
	102% 
	Right Side Truck 1 (Loco) 
	407 Ph-Wa 
	South Track 3 
	35-36 
	Dry 
	0.0" 
	126 mph 
	Axle 1 (Loco) 
	Switch, tangent track, Class 5 profile exception 

	0.27 
	0.27 
	54% 
	Left Side Truck 12 (Cab) 
	410 Ph·Tre 
	East Track 2 
	83·82 
	Ory 
	0.0" 
	77 mph 
	Axle 24 (Cab) 

	t 
	t 
	0.35 0.42 
	70% 84% 
	Left Side Truck 12 (Cab) Left Side Truck 12 (Cab) 
	410 Ph-Tre 410 Ph-Tre 
	East Track 2 East Track 2 
	82-81 82-81 
	Dry Dry 
	6.0" 6.0" 
	77 mph 77 mph 
	Axle 24 (Cab) Axle 24 (Cab) 

	TR
	0.29 
	58% 
	Right Side Truck 12 (Cab) 
	410 Ph-Tre 
	East Track 2 
	82-81 
	Ory 
	6.0" 
	77 mph 
	Axle 24 (Cab) 

	TR
	0.27 
	54% 
	Left Side Truck 12 (Cab) 
	410 Ph-Tre 
	East Track 2 
	75-74 
	Ory 
	11.4" 
	125 mph 
	Axle 24 (Cab) 

	TR
	0.27 
	54% 
	Left Side Truck 12 (Cab) 
	410 Ph-Tre' 
	East Track 2 
	66-65 
	Dry 
	4.8" 
	126 mph 
	Axle 24 (Cab) 

	TR
	0.34 
	68% 
	Right Side Truck 1 (Loco) 
	411 Tre-Ph 
	West Track 3 
	84-85 
	Ory 
	0.0" 
	63 mph 
	Axle 1 (Loco) 

	TR
	0.41 
	82% 
	Right Side Truck 1 (Loco) 
	411 Tre-Ph 
	West Track 3 
	85-86 
	Dry 
	0.0" 
	66 mph 
	Axle 1 (Loco) 

	TR
	0.41 
	82% 
	Left Side Truck 1 (Loco) 
	411 Tre-Ph 
	West Track 3 
	87-88 
	Dry 
	0.0" 
	40 mph 
	Axle 1 (Loco) 

	TR
	0.39 
	78% 
	Right Side Truck 1 (Loco) 
	411 Tre-Ph 
	West Track 3 
	87-88 
	Dry 
	0.0" 
	40 mph 
	Axle 1 (Loco) 




	5. DISCUSSION OF RESULTS 
	5. DISCUSSION OF RESULTS 
	5.1 TEST HIGHLIGHTS AND SIGNIFICANT EVENTS 
	12.5" maximum average cant deficiency achieved in a test curve. 154 mph maximum speed attained; no instability observed. No safety criteria exceeded during cant deficiency test runs on the 
	Harrisburg line and the NEC test zone between Trenton and Newark. The main circuit breaker, left open for an extended time, resulted in loss of tilting at one occasion during a test; no safety criteria were exceeded. 
	5.2 MAXIMUM THEORETICAL CANT DEFICIENCY 
	Based on the trends exhibited for the safety related criteria, it could be expected that the X2000 would not exceed any of the safety criteria in the test curves for cant deficiencies of up to 15 inches. While extrapolation of the test data to this extent assumes linearity and is not truly valid, it is useful in assessing the relative margin of safety which is likely to exist for the proposed revenue service. 
	5.3 EFFECTS OF TILT 
	During two test runs on the Philadelphia -Harrisburg line, the tilt system was deactivated on the cab car and on the 2 adjacent cars (#2810 & 2609). These test runs (129,130) were carried out at 9 inches of cant deficiency, with the locomotive leading westbound and the cab car leading eastbound. A preliminary comparison of results for the cab car with those obtained from similar 9 inch cant deficiency test runs (125,126) with normal tilting shows little difference in the derailment related safety parameters
	The maximum steady state carbody lateral acceleration recorded with the tilt system deactivated was 0. 19g on the cab car above truck #12 while traversing curve 662 (4°). The maximum peak lateral acceleration observed with no tilting was 0.33g while traversing curve 672 (2°). 
	A more detailed comparison will be carried out in the final analysis. 
	5.4 EFFECTS OF WET RAIL 
	During the test it was observed that the amount of lateral load sharing by the wheel on the low rail, due to radial steering, was reduced when the rail was wet. As a result the lateral force applied to the high rail increased. This was felt to have little or no impact regarding wheel climb due to the reduction in the coefficient of friction on the 
	During the test it was observed that the amount of lateral load sharing by the wheel on the low rail, due to radial steering, was reduced when the rail was wet. As a result the lateral force applied to the high rail increased. This was felt to have little or no impact regarding wheel climb due to the reduction in the coefficient of friction on the 
	high rail. While no hazards are anticipated in any way, further analysis to determine the effect on truck side L/V ratio is recommended to fully describe the effect of wet rail conditions on performance. 

	5.5 EFFECTS OF SIDE WIND ON ATTAINABLE CANT DEFICIENCY 
	The effect of side winds on vehicle overturning can be expressed in terms of vertical wheel force unloading. An estimate of the unloading experienced by the cab car, the worst case vehicle for the X2000 in the leading position, predicts the vertical wheel force will unload by 5.7 kN (1280 pounds) with a 40 mph side wind applied. This is roughly equivalent to the unloading experienced by the X2000 when operating at 1.5" of cant deficiency around a curve. 
	The effect of sidewinds on the attainable cant deficiency can also be expressed by the weight vector intercept (WVI) value. Since the wind conditions during the tests have been negligible, the measured WVI values have been low. In order to draw conclusions as to the influence of higher sidewinds on the WVI, simulations using wind tunnel test results have been made by ABB. In principle, the calculated effect of a sidewind (in an ideal curve) is added to the actual measured values. 
	At this preliminary stage, no calculations from a specific curve including track irregularities (e.g. from the NEC) have been done. Nevertheless there is a high degree of confidence in the method used. One uncertainty is the assumption that the dynamic variation of the WVI with sidewind is not higher than without sidewind (as in tests). Since the dynamics that are essential with respect to vehicle overturning are of rather low frequency (a very short duration wheel unloading will not result in overturning),
	Investigations have shown that for the X2000, the most exposed car during sidewinds is the cab car in the leading position. Preliminary results of this case were derived by adding the effect of a 45 mph sidewind on the WVI to the measured values for the curves 662, 663, 671, and 672 on the Harrisburg line, as well as for the curves 265, 266, and 268 on the Trenton-Newark line. With the above assumptions, the maximum expected dynamic value of the WVI for a 45 mph sidewind and at 1O" cant deficiency is about 
	The limit of 26.5" assumes a 10% margin remaining on the inner wheels before total unloading occurs. This and the fact that the WVI values are derived with a filter frequency of 25 Hz (in Sweden 1.5 Hz is used in these cases) and most likely contains high frequency components, gives an additional safety margin against vehicle overturning at 10" unbalance and 45 mph sidewind. 
	5.6 EFFECT OF TRACK GEOMETRY VARIANCE ON ATTAINABLE CANT DEFICIENCY 
	To describe the full effect of various track geometry variations on the performance relative to the safety criteria is a major task well beyond the scope of this effort. Realistic, performance based limits for track geometry for high speed passenger train operations in the United States have yet to be developed and will be addressed in the final test report. An anomaly which reduces the crosslevel by one inch in the body of a curve will be used as a convenient estimate of the likely contribution of the 'rea
	5.7 EFFECT OF SPEED VARIANCE ON ATTAINABLE CANT DEFICIENCY 
	Operating at speeds greater than intended due to speedometer or operator error is a likely occurance. The effect of overspeed operation is a function of both curve geometry and the planned operating speed. In general, the higher the degree of curvature and the greater the operating speed, the greater the effect overspeed operation will have on safety. The change in cant deficiency for an overspeed of 5 mph is shown as a function of operating speed for various curvatures in Figure 5.1. 
	5.8 EFFECT OF VEHICLE CONDITION ON ATTAINABLE CANT DEFICIENCY 
	Obviously the range of possible effects of vehicle maintenance condition on performance is unlimited. As a realistic worst case condition, it is conceivable that the radial steering ability of the truck would be lost. 
	Much experience gained from a wide variety of radial steering trucks in service (in particular, the X2000) has indicated that the components most likely to suffer from sub-standard maintenance are the dampers. Extensive trials were carried out during 1989 in Sweden to verify the effects of removing up to half of any one group of dampers, often in combinations of several groups together. It was found that under such conditions of only 50% damping, safety criteria at high cant deficiencies in curves were litt
	Another area requiring maintenance is that of wheel profiles. Careful follow-up programs in Sweden during X2000 revenue service have shown that the wheel profiles maintain a fairly stable worn shape after an initial period of wear-in. 
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	Figure 5.1: Effect of 5 mph Overspeed on Cant Deficiency 
	Inspection of the profiles chosen for running in the U.S. after some 5000 miles suggests this pattern would be repeated for Amtrak track conditions. Again, a 1 inch cant deficiency margin on safety should provide adequate margin for the eventuality of turning different wheel diameters and other such errors, and for a likely worst case worn wheel profile shape. 
	5.9 SUMMARY OF EFFECTS ON SUSTAINABLE OPERATIONAL CANT DEFICIENCY 
	The sum total of the above effects would be to increase the effective cant deficiency by 5.9 inches. A discussion of these effects is presented in Section 6. 

	6. PRELIMINARY RECOMMENDATIONS AND CONCLUSIONS 
	6. PRELIMINARY RECOMMENDATIONS AND CONCLUSIONS 
	6. PRELIMINARY RECOMMENDATIONS AND CONCLUSIONS 
	As previously stated, the purpose of this report is to provide a basis for establishing procedures and limits for the safe operation of the X2000 by Amtrak in the NEC. In developing the conclusions and recommendations presented here the authors have attempted to strike a balance between performance and safety. Where either the available data or time for analysis was limited, conservative judgement has been applied in the interest of safety. 
	The X2000 has been thoroughly analyzed and tested in Europe and has compiled a successful operating and safety record in service in Sweden. The fundamental question addressed by the tests and analysis supporting operations in the United States is how the X2000 would respond to the track conditions here. 
	The tests here were conducted by Amtrak over specific test zones on Amtrak's Harrisburg line and on the NEC between Trenton and Newark. Specific test curves chosen for detailed analysis ranged from 4° 16' (409m radius) to 1° 26' (1221m radius) giving a theoretical cant deficiency of 12" at speeds ranging from 77 mph to 134 mph respectively. Trials were carried out in each of these selected curves at up to 12" of cant deficiency or at a maximum of 125 mph, whichever limit was reached first. During the 42 tes
	The following recommendations were developed from the preliminary analysis of the test results. A brief reference to the relevant and supporting analysis, test results and conclusions is included with each recommendation. 
	6.1 RECOMMENDATION FOR OPERATION AT 9" OF CANT DEFICIENCY 
	Test results show the X2000 radial truck to be effective in transferring lateral loads from the high rail to the low rail at elevated cant deficiency. Vertical load transfer and vehicle overturning are effectively controlled by the truck design which incorporates a roll stabilizer. These design features allow the X2000 to operate in regular service at 9.6 inches of cant deficiency in Sweden (1.6 m/slateral acceleration), based on the design curve geometry. 
	2 

	The test results from both the Harrisburg line and the NEC test zones indicate the peak dynamic responses for the safety relevant parameters never reached more than 92% of the stop test criteria at up to 12" of cant deficiency. 
	The Harrisburg test zone was believed by the Amtrak test planners to be representative of the 'realistic worst case' Amtrak track conditions. A linear projection of the trends established from the test data suggest that, for the conditions 
	The Harrisburg test zone was believed by the Amtrak test planners to be representative of the 'realistic worst case' Amtrak track conditions. A linear projection of the trends established from the test data suggest that, for the conditions 
	tested, somewhere around 15 inches of cant deficiency could be attained before the safety criteria would have been exceeded. 

	Several factors which were not evaluated during the test, will affect the margin of safety for high cant deficiency operation. A summary of these factors, and their estimated likely contributions, in terms of equivalent cant deficiency, is shown below. 
	Primary Factors Influencing the Margin of Safety for High Cant Deficiency Operations 
	Factor Calculated/Estimated Equivalent Cant Deficiency 
	-40 mph Side Wind 1.5" 
	-Track Geometry Variations 1.0" (FRA cant deficiency enforcement limit) 
	-5 mph Overspeed 1.4" 
	-Vehicle Maintenance Condition 2.0" (Preliminary estimate based on worst likely vehicle condition with sub-standard maintenance) 
	Taken in combination these effects would yield an equivalent increase in cant deficiency of 5.9 inches. While the probability of each of these negative factors existing simultaneously is considered extremely remote, planned operations at 9 inches of cant deficiency based on average geometry would produce a total equivalent cant deficiency of just below 15 inches. 
	While it is impossible to know the precise contribution of each of these factors and their combinations under actual service conditions, this type of assessment demonstrates that operating the X2000 at 9 inches of cant deficiency over Amtrak track can be considered safe with the following cof')ditions. 
	6.2 RECOMMENDED CONDITIONS FOR 9 INCH CANT DEFICIENCY OPERATION 
	Condition (1) Track Geometry/Structure for 9" C.D. -The track geometry in the curves over which 9" C.D. operation is allowed should meet all applicable FRA Track Safety Standards. The limiting speed for each curve will be calculated based on a 9 inch cant deficiency using average geometry with a 1 inch tolerance limit for the worst case combination of curvature and-crosslevel as measured by monthly inspections an automated Track Geometry measurement car. 
	-Track structure, ballast, ties and fasteners must meet the FRA regulations for the planned operating speed. 
	Condition (2) Wind -Should wind speeds be predicted in excess of 40 mph, X2000 speeds should be restricted to those for Metroliner operations under the same conditions. 
	Condition 13) Vehicle Conditions -While wheel wear has been reported from service experience in Sweden to be very light, it is considered prudent, due to the different rail profiles which exist on Amtrak rail, that wheel profiles be monitored to assure that accelerated tread and flange wear do not occur. 
	Dampers are used more extensively on the X2000 than on existing Amtrak equipment to limit undesired vehicle response. Evaluating the effects of degraded dampers was not part of the test program; therefore it is considered prudent that the condition of all vehicle suspension dampers be monitored to assure they are functioning properly by measuring vehicle carbody accelerations on a regular basis . 
	Condition 141 Speed Control -Amtrak should take steps to assure that the combined effects of speedometer error and engineer error will not result in more than 5 mph overspeed in the worst case. It is recommended that this be accomplished by careful implementation of Amtrak's and the equipment manufacturer's existing procedures for speedometer calibration and engineer training. 
	6.3 RECOMMENDATIONS FOR OPERATION AT 10" OF CANT DEFICIENCY IN SELECTED CURVES 
	From observations of both the measured track geometry and vehicle response, it is clear that some curves on the NEC could safely support operation at even higher cant deficiency. Curves which meet the following conditions should apply to safely support 10" C.D. operation: 
	Condition 15) Track Geometry/Dynamic Response Analysis Analog plots of both the track geometry and vehicle response should be analyzed to confirm that the following conditions exist: 
	-

	Relatively smooth and coordinated spirals and spiral/curve transitions No special trackwork or structures within 200 feet of the curve along the track (i.e.-switches, crossings, undergrade bridges, etc.) Limited dynamic response during simulated revenue test runs. 
	Condition 161 Strict speed control -Steps will be taken to ensure that the 1O" unbalance speed, based on the limiting track geometry conditions, is never exceeded. Thus overspeed operation is prevented from impacting the margin of safety. 
	6.4 RECOMMENDATION FOR 135 MPH MAXIMUM OPERATION SPEED 
	The X2000 demonstrated stable operation at 150 mph over the NEC high speed stability test zone. Analysis performed by the equipment manufacturer has predicted stable performance, under normal conditions, for speeds up to 165 mph. 
	Both the data and the analysis support the operation at elevated speeds. Operation at speeds up to 135 mph would be considered conservatively safe under conditions 2, 3 and 4 above and the following: 
	Condition (71 Track Geometry/Structure for 125 mph -The track meets the conditions currently approved for 125 mph Metroliner operations. 
	Condition (81 Instability in Service -Any indications of instability during operation would be reported to the FRA and speeds for the X2000 would be restricted to 125 mph until the cause(s) of instability were identified and corrected. 
	APPENDIX A TEST EVENT LOG, X2OOO U.S. DEMONSTRATION 
	MASKINDIVISIONEN 
	Labo rat oriel 
	II 
	,s1r 
	IO'l E 
	/(fj 
	w 
	l6' 
	t
	-

	•or,, E 
	II t.• 
	S' 

	r..~ 
	LR 9223-12m X2000; US Demo 
	tEST EVENT, ILOG 

	4 
	I 
	,.,
	. 
	I 
	' 
	(> 
	D 
	" 
	0 
	/) 
	D 
	lQ lOll 
	Ranarb 
	dirtcttclll 
	E 
	MASKINOIVISIONEN Laboratorlet 
	TEST EVENT LOG 
	LR.9223•12m 

	X2000 US Demo 
	OiroclK,i 
	-

	Track# 
	Rail 
	Xl 2013
	MP 
	MP 
	Ua 
	Rcmarb

	Du 
	r-
	Or\•·\\'d 
	dir<'l."liffl
	Balance
	• 
	/fl<) 
	f=p.fce ... _.;..,._f.. r(',lff,,.M,,
	f)'.0 
	~
	'I/ I?. 
	4
	/Ol VI 
	~" 
	•
	zw 
	.,., 
	r;;;
	F
	a~ 
	IJ.W
	0~ 
	I 
	:r"' 
	..,
	l'J<IO 
	IQ 
	w 
	F
	-

	LV 
	8'"' 
	a~ 
	,,,n 
	w 
	e.
	e 
	9"' 
	I )4~ 
	l'i'° 
	.,, 
	14' ,, 
	'-, 
	\u
	VJ 
	!:
	l'I '°' 
	I'>~ IS" 
	w 
	~
	~ 
	'1" 
	I
	0 
	• 
	,~ 
	..,
	If_ II 
	1ou 
	C
	r.v
	Ill 
	w 
	le," 
	,,,. 
	j!:_
	ll't ~
	11'" 
	I 
	"" 
	J"Jil 
	-
	MASKIN0MSIONEN 
	Laboratorlel 
	..
	MP
	r-
	I 
	-
	IIC.:
	191,~ 10
	-

	.,.
	. 
	Cf.
	'll."
	,,,4 2"" 
	1r, 
	rt'· 
	I ISi
	JI{"'" 
	14"" 
	... 
	,~

	/I' 
	(tY 
	,,,
	llll' ll'" 
	-
	Ill 
	B 
	II J 
	t: 
	IJI 
	1E. 
	Ila
	-

	·-
	-

	10" 
	Jn"' 
	I l • 
	H 
	II 

	12.· 12." 
	TEST EVENT LOG X2000 US Demo 
	Tra.t.• 
	'-i 
	I l/ I 
	4 
	I 
	Rail lln·Wc 
	n 
	" 
	fJ 
	() 
	t, 
	0 
	XZJllU 
	·
	-

	15_ g 
	--

	[~ 
	J; 
	-
	6 
	-
	''. 
	MASKINDIVISIONEN 
	TEST EVENT LOG 
	LR 9223-12m 

	l)lla 
	3/,') 
	~,,, 
	laboratoriel 
	11P
	r
	-

	10··
	,,,~ 
	I"'
	,.., 
	'il 
	/Z.

	,z..1• 
	l'i" 
	,..,.., 
	II'• 
	111~ 
	., ,. 
	S"1 
	:Z-! 
	I.J"" 
	'In r.,
	-

	It;"" SI< 
	,s~ 
	ILw. 
	Sl 
	11(_-~ 
	117-'li 
	5" 
	~;
	-

	R•
	, 
	-
	Ill 
	·w 
	,22 
	~ 
	I I J
	123 
	2,'1 E. 
	p_, 
	\JJ 
	• 
	121, E 
	12.": 
	\l/ 
	1,.J 
	"£ 
	w
	2,' 
	11·0 
	r-
	Ill 
	n.s
	-

	i,u 
	10" 
	,o.. 
	,,. 
	'? .. 
	.., .. 
	1£' 
	12" 
	"'l"' 
	.,.. 
	Trad<• 
	½ 
	I 
	..., 
	I 
	. '1 I 
	,., 
	I 
	LJ 
	I 
	X2000 US Demo 
	Rid 
	lln·\\"d 
	V 
	Iv 
	f) 
	D 
	u 
	IO 
	n 
	D 
	0 
	1) 
	XZlOll 
	ciin.,1MICI 
	-
	\,\/ 
	,'40 ~ ...~.c,(. IJtJ \/ -k>---,al.'1' /,,fJl'Jtfl ltfl . o-... ~IIC'l( 2J • • .J 21.1 
	Tr.. 

	w 
	\V 
	w 
	w 
	r.~la -\/2.'I • "· 
	llV 

	\.u 
	3.1.;:-£I::. .. F... Ice MP 
	llJ 
	-
	,,. J ,7-,., L23 l ,J.,,•.s1,.,1 
	vJ 
	,,, 1:11 ..... 'I t"_..J. <, 
	Lt:1..-L'l.'ll ..J;.,..11,,J
	. 
	w L2'1, l?'lv ._,-.• ~J. 
	MASKINDIVISIONEN 
	LR.9223-1211
	TEST EVENT LOG 

	Laboratorlet 
	X2000 US Demo 
	tf,IJ. •r-~:11,,._ 
	W 
	1°' 
	-.!J ]) L(~11J~l .. ---~,lMf(I.,," 
	l.d,-, 
	• 
	~ '-' • ; #1~ 11 
	-
	t.,Z.,, 
	. 
	-

	-., 
	ti 
	-

	DolO 
	·
	-

	fJ/,1, 6.f 
	0-' 
	b~~
	'"rs/(1 
	,so 
	. 
	-
	>l/11 I l',. 
	I "'.:
	'IJl'L 
	1,~;i 
	.
	.,., 
	1 .. 11: 1 
	,, l"" 
	MASKINDIVISIDNEN Laboratorlel 
	MP Rua
	• 
	~) 
	~61 
	-
	~ 
	l.0 
	u, 
	-

	E 
	e 
	\A) 
	w 
	b. 
	R,bno, 
	1Sb 
	~" 
	-
	'-''' 
	IC" 
	LR-9223·12m X2000 US Demo 
	TEST EVENT LOG 

	Tra.1.. 
	-:, 
	'!, 
	~ 
	:J.. 
	a. 
	IA 
	IA 
	IA 
	.X2lOU 
	ll<nwb 

	hn:\\"d 
	hn:\\"d 
	clit1"1iffl 

	D 
	D 
	(lA( 


	t> Cl,,,--.#.L ,,J.4,, r-i,,,-fc-ifl
	re.." 
	1 t~ I • ~· -A --·" t,11,f ,.n,,i .
	6 
	-
	N, .:1....,... c1.., c..a""'1 -• 
	C-V/•u I ~ c.v1 J~ -'01,, r~..i ( Ie ,;i ~cc. ri-m '°-<<Ml V•l\~;,,.k,.I J 111 
	-
	\) 

	.._., 
	-
	{-1 t,,fy 1'G f J> J . .. -, • bn,. ., ,-( H~o. t h-jJ. 
	-,
	\.} 
	(~,,/ 

	, ');J
	lf,t 'JU. w II" 'J \J (y.....i \I, /1'0.,,h ~ ... ~1-e ..J. 
	. 
	.,, 

	. 
	~.,15') tlC ~ 1.:r· ;J. \1 
	"""'r 
	~i 
	"Jj
	v,~ 
	11"' l:.uw..~ -a V --..t'1 ~ ...., p "' 
	'J.1I 
	\Al 
	• 

	. 
	,.,
	•iJ,, 
	7" w ,~o :!> D Ch~~., J,• .,,· -"'~ 
	~· 
	.. 

	,,:i-, 
	,.L 
	'!I 
	-
	-


	.,.:, C, 
	.. 
	.
	., 

	Id' IW 'l'" \.l (~A'( f1'e ~ ('l..(.IA
	,~

	P/11. 
	,.,, .,
	1()111 'Iu ~.. n.. o (.f'Dw, 'f>,•-• -tA,... 
	w 
	111 

	w
	•
	uv• 
	,e ... . ,
	,11· l"f/1 ~ "l" l)#JS. J:(c)f'\1 \ AUi C..
	1 
	. 

	I0/11 
	,..,,... 
	2.iJ lwi , . ..,, .I.: fl~ J 
	!._ wwe.s,~ J. ,h., t tt I"~• ,.d•-~ic,i,, ~ 0, 
	l~ru-ru-r.ie 
	"
	• 

	MASKINDIVISIONEN 
	TEST EVENT. LOG 

	Laboralorlet 
	X2000 US Demo 
	.,... 
	...
	MP
	r... 
	Xll<ll.1
	1ml 
	-~· 
	Ila.._ 
	dir"'1iilll 
	'""
	• 
	·
	-

	""""" 
	~0) 
	'J
	Sli 
	ILi()
	121,11 
	(y..tl
	?o'f 
	£ 
	v./ 
	$'( 
	,I
	'=.,.., 

	~·~ 
	.. 
	,..,.,. 
	.....,
	U')':I"' 
	!lb~ 
	\':)0 
	16,c 
	•y..,
	'W 
	lfOl'\t
	~
	"' 
	LR9223-12m 
	·
	-

	,.,/. l/lAIA "!,6l( 
	' 
	~1'1 'll-,11"1,:,u, [::,cl 
	I ) 
	""1111,,
	'!:J 

	1L-J
	il:f' 
	,t{'] 
	f-:1,,1 C M ,fr,,,.,. 305
	S" 
	' 
	. 
	-
	Doll 
	·
	-

	&Ill
	-llf/llJ. 
	~")S' 
	"" 
	'1U litU 
	HOU 
	l<ft,4 /ff; 
	l\(.11 
	l'T J7 
	-· 
	MASKIN0IVISIONEN 
	uboratorlet 
	....
	ID 
	,
	-
	,~,. 
	lfoo 
	-

	N 
	,,,, 
	'n<.:l 
	'tk, 
	I_'I. 
	,o 
	lt!l 
	' 
	0 
	l'lbZ J;,i
	f8 
	r;ri 
	i 
	'16b 
	,.l/.. 
	ti 
	"" I • I •· 
	rl 

	I.la Ila"
	-

	q• 
	Of 
	~ 1'1 
	,_ .,. 
	LR-9223·12m X2000 US Demo 
	TEST EVENT LOG 

	Tlad.l 
	Rail 
	lln·Wd 
	? 
	n 
	1 
	~ 
	1 : n •I 1 
	u 
	!J, 
	'i 
	-
	;:,. 
	.... 
	C',.$ 
	-
	L 
	.. 
	X220U dirt\.1bl 
	,..._, 
	\ 
	Pl..!u
	-
	tf-t~r 
	..,~-= 
	..... 
	-
	W .. ,i,.. -L.-, f,}h,,i' f,.,J~iDk:,
	,-,., ~., ..,r._ 
	............. 

	,(',-rJ,.J ~..,,'II,, [&..JH .s.o....o/e f,t,-A .Il6dH~ .J..• h ,.,.. ,,,_.,, . lR:,.,,. ""'""I.et 4oo -Ift1' Vel-,A\\\.i "I6• AU~'f~r;,.,_~
	_,,,.. 
	I"F.'('J-1 h'Ylf ~ t: \J -I!' t rhi.i l.,l ~·ver ; s c:L~/.,j1.4 • f ! lf\A" l-l'lt 1,. ·-''"(f•t,°~ •t, .. , 6 ~1L ,,,.,.s.. !"()M 4\l(S"-PiSS St 
	. 
	MV 5 ......cl,Y'r.Nk'Jld 
	• ...h6 J. '('4}rJ sJ.,-, f .a J 
	j "(11! l~~ 0111.c~c..-t('.., ,..,.-.r :. 1-"M .J. -•A/.Jd1j .... ,\J., ..l_,l ~ ...... ; -~' ,& n,,& 
	~<' h•r.,;cl.. '1.-i,n...-~ ..,~,.,I., ~-1-tA .. t V1111-1 C'°"' 
	ru:M-r 

	' 
	.

	M~ w ..... ·--'-~t.s 
	l"ll)b ~ 0at>A °tf"ll... .,.,,!-v.h.! ... J
	re~-.

	.. 
	I
	.,c.,_, 
	..-n.,
	• 
	-


	fl??t!' 
	I .,_;i C. e_ -' 
	"c.c6
	11 

	, 
	<'~ 
	_/_
	... 
	, I
	• 
	TEST EVENiJr ILOG LR:t223•12m
	MASKINDIVISIONEN 

	Laboratorlet 
	x20001 us Demo 
	l)llo T-MP Rua u. Trad<• a.a 
	-

	Dn•\\"4
	• 
	11." 1(6/ w -&I" 0 l:>
	"'"" 
	y~c, 

	,, 
	I 
	' 
	'lb~ :J~ 
	I 

	11!· l;p.-,>
	~ 
	'.'Z_, 10-: 
	w 

	,.,_ ,
	•
	.., 
	t5''> ?.1 Lj I'bi(• 
	h 
	. 
	1.//1IJ 11-'1 ~ or '3 D 
	f) 
	e, 

	0 u -,r.; :!> 
	l!l.,. .1" 
	• ,i.:1 1 
	t_01 
	1, 

	\IJ(4 
	IIA
	It."' 
	'-"22013
	""'-,icwa 
	-
	ft'4o1t fA I.... e {'(6.,.,
	"~"''
	P'lhl,.,.. '1~ 
	~OP IVP..u 1,v k: '1Plvt\ f"ltl-. . 
	• 

	f'h..1.....,-4~ I A•-·~ 
	I( 

	(. l..,~c:-W '(Ip_;r., ' -t-IJ 8.'1 I 
	L •
	t'P! IL ,Pl,, A ft....,.,, .I'., . ,,: _, ---... ~ ;,.,,,, 
	" 

	"' .• G.;ALI-J.;•-, _.. ---,,,..., 
	rl 
	--
	'-
	. 

	1~'•L • r-3. • ~~ ,,.p,f.
	.
	.,_ J 
	f,'

	f'('o,,,t .,-<'.._,k 5 ,• ~ (.... ~ .11l...;, 
	~1-ft..O \79,1)1·"-wO~ t:.\~n, :.~. J.:,e h (..,.,,(~ ..! c::L-i4..._r,._1i .1r~... ,..,""~' 
	11

	~ 
	e...h~..io, . rA•_.,_, ...P ♦tci1 ..
	.
	.. 

	• 
	. 
	L .
	ci.. ..11 ..J· Wv' • I' 
	• 
	c,t-:o,, •VI· --I ,vi, P-'" L.,,i., 'J" 
	.
	;,._____. .-,f,t, C, '
	-

	. 
	... 
	MASKINDIVISIONEN 
	TEST EVENT LOG 
	LR t223-t2m

	Laboratorlel 
	X2000 US Demo 
	MP Rua u. Trad. I
	-

	DIii r-
	Raia
	-

	~/,.L 111$" ,,~ N ,:5'..,. ,g_ 
	1
	tth 
	• 

	I?) 
	~· 
	I.J. 
	I~~ lvrt: 
	61 JL, _.,, I 
	0.1 
	.J VI, 

	r,.., ~ "J 
	')~ l' 
	1l-'1 I '1'1 2J. '
	·
	-

	'74"J c:;; I' 
	CP :10, 1 
	1 
	~ /Iv 
	,er 

	,.
	lf'l 
	/()~' 
	'-I 
	-
	y· 

	0'11 
	,,..,,. 
	f
	11i;:i \\\'1 
	a.u 
	11n•.w.. 
	D 
	. 
	h.P"" 
	c~-/?,V s~ IJJJ/1
	-

	-·
	-
	-

	,
	~~-,-,~:--s;~ ,t "1.f.i'J:. ~, 
	4( ...~Lf ..J 1"1-~j, . lJ 1 '\k\C.J si-.wql 01{
	,.. 

	"'"" {I-1G 
	-'e,-,l., ~l. ., r!i 
	' ,.,_ I;,, 

	~ (6..J '\.CC tie~ •~ J...,ie. h • \ •-1 ....~ 1()\r.'4 
	,~ .... 1 • 

	-
	I
	.J,, (\ '\_A••'• (I( ,, ,...
	-·-
	u.. 
	(> 

	~ 
	.,
	~... \,,,~J..~ 
	51-o .0 :.,. -t-1elA• y,,d/ rt..~·•-·-.. 1 l'l-,. 'b" 6k 
	X2201) Rana,b 
	....
	-

	(tu..(' (<ecoyJ eJ ffotvi .sl•vt 
	,,,,,.
	LA!> 144 J. I. ,r t:=11( sidA~IJ t>I< 
	61',,f, 

	,,-~t&Allo..'.9.V"\ .I h,-,1 
	vii)••,,. /Jllf 4ue'f~ L?,,,,,~ I .:c. 6cJ8"1.s(L ".i,...1< ltb. I;(~ ~-✓d.St 
	~fi.O 
	!) 
	. 

	,,,1:~~~' "1ft'1 ~.. 1--. ~~ 
	nrnv'-1 Li 
	s~,o u L.>:t 
	f
	.
	. 
	:.h.lJ ......£ Vii,, ll.c/~/Ph," 
	;,.a I( 
	. 

	~ 
	#.. ~r~ oll/ I,(.} (o.., 11A
	"' 
	' 

	• ..., 1""1~~ ~ t.. ( k,'.,I, UfJ • 
	..,,.c.l( ~ ... -ll,_ !) .J!"jt.,.. ...... ,"2 ... ~1,t la~ ,.,.,.Dp,,l..11-5°il-I• . -l. t, ,..I.I. s,.,
	•"-
	1"'=-lt ~ 

	"1.0~ tM. 
	• ' 
	• 
	MASKINDIVISIONEN l.aboratorlet 
	-
	,.._
	I ..
	°"' 
	MP a.a 
	Uo 

	11ai... 
	,,, 1/l.
	1".i/,4 
	~& 
	a"+S"'4
	w
	~ 
	.!
	\t'' 
	'6. 
	';s 
	, 
	,. J
	!1) / 
	""-11,. £~ ""~•.., .J. Lt&• 
	., 
	.
	,.,a
	1!/:,; 
	-~ 
	fc:JbA -lu -r~ilti',fi~ ~ 
	-

	... 
	. 
	. 
	~I 
	11,.. .u, ,. 
	t'htl,Jl'/J

	~q. 
	,,
	'b 
	'l
	rv 
	rv 
	I 

	,~,,~ (e.,., v.-,,=,-.tjy.) 6U 
	of J,l..,e..

	t: 
	A.

	1~11 
	1~11 
	ti~ 
	6 
	't".5'... 
	0 
	~ A-(. • 1-,w-:-. 
	I I 
	r,r.
	1-111 ....J..LJ t/--'-~ 
	.. 
	..
	f.l'I
	I~"'I 
	1/, 
	'nwi'.,l,,
	.. 
	" 
	,

	~5'1 
	CtoS:1 6,. ,,. ..-'ft.
	{(6'-l't
	l'H12. 
	D
	58 
	411 
	f-6-t'
	-

	uJ 
	1 
	;
	S(..o .. 1 . (11•.: I ,.l,/.0£..,'. •
	°U•
	l'f'l 
	/./
	. 
	.
	• 
	1'(11 
	~ 
	t,'oo-rC
	!.!Ai 
	't150fl 
	D
	1!¥11. 
	\ 
	s 
	~"' .... 
	OeP 
	i(=k*b 

	e>...--tC\i,;.-:-""1. .,,b,.. "'WI! 
	. 

	\'II
	f 

	!)
	S"I 
	l!f

	5La ... 1 \, ,:• • l,..., &rn ,.,
	\.'Ii 
	I
	,.,. 
	II. 
	" 
	1:!> 
	~ 
	15'i 
	'\S 111 
	ti,, 
	,Si
	f~' 15)i ~ 
	LR.122:s.12m X2000 US Demo 
	TEST EVENT LOG 

	Tr11.i.l 
	:..·22011
	Rail 
	Rlfflllb 
	din,1i11a
	fin· \I'd 
	{'{Oo\( 
	I 44VL N'Yfl
	D
	" 
	Slol ~~11-i..,_,l)'f ~ 7 K~r 
	1
	1
	' 

	t'.._,d ·•ff W"I~ s,rlP c/,f-,~I fecP1Jers. 
	~6 ,,., ,: 

	e,.lr 
	-rR12s 

	~L... ., -!~ ,..,..,hiJ,. \.\ ....i..! 
	\'
	s1....•.:;; jw ~5--• '
	I/A 
	1-"'1 
	l ., 
	APPENDIX B 
	• 
	TRACK CURVE INFORMATION 
	x2000 TEST PROGRAM HARRISBURG LINE SPEEDS 
	Eastbound 
	Track No. 1 

	TIIETABI.I! 
	CURVl!OEOlll!IRY
	MII.EPOST 
	PROPOll;Q CURVIH:G IPEH> BB l·B Ir.Si 
	PROPOSED IIAXIIIUII 
	CV.I DEIICIUl'IIOII 
	DEGREE RADIUS I.E.
	LOCA11011 
	:rue 4"UII l"U8 rua rua rua rua 11r1111 11"UII. 1rua 
	TESTING SPEED
	__,,
	w,11 ENI 
	/INII (lnchNJ 
	(""4)1>/ (""4)1>/ (""4)1>/ (mph/ (mph/ [mph/ (mph/ (mph/ (mph/ (mph/ 
	(mph/ 
	671 
	66.58 6626 
	0.60 9,549 1.815 
	108 110 110 110 110 110 110 110 110 110 
	110 
	678.1 
	0.37 15,628 0.150
	66.22 66.17 
	•
	110 110 110 110 110 110 110 110 110 110 
	678 
	0.32 18,004 0.150
	66.52 64.79 
	•
	110 110 110 110 110 110 110 110 110 110 
	675 
	63.87 63.51 
	1.00 5,730 3.315 
	•
	95 103 109 110 110 110 110 110 110 110 
	674 
	0.45 12,733 0.500
	6321 82.97 
	•
	105 110-110 110 110 110 110 110 110 110 
	673 
	82.10 61.64 
	1.02 5,636 3.250 
	•
	94 101 108 110 110 110 110 110 110 110 
	672 c.....-1olMP61 
	61.48 60.97 
	2.03 2,618 5.250 
	•
	76 61 85 89 93 97 100 104 107 110 
	671 C.....-olMP60 
	60.82 58.97 
	2.00 2,665 5.500 
	•
	78 82 87 91 95 96 102 105 109 110 
	670 C.....-olMP58 
	58.69 58.53 
	1.10 5.209 3.000 
	•
	86 95 102 108 110 110 110 110 110 110 
	669 
	58.89 58.42 
	1.52 3.778 5.500 
	•
	90 95 99 104 109 110 110 110 110 110 
	66B 
	57.64 57.36 
	0.66 8.815 1.250 
	•
	97 107 110 110 110 110 110 110 110 110 
	667 
	58.64 66.79 
	0.96 5,827 2.250 
	•
	67 95 103 110 110 110 110 110 110 110 
	666 
	54.58 54.36 
	0.45 12,733 0.815 
	•
	110 110 110 110 110 110 110 110 110 110 
	. 666 
	,~ 

	53.99 53.66 
	0.47 12.278 0.615 
	109 110 110 110 110 110 110 110 110 110 
	•
	664 
	·~ 

	2.05 2,795 5.825
	53.25 52.74 
	•
	76 82 86 90 94 97 101 104 108 110 
	663 c.....-1o1Gop 
	52.44 52.00 
	4.03 1,421 5.150 
	•
	58 58 82 66 67 70 72 15 77 79 
	682 Cl.vve 11 Gop 
	51.63 50.77 
	4.20 1.364 5.825 
	•
	54 67 60 63 66 66 71 73 15 77 
	661 
	50.61 50.19 
	2.00 2,665 5.815 
	•
	60 64 6B 82 95 100 103 107 110 110 
	660 
	50.08 49.61 
	1.00 5,730 3.315 
	•
	95 103 109 110 110 110 110 110 110 110 
	658 
	49.16 48.64 
	1.00 5,730 3.315 
	•
	95 103 109 110 110 110 110 110 110 110 
	66B 
	48.72 48.36 
	I.DD 5,730 3.125 
	94 101 108 110 110 110 110 110 110 110 
	• 
	667 c.....-ol Alglln 
	48.29 47.50 
	2.00 2,866 5.150 
	79 64 6B 82 95 99 103 106 109 110 
	• 
	656 
	46.86 48.77 
	0.33 17,189 0.315 
	110 110 110 110 110 110 110 110 110 110 
	• 
	665 
	45.34 4524 
	0.40 14,324 0.150 
	110 110 110 110 110 110 110 110 110 110 
	• 
	664.1 
	44.61 44.61 
	0.45 12,733 0.615 
	110 110 110 110 110 110 110 110 110 110 
	• 
	664 
	43.79 43.66 
	0.32 18,004 0.150 
	110 110 110 110 110 110 110 110 110 110 
	• 
	663.1 
	43.97 43.96 
	0.37 15,628 0.150 
	110 110 110 110 110 110 110 110 110 110 
	• 
	663 
	41.63 41.32
	• 
	0.66 8,615 2.250 
	107 110 110 110 110 110 110 110 110 110 
	• 
	662 
	0.15 7,640 1.615.
	41.03 40.64 
	•
	96 106 110 110 110 110 110 110 110 110 
	661 
	39.90 39.42 
	0.67 8,584 2.250 
	106 110 110 110 110 110 110 110 110 110 
	• 
	550 
	39.09 36.39 
	0.50 11,459 1.825 
	110 110 110 110 110 110 110 110 110 110 
	• 
	649 
	37.92 37.33 
	I.OZ 5,636 3.315 
	85 1oz 109 110 110 110 110 110 110 110 
	• 
	Paga f of2 
	X2000/IBEJCLS 
	Eastbound Track No.1 
	;,c2000 TEST PROGRAM 
	HARRISBURG LINE SPEEDS 
	Table
	TR
	TIIIETABU! 
	1111.EPOST 
	CURVECll!OIIETIIY 
	PROPOSa! CURVINB ~PEED BIi 1·2!11 IESI 
	PROPOSED MAXIMUM 

	TR
	CV.I 
	DESCRIPIION 
	LOCAT10N 
	DEIIREE 
	RADIUS 
	S.E. 
	rua 
	4"U8 
	ll"U8 
	rue 
	MIS 
	rue 
	rue 
	tO"UII 
	tt"Ue 
	t2"U8 
	TESTING SPEED 

	TR
	Wtsl 
	ENI 
	/d,clm,IJ 
	treetl 
	(n:hHJ 
	(mp/,/ 
	(mp/,/ 
	(ny,/IJ 
	(mph/ 
	{mp/,/ 
	(mph/ 
	(mph} 
	{mp/,/ 
	{mph/ 
	(mph/ 
	{mph/ 

	TR
	648 
	37.30 
	36.77 
	0.98 
	5,827 
	3.500 
	97 
	104 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 

	TR
	647 
	35.87 
	35.70 
	0.37 
	15,626 
	1.250 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	648 
	35.55 
	35.(1 
	0.32 
	18,004 
	1.125 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	645 
	35.13 
	3(,8( 
	0.32 
	18,00( 
	t.500 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	64( 
	3(.58 
	3'.10 
	0.92 
	8,251 
	3.000 
	97 
	104 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	643 
	3(.04 
	33.55 
	0.72 
	7,996 
	1250 
	102 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	642 
	3318 
	32.88 
	0.82 
	7,018 
	1500 
	98 
	107 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	641 
	32.118 
	32.18 
	0.97 
	5,'111 
	3.375 
	97 
	104 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	640 
	31.118 
	31.27 
	1.70 
	3,370 
	8.000 
	87 
	92 
	96 
	100 
	105 
	100 
	110 
	110 
	110 
	110 
	• 

	TR
	839 
	111 &21c1 ...... 1200' -
	orS9III295 
	30.M 
	30.3( 
	2.37 
	2,421 
	5.825 
	72 
	7& 
	IIO 
	8( 
	87 
	91 
	9( 
	97 
	100 
	103 
	• 

	TR
	838 
	111 &:bid c:uNO 1200'-olSv,ol 295 
	3028 
	29.81 
	3.00 
	1,910 
	5.500 
	8( 
	fl 
	71 
	74 
	77 
	IIO 
	83 
	86 
	89 
	91 
	• 

	TR
	637 
	29.20 
	28.20 
	010 
	31,648 
	1.250 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	636 
	25.71 
	25.50 
	MS 
	12.733 
	1.500 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	635 
	24.50 
	24.15 
	0.50 
	11,«il 
	1.750 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	63( 
	23.00 
	23.30 
	020 
	28,648 
	0.750 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	630 
	fill 3QIYOI -lolMP 21 
	22.74 
	22.35 
	2.05 
	2,795 
	5.500 
	77 
	81 
	86 
	90 
	93 
	97 
	101 
	104 
	107 
	110 
	• 

	TR
	629 
	fill 3--orMP21 
	22.31 
	21.97 
	2.05 
	2,795 
	5.750 
	78 
	82 
	87 
	91 
	9( 
	98 
	101 
	105 
	108 
	110 
	• 

	TR
	628 
	firll 3QIYOI-I olMP 21 
	21.85 
	21.00 
	2.12 
	2,707 
	5.825 
	76 
	81 
	85 
	89 
	92 
	96 
	99 
	103 
	105 
	100 
	• 

	TR
	~ 

	TR
	•.} 

	, 
	, 
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	X2000HBEI.XLS 
	' 
	WestbOuncl 
	X-2000 TEST PROGRAM HARRISBURG LINE SPEEDS 
	Track No. 4/2 

	0IJI 
	0IJI 
	0IJI 
	Tllll!TAIIU! DEICRIPllON 
	111.EPOSr LOCATION 
	CIIRVl!llfllllETRY DEGREE RADIUS I.E. 
	S"UII 
	4"1111 
	rua 
	CALR~ !ImCURVllt!ilBH-AiS rua rue rua rua 
	111"W 
	11-ua 
	1rua 
	PROPOSED IIA)(JMUII TESTING SPEED 

	628 Fill 3.,.__,ol MP 21 629 Fnt 3...-.. _,olMP21 
	628 Fill 3.,.__,ol MP 21 629 Fnt 3...-.. _,olMP21 
	&,f 21.84 22.01 
	w,11 21.88 22.32 
	{cltdmlllJ 2.13 2.10 
	/IHI/ 2,686 2,728 
	f"""'I 5.750 5.750 
	(mph/ 77 T1 
	(mph/ 81 81 
	(mph/ 85 86 
	(mph/ 89 89 
	(mph] 92 93 
	(mph/ 96 97 
	(mph/ 99 100 
	(mph/ 100 104 
	(mph/ 106 107 
	(mph/ 109 110 
	1mph) 110. 

	630 Fill 3 ...-..-1o1MP 21 
	630 Fill 3 ...-..-1o1MP 21 
	22.37 
	22.78 
	2.00 
	2,818 
	6.750 
	78 
	83 
	87 
	91 
	!16 
	98 
	102 
	106 
	109 
	110 
	• 

	631 
	631 
	23.30 
	23.80 
	0.20 
	29,848 
	1.000 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	832 
	832 
	24.63 
	24.85 
	1.17 
	4,911 
	4.125 
	93 
	100 
	108 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	633 
	633 
	2525 
	25.40 
	0.43 
	13,222 
	0.750 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	634 
	634 
	25.63 
	25.75 
	0.42 
	13,751 
	1.825 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	635 
	635 
	28.30 
	28.39 
	0.22 
	29,446 
	0.875 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	636 
	636 
	28.47 
	28.63 
	0.27 
	21,485 
	1.000 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	637 
	637 
	28.20 
	29.20 
	0.20 
	28,848 
	1.250 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	838 111& 2ndcuvt 120ll-lo1Slpl295 
	838 111& 2ndcuvt 120ll-lo1Slpl295 
	29.81 
	30.25 
	3.07 
	1,868 
	5.825 
	63 
	ff/ 
	70 
	74 
	T1 
	80 
	83 
	85 
	88 
	91 
	• 

	639 111 I 2nd cuvt 120ll-lo1Slpl 295 
	639 111 I 2nd cuvt 120ll-lo1Slpl 295 
	30.32 
	30.81 
	2.35 
	2,438 
	5.825 
	72 
	T1 
	80 
	84 
	88 
	91 
	94 
	98 
	101 
	104 
	• 

	840 
	840 
	3122 
	31.65 
	1.55 
	3,897 
	5.875 
	90 
	95 
	100 
	106 
	109 
	110 
	110 
	110 
	110 
	110 
	• 

	841 
	841 
	32.18 
	32.55 
	0.93 
	8,139 
	3.500 
	100 
	107 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	842 
	842 
	32.87 
	33.15 
	0.82 
	7,016 
	3.500 
	107 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	843 
	843 
	33.57 
	33.87 
	0.27 
	21,485 
	1.250 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	.')844 • ·J645 
	.')844 • ·J645 
	34.23 35.08 
	34.81 35.19 
	0.32 0.55 
	18,094 10,418 
	1.125 1.375 
	110 107 
	110 110 
	110 110 
	110 110 
	110 110 
	110 110 
	110 110 
	110 110 
	110 110 
	110 110 
	• • 

	848 
	848 
	35.88 
	36.04 
	0.38 
	14,947 
	1.250 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	847 
	847 
	36.11 
	36.25 
	0.37 
	15,628 
	1.500 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	. 

	848 
	848 
	3579 
	37.31 
	I.Oil 
	5,730 
	3250 
	95 
	102 
	109 
	110 
	110 
	110 
	110 
	110 
	110 
	110 . 
	• 

	848 
	848 
	37.34 
	37.93 
	0.98 
	5,827 
	3.375 
	98 
	104 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	650 
	650 
	38.43 
	39.12 
	0.47, 
	12,278 
	1.375 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	551 
	551 
	39.45 
	39.90 
	0.75 
	7,640 
	2.500 
	102 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	552 553 554 555 556 557 CUw-olAlglon 558 558 660 
	552 553 554 555 556 557 CUw-olAlglon 558 558 660 
	40.85 41.33 43.80 45.13 48.78 47.41 48111 48.78 48.73 
	41.05 41.85 43.71 45.34 48.87 48.21 48.85 48.08 II0.10 
	0.73 0.73 0.42 0.45 0.37 2.02 0.97 1.02 0.81 
	7,813 7,813 13,751 12,733 15.628 2,841 5,927 5,836 0,488 
	2.500 2.375 0.500 0.750 0.000 5.500 3.000 3.375 2.750 
	104 102 110 109 108 78 94 95 98 
	110 110 110 110 110 82 102 102 105 
	110 110 110 110 110 86 108 1(11 110 
	110 110 110 110 110 90 110 110 110 
	110 110 110 110 110 94 110 110 110 
	110 110 110 110 110 98 110 110 110 
	110 110 110 110 110 101 110 110 110 
	110 110 110 110 110 106 110 110 110 
	110 110 110 110 110 108 110 110 110 
	110 110 110 110 110 110 110 110 110 
	• • • • • • • • • 

	Paae 1 o/2 
	Paae 1 o/2 
	~OUJIVJI!> 


	Westbound Track No. 412
	x-2000 TEST PROGRAM 
	HARRISBURG LINE SPEEDS 
	Table
	TR
	11111:fABU! 
	MILEPOST 
	CIIR'IEOEOlllllRI' 
	CAl,Cll 8,ffl)CUIMNOltHFIS 
	PROPOSED MAXIIIUII 

	TR
	CVJI 
	OESCRIPIION 
	I.IICA110H 
	DEOREE 
	IWIIUS 
	I.E. 
	S"UII 
	4"U8 
	rw 
	rue 
	rua 
	rua 
	rua 
	IO"UII 
	lnnl 
	12"111 
	TESTING SPEED 

	TR
	&al 
	w..r 
	{decillll/ 
	(/Ml/ 
	[lllt:her] 
	[mph/ 
	[mph/ 
	[mph} 
	{mph/ 
	[mph} 
	[mph/ 
	[mph} 
	[mph} 
	[mph} 
	[mph} 
	[mph] 

	TR
	661 
	Cc.M easlofGep 
	50.22 
	50.64 
	2.05 
	2,795 
	5.750 
	78 
	82 
	87 
	91 
	94 
	98 
	101 
	106 
	108 
	110 
	110 

	TR
	662 663 
	c ...... , Gep cuw-1o1Gep 
	50.79 5202 
	51.70 52.46 
	4.05 4.13 
	1.415 1,386 
	5.250 5.875 
	54 55 
	57 58 
	IIO 61 
	63 64 
	66 67 
	68 69 
	71 72 
	73 74 
	78 78 
	78 79 
	• . 

	TR
	664 
	CUMI 11 MP 53 
	52.77 
	53.27 
	2.02 
	2,841 
	5.500 
	78 
	82 
	811 
	90 
	94 
	98 
	101 
	105 
	108 
	110 
	• 

	TR
	665 
	53.69 
	54.02 
	0.45 
	12,733 
	0.750 
	108 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	666 
	54.41 
	54.IIO 
	0.45 
	12,733 
	0.750 
	108 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	667 
	55.82 
	58.65 
	1.00 
	5,730 
	3.000 
	113 
	100 
	107 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	668 
	57.39 
	57.65 
	0.65 
	8,815 
	1.500 
	99 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	E69 
	58.43 
	58.99 
	1.50 
	3,820 
	5.500 
	90 
	95 
	100 
	105 
	108 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	670 
	59.54 
	59.69 
	0.97 
	5,927 
	3.125 
	95 
	103 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	671 
	CIIVO-olMPOO 
	59.97 
	00.81 
	2.03 
	2,818 
	5.625 
	78 
	82 
	811 
	90 
	94 
	98 
	101 
	105 
	108 
	110 
	• 

	TR
	672 
	Cc.M-olMP61 
	00.98 
	81.48 
	2.00 
	2,865 
	5.825 
	79 
	83 
	87 
	91 
	95 
	99 
	102 
	108 
	109 
	110 
	• 

	TR
	673 
	81.83 
	82.11 
	1.00 
	5,730 
	3.250 
	95 
	102 
	108 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	TR
	674 
	82.98 
	83.22 
	0.43 
	13,222 
	0.500 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 

	TR
	675 
	83.53 
	83.87 
	1.00 
	5,730 
	2.825 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	• 

	TR
	878 
	64.85 
	65.51 
	0.33 
	17,189 
	0.750 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	• 

	TR
	671 
	811.36 
	811.59 
	0.85 
	8,741 
	2.815 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	• 

	TR
	• 

	TR
	,-.:;;, 

	TR
	·::;, 

	• 
	• 


	Page2o/2 
	X200CHBW.XLS 
	. } 
	~ Eastbound 
	X..2000 TEST PROGRAM Track No.2 NEC MAINLINE SPEEDS 
	rN.I 
	rN.I 
	rN.I 
	TIIIEfAIIU! DESCRl'l10II 
	IIILEPOST LOCA11011 
	CURVEIIEOIIEl'RY IIEOREl!RADIUI I.E. 
	rua 
	.-us 
	l"UI 
	CNP! !BPQJIMNCI IPffPI rue TUI rue rue 
	1D"IJI 
	11"UB 
	12"UB 
	l'Rlll'OSED IIAXJ-TESTINCISl'EED 

	TR
	w.., 
	&d 
	(declm,I/ 
	/fltll 
	lh;/lel/ 
	(mp/I/ 
	(mph/ 
	(mph} 
	(mph} 
	(mph} 
	(mph} 
	(mph] 
	[mph} 
	[mph} 
	[mph/ 
	(mph/ 

	302 
	302 
	85.40 
	85.30 
	1.911 
	2,889 
	2.00 
	60 
	66 
	71 
	76 
	81 
	85 
	89 
	90 
	90 
	90 
	1IO 

	301 
	301 
	85.08 
	85.00 
	1.47 
	3,907 
	1.75 
	68 
	75 
	81 
	87 
	90 
	Ill) 
	Ill) 
	Ill) 
	90 
	Ill) 
	• 

	300 
	300 
	C..... at NII &-endl olN. Philo. 1111. pltlnn. 
	84.93 
	84.84 
	0.83 
	8,878 
	2.00 
	Ill) 
	Ill) 
	Ill) 
	Ill) 
	Ill) 
	Ill) 
	Ill) 
	Ill) 
	Ill) 
	Ill) 
	• 

	299 
	299 
	C..... 11•1&-endlolN. Phill.1111. pltlnn. 
	84.78 
	84.70 
	1.03 
	5,5«; 
	1.25 
	77 
	85 
	90 
	Ill) 
	Ill) 
	Ill) 
	Ill) 
	Ill) 
	90 
	90 
	• 

	299 
	299 
	C......MP84.01o:1nd6treol-bridgo 
	83.82 
	83.08 
	2.52 
	WI 
	5.00 
	ffT 
	71 
	75 
	79 
	83 
	85 
	89 
	Ill) 
	Ill) 
	Ill) 
	• 

	2911 
	2911 
	c.r...-.m-..ifold 
	81.75 
	81.38 
	4.cr.! 
	1,426 
	5.50 
	55 
	58 
	61 
	84 
	ffT 
	88 
	72 
	74 
	77 
	79 
	100 

	'1!11 
	'1!11 
	C...... •lwl!d hm Fonl 
	81.30 
	80.89 
	1.80 
	3,183 
	2.00 
	63 
	88 
	75 
	80 
	85 
	89 
	93 
	911 
	100 
	100 
	• 

	298 
	298 
	79.88 
	79.18 
	0.00 
	9,549 
	2.25 
	100 
	100 
	100 
	100 
	100 
	100 
	100 
	100 
	100 
	100 
	• 

	295 
	295 
	78.51 
	7810 
	0.32 
	18.~ 
	1.50 
	100 
	100 
	100 
	100 
	100 
	100 
	100 
	100 
	100 
	100 
	. 

	294 
	294 
	77.04 
	76.88 
	1.00 
	5,730 
	4.75 
	105 
	112 
	118 
	124 
	125 
	125 
	125 
	125 
	125 
	125 
	125 

	293 
	293 
	71.47 
	71.11 
	0.88 
	8,385 
	3.25 
	114 
	123 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	292 
	292 
	Finl --ofMP 75.0 
	75.40 · 
	75.08 
	0.75 
	7,840 
	4.00 
	115 
	123 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	281 
	281 
	---MP74.0n!MP75.0 
	75.08 
	74.62 
	1.55 
	3,887 
	5.75 
	Ill) 
	85 
	100 
	104 
	108 
	113 
	117 
	120 
	124 
	125 
	• 

	290 
	290 
	_,._ 
	_,MP74.0n!MP75.0 
	74.47 
	74.07 
	1.47 
	3,907 
	5.25 
	Ill) 
	85 
	100 
	105 
	1119 
	114 
	118 
	12'l 
	125 
	125 
	• 

	289 
	289 
	72.57 
	72.17 
	0.33 
	17,189 
	1.75 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	288 
	288 
	C......-olC!v,,lon 
	70.81 
	70.08 
	1.18 
	• 4,842 
	5.75 
	103 
	108 
	114 
	119 
	124 
	125 
	125 
	125 
	125 
	125 
	• 

	287 
	287 
	88.70 
	88.00 
	0.17 
	34,378 
	0.50 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 

	286 
	286 
	ffT.89 
	ee.12 
	0.47 
	12,218 
	2.25 
	127 
	138 
	149 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	285 
	285 
	C...... -
	olGnrlctt 
	66.33 
	85.82 
	• 0.72 
	7,895 
	4.75 
	124 
	132 
	139 
	1<16 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	284 
	284 
	C...... ealolGnrlctt 
	84.94 
	84.111 
	0.66 
	8,815 
	3.75 
	122 
	131 
	139 
	1<16 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	283 
	283 
	C......_,MP81.0n!MP82.0 
	81.93 
	81.39 
	0.72 
	7,'i!IE, 
	4.25 
	120 
	128 
	138 
	143 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	, 
	, 
	282 280 
	Fillt __.,_ 
	111.54 57.13 
	111.22 57.00 
	0.35 0.57 
	18,370 10,111 
	1.25 2.00 
	132 112 
	146 123 
	150 133 
	150 142 
	150 150 
	150 150 
	150 150 
	150 150 
	150 150 
	150 150 
	• • 

	TR
	279 
	Fillt""""-olT
	-

	56.33 
	56.05 
	O.ffT 
	8,!94 
	2.25 
	108 
	118 
	125 
	133 
	141 
	148 
	150 
	150 
	150 
	150 
	• 

	TR
	278 
	50.46 
	50.38 
	0.30 
	19,009 
	1.00 
	138 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	TR
	277 
	40.24 
	39.48 
	0.30 
	19,009 
	1.50 
	146 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	TR
	278 
	39.38 
	41.94 
	0.52 
	11.cm 
	3.25 
	131 
	142 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	TR
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	Eastbound TrackNo.2
	X-2000 JEST PROGRAM 
	NEC MAINLINE SPEEDS 
	TIIIETABU: 
	TIIIETABU: 
	TIIIETABU: 
	IIIILEPOIT 
	CUIM! Ol:OIIETRY 
	~1 mumClJRVINQ PFF• s 
	PROPOSED IIAXI-

	cu 
	cu 
	DEICRIPIION 
	I.OCAllOII 
	DEGREE 
	RADIUS 
	I.E. 
	:rue 
	-rue 
	rue 
	rua 
	TUB 
	rua 
	rua 
	111"1111 
	11"UB 
	1l'UB 
	1BTING SPEED 

	TR
	Wat 
	&d 
	r-n.i, 
	[IN/} 
	(lndln] 
	(mph} 
	(mph] 
	(mph} 
	{mph} 
	{mph} 
	(mph} 
	(mph] 
	(mph} 
	(mph} 
	(mph} 
	(mph} 

	275 
	275 
	34.21 
	33.75 
	0.30 
	19,089 
	1.25 
	142 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 

	274 
	274 
	31.34 
	31.12 
	0.'45 
	12,7.13 
	2.75 
	135 
	146 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	. 

	273 
	273 
	30.65 
	30.25 
	0.43 
	13,222 
	2.75 
	138 
	149 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	m 
	m 
	26.91 
	21.es 
	0.47 
	12,218 
	2.25 
	127 
	138 
	149 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	271 
	271 
	71.65 
	71.43 
	028 
	20.222 
	1.75 
	150 
	150 
	1511 
	150 
	150 
	150 
	150 
	150 
	1511 
	150 
	• 

	270 Thid CUMI -
	270 Thid CUMI -
	ol t..ilc:on 
	71.\1 
	26.74 
	0.11 
	1,413 
	3.75 
	112 
	120 
	128 
	135 
	142 
	148 
	150 
	150 
	150 
	150 
	• 

	269 Second-ol t..i1c:on268 Firlt __, olt..ilc:on 
	269 Second-ol t..i1c:on268 Firlt __, olt..ilc:on 
	-

	28.65 25.84 
	28.38 24.88 
	1.'45 1.87 
	3,951 3,069 
	5.75 8.25 
	B3 84 
	98 89 
	IOI 93 
	109 117 
	112 101 
	116 104 
	121 109 
	125 112 
	125 115 
	125 11B 
	125 • 

	267 CurvHI MP 25.0 
	267 CurvHI MP 25.0 
	24.53 
	24.11 
	1.1B 
	4,842 
	4.15 
	117 
	103 
	109 
	114 
	119 
	124 
	125 
	125 
	125 
	125 
	• 

	26B firltQIM -olMP 24.0 
	26B firltQIM -olMP 24.0 
	23.88 
	23.81 
	1.55 
	3,897 
	5.75 
	90 
	95 
	100 
	104 
	109 
	113 
	117 
	120 
	124 
	125 
	. 

	265 Flrl1 cuw-olMP24.0 
	265 Flrl1 cuw-olMP24.0 
	23.51 
	22.88 
	1.'45 
	3,951 
	5.25 
	90 
	.95 
	100 
	1115 
	110 
	114 
	118 
	123 
	125 
	125 
	• 

	264 
	264 
	22.81 
	22.45 
	0.77 
	1,413 
	4.50 
	118 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	263 
	263 
	22.04 
	21.88 
	0.72 
	7,996 
	4.25 
	120 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	262 
	262 
	21.84 
	21.68 
	0.72 
	7,996 
	3.25 
	112 
	120 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	. 

	281 
	281 
	20.80 
	20.71 
	0.67 
	B,594 
	3.25 
	116 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	260 
	260 
	20.89 
	20.39 
	0.25 
	22,919 
	0.50 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	258 
	258 
	19.74 
	19.64 
	0.42 
	13,751 
	1.75 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	25B 
	25B 
	19.41 
	19.26 
	0.28 
	20.222 
	1.75 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	25B 
	25B 
	1B.94 
	1B.64 
	0.42 
	13,751 
	3.00 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	2!i6 
	2!i6 
	1B.50 
	1B20 
	020 
	28,648 
	0.50 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	254 
	254 
	15.10 
	14.70 
	' 020 
	28,648 
	0.50 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	253 C--.Elizll>e!h&9ncnBlockSlltion• 252 c--.Elizll>e!haancnBlocks1111an 
	253 C--.Elizll>e!h&9ncnBlockSlltion• 252 c--.Elizll>e!haancnBlocks1111an 
	14.28 13.10 
	14.03 13.05 
	2.37 1.97 
	2,421 2,913 
	2.50 4.25 
	5B 73 
	63 11 
	67 82 
	72 88 
	76 90 
	80 94 
	B3 98 
	B7 102 
	90 1115 
	94 109 
	110 • 

	251 
	251 
	12.54 
	12.29 
	020 
	28,648 
	0.50 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	250 ·249 C...011
	250 ·249 C...011
	-
	-

	10.49 9.24 
	10.21 9.18 
	0.32 1.02 
	18,094 5,838 
	2.00 2.75 
	110 90 
	110 •90 
	110 90 
	110 90 
	110 90 
	110 90 
	110 90 
	110 90 
	110 90 
	110 90 
	• 90 

	248 
	248 
	920 
	9.30 
	1.47 
	3J111 
	2.00 
	lU 
	78 
	83 
	88 
	90 
	90 
	90 
	90 
	90 
	90 
	• 

	•.j'age2of2 
	•.j'age2of2 
	X2000NEEJ<I.S 

	...... 
	...... 


	' 
	•-J ., !I Westbound 
	x.2000 JEST PROGRAM TrackNo,3 NEC MAINLINE SPEEDS 
	fNJj 
	fNJj 
	fNJj 
	TIIIErABLE DEICIUPIION 
	MILEPOST LOCATION &at w..r 
	CURVE OEOIIEIRY DEGREERADIUS u, (dm,IJ ((Ht] (h:/ltl/ 
	rue (mph] 
	4"UB (mph] 
	CAI.CH A,lE) CURVlfll lOFFIIS rue rue rue rue (mp/I/ (mph] (mph/ (mph] (mph/ -
	111"UB (mph/ 
	1rua (mph/ 
	1:rue (mph/ 
	PROPOSED 11AX11U1 TESTING SPEED (mp/I/ 

	248 
	248 
	9,20 
	9.30 
	0,115 
	8-031 
	1.000 
	78 
	111 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 

	248 
	248 
	C....11
	-

	10.24 
	10,116 
	0.97 
	5.f1ll 
	2750 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	90 
	. 

	2liO 
	2liO 
	12.28 
	12,116 
	0.32 
	18,1114 
	1.2li0 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 

	251 
	251 
	13.05 
	13.10 
	0.20 
	28,848 
	0.500 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	110 
	• 

	252 253 
	252 253 
	Clmo_,_&EinontlllockStllicxl Cimo __,EinontlllockSlllion 
	14.05 14.29 
	14.29 14.70 
	1.115 240 
	2.93B 2,387 
	4.2li0 4.500 
	73 111 
	78 71 
	82 75 
	87 78 
	91 B3 • 
	115 811 
	119 90 
	102 Ill 
	108 115 
	100 119 
	• • 

	254 
	254 
	18.20 
	18.48 
	0.20 
	28,848 
	0.500 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 

	25B 
	25B 
	18.85 
	18.115 
	0.20 
	28,848 
	0.2li0 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	258 
	258 
	19.25 
	19.45 
	0.20 
	:28,848 
	0.500 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	258 
	258 
	19.75 
	111.115 
	0.20 
	28,848 
	0.500 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	259 
	259 
	20.39 
	20.71 
	0.48 
	11,1154 
	1.500 
	115 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	2&) 
	2&) 
	20.74 
	20.80 
	0.29 
	20,222 
	1.000 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	281 
	281 
	21.67 
	21.115 
	0.70 
	8,1115 
	4.000 
	120 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	2112 
	2112 
	21.89 
	22.08 
	0.70 
	8,185 
	3.000 
	111 
	120 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	. 

	283 
	283 
	22.47 
	22.84 
	0.115 
	8,815 
	3.500 
	120 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	264 
	264 
	2'2.87 
	23.57 
	0.82 · 
	7,018 
	4.500 
	115 
	122 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	125 
	• 

	2115 
	2115 
	FillQIYOeatolMP24.0 
	23.66 
	23.92 
	1.42 
	4,044 
	6000 
	115 
	100 
	105 
	110 
	115 
	119 
	123 
	125 
	125 
	125 
	• 

	266 
	266 
	Fill _ 
	_,GIMP24.0 
	24.15 
	24.19 
	1.50 
	3,820 
	5.500 
	90 
	115 
	100 
	105 
	100 
	113 
	116 
	122 
	125 
	125 
	• 

	261 
	261 
	CUVe II MP 25.0 
	24.73 
	25.52 
	' 
	1.20 
	4,715 
	4.750 
	115 
	102 
	1111 
	113 
	118 
	123 
	125 
	125 
	125 
	125 
	• 

	266 2!i9 
	266 2!i9 
	Fillcuvo_,ol~ ___.,~ 
	28.39 
	28.66 
	1.83 
	2,964 
	6.000 
	82 
	8ll 
	90 
	94 
	98 
	102 
	105 
	109 
	112 
	115 
	• 

	270 271 
	270 271 
	Tlwd __,,~ 
	28.76 27.48 28.98 
	27.18 27,66 29.07 
	1.43 0.11 0.20 
	3,997 7,473 28,848 
	6.000 3.750 1.500 
	95 112 150 
	100 120 150 
	105 128 150 
	109 135 150 
	114 142 150 
	118 148 150 
	122 150 150 
	125 150 150 
	125 150 150 
	125 150 150 
	• -150 • 

	272 
	272 
	30.27 
	30.66 
	0.43 
	13,222 
	2.750 
	138 
	148 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	273 
	273 
	31.13 
	31.33 
	0.45 
	12,733 
	3.CKXI 
	138 
	148 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	274 
	274 
	33.77 
	34.22 
	0.45 
	12,733 
	3.CKXI 
	138 
	148 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	275 
	275 
	39.08 
	311.37 
	0.30 
	19,099 
	1.500 
	148 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	TR
	Paae1d'2 


	Westbound Track No.3
	x-2000 JEST PROGRAM NEC MAINLINE SPEEDS 
	-
	-
	-
	-


	TIIIETABL! 
	TIIIETABL! 
	IIUPOST 
	CURVE OEOIIEIRY 
	CALctn.ATED CURVlllQ SPFFDS 

	CV~ 
	CV~ 
	DEICRl'l10II 
	LOCATION 
	DEGRE£ 
	RADIUS 
	I.E. 
	rue 
	4"1111 
	ll"IJII 
	rua 
	l"'UB 
	rue 
	"'8 
	111"UB 
	11"UII 
	1Z"UII 
	TES11NO SP&D 

	TR
	Eut 
	WMI 
	(do<.lm«J 
	f!MIJ 
	fincl>ul 
	(mp/11 
	(mp/lJ 
	(mp/lJ 
	(mp/lJ 
	(mp/11 
	(mp/lJ 
	(mp/11 
	(mpt,J 
	(mp/lJ 
	(mp/lJ 
	(mpt,J 

	278 
	278 
	31U9 
	40.26 
	0.52 
	11,090 
	3.250 
	131 
	142 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 

	'DI 
	'DI 
	50.38 
	50.50 
	0.30 
	19,099 
	1.000 
	138 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	278 
	278 
	56.13 
	56.35 
	0:0 
	21.486 
	1.000 
	148 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	150 
	• 

	279 FimCIIIYO-lafTIOlllon 
	279 FimCIIIYO-lafTIOlllon 
	56.99 
	57.12 
	0.87 
	8.594 
	2.600 
	109 
	118 
	127 
	135 
	143 
	150 
	150 
	150 
	150 
	150 
	• 

	280 Finl 
	280 Finl 
	-

	-•al Moni1 
	56.42 
	68.09 
	0.82 
	7,018 
	4.000 
	111 
	118 
	125 
	132 
	139 
	145 
	150 
	150 
	150 
	150 
	• 

	261 
	261 
	68.50 
	68.70 
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	150 
	150 
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	150 
	150 
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	294 cuv.-1 alGM<lf 
	84.82 
	84.95 
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	4.000 
	124 
	133 
	141 
	148 
	150 
	150 
	150 
	150 
	150 
	150 
	•. 
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	TRACK# 2 28.30 328 I 2 I 21.53 
	TRACK# 2 28.30 328 I 2 I 21.53 
	27.00 YARD to BRANDY 28.98 IC11Ve1tMP27.0 
	3.48 
	0.01 
	4,9 
	4.9 
	40 
	.cs 
	5 

	TRACK#2 
	TRACK#2 
	27.00 
	26.80BRAND'rto WINE 

	TRACK# 2 
	TRACK# 2 
	26.80 
	25.50 
	WINE to LANDUTH 

	327 I 2 
	327 I 2 
	I 
	26.17 
	(CIIVe noi1h of WimlfGlon Station 
	4.77 
	1.76 
	5.0 
	5.4 
	40 
	.cs 
	5 

	TRACK#2 
	TRACK#2 
	16.50 
	LANDUTH to HOOK 

	TR
	.;.,~;f~~~:i£~t1~·u:mt=~~ 
	;::~f:t~:'.:::!:;1fM: ... ,..~.:-·:· . .,_, .-. 


	·:::e::•5_114_ 
	TRACK# 2 1&.50 
	WASIONYP 
	MAXIMUM 
	LINE SPEED ao 
	30 80 
	110 
	90 
	ii E~ii~f~lilll 
	~I. 

	TRACK#2 11.50 
	-1.00 
	• 100:dd>C:.:,O_
	;2J?l1
	l~:};
	• 
	Eastbound 
	Eastbound 
	Eastbound 
	NATIONAL RAILROAD PASSENGER CORPORATION 
	WAStoNYP 

	MILEPOST Cvt ITRI< 1 LOCATION 
	MILEPOST Cvt ITRI< 1 LOCATION 
	X-2000 Proposed Revenue Service Speed Profiles ,hMaKlmum TIMETABLE CURVE GEOMETRY UNBALANCE DESCRIPTION DEGREE 
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	X-2000 Proposed Revenue Service Speed Profiles 

	TR
	'125 mph Maximum S, 

	TR
	MILEPOST 
	TIMETABLE 
	CURVE GEOMETRY 
	UNBALANCE 
	CURVING SPEEDS 


	DEGREE
	DESCRIPTION
	LOCATION
	CV# ITRK 
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	•.. '• 0.75 :••
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