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Getting Started Using Universal Mechanism: Train
Dynamics

This manual leads you through the basic possibilities of UM Train module in simulation of
longitudinal train dynamics. It assumes that you studied the gs_UM.pdf* chapter, which is devot-
ed to general concepts of simulation using Universal Mechanism, and know how to fulfill simple
operations in UM Simulation program: work with graphic windows, create new variables, set
identifier values, etc, as well as have some experience in train dynamics.

! www.universalmechanism.com/download/90/eng/gs um.pdf



file://///UMSTORAGE2/public/Projects/UM%20Manual/eng/Getting%20Started/gs_UM.pdf
http://www.universalmechanism.com/download/90/eng/gs_um.pdf
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1. Simulation of train braking mode

1.1. What we will learn

This lesson is devoted to the general overview of the UM Train possibilities and workflow.
The creation of a new train model and simulation of its dynamics in braking mode will be
shown, the following questions will be considered:

« description of the macro geometry of the track;

» measurement of the resistance force of rail vehicle;

« designation of braking parameters;

» demonstration of simulation results.

Here you will create the train model which consists of Russian two-section electric locomo-
tive VL80s and 58 freight open wagons.

1.2. Creating new train object

At first open UM Input program. In UM Input, select the Tools | Train wizard... menu
command to open the Train wizard, Figure 1.1.

© Train wizard M= E3
J @ ‘ J M wehides: IZ
Nr  |Icon "n'ehide |Wagon connections ‘Vehide mass |Vehide length | Locomotives |c3|-5 | Wagon connections |
1 w Diesel locomotive TE10
2 m Diesel locomotive TE10 (turned)
” Electric locomotive VLB0s
" Electric locomotive VLB80s {turned)

Figure 1.1. Train wizard

When creating a train model, the user points the number of vehicles in the model with the
help of this wizard. Necessary models of locomotives, cars and wagon connections for the de-
signed train model are selected from the respective tabs of the database on the right side of the
Train wizard.

To set the number of vehicles in the train set N vehicles to 60, see Figure 1.2. It leads to in-
creasing the number of rows of vehicles to 60.
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I @ ‘ M vehides: IED

Nr |Tcon Wehicle |Wagon connections |'u'ehide mass "u'ehide length ‘ | Locomotives |Cars I Wagon connections I
1 b mDiesel locomotive TELD

2 m Diesel locomotive TE10 (turned)
3 - Electric locomotive VLE0s

Z n Electric locomotive VL80s (turned)
3

]

7

]

9

10

11

2 [

Figure 1.2. Train wizard with unassigned (empty) 60 vehicles

The next step is to assign vehicles to the train model. At first we set the two-section electric
locomotive VL80s. To do it double click Electric locomotive VL80s element in the right part of
the Train wizard, see Figure 1.3, it assigns the first section of the locomotive to the first vehicle
of the train model. After double click Electric locomotive VL80s (turned) to assign the second
(turned around) section to the second vehicle. Wagon connection types have not yet been deter-
mined. Vehicle mass and length have been defined automatically but user can change these val-
ues.

@ Train wizard

‘ E @, | M vehides: ISD ‘

Mr |Icon ‘Vehide ‘Wagon conneci'u'ehide mass ‘Vehide length ~ | Locomaotives ICEFS | Wagon connections |
1 - Electric locomotive VL80s Unknown coupl 96000 16.42 b m Diesel locomotive TE 10

2 “ Electric locomotive VL80s (turned) Unknown couph 96000 16.42 m Diesel locomotive TE10 (turned)
3 Electric locomotive VL80s

- / Electric locomotive YL&0s (turned)
5

E [ Double click here Y

7

8 ... and here

9

10

11 -

1| 3

Figure 1.3. Train wizard with two section locomotive

To set freight open wagons to the rest of vehicles, select the Cars tab, click right mouse but-
ton on the Open wagon element to open the popup menu and choose the Assign to selected...


http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/have+not+yet+been+determined
http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/have+not+yet+been+determined
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item from the menu, Figure 1.4. In the opened Choice the element from list form, only “empty”
vehicles are checked by default. Click OK to assign open wagon to these vehicles.

D Train wizard M=l E3

IE =1 H N wehides: ISD—‘

Nr |Icon "u'ehide ‘Wagon connec‘h'ehide mass ‘Vehide length_+ 'Locomotives Cars |Wagon mnnecﬁonsl

i - Electric locomative VL80s Unknown couph 96000 16.42 b F Passenger car

2 _. Electric locomotive VL80s (turned) Unknown couph 36000 16.42 ep— Flat car
3 lﬂ-h: Hopper
4

Insert vehide

m Ta  Replace current

: @ Tz  Add vehide

& Assign to all

7 Assign to selected. ..
g

9

10

1 =
1| 3

Figure 1.4. Train wizard — assigning open wagons

Now the Train wizard looks like in Figure 1.5.

© Train wizard _ (O]

I @ ‘ M vehides: ISEI |
MNr |Icon Vehice Wagon conneciVehide mass |Vehide length | “|ocomotives  Cars | Wagon connections
Jul
51 _ Open wagaon Unknown coupli 20000 14.73 F Passenger car
52 _ Open wagon Unknown coupl 90000 14.73 epp— |5t car
53 - Open wagon Unknown coupl 90000 14,73
P g P | —
54 - Cpen wagaon Unkniown coupl{ 90000 14.73 m N -
Tank car
55 Open wagon Unknown coupl 20000 14,73
_ g g ol _:_: Tank car with liquid
56 _ COpen wagon Unknown coupl{ 90000 14.73
57 - Open wagon Unknown coupl 90000 14,73
58 - Open wagon Unknown coupl 30000 14,73
59 _ Open wagon Unknown coupl 90000 14.73
&0 COpen wagon Unknown coupl{ 90000 14.73
-
K o

Figure 1.5. Train wizard with all assigned vehicles

The last step of model creating is assigning wagon connections to the vehicles. We will as-
sign to all vehicles the wagon connections with Russian draft gear Sh-2-T. For this select the
Wagon connections tab, select Sh-2-T and click the Assign to all context menu command, Fig-
ure 1.6.
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‘ H @, “ M vehides: IED |
Mr |Icon |Vehide |WEgon mnnec‘\u‘ehide mass |'u'ehide length = | " Locomotives I Cars \Wagon connections |
51 - Open wagon Unknown couph 90000 14.73 Sh-1-T
52 0 Wi LUirikricwn l 30000 14.73 w
- Ren wagen rnawn coup léﬂsh-z Insert vehicle
53 _ Open wagon Unknown couph 30000 14.73 @ praf  Replace current
Add/vehicl
1|54 - Open wagon Unknown couph 90000 14.73 EEE
Assign to all
55 Open wagon Unknown couph 90000 14.73 =
_ " s P Assign to selected. ..
56 - Open wagon Unknown couph 90000 14.73
57 _ Open wagon Unknown couplk 90000 14.73
58 - Open wagon Unknown couph 90000 14.73
53 _ Open wagon Unknown couplk 90000 14,73
&0 Open wagon Unknown couph 90000 14.73
=l
4| | b

Figure 1.6. Train wizard: assigning the couplings

Now the train model is ready, see Figure 1.7. Save it by using & putton. In the Save as dia-
log window input the path with object name, for example: {UM Dataj\My mod-
els\Trains\TestTrain.

© Train wizard H=] E3
J H = H N vehides: IGU |
Mr |Icon ‘Vehide |Wagon mnnec*'n'ehide mass |Vehide length | " Locomotives I Cars  Wagon connections |
51 - Open wagon Sh-2-T 90000 14.73 Sh-1-T
Sh-2-T

52 Open wagon Sh-2-T S0000 14.73 u

- |1 sh-2y
53 _ Open wagaon Sh-2T 90000 14.73 L] Draft gear
54 - Open wagon sh-2-T 90000 14.73
55 - Open wagon Sh-2-T 90000 14,73
s6 | [ Or=nvagon Sh-2T 30000 14,73
57 _ Open wagon Sh-2T 50000 14,73
58 - Open wagon Sh-2-T 90000 14,73
59 - Open wagon sh-2-T 20000 14,73
&0 Open wagon Sh-2-T Q0000 14.73

-

o | 3

Figure 1.7. Train wizard: ready train model


file://///UMSTORAGE2/public/Projects/UM%20Manual/eng/My%20models/Trains/TestTrain/input.dat
file://///UMSTORAGE2/public/Projects/UM%20Manual/eng/My%20models/Trains/TestTrain/input.dat
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1.3. Simulation of train dynamics

In this paragraph, it will be shown the process of the simulation of dynamics of the created
train model during service braking in R = 600 m curve with downhill -7%o, initial velocity is
30 m/s.

1.3.1. Setting train model parameters
At first run UM Simulation program and open the created train model.

Setting solver parameters

Now let us set the solver parameters to optimize the speed of train dynamics simulation. Us-
ing the menu item Analysis | Simulation... (F9) and open Object simulation inspector and on
the Solver tab choose Park method. Also turn on the Computation of Jacobian switch and set

the Simulation time (ﬂ ) to 55 seconds, Figure 1.8.

Dbject simulation inspector

VA I Information I Tools I Train
Solver I Identifiers I Initial conditions I Object variables

Simulation process parameters | Solver options I Type of coordinates for bodies I

olver——————  Type of solution

{~ BDF

= ABM ™ Null space method (NSM)

{+ Park

 Gear 2

" RK4 ¥ Range space method (RSM)

£ Park Parallel
I'ﬁme ﬂ I}: j I 55 |
Step size for animation and data storage
Error tolerance

[~ Delay to real time simulation
[~ Keep system matrix decomposition
v Computation of Jacobian:

[ Blodk-diagonal Jacobian

Integration | Message | Close

Figure 1.8. Object simulation inspector

Creating track macrogeometry

By default the train model runs on tangent track without grades. We will simulate the train
dynamics in R = 600 m curve, downhill -7%o.
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To open the tool for creation of new track macrogeometry file, select the Tools | Macroge-

ometry Editor | Railway or monorail track menu item or click Eﬁ button on the tool panel. It

opens the Macrogeometry window, Figure 1.9.
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Macrogeometry

B = . | —
e 8|04 N sl=lE =
. . Horizontal macrogeometry
: | e + 45 0 | £
E 5 I Horizontal track profie I
! . a Tangent; L=100.00
0 20 4Fl a0 BIEI
87.04 -9.57
1 T T T T [Vertical macrogeometry
m s s s s + P
E : : : 5 | Vertical track profie |
; ; | ; m i L=100,00; Oppt; R=0
0 20 40 &0 80 10
-1
99.62 0.589

Figure 1.9. Macrogeometry tool

The upper part of the window is used for the description of the track geometry in the horizon-
tal plane. We will leave the default tangent section and set it length to 100 m, Figure 1.9; the

curve will be the second section of the track. To add a curve to the track click on the *+ button
on Horizontal macrogeometry panel and select the Add curve item from the menu. By default
the radius of an added curve is 300 m. So we should change the radius to 600 m. To edit the sec-
tion parameters, double click on the corresponding line of the section list or select the line and
press Enter. In this case it is necessary to choose the second line which contains parameters of
the curve. Input 600 in the R edit box of the Curve parameters window, Figure 1.10 and click
Apply button.
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Type of curve
= Left " Right

P1 |5|:|

L 300

—Friction coeffidents
Cuter rail

Flange 0.25

Transient section
for the side friction

from |3|:| to |£H:| degrees
Apply I Cancel

Figure 1.10. Curve parameters

The lower part of the Macrogeometry window contains the vertical profile of the track
(Vertical macrogeometry), Figure 1.9. Since the whole track is a downbhill, it is not necessary to
add one more section to the vertical profile list. You can simply change the grade (slope) value
of the first one. By using mouse double click or Enter button open the Gradient window, Fig-
ure 1.11, input 600 in the Length, m edit box and -7 in the Gradient, ppt edit box, and then
click Apply.

Gradient E3
Length, m [500.00 |
Gradient, ppt -7.00 |
Mext radius, m |IZI.IZIIII |
Apply Cancel |

Figure 1.11. Slope parameters

Now the track macrogeometry looks like in Figure 1.12.
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Macrogeometry

m
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M= ES
=8|

Horizontal macrogeometry

+ 5 @ |4~

5 Horizontal track profile

s} Tangent; L=100.00
100 Curve {Jeft): R=500; H=0.0%; ...

—Vertical macrogeometry

+ 45 0| £

5 | Vertical track profile

0 L =600.00; -7ppt; R=0

Figure 1.12. Macrogeometry

Save the created macrogeometry in file by using B button, for example with name {UM
Data}\My models\Trains\TestTrain\r600.mcg, and close the Macrogeometry window.
On the Train | Options | Track tab of Object simulation inspector, load the created file,

Figure 1.13.
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" Solver I Identifiers I Initial conditions I Object variables |
XVA I Information I Toals Train

= B

Options |Tracﬁnr1 I Braking I Tools | Masses I

Braking: Mo Traction: User

Track |Resis13nce I Vehide positions I Identification |

acrogeometr
l’C: WUsers\Public\Documents UM Software LabiUniversal Mechanism lﬁ.il &

"Track image

" Simplified {* Accurate " Do not show

Maximal length for the simplified track image IIDDIZIIZIEI
Maximal length for the accurate track image |1IIIEIIIIIII

Current track length 4010

y= |1|:| m/s

|'Trair| resistance force

Integration Message Close

Figure 1.13. Track tab

Setting models of resistance forces

All train settings are situated on the Train tab of the Object simulation inspector. To set re-
sistance force models to vehicles, select the Train | Options | Resistance | Propulsion tab, Fig-
ure 1.14. Two lists are placed on this tab. The upper list (the list of loaded resistance force mod-
els) contains resistance force models loaded for the current train model. To add or delete re-

sistance force models, use buttons + or ] respectively. The lower list (the list of assigned
models) contains the list of vehicles and resistance force models assigned to them from the upper
list.

To assign a resistance force model from the list of loaded models (form the upper list) use
mouse button double-clicking on the cell of the Resistance model column (the lower list) for the
respective vehicle. Every double-click selects models from the list of loaded resistance force
models. The Assign to all item of the popup menu of the list of loaded resistance force models
assigns the current model to all vehicles.
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There are four standard models of train driving resistance forces for traveling on long-welded
rails which always present in the list of loaded resistance force models and cannot be deleted
from the list. Set the Locomotive model to VL80s and the Loaded freight car, long-welded
rails model to all cars, Figure 1.14.

Object simulation inspector

Solver I Identifiers I Initial conditions I Object variablesl VA I Information I Tools  Train |

= B

Options |Tractinn I Braking | Tools | Masses |

Braking: Mo Traction: User

Track Resistance |Vehide positions I Identification I
Propulsion |Curve |

Resistance model Comment
9,81%(2.4+0.009%*3.6+0.00035%(v*3.6) 5(v*3.6))"M,/1000 Standard Russian resistance
U Loaded freight car, long-welded rails 9.81%(0. 7°M,/1000+{3+0.09%*3.6+0.002%(v*3.6)%(v*3.6))*4) Standard Russian resistance
Empty freight car, long-welded rails | 93.81%(1+0.042%*3.6+0.00016%(v*3.6)™(v*3.6))*M/1000 Standard Russian resistance
Passenger car, long-welded rails 9,81%(0. 74/ 1000+H8+0. 16%v*3.6+0.0023%(v*3.6) *(v*3.6)) *4) Standard Russian resistance
4| | 3
N |Vehide Resistance model I
1 §Electric locomotive VLB0s Locomotive —
2 ........... Electric locomotive VLE0s (turned) Locomotive
3 Open wagon Loaded freight car, long-welded rails
4 Open wagon Loaded freight car, long-welded rails
5 Open wagon Loaded freight car, long-welded rails
[ Open wagon Loaded freight car, long-welded rails
7 Open wagon Loaded freight car, long-welded rails
:] Open wagon Loaded freight car, long-welded rails
9 Open wagan Loaded freight car, long-welded rails
10 |Open wagon Loaded freight car, long-welded rails _ILI
4| 3
Integration | Message | Close

Figure 1.14. Resistance | Propulsion tab

Leave curve resistance force models on the Train | Options | Resistance | Curve tab without
changes.

Setting braking system

Let us set the parameters of braking system. Train brake system is formed in the Object
simulation inspector on the Train | Braking | Brake equipment tab.

When creating the train brake system, it is necessary to set the following parameters: friction
coefficient between wheel and friction pad, type of braking modes (service, emergency, release
mode), brake rigging models, speed of braking wave.

The brake force is defined as
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FB = f : FN

where f is the friction coefficient at the contact between wheel and brake pad, F, is the normal
(loading) force at the contact between wheel and brake pad.

Loading force and friction coefficient are calculated separately for every vehicle taking into
account the number of friction pairs “wheel — pad”. For that, models of friction coefficients and
loading forces are created and assigned to train vehicles.

At first set the speed of service braking wave which is equal to 280 m/s. For this purpose, on

the Train | Braking | Brake equipment tab in Speed of braking wave, m/s edit box input 280,
Figure 1.15.

.0|:|tions I Traction Braking ITooIs | Massesl
‘Brake mode  Brake equipment |

rakjng

¥ Speed of service brake wave, m/s: 280
¥ Speed of emergency brake wave, m/s: 483
¥ Speed of release wave, mjs: 100

Figure 1.15. Setting braking wave speed

Now we should set models of loading forces to vehicles.
On the Train | Braking | Brake equipment | Rigging tab choose the brake rigging type. For

that use % button and choose files VL8O, grey iron.pf for locomotives and Freight car, grey
iron.pf. for wagons brake riggings. After that set this brake rigging models to all vehicles by us-

ing the Assign to all popup menu item for the Freight car, iron shoes element of the list
(Figure 1.16).

Object simulation inspector
Solver I Identifiers I Initial conditions I Object variables I HVA I Information I Tools  Train |

== E Braking: Yes Traction: User

'Options | Traction Braking |Too|s I Masses I

Brake mode  Brake equipment |
raking

¥ Speed of service brake wave, m/s: 280
¥ Speed of emergency brake wave, m/s: 433
¥ Speed of release wave, m/s: 100

"Pneum. brake | Auxiliary brake Rigging |Brake jin} I Release ID | Friction coef’ﬁcientl

B B

MName |Comment |Paﬁ'1

{none) END brake equipment

L8O, iron shoes .ULBD, brake rigging for grey iron brake shoes .C: Wsers\Public\Documents\UM Software Lab \Universal Mechanis
Freight car, iron shoes Freight car, brake rigging for grey iron brake sho C:\Users'\Public\Documents UM Software LabUniversal Mechanis

Integration

Figure 1.16. The brake rigging models
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As aresult on Train | Braking | Brake equipment | Pneum. brake on field Rigging system
of each vehicles we can see Freight car, iron shoes. Set VL8O, iron shoes for two locomotives
by two double clicks of the left mouse button (Figure 1.17).

Object simulation inspector
Solver I Identifiers I Initial conditions | Object variables I XVA I Information | Tools  Train |
(= E Braking: Yes Traction: User
| Options | Traction Braking |Too|s I Masses I
"Brake mode  Brake equipment I
Braking
[¥ Speed of service brake wave, m/s: 230
¥ Speed of emergency brake wave, m/s: 433 TWO double CI Icks
[ Speed of release wave, m/s: 100
Pneum. brake | Auxiliary brake | Rigging I Brake ID I Release ID ion coeFﬁcierltI
M Vehide Rigging system A{ ice braking |E|'|1erger'|q«I braking |Release Friction coef. -
i t i VL8, iron shoes = Service braking, 25 (none) (none) Composite
2 Electric locomotive VL80s 1 VLSO, iron shoes /Ser\rice braking, 255 (none) (none) Composite
3 Open wagon Freight car, iron shoes Service braking, 25 (none) (none) Composite
4 Open wagon Freight car, iron shoes Service braking, 25 s (none) (none) Composite
5 Open wagon Freight car, iron shoes Service braking, 25 s (none) (none) Composite
[ Open wagon Freight car, iron shoes Service braking, 25 s (none) (none) Composite
7 Open wagon Freight car, iron shoes Service braking, 25 s {none) {none) Composite -
Integration | Message | Close

Figure 1.17. Setting rigging system models for locomotives

Set the service braking models. For that select Braking | Brake equipment | Brake ID and

loading force model by using '# and choosing service_braking_25s_example.id. Click using the
right mouse button on the Service braking field and change Assign as service braking to all,
Figure 1.18.

Object simulation inspector
"Solver I Identifiers I Initial conditions | Object variables I XVA I Information I Tools  Train |

= A Braking: Yes Traction: User

.Dpﬁcns I Traction Braking |Too|s | Masses |

Brake mode Brake equipment |

Braking

¥ Speed of service brake wave, m/s: 280
[+ Speed of emergency brake wave, m/s: 433
¥ Speed of release wave, m/s: 100

Pneum. brake | Aupiliary brake I Rigging Brake ID |Release ID I Friction coefficient |

S
Name |Comment |Path
{none) Mo brake eguipment

(interpolation) Force is calculated by interpolation

25 seconds, example C:\Users\Public\Documents\UM Software LabUniversal Mechani:
vice braking to all

Assign as emergency braking to all

Delete

Integration

Figure 1.18. Brake ID tab

Set friction coefficient models to vehicles. On the Train | Braking | Brake equipment |
Friction coefficient tab, add files composite.cf which contain friction coefficient models for
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brake pads by using % button (Figure 1.19). Set Composite models to all freight cars and two

sections of VL80s by using double click of right mouse button on the Composite ->Assign to
all.

'Object simulation inspector

Solver I Identifiers I Initial conditions I Object variables I HVA I Information I Tools  Train |

=1 E Braking: Yes Traction: User

QOptions I Traction Braking |Too|s I Massesl

"Brake mode Brake equipment |

raking

¥ Speed of service brake wave, m/s: 230

¥ Speed of emergency brake wave, m/s: 433

[V Speed of release wave, m/s: 100

" Preum. brake I Auxiliary brake I Rigging I Brake ID I Release ID  Friction coefficent |
G =

MName |Comment |Paﬂ'1

{(none) Friction coefficient is not defined

C:\W=ers'\Public\Documents UM Software Lab\Universal Mechan

Integration Message Close

Figure 1.19. Friction coefficient tab

On the Train | Braking | Braking mode tab, select the Braking switch. Add a braking mode

tab by using * button. This tab (Figure 1.20) contains the following data: Time — 0 s, Types of
brake — Brake pipe, Mode — Service braking, Vehicle — 1. Electric locomotive VL80s. It means
that at 0 second of simulation time the braking by using brake pipe from the first section of
VL80s starts.

Comment: after adding braking mode the option Braking will be activated (Braking: Yes).
Otherwise braking mode is not enabled (Braking: No).
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0Object simulation inspector

Solver I Identifiers I Initial conditions I Object variables I XVA I Information I Tools  Train |
== E | Braking: Yes Traction: User

.O|:|tions I Traction Braking |Too|s I Masses I

Brake mode | Brake equipment I

[V Braking | + m & Time, s " Distance, m

=0 |

Time, s

Type of brake:
ptions
Mode: IService braking ﬂ
Wehide: I 1. Electric locomative VL80s ﬂ

Lap
Final pressure in BC, Fa: l

Integration

Message Close

Figure 1.20. Braking mode tab

Set the vO identifier to 30 on the Identifier tab, Figure 1.21. It means that we set the initial
velocity of the train to 30 m/s.

-

Object simulation inspector

Object variables I KVA I Information | Tools Train
Solver | Identifiers | Initial conditions
List of identifiers | Identifier control
= A | testtrain 1eng R
Whole list
Mame Expression Value Comment
vl 30

Figure 1.21. Identifier of initial velocity

Let us add variables which allow us analyzing the train dynamics. We need braking forces
for all vehicles, forces in all wagon connections, the velocity of the first vehicle, and the vehicle
distance. Add these variables by using Wizard of variables (menu item Tools | Wizard of vari-
ables... Ctrl+M): braking forces, forces in wagon connections, and the travelled distance on the
Train tab. In Figure 1.22, the example of the formation of braking forces for all vehicles is pre-

sented. Add them separately: braking forces to one graphic window, forces in wagon connections
to the second one, and the vehicle distance to the third one.
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[ Wizard of variables =5

| gVar\abIEs for group of bodies I ¥ Joint forces | ,”f)“ Bipolar forces I Y:E Angular variables | X} Linear variables |
a+b Expression ‘ Train | /\., Reactions | I_, Coordinates I a!B Solver variables I ﬂAII forces | ﬁ Identifiers |

=] testtrainleng » | Selected (total 60)
Wehide 1, Electric locor| || Electric locomative VL80s, Electric locomotive VL80s {turned), Open wagon, Open wagon, ¢
Viehide 2, Electric locor|
Wehide 3, Open wagor|
vehicle 4, Open wagor| = Forces

Wehicle 5, Open wagor| FCoupling Force in wagon connections
Vehide &, Open wagor| || [:FBrake Braking force

Vehide 7, Open wagor— || LoadForce Load force "brake pad-wheel™
Vehice 8, Open wagor PropulsionResist... Propulsion resistance

Vehicle 9, Open wagor GradeResistance  Grade resistance

-

Name Comment

Wehicle 10, Open wage CurveResistance  Curve resistance
Vehide 11, Open wagc RezlizedTractio...  Realized traction or brake force in consideration of adhesion limit | =
Wehide 12, Open wage Pressures

Vehide 13, Open wage BCPressure Brake cylinder pressure
Venide 1%, Open wage General variables

Wehide 15, Open wagc
ThrottePosition Throttle position

Vehide 16, Open wage

Vehicie 17, Open wage Distance ehide distance from the simulation start
Wehide 18, Open wagc Speed history mode
vehide 19, Open wage ControlForce Control force {traction or braking force)
Vehide 20, Open wage ~ || RestrictedContr... Control force in consideration of restrictions on traction and b...
| m | D Targetvelocity Target velocity given by speed profile i
FBrake (Electric locomotive YL80s, . |[|Braking force (Electric locomotive YL80s, ...)
FBrake_1 FBrake_11 FBrake_21 FBrake_31 FBrake_41 FBrake_51
FBrake_2 FBrake_12 FBrake_22 FBrake_32 FBrake_42 FBrake_52
FBrake_3 FBrake_13 FBrake_23 FBrake_33 FBrake_43 FBrake_53
FBrake_4 FBrake_14 FBrake_24 FBrake_34 FBrake_44 FBrake_54
FBrake_5 FBrake_15 FBrake_25 FBrake_35 FBrake_45 FBrake_55
FBrake_6 FBrake_16 FBrake_26 FBrake_36 FBrake_46 FBrake_56
FBrake_7 FBrake_17 FBrake_27 FBrake_37 FBrake_47 FBrake_57
FBrake_8 FBrake_18 FBrake_28 FBrake_38 FBrake_48 FBrake_53
FBrake_2 FBrake_1% FBrake_29 FBrake_3% FBrake_42 FBrake_52
FBrake_10 FBrake_20 FBrake_30 FBrake_40 FBrake_50 Forake_g0

Figure 1.22. Train tab of Wizard of variables

The velocity of the first vehicle is formed on the Linear var. tab. You need to choose the
Vehicle body of the first subsystem Electric locomotive VL80s, Type — Velocity, Component
— X, Figure 1.23. Open new graphic window and add new variable there.

B Wizard of variables

Train I Reactions I Coordinates I Salver parameters I All forces | Identifiers I
Variables for group of bodies | Joint forces Bipolar forces I Angular variables Linear variables | Expression
E-[E testtrain || Selected
E-[#] 1. Electric locomoti I\n'ehide
) Vehicle Coordinates of peintin the body-fixed frame of reference
B[] 2. Electric n
: | 0 0 0
i [7] vehide
=8 |:| 3. Open wagon ~Type
[ vehide i~ Coordinate " Bipolar vector
- D 4. Open wagon {* Velodity " Bipolar velocity
e [7] vehide X X X
= Acceleration ™ Bipolar acceleration
= |:| 5. Open wagon
=[] vehice omponent
=[] 6.0penwagon (OB iy iz v iy |
O vence rResolved in 5C of body
=3 |:| 7. 0Open wagon
b ] Vehide IBBSEU ﬂ
= D 8.0Open wagon Relative to body
L[] vehicle
[
=[] 9.0penwagon
i [] Wehicle | 0 0 0
=8 |:| 10. Open wagon
i TR ~
4 I I »

Iv:x(l‘ Electric locomotive YL80s.Ve ”I\u'elodty' of paint (0,0,0) of body 1. Electric locomotive VL80s. Vehide relative to Based, SC Based, pr

vix( 1. Electri...

Figure 1.23. Linear var. tab of Master of variables
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1.3.2. Simulation of train dynamics

Now everything is ready for the simulation of dynamics of braking mode. The desktop
should look like in Figure 1.24.

Sover  dentifers | ivoal conelvons | Objectvanstes | xva | information | Tooks | Tran |
Ust of entifers | dentifer conra |

=B £ foe

Figure 1.24. Desktop of ready train model

Run simulation by using F9 or the Integration button of the Object simulation inspector.
The braking time will be about 55 s, the travelled distance is about 910 m.

After first starting simulation process the massage window (Figure 1.25) is appearing. Every
wagon has only one connection with the next wagon obviously last wagon has not such connec-
tion. So this wagon coupling force is not considered. Press Continue for beginning simulation
process. In order to liquidate this message activate options Do not show this window anymore.

@ Turned off forces H=] E3

&0, Open wagen RearCoupling

[+ Do not show this window anymore

Interrupt | Continue I

Figure 1.25. Message window
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The plots of braking forces are presented in Figure 1.26. Here you can see two different kinds
of the forces: two first plots correspond to two sections of VVL80s and the rest ones to the forces
for cars.

Plots =]

Variables

Wrerake_2... =]

a3.26 |-2300 [ [ A

Figure 1.26. Braking forces

The forces in wagon connections are shown in Figure 1.27. The maximal force is about
365 kN on the 43" vehicle.

I Plot= P [=1
Variables | -
.FCoupling. .
.FCoupling. .
.FCoupling. .
.FCoupIing. .
.FCoupIing. .
.FCoupIing. .
.FCoupIing. .
.FCoupIing. .
.FCoupIing... -
FCoupling. ..
.FCoupIing. .
.FCoupIing. .
FCoupling. ..
FCoupling. ..
.FCoupIing. .
.FCoupIing. .
.FCoupIing. .
Wrcoupiing. .

B rcoupiing. .
Brcoupiing. .
Wrcoupiing. .
Wrcoupiing...
!FCoupIing. o=

a3 361700 [ [ [ Y

Figure 1.27. Forces in wagon connections

The graph of changing the velocity of the first vehicle is shown in Figure 1.28.
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I Plots I [=] E3
Variables

(L. Electri...

| | | | 4

Figure 1.28. Velocity of the first vehicle.

Often it is more informative to represent the forces in wagon connections in a histogram

form. To do it, open a histogram window by using the Tools | Histogram menu item or |'—'_'l]
button on the tool panel and drag there the necessary variables — in this case forces in wagon
connections from the corresponding graphic window, Figure 1.29.

Histograms

I

- O x

Variables

3

Wrcouping_1- ...
Wrcouping_2- ...
.FCoupling_3 -
.FCoupIing_4 -

.FCoupIing_S -
Wrcouping s - ...
Wrcouping_7- ...
Wrcouping s - ...
.FCoupling_‘B -
.FCoupIing_ 10 -...
FCoupling_11-...
.FCoupIing_IZ -
Wrcomns 13- |

Ey=s | 4

Figure 1.29. Forces in wagon connections in histogram window

By using the buttons on the tool panel of histogram window draw, pause, stop

2 11

& S 5 b

* you can control the animation of forces while the simulation is in the pause mode
of integration.
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2. International benchmarking of longitudinal train
dynamics simulators

2.1. What we will learn

In 2016 UM software took part in the international benchmarking of longitudinal train dy-
namics simulators organized by the Centre for Railway Engineering, Central Queensland Uni-
versity, Rockhampton, Australia. This benchmarking is described in details in [1], [2] and [3].
Nine programs from Australia, China, Italy, the Netherlands and France were compared.

The objectives of the LTD benchmark include: (1) to enable developers to gain better under-
standing of their own simulators by software-to-software comparisons; (2) reveal the differences
between different simulators so as to open the issues that need further studies; (3) provide an as-
sessment approach for existing and newly developed simulators.

Totally four train configurations with two types of 6-axle locomotives with axle load of
22,33 and 32,5 tonnes two types of freight cars with axle load of 32 and 40 tonnes were consid-
ered.

Source data included the follows: locomotive and wagon specification, train configuration,
dynamic characteristics of the friction-rubber draft gear, track geometry, initial speed, traction
and braking characteristics. The following data were provided as outputs to compare: the posi-
tion and the velocity of the leading locomotive in time-domain, the coupler forces in time-
domain at specified positions, the draft gear deflection in time-domain at specified positions,
maximum compressive and tensile force of each coupler.

UM showed a very good agreement with other software and proved again that it is a reliable
tool for simulation of longitudinal train dynamics.

This part of the lesson will cover an example of modeling the longitudinal dynamics of a
train in the first configuration, including 2 leading locomotives and 50 freight cars.

The finished model can be found in the folder:

{UM Data}/SAMPLES/Trains/LTDB-Train Configuration 1

2.2. Creating train model

Open UM Input program. In program menu choose Tools | Train wizard..., Train wizard
window appears, see Figure 2.1.

To include 52 vehicles in the train model type 52 in N vehicles field, Figure 2.2.

The next step is to choose the types of vehicles. You need to place two locomotives in the
head of the train. To do this, choose LTDB-Loco Type 1 on the right side of Train wizard us-
ing double-click, then double-click again on LTDB-Loco Type 1. It will be the second vehicle.
The type of wagon connection is undefined. Mass and length of vehicles are set automatically
when adding the vehicle. However it can be changed by the user.

To add freight wagons into the train choose the Cars tab and right-click on LTDB-Wagon
Type 1. In the appeared menu choose Assign to selected, Figure 2.3.


file://///umstorage2/public/Projects/UM%20Manual/SAMPLES/Trains/LTDB-Train%20Configuration%201/input.dat
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In the appeared window Select element from list only uncertain earlier cars are available for
assigning LTDB-Wagon Type 1. Click OK to assign for "empty" cars type LTDB-
Wagon Type 1.

Now every vehicle in the train is specified.

The final stage of model creation is the assignment of the types of inter-car connections. De-
fine for all inter-car connections the LTDB Draft Gear 10 mm slacks. For this select in the con-
text menu the command Assign to all, Figure 2.4.

Dynamic characteristics of the friction-rubber draft gear are described as shown in Fig-
ure 2.5.

The train model is ready, see Figure 2.6. Save it by clicking ‘E‘ and specifying the name and
path to the object in the dialog box, for example: {UM Dataj\My model\Trains\LTDBTrain.

Train wizard
H R | N wehides: 2

Mr Icon Vehicle Wagon connections Vehide mass vehide| | Locomotives |Cars I Wagon connections

SRR LTDB-Loco Type 1
RO LTDB-Loco Type 2
——

Diesel locomotive TE10

Diesel locomotive TE10 (turnec

L
- Electric locomotive YL80s
-

Electric locomotive YL20s {turn

Figure 2.1. Train wizard

M vehides:

MNr o Icon Vehide Wagon connections Vehicle mass vek = || Locomotives |Car5 I Wagon connections

RS LTDB-Loco Type 1

SRR LTDB-Loco Type 2

w Diesel locomotive TE10 (turnec
- Electric locomotive VL30s

Electric locomotive YL80s (turn

Diesel locomotive TE10

[ Y S R

Figure 2.2. N vehicles tab



Universal Mechanism 10 24 Getting Started: UM Train

H =B | M vehides: 52 |
N Icon Vehice Wagon connections Vehicle mass veh « | Locomotives | Cars |'i-"~l'a‘:l=!|'1 connections
1 w LTDE-Loco Type 1 Unknown coupler 133980 22, [F Passenger car
w LTDELoco Type 1 Unknown coupler 133980 22, “py—Flat car

M‘ Hopper
E ............. | LTDE-Wagan |
I 05200 Insert vehicle
5 _ODE'H wagon Replace current
6 m Tank car Add vehicle

7 @ Tark car with Assign to all

8 Assign to selected..
L

10

Figure 2.3. Assigning car types

] s Train wizard ‘ E@g

g @ | N vehides: 52 | ‘
| Nr Icon Vehide Wagon connections Vehide mass Veh * | | Locomotives | Cars | Wagon connections
L
1 e LTDB-ocoType 1 Unknown coupler 133580 22, L1 Doubled Draft Gear for autocoupler
o |:_C1 Doubled Draft Gear for drawbar
g w LTDB-Loco Type 1 Unknown coupler 133380 2= |1 Doubled Draft Gear SL-78 for autocoupl
3 _ LTDB-Wagon Type 1 Unknown coupler 128000 15 lg_ﬂ Doubled Craft Gear SL-76 for drawbar
[ (L LTDE Draft Gear 10 mm slacks!
4 — LTDB-Wagon Type 1 Unknown coupler 128000 15 lﬂ_d LD Draft Goar 10 mm Insert vehicle
5 - LTDE-Wagon Type 1 Unknown coupler 128000 15 I:_C;] Sh-1-T Replace current
| 15h-2T :
[ _ LTDE-Wagon Type 1 Unknown coupler 128000 15 |=_Cl hoay Add vehicle
T _ LTDE-Wagon Type 1 Unknown coupler 128000 15 |:_C1 Draft gear Assign to all
8 — LTDB-Wagon Type 1 Unknown coupler 123000 15 Assign to selected...
9 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
10 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
11 [ ros-wagon Type 1 Unknown coupler 178000 15
12 — LTDB-Wagon Type 1 Unknown coupler 128000 15
13 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
|1+ N Uro5-wagon Type 1 Unknown coupler 128000 15
15 [ ros-wagon Type 1 Unknown coupler 128000 15
16 — LTDE-Wagon Type 1 Unknown coupler 128000 15
[ 17 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
| ‘nD S P P 6 PN o >

Figure 2.4. Assigning inter-car connections
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Figure 2.5. Characteristics of draft gear
S Train wizard @M
H @ | N vehides: 52
Nr Icon Vehide Wagen connections Vehicle mass Vet * | | Locomotives | Cars | Wagon connections
|
1 w LTDBoco Type 1 Unknown coupler 133930 22, ||| 2 Doubled Draft Gear for autocoupler
o I lé] Doubled Draft Gear for drawbar
z m LTDE-Loco Type 1 Unknown coupler 133380 2 17 Doubled Draft Gear SL-76 for autocoupl
3 _ LTDB-Wagon Type 1 Unknown coupler 128000 15 @ Doubled Draft Gear SL-76 for drawbar
kg LTDE Draft Gear 10 mm slacks
4 LTDE-W, Tvoe 1 Unknow | 128000 15 il EILE Dralt laear 14 mm slacks:
_ agen Type KA CoupiEr |:£J LTDE Draft Gear 10 mm slacks
s [ ros-wagon Type 1 Unknawn caupler 128000 15 L sh-1T
Sh-2-T
& LTDB-Wagon Type 1 Unknown coupler 128000 15 E—:j
ESEEEEH) gon Typ p \Ish-2
7 _ LTDB-Wagon Type 1 Unknown coupler 128000 15 |éj Draft gear
3 - LTDE-Wagon Type 1 Unknown coupler 128000 15
9 _ LTDB-Wagon Type 1 Unknown coupler 128000 15
10 _ LTDB-Wagon Type 1 Unknown coupler 128000 15
11 - LTDE-Wagon Type 1 Unknown coupler 128000 15
12 _ LTDB-Wagon Type 1 Unknown coupler 128000 15
13 _ LTDB-Wagon Type 1 Unknown coupler 128000 15
14 - LTDE-Wagon Type 1 Unknown coupler 128000 15
15 - LTDB-Wagon Type 1 Unknown coupler 128000 15
16 _ LTDB-Wagon Type 1 Unknown coupler 128000 15
17 _ LTDB-Wagon Type 1 Unknown coupler 123000 15
13 - LTDB-Wagon Type 1 Unknown coupler 128000 15
19 _ LTDB-Wagon Type 1 Unknown coupler 128000 15
20 _ LTDB-Wagon Type 1 Unknown coupler 128000 15

i [ | »

Figure 2.6. Ready train model
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2.3. Assigning model parameters

Run UM Simulation program and open the train model which was created on the previous
step.

Integration parameters settings

Set the parameters of the integration process. Open Object simulation inspector, on the
Simulation process parameters tab, set the Park method. Choose Range space method
(RSM) as a Type of solution. Enable the options Computation of Jacobian and Block-
diagonal Jacobian, set Distance > 50 000, Figure 2.7.

Object simulation inspector

Identifiers Initial conditions Object variables
XVA Information Tools Train
Solver

Solver options Type of coordinates for bodies

Simulation process parameters

Solver Type of solution

{_JBDF

() ABM () Mull space method (MSM)
(®) Park

O Gear 2 (®) Range space method (RSM)

() Park Parallel

|Distance-1-'ehide distanl:eﬂ| =

Step size for animation and data storage |0.02

iI
&

Error tolerance

[ ] Delay to real time simulation

|:| Keep system matrix decompaosition

[~]Computation of Jacobian:
Block-diagonal Jacobian

Integration Message Close

Figure 2.7. Object simulation inspector

Assigning braking mode

Dynamic brake characteristics of the locomotives are shown in Figure 2.8. Time history of
driving control including traction and braking notch positions vs. time was provided as source
data. All we have to do is load the preliminary prepared file.
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350 T . : |
L Notch 1
300 | ——Notch 2 ]
| —Notch 3 |
= —— Notch 4
E 230 \ Notch 5
Pt I Notch6 ||
g 200 [ \ —— Notch 788 |
HQ 150 I \ !
m L
0O 100} 1
50 | |
0 L | i L & | . 1

0 20 40 60 80 100 120
Speed (km/h)

Figure 2.8. Dynamic brake characteristics

To do this go to tab Identifiers | Identifier control. Create identifiers. Click on + it will
bring up a new dialog box. Then click on the button, highlighted in Figure 2.9. In the appeared
list open LTD-Loco Type 1, and select dynamic_brake_position.

Assign value to identifiers with the same name - All.

5| Identifier control @

Enabled

|| compute after kinematics

Refresh dependent elements
Identifier

@ Mo 1Al () In subsystems

Assign value to identifiers with the same name

Comments

Ordinate

Curve editing ";YP: f_’ft:ESClehon
@ Poin

o data J “| () variable

Absdissa

Variable Type
@) Time

Time () Variable

[ Accept H Cancel ]

Figure 2.9. Identifier control

Click =l in the Curve editing field to set the curve. A new window Curve editor appears.
Load data from {UM Data}\Samples\Trains\LTD-Train Configuration 1\Dynamic brake po-
sition.crv file, Figure 2.10.
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G Dynamic brake position.crv - Curve editor l o e S
+ @ =B B Y
s N X Y Type Smoathing
= Cu... -
1 0 0 Line Yes L
2 640 0 Line Yes r
I 3 641 1 Line Yes
4 @53 1 Line Yes
T S S 5 654 2 Line Yes
G 6e6 2 Line fes
7 abg7 3 Line fes
8 679 3 Line fes
9 680 4 Line fes
692 4 Line Yes
| | 693 3 Line Yes -
A
ful 2000 Flalatal [ o' I [ Cancel

Figure 2.10. Curve editor. Dynamic brake position

Click OK and Accept.
Traction mode setting

Tractive effort vs. speed is shown below in Figure 2.11. As it was mentioned above time his-
tory of driving control including traction and braking notch positions vs. time was provided as
source data. All we have to do is load the preliminary prepared file.

600 l l ] ‘ I r I Not.ch1
E —— Notch 2
Notch 35
= 500 Notch 4
+~ Notch 5
O 400 —— Notch 6 |
s . Notch 7
® 300 —— Notch 8 1
= I -
©
8 200
| -
— |
100
0 =———2

0 20 40 60 80 100 120
Speed (km/h)

Figure 2.11. Drag characteristics

Let us create one more identifier but this time we should choose the Throttle_position one,
Figure 2.12.



Universal Mechanism 10 29 Getting Started: UM Train
| Identifier control @

/| Enabled
Compute after kinematics
| Refresh dependent elements
Identifier
1. LTDB-Loco Type L.throtte_position

Assign value to identifiers with the same name

Na @ Al In subsystems

Comments

Ordinate

Curve editing TYIJ: _Df t:Escrlphon
@ Poin

No data J Variahle

Absdissa

Variable Type
@) Time

Time Variable

[ Accept ] | Cancel |

Figure 2.12. Identifier Control. Throttle position

Open curve editor and load file {UM Data}\Samples\Trains\LTDB-Train Configuration
1\Throttle position.crv.

G Curve editor - Identifier control =aas=l X
+-=ﬂ=--:ﬁi‘Line '|GEI§|‘¢2
: N X ¥ Type Smoothing
‘: h E =t CU... -
! 1 0 0 Line Yes
) ) 1 ] n ] 2 1 a Line Yes
i I} | i 3 2 1 Line Yes
\ “ : 4 3 1 Line Yes
., o, 5 4 1 Line Yes
! 6 5 1 Lire Yes
1 E 7 & 1 Line Yes
E g 7 1 Line Yes
| : 9 8 1 Line Yes
E 9 1 Line Yes
‘ 1 E 10 1 Line Yes -
ful el ulaTa] .dn;'un ‘ oK ‘ | Cancel

Figure 2.13. Curve Editor. Identifier control

Click OK and Accept.
Assigning track macrogeometry

Track elevation and curvature vs. location are shown in Figure 2.14 and Figure 2.15 corre-
spondingly. This data was converted into UM-compatible format with the help of some trans-
formation. Track macrogeometry in UM format is shown in Figure 2.16.
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Figure 2.14. Elevation vs. location
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Figure 2.15. Track curvature
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Figure 2.16. Macrogeometry
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Select the Train|Options | Track tab and specify macrogeometry from {UM Da-
taf\rw\MacroGeometry\L TDB-MacroGeometry.mcg file, Figure 2.17.

Object simulation inspector

Solver | Identifiers | Initial conditions
Object variables | VA | Information | Toals Train

= B

COptions |Tracﬁun | Braking | Tools | Masses|

Braking: Mo Traction: User

Track |F‘.esis13nce | Vehide positions I Idenﬁﬁcaﬁunl

Macrogeomeatry
Ci\Users\Public\DocumentsYUM Software LabYniversal Medﬁanism'n,ﬁ'n.r'n"n.MacrnGEDr@ &

Track image

() Simplified (7 Accurate @ Do not show
Maximal length for simplified track image 100000

Maximal length for the accurate track image 10000

Current track length 52000

Train resistance force

v= 10 m/s

Integration ” Message ” Close

Figure 2.17. Assigning macrogeometry

Resistance forces

Propulsion resistance is given as follows:

89.2 0.122v2
. =m,, (2.943 + —=+ 0.0306v + ———— |,

ma mW
where m,, is wagon mass, t; m, = 32 is axle load, t; v is wagon speed.

Additional resistance in curve is specified as follows:
6116

F.,.=m, R
where R is a curve radius.

Click Resistance | Propulsion tab. Click + and load resistance force models. We need the
follows: LTDB-Leading Locomotive.rf, LTDB-AIl Other Locomotives.rf and LTDB-AIl
Wagons.rf. Then assign to all LTDB-AIl Wagons, right click on it, Figure 2.18. To assign to the
first two locomotives other resistance models you need to click twice in the field Resistance
model, Figure 2.19. Let us assign LTDB-Leading Locomotive to the first locomotive and
LTDB-AIll Other Locomotives to the second locomotive.
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Object simulation inspector
Solver | Identifiers Initial conditions |
Object variables | VA Information | Tools Train
(= E Braking: Mo Traction: User
Options |Trach'on I Braking I Tools | Massesl
Track | Resistance | vehide pasitions | Identification |
+ Mame Resistance model -
LTDB - All Other Locomotives M*(2.943+1000%6%59. 2/M+0.0306°
i} - %459, 2/M-+0.0308"
LTDE - Leading Locomotive He=zpinal 1000*6“89.2ﬁ“1+0.0|:|
|
N Vehide Resistance model o
1 LTDB-Loco Type 1 LTDE - Leading Lm:t::n'loti\n|—I
2 LTDB-Loco Type 1 LTDE - All Other Locomoti
3 LTDB-Wagon Type 1 LTDE - All Wagons
4 LTDB-Wagon Type 1 LTDE - All Wagons
5 LTDB-Wagon Type 1 LTDE - All Wagons
3 LTDB-Wagon Type 1 LTDE - All Wagons
7 LTDB-Wagon Type 1 LTDE - All Wagons
8 LTDB-Wagon Type 1 LTDB - All Wagons
9 LTDB-Wagon Type 1 LTDE - All Wagons
10  LTDB-Wagon Type 1 LTDE - All Wagons
11  LTDB-Wagon Type 1 LTDE - All Wagons 5
<[
I Integration " Meszage Cloze

Figure 2.18. LTDB-AIl Wagons. Assign to all

Object simulation inspector

Salver I Identifiers | Initial conditions I Object variables
XVA Information Tools | Train
[ E Braking: Mo Traction: User
Options |Traction I Braking I Tools I Masses|
Track | Resistance | vehide positions | Identification |
Propulsion | Curve
Resistance model t~

Mame
L

LTDE - All Other Locomotives
Ei LTDE - All Wagons

M*(2.943+1000%6%89. 2/M+0.0306%3.6%v+
M*(2.943+1000%4%89. 2/M+0.0306%3.6%v+
3.2°M*(2,943+1000%6%89, 2M+0.0306%3.1 L

< [ b

LTDE - Leading Locomotive

Vehide Resistance model

-
LTDB-Loco Type 1 LTDB - Leading Locomotive |—|
LTDB-Loco Type 1 / LTDE - All Other Lacomotives,

LTmE Tt LTDE - All Wagons

Click twice here

LTDB-Wagon Type 1
LTDE-Wagon Type 1

LTDE-Wagon Type 1 ... and here

LTDB-Wagon Type 1 | Wagons

LTDB-wWagon Type 1 LTDB - All Wagons
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1] [ »

[ g || — I

Figure 2.19. Resistance models for two first locomotives
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Then select the Curve tab. Force model is a/(R — b). Coefficients are a=6116, b=0,
Figure 2.20.

Object simulation inspector
Salver | Identifiers | Initial conditions | Object variables
KVA | Information | Tools | Train
=i E Braking: Mo Traction: User

Options |Trach'on I Braking I Tools I Masses|
Track | Resistance | vehicle positions | Identification |

Propulsion | Curve

Resistance in curve

Force model:  a/(R-b)
Coefficients
a: 6116 b: 0

Figure 2.20. Assigning curve resistance

Assigning vehicle position

Select the Vehicle position tab and type 3011.475 in the Position of the first car field, Fig-
ure 2.21.

Object simulation inspector

Solver | Identifiers | Initial conditions | Object variables

XVA Information | Tools | Train
= H

Options |Trach'or1 I Braking I Tools I Masses|
Vehide positions | Identification

Position of the first car, m: 3011.475

Braking: Mo Traction: User

Parameters

Figure 2.21. Position of the first car

Creating list of variables

Create List of variables (main menu Tools | List of variables). New list of variables ap-
pears, Figure 2.22.
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Mo name
Marme Comment

Figure 2.22. List of variables
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=l
Change the name of the tab using 5 button, Figure 2.23. Click OK.
| List of variables
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Rename page

Fename page

Locomotives|

Figure 2.23. Locomotives tab

Now open Wizard of variables and create the coordinate, velocity, and acceleration one by
one on the Linear variables tab, Figure 2.24. Select Vehicle bodies from subsystems LTD
black Type 1 and LTD black Type 2 and set Component to X. Move them to the List of vari-
ables, Figure 2.25.
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Figure 2.24. Wizard of variables. Linear variables
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Figure 2.25.

r:x(1. LTDB-Loc. ..
r:x(2. LTDBLoc. ..

vix(1., LTDB4Lo... Velodty of point {0,0,0) of body 1. LTDB-Loco Type 1.Vehide relative t...
vix(2, LTDBLo... Velodty of point (0,0,0) of body 2. LTDB-Loco Type 1.Vehide relative t...
a1, LTDBo... Acceleration of point {0,0,0) of body 1. LTDB-Loco Type 1.Vehide relat...
a:x(2, LTDBLo... Acceleration of point {0,0,0) of body 2. LTDB-Loco Type 1.Vehide relat...

Comment

Coordinates of peint (0,0,0) of body 1. LTDB-Loce Type 1.Vehidle relati...
Coordinates of peint (0,0,0) of body 2. LTDB-Loce Type 1.Vehidle relati...

List of variables with locomotives tab filled in

Create another tab Coupler forces in the List of variables. To fill it in go to the Train tab in
Wizard of variables, select the bodies of Vehicle 2, Vehicle 25 and Vehicle 51. Create varia-
bles for the force in wagon connection (Figure 2.26) and move them to the Coupler forces tab,

Figure 2.27.
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Figure 2.26. Force in wagon connections

List of variables
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Locomotives

= Eom =™
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Coupler forces

MName Comment

FCoupling_2 Force in wagon connections, Vehide 2, LTDB-Loco Type 1
FCoupling_25 Force in wagon connections, Vehide 25, LTDE-Wagon Type 1
FCoupling_51 Force in wagon connections, Vehide 51, LTDE-Wagon Type 1

Figure 2.27. List of variables. Coupler forces

We will create three more tabs in list of variables: Traction Force, Resistance, Throttle po-

sition and populate them.
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Realized traction or braking force with regard to the limit on the clutch, as shown in

Figure 2.28. These variables wi
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Il be added to the Traction Force tab.
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Figure 2.28. Wizard of variables. Realized traction force

Move the next forces on the Resistance tab: propulsion resistance, grade resistance, curve

resistance, Figure 2.29.
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Figure 2.29. Resistance forces
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The last variables for tab Throttle position we will create from Identifiers tab by choosing
for LTDB-Loco Type 1 and LTDB-Loco Type 2 throttle position and dynamic brake posi-
tion, Figure 2.30.

Wizard of variables @
Variables for group of bodies | Joint forces | Bipolar forces I Angular variables | Linear variables | Expression | Train
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Figure 2.30. Wizard of variables. Identifiers

So we have finished creating List of variables, save it. Now, before you start integration in
the Object simulation inspector, you need to go to the Object variables tab, load the List of
variables and tick the box Automatic saving of variables, otherwise the simulation results will
not be saved.

For clarity of the process, let us create five graphical windows and add variables to them. In
the first graphic window add the speeds of locomotives, in the second — resistance forces for the
first locomotive, in the third — the realized traction or braking force taking into account a limit on
coupling, in the fourth — the position of the dynamic brake and the position of the driver control-
ler for the first locomotive, and in the fifth — the forces in couplers.
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2.4. Simulation of train dynamics

Now everything is ready for simulation. The program

Figure 2.3
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Figure 2.31. Desktop of the program. Everything is ready for simulation

Start the simulation process either F9 hot key or Integration in Object simulation inspec-

tor.

After first starting simulation process the message window (Figure 2.32) appears. Every
wagon has only one connection with the next wagon obviously last wagon has not such connec-
tion. So this wagon coupling force is not considered. Press Continue to start simulation process.
In order to remove this message activate options Do not show this window anymore.

52, LTDE-Wagon Type 1.RearCoupling

Do not show this window anymore

it ] (coine ]

Figure 2.32 Message window
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2.5. Simulation results

The plot of the speed change of the first and second vehicles is shown in Figure 2.33.
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Figure 2.33. Speed of the first two vehicles

The plot of the realized traction or braking force taking into account a limit on coupling from
time is shown in Figure 2.34.
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Figure 2.34. Realized traction or braking force with regard to the limit of maximum traction
force for the first two vehicles
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Resistance forces vs. time are shown in Figure 2.35.
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Figure 2.35. Resistance

The position of the driver controller and the position of the dynamic brake are shown in Fig-
ure 2.36.
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Figure 2.36. Dynamics
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The forces arising in the inter-car connections are shown in Figure 2.37.
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Figure 2.37. Coupling forces
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