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» Parameterstudier
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» Kontaktledning

Kontakttrad Balkelement

Barlina Stangelement

Y-lina Stangelement

Bartradar Wire element

- Tillsatsror Fjaderelement +
punktmassa » Strémavtagare

- Klammor Punktmassor - Punktmassor

- Kopplingselement
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Verifiering av 2D-modellen

Bakgrund

e Uppdatering till aktuell ANSYS version
* Ny kontaktmodell implementerad

» Verifiering av den nya kontaktmodellen
e Jamforelse med POLIMI’s berakningsprogram
* Jamforelse med Grona Taget matningar
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Verifiering av 2D-modellen

e Jamforelse med POLIMI’s program (PCaDA)

e Sammarbete med Politecnico di Milano dar
doktoranden Marco Carnevale arbetade pa KTH
under ett halvar.

KTH Railway Group  Centre for Research and Education in Railway Technology —“—gronataget"‘—



Verifiering av 2D-modellen _
7
» Jamforelse av modeller £ \\ //
- POLIMI’s 2D modell och CaPaSIM 5. \A N
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Jamforelse mellan

Verifiering av 2D-modellen
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Verifiering av 2D-modellen

Sammanfattning
o Implementerad ny kontaktmodell

» Jamfort simuleringsresultat fran 2D-modellen
- Med POLIMI's model

- Med maétningar utférda inom Gréna Taget
» Publicerat ett papper tillsammans med POLIMI

P, | N P,
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Innovative active control strategies
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Real pantograph

Enkel flerkroppsdynamikmodell

Mathematical 3 d.o.f model
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Proposed model

I H@

70 %

Uplift force (aerodynamic
test)
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Proposed model - Pantograph (12/17)
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Proposed model - Contact model

A

KTH Railway Group

Contact wire
informations
Catenary

informations

Pantograph
informations
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Comparison of contact force
“e O .
— Vasteras- Grillby

Speed profile - experimental results
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Simulation Results — Application
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Skillnader i 3D modell relativt 2D

» Kontaktledning
- Zick-zack geometri

3D

Kontaktelement

2
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Kontaktelement
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- Tillsatsror
* Stromavtagare M
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huvudet e, %u
» Kontaktformulering
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Forbattringar - 3D modellen
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Egenfrekvenser
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| Styvhet
/ \

Sidoliige

Skillnader mellan
2D och 3D-model

Styvhet

k/2

Kontaktledning
Stromavtagare
Tillsatsror
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Forbattringar - 3D modellen

3D
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Forbattringar - 3D modellen
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Forbattringar - 3D modellen

Sammanfattning

e 3D modell implementerad

» God dverensstammelse med matresultat
e Lagre transienter vid stolppassage

e Markant skillnad i respons mellan 2d/3D

modellerna for frekvensintervallet 5-20 Hz

24/04/14
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Active Control — Two master theses

Thesis 1: Cosimulation between GENSYS and
SIMULINK

Cosimulation block in SIMULINK

>
out1
client_tsim -
Gensys Co-Simulation out2
S-Function
>
out3
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Ca. 15% reduktion
av standardavvikelse
av kontaktkraften

— 50 km/h hogre

hastighet
]
G out1
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input1 Gensyss 'So-SimuIation out2
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]
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Active control — master thesis Schaer

e Controller design in Matlab/Simulink
o Simulation with a full finite element model in

ANSYS
e H control

24/04/14
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Time domain result 280 km/h
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o, Results two pantographs
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* |ncluding a controller, same reference value

120 - - - - 120 o
Standard Deviation
Reduction:
I S — me_—-
First:
80r 1.6t04.4N
_ - 7 to 18%
= <
o b0r . o @l
= £ Second:
L L
| 1to10N
40 - 40 T 5to 23 %
EDD 220 240 260 260 300 EEIEI 220 240 260 260 300
Speed [km/h] Speed [km/h]
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Conclusions master thesis Schaer

Two pantographs within 100 meter distance are possible
up to 280 km/h

Reduction is smaller compared with the simpler model in
GENSYS

24/04/14
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Benchmark

» Politecnico di Milano

o KTH Stockholm

o Instituto Superior Tecnico Lisboa

» Universidad Pontificia Comillas de Madrid
» Universitat Tecnica Valencia

» Southwest Jaotong University Chengdu

Partners

Benchmark av programvara
for analys av dynamisk
interaktion mellan
kontaktledning och
stromavtagare

» DB Systemtechnik GmbH
» Société nationale des chemins de fer frangais SNCF

o Korea Railroad Research Institute
» Railway Technical Research Institute Japan
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Benchmark
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System
Arbetet organiseras i 2 steg:

Steg 1: Analys av ett fiktivt idealt system

« 1. non linear static configuration of the catenary (3D catenary model);

« 2a. dynamic interaction of the catenary with a single pantograph (2D catenary model);
« 2b. dynamic interaction of the catenary with a single pantograph (3D catenary model);

« 3. dynamic interaction of the catenary with multiple pantographs (2D catenary model).

Steg 2: Jamforelse med matningar for ett verkligt system

24/04/14 KTH Railway Group  Centre for Research and Education in Railway Technology = “-gronataget"—
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Benchmark

System i steg 1 L
Systemet inspererat av

Franska LN2 och Italienska C270
systemen

L= 55 [m]
HS= 1.2 [m] :
h.= 55[mm] (1:1000 av L) Y N s
S.= 22 [KN]
S,,= 16 [KkN]
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Benchmark

System isteg 1 M _T X3
Data inspererat av ) . -
. ] .. 3
en héghastighets stromavtagare _T o :'g =
2 U K§
x =
m. ? ms 7.5 kg
100 Ns/m
3 IV, - k l:j C2 &
Speed V/V, | Mean contact 2 § e 0.1 Ns/m
force - _T X1 C3 45.0 Ns/m
230 km/h | 50% 121N Ki C ka 15500.0 N/m
TTTTTTTT] k 7000.0 N
275km/h | 60% 143 N ' - /m
320 km/h 70% 169 N
365 km/h 80% 169 N
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24/04/14

Benchmark

General Catenary Pantograph Sliding contact Numerical integration
Flexiblity .
Institution | sw name | FEM/FD 2D/3D Element Droppers Registration arms Damping Lumped contact | Multi-Body Multiple Penalty Constraint Method
types Mass strips pantos method
Catenary: explicit 2-step
method, pantograph
DB PROSA D oD begms, piecewise Imgar with Linear spring-mass Veloc!ty- Yes Yes* Yes* Yes No Yes . trape.zmdal rule
strings slackening system proportional integration or 2-step
backward
difference (BDF)
BeErl;IIce:lrJ-lli- Beam elements with Catenary: Newmark,
IST PantoCat FEM 3D . beam elements Proportional Yes Yes Yes Yes Yes No pantograph: Gear (in co
Timoshenko slackening . .
Beams simulation)
Euler- mass-spring-damper Velocity- No (Rollin
KRRl |SPOPS FEM 2D (**) | Bernoul 5-spring-damp mass-spring _ Yes roAng | g Yes Yes Yes Alpha method
Beams with slackening proportional considered)
Euler-
KTH CaPaSIM FEM 3D Bernouli bar elemen‘t S with mass+sfiffness / bar Proportional Yes Yes No Yes Yes No Newmark method
beams, bar slackening element
elements
Euler- | - oniinear visco-elastic
POLIMI  |PCaDA FEM 3D Bernoulli ) ) mass-spring / FEM | Proportional Yes Yes No Yes Yes No Newmark method
Beams with slackening
Euler- Bar Elements with Implicit Newmark
RTRI Gasen-do Fj FEM 3D Bernoulli . Bar Element Proportional Yes No No Yes Yes No P
Beams Slackening + Newton Raphson
Euler- Non-linear with Proportional
SNCF |OSCAR FEM 3D Bernoulli . beam elements or Rayleigh Yes Yes Yes Yes Yes No Implicit Newmark
slackening
Beams or modal
SWJTU |PCRUN FEM 3D Beams Spring Element L'"ears?‘;!‘ng{mass Modal Yes No Yes Yes Yes No Newmark method
Co-
UPCo  |CANDY FEM 2D rotational bar eIemenFs with Linear spring-mass Rayleigh Yes No No Yes Yes No Alpha method + Newton
beams and slackening system for 2D Rapshon
bars
ANCF )
upPv PACDIN FEM(*) 3D beams, bar elemen.t S with Non-linear bar element | Proportional Yes No No Yes Yes No Newmark, Alpha-
bars slackening method, 4th order RK
(*) Absolute Node Coordinate Formulation
(**) Change of lateral postion of the contact point due to stagger can be considered
as o
KTH Railway Group  Centre for Research and Education in Railway Technology = "gronataget’
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Parameter studies

The following parameters are investigated:
» Type of catenary (x4)

* Number of pantographs (x1, x2, x3)

* Running speed (150-300 km/h)

e Spacing distance between pantographs (60-80 m)
» Position of a pantograph in the whole system

KTH Railway Group  Centre for Research and Education in Railway Technology = “sgronataget"—-
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Parameter studies
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Single pantograph operation with respect to
different types of catenaries

60 ; [
150 — | |
Y __— € | __sYT15/15
o c
g 100// 9 40. |[=—ST9.8/9.8 P
= 3 — ST 15/1
g 3 30 STIM /é
= —SYT 7.0/9.8 o 7
S —STY 15/15 g o0l _— —
< 50 ST °
S —ST79.8/9.8 =
§ —ST 15/15 n 10—
? 80 200 220 240 260 280 300 ? 80 200 220 240 260 280 300
Train speed (km/h) Train speed (km/h)

Comment: The catenary systems with stitch wires have
less fluctuation of contact force than those without the
stitch wire

With Pantograph SS5400

24/04/14 KTH Railway Group  Centre for Research and Education in Railway Technology ‘Q‘gronataget—_’ 35



o

L,
EKTHS

VETENSKAP
5% OCH KONST 9%

St Parameter studies

Two pantographs operation with respect to
pantographs at different spacing distances

ROYAL INSTITUTE
OF TECHNOLOGY

Leading pantograph Trailing pantograph
_ 150 7 s 150 Comment: The mean contact
3 _— 2 forces is much less influenced
£ 100, £ 100 by other pantographs.
(] © . .
= IS The standard deviation of the
2 50 2 50 . .
g § leading pantograph is less
influenced by the trailing one,
‘?50 200 250 300 ?50 200 250 300 i it
Train speed (km/h) Train speed (km/h) Whlle the Standard deV|at'|on
60 60 of the trailing one is
250 —gom Z 50 [—60m significantly influenced by the
5 40 —80m 5 40 —80m head
£ % |—100m £ 40~ —100m /%' one aneaa.
8 30/ |—120m 3 30 —120m
° o
g 20 7@4 3 20 S SYT 7.0/9.8
C C
§ | - 106 WBL 88
‘?50 200 250 300 ?50 200 250 300
Train speed (km/h) Train speed (km/h)
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Two pantographs operation with respect
to different types of catenary

Leading pantograph Trailing pantograph
180 / 150 _— Comment: the performance
Pz Pz . .
z _— 5 __— on different systems varies a
S 100 £ ==
- - lot.
i —60m g —60m
S —80m S —80m
2 50 —100m c 50 —100m|
3 —120m 3 —120m
= =
P50 200 220 240 260 280 300 fs0 200 200 240 260 280 300
Train speed (km/h) Train speed (km/h)
60 : 60 :
| |
2 50 [—60m 2 50, [—60m
c —80m c —380m
£ 40| —100m g 40| —100m
S —120m S ——120m
2 30 830
g _— g — = SYT 15/15
T 20 T 20
© ©
S o & 10— WBL 88
P50 200 220 240 260 280 300 Y50 200 220 240 260 280 300
Train speed (km/h) Train speed (km/h)
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Flmin=Fimean —30=>0 N
Flmax =Flmean +30<200 NV

o<almax=Flmean /3

Pa Ffam Ete I StU d |eS o<oalmin=(200—Flmean)/3
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BVS 543.330

Three pantographs operation with respect to

pantographs at different spacing distances
60m 80m
60 60
= —First —_ —First
Z 50| second — Z 50 second
S 40l |—Third & 40, |—Third
8 | Min B Max
@ 30— Max ® 30| Min
D 5 gl SYT 7.0/9.8
g2 g 20 WBL 88
C
f50 200 250 300 955 500 550 300
Train speed (km/h) 100m Train speed (km/h) 120m
60 60
) = —First = —First
CO m me nt: Th e S a CI n g’ 507 — Second //’ g/ 50? — Second /////,,/
pacing < / / -
distance between g 401 i:,,r;;d // o I
> . = -
pantographs is a critical 3% Mn [~ 8 30 Max
i T 20 i 3 20
factor that decides the g //,/ R
dynamic behaviorofa @ 10 & 10
multi-pantograph system. {5 500 550 300 P50 200 250 300
Train speed (km/h) Train speed (km/h)
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Parameter studies

Flmin=Fimean —30=>0 N
Flmax =Flmean +30<200 NV

o<almax=Flmean /3
o<oalmin=(200—Flmean)/3

. ] BVS 543.330
Three pantographs operation with respect to
pantographs at different spacing distances
60m 80m
60 , 60 r
—_ 3 —_ —First
Z 50| |—First _ € 50 | second =
IS — Secong : S 40, |—Third -
T 40/ |— Third _‘g — Max
3 — Max ® 30_ | Min
S o | Min S — - SYT 15/15
4 3 20 — — 1 ]
S $ WBL 88
= 20 = 10
%) - &)
1?80 200 _ 240 260 280 300 980 200 220. 240 260 280 300
Train speed (km/h) 100m Train speed (km/h) 120m
60 : 60 :
Comment: The type of  _ 50 [—First = 50, |[—First -
. < —__Second B = — Second B
the catenary systemis 5, —fiq § 40, | — Thid
" 8 | | Max 2 | |—Max
.also a critical factor that 3 /- 3 a0 wim
©
influences the B » | 7-—-4 5 20 =
performance. The SYT g o g
15/15 allows trains to "
H 80 200 240 260 280 300
run ata hlgh Speed 980 200 2'I'2r(:31in sp%i?i (krn/2h6)0 280 300 Train speed (km/h)
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Parameter studies

Conclusions:

» The pantograph-catenary systems with the stitch wire
have less fluctuation of contact force

* The mean contact forces are not sensitive to both the
number of pantographs and their spacing distances

* A trailing pantograph is heavily influenced by all
pantographs in front of it

* The dynamic behavior of the system does not always get
worse with the number of pantographs increasing

» The spacing distance between pantographs and the type

of catenary in use are critical factors in multi-pantograph
operation
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Framtida arbete

* Benchmark - Jamforelse med uppmatta resultat
* Vidareutveckla 3D modellen

o Kontaktledningssystem for framtida
hoghastighetsbanor i Sverige

o Aktiva stromavtagare ev. tillsammans med POLIMI
» Testa aktiva stromavtagare
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