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Background and Motivation

» DLR's historical background in multibody and railway dynamics

* DLR's Next Generation Train Project
* Running gear development for an ultra high-speed train in double deck

configuration and lightweight design, see video

« Several precursor papers

- 2012 P 2014 - 2015 w 2017 O 2018 O 2019
= ~4 4 4 —
Energy Wheel- Scaled Crosswind Brake Railway
Flows in Rail- Running Stability Pneumatics Dynamics
Networks Contact Gear Library

* Objectives
» Gathering, reorganizing and publishing given models

» framework for future multidomain engineering tasks

i DLR



https://www.youtube.com/watch?v=nBGQA9TogPs
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Library, Model and Data Structure (I)

= D RailwayDynamics
© user's Guide _
E] General = [:] General

» General subpackage @[] Vertical @ [ Scenarios
* 3D multi-purpose models =[] Longitudinal World
traction, comfort, safety, roller rigs, ... @[] Crosswind & [5] Track

- 3 specialized subpackages Al3 Interfaces (] Tracidont

* Vertical = comfort D Icons D Vehicles
itudi i i Subsyst
 Longitudinal = traction RootDir (] Subsystems

. . . . D Contact
» Crosswind = simplified crosswind assessment <[l A |
¥ erodynamics

* Vehicle template @ [T Path

 Railroad base, running gears, carbody = [ Excation
D Sensors
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Library, Model and Data Structure (lI)

General subpackage
« 3D multi-purpose models
traction, comfort, safety, roller rigs, ...

3 specialized subpackages
 Vertical = comfort
 Longitudinal = traction
» Crosswind = simplified crosswind assessment

- Vehicle template T
 Railroad base, running gears, carbody : T
* Replaceable = B Data = LI
encapsulated - B MassGeometry —
records B PrimarySuspension ;‘
B B SecondarySuspension =
" E CDilSprir‘lgS rearBuffer frontBuffer
- B TractionLinkage
. E Damper flange4 flange1
_ - B Bumpstop f% T e ﬂan%gﬂ
E - B StabilizerBar
DLR /
/ ﬂ_@ StandardBus ' base




DLR.de + Chart 6 > Heckmann

Railway Modeling Particularities
Overview

» Track (inner/outer)
« 3D curve 7 = 7(s) , collateral frame
» rail position and orientation
* irregularities
 Track joint
 Longitudinal degree of freedom
e 2 states: s, v
» Track panel
« acompanying mass-spring-damper system
« 2 rail stubs and sleeper
* Wheelset
» 5 degrees of freedom
* Inertia properties

» Wheel-Rail contact
« UIC60 and S 1002 predefined
 Linear and Polach model predefined

i DLR
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File format from the early 90°s

| header _begin

L
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Railway Modeling Particularities (1)
Track: some detalls

track in RailwayDynamics.General.Scenarios.Basic.WheelsetOnSpiralTrack

General | Advanced | Animation | Add modifiers | Attributesl

Component

—Icon

Name |track

Comment |

Model

Path RaiwayDynamics.General. Track

Comment definition of global track quantities, such as path, irregularities etc.

Path

2

useStandardPath " false
path "spiralPath.trm" j v

data.type = b I File Format Type: 1/2/3 = 3, ,pIsis,gams, u/x, vy, z. cob/x, ¥, 2,1
data.pari{l) = 1.0 I TnitFactor = A, ¥, 2[User] /[ x,y,=[5I] {[m])

data.pari{4) = 1 ' 07172 = SBuperelevation about center/inner/outer BRail
data.par(b) = 1_.50& ! Reference Length of Superelevation [m]

data.par(7) = 1 ! Tnerement for Data BReduction

header _end

0.0 0.0 0.0 0.0

0.03142833303147171 ©.5841201357148%7E-005 0.0 0.0
0.062852252232598505% 0.00026e33642274158783 0.0 0.0
0.05427734377760927 0.000532567344145841 0.0 0.0
0.12570115%38444682e 0.0010534476615704773 0.0 0.0
0.157123388c217684 0.001€4e00113362460442 0.0 0.0
0.18854351430582552 0_00Z370222558368252¢ 0.0 -0
0.21959e115712405248 0.00322210557791051533 0.0 a
0.25137530323B1862 0.00421364Z2678485%82 0.0 0.0
0.2Z8278733530885147 0.0053328251304%6208 0.0 0.0

how to specify path
standard path file

File on which path data is present

1 Origin of path

Orientation of path: Sequence of rotations

Orientation of path: angles around the axes defined in
'sequence’

lateral distance (inside) between two rais
gauge + gaugeOffset = lateral distance of rail reference frames

inclination

-le=:
tation.Irregularities. Vertical. ErriHigh verticallrreqularity j 5
g
ez

l DLR

OK | Cancell Info
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Railway Modeling Particularities (l1)

.

I
wheel tread |

\

wheel reference frame

I tape circle

/

taper line distance

™
| N4

rail reference frame

T
rail tread |
|
!
)

rios.Basic.WheelsetOnSpiralTrack

| Add modifiers | Attributesl

2

—Icon

[aI.Track
guantities, such as path, irregularities etc.

rue r

"spiralPath.trm" = |»

4

how to specify path

standard path file

File on which path data is present

Origin of path

Orientation of path: Sequence of rotations

Orientation of path: angles around the axes defined in
'sequence’

DLR

— R
! Ta s
3 4
= fl m
ol
5 Lk
; _
'-E |Ii . rail gauge o deg
£l )
i
=
ge
gaugeOffset
incl |

Irregularities

laterallrregularity

s

redeclare Excitation.Irreqularities. Vertical. ErriHigh verticallrregularity j 5

crosslevellrregularity

s

!
verticallrregularity |
!
!

gaugelrregularity

s

OK | Cancell Info
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Railway Modeling Particularities

Track:

DLR

> Heckmann

21

Lud FrederichBest

L FrederichAverage
Lu FrederichWorst
L Default

redeclare verticallrregularity in RailwayDynamics.General.Scenarios.Basic.WheelsetOnSpiralTrack ﬂil

General | Add modifiers | Attributes |

Component —Icon
Name |redeclare verticallrregularity Tcon
Comment | S— —

rreqularity -

Model Erri... -
Path RailwayDynamics.General. Excitation.Irregularities. Vertical. ErriHigh %
Comment

Parameters
f min | * 1/m  mininal distance frequency to consider
f_max | * 1/m  maximum distance frequency to consider
n_f | . sampling of spectrum w.r.t frequencies
samplngMethod * linear ¢ logarithmic . method of frequency sampling
T | b time constant to smooth onset
onset % smooth ¢ hard » initial onset of excitation
globalSeed | r Global seed to intialze random phase generator s defined in
localSeed | . Local seed to initialize random phase generator
b | b numerator of the poynomial that specifies PSD
a | b denominator of the poynemial that specifies PSD

. ) reference frames
scale | . map spedification units to SI
angular | j . polynomial specification w.r.t. angular frequency
m

laterallrregularity | g

verticallrregularity | redeclare Excitation.Irregularities.Vertical.ErriHigh verticallrregularity x| & +

crosslevellrregularity redeclare Excitation.Irreqularities.Vertical. ErriHigh verticallrreqularity EE N

_ <Remove modifier>
gaugelrregularity L ErrHigh S
Lud ErriLow

|

Info
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Railway Modeling Particularities (1)
Contact: some details

N @

bry-epis

Jybry epIs
Jybry-epis

Y

1

Jybry-apis
Jybry-epIs
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Railway Modeling Particularities (Il)
Contact: some details

(S General | Tangential Contact | Nor7J Contact | Addmodifiers | Attributes

Component / —Icon

MName IrullingF‘.ight

I
i,

~

Path RailwayDynar General | Tangential Contact Mormal Contact | Add modifiers | Attributesl
Comment elastic contac]

L] alpha I 2.e-5 |k regularization parameter for profile evaluation
d I 2=5 v M.sfm  contact damping (scaled w.r. t. stiffness 2e8 Mjm)
p_0 m p_0 = 0; overlap value beyond which force law is regularized
s B 0
wheelProfile =[] 51002
railProfile & E] extends RaiwayDynamics.General. Contact.Profies. partialProfie

-(f) evalS1002Profie

- 51002

[ uiceo

3] E] extends RaiwayDynamics.General. Contact. Profies. partialProfie
-(f) evalUIC60Profie

- UICBO
=l D partialProfie
- @ evalProfile
2 -(f) partialEvalProfie
DLR ;/ e :
o o

®
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Railway Modeling Particularities (lI)
Contact: some details

M General | Ta-rgmﬁ‘ﬂmmct | Mormal Contact | Add modifiers | Attributes

Component

\
MName IrullingR.igh\

D Comment I

Model

Path RailwayD
Comment elastic contact

L]

i DLR

il

General  Tangential Contact | Normal Contact | Add modifiers | Attributes |

nonLinearTangentialContact " false = true *

mue_0

A

k_A

k 5
i
eval_MonLinearTangentialContact | Folzch Cor

|
|
B | 02k sfm
I -
|
¥

maximum friction coeffident at zero slip velodty
ratio of friction coeffident

coeffident of expotentail friction decrease
friction reduction in adhesion area

friction reduction in slip area
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Applications: Traction

» Estimate longitudinal forces & oscillations during braking and accelerating
»Use reduced models: simulate large systems (e.g. freight train with 50 cars)

Example: Train with 5 cars CPU-s/s Number of states 77" Target wlacity
—&— General models only

General models onIy 69.5 605 —>¢— Mixed: 1 car general model, 4 cars longitudinal models
—E— Longitudinal models only

Mixed: 1 car3D +4 cars 1D 6.65 157

Longitudinal models only 0.08 51

2E5

c=x
Ao
a D

d=3e5
coupler3

ck _ = 1 0 20 40 60 80 100
inttial velocity [mis] 0 - @ * contral Time [S]
—p

wa® » Peaks of coupler forces occur at beginning of

V&
‘ initial position of last vehicle [m]: 29 l l

brake and acceleration phases

> Simulation results of different models coincide

I DLR

TR >
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Assessment
EN 12299
vertical comfo

o
bo + blﬂz Qr 1] i '"::L X %
S(Q) = =—|=
(@) ap + a, Q% + a,Q* + agQ° / 2 lm % L’ 0.0
S

f

102 TR ————————

i ERRI B176 high

13T ERRI B176 low

i \\ i Custom Polynom
104 F - _ : |

E — Custom Reconstruct
¥ speed realExpression

! 1
d 120/3.6

Applications: Comfort yili e

exact= N v_ref
true

E ‘
10710
1073 102 1071 10°
distance frequency f [1/m)]

| cPusss

Quarter vehicle 1.58 0.63

power spectral density 5 [m‘?f{ 1/m)]

Full vehicle 9.08

i DLR
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A I | Cat| ons: RO I I er Rl I wheel radius [m]:  0.46 uFrame
pp g ( ) roller radius [m]: 15 I_I D D

initial velocity [m/s]: 33 —[

force

lateralLoad

/\

riseTime=2

primarySuspension

rollerSpeed

=
B



Force [N]
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Applications: Roller Rig (II)
P

- |ateral excitation — primary spring
1.2E5
] E
8.0E4— <
£
1 )
&
4.0E4- )] =
0.0E0 ©
T | T | T | T | T
0 1 2 3 4 5
Time [s]

0.03

— wheelset — uFrame

Time [s]



DLR.de ¢ Chart17 > Heckmann

Multidomain Modeling
Vehiclelnterfaces Library reloaded

traction control

power unit

{1y

power train

friction brakes

-

B =

ck

railway

vehicle dynamics
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Multidomain Modeling
Alternative Proposal

environment controlBus Control

I

graOnel voltagel

> initialize [h

- pmax MainAirReservoir
o
@ star s onCAfCantraller ] ST
2 [—o—egy = (7=const)
3 @ k=p_initial
o _ o ' @ PMeasure —
m=m =
o m £
= K],/ = u
L TF
@
spread -
E] Valveln ValveQut Mechanics
i O compressor
& - [=]
@ > 2 L
N O} O '
Y NS Y
ambience constt
brakeBus Brakes
Timer spread? O_q—< e | H B L E - ||

4
Tl

AL, . .
1

A N AirSupply
ROtorRegiiEtor rotorResistor E
m=m
o* L
e
gi

yamagBunuwes
o [
4k
J:é
compressaor

|

mem eCouplerBus
Q formrn
8 starRotor * —
a‘|\ . . —® O
2l -
g = % line
= L ]

port_1_1
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Conclusions

The DLR RailwayDynamics Library covers railway dynamics.

Different levels of details up to realtime capability: SiL, HiL

Synthesis of advanced observer and controller lay-outs

Multidomain modeling in one consistent environment
* Pneumatics: brakes, air suspensions
« Power trains: electric, Diesel-hydraulic, Diesel-electric
* Regeneration of electric energy
» Adhesion and interaction of traction and power-train

* Auxiliary systems

i DLR




