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AMTRAK®

o7 Next Generation Turnout Design

Engineering

» Amtrak’s current designs based on older Secant or Tangential
Geometry

= Seek new designs for increased speeds for “thru” and
“diverging” routes while maintaining comfort and safety

= |[mproved designs sought for better curving performance In
slower speed turnouts as well
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AMTRAK®

o7 Next Generation Turnout Design

Engineering

= Acela IWS and Carbody & Truck acceleration tests performed
on diverging route thru 32.75 T.O.

— Crossover at Davisville, Rhode Island chosen for tests installed in
1993

— No special upgrading or maintenance performed
— Trials at 10 MPH increments from 80 to 110 MPH

= Goal was to see how much “reserve” is in 32.75 T.0O.

* WS is required annually as part of current waiver process for
HS operations per FRA

= WS wheel/rail forces and acceleration measurements
compared to modeling prediction
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Measured WS Wheel/Ralil Forces and
Carbody & Truck Accelerations in High
Speed Turnout
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et Wheel/Rall Force Ratio Safety Limits per
& |FRA 213.333 and 60% Design Limits

Engineering

Wheel Rail Forces
Parameter Safety Limit| Design Limit Filter
Y Window
Single Wheel
Vertical Load >0.15 >0.24 5 feet
Ratio
Single Wheel < <
LIV Ratio <1.0 <0.6 5 feet
Net Axle
Lateral L/V <0.5 <0.3 5 feet
Ratio
Truck Side LIV-| - _ g <0.36 5 feet
Ratio
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Carbody Acceleration Safety Limits per

& |[FRA 213.333 and 60% Design Limits

Engineering
Carbody Accelerations
Parameter Safety Limit Design Limit
< 0.65g peak-to-peak | < 0.39g peak-to-peak
(passenger) (passenger)
Carbody Lateral < O.75g(g?hael<r;to-peak < 0.459(gtehaekr-)to-peak

(Transient)

1 second window
excludes peaks
< 50 milliseconds

1 second window
excludes peaks
< 50 milliseconds

Carbody Lateral
(Sustained
Oscillatory)

< 0.10g RMS;
(passenger)
< 0.12g RMS,
(other)
4 second window
4 seconds sustained

< 0.06g RMS,
(passenger)
< 0.072g RMS,
(other)
4 second window
4 seconds sustained
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amenane c@rbody & Truck Acceleration Limits per
& |[FRA 213.333 and 60% Design Limits

Engineering
Carbody Accelerations
Parameter Safety Limit Design Limit
< 1.0g peak-to-peak < 0.6g peak-to-peak
Carbody Vertical (all equn_went) (all equment)
) 1 second window 1 second window
(Transient)
excludes peaks excludes peaks
< 50 milliseconds < 50 milliseconds
< <
Carbody Vertical ' 0'259 RMS, N 0'159 RMS,

. (all equipment) (all equipment)
(Sustained . .
Oscillatory) 4 second window 4 second window

y 4 seconds sustained 4 seconds sustained
Truck Lateral Accelerations
< 0.30g RMS; < 0.18g RMS;
Truck Lateral (all equipment) (all equipment)
Acceleration 2 second window 2 second window
2 seconds sustained 2 seconds sustained
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____Wheel/Ralil Force Ratio: Maximum
9@ |Measured vs. Limits per FRA 213.333
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____Wheel/Ralil Force Ratio: Maximum
9@ |Measured vs. Limits per FRA 213.333
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. Truck Acceleration: Maximum
9@ |Measured vs. Limits per FRA 213.333

Engineering
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Carbody Acceleration: Maximum

9@ |Measured vs. Limits per FRA 213.333

Engineering
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AMTRAK®

o7 |IWS vs. Simulation for Open Track
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Power Car Lead Left Wheel
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AMTRAK®

o7 |IWS vs. Simulation for Open Track

Engineering

Power Car Lead Right Wheel
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Wheel/Rall Contact Near Switch Points

Engineering
VEMPIRE PRO CONTACT PATCH PLOTTING EJ.EEE.L;D,J“L
MM MM
- 100 100
= &0 a0
= &0 BO
-+ 40 40
. =20 20 F .
mim ITITI
1 1 D I:I 1 1 1
-300 750 700 700 750 500

Left Contact Angle 2.51° Right Contact Angle  2.82°

Lateral Shift 0.00 mm Rolling Radius Difference 0.09 mm

Miheel profile  br-pf  Flangeback spacing 1360.0 mm

Rail profile 1134 BW RE_TO_TH00  Track gauge 143328 mm Left rail inzline 0.0 mrad  Right rail incline 0.0 mra
Fole load 2100 KM
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Wheel/Rall Contact Near Switch Points

Engineering
WEMFEIRE RO CONTACT PATCH PLOTTING 311;?: gnllr:n
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Left Contact Angle 347" Right Contact Angle  2.59°

Lateral Shift 0.00 mm Ralling Radius Difference  0.63 mm

heel profile  br-pG  Flangeback spacing 1360.0 mm

Rail profile 1134 B R_TO_T+1000  Track gauge 143319 mm Left rail incline 0.0 mrad  Right rail incline 0.0 mra
Fule load 2100 KN
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o7 Wheel/Rail Contact Near Switch Points

Engineering
WEMPIRE PRO CONTACT PATCH PLOTTING 21 for 2011
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Left Contact Angle  2.50° Right Contact Angle  2.67°

Lateral Shift 0.00 mm Rolling Radius Difference  1.69 mm

WMheel profile  br-pf  Flangeback spacing 1360.0 mm

Rail profile 1134 BW R_TO_T+2000  Track gauge 143191 mm Left rail inzline 0.0 mrad  Right rail incline 0.0 mra
Fule load 2100 KM
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o7 Wheel/Rail Contact Near Switch Points

Engineering
WEMPIRE PRO CONTACT PATCH PLOTTING 21 fpr 2011
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Left Contact Angle 10.44° Right Contact #ngle  2.70°

Lateral Shift 0.00 mm Ralling Radius Difference -1.48 mm

heel profile  br-pG  Flangeback spacing 1360.0 mm

Rail profile 1134 B R_TO_T+2900  Track gauge 1431.91 mm Left rail incline 0.0 mrad  Right rail incline 0.0 mra
Fule load 2100 KN
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~ennne . SIMulating Wheelset on Diverging Route
& | Traversing the Frog

Engineering

Through Route Diverging Route
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voZ |Tentative Conclusions

Engineering

= Testing shows it appears feasible to increase speed thru the
diverging route of a 32.75 T.0O. above the nominal 80 mph

» Using design limit of 60% of force & acceleration safety limit
appears reasonable to govern allowable speed
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*¥Z |Future Work

Engineering

= Simulations will use measured rail friction and rail profiles
thru T.O. to compare predictions w/ measurements

= Next generation T.0. design phase will use simulations to
reduce forces and accelerations further

= Will look at changing geometry and improving rolling radius
to lower forces thru switch points
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