RAILPROF - BACKGROUND & WELD GEOMETRY STANDARDS
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~ Standards vertical rail geometry

Speed [km/h]:Inclination [mrad]

250 < V < 300 £1.0

200 < V < 250 £1.1
With the RAILPROF device the vertical and 180 < V < 200 <1.3
lateral rail geometry is measured. The

160 <V < 180 <14

measurement is controlled by a smartphone
(Windows Phone), which communicates with 140 <V £ 160 <1.6
the RAILPROF via Bluetooth. The

measurement data are transferred
automatically to the smartphone, which 100 <V £ 120 £2.0
calculates the QI (Quality Index), a measure

120 <V = 140 =1.8

. . 90 <V <100 £2.2
for the vertical force, directly related to the
first derivative of the recorded vertical rail 80 <Vv=090 =23
geometry. The_adm|55|ble QI in relation to 70 < V < 80 <24
the line speed is presented in the table
above, which values are presently the 60 <V=70 =26
official standards used by ProRail in The 50 < V < 60 <28
Netherlands and the tram and metro
companies in Holland. 40 <V =50 = 3.0

V=40 £3.2

Standards lateral rail geometry
Speed [km/h]: Versine p [mm]
80 <V = 300 -0.5=£p=0S5

40 <V £ 80 -0.7=p=0.7

V=40 -1.0=p=1.0
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BACKGROUND INFORMATION

Force relation. FORCE-RELATED WELD STANDARDS

The vertical wheel rail contact Dynamic contact force is function of inclination:
force is approximately F.. = Constant =v* = Indlination
proportional to the square of the
speed. In this way the standards
are speed dependent.
Furthermore, the contact force is
linearly related to the inclinatios
(first derivative dy/dx of the
geometry). The inclination is Indination: High-Speed < 1.0 mrad
determined from the versines Conventional < 1.8 mrad
measured with the RAILPROF on
a base of 1 m, sampled at an
interval of 5 mm.

During data processing the samples are averaged (low-pass filtered) via a moving
window of 5 samples. This means that the shortest wavelength in the resulting signal
is 25 mm. The calculated QI values are based on this signal. See PDA screen below.

Quality Index (QI) on QUALITY INDEX QI
Smartphone screen _ Inclinationygy _
Blue line represents the vertical Q= tctination,gm =+~ O

geometry, orange line is QL. The V = 140km/h (Norm is 1.80 mrad, QI = 1); Measured: QI = 1.06
person doing the finish grinding can

immediately see where the QI is /| Prosect e 110 I
4

exceeding the norm (by definition QI
= 1) - in this case 6 % - and which 14
spots should be ground. In the 105
figure it is clearly seen that the . E

slope right of the middle is too large 0.3
and so the center part should be

ground to decrease the inclination

and thus the maximum QI.
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Gradient rather than versine.

From the right-hand graphs it is obvious that the contact force does not correlate (9 %)
with the versine (geometry), whereas the inclination (QI) very well correlates (91 %)
with the force. This means, amongst others, that a steel straightedge, as still in use on
a wide scale, is absolutely

inadequate.
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Cost savings.

According to recent ProRail figures the claimed track maintenance cost reductions of 10
- 20 % are too conservative. Present practice reveals that these figures are more in the
order of 20 - 40 %!

Expected cost savings

Due to impact load reduction at welds:

TOTAL MAINTENANCE AND
RENEWAL COST ON NS

20 — 40 % of annual maintenance
budget;

ProRail budget in The Netherlands:
~ € 250 mio for 4,500 single track;
Savings: € 50 — 100 mio total,

or € 10 — 20,000

per km single track.

€ 250 million per year
for 4,500 km track
Price level 2006

Mechanical
Maintenance 10 %
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RAILPROF - MEASUREMENT OF RAIL WELDS AND CORRUGATION

Microsoft

For Glued Insulated Joints (GIJ) a special feature is available to clip out the part
between the rail ends at the joint. The eddy

current transducer sees this area as a large deviation. When the correction is set to
'Yes', the central 10 mm of the

measurement is removed and replaced by values linearly interpolated between the
measured values at both ends.

Templates can be created for each measuring job via the Templates menu. The values
of the active template are used when the measuring process is started. After tapping
the command measure the values of the template are shown and can be altered.

If the weld is measured again or a new weld is measured the previous values are kept..
Freight information:

Total weight of flight case, RAILPROF, PDA and carton protection box: £19 kg;
Dimensions: approximately 137 x 43 x 17.5 cm.

Measuring length: 1,000 mm in accordance with the EN standards for weld geometry;
sampling interval 5 mm. Transducers: eddy current.

Both vertical and lateral rail geometry are measured.

MAIN CHARACTERISTICS

The present RAILPROF configuration is controlled by a Windows Phone running on
Windows 10.

On the basis of research at TU Delft, in cooperation with the Dutch Infra Provider
ProRail, force-based standards have been developed. The standards are expressed in
terms of a quality index QI, which is directly related to the first derivative of the
measured vertical rail geometry.

Vertical and lateral geometry are measured simultaneously. The measuring results are
automatically sent to the Smartphone, which carries out all the calculations like filtering
and computing the first derivative of the vertical geometry, in accordance with the
force-based weld standards of ProRail.
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Due to the additional speed classes in the lower speed range the standards are also
applicable to metro and tram networks. The RAILPROF will be kept awake as long as
the operator is working in the measuring menu on the Smartphone, whereas otherwise
the RAILPROF is switches off after 10 minutes of not being used.

MEASURING PRINCIPLE

Measuring length: 1,000 mm in accordance with the EN standards for weld geometry;
sampling interval 5 mm. Transducers: eddy current. Both vertical and lateral rail
geometry are measured.

e Measuring length: 1,000 mm in accordance with the EN standards for weld
geometry;

Sampling interval 5 mm.

Transducers: eddy current.

Both vertical and lateral rail geometry are measured.

The vertical sensor is positioned 35 mm from the gauge face.

The lateral sensor is measuring the gauge face at 20 mm below the top of the
rail.

X vert hor
-600 0.00 0.00
-595 0.01 0.02
-590 0.02 0.03
-585 ... ...

l . Reference line !
W

1000 mm

I

Vertical Sensor

Lateral Sensor 20 mm

Gauge Face
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TAYLOR MADE FLIGHT CASES

Freight information:
Total weight of flight case, RAILPROF, PDA and carton protection box: £ 19 kg;
Dimensions: approximately 137 x 43 x 17.5 cm.
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SOME WINDOWS PHONE SCREEN SHOTS

Templates can be created for each measuring job via the Templates menu. The values
of the active template are used when the measuring process is started. After tapping
the command measure the values of the template are shown and can be altered.

If the weld is measured again or a new weld is measured the previous values are kept.
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View Project: RP418420161129105709.xml

JOB

Z
LOCATION

TRACK

UTRECHT - AMSTERDAM

SPEED

O

View Project: RP418420161129105709.xm!|

INFO(M)

SPEED

Active Template: Project

v

KM

View Project: RP418420161129105709.xml

TOP_MEAS

View Project: RP418420161129105709.xml

DEVICE
OWNER

DATE

FILE_ZNUM

View Project: RP418420161129105709.xml

TOP_MEAS

POSV [mm] = 0.30
NEGV Irim] = 0.00
POSIN [mm/m] = 0.81
NEGIN [mm/m] = -0.60
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View Project: RP418420161129105709.xml

View Project: RP418420161129105709.xml View Project; RP418420161129105709.xml

TOP_QUAL TOP_QUAL TOP_SHORT

-t o~ View Project: RP418420161129105709.xml

View Project: RP418420161129105709.xml| View Project: RP418420161129105709.xml H O R Q U A L
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APPLICATIONS

- Checking and acceptance of flash butt welds, thermit welds and glued insulated
joints;

- Positioning of rails before welding;

- Production of glued insulated joints;

- Assessment of rail corrugation;

- Monitoring progress of grinding process;
- Acceptance of grinding work;

- Acceptance of rails for longitudinal geometry, including straightness of rail ends.

DESKTOP SOFTWARE

Special Windows based desktop software is provided for viewing, editing, printing and
presentation of the measurement results,
as illustrated in the screen shots below.

+I" Railprof GUI 2.1 - [D:\ECS_data\ECS\Ecs_files\Tdc\PDA\PDA_metingen\] Ei@“‘;{
¥ Project Edt Tools Windows Help -8 X
& D> Q& X[ o o ==
TopM t Toph | Top Comagation | Top Trend | Hor. Measurement | Hor. Assesment | ECS
2

= Norm

~ Measurement

~— 1-st derivative

450 400 350 300 250 200 150 100 50 0 50 100 150 200 250 300 350 400 450 500

i wwnw.esveld.com
Repet Name Weld Nunber: [ 1234557830 Location Code: [Utrecht.C Top Meas.resuls
Seiial Not [4175 Rai: [S4E1 ool
Negvashe[nmtlo.w
Report [RP4175200504021755 sl Rail L/R: [R o [
Date:[02:04-2005 T Posichatininm/nk |12
04- Weld Type: [SL .
. S Neginclstion [ma/im} [367
Time: [17:55 Switch/Km: [23454 Quality T
v o
Job Number. 312000013 Track: [UTRECHT - AMSTERDAM 1::‘"" QL 1.06
v
Operator: [John 100 ] | Vikmh} 140

Example of Windows software to view measured profiles.
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«F Print Preview

DED ««»>» 1 88 B Coe

RAILPROF ECS

Top Ass s rrend

= Meas urement
- 1stdervative
= Norm

40 0 W0 WO 2% 200 150 00 S0 0 0 10 w0 20 2/0 300 W0 S0 w0 W00

Veld Nurber 1234567890 Location Code:Urecht-C Paos.versine [mmj: 030 o 1.06

Serial No: 4175 Ral: S4E1 Neg versing [mmi: 0.00

Report: RP4175200504021755xml Ral UR R Pos.incination [mmvmy: 0.82 Vknh] 10

Date 02-04-2005 Weld Type:  SL Neg.incInation [mm/rm].-0.61

Time: 17:55 SwitchiKm: 23454

Job Number: 312000013 Track: UTRECHT - AMSTERDAM

Operator. John wavw.esveld.com
0% Page 1 of 1

Example of a print preview.
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+I" Railprof GUI 2.1
¥ Project Edt Tools Windows Help
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Weld Number: | 123456730
Serial No: [4175
Report: [RP4175200504021755 sl
Date: {02:04-2005
Tirme: II 7:55
Job Number. 312000013
Operator:|John

Location Code: |Utrecht-C

Rail LIH:IR

Weld Type: [SL

Switch/Km: |2345A

Meas.results (Currugat.)
Avg amplitude [mm] | 0.02

Avg.wavelength [cm}|22.00

g index [mm}| 0.05

Rail: |S4E1

V (ke/h)

|140 vl

Track: |UTRECHY - AMSTERDAM

wwnw.esvedd com
Norm Cornugat.

Pos.
IU.CS mm

Neg.
005 mm

Z

Example of short wave irregularities (corrugation) to control grinding.
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+I" Railprof GUI 2.1
&Y Project Edt Tools Windows Help

@| 0| *| @Bla| x| i »

Top Measurement  Top Assesment | Top Corrugation | Top Trend} Hor. Measuementl Hor. Assesment |

- [D:AECS_data\ECS\Ecs_files\Tdc\PDA\Strukton\Meteren\RP4302200504271250.xml ~ D:\ECS_data\ECS\Ec...

STRUKTON-RAILINFRA-MATERIEEL

CEX

2
. SN SN SO NN SN NN SO N SURON SO SO N IO U S S AR SO S .
-450 -400 350 -300 -250 200 150 100  -50 0 S0 100 150 200 250 300 350 400 450  S00
[ —=norm — Measurement - | == Measurement - | — 1-st derivative - | —1-st derivative -1 ||
I ] I ] v www.esveld.com
Weld Number. [19 |1234567830 Location Code: [A1Stiace  [A15tace | | Top Measiesults '
Serial No: [RP4302 |RP4302 Rail: | |34.000 el O
: Neg.versine [} [ 0,00 [0.00
Report |[RP43022005042712500ml  [RP4302200504271304 xrl Rai L/R: [R R L
Pos.mhahm[m/mth.l]l |0‘89
Date:|27.04-2005 [27-04-2005 Weld Type: [TL fst -
: Neginclination [mm/m}: [120  [053
Time: [12:50 [13.04 Switch/Km: [41738 23458 Quaity T :
[ op
Job Number: {54010 {54010 Track: [Meteren Meteren V[km/h] QL 1.01 072
Operator 10105 [ M g 0 10
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, =

Example of comparing two measurements.
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-l Railprof GUI 2.1.5.2 - [\\WWbk103\d\ECS_data\ECS\Ecs_files\Tdc\PDA\Strukton\Calibratie\]

g Project Edit Tools Windows Help

=| Dl=| B4 x|« il & z|=]|m

Top Measurement I Top Assesmentl Top Couugationl Top Trendl Hor. Measurementl Hor. Assesmentl

1

| d: [data]

(= DA
(= ECS_data
(= ECS
[ Ecs_files
(= Tde

(= PDA&
[ Strukton

e Calibratie

" Top Corugation ¢~ Top Trend

]

" TopMeasurem ¢ Top Assesment

Cancel I

Select profiles to print (use Ctrl and Shift buttons for multiple selection)

P430620050924214423 x|

" Hor. Meting " Hor. Assesment

The des'ktop s'oftwalre offérs the' possibility tb sele'ct recdrds oﬁ the Basis df the dualit;;

index QI. Via the find icon a screen is opened in which a choice can be made for QI
Top, QI Hor, or both. The selection value is default 1.00, but the user can assign any
other value. After OK the screen at the bottom left shows just the selected records,

which can be moved now.

.I'Railprof GUI 2.1.6.7

Pr ojec S dl t Tools Windows He [p

= D)= Blal ilu]x| W s ==5m

o' D:\ECS _data\ECS\Ecs _files\Tdc\Wresentations\Volker\HSL welds_af]

Top Measurement | Top Assesmentl Top Corrugalionl Top Tlendl Hor. Measurementl

1

-

Search Profiles

v QITop < 11.00 :
v OiSide < [1oo
0 oK Reset I Cancel I -
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. Railprof GUI 2.1.6.7

Edit

Project

Mindows

Help

o

Rla L] x| i e =/s|ml

= DO

oI D:\ECS__ data\ECS\Ecs_files\Tdc\Presentations\Volker\HSL_welds_after Speno\All\

Top Measurement ITop Assesmentl Top Corrugationl Top Ttendl Hor. Measurement] Hor. Assesmentl

1

Move all (selected) profiles to different directory
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Look in: | (=) Approved
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13 Example.pdf

gﬂ RP430320051017132351.xml
Q RP430320051017132620.xml
@ RP430320051017152247 . xml
gﬂ RP430320051017152614.xml
@ RP430320051017152934.xml
@ RP430320051017153306.xml
@ RP430320051017153626.xml
§] RP430320051017153924.xml
gﬂ RP430320051017154008.xml
Q RP430320051017154328.xml
@ RP430320051017154445,xml
gﬂ RP430320051017154859. xml
@ RP430320051017155333,xml
Zg] RP430320051017155723,xml

<1 L} ‘|

@ RP430320051017160134.xml
‘-_?-g RP430320051017160409.xml
§| RP430320051017160507 . xml
:;ﬂ RP430320051017160326.xml
:él RP430320051017160938.xml
@ RP430320051017161345.xml
‘:&j RP430320051017161435.xml
@ RP430320051017161657 .xml
@ RP430320051017162037 . xml
‘-_?-g RP430320051017163202.xml
§| RP430320051017163555. xml
:;ﬂ RP430320051017163825.xml
:él RP430320051017164251 . xml
@ RP430320051017164627 .xml
Tg RP430320051017165540,xml

] RP4303200510171
] RP4303200510180
] RP4303200510180
©9 RP4303200510180
] RP4303200510180
©]RP4303200510180
9 RP4303200510151
©]RP4303200510181
] RP4303200510181
@] RP4303200510181
] RP4303200510181
9 RP4303200510181
@] RP4303200510181
©]RP4303200510181

9 RP4303200510151
> |

File hame:

Places

LI I i l

Files of type:

ISelect target directory to move projects

LI Cancel |

The software offers printing facilities to generate one integrated report for a series of
measurements. In the above example the reports for Top Assessment are selected and

can be printed as one pdf file.
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qpmje(l Edit Tools Windows Help

= D= @ %« x| #i o B[S|D

Top M | TopA Top Corugation 0:200 men | Top Trend | Hoe. b A : ECS
= Measurement
= Norm Pos.
= Norm Neg.
) v e3veld.com
Report Name: Weld Number: [122 Location Code: |driemanspoldermeerzicht Meas results (Curugat.0-200 mm} ] ~MNoim Corrugat.
RP433520090112010425.xml Sesial No:[RP4335 Rait [:49 Vikmh) A lmead) Pos.
RP433520030408023847 sl Eror] 0.03 [ﬁ m 01 —
Report: [RP433520090408023847 omi Rail LR [R o =P -
Avg amplude [menf[ 0.0 —— - —
Date:[0804-2009 Weld Type: [SL o " ll_ Neg.
g wavelength [} 5.14
Time: [02.38 Switch/Km: [350 01 am

Grinding index [mml' 001

Jowanbel:|263l6|7 Teack: |5 I
UWWIVeld , Emed[xtl 0.00 | , Apply

To facilitate German grinding standards a special menu was added to the desktop
software. In the wavebands 1-3 cm, 3-10 cm and 10-30 cm the percentage of
exceedance of the standard is presented. The standards can be set per waveband as
the admissible displacement in mm.

Furthermore, the following grinding indices are produced:

GA = Grinding Amplitude, GG = Average Wavelength, GSD = Average Grinding Depth.

MAIN RAILPROF SPECIFICATIONS
1. Weight: less than 7 kg;
2. Length: 116 cm;
3. Microsoft Windows Phone, with Windows 10:
- Wireless communication with RAILPROF via Bluetooth to control measurements
and data transfer;
- Data analysis, such as filtering and computing of QI;

4. Measuring length: 1,000 mm in accordance with the EN standards for weld
geometry; sampling interval 5 mm;

5. Measuring time: about 10 sec;
6. Data transfer to Smart Phone and analysis: about 6 sec;

7. Data storage: unlimited on Smart Phone internal memory, Secure Digital (SD) card,
or in the Cloud;

8. Data transfer to desktop PC via mobile network, wifi, or wired synchronization;
9. Presentation of measurements on desktop PC via Windows menu. Easy generation of
reports in pdf format;

10. Accuracy:
a. High accuracy at ambient temperatures between - 5 °C and + 40 °C;
b. Vertical geometry: +/- 0.020 mm;
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c. Lateral geometry: +/- 0.050 mm;
d. Inclination associated with QI: +/- 5 %;

11. Measuring principle transducers: eddy current. The results are not influenced by
moisture, rust, dirt and the real metal surface is measured;

12. Bottom of RAILPROF is resistant to temperatures up to 150 °C;

13. Shipping information:
a. Total weight of flight case, RAILPROF, PDA and carton protection box: £ 19 kg;
b. Dimensions: approximately 137 x 43 x 17.5 cm.

DISTRIBUTORS

- Exclusive distributorship for SOUTH-KOREA
- Distributorship for Asia and Oceania

Kumchun System Co. Ltd.
Tel: 82-41-363-1878

Fax: 82-41-363-1879
Mobile: 82-10-6363-5112
E-mail: stkwak@hanmail.net,

Address:

Geosanri 371-1,Sinpyeong-Myeon,

Dangjin-Gun,ChungcheongNam-do,
Republic of Korea, Zipcode 343-811
Homepage: http://www.kcsys.kr
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