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Objectives

® Introducing case study
® Describing measurement system

® Results presentation

Napoli - Pietrarsa, 21 February 2019 WORKSHOP EMRAILS 2019



° Unixlfcrsité.
S dmised & MyRails EMPIR H -9
The FMPIR I l.IHH o-fans dPﬂby“‘ a Eurn Linion's Horizor ?'.IF'CI

ngt Vanvitell: amlma FMPR":,I ipaling Stale:

Analysed System

Napoli - Pietrarsa, 21 February 2019 WORKSHOP EMRAILS 2019



Universita

: SZﬁEEfrﬂipanm %MyRailS EMP'R B e

The EM I"IR inilisthy r-Hru—[ul:lf-\c by the Ewropaan Linion's Herzon 2020

ngt Vanvitell: hand i wogramme and the EMPIR Parlicipating Siales

Analysed Route

N Pineroloteey &



Universita

o it & myraiis EMPIR [ 9

The EMPIR in IlvHI a-flan dFuby“' a Europaan Lnion's Horzon ?DPU

ngt Vanvitell: and and the FMPIRI";-;I ipaling Stale:

Measurement points

POINTS IN WHICH vy -
CURRENT F
MEASUREMENTS or @ — 9z
ARE MADE ‘\
TCA .;.]
Forz 0 FCF1 = m
'_T 18 Al SERWVIZI AUSILIARI
RDG

"B 16 KTR . 17 ALLINVERTER
~ 0, s
= Cdl ‘
I 20

I.FRI =" =
KMT |
 Ra1
L] mrePANTOGRAPH oz
. @ 21
CURRENT cecro db "I—K; =
CREC M Raz
RDG Ll
7 il 19 19

Jo ‘-
" o ALUINVERTER
} 1 ;l g Al SERVIZI AUSILIARI 'RAILS 2019




Universita

o it & myraiis EMPIR [ 9

The EMPIR in i lvHI a-flan dﬂlby“" & Europaan Lnion's Hol nar\?ﬂ?t]

ngt Vanvitell: and and the FMPIRI";-;I ipaling Stale:

Measurement points

4000 kWcc

POINTS IN WHICH n< 12
VOLTAGE e . F
MEASUREMENTS [ " i
ARE MADE )
TCA .;.]
rerz_ 8] Fem o ™

16 Al SERVIZI AUSILIARI

. "B 8 KTR 17 1 ALLUINVERTER
8 N 0y .
CsSCh
= cdi J_
20

||}—@’
I.FR'I KMT

2 T
KMT A
| : Rd1
DOWNSTREAM 2 -
[/ rurec } FILTER VOLTAGE / -
UPSTREAM HALF FILTER 'ﬁ’ T
cxecFILTER VOLTAGE VOLTAGE g
RDG I

. i 19
. £ N
..|J.: o ALUINVERTER
} 1 ;l g Al SERVIZI AUSILIARI 'RAILS 2019




Uni‘lfcrsité.
v S %MyRalls EM PlR - E“““"'J

Lusgi Vanvitelli

Measurement System
4 | 4

SUPPLY SYSTEM  ACQUISITION SYSTEM

* 8channels TRANSDUCERS
* 50 kHz - 3Voltages

* 16 bit * 5 Currents :
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Storage System

Intel Atom
E3845 1.91 GHz Quad-Core
System-On-Chi

&
’T USING AN SD CARD OF 512 GB THE DEVICE CAN
-]  RECORD FOR MORE THAN g DAYS CONTINUOUSLY!
REPLACING THE SD, IT IS POSSIBLE
T TO EXTEND MONITORING WITHOUT ANY DATA LOSS.
gt THE RECORDING STARTED ON DECEMBER 7, 2018

AND IS STILL IN PROGRESS
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Acquisition System

NI 9223

: c_‘ 4 analog input Voltage channels
16 bit

: c"' SAR converter

L~ Simultaneous Sampling
t:” +200 ppm max

-““rf-m“‘ = t‘ 1 MSamples/s
(€ \ + 10V PEAK

m Input impedance >1 GQ

-
L

'""7 B

lnn.h-r WSV DC,
~&B'CshsNe )

Nig211

NI 3223 with BNC
.

NI 9467 GPS MODULE

ns, >99 percent typical
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NIl 9211

4-Channel Temperature Module
14 Samples/s Aggregate, +80 mV
16 bit

includes anti-aliasing filters,
open-thermocouple detection,
and cold-junction compensation
for high-accuracy thermocouple
measurements.

Pulse per second (PPS) accuracy of 100
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CURRENT TRANSDUCERS

INRIM ROGOWSKI COIL
WITH INTEGRATOR

Q\
Q &>

HOP TRANSDUCER

PRIMARY NOMINAL RMS CURRENT |PN 2000A NOMINAL TRANSDUCTION 20A/1V 100A/1V 1000A/1V
RATIO 1000A/1V
OUTPUT VOLTAGE +4V
OUTPUT VOLTAGE, s« 10V
SUPPLY VOLTAGE (£5%) 12..15V
SUPPLY VOLTAGE 220 .. 240V @50Hz
FREQUENCY BANDWIDTH (-1 dB) DC..10kHZ

ACCURACY @lpy Tp=25°C,@12 .. 15V <+2%
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VOLTAGE TRANSDUCERS

* THE NOMINAL TRANSDUCER RATIO IS 1000/1

* MAKEACCURATE HV IN-LINE MEASUREMENTS

* VIEWAND MEASURE AC RIPPLE & NOISE ON DC HV

¢ MEASUREABSOLUTEHV DCTO 0.25% @ 25 PPM STABILITY

* MEASURE & MONITOR SIGNALS FROM 35HZTO 10MHZ

* VIEWSIGNALS FROM DCTO 20 MHZ

* VIEWAND MEASURE AC MV ON DC KV

* VOLTAGE MEASUREMENT ARE ALL REFERRED TO THE GROUND
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INSTALLATION

: &/ e, [ S \ % r\.;ﬁ i ’//#;l AN
RN
7% /’ / /////:f = //§m
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INSTALLATION
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INSTALLATION

Napoli - Pietrarsa, 21 February 2019 WORKSHOP EMRAILS 2019




Universita

> ge | & myrails EMPIR 8l =5

. . . 3 The EMPIR iniliative 18 co-funded by tha Eurcpaan Union's Horzon 2020
ng-‘, I/Emmtelh and i iar and the EMPIR Parlicipaling Slales

INSTALLATION

\
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RESULTS

‘ 1
—V downstream Filter
—V upstream Filter
V half Filter _
23000 | .
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0 1000 2000 3000 4000 5000 6000
Time [s]
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Braking Analysis
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Braking Analysis

1500 I
—Rogowski corrected
A I b N M
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<
3 1
E f=240Hz > T ==——s
ol 240
-
500 - I t+T .
- of fset ——f i(t)dt
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Braking Analysis

‘—Energy consuption of rheostatic brakes

kWh

5.15 3.7 29 153 16 - 25

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
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Energy Analysis

BARDONECCHIA - TORINO [kWh]

@1
Generated Energy

176

Wasted Energy  Recovered Energy

31% Absorbed Energy
-600 -400 -200 0 200 400 600 800

Energy [kWh]
Napoli - Pietrarsa, 21 February 2019 WORKSHOP EMRAILS 2019



° Universita e
is EMPIR [l =~
@ della Campania M y RailS -/
The EMPIR iniliative 18 co-funded by tha Eurcpaan Union's Horzon 2020
and i far prog and the EMPIR Parlicipaling Slales

Lusgi Vanvitelli

Energy Analysis
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Measurement Comparison
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Custom Measurement System [kWh] Train Measurement System [kWh]
312,9 303,7
578,6 e
ENERGY SENT BACK TO THE CATENARY ENERGY SENT BACK TO THE CATENARY
m RHEOSTATIC ENERGY m RHEOSTATIC ENERGY
m DISSIPATED ENERGY TO THE PANTOGRAPH m DISSIPATED ENERGY TO THE PANTOGRAPH
Error=2.21% Error =3.03% Error =16.85%
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