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TONNAGE BORNE ON NS PER 01-01-1988

. % per 20 MGT

- UIC 54 CWR 100% = 1700 km
NP 46 CWR 100% = 1300 km
20 -
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25 - 30 years
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TONNAGE BORNE ON UNION PACIFIC

1999
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EXISTING WELD GEOMETRY STANDARDS

Grind off top

For example
Versine: 0 <p < 0.3 mm

www.esveld.com www.rail.tudelft.nl
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ACCELERATION APPROACH

o Wheel follows rail irregularities;
» Dynamic part of contact force is governed by:

A
Z |

den (t) > MZ(t) M

u(t) = z(t)

R,
.............
S Treee e,
----------
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VELOCITY APPROACH (1)

Assumption:
Equivalent wheel mass is proportional to wavelength:

den (t) = Mez(t)

with:

IV'e:£|\/“—=£|\/|! and: #=322%Y
LO LO f L
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VELOCITY APPROACH (2)

The dynamic contact force as a function of the first
time derivative:

27V .
Z

Fyn = M

dyn
0

The dynamic contact force in terms of the spatial
derivative, including calibration factor £

M ,dz
B Z,BL—V s
0
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QUALITY INDICES (QI)

max,actual < 1 — OK

dz
QI _ ‘Fmax,actual '\ dX
|:norm az
OX norm

o QI =< 1:Accepted
o QI > 1: Rejected

www.esveld.com
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RAIL MANUFACTURING

A=3m
&O%O.Smm
27TX
= Z Sin———
A
dz 27z 27T

—=—2,=—0.15~ 0.3 mrad
dx A 3
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EXTENSION TO HEAVY HAUL AND HSL (1)

Total wheel load versus velocity:

M ,dz
Qtot:Qstat_I'/BL0 v? dx —
d—Z<AQ1LO 12
dx L Mv

Q... IS approximately 450/2 kN = 225 kN
M = 2,000 kg

www.esveld.com www.rail.tudelft.nl 12
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EXTENSION TO HEAVY HAUL AND HSL (2)
() Qfof = Qs:‘af + Odyn

Qe e

30,
2

Osfaf,he avy haul

225,

@kN ........... + ..... _ ....... _; ...... 5 N

2 stat,highspeed :

T .

Q

stat, conventional :

S
F

100 km/h 200 300 v
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EXTENSION TO HEAVY HAUL AND HSL (3)

Intervention values for Heavy Haul and HSL lines:

[KN] v Im/s] | 4z AM | Norm value
AQ e L [mrad]
Conventional | 225/2 40 0.070 1.8
Heavy Haul | 100/2 |30 0.056 /| 1.4 A
High-Speed | 28072 |85 0.019 o5 7

www.esveld.com

www.rail.tudelft.nl
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FORCE-BASED STANDARDS

Velocity F Inclination

Dyn
40 km/h 5 kN 3.2 mrad
80 km/h 15 kN 2.4 mrad

140 km/h 35 kN 1.8 mrad

200 km/h 65 kN 0.9 mrad

300 km/h| 140 kN 0.7 mrad

100 km/h 50 kN 1.4 mrad

o

Implemented in RAILPROF

Total force in principle 225 kN

HH HSL Conventional

www.esveld.com www.rail.tudelft.nl 3
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NEW VERSUS OLD NORM

A=2m

27,

Z, =0.3mm
. 27X
Z=12,SIN——
A

dz 2r
ZO
dx A

22”0 3~1.0mrad  mly JROCENEI

Velocity Versine | Inclination
[mm] [mrad]

40kmh|  0.96 3.2
80kmh|  0.72 o/
140 kmh| 054 8
200 km/h|  0.27 >
300 km/h|  0.21 07

0.30

1.0

For 80 km/h the new norm is 2.4 times more favorable than the old

norm;, provided short waves have been ground off.

www.esveld.com
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LATERAL GEOMETRY STANDARDS

Velocity Versine L
40 km/h 1.0 mm SE)
80 km/h 0.7 mm 5
140 km/h 0.5mm|
200 km/h 0.5 mm E
300 km/h 0.5 mm E'Ei

r
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ASSESSMENT OLD AND NEW ON PRORAIL
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= = =
IN o oo

Cumulative Frequency

=
N

SELECTION ON PRORAIL

100 welds per group

CDF
—— Moerdijk - Dordrecht (VSRT)

Limit at 80 km/h

—— Lage Zwaluwe - Hollands Diep

[ | [ | [ | [ | [ | [ [ [
0 1 2 3 4 5 6 7 8
Weld Quality Index [-] (140 km/h)
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OLD VERSUS NEW STANDARDS

New Standards
140 80 40 km/h

1—_______ ____________________

0.8 —

g | - Population 239 welds

-}

306 — | L J‘I

2 58% J_;

2 AEL]

S 0.

= i Old Norm (0 — 0.3 mm)

3 Independent of line speed
0.2 — 16 % passed

0 o T T i e T |l o L R el |0
0 1 2 3 4 5 6 7 8 9 g LT T i
Maximum Absolute Inclination of Weld Geometry (25 mm base) [mrad]
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DYNAMIC FORCE

. y=18,62x + 20,93 _ y = 4,33x
R? = 0,09 < R? = 0,91
3
100 ~ § 100 -
s« ©
@
. c
o
o
50 7 S 50 -
©
&)
S
0 I I I I I O T T I T
0 0,25 0,5 0,75 1 1,25 0 5 10 15 20
versine [mm] max. discretised gradient (5 mm basis) [mrad]

Low: correlation High correlation

force and versine force and QI

www.esveld.com www.rail.tudelft.nl



%
E C S Presentation on Weld Geometry Standards and RAILPROF TU De I ft

HSL STANDARD

o The value of 0.5 mrad as max. inclination for HSL was
changed to 0.7 mrad based on 100 measurements of
new HSL rails;

e 97 % of rails is better than 0.7 mrad — Ql = 1;

» Standard can only be achieved by QI via Electronic
Straightedge

» In new tracks apply grinding train (Plasser GWM).

www.esveld.com www.rail.tudelft.nl 22
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RAIL & WELD GEOMETRY HSL
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WELD GRINDING HSL-SOUTH WITH GWM

0.8

64 %
0.6

0.4

Cumulative Frequency (%)

0.2 CDF
12% —— before grinding train
— after grinding train

0 1 2 3 4 5
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WELD GRINDING VIA PLASSER GWI\/I

www.esveld.com www.rail.tudelft.nl
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PLASSER GWM EXAMPLES

GRINDING TEST GWM 220
FLASH BUTT WELD WITH BURR AND
BAD RAIL GEOMETRY

GRINDING TIME 2 MINUTES

Jl /'Tfkc%ﬁam

-1 —— AFTER STRAIGHTENING
mm AFTER GRINDING

- by W

Esveld, C.: ‘'STRAIT: Innovative
Straightening of Welds, Rail
International, Schienen der Welt,
July 1983.

GRINDING TEST GWM 220

FLASH BUTT WELD WITH BURR
AND STEP OF Tmm.

GRINDING TIME : 6 MINUTES

2
Oy —m__ 3m
-2 —«-AFTER STRAIGHTENING
— —— AFTER GRINDING D

IS83

www.esveld.com

www.rail tudelft.nl 2
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PRACTICAL IMPLEMENTATION (1)

Procedure:

o Sample weld geometry with digital straightedge
o Filter measured signal

o Determine 1st derivative (inclination)

o Normalize with intervention value for line speed
» Calculate Ql.

o QI <1: OK, otherwise: grinding.

www.esveld.com www.rail.tudelft.nl 28
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PRACTICAL IMPLEMENTATION

L |maitprot 13 2% 4 18:36

. ECS
- .Sl.tup I MEASURE Im_l
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EXAMPLES OF PDA SCREENS (1)

! o | RailProf 1.3

RAILPROF E C S
www. esveld.com

Setup MEASURE RP Off

Projects RP Status Exit

Action B Tools

Dpen

Folder: |RaiIF'r|:|F|'em|:|Iates "|| Cancel |

Type: [XML Files -
MNams & | Falder | Drate

= H5L_300 RailProf . 13-5 12:38
#| Project RailProf... 13-511:22

# Project_140  RailProf...  14-5 11:58

www.esveld.com

www.rail.tudelft.nl
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EXAMPLES OF PDA SCREENS (2)

o} o< 16:07
Template | |
0B WELDER
312000013 | {30nn | WELDER RAIL L/R
LOCATION  |Utrecht-C | RAIL S4E1 || O e
TRACK RAIL SWITCH/KM [2345a || @ RB

|UTRECHT - AMSTERDAM | |54E1 |

V [kmyn]

Curmrent Template

WELD TYPE | @isL (Tl Ju

WELD NUM | 1234567890 |

[Project 140 | Save | Vkm/h]  [140 -

Active Template -

| | | Activate Current | Measure Exit
ks

www.esveld.com www.rail.tudelft.nl 32
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EXAMPLES OF PDA SCREENS (3)

j-'._l,|viewﬁuject * < 16:31 ok jr'glvimﬁu {2 1:20 ok

J0B WELDER
|312a00013 | |Juhn |

DEVICE |41;5 |
LOCATION |utrecnt-c |
TRACK SPEED OWNER |Ecs |
|UTRECHT - AMSTERDAM | |

DATE o4

L |02-04-2005 |

- o e OE |
SWITCH/KM | 23457 @ re FILE NUM - [a175200504021755:m | g Now seconds added
WELD TYPE | @)sL (JTL (L
WELD NUM |123456?89G | | > |
wro | Top_mMEAs | Tor_quaL | Tor [ 4] » [Fo]| Tor mess | Tor_quaL | Tor_ g 4>
e X pvim @ X

www.esveld.com www.rail.tudelft.nl
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PDA SCREEN

V =140 km/h
Ql =1.06

oF oz 1:11 ek

'-I [ [ [

-300

100 0 1b0

INFO | TOP_MEAS

3b0

5ho

TOR _QUAL

TOR 5

4 b

www.esveld.com
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Data transfer _
to PC

RAILPROF E C S
www.esveld.com

| Setup MEASURE

i

RP Off

RP Status

Exit

www.esveld.com
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T Railprof GUI 2.1 - [D:\ECS_data\ECS\Ecs_files\TdeWPDANPDA_metingeni] E|_@]_f__‘g].
ﬂPrujﬁj Edt Tools Wndows Help -8 X
& D|»| @Bl&| x|d| il o ==

Top Meanrement  Top Assesment ]Inp Coeugation | Top Trend | Hor Measurement | Hor, Assesment | ECS

Gezzzcioo—=i R ... S —— T —

= Merm
— Measurement
= 1-51 derivalive

Results in pdf-format can directly be emailed to customer.

H : i i H H H i i H h '
450 400 350 300 250 200 150 00 -50 1] =0 100 150 200 250 300 380 400 450 500

v esyeld com

DESKTOP SOFTWARE

Report Name: ‘weld Number: 1234557330 Loeation Code: [Utrecht.C Top Meazrendts —
Pos versi
Seiial Nox[4175 Rt [4E1 e | R
Neq werzine [mm} | 0.00
Flepest [FP41 75200504021 755.ami Rail L/R: [R 2 —
Date:[02.04-2005 e
04 ‘wheld Type: [5L R
. i Type:] Neginclination [/ [067
Time:[17:55 Switch/Krm [23454 Qualty T
R4 B4 200504221 209, s ¥ ¥
RP4184200504221211 1 Job Nurber. 312000013 Track: |UTRECHT - AMSTERDAM l% ar 1.06
RP41 34200504221 300 2 Operatar |Jl:|hn W km/h} 140

www.esveld.com www.rail.tudelft.nl
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s Railprof GUI 2.1.5.2 - [\WWWbk103\d\ECS_ datal\ECS\Ecs_files\Consult\CRHZ\Metingen_HSL_Paans_oktober_ 2005\ assen Rheda ... E][El[ﬁ__q
- |8 X

,ﬁ' Project  Edit Tools  Windows Help =]
@ D= @Als x| i @ =20
Top Measurement  Top Assesment l Top Eu:urrugatinn] Top Trend] Hor. Meazurement | Hor. Aszesment RHEDA2000
: 2 : : ' ' ' ' '
H : : — Marm
3 : : = leasurement
: \ ! = 1-zt derivative
| | SR
) | SNR OUUS T FOU S SO VO OO TOU SO U S VO OO JOU VU SO S
—— 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o R O B @ A B B i B
O -450 400 -350 300 -2500 -200 150 100 -50 0 a0 100 150 200 250 300 350 400 450 500
v ezveld com
Report Mame: “weld Number: |23?35 Location Code; |Breda Top Meaz. results
m : : Poz.verzine [mm]: W
Serial No: |RP4303 Rail: {LIIC 60
— MNeq.verzing [mm]; IW
(@B Rieport: [RP430320051 024122800, sl Riail L/R: L
Posg.inclination [mmdm]: | 0.11
Drate: | 24-10-2005 wield Type: [SL Fe
: Meq.inclination [mmdm]: |-0.15
Tirme: |‘|2:2E Switchkm: |west el
_ W [kmih il o
CU Job Number. | 251005 Track: |Breda/Rotterdam ) Ql: 0.87
o -
>< Operatar: |sersa Y [k/h] 300

www.esveld.com www.rail.tudelft.nl



%
E C S Presentation on Weld Geometry Standards and RAILPROF TU De I ft

CONCLUSIONS (1)

1. Theory based on first derivative works fine in practice;

2. Steel straightedge is absolutely inadequate;

3. Instead electronic straightedges with QI (RAILPROF);

4. High correlation of force and QlI, low correlation with versine;
5

. With RAILPROF QI measurement:
= You see what you do;
= Higher quality;
= Less rejections provided short waves are ground properly
(also negative welds allowed);
= Extension of life cycle.

www.esveld.com www.rail.tudelft.nl
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CONCLUSIONS (2)

6. New, high quality rails have a first derivative < 0.7 mrad;

/. Mechanical grinding (GWM) is inevitable to achieve such an
accuracy for weld geometry;

8. The presented concept is very well applicable to heavy haul tracks
and high-speed tracks.

www.esveld.com www.rail.tudelft.nl
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CONCLUSIONS (3)

9. Validation will be carried out early 2006 by TU Delft:

+ Dynamic track force measurements at welds for different trains at
different speeds;

+ Axle box acceleration measurements;
* RAILPROF measurements;

¢ Statistical analysis to determine relationships.

Force

Measurements RAILPROF Axle Box

with Gotscha @ety Accelerations

www.esveld.com www.rail.tudelft.nl 4
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SOME EXAMPLES OF HSL SOUTH

RP430320051017{133533.xm|

Serial year, month, day hh,mm,ss

www.esveld.com www.rail.tudelft.nl 42
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