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Fundamentals
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* Switch point versus stock rail and guard rail versus running rail

* Track stiffness variations (lateral and vertical) through switch and
crossing



Vampire Steps

* Define turnout geometry using Track Design File
* Represents centerline geometry of turnout

* Define switch and crossing sections as Rail Profile Files
* Profiles as fixed left and right cross-sections

* Generate Contact Data Files
* Geometric interaction between wheel set and rail profile sections

e Assemble Track Contact File

* Longitudinal sequence of Contact Data Files represent contact data variation
as function of position through turnout




Geometry for Type CV 9.25 Design

Entry angle
Heel angle

Network Rail Track Design

Handbook NR/L2/TRK/2049 [ 1 - ]
Entry angle 1in 110.266503 °

Frog number 1in9.25

Planing length 4250 mm

Planing radius 287 251.45 mm

Switch radius 245767 mm

* Interpretation of design geometry will likely involve some (or
even significant) calculation



Sample Design Geometry File

DESIGN
UNITS VAMPIRE
Left-hand 56E1-R245-1:9.25 turnout - GBR Network Rail
0.000000 0.000000
0.000000 0.000000
start
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Sample Design Geometry File

DESIGN
UNITS VAMPIRE

0
49

999

Leafit=hand. 5

.00000
.99900

** theoreti
50.
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54.
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71.
72.
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74.
74.
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Sample Design Geometry File

DESIGN

UNITS VAMPIRE

Left-hand = =L:9.25 turnout - GBR Network Rail CV 9.25 - delta = 0.001

0.0000 0.000000 § 0.000000 0.000000 0.000000 0.000000 0.00000 0.00000

49.9990 0.000000 § 0.000000 0.000000 0.000000 0.000000 0.00000 0.00000

** theoreflical switch start
50.0000Q -1.744985 | 0.000000 0.000000 -9.068875 0.000000 0.00000
50.0010Q -3.489970 ) 0.000000 0.000000 0.000000 0.000000 0.00000 TraCk curvature
54.23843 -3.489970 | 0.000000 0.000000 0.000000 0.000000 0.00000 1
54.24043 -4.080783 ) 0.000000 0.000000 0.000000 0.000000 0.00000 (I([T] )
71.96080 -4.080783 || 0.000000 0.000000 0.000000 0.000000 66.50000
72.75080 -4.080783 ) 0.000000 0.000000 0.000000 0.000000 45.48936 0.00000
72.85080 -4.080783 ) 0.000000 0.000000 0.000000 0.000000 44.06526 0.00000
74.16080 -4.080783 | 0.000000 0.000000 0.000000 0.000000 41.59431 0.00000
74.26080 -4.080783 )| 0.000000 0.000000 0.000000 0.000000 41.50000 0.00000
74.85680 -4.080783 )| 0.000000 0.000000 0.000000 0.000000 41.50000 0.00000

** theoreflical crossiing point

**x74.8578¢0 -2.040392 | 0.000000 0.000000 0.000000 0.000000 41.50000 0.00000
74 .8588 0.000000 § 0.000000 0.000000 0.000000 0.000000 41.50000 0.00000
75.3508 0.000000 § 0.000000 0.000000 0.000000 0.000000 41.50000 0.00000
75.4508 0.000000 | 0.000000 0.000000 0.000000 0.000000 41.59431 0.00000
76.7608 0.000000 | 0.000000 0.000000 0.000000 0.000000 44.06526 0.00000
76.8608 0.000000 | 0.000000 0.000000 0.000000 0.000000 45.48936 0.00000
77.6508 0.000000 § 0.000000 0.000000 0.000000 0.000000 66.50000 0.00000
999.0000 0.000000 | 0.000000 0.000000 0.000000 0.000000 0.00000 0.00000




Sample Design Geometry File

DESIGN
UNITS VAMPIRE

Left-hand 56E1-R245-1:9.25 turnout - GB il CV 9.25 - delta = 0.001
0.00000 0.000000 0.000000 0.00000 0.000000 § 0.000000 0.00000 0.00000

49.99900 0.000000 0.000000 0.000O0O 0.000000 § 0.000000 0.00000 0.00000

** theoretical switch start
50.00000 -1.744985 0.000000 0.00000 9.068875 | 0.000000 0.00000 M
50.00100 -3.489970 0.000000 0.00000 0.000000 § 0.000000 0.00000 Klnk angle
54.23841 -3.489970 0.000000 0.00000 0.000000 § 0.000000 0.00000
54.24041 -4.080783 0.000000 0.00000 0.000000 § 0.000000 0.00000 (rr]rf](j)
71.96080 -4.080783 0.000000 0.00000 0.000000 § 0.000000 66.50000
72.75080 -4.080783 0.000000 0.00000 0.000000 § 0.000000 45.48936 0.00000
72.85080 -4.080783 0.000000 0.00000 0.000000 § 0.000000 44.06526 0.00000
74.16080 -4.080783 0.000000 0.00000 0.000000 § 0.000000 41.59431 0.00000
74.26080 -4.080783 0.000000 0.00000 0.000000 § 0.000000 41.50000 0.00000
74.85680 -4.080783 0.000000 0.00000 0.000000 § 0.000000 41.50000 0.00000

** theoretical crossing point

**x74.85780 -2.040392 0.000000 0.00000 0.000000 § 0.000000 41.50000 0.00000
74.85880 0.000000 0.000000 0.00000 0.000000 § 0.000000 41.50000 0.00000
75.35080 0.000000 0.000000 0.0000O0 0.000000 § 0.000000 41.50000 0.00000
75.45080 0.000000 0.000000 0.000O0O 0.000000 § 0.000000 41.59431 0.00000
76.76080 0.000000 0.000000 0.00000 0.000000 § 0.000000 44.06526 0.00000
76.86080 0.000000 0.000000 0.00000 0.000000 § 0.000000 45.48936 0.00000
77.65080 0.000000 0.000000 0.00000 0.000000 § 0.000000 66.50000 0.00000
999.00000 0.000000 0.000000 0.00000O0 0.000000 § 0.000000 0.00000 0.00000




Sample Design Geometry File

DESIGN
UNITS VAMPIRE

Left-hand 56E1-R245-1:9.25 turnout - GBR Network Rail CV 9.
0.000000 0.00000
0.000000 0.00000

0.00000
49.99900

50.00000 -1

50.00100 -3.
54.23841 -3.
54.24041 -4.
71.96080 -4.
72.75080 -4.
72.85080 -4.
74.16080 -4.
74.26080 -4.

74.85680 -4

** theoretical crossin

**x74.85780 -2
74.85880
75.35080
75.45080
76.76080
76.86080
77.65080

999.00000

oNolNolNolNolNolNo]
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.000000
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0.000000 0.000000
0.000000 0.000000
** theoretical switch
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.000000
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.000000
.000000
.000000

point

.000000
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.000000
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.000000
.000000
.000000
.000000

eNeoNoNoNeNoeNoNaolloloNeNoNoNoNoNeNeNeNe

0.
0.

Left check rail
clearance (mm) x
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.000000
.000000
.000000

oNeoNolNeNol
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.000000
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.000000
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oNeoNolNe N
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.00000
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.00000
.00000
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.00000
.00000
.00000
.00000
.00000
.00000
.00000
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.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

eNeoNolNeNoNoNoNolNelNe)

.00000
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.00000
.00000
.00000
.00000

oNeoNolNoeNoNoNo o]



Rail Sections ==
=
* Some significant differences compared to 5 7%;/%\ /”—\w

typical track ,h \\

1 1 H g /;5, \\“ Diverging

* Left and right profiles may have substantially \ — stock a
different number of points — two “rails” on

one side versus single rail on other side

* Limit data points to running surface only,

reduce point density on non-running surfaces  [Swichme
(present maximum is 1000 coordinate pairs)

* Be careful regarding gauge values

* Benchmark Issues
* Inadequate number of points in profiles (spline fit as option but requires care)

* Need to assemble profiles from individual cross-sections (switch rail plus stock
rail for example)

Switch Rail
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Contact Geometry

 Calculation is comparatively simple
* Create Task File template
* Set up Command File to generate Task Files
* Run Task Files using Run Control processor
» Results need to be checked (fairly tedious “manual” process)

e Benchmark Issues

* Occasional difference in left and right flange contact values using otherwise
identical profiles (switch point on left versus switch point on right — sensitive
to parameters for two-point contact search)

* False contact angle at inner edge of switch point



False Contact Angle

* Negative contact angle on right profile due to Vampire circular arc fit
at inner edge of switch point

\\ | ] _/
— .
( i
| . ;
| | ]
| |
820 -800 -780 -760 -740 008580 680 700 720 740 760 780 800 820

Left Contact Angle 2.87° Right Contact Ang
Lateral Shit 5.30 mm Rolling Radius {fference -0.11 ghm

Wheel profile UoH-CTH_benchmark_S1002_Ngvised Flang®eback spacing 1380.0 mm

Rail profile BV_sw_right_083_revised_old Trawigaug® 1433.01 mm Left rail incline 0.0 mrad Right rail incline 0.0 mrad
Axle load 110.0 KN
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Track Contact File

e Lists contact data files by longitudinal position
e Data is linearly interpolated between files

* How to chose relevant contact data files ?

* Simplest option might be to use all possible cross-sections
* Not recommended

* Too many contact geometry files leads to interpolation issues
* Total number of unique contact data files is limited to 200

Vehicle Dynamics Group LLC 2020 Vampire User Day Slide 13



Effect of Contact Data Density

10
. L
7 8- w/o Contact
= 7 Geometry
@ "
6 1
V. ’
T
o 4
5 | '
— 3 - _ _ T N e a—
= 5,1 T All Rail Sections - Grey and Gold
o . ] — Reduced Sections - Gold Only
ot LY, End of Stock Rail Contact,
20 10 0 10 20 30 40 50

Position Relative to Switch Point Start (feet)
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Choosing Relevant Contact Data Files

* Limit Contact Data Files to those locations where significant changes
occur in following variables
* Rolling radius
e Contact angle
e Contact lateral position

* Important are results at lateral shift values relevant to actual wheel
set position through switch and crossing

* In low-speed turnouts, two-point contact is typically continuous, thus lateral
shift is simple to determine

* For two-point contact both tread and flange contact values are important



Selecting Cross-Sections

-710

* Interactive
tool to
understand
Cross-
section
choices

 Visualizes
longitudinal
data
variation for
chosen
lateral shift

Vehicle Dynamics Group LLC
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Sample Track Contact File

 Switch point modeled using 31 references to 29 unique files (of 118
sections calculated)

TRACK CONTACT
UNITS VAMPIRE
Track contact file for UoH-CTH turnout benchmark - UK switch point right w/ S1002 wheel profile
DISTANCE, CONTACTDATA
** file start
0.0000,c:\work\turnout benchmark\contact geometry\UK turnout\switch\sw_right 006 920mm 110kN
** entry switch point - right side facing direction
49.6010,c:\work\turnout benchmark\contact geometry\UK turnout\switch\sw right 006 920mm 110kN
49.7500,c: \work\turnout benchmark\contact geometry\UK turnout\switch\sw | right 008 920mm 110kN
50.0000,c: \work\turnout benchmark\contact geometry\UK turnout\switch\sw right 013 920mm 110kN

55.0000,c:\work\turnout benchmark\contact geometry\UK turnout\switch\sw right 110 920mm 110kN
55.2000,c: \work\turnout benchmark\contact geometry\UK turnout\switch\sw | _right _ 112" 920mm 110kN
55.8000,c: \work\turnout benchmark\contact geometry\UK turnout\switch\sw | _right _ 118 920mm 110kN
** file end

999.0000, c:\work\turnout benchmark\contact geometry\UK turnout\switch\sw right 118 920mm 110kN



Example Results - Switch Entry

40 - : :
- —— QOpposite Rail Crown
T Stock rail / PP

Stock Rail Crown
contact ends
Switch Point Crown

20
| __ False Switch Point Flank

result
\\- ']

10 -+

Second contact on switch

Rail Contact Position (mm)
-]
|

10 +— Switch point _ _
| contact begins rail crown begins
-70 -
=30 1 \ |
A0 ! ! | | ! | ; | . , , , I | I

-5 0 5 10 15

Longitudinal Position Relative to Switch Point Start (meters)
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Example Results - Switch Entry

5
\ —— Opposite Rail Crown Stock Rail Crown
0 A Switch Point Crown Switch Point Flank
-
= 5 -
at
S
= -10 A
I3 )
=8 e ady p—
T .15 +
L.
S Transients /
-20 - at contact
transitions
_25 T T T T T T T T T T T T T T T T T T T
5 0 5 10 15

Longitudinal Position Relative to Switch Point Start (meters)
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Wish List

* Rail contact lateral position relative to original rail profile coordinate
definition (current NL, NR, and NF mnemonics are relative to gauge point)

e Contact data interpolation for

* Files with yaw angle results
 Files with flange back contact

* General review of existing contact data calculation and interpolation
between contact data files

* In-line contact calculation
e Concerns regarding section-to-section effects

* |s SNC-Lavalin open to third-party utilities for Vampire ?
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