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1. FIZEHIZRY

1.1 REARE

AN PRFE R 3 I AR A4 a7 B 91 22 11030 00/ 48 UM Train BB D) REANAE
WIri%, FEAEUTHNE:

® & NHRERETIY

® i X FH A

® i E AL MBS

® LIRfiEAR;

U, BATREIE —MRE W EHZI AR, eh 2 FHPLGA 58 144

% o
1.2 Al £48R

B, 151817 UM Input 127 -
EFET K Tools | Train wizard, FTHFIZE S5, WE 1.1 Fix.

13\ Train wizard — O x
B @& ‘ Number of vehides
Mr Icon Vehide Wagon connections Vehide mass Vehide length Locomotives Cars ~ Wagon connections
1 w LTDBLoco Type 1
2 w LTDB-Loco Type 2
w Diesel locomo tive TE10

Diesel locoma: tive TE10 {turned)

——
” Electric locomotive VL80s
e

Electric locomotive YL80s (turned)

& 1.1
H P B ig e ML E MR a2, AR e NAMFINLEM B ZE GCFFE E
SO USRI 5 WAL AL DL S AH . Y R 2% v 2%
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KH, AT EEPEN 60, miEIZE, FFHEERT SR 60 70K, AT
XN LA, BSOS, W 1.2 B
|Z) Train wizard - [m] *

B &a| Number of vehides

Mr Icon Vehide Wageon connections Vehide mass Vehide length # | Locomotives Cars  Wagon connections

En SR LTDE-Loco Type 1
45 " LTDB-Loco Type 2
p w Diesel locomotive TE10

Diesel locomotive TE10 (turned)

L
- Electric locomotive VL80s
-

47

8 Electric locomotive VL80s (turned)

1.2
20, AT R L ER A AR IR HLZE AR E (Locomotives)
H 7] Electric locomotive VL80s F/! Electric locomotive VL80s (Turned), IXF{xft
W T NSRRI . U, —F IR A&

13\ Train wizard — O x
B @& ‘ Number of vehides
Nr Icon Vehide Wagon connections Vehide mass Vehide length A | Locomotives Cars  Wagon connections
1 - Electric locomative VL80s  Unknown coupler 96000 16.42 w LTDB-Loco Type 1
2 “ Electric locomative VL80s + Unknown coupler 96000 16.42 w LTDB-Loco Type 2
3 w Diesel locomotive TE10
S Dicsel locomotive TE10 (turned)
?
5 M Electric locomotive VL80s (wrned)
[
7
8
9
10
11
12
13
14
13
16
17

~
v
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Bk, TR EiAY, VRPN (Cars) TUED, 1&HHIZE Open
wagon, SRJ5 AR, 1L Assign to selected.

13) Train wizard - O *

B @& | Number of vehides

Nr Icon Vehide Wagon connections Vehicle mass Vehide length A | Locomotives Cars  Wagon connections

1 h Electric locomative VL80s  Unknown coupler 95000 16.42 [F Passenger car

2 WA Electriclocomotive VL80s | Unknown coupler 36000 16.42 pp—Flat car

3 M Happer
_LTDBJWagon Type 1

P
E LTDB-Wagon Type 2

5 o

& Insert vehicle

5 Replace current

Add vehicle
8
s Assign to all

I Assign to selected... |

=
=

I S I S
LSRR TR T N PR N

Ll
v

& 1.4
XD EAESE LR T 3-60 5 5 CCE UHLAERT 1-2 SRRAM), st OK.

|15] Select element from list >

[Ii1, Electric locomotive VL30s P

[R5
m
m
[a]
=
]
o
e
=]
3
[=]
[=4
=
m
=
[
(€3]
=]
0
F
=
=3
m
(=9
s

RIKIRIRIRIRIEIR]
A0 00 g

11.
12,
13.
14.
W 15,
1a.
17

REIRIEIE]

19,
20, )

A =4

Carc

& 15
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EFERL B SE R T T AR TSN, i 1.6 s

& d — O *

E @& | Number of vehides

Nr Icon Vehide Wagon connections Vehide mass Vehide length | Locomotives Cars  Wagon connections

44 _ Open wagon Unknown coupler 90000 14.73 F Passenger car

45 _ Open wagon Unknown coupler 20000 14.73 - Flat car

46 _ Open wagon Unknown coupler 90000 14.73 M‘ Hopper
_LTDBJNagon Type 1

47 _ Open wagon Unknown coupler 90000 14.73 _LTDBJWagon Type 2

43 _ Open wagon Unknown coupler 90000 14.73 _Open wagan

49 _ Open wagon Unknown coupler 50000 14.73 m Tank car

50 _ Open wagon Unknown coupler 50000 14.73 C_.'-_—_'_ﬂ Tank car with liquid

51 _ Open wagon Unknaown coupler 50000 14.73

52 _ Open wagon Unknown coupler 90000 14.73

53 _ Open wagon Unknown coupler 90000 14.73

54 _ Open wagon Unknown coupler 90000 14.73

55 _ Open wagon Unknown coupler 90000 14.73

56 _ Open wagon Unknown coupler 90000 14.73

57 _ Open wagon Unknown coupler 50000 14.73

58 _ Open wagon Unknown coupler 90000 14.73

55 _ Open wagon Unknown coupler 90000 14.73

80 _ Open wagon Unknown coupler 90000 14.73 v

< >

& 1.6
a8, TREFHEMEER (JREIERT R 100D e BB S AR
(Wagon connections) TU[fl, & Sh-2-T, A, %P Assign to all.

1) Train wizard — O *

E @3 | Mumber of vehides

Nr Icon Vehice Wagon connections Vehicle mass Vehicle length # | Locomotives Cars  Wagon connections

44 _ Open wagon Unknown coupler 90000 14.73 |71 LTDB Draft Gear 10 mm slacks

45 _ Open wagon Unknown coupler 20000 14.73

46 _ Open wagon Unknown coupler 90000 14.73 | sh-z nsert vehicle

47 _ COpen wagon Unknown coupler 0000 14.73 @ Draf Replace currert
Add vehicle

48 _ Open wagon Unknown coupler 30000 14.73

49 _ Open wagon Unknown coupler 30000 14.73

50 _ Open wagon Unknown coupler 30000 14.73 fe=gnim cdeail

51 _ Open wagaon Unknown coupler 90000 14.73

52 _ Open wagaon Unknown coupler 90000 14.73

53 _ Open wagon Unknown coupler 20000 14.73

54 _ Open wagon Unknown coupler Q0000 14.73

55 _ Open wagon Unknown coupler Q0000 14.73

56 _ Open wagaon Unknown coupler 20000 14.73

57 _ Open wagon Unknown coupler 20000 14.73

58 _ Open wagon Unknown coupler 20000 14.73

59 _ COpen wagon Unknown coupler 0000 14.73

a0 _ Open wagon Unknown coupler 30000 14.73 v

< >
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FE, BATERTER T I AE R A, e B A R e,
B HATE UM ZFRAER 1S, 0. {UM Data}\My models\Trains\TestTrain .

1) Train wizard - O x
B @s| Mumber of vehides

Nr  Icon Vehide Wagon connections Vehide mass Vehide length A~ | Locomotives Cars  \Wagon connections
s [ ooenveoon Sh-2T 50000 14.73 1) LTDB Draft Gear 10 mm slacks
s [ openvweoon sh-2T 90000 14,73 : ’

s [ open vagon sh-2T 30000 14.73 :k_ﬁ Shav

17 _ Open wagen sh-aT 20000 14.73 I Braft gear

13 _ Open wagon sh-aT 30000 14.73

o [ ooenweon Sh-2T 50000 14.73

so [ openvizgon sh-2T 30000 14,73

51 [ open wagon sh-2T 30000 14.73

s2 [ open wagon shaT 30000 14.73

53 _ Open wagon Sh-aT 20000 14.73

54 _ Open wagon sh-aT 30000 14.73

ss [ ooenvizgon Sh-2T 50000 14.73

so [ oc-nvooon sh-2T 90000 14,73

57 [ open wagon sh-2T 30000 14.73

58 _ Open wagen sh-aT 20000 14.73

58 _ Open wagon Sh-aT 20000 14.73

60 [ openwagon Sh-2T 50000 14.73 =

< >

& 1.8
RAE)G, 15 9<H] Train Wizard 1 UM Input f2/5 .
I
P10 FH L PE . EE M Z FEAR SR P B XY, AP T
M+
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1.3 & HhHFHE

FFH A TS A oA, FRATSRABIU A 25 7E — /> ih Ze i b i 3 L,
M2 242 600m, Y N-7%0, HIBHHIHEE A 30m/s.

1.3.1 REHETLHRSH

B4, 15i217 UM Simulation &7, FHN# 5147 TestTrain .
WERAER
1. JEFFSEH Analysis | Simulation 53% F9 5, ] JFf B 4% 5L Object

simulation inspector.
2. JENLE] Solver TiTH, 1uF¥ Park KfE#s, )ik Computation of Jacobian
pri B U8

3. ERERIRIRAMRNIBITIEE, Al LR, DR RN & &, IR
BN 55s.

Object simulation inspector

Information Tools Train
Salver Identifiers Initial conditions Cbject variables XVA

Simulation process parameters  Solver options  Type of coordinates for bodies  PP: Options

Salver Type of solution

(O BOF

) aem (O Mull space method (MSM)

(®) Park

Oear2 (®) Range space method (RSM)

(O Park Parallel
[Time 5=~ | 55 |
Step size for animation and data storage
Error tolerance

[JDelay to real time simulation
|:| Keep system matrix decomposition
Computation of Jacobian

[ Block-diagonal Jacobian

Integration Message Close

1.9
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SR BRBR LT A

BREVIRES, FIZENL TP E 2R .

1. %&FEFZEH Tools | Macrogeometry Editor | Railway or monorail track
s LA ERRE, FTIFRAIE TR, W 110 iR, RERY
B T 100m f ELZREX

A Macrogeometry E@
: ‘ T T : ‘ T T ‘ = B | o
m | Horizontal macrogeometry
| + |4+
3 5 Horizontal track profile
; m 0 Tangent; L=100.00
0 10 20 30 40 30 [ 0 80 90 bl ]
71.09 -9.98999999999939
1 Vertical macrogeometry
no 1 5 5 1 1 5 5 1 + |
: 3 : : 3 3 : : 3 5 Vertical rack profile
: i} L=100.00; Oppt; R=0
1 m
0 1D 2 3 0 50 &0 L 80 s 1o
-1

& 1.10
2. B FIGHETE R FR AR, Horh A T A S P H 2, T

FHOROWTT . FE A E AN S %4, %55 Add curve, RII—
BObrfE il (SRR il 2 - [ h £k -22 At 250, il 111 fros

& Macrogeometry == ==
: j T ‘ ‘ T T ‘ = B | o
m | Horizontal macrogeometry
1 £ 8 f
sofp---r - e i
: 5 Horizontal track profile
: 0 Tangent; L=100.00
3 100 Curve (left): R=300; H=0.09;...
Y T o ...
a 40 80 120
1 T T T T T i T T T Vertical macrogeometry
mo e e e e 1 e e e + Ps
: : : : : 3 : : : s Vertical track profil
: 0 L=100.00; Oppt; R=0
H m
o 10 20 0 0 E an gy a0 90 190
-1

1.11

Universal Mechanism 9 7 Getting Started



L.]‘ universal /) T(musuan
mechanism g

3. HHZEEARERIAN 300m, 7EFE 1.11 XL Curve —#4%, i H kS 4001
M. BethZ:1% 5 600m, it Apply.

Horizontal macrogeumetr}' Curve parameters >
= Type of curve
-
+' +: i} i - (®) Left () Right
5 Horizontal frack profile P1 |5[3I |
0 Tangent; L=100.00 5 [200 |
m Curve (lert): F‘.=Eﬁﬂ; F|=ﬂ.ﬁ§}..| B2 |5[:| |
I so0 | |
H |0.08 |
d¥  {0.01 |
L 300
Friction coeffidents
Outerad
Vertical macrogeometry
+ i
- Fance
5 Vertical track profile Transient section
for the side friction
0 L=100.00; Oppt; R=0
from |30 |to |44] | degrees
Cancel
B 1.12

4. BT EE DA ST BB (TGRS T TN, FIE®
WA ZRTED, fESH AT I B Y 600m, R 09-7%0 CRIA-T).

Vertical macrogeometry

+ 0| f

5 Vertical track profile
0 L=100,00; Oppt; R=0

Gradient x

Length, m &00

Gradient, ppt I -7 I

Mext radius, m |D.DD |

1.13
5. iy Apply, RZASIIIE 1.14 Framgkmg &y .
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£ Macrogeomety =
: ‘ =8
Horizontal macrogeometry

+ 4+ 8|47

5 Horizontal track profile

T e R e e e

1] Tangent; L=100.00
100 Curve (eft): R=600; H=0.0;...

Vertical macrogeometry

+ Ea
5 Vertical track profile
o L=600.00; -7ppt; R=0

1.14

6. BN, CRAFLRIV SO, Bl (RAFAEASRL H 34 T, #7404 r600.mceg,
AR T H

2] BFx *
&« v « 9 5 My models » Trains » TestTrain w (] D #E"TestTrain"
|0 v FETEE = @
N ER EREE =8 o
mE SR ILE ST,
L]
|
=
ov
EE(N): |R600 “
FFERT):  Railway track macrogeometry (*.mcg) w

~ B ) =iE
& 1.15
7. B EZEHIFE (Object simulation inspector), UWIHAEICH], 1Ei%

F9 $TH. E{7 %] Train | Option | Track T, iS4 kNI A i
2 IE U r600.meg.
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Object simulation inspectar
Salver Identifiers Initial conditions Object variables VA Information Tools Train
= A

Options  Traction Braking Tools Masses

Braking: No Traction: User

Track  Resistance Vehide positions  Identification
Macrogeometry |
| "C:\Users\Public\Documents\UM Software Lab\Universal Mechanism'\2\My models\Trains {TestTrain\R600.mcg” @ Fy
Show track
Show railway track
[Joraw ballast bed

Simplified sleepers w

Maximal length for simplified track image 100000

Maximal length for the accurate track image 10000

Current track length 400

Train resistance force

e

Integration Message Close
& 116

»
A= ipap: vl

FIv A B 4EAH SIS Bk B iR A T 1.16 1 Train U .
5247 F| Train | Options | Resistance | Propulsion T, 1X B o8 T A,

T b e 224 A T M LA R, T et e o B stz o o

B, B R A DY AR 2 b (O BB ANSCRF I BR #R4F « AE BRI 2K
ANBHRERY, fifigE, 15 Assign to all AT LA—8E70BC 48 TR LA AN 4250
RETFTT BB R 7 24 AR B AL AN A0 22 20 C A BEL AR AR 72T B8
REZE— RS Resistance model FLIoHS, 383 XUk B AT LAY fH g A3
OB, A ffe—IK, AE L1 B e BLARIRIEIA) .
X BREA RSk BT, AMEUEfFE .
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Object simulation inspector
Salver Identifiers Initial conditions Object variables KVA Information Tools Train
[ E | Braking: Mo Traction: User
Options  Traction Braking Tools Masses

Track Resistance  vyehide positions  Identification

Propulsion  Curve

+ Name Resistance model Comment Path
: Locomotive §9.81%(2.4+0.009%*3.6+0.00035*(v*3.6)" Standard Russian resistance

Loaded freight car, long-welded rails 9,81%(0, 7M/ 1000 +{3+0.09*=*3.6+0.002* Standard Russian resistance

Empty freight car, long-welded rails 9.81%(1+0.042%*3.6+0.00016%(v*3.6)*(\ Standard Russian resistance

Passenger car, long-welded rails 9.81%(0. 7*Mf1000-+{8+0. 16%v*3.640.0027 Standard Russian resistance

< >
N Vehide Resistance model ~
1 Electric locomotive VLB0s Locomotive
2 Electric locomotive VL80s (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
8 Open wagon Loaded freight car, long-welded rails
] Open wagon Loaded freight car, long-welded rails
10 Open wagon Loaded freight car, long-welded rails
11 Open wagon Loaded freight car, long-welded rails v
< >

Integration Message Close
& 1.17

wERIZIRS

TR B Y EHEZ RASH, LA T Train | Braking | Brake equipment
LI

HilZh R F BAFEELR 5 W BL/HSh B BEYE R 8. WIS, ISR ZA
TRWIEESHL

Horp, 3 J1E BB RS WL GEEIE71D) BT,

Fg=f-Fy

ERI I 5 22 8 SCREA 2501 BE 45 Z 00N i) BL AR

7 Train | Braking | Brake equipment JLf, ?ﬁﬂ‘]ﬁfU\%E)‘(ﬁﬂﬂ%UiﬁHﬁé
SPES 280m/s, A1 1.18 FivR.
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Object simulation inspector

Salver Identifiers Initial conditions Object variables XVA Information Tools Train

=1 E Braking: Mo Traction: User

Options  Traction Braking Tools Masses

Brake mode  Brake equipment

Braking

I Speed of service brake wave, m/s: 280 I

Speed of emergency brake wave, mjs: 300

Speed of release wave, m/s: 100

Pneum. brake  Auxiiary brake Rigging Brake ID  Release ID  Friction coeffident

S =

Name Comment Path

{none) Mo brake equipment

{interpolation) Force is calculated by interpolation
£ >

Integration Message Close
& 1.18

1E Train | Braking | Brake equipment | Rigging Ul [H, W] DLk 2)%5E B 28
A, M%ﬁ $, MARHEER INE A THLZE 1 VL8O, grey iron.pf,

EH TR
[’] Freight car, grey iron.pf.

1A 5| R ] Freight car, iron shoes, fSG%E, EFF Assign to all, 43HC%S
A 4 e

Prieurn. brake  Auxiliary brake RiQgiNd  Brake ID Release ID  Friction coeffident
=

Mame

Comment

Path
{none) Mo brake equipment

VL8O, iron shoes VLE0, brake rigging for grey iron brake shoes

C:\WsersPublic\Documents\UM Software Lab\Universal
gtreight Car, iron shoei Fesign o al | rr grey iron brake she C:\Users\Public\Documents\UM Software Lab\Universal

Delete

& 1.19
%% Train | Braking | Brake equipment | Pneum.brake U1 [ffj
MLZEAE N IR TS 2R 49545 3 B i 1 Freight car, iron shoes. /\“UXX$WA$TL$

X B [ %% B Freight car, iron shoes X, {2 V]34 VL80, iron shoes.

» IR DL

Universal Mechanism 9 12 Getting Started
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Pneum. brake  Auxiiary brake Rigging Brake ID Release ID  Friction coeffident

M Vehicle Rigging system Service braking Emergency braking Release Friction coef, &~
1 Electric locomotive VL80s {none) {none) (none) {none)

2 Electric locomotive YLa0s Iu {none) {none) (none) {none)

3 Cpen wagaon Freight car, iron shoes {none) {none) (none) {none)

4 Cpen wagaon Freight car, iron shoes {none) {none) (none) {none)

5 Open wagon Freight car, iron shoes {none) {none) (none) {none)

& COpen wagon Freight car, iron shoes {none) {none) (none) {none)

7 Cpen wagon Freight car, iron shoes {none) {none) (none) {none)

8 COpen wagon Freight car, iron shoes {none) {none) (none) {none)

9 COpen wagon Freight car, iron shoes {none) {none) (none) {none)

10 Openwagon Freight car, iron shoes {none) {none) (none) {none)

11 Openwagon Freight car, iron shoes {none) {none) (none) {none) v
< >

Integration Message Close
1.20

#:%)| Train | Braking | Brake equipment| Brake ID Ui, fidi B #i¢4l, WA
o ZE IS I — A2 3B I FE 2R, service braking 25s_example.id. 7E513E Hi%k
W, AR, 1EFF Assign as service braking to all, ¥ A4S BT A HLA 4248

Prieum. brake  Auxiiary brake Rigging Brake ID Release ID  Friction coeffident

B B

Name Comment Path
(none) Mo brake equipment

(interpolation) Force is calculated by interpolation

iService braking, 25 s | Sasicakaling. 25 = ! I W izgrgPublic\Documents UM Software Lab\Universal

I Assign as service braking to all

Assign as emergency braking to all

Delete

& 1.21
%% Train | Braking | Brake equipment | Friction coefficient 71 [fi, £ E" 4%
B, MARHLZEGSIN— BE¥E Z B Composite.cf. (EFR Ak, AR, &
£ Assign to all, 37 Fogs FrA L4EAT 2250

Universal Mechanism 9 13 Getting Started
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Object simulation inspector
Solver Identifiers Initial conditions Object variables XVA Information Tools Train
[l E Braking: Mo

Traction: User

Options  Traction Braking Tools Masses

Brake mode  Brake eguipment

Braking
Speed of service brake wave, m/s: 280
Speed of emergency brake wave, m/s: 300
Speed of release wave, mjs: 100
Prieum. brake  Auxiliary brake Rigging Brake ID Release ID  Friction coeffident
L=
Name Comment Fath
(none) Friction coefficdent is not defined
I Composite I L romoocite beoleo chooo C:\sers\Public\Documents UM Software LabUnivers
i I Assign to all I
Delete
< >
Integration Message Close
& 1.22

#: 3| Train | Braking | Brake mode F{ [, Atk %4, Wn—" s T,
BB 15 B I IRE A A 0s, #3257 Brake pipe, 31~ Service braking,
#ZhHL4- A 1.Electric locomotive VL80s .

IHVER, 1F Braking 4015/ 1L,

Object simulation inspector

RAEE LA TR A, RNEAL

Solver Identifiers Initial conditions COhject variables XVA Information Tools Train
(= E Braking: Yes Traction: User
Options  Traction Braking Tools Masses
Brake mode  Brake equipment
‘ + fﬁi ‘ @'ﬁme,s ODistance,m
t=0
Time, s | ] |
Type of brake: Brake pipe
Options
Mode: Service braking ~
Wehide: 1. Electric locomotive VL30s b
[Oiap
o]
1.23
Universal Mechanism 9 14
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1F Identifiers UL 1% B AIMEH S N 30m/s, 15 7E T HFA B 5 A 25N
m/s.

pEe DE® Y| S or]

Object simulation inspectar
Solver Identifiers Initial conditions Object variables XVA Information Tools Train

List of identifiers  Identifier control

(=" E ‘ |testtrain j|
Whole list

Mame Expression Value Comment

v 30

1.24
NI, ARG AR, HT W ERS AT A
e ESE . Tools | Wizard of variables, ] &[0 5.
€A 2 Train T, £ 70 N AR AL 250, 764 ML BAREAS & FBrake,

IR s B, AR R 3 7 B R TE IR — MR E .
& Wizard of variables \El

9 Variables &Iuﬁ bodies B Joint forces ﬁf Bipolar forces A Angular variables £ Linear variables
Train

User variables T Reactions E Coordinates ~ (©) Solver variables = All forces id Identifiers

a+b Expression

= » | Selected (total 60)
Vehide 1, Electric locor |Electric locomotive YL80s, Electric locomotive YLE0s (turned), Open wagon, Open wagaon, Open wag
Vehide 2, Electric locor
Vehide 3, Open wagor Name Comment "
Vehide 4, Open wagor Forces
Vehide 5, Open wagor |_FCounling Eorce in wanon connection
Vehide &, Open wagor I FBrake Braking force
Vehide 7, Open wagor LoadFarce Load force "brake pad-wheel”
Vehidle 8, Open wagor PropulsionResist... Propulsion resistance
Vehidle 9, Open wagor GradeResistance  Grade resistance
Vehide 10, Open wage CurveResistance Curve resistance
Vehide 11, Open wage RealizedTractio... Realized traction or brake force in consideration of adhesion limit
vehide 12, Open wagc Pressures
Vehide 13, Open wagc BCPressure Brake cylinder pressure
Vehide 14, Open wagc
Vehidle 15, Open wage General variables
vehide 16, Open wago ThrottlePosition Throttle position
Vehide 17, Open wago Distance Vehide distance from the simulation start
Vehicle 18, Open wage Speed history mode
l\.ljehfc!e E?’ C_Jpen wagc.v. ControlForce Control force {traction or braking force) ]
< > £ >
FBrake(Electric locomotive VL&0s, . || Braking force (Electric locomotive YLE0s, ...) ﬁ
1.25

FFRIFER 512, B %4 /) FCoupling A1EEE Distance 25 &, 437 B/RTE
AFRE
Universal Mechanism 9 15 Getting Started
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P]#: 3| Linear variables VL[, & SCKIHLEMMREERE, FHERE—

AP EE T, K 1.26 Fix.

a:b Expression  Train User variables ¥} Reactions J: Coordinates  (7) Solver variables 5 Al forces  id Identifiers

y Varigbles for group of bodies B, Joint forces ;&f Bipolar forces A Angular variables

£

- [M] testtrain A || Selected

= 1. Electric locomoti |Vehide |
Coordinates of point in the body-fixed frame of reference
| o] o] o]
Type
() Coordinate (") Bipolar vector
O Bipolar velocity
() Acceleration () Bipolar acceleration
Comoooant

6. Open wagon [OF} Oy Oz vl v
[ vehice Resolved in SC of body
7. Open wagon
o [0 vehide |Base0 ;Il
B D EOPen wagon Relative to body
----- Vehide

; Basel ;I

=[] 9.0penwagon

[0 vehice 0 0 0

EI |:| 10. Open wagon o

H H L B I —.

>

|v:x(1. Electric locomotive VLSOS.VE'”VEIocity of paint (0,0,0) of body 1. Electric locomotive YL&0s, Vehidle relative to Based, 5C Eass| @]

& 1.26
e, DI AREF A AT B 1.27 B,
"3“&;&“‘"‘9 TSEE“;“EMPA EHEEe Al mw e[S e kb | B

rme LR P Ropg &

i

fot] 3] vl s Jinfin] ivfesfinfin oo}

=]
=
=]
=]
=]
=]
=]
=
=
=]
=
<

Fo.ping
0 s0zrssesmese N0

LTI

LS
APy

& 1.27
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1.3.2 SIEZ %R

TEAT A% H J 1 2575 Integration B(1% F9 JF 4515 B .

T 8922 ) o TR AR, s — N85 A E AL,
Rt I N7~ . 2Ji% Do not show this window anymore, /il Continue
HIETN

E] Turned off forces . o I:I. : b e

&0, Open wagon.RearCoupling

Do I‘u:nt show this window anymore

& 1.28
iEE G, SRS R 1.29 fiw, RE, A WFRHER
e, 43 Hk AL A 2240

Be] Plots (===
Variables 2 - . - - i Time, sec_
1 lFerake_1 ... 2

Wrerake 2.
Wreraie s ..

A lerrake 0 Y

1.29

Universal Mechanism 9 17 Getting Started
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R JTME 130 fias, &OREZN 362kN, KAETES 44 15 EH,

Plots

Lo @ sl

.FCoupIing. -
.FCoupIing. -
.FCoupIing. .
.FCoupIing. .
.FCoupIing. "
.FCoupling. "
.FCoupIing. -
.FCoupIing. -
.FCoupIing. .
FCoupling. ..
.FCoupIing. "
.FCoupling. "
FCoupling. ..
FCoupling. ..
.FCoupIing. .
.FCoupIing. .
.FCoupIing. "
.FCoupling. "
.FCoupIing. -
.FCoupIing. -
.FCoupIing. .

Variables ~

A Mlecorling... Y

1.30

SKEHLAEREE I 1.31 Fiose

Plots

Variables

.v:x(l. Electri...

& 1.31

Universal Mechanism 9 18 Getting Started
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Hsz, T8, RABIRE (Tools | Histogram) B /RxF NEM, #UR
WE 1.32 fros. wldEe TR By o g AT dh 263 m ik, 21 A

i HRAE.
# Histograms E@

) O = : 1} b
¢ (@ =| > un L Delay 2| ms
Variables &
.FCoupI\ng,l -Foreein .. 2106 - -
.FCoupI\ng_Z—Farce in .. Lam=" -
.FCuupI\ng_S -Forcein ... o -

FCoupling_4 - Force in ... -

FCoupling_5 -Force in ... . - e = =
FCoupling_& - Forcein ... L o2f--Tommmmam s I S B T T LT T
.FCoupI\ng_?—Furce in .. "
.FCoupI\ngj -Forcein ...
.FCoupI\ng_Q -Forcein ...
.FCuupI\ng_m -Forcei...
FCoupling_11 - Force i...
.FCoupI\ng_lZ—Force [ I
.FCuupI\ng_B -Forcei... == -

FCoupling_14 - Force i...
FCoupling_15 - Force i...
.FCoupI\ng_ls -Force ...
.FCnupI\ng_l? -Force ...
.FCoupI\ng,lS -Force ...
-Force .. L o2
_20 - Force ...

-Force ...
_22-Force ..,

_23-Forcei...

Ey=6

& 1.32

Universal Mechanism 9 19 Getting Started



i Tongsuan
L.']‘ universal ly &
mechanism g ) 55

2. SN EEHFEFRE BN
2.1 BEME

2016 5, UM B35 7 BRI g B4 22 K2Rk TR O 4 2R
FIZEYN IR B 77 25407 LA 25 . SR BEORRNE AR BORH . far 2= A
AT 9 MRS S T XANNK, PR 15 IWLOCER[1-3].

AR I B LU H I

® ENANEBAFE RN, BT R EX S H B P AR,

® (RIIAFEEAMF I E AR ZR, NG e HoF 1 Al

® NI AT K TR AR A 255

7 BT S PYASAS R T OLEC B B B AR, H LA 22 i
33 WUFN 32.5 WE =, TR ARl A A 32 WA 40wy .

TH B E AR PLEMEMSH. il B BREE. BIRERIE. wiihHE
FE AT RN SR .

THE R 45 R S ML AL RS A BE 46 e R 2R I R S AR T =&
VA SR 2B 1 e K 8 AR )

MEERITE, UM BRI Al 3 oAk EERIRMI &, T UM Train
BEHHEAT I IR B 73553 B 2 AT SEAT (B 1

A RFEE L M 28— AN O B AT AR B R - I R w2
KAWL R 4.

B oE A Pl A M H % {UM  Data}/SAMPLES/Trains/LTDB-Train
Configuration 1 # 2%,

Universal Mechanism 9 20 Getting Started
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2.2 R EHER

1217 UM Input £277, 42 AT PRSI 429w 30 /1 A8
1. JEFEEH Tools | Train wizard, T ZEMS, W 1.21 Fix.

13) Train wizard

B %3| Number of vehides

Nro - Icon Vehide

1

2. &EM$@$%%§%&°

1) Train wizard

E ga ‘ Number of vehides -

Wagon connections

Vehide mass Vehide length

& 2.1

— ] ped

Locomotives  Cars Wagon connections

w LTDE-Loco Type 1
w LTDB-Loco Type 2
w Diesel locomative TE10

Diesel locomotive TE10 {turned)

=
- Electric locomotive VLB0s
-

Electric locomative VL80s (turned)

Nr Icon Vehide

=R R T N

Universal Mechanism 9

Wagon connections

Vehice mass Vehicle length &

21

Locomotives Cars  Wagon connections

w LTDE-Loco Type 1
w LTDB-Loco Type 2
w Diesel locomotive TE10

Diesel locomotive TE1D (turned)

==
@ Eectriclocomotive VL50s
e

Electric locomotive VL80s (turned)

Getting Started
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3. MAHLEREE Locomotives XX it LTDB-Loco Typel P51, ¥ MHLE
A,

4, PRI Cars, 1% LTDB-Wagon Type 1, fS4A%8E, %% Assign
to selected, fiifi OK, H3hx B NFI T 50 554

|5) Train wizard — ] ®
B @3 | Number of vehides

Nr Icon Vehide Wageon connections Vehicle mass Vehide length # | Locomotives Cars  Wagon connections

| S LTDB-Loco Type 1 Unknown coupler 133980 22.95 (O ©scenger car

2 R TDB-Loco Type 1 Unknown coupler 133980 2285 “ppe—-Flat car

4 LT Insert vehicle
5 _OI Replace Icurrent
5 m T Add vehicle

7 g Te Assign to all
:
9

2.3

5. FEFIHZEMIAIZE Wagon connections, %7 LTDB Draft Gear 10mm
slacks, MAE, £ Assign to all, W IXFH AT ZE B ML A A 4
W, HIERREwE 2.5 s (ATRAE UM Input HEANF RAEBE ).

1) Train wizard - O ®
E @s | Number of vehides
Mr Icon Vehice Wagon connections Vehide mass Vehide length ~ * | Locomotives Cars  Wagon connections
34 _ LTDE-Wagon Type 1 Unknown coupler 128000 15 vehicle I
|Ash-1T
35 _ LTDE-Wagon Type 1 Unknown coupler 128000 15 l:_ﬂSh-Z-T Replace current
36 _ LTDB-Wagon Type 1 Unknown coupler 128000 15 l:_ﬂSh'Z'V Add vehicle
37 _ LTDE-Wagon Type 1 Unknown coupler 123000 15 | Draft gear
38 - LTDE-Wagon Type 1 Unknown coupler 128000 15 Assign to selected...
39 - LTDB-Wagon Type 1 Unknown coupler 123000 15
40 _ LTDBE-Wagon Type 1 Unknown coupler 128000 15
41 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
42 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
43 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
44 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
45 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
46 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
47 - LTDB-Wagon Type 1 Unknown coupler 123000 15
43 _ LTDBE-Wagon Type 1 Unknown coupler 128000 15
49 _ LTDE-Wagon Type 1 Unknown coupler 123000 15
50 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
51 _ LTDB-Wagon Type 1 Unknown coupler 128000 15
52 _ LTDE-Wagon Type 1 Unknown coupler 128000 15
v

& 2.4
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Draft gear force(kN)

2500

2000

1500

1000 E
500 -
0 L
0 15 30 15 60 75 90
Deflection(mm)
2.5
6. ZUt, TERHRFIFERARE, WE 2.6 fir.
1) Train wizard — O X
= gs ‘ Number of vehides
Mr Icon Vehide Wagon connections Vehide mass vehice length # | Locomotives Cars  'Wagon connections
1 G LTDS-ocoType 1 LTDE Draft Gear 10 mm slacks 133980 22,95 L) LTDB Draft Gear 10 mm slacks
L) sh-1-T
2 e LTDB-ocoType 1 LTDB Draft Gear 10 mm slacks ~ 133380 22,95 FshaT
3 [ ros-wagon Type 1 LTDE Draft Gear 10 mm slacks 123000 15 L sh-2-v
4 [ o5 wagon Type 1 LTDE Draft Gear 10 mm slacks 128000 15 ! Draft gear
s [ 1o5-wagon Type 1 LTDE Draft Gear 10 mm slacks 128000 15
5 [ o5 wagon Type 1 LTDE Draft Gear 10 mm slacks 128000 15
7 N 05 wagon Type 1 LTDE Draft Gear 10 mm slacks 128000 15
s [ 1705 wagon Type 1 LTDE Draft Gear 10 mm slacks 128000 15
5 [ 1705 wagon Type 1 LTDE Draft Gear 10 mm slacks 128000 15
w0 [ 7o5-wagon Type 1 LTDE Draft Gear 10 mm slacks 128000 15
1 [ 7o5-Wagon Type 1 LTDB Draft Gear 10 mm slacks 128000 15
1z [ 7o5-wagon Type 1 LTDB Draft Gear 10 mm slacks 128000 15
13 [ 7o5-wagon Type 1 LTDB Draft Gear 10 mm slacks 128000 15
14 [ (7o5-wagon Type 1 LTDB Draft Gear 10 mm slacks 128000 15
15 [ L7o5-wagon Type 1 LTDB Draft Gear 10 mm slacks 128000 15
15 [ L7o5-wagon Type 1 LTDB Draft Gear 10 mm slacks 128000 15
17 [ 7o5-Wagon Type 1 LTDB Draft Gear 10 mm slacks 128000 15
15 [ 7o5-wagon Type 1 LTDB Draft Gear 10 mm slacks 128000 15
15 [ L7o5-wagon Type 1 LTDB Draft Gear 10 mm slacks 128000 15
—_— v

& 2.6

7. md B, AR, $SE 4RCRIERAZ, W {UM Data)\My
Models\Trains\LTDBTrain.

8.

Universal Mechanism 9

KHFN A m S5, KA UM Input F£)/7.
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23 REGAIIALK
1217 UM Simulation 15 5.#2/7, J1% LTDBTrain 7,

wEREHSH

F 5 B3 H) S, 7E Simulation process parameters U1 A% ¢ Park >R fi#
#%, Type of Solution ’y Range space method (RSM), 4Ji%t Computation of
Jacobian F1 Block-diagonal Jacobian, {/j E5FEE N 50 000m, WK 2.7 fis.

Object simulation inspector
Solver Identifiers Initial conditions Obiject variables XVA Information Tools Train

Simulation process parameters  Solver options  Type of coordinates for bodies  PP: Options

Solver Type of solution

(CJBDF

O ABM (O Null space method (NSM)
(@ Park

Oear 2 (®) Range space method (RSM)

(O Park Parallel
[pistance - vehicke distance L] [»= || 50000

Step size for animation and data storage
Error tolerance

[ pelay to real time simulation

|:| Keep system matrix decomposition

Computation of Jacobian
Block-diagonal Jacobian

Integration Message Close

2.7

Universal Mechanism 9 24 Getting Started
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wEHIZIHERA

PUZE R fI SRR AN 2.8 Flraso #2077 S SR B, i st Ar SRl
[B1AZAL o FRANT R B LB S A R ORE SGX AN R 28 RS PRI 28
350 —— r

L tilotch1 ‘
300 F \ ——Notch 2 ||
L = Notch3 4
> ‘ Notch 4
E 250 \ ——Notch5 |
\G-J, 200 Notch 6
" e Notch 7&8
3 . \ otcl
Q 150 I \ |
m I
0O 100 Jr ]
50
0 " 1 N 1 a 1 1

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

2.8
9. FE{ELESHI AL, & (7% 1dentifiers | Identifier control , i 341,

AR
10. 7ESH B 1 A ENEAL MBI Rk Pk ML T R G BLIAR RS

dynamic_brake position.

B Identifier contro @

Enabled

[] compute after kinematics

Refresh dependent elements

Identifier

|
----- VehideBase=11 (Vehide base) A
----- BogieBase=4.2 (Bogie base)
----- WheelDistance=1. 58 (Distance between wheel rolling ri
----- CouplingPoint=10.975 (Attachment point for the couple
----- CouplingHeight=1.05 {Distance between rail and autoo
..... h=2.8
----- throttle_pesition=0 (Throttle notch position)
----- 4 n throttle pesitions=8 (Count of throttle notch positior
- dynamic_brake_position=0
----- n_dynamic_brake_positions=8
----- throttle_x_factor=3.6
----- throttle_y_factor=1

b Lo_lio_ .. £ 1. m o~

TrE {_J Variable

canel

2.9
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11. 1£ Assign value to identifiers with the same name [i£#: All, F£RFFT
A VLGAR & E N R — AL .

7 | Identifier contral @
Enabled
[ ] compute after kinematics
Refresh dependent elements
Identifier
|1. LTDE-Loco Type 1.dynamic_brake_position

Assign value to identifiers with the same name

(CiNo () In subsystems

Comments

Ordinate
Type of description

@ Points

|N':| data EI () variable

Absdssa

Curve editing

) Type
Variable
(@) Time

Time () variable

Acrept Cancel

& 2.10
12. /i Curve editing T #41, 5 i 2R g 28 0 1, il S a5 4% 4 e

In#AL T4 H sk i sht Az e 2 2 {UM Data}\Samples\Trains
\LTD-Train Configuration 1\Dynamic brake position.crv, 1K 2.11
TR o
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|5) Read data

I <« SAMPLES » Trains » LTDB-Train Configuration 1 ~

x

#E"LTDB-Train Configur...

|n vy HEwEE = @ @
A
P a1 B ERE =2 Foh
= B / : o L a . p
| Dynamic brake paosition.crv 2016/6/23 14:47 CRV 374 KB
g || Throttle position.cre 2016/6/27 10:30 CRV % 48 KB
xt
v
SEE(N): | Dynamic brake position.crv V| UM curve files (*.crv) ~
FIFFO) Bl
(5 Curve editor - Identifier control — O >
+ 5 | e a2
3
M X Y Type Smoothing
= Cur... ~
1 1] 1] Line fes
2 640 1] Line fes
| 3 541 1 Line fes
4 633 1 Line fes
T O 5 654 2 Line Yeg
[ 666 2 Line fes
7 667 3 Line fes
3 679 3 Line fes
9 630 4 Line fes
10 882 4 Line fes
| 11 693 3 Line Yes W
5
i — 2000 4000 OK Cancel
& 211

13. A OK, Rk gmiEss .

14. [t Aceept, 5ERAT#EHIST dynamic_brake position 7)€ 3.

Universal Mechanism 9 27
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(AL

wEEFHEX

WLERES S EREE R RWE 2.12 fin. G C&E T Hlshinirr

AR 2k, TR E X2 5| TR h

600

300

200

Tractive effort (kN)

100

T Y T ¥ T ¥
Notch 1
Notch 2
Notch 34
Notch 4
Notch 5
Notch 6
Notch 7
-~ Notch 8 1

7| Identifier control

Enabled

[ ] compute after kinematics

Refrezh dependent elements

Identifier

20 60 80

Speed (km/h)

& 212

1. HFEFERTTE RN =6, EEHLZESALE Throttle_position Fx
W, JFIEEE AlL

=

|1. LTDE-Loco Type 1.throtte_position

Assign value to identifiers with the same name

Mo

Comments

(O

() In subsystems

Ordinate

Curve editing

Type of description
(®) Points

|Nn data

_|| () Variable

Abscissa
Variable

Time

Cancel

Type
@ Time
() Variable

Universal Mechanism 9
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2. BT b gmiEds, AL T AHL H 5 {UM Data}\Samples\Trains
\LTDB-Train Configuration 1\Throttle position.crv [17 5] 2%/ it #2 ith

53R

|5 Throttle position.cry - Curve editar

+ += @

3 —  —

R - T N A R
ENI T, [ SOV R S =

)
[
[T
(=1

2000

A000

3. Aiii OK Hl Accept.

BB RE LT S
20 E IVER IS AW T Crafe) A H R 1D SRR Bl ) an - 2.15 ME 2,16

v

2.14

Line

S T = I =]

Type

Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line

— O X
=B8R %
Smoothing
~
fes
fes
fes
fes
fes
‘fes
fes
‘fes
fes
‘fes
es W
OK Cancel

150
140;
130-
120

110F

Elevation (m)

100

90+

0.006

0.004 -

0.002 -

0.000

Curvature

-0.002 -

-0.004

-0.006

10000

20000 30000
Location (m)

2.15

40000

50000

'
10000

Universal Mechanism 9

20000 30000
Location (m)

2.16

29

40000

50000
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AR NF AN UM 5, Wil 2.17 fos.

& Macrogeometry

-10000

20000 = E | =
| Horizontal macrogeometry
+ A
Horizontal track profile
L=>52000.00; Points: 755

5
V]

Vertical macrogeometry
+ i

Vertical track profile

5

V] L=52000.00; Points: 135

1 1 ! 1
0 \/ 10000 20000 30000 40000 50000

& 2.17

7€ 7 F| Train | Options | Track VL[, MAMHE AN CHERS LT ZLTE T
{UM Data}\rw\MacroGeometry\LTDB-MacroGeometry.mcg, 1K 2.18 ffi7.

Object simulation inspector

Salver
= A

Options  Traction Braking Tools

Identifiers Initial conditions Object variables VA

Information
Braking: Mo

Tools Train
Traction: User

Masses

Track Resistance Vehide positions  Identification
Macrogeometry

| C:\Users\Public\Documents\UM Software Lab\Wniversal Mechanism'@rw MacroGeometry L TDB-MacroGeometry.mcg
Show track

meg” &l &
Show railway track
[Jbraw ballast bed

Simplified sleepers w
Maximal length for simplified track image 100000
Maximal length for the acourate track image 10000
Current track length 52000
Train resistance force
o
Integration Message Close
2.18
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Ay it
SATFH AR L DL 22 3 0E X

89.2 0.122v?
E,=m,|2.943 + P +0.0306v + —),

a mW

o, my, REWUE, BALNM: m, RRHE (32 ), v RAEEE .
it 2 BH 745 7 5E SO -

6116

cr mW R »

Hrp, R FoRZ& AT,
5E 73] Train | Options | Resistance | Propulsion T/, /iy %41, #n#l

ERBEISATRH A, X BLFR E— LR E i =AM/ 4L . LTDB-Leading
Locomotive.rf, LTDB-AIl Other Locomotive.rf, LTDB-All Wagons.rf.

WNINsERE, % LTDB-ANl Wagons.rf, fiA%, %£FF Assign to all, 73AC
25 P HLAE AN 0

Object simulation inspectar
Solver Identifiers Initial conditions Object variables XVA Information Tools Train
(= B ‘ Braking: Mo Traction: User
Options  Traction Braking Tools Masses
Track Resistance Wehide positions  Identification
Propulsion  gyrye
+ Mame Resistance model Comment Path
Locomotive 9,81%(2,4+0.009%*3.6 +0.00035%(v*3.6)" Standard Russian resistance
m Loaded freight car, long-welded rails 98150, 7*M/1000 +(3+0.09%v*3,6+0,002° Standard Russian resistance
Empty freight car, long-welded rails 9.81%(140.042%y*3,640.00016*(v*3.6)*(\ Standard Russian resistance
Passenager car, long-welded rails 98150, 75/ 1000 +8 +0. 16*v*3.6+0.002; Standard Russian resistance
LTDE - Leading Locomotive 322,943+ 1000665, 2/M +0.0306%3. C:\Wsers'Publ
LTDE - All Other Locomotives M*(2.943+1000%6*89. 2/M+0.0306%3.6%v4 C:\Users'Publ
LTDE - All Wagons | nmrm oeo <ccovgERg 3 M 40,0306%3,6%4 Ci\Users'Publ
|
£ >
N Vehide Resistance model ~
1 LTDE-Loco Type 1 LTDE - All Wagons
2 LTDB-Loco Type 1 LTDE - Al Wagons
3 LTDE-Wagon Type 1 LTDE - All Wagons
4 LTDE-Wagon Type 1 LTDE - All Wagons
5 LTDB-Wagon Type 1 LTDE - Al Wagons
[ LTDE-Wagon Type 1 LTDE - Al Wagons
7 LTDE-Wagon Type 1 LTDE - All Wagons
3 LTDB-Wagon Type 1 LTDE - Al Wagons
9 LTDB-Wagon Type 1 LTDE - Al Wagons
10 LTDB-Wagon Type 1 LTDE - All Wagons
11  LTDB-Wagon Type 1 LTDE - Al Wagons W
< >
Integration Message Cloze
2.19
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FE T EFIF, 8 X B To R 15 4E 20 0l K A AL 4R 1K BEL g B i
LTDB-Leading Locomotive.rf 1 LTDB-AIl Other Locomotive.rf, {15 2.20 ff~.
Options  Traction Braking Tools Masses

Track Resistance  yehide positions  Identification

Propulsion  Curve

+ Marme Resistance model Comment Path
Locomaotive 9.81%(2.4+0.009%*3.6+0.00035%(v*3.6)* Standard Russian resistance
m Loaded freight car, long-welded rails 9,810, 7 M/ 1000 +{3+0.09%v*3.6+0.002° Standard Russian resistance
Empty freight car, long-welded rails 9, 81%(1+0.042%*3,6+0,000 16 *(v*3.6) *(\ Standard Russian resistance
Passenger car, long-welded rails 9,81%(0, 7M/1000 +E8+0. 16%v*3.6+0.002: Standard Russian resistance
LTDE - Leading Locomaotive 3, 22,9434+ 1000%6 %89, 2/M +0.0306*3.1 C:\Users\Publ
LTDE - all Other Locomotives M*(2.943+1000%6%89. 2/M+0.0306*3.6%v4 C:\Wsers\Publ
LTDE - All Wagons M*(2.943+1000%4%89, 2/M+0,0306*3.6%v4 C:'\Users\Publ
< >
Vehide Resistance model d
LTDE-Loco Type 1 ILTDB - Leading Locomotive I #—-_
LTDE- oco Type 1 LTDE - All Other Locomotives | ){S{Et}_] }9&'—
LTDB-WWagon Type 1 LTDB - All Wagons
LTDE-Wagon Type 1 LTDE - All Wagons
LTDB-WWagon Type 1 LTDB - All Wagons
LTDB-Wagon Type 1 LTDE - All Wagons
LTDB-WWagon Type 1 LTDE - All Wagons
& 2.20

# % Train | Options | Resistance | Curve U [ , & % i 28 FH /A7 F=a/(R-b),
W HE R E a=6116, b=0.

Object simulation inspector
Solver Identifiers Initial conditions Object variables KVA Information Tools Train
(= E ‘ Braking: Mo Traction: User
Options  Traction Braking Tools Masses
Track Resistance  vehice positions  Identification

Propulsion Curve

Resistance in curve

Force model: | R-b)
Coeffidents
ar 6116 | b: |0 |

& 2.21
WEERME

5ELLE] Train | Options | Vehicle positions UlIHI, W E kZFMYIGEAEN
3011.475m,
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Object simulation inspector

= B

Options  Traction Braking Tools Masses

Braking: No Traction: User

Track Resistance Vehide positions  Identification

Solver Identifiers Initial conditions Object variables VA Information Tools Train

Position of the first car, m: 3011.475

Parameters

2.22

B ERIIR

1% 3237 5 Tools | List of variables, HIl—A513%, H FEf7AEE, Loy

HEM, K 2.23 Fiw.

1] List of variables

(=@ =

+ = =
= B | Pheers| E
Mo name
Mame Comment

2.23

)ﬁ%linlﬁ?’fﬂ, B KB EH LN Locomotives, S OK, A

2.24 FT7R .
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ZLE

E] List of va

=
Locomotives
Mame Comment
Rename page x
Rename page
Focomotic] [ concel

2.24
&S Tools | Wizard of variables, ] H4F&E | S, 7 Linear variables
T AR e X H L FIAL#E (Coordinate) . 3 JE  ( Velocity ) Fil N & &
(Acceleration) Z5&, Wk 2.25 Frs.

Wizard of variables IEI
ab Expression  Train User variables B!+ Reactions J: Coordinates  (B) Solver varizbles =2 All forces  id Identifiers
=2 Variables for group of badies B Joint forces &F Bipolar forces A Angular variables &7 Linear variables

£ [m] Idbtrain | Selected (total 2)
= 1. LTDB-Loco Type : |'l-'ehide, vehide |
vehide Coordinates of peint in the body-fixed frame of reference
& 2. LTDB-Loco Type | | °|| °|| n|
Vehide
=[] 3.LTDB-Wagen Typ Type
[ vehide ) Coordinate () Bipolar vector
=0 5 L:[':Illd—Wagnn Typ () velocity () Bipolar velodty
hide
&[] 5.L708-Wagon Typ (® Acceleration (D) Bipolar acceleration
[ vehide Component
-] 6.LTDB-Wagon Typ O (@) Oz Civl Qv
0] vehice Resolved in 5C of body
=[] 7.LTDB-Wagon Typ
[ vehide |BESED j|
=0 E LTDB-Wagon Typ Relative to body
Vehide
Base0 J
=[] 9.LTDB-Wagon Typ
[] vehide 0 0 0
=[] 10.LTDB-Wagon Ty
/1 ... ~
< >
an(Vehide, ...) Acceleration of peint (0,0,0) of body (Vehide, ...

) relative to Based, SC Base0, projection ¥ m @I

Wi
WK
aix

rix({1. LTDB-Loc...
rix{2, LTDBLoc...

(1. LTDE-Loc...
(2. LTDBLoc. ..
(1. LTDE-Loc...

ax(2. LTDBLoc...

7No

R iX oA A AT,
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2.25
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(N - E Wizard of variables @
= A ‘ P I:JIJI ‘ = Varisbles for group of bodies B Joint forces #F Bipolar forces A Angular variables
i i ? Coort @ Solver variables = Allforces id Identifiers
Locometives b Expression Train User variables it Reactions
Name Comment A | selected (total 2) a
rix{1. LTDB-Loc... Coordinates of point (0,0,0) of body 1. LTDB-Loco Type 1.Vehice relativ... ¥ 1.LDB-Loco Type [vehice, vehice |
rix(2, LTDB-Loc... Coordinates of point (0,0,0) of body 2. LTDB-Loco Type 1.Vehide relativ... Coordinates of point in the body-fixed frame of reference
vix{1, LTDBo... WVelodty of point (0,0,0) of body 1. LTDB-Loco Type 1.Vehide relative to ... DB-Loco Type ‘ 2 | ‘ 2 || 2 |
vix(2, LTDB-L0...  Velodty of point (0,0,0) of body 2. LTDB-Loco Type 1.Vehid relative to ...
amx(L. LTDB-0... Acceleration of point (0,0,0) of body 1. LTDB-Loco Type 1.Vehide relativ... &[0 3.LTDB-Wagen Typ e
aix(2, LTDB-Lo...  Acceleration of paint (0,0,0) of body 2. LTDB-Loco Type 1.Vehide relativ... [ vehide (O Coordinate (O Bipolar vector
= [J 4.LTDB-Wagon Typ O velodity O Bipolar velodity
L] venide (® Accelerati (O Bipal. ler st
&[] 5 LTDB-Wagon Typ cceleration ipolar acceleration
[ vehide Component
= [J 6.LTDB-Wagon Typ @x Qy Oz Qe Ov
O vetice Resolved in 5C of body
=[] 7.LTDB-Wagon Typ
[ veride [Base0d =l
&[0 8.LTDB-Wagon Typ Relative to body
[ vehide
Base0
=[] 9.LTDB-Wagon Typ
aix(Vehide, ...) Acceleration of paint (0,0,0) of body (Vehide, ...) relative to Base
x(L LTDB-Loc. ..
=
b:x(2. LTDB-Loc. ..

2.26
N + = N
AR EAFRE O, S, win—/28 841, %~ Coupler forces.

[2] List of variables E' @
= B[Py S5

Locomotives  Coupler forces

MName Comment

& 227
B AR S a FH O, PR3] Train TUH, © X 2. 25 f1 51 =N EMEY
71 (FCoupling), Jf N3 &3 H1 1) Coupler forces 2554 .

) List of vari Wizard of variables (=3
= A FEI x %| 2 Varisbles for group of bodies & Joint forces & Bipolar forces A Angular varisbles
&= 1 Coordinates @ Salver variables = Al forces id Identifiers
Locomotives  Coupler forces & Linear variables &b Expression User variables i Reactions
Name Comment L e ey Lt | selected (total 3)
L veick 37, LTOB-age [CT0B Loco Type 1, LTDB Wagon Type 1, LTDE Wagon Type 1
' oco Type 1, agon Type 1, 'agon Type
Ezuup:lng_; Eur:E in wagon cunnEcans, xe:\:e ; LES;EB Typ: 1 . L] vehide 38, LTDBWage o gon Typ gon Typ
oupling_: orce in wagon connections, Vehide 25, 'agon Type 0] vehide 3, 1T0B-Wage - Comment -
FCoupling_51 Force in wagon connections, Vehide 51, LTDB-Wagon Type 1
[ vehidle 40, LTDB-Wiage Forces
[ vehicle 41, LTDB-Wagc .
) FCoupling Force in wagon cannectians |
[ vehide 42, LTDB-Wagc
) Tal Braring Toree
[ vehicle 43, LTDB-Wiage .
LoadFarce Load force "brake pad-wheel
[ vehicle 44, LTDB-Wiagc
PropulsionResist... Propulsion resistance
[ vehicle 45, LTDB-Wage
) GradeResistance  Grade resistance
[ vehidle 46, LTDB-Wiagc
Vehicle 47, LTDB-Wage
4 ! 7 RealizedTractio. .
[ vehicle 48, LTDB-Wagc
[ vehicle 49, LTDB-Wage Pressures
[ vehide 50, LTDB-Wage BCPressure Brake cylinder pressure
Vehicle 51, LTDB-Wage General variables
W
[ vehide 52, LTOBWage ¥ || t1o1posiion  Throttie pasiton
€ > Nistance Vehirle distance frnm the simlatinn start hd
FCoupling(LTDE-Loco Type 1, ...) |||Force in wagon connections (LTDB-Loco Type 1, ...} | ﬁl @
FCoupling_2
FCoupling_25
FCoupling_51

2.28
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TR IEE A2 Traction force, Resistance 1 Throttle position — 217

=

Ho

B EA AR TEEREIRIBIN =N E&H, 75aldr4 8 Traction
force, Resistance 1 Throttle position.

e, MARE 3 E AL AN AS &, A 2.29-18 2.31 B, 7393
AN it

Wizard of variables \E\

ﬁ Variables for group of bodies B Joint forces ff Bipolar forces
ab Expression  1rain User variables ¥ Reactions E Coordinates

= @] Hdbtrain » | Selected (total 2)
Vehice 1, LTDB-Loco T |LTDB-L0-:0 Type 1, LTDB-Loco Type 1
Vehicle 2, LTDE-Loco T
[ vehide 3, LTDE-Wagar
[ vehicle 4, LTDB-Wagor Forces

A Angular variables J’: Linear variables
(¥) solver variables = Allforces  id Identifiers

Name Comment &

[] vehide 5, LTOB-Wagor FCoupling Farce in wagon connections
[] vehide &, LTOB-Wagor FBrake Braking force

[] vehide 7, LTDB-Wagar LoadForce Load force "brake pad-wheel”
[ vehide &, LTOE-Wagor PropulsionResistance Propulsion resistance

[] vehide 9, LTDB-Wagor GradeResistance Grade resistance

|:| Vehicle 10, LTDB-Wagc CurveResistance Curve resistance

[] vehide 11, LTDE-Wagc
[] vehide 12, LTDB-Wagt
[] vehide 13, LTDE-Wagc
[] vehide 14, LTDB-Wage
[] vehide 15, LTDB-Wagc
[J vehide 18, LTDE-Wagc
[] vehide 17, LTDB-Wagt
[] vehide 18, LTDB-Wagc

RealizedTractionForce
Pressures
BCPressure
General variables

ThrottePosition
Distance

Speed history mode

Realized traction or brake force in consideration of adhesion limit

Brake cylinder pressure

Throttle position

Vehide distance from the simulation start

E ?"TE!-'F!E E?’ !_T_D?—j\'.‘.nfagc ] Control force (traction or braking force) W

£ > < >

[ &

ControlForce

RealizedTractionForce{LTDB-Loco 1| Realized traction or brake force in consideration of adhesion limit

RealizedTraction...
RealizedTraction...

2.29
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Wizard of variables

Q Variables for group of bodies

b Expression Train

= [m] hdbtrain ~
Vehide 1, LTDB-Loco T

User variables

B Joint forces
fﬂ* Reactions
Selected (total 2)

,f»f Bipolar forces

Jl Coordinates  (7) Solver variables

A Angular variables

=2

J’: Linear variables
7 Alforces  id Identifiers

|LTDB-Loco Type 1, LTDB-Loco Type 1

Vehide 2, LTDE-Loco T
Vehide 3, LTDE-Wagor
Vehide 4, LTDE-Wagor
Vehide 5, LTDB-Wagor
Vehide 6, LTDB-Wagor
Vehide 7, LTDB-Wagor
Vehicle 8, LTDB-Wagor
Vehide 9, LTDE-Wagor
Vehide 10, LTDE-Wagc
Vehide 11, LTDB-Wagc
Vehide 12, LTDB-Wagc
Vehide 13, LTDB-Wage
Vehicle 14, LTDB-Wage
Vehicle 15, LTDB-Wagc
Vehide 16, LTDE-Wagc
Vehide 17, LTDE-Wagc
Vehide 18, LTDB-Wagc
\-'eh|de 19, LTDB—Wagc v

]DDDDDDDDDDDDDDDDD!I

< >

CurveResistance(LTDBLoco Type

Cury

Name Comment 2
Forces

FCoupling Force in wagon connections

FBrake Braking force

LoadFarce Load force "brake pad-wheel™

PropulsionResistance Propulsion resistance

GradeResistance Grade resistance

CurveResistance Curve resistance

RealizedTractionForce Realized traction or brake force in consideration of adhesion limit
Pressures

BCPressure Brake cylinder pressure
General variables

ThrottlePosition Throttle position

Distance Vehide distance from the simulation start
Speed history mode

ControlForce Control force (traction or braking force) ]

< >

ve resistance [@I

PropulsionResist. ..
PropulsionResist. ..
GradeResistanc. ..
GradeResistanc. ..
CurveResistanc. ..
CurveResistanc. ..
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Wizard of variables
Q Variables for group of bodies B Jcint forces ,{*f Bipolar forces A Angular variables ZE Linear variables

&b Expression  Train User variables > Reactions J: Coordinates ~ (¥) Solver variables  Z. All forces id Identifiers

- [M] 2.LTDB-Loco Type 1 A | Selected (total 4)
[ couplingBase |ﬁ1rotﬁegosition,dynamic_brakegosition,ﬁ'urottiegosition,dynamic_brakEJ:osition
[ wheelradius
1 Mass
] axleover
[ couplingLength
[ Bodyz
] vehideBase
[] BogieBase
[ wheelpistance
[ couplingPaint
[ couplingHeight
Oh
throttle_position
[ n_throttle_positions
dynamic_brake_position
[ n_dynamic_brake_positions
[ throttle_x_factor
[ throttle_y_factor
[ braking_x_factor
[ braking_y_factor

L

throttle_position, ... throttle_position, ... m @I

1. LTDB-Loco Ty...
1, LTDE-Loco Ty...
2. LTDB-Loca Ty...
2. LTDB-Loco Ty...

& 231

i B, (Ap A RAIR, $U8S5HE Y (LTDBTrainvar).

KRB HI R A 7 W] F .

WAE, iR 27 B3R H A, 2473 Object variables U1, HNEKIA € X
A8 53, HifiIA Automatic saving of variables £ N2, 505 T
A ORAFAT AT £

R T A O RE R SRR S &AM ERS, AT IN AN S B &, IR/ 210 E
XH AR ERHIEN, WE 2.32 s,
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Variables

..r {1, LTDBL... L :

Plots

Variables

.Fcaupling_z s
.FCaupling_ZS. .
.FCaupIing_Sl. .

Universal Mechanism 9

39

Solver

Identifiers

Initial conditions Object variables

Automatic saving of variables

= B[P Ey

Name [[tdbtrain

Locomotives Coupler forces  Traction forces  Resistance  Throttle posit

Mame

FCoupling_2
FCoupling_25
FCoupling_51

P

Comment

Force in wagon connections, Vehide 2, LTDB-Loco Type
Force in wagon connections, Vehide 25, LTDB-Wagon 1
Force in wagon connections, Vehide 51, LTDB-Wagon 1
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2.33 Fiomo

[2) UM - Simulation - cAusersipublicidecumentsium software labiuniversal mechanism\$\my models\irains\ftdbtrain
i

File Anshsic Scanning Tools Windows Help
SEF 00 FEE ARMBAES A RS pEE [ SR e | B om
e Lk BES BEops B @
=7l Scal EE [ererre=]
o [
I lResiecTract...
= | El iend B
=]
o
=1
= -
...................................................
o
Object simulation inspector
‘Sobver Tdengfers Insal cnditons. Obgect varables R formation "ools. rain
Selalon rocessparomeers Slvraptars Ty of ot o s PP O
0.511399999999999 0.0719999999999999 gv Type of sauton
e
Plot: =@ Plots Oam (0l e et M)
=R = E § @rsk
Variables Varibles. Operz ® Range space method M)
2] e [ [e— Ok Perael
gl;z;f“ e s w1 el I [Betance - vettedarce ] 3= ] [ 0en ]
i i o[ [e—— [ ————— |
i i i i oot Ervor tokrance
EMrniserie [ bely to real tme smuistion
Dlueeo systes mawix deconpositon
Congutatin of ssccion
[ 8iock dagonsl Jacobian

& 2.33
miidi Integration B 4% FO &, FFIH1E .
B EZERNE 2,34 TR H, X RDNERE — 1T R R
g% J1 e A HAREREYIR, Z)i% Do net show this window anymore, it

Continue.

1) Turned off forces — O p 4

52, LTDBE-Wagon Type 1.RearCoupling

E — |

| Interrupt ||] Continue

2.34

Universal Mechanism 9 40 Getting Started



. s Tongsuan
L:]‘ universal la & — At
mechanism Q =

25 fFRER

TS, MLESEE . EZhrrgs/mI3h . AL R EE 5] A Al BhiE
Sranpd 2.35-K 2.39 Fiwo

ariables

B (1. LTDBAL...
Mz LToBL...

Plots

Variables

.RealizedTract. o |
.RealizedTract. .

& 2.36
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Plots

Variables

.Pru:upulsiu:unRe. "
.GradEResista. o
.CurveResista. -

612 -590
2.37

Plots

Variables
1

1 1. LTDBoco ...
1 1. LToBoco ...

4 1 i B - 'J' i r
o 1{;{){) 2000
957 3.4
2.38
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[~ Plots E=n =R

Variables

.FCDupIing_z -
. FCoupling_25...
. FCoupling_51...

1373 -385000
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