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1. BT
1.1 3242

Bty
1. iZ47 UM Input f&/%, XEFESZEA File | New object, 3 — ML,
W In— AT

£ UM B E, fextca s 71— MrE IS8T 2%, 5% Rk
#BRAE.

2. SeAENELAUR & Subsystem .

3. MNE A MNAE B AR +, i— RS

Mame: Sub51 <+ ﬁi

Type: [ 7 Type: (none) v]
Comme ! Type: (none)

[=] induded

|

= external

@ Linear FEM subsystem

% Ballast
@& Caterpillar
5 Flexible Raiway Track

4, W FHREEFE Wheelset.
Rt

—HIRM T —MRXNT RS, S5 v0 CEFWILHER w8 shisng|
ez
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WAE, himE D ER 7 — MR, wiE 1.1 Fios.

B 1.1 Rt
5. BT RS HEMm 4 N Wheelset
6. EFET K File | Save as, TRAFEAYL, 440y Wset (I B2 [ E B
PRAT, RPN .

7. B¥EFHH Object | Simulation 55 EL#: M TAR4 ), 1247 UM

Simulation 273 H 3 & AT A ,
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1.2 5 &

1.2.1 ERIEET

YT —MNMRE R (RS —ANXT),  DAZITE E E R B T AR AN
HUPERETE (LURGRR B, A REiEAT 1 .

WAEEAE 5 RN newlocow.wpfs WV r65new.rpf, ¥ NEZ
PRUERT o

RE RN
1. &P ZE P Analysis | Simulation (EHRAERE FO) F1 15 H i HI A

(Object simulation inspector)
2. B4 %] Rail vehicle | Wheel/Rail 72 [ .
3. ki %] Wheels | Profiles T, & 1.2 FioRs
4. pidigE 4, PREATR R A SCE (it newagnwowpf) TSR
53R (Set of wheel profiles) .

Object simulation inspector
Solver Identifiers Initial conditions Object variables Rail vehicle KA Information
=8 %Y
Track WheelRal Contact Forces Speed  Wear
Wheels  Rpailg

Profles  Qut-ofround  Radi difference
Set of wheel profiles

C:Wsers\Public\Documents UM Software LabYUniversal Mechanism'3'ywiprfinewlocow. wpf
W5 Left wheel Right wheel

= ;
1 newlocow. wpf newlocow. wpf

Integration Message | Close

1.2 ®WEFERAHE
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universal Tongsuan
°
L.]1 mechanism g I—J%
5. fEFIRFuE BB IR, MASR, EF Assign to all, 4
—IRG A A (SEbs BN AEAR AT AR E D, W&l 1.3 B

Object simulation inspectar

Solver Identifiers Initial conditions Object variables Rail vehicle KA
=8 %Y

Track WheelRal Contact Forces Speed Wear

Information

Wheels  Rails

Profles  Qut-ofround Radii difference
Set of wheel profiles

:\Wsers\Public\Documents UM Software Lab\Universal Mechanism\3'yrwpr eu\locou\ wpf
ers\Public\Documents\UM Software LabUniversal Mechanism

4+ Add wheel profile
@ il Delete selected profiles

Assign to all
Open in profile editar
= W5 Left wheel Rightwheel | [§1 Copy file path

1 newwagnw.wpf newwagnw. wp| Show file in folder

1.3 //J\JJIJ Eiﬁiﬁ

6. Ul#%] Wheel/Rail | Rails TUf, AR /& 00 2 AN DA CXE
TRIFERE BLED

Object simulation inspector

Solver Identifiers Initial conditions Object variables Rail vehicle VA Information
=B Y
Track WheelRal Contact Forces Speed Wear
Wheels Rails
Left rail
Profile | v:\Users\Public\Documents UM Software LabUniversal Mechanism'\rw'\priirsSnew. rpf ﬂ| ?
Double profile
| (none) J|
Right rail
Profile | C:\Wsers\Public\Documents UM Software Lab\Universal Mechanism'3YywprfyyaSnew.rpf ﬂ| ?
Double profile
| {none) J|
Set of rail profiles
+
Gauge measuring interval (mm)
Interpolation control
Integration Message Close

14 REFRLERE
7. AGHHRHLS?, B ANREE O, TR AT B E R A
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1.2.2 BIE

WUERAS NG BAEH T GHE 1, 5% F9 T ITRIT] .
77 #] Rail vehicle | Track | Irregularities U] .
BEPIERT (Track Type) NFEEAEFF%LE (Even).
)4 %] Track | Macrogeometry T [l .

BB LT (Track Type) NEZE (Tangent).

SR )3 E
IR AL ZhE & 1, AR,
1. #EFEKH Tools | Animation of contact (B TR T, Bl

IEA I E O,
2. W 1.5 s, ATAT B ES R I R E BN EIE.
3. ¥HE Scale N 10 (KN/m).

ok~ w0 E

ks
PIETT IR A 2 B sl Al /R & .
[3] Animation of wheel/rail contact E@
catnct e | K[OG s G|
Scale @'_A] kfm
= wset
= wset 1
Left wheel
Right whee!
/
[ 4
1.5 RHIEMNEN

FEA)T FL AT FAT] T Z B EHAEAR I i
1 [R5 s A, WORAMESCH], 1542 F9.
2. JEf7E] Solver LM
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3. WENKMAN Park.
4, WEZRZ Error tolerance N 4E-8.
5. g Integration, JTUR15H .
WRFTAWIGEAARER N 0, WP ITIRESES), A RAEME . MR

Pk, P IRIFFEE .
6. FrilH5EEE, HIl Pause & H, /i Interrupt.

FRTEF

PAEFRATI R S5t 0 (AR R S8 B o i Heah 14T N

1. [R5 sasd A, mRAEKHE, 1§ F9.

2. Ef7# Initial conditions | Coordinates TUTfI, 1P 1.6 iz~

3. WHES AR (1.2) 50.001 CPEhEBE, BAihm), BZE. X
B, FATEE I AR A U B0, B o SR AR B AR .

Object simulation inspector

Solver Identifiers Initial condiions  Object variables  Railjwheel XvaA  Information

Coordinates  Constraints on initial conditions

=B(@®0 ww ¥
= e
ds  Coordinate Velocity Comment
1.1 i} i} Wheelset.jWset 1c
1.2 0001} 0 Wheelset. jWiSet 2
1.3 a a Wheelset.jWset 3c
1.4 1] i] Wheelset.jWset 4a
1.5 0 ] Wheelset.jWset 5a
1.6 0 0 Wheelset.jWSetRotat 1a
< >

Message | dx=| 0.1 G| da=| 0.1 @
Mumber of d.o.f. =6

Integration Message Close

B 1.6 &EMBERY
4. i Integration, UG5 H, B LUE RFEN A FIRFRIRRESIZS) .
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N, WEET TR, RATRERERL EAT .

5. & F 3 H Tools | Graphical window (E@ﬁﬁiiﬂﬁ@ﬁ@), 11—
MEIE

6. EFFTSH Tools | Wizard of variables (Y &7 T HA~ Kbz /e, $T9F
AR T

7. ENLFAEEF]F ) Coordinates T{[HI

8. {EMIAAFRY 1% FE Wheelset | jWset | 1.2 A1 1.5, 41 1.7 Fix.

0. ittt B, gk AR, S AT o BRI A L)

10. KPP RREHAZEIE .

Wizard of variables @
¥ Raiwheel # Track coordinate system @ Railway vehide -+ Wheelsets User variables
g Variables for group of bodies B, Joint forces A Angular variables gl’: Linear variables a+b Expression
i Reactions " (® Solver variables = All forces id Identifiers

- [m] wset Selected (total 2)
= [H] Wheelset [t2 15
=-m II__TSE': Type of variable
1.1
12 |©Coordinate | (O velodity () Acceleration
[ 13
[ 14
=[] jwsetRotat
[ 18

XL2, ... Coordinate m @l

¥1.2 | - |
X1.5

B 1.7 EXEILITEE
Ik
WA G P B T LA BB AR B O R, T S

WHRAFE A I 7 RZ 0% 0, 7] LLE L 3Z 5 Windows | List of windows,
EERRED, i bE.

Universal Mechanism 9 7 Getting Started



: \'\ Tongsuan
L:]‘ unlversa_l
mechanism QI ) B

T B A6 T4 AN )7 L [H]

1. 3007 Bah Fam, € A2 Identifier T

2. WEYIRHEE vO A 20D, F 8 A7 B T T B A 380 B A7 3 T30,
X B BN m/s.

Speed unit
COkmh ®mfs

3. % Solver WM, mii t WENEBINARMGHELILZEM, JFikEN 20
Fb, BUILE] 20s J5 45 (it 5

Object simulation inspector

Solver Identifiers Initial conditions Object variables Fail \Wheel VA Information

Simulation process parameters  Solver options  Type of coordinates for bodies

Solver Type of solution

(O BDF

O AEM () Mull space method (NSM)

(® Park

Oear 2 (®) Range space method (RSM)

(O park Parallel

—

[pistance - Vehide distanch ]l |>= | 500 |
Step size for animation and data storage
Error tolerance

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

[ Block-diagonal Jacobian

[ 3acobian for wheel/rail forces

Stop simulation on wheel derailment

| Integration | Message Close

& 1.8
4.  riidi Integration, JFUG{hiE. BB, AJCLE 2G0T 2 HIERRE, HRk3ah
JHIZM ARG, 1.9 Bk,
RVt
FH T8 A [l 57 B AR AR AR /N, TR BEAE L XK A 7, S8 J51E+E Show all,
W E s Lz K&, k1.9 Brs.
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kS

Plots

Variables

% 1.2 - Coerdi..
% 1.5 - Coordi...

0.002

-0.002

-0.004

COptions...
Show all

Show according the ruler pointers

I

Copy to clipboard
Print...

Fix tool panel
Show ruler

||« Show ordinate value

Save parameters...

Load parameters...

6.68 0.003246

1.9 BRIFEBFAMRATIZE
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2. FiER

NHEARATRE L AR B I E R AC4, B AT (UM
Data}\SAMPLES\Rail Vehicles\AC4 H %1,

2.1 AR B}

& 2.1AC4 FimiER
A ACH ZEApi5E R 32 B B R G4
PPRET RS X5
VO U 2o JdRas . SRS A1 &40 5] 4
FANIAAE: ZEARTFAHAE ;
FANEL: ZEARAIEAE
= Bipolar Jjyt: FHEIRAS 18 A1 kAR A8 A0 2 5] At
J\/> Special Jj7t: ¥

© g R D PR

g E bt http:/www.universalmechanism.com/download/80/ac4.zip
Universal Mechanism 9 10 Getting Started
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FHE IR

S

R R AR

& 2.2 AILE

= e E—— Y=

& 2.3 £4E
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2.2 HEAEAR

1. 1217 UM Input f£J7 .

2. EFETEE File | New Object 55 7 T B2 #4H 1 i — MBI

3. EFEF K File | Save as, EFEELRAFH UM H FAT AT GEEEM
EHRAZ TR acd), K 2.4 FioR.

Save as... X

Path (induding object name):

b\Universal Mechanism\3\My models\ac4| @| v
E‘Users\Puinc\Documents\UM Software Lab\Universal Mechanism\@\My models\acd

2.4 IREER
&k
Fhi g O T HALERR @l D 4051265 BoR s R ak R AR (A R A 3
S RT TR

2.3 Azt

£ UM BAFE, XMl — M8 r 240, £H7 FHE
JNEAMRUEH], 1% LT TR E.

1 A AR % o Subsystems, 48 & 78 A7 {28 H 51 i di e+

BI—NT RS, HEA4 Wheelsetl, M Type FH73 R ik#KA N
Wheelset. i % R — N6, 28 B4 S A8 B A J L AR A &
ZH, RS v0 HARIMBIZHEEL . HYSH] U EEARX BB,
L aniR 3 8] AR A ) B PR 2 2, Bl 2.6 B

2. WEBEIHINANALE : V) Position 1T, X & Translation | X y L1,
M4, WRAIME 3.29 m, SH555 L1 RNESHE v0 25 N . iz
HRIE—24, v MBS HE SR E A

3. WEIRXEMALE: H P E RN R SR A bR R R ST U
GRS BEEieE . sEIRES, SRR R SO T Rl O
B, AN EATE IS R BN S E . X, FRA11%E Translation
| Z. 24 0.525 m.

Universal Mechanism 9 12 Getting Started



L.“ universal /3 T(mosuan
mechanism g

4 -F Ohject
- @ Object

ab attributes [
-8 Subsystems | )
..... B
; g‘n:QES | Mame: SubS1 + ﬁ
..... odies

..... ﬂ J?ints Type: ? = ;E ] -

----- ,63 Bipolar forces

______ £ Scalar torgues Comme 1 Type: (none)
induded

----- = Linear forces IEI
----- &® Contact forces external I
_____ O TForces wheelset

% Spedal forces (3 Linear FEM subsystem

% Ballast

@9 Connections &5 Ballas _
_____ 12 Indices @ Caterpillar
~[B Summary £1 Flexible Raiway Tradk

l§l 2.5 nj\\ﬂﬂhzﬁiﬁﬂ?%%
Mame: |Wheelset1 | -+ ﬁ

Type: | 4 Wheelset w
Comments,Text attribute C

Edit subsystem

Edit subsystem

General Position  Identifiers Inertia parameters

General position  Identifiers  Inertia parameters Translation
% |L1 '3|
Identifier: |Sub51 | |
z:|[0.525 C]
Track template: |I'~"Iassless |
|:|Test rig
Type of wheelset
(®) standard L N
() Independent ratation I5] Initialization of values >
ingle wheel (e entifier  Value ommen
() Single wheel (left) Identifier ~ Val o t
() single wheel {right) 1 3.29
() Flexible wheelset
Radius: |0.525 n
Semibase: |U.?9 & |
Axe length:  |2.2 B [ Accept | Add to the sheet: v

E 2.6 ERHEH

Universal Mechanism 9 13 Getting Started
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BRI RESH

P13 2| Identifiers U1 A& SEEXT B EAR =S4, W 2.7 fis.
1. BEURESE mwset = 3650 kg.
2. BoEeXT g X HR Z B FEsh iR s (TRFIHE L) S4 ixwset = 1000
kg*m?.
3. Bt Y s &S (3D iywset = 500 kg*m?.
- X
3

Mame: |Wheelset1 | o+ il
Type: |+ Wheelset e
Comments,Text attribute C

Edit subsystem

General Position Identifiers  Inertia parameters

Whole list

MName Expression Value
mwset 3650

imwset 1000

iywset 500

axlelength 2.2

y_axlebox 1.05

2.7 1ERIHRESH

Universal Mechanism 9 14 Getting Started
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B = MexT

L, AR B, A s T RS, EaAN
Wheelset2, B\ ALE N-L2, L2 ZHWIIEHE 3.71m.
2. IEFEFEH File | Save, [RIFHHAL,
Name: [Wheelset2 |+ fiij

Type: | #+ Wheelset w
Comments/Text attribute C

Edit subsystem

General Position Identifiers Inertia parameters

Translation
X |—|2 c |
z: |0.525 c]

& 2.8

Universal Mechanism 9 15 Getting Started
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2.4 £\ JUT B

TE UM BAER, —AJUTEE (GO) T LMRE Y A~ B AR 1 70 2%
CRIARN ST o B0, — S PR T FT LA 45 DU A Bk B 78, T AN 0 A
A1 TE B LT B .

UM B AT LB 0 5 PR B T LT, 38 S 5 A6 = 4k CAD %%
5 N UK. UM CAD Interfaces FELHE (It 1 JUFF A0 = 4e sk 4210, DA
STEP #1 IGES it s g% Aflh, A4 6 FIEI SIS CAD BAF-S i)
LT T .

FE 7 B2 B AU B Tmages, RV LLZEA 028 B A AL AE T, o
2.9 FIi7ss

- e8P attributes
+ 18 Subsystems
» g Images

> -#554 Bodies N
- SR Joints Name: Spring &+ ﬁi

- 4¥ Bipolar forces

s Scalar torques CommentsText attribute C
= Linear forces

.. Contact forces

» -y T-Forces m

» -9 Spedal forces
@ Connections Type: 4=
i@ Indices
_____ Summary Add new graphical element (GE]|
“ J, Coordinates |

2.9

Universal Mechanism 9 16 Getting Started
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2.4.1 BRI T ER

B
Mame: Spring ,4:? + m
Comments,Text attribute C
Description | go pcsmml
| Spring
Type: 7 spring v i}
Comments/Text attributz C
GE position | mat=rial
Parameters Colors
() Left @ Right
Radius: 0.1 =
Height: 1 c .
Bar diameter (d): 0.04 =
Mumber of coils: 7 "_/,,]
Coil discretization: 20 Z_}]
Bar discretization: 10 E
- <
& 2.10

1 EA AR T Tmages, 247 A2 B 5 s a4+, win—A4JL
A%, HEarsa N Spring.
2. miE AT AL B A EAERICER, W RS
Spring 27, W EFFE AN 0.0m, BECON 7, WA 2.10 Fir.
e
XFF R AR U EE, R W E NITE Z #or B ER Im, XA
FEERBAAYIERS, 2522 B 3hIUED HA 2R 25 (8] 75 A7
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2.4.2 \THEN LT B

FiI P AT BLEE 32 2 Edit | Read from file 5% T EUR BIHT me s\ T 2 HE % 110
JUREIE SO (B IE 4K .img)

A TSN LA AL T H 3 {UM Data}\rw\Images, i&& NS ALLT
IS

AC4 CarBody;

AC4 TractionRod F (B4 #H HiAT);
AC4 TractionRod R (J55FHHiAT);
AC4 AxleBox LF (R4S 225 F6)
AC4_ AxleBox LR (Ja 553 22 MG HH);
Damper.

A, BT ARAS Damper 52 H UM EEEGIE AL, HAREK B HAh =4
B, mE 2.1 PR

AR, TR LT B 22 A LA AR e (FERRARD s 1 [R]— e 2
A PIIEFE B LT B A S MR, s ZE D AE P

2.11

Universal Mechanism 9 18 Getting Started
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2.4.3 A RRA M #48 E R

AT B2 B T © 2 B ST SEN T 22 M0 BP9 A el 8 L ART AR, T A A0 ) el
ALIE S A SR Z Bl 180° 1521,
1. ik Images, Affdiiedl+, m—)UEE, BEidn
Axle-box-RF, {EAHTHXT A M4 FE o
B AT, AN EAREE R (GED.
T hisg B R GO, R CH M UTETE . BN THk§iL
# Axle-box LR, W& 2.12 Fiin.
4. 71E GE position U1, W E % Z fiefs 180° .

w N

Parameters I Color  GE position
Name:  Axlz-box RF Z + ] Translation
Comments/Text attribute C X, | c
. [
v
z | c
e & oo i | Rotation .
Comments Text attribute C |Z LI |180
| = -
Parameters |Cn\ors | GE position | | C
-
Element is a graphic object
|Asde-box LR = [§) Shift after rotation
Bottom body - C
Projector X |
CarBody
Traction Rod F — ¥ | [«
Traction Rod R L '
Axdle-box LF 7 =
z |
Damper kY

2.12
5. HRIFERITTIE, AREEex 4 M HhFE JL EJZ Axle-box RR.

Universal Mechanism 9 19 Getting Started
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mechanism

25 i s FER

1 X
Name: Axle-box LF + s i
Comments/Text attribute C
Oriented points [ Vectors [ 3D Contact ‘
Parameters Position I Points
4 -3 Object Coordinates (PP): [Quabemnon 'J
4 L} Object
ngh Curves Go to element 4
F) Variables Image: V| Visible
%P Attributes Axde-box LF v|
(8 Subsystems . —
&) Images ompute automatically
)
{537 Bodies Inertia parameters
R Joints Mass: M_AxieBox ¢
j}" Bipolar forces -
G Scaler torqune Inertia tensor: . :
= Linear forces IX_AxleBox - =
&® Contact forces IY_AxleBox €
4@ T-Forces 1z AxeBo C
© GFrct - .
@ Spedial forces )
bt Added mass matrix: (none) -
123 Indices Coordinates of center of mass
& summary c C
i, Coordinates
2.13
N = AL - R = ety .
B —AHME I NI BN e, 2 PP RE. 28 BN

e B0, SCHIARNIARFE XS 55650 I 332

1. EAMBEAIR %+ Bodies, s ibi A5 M %4, #n— ARk,

2. fr % N Axle-box LF, (L /K Left, F %7~ Front).

3. M Image THisgBEFEAHNE) ([F42) JUATEE.

4. VW EBFERIAR R AR, M_Axlebox =50 kg, IX_Axlebox =
IY_Axlebox = IZ_Axlebox = 3 kg*m?.

Universal Mechanism 9
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>0
Name:  [WSet:_Axle-boxLF + i
Body1: Body2:
. Wheslset1, WSet ~| Axiebox LF -
_— Type: Rotational
Mame:  Axle-box LF| + 'h ﬁ [< F s ']
Geometry | Deseription | Joint forca
Comments/Text attribute C | P | ‘
Joint points
wset Ty
C [ C
Qriented peints I Vectors I 30 Contact ‘ L1
Parameters | Fosition | Points \ Axie-bx LF N
Coordinates (PP): IQuaternion vl c c £
Go to element == Joint vectors
o  Rotational ok Create joint
Image: . wset Iams Y :(0,1,0) ']
<4 Translational & Create GO »
0 nig nog
Ny 6Gdof
DCumputE auten o
Inertia parametel o Oeneral Axle-box LF IE’USV : (0,1,0) ']
Mass: T Quaternien C 0 niL L)
2.14

N, FRATH AN S K AR AR TR .

1. fEE 213 4 5, S ied, KIRIEFEKEE Create joint |
Rotational, XFEHL A3 NHIAEGIE T MK

2. TERRIWFHE, ¥ Bodyl & Wheelsetl. Wset ( FH7z2H), & 2.14
H BRI,

3. W E A AR H O R R BE RS A 11m.

4. WEMWANWIRR A Y #, BIPIA RS AR RIRFFPAT .

& 2.15
TR, WHEERX T RS HINIA Wheelsetl Wset J-35A JLATEIE, #Hut

RN AN R R TaN o) IR 7 s i) I R B D= e £ P PB4 R @
wmE 2.15 Fix.
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2.16

SR P R RO S B S, TR0 — AN A

1. 5efi %] Bodies 1) Axle-box LF, 7t A4 7 f bR 441, 126 ik
AR, H 479 Axle-box RF, FEM Image T4 SE 764 ] 4 110 JLAT
Y.

2. &A% Joints H 1] jWSet1_Axle-box LF, A S g, &

HllAE B — N AR, MR RSE R HIESE Axle-box RF 1E4 Body2, W&
MR EAN-1.1m, SR ME 2.16 fix.

3. HIFFERI T VECIE S 0T B8 > Hli 58 Axle-box LR I Axle-box RR LA &
HABXS G R P28, s Ja SR B 2.17 WiFs .

2.17
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2.6 ElELR

NREATCIE k. TR, BRAENTHOEIA T HER LA EE, H
FAERERLIIN TEIH RS, KRB RAESA T KB Amc. AAEX
TR RYERTE 5 RGN HAMPIR IR R R A LRGN T 132 R G s

4 -3 Object

4 -} Object Name: Car body -+ 'fn i} C‘J}J Create joint A Rotational

y¢ Curves > .
F(9 Variables Comments/Text attribute C 9 Image ## Translational
sb Attributes CarBody k. GdnE

(8 Subsystems | -

o Images/ | orientedpoints | vectors | 3D Contact . General

(537 Bodies Parameters | positon | Points 3® Quaternion

& Joints |

Coordinates (PP):
&5 Bipolar forces 3 (PP): | Quaternion ¢
€+ Scalar torques Go to element

15

= Linear forces

Image: V| visible
o Contact forces Name: Car body + ﬁ <o
© TForces CarBody N
@ Special forces Compute automatically Body1: Body2:
& Connections Inertia parameters Base0 LI Car body ;]
123 Indices Mass: mbody c =
(& summary > Type: [ N 6d.o.f. v]
1, Coordinates Inertia tensor: ;
o . ‘Geometry Coordinates
ibodyx
ibodyy 3 C Translational
= degrees of freedom:
ibodyz c )
vl X 0.000000000000 A
Added mass matrix: (hone) | @ Y 0.000000000000 *
Coordinates of center of mass | [@ z  0.000000000000 ﬁ
3 c
1.525 Rotational
degrees of freedom:
Orientation angles
Cardan (1,2,3) -
[@ 1 0.000000000000 pA|
[ 2 0.000000000000 _ﬁ
[v] 3 0.000000000000 %

1. {EAMEEIR %S Bodies, s5ah 47 [ 424, in— "Rk, a4
N Car body.

2. M Image NHEHEFAHNE) ([F2) JUATEE.

3. I ZHA RS W E AR NIRRT
mbody =38300 kg,
ibodyx = 14000 kg.m?,
ibodyy = 626000 kg.m?
ibodyz = 599000 kg.m?
JFOARRR (0, 0, 1.525) m.

4.  HEYT AL, RIRIEFESE R Create joint | 6 degrees of freedom, 1% —
AN EHER, EHZER Car body FIHLTH Base0, R/ ZERAH X Hh A
SANTEN A A S EH B
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2.7 i) 7L
271 BEHT

B ] LR 7592 A5 PR RS 3R 70 e B AR s 1) AR AR, S L R BT VR 4R 4
IERTDAAE ] T B8 — B A B8 = R A )

14
Name: Spring1l_1 + i
b
Comments/Text attribute C
Name: Springil_1 + fii
4 Object Comments/Text attribute C
4% Object BodyL: Body2: Al
9‘4 Curves Body : (none _-I Body : (none _'I
Fa(: Vanzbles TYDET[ = Body1: Body2:
Attributes
1) Scuhsystems Attac o Gearing Aode-box LF | carbody R
=57 Bodies L= Combined friction B Based
& Joints Cam B Axle-boxLF =
. BodyZ pring B Axle-boxRF
& Bipolar forces
(s Scalar torques R} Rack B Axle-boxLR %
= Linear forces & Bushing B Axe-box RR c c
& Contact forces © 1ye B Car body 0.1
© T-Forces ) MagLev force B Body1 %
Oz Mechanical converter of rotation Wheelset1 =

% Spedial forces € 1oz <
@9 Connections {B Fluid coupiing Wheelset2 -
121 Indices ) Hydraulic torque converter
(& summary (7 Hydrostatic drive
T, Coordinates @ Planetary gearing oz

& 2.19

1. FEAMERIR YD Special forces,  sidiA M T424, #Hm—">H7c,
Har 4N Springl L1, )\ GO FHi A 1L+ Spring 284, 4l 2.19
J7 o

2. #%&F¥ Axle-box LF {4 Bodyl, Car Body 14 Body2, J#& & JL{a K
Spring.

30 VLE M ROE R ARER N (0.28, 0, 0.1), (RFEERE T 1A Z, KJEN 0.4m,
&7 Compute for the 2nd body, XFEFET HBhTHE H 4R MU A4
FR@3.57, 1.1, 1.025).
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5

Name: Springll_1 + @

Comments/Text attribute C

Body1: Body2:

Axle-box LF .v_] Car body _:_]
Type: [ 3 spring -
GO: 1Sprng v]

Attachment points

Axle-box LF %

0.28 c € lio.1 G Attachment Parameters l
Car body T Stationary force

3.57 € 11 € 1025 c c I C [fz 1| 3
Attachment |parameters| Tvoe of b

Direction ype i

X 534 oz " Equivalent beam
x ® ¥ z )

Attached SC Car body ‘ & Experiment

[ ~] 0.00000000 B4 o

[j e 4 Axial stiffness (Cl): ]czl
E 0.00000000 b Lateral stiffness (Cs): |cx1
length: 0.4 z Bending stiffness (Cphi): ]cphil
[ e for the body Torsion stiffness (Ca): l

[¥] Autocomputing for 2nd body

& 2.20
4, EREFRESEHINN Experiment, 5378 SRR WIEE « BY )R AT g
NI, ex1=370000N/m, ¢z1=377000N/m, cphil=5500N*m/rad.
5. f§ 2 Stationary force 1% BB ETIE /7 (BJ: R 302E K BT R 70
HiRD), WEZaED 21, YIRIREN 0.

Whole list

MName Expression Value ~
v 20

I 3.29

12 371

bfrc_damper_l0 0.7
bfrc_damper_r 0.07

iy_axlebox 3 Edit identifier *
mbody 3.3300000E+4
ibadyx 1.4000000E+5 hz=
ibodyy £, 2600000E+5 Expression: C |
ibodyz 5.9900000E+5
ol 3,7000000E+5 Comment: | |
czl 3. 7700000E+5 e
cphit 5500
21 mbody*9.8152/(11 4.9783298E

2.21
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BAR, FRETUE 1S FAR R EARe T S AR L R e, MHKSECN
mbody, L1 fl L2, R¥EE: 2P 7 FEr 4 : fz1=mbody*9.81*L2/(L1+L2)/4.

6.

10.

11.

12.

BT 77 B B0 F 3R B f21, Wik, #8125 % 1, 7 Expression
HER N 2 X mbody*9.81%L2/(L1+L2)/4, XFERTER T — N3 1170
15 .

AR B A P, B R A e, RS A

FHIE, Ear44 4 SpringlL_2.

P R R X AR 0.28 £4°9-0.28, il Compute for the 2nd body,
XFERRT B30T B H R R AR (3.01, 1.1, 1.025).

B IX P REE S5 M Bl —A, HE w4 SpringlR_1. SpringlR_2,
%% Bodyl 2y Axle-box RF, i Compute for the 2nd body, ¥ #i4-
IR S ARRR . XA, BETERL T TR ) DY
S5 — NS 1T, E A4 Spring2L_1, %% Bodyl ¥ Axle-box LR,
R E — A ENIE 4, cx2=330000N/m, ¢z2=370000N/m,
cphi2=5250N*m/rad.

WEB WL IS5 22 GRUIE, FiERNZHARD, HIE{E o,
WG RSP R I B, FAFRIAI: ‘mbody*9.81*L1/(L1+L2)/4
P AN ) u B =K, 0 alar % N Spring2L_2, Spring2R_1,
Spring2R_2, VERMBUHRLKALFR R (RTE X FOMEREYE A A
7)), I B AIE R SAR AR (— B8 H B THED).

Universal Mechanism 9 26 Getting Started



Tongsuan

O

universal
mechanism

th

& 2.22

ks

FE FE M AR 16 A SEANRIAR (1. Car body), M4 %E, %+ Body wired,

] DA B H O ERME B 7 i
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2.7.2 MBI

IR Ay — R M Bipolar forces F4ML, TS BEATTVELA i FH U592 n] AAE H
JIF S AN = R A

54
Name: DamperiL + i}
Comments/Text attribute C
Body1: Body2:
Axle-box LF x| Carbody ~|
GO: {Damper v}

["] Autodetection
Attachment points
Axle-box LF
€ 0.2 C 017

Car body

I € 139 © 1025 n’r
[
length  0.342053 I‘-‘—_\
= Frictional - |...,-,"'-_\‘."'F
e
|r,"|r Ca!
it |—
Friction force (F): 1.1e4 I‘I
Ratio (f0/f): 1.2 I“-"‘—!-.!_____.
Stiffness coef. (¢): 5.0e7 | ‘ y
Damping coef. (d): 1.0e4 5

& 2.23
1. &M AIR % 5 Bipolar forces, A5 ity 4441, Win—AJ17c,
H iy 4 N DamperlL, %% Axle-box LF /£°4 Bodyl, Car body £~
Body2.
2. M GO THizk IS Damper FE 9 UM ETE, & SCHIFEIESE RUALFR(0,
0.2, 0.17), ZFMIEESAFRDLL, 1.39, 1.025).
3. M Type FHi3ZHk#E Frictional 7170, %K 2.23 FiniE LB S,

A=A RS 7176 AT LU ) ) R A AME SRS 2

4. B AR 49 DamperlR, Bodyl 4 Axle-box RF, &2 S AL bR
P00, -0.2, 0.14)FI(L1, -1.39, 1.025).

5. B =ANEIRA 4 Y Damper2L, Bodyl /4 Axle-box LR, #% s 48 b5
5800, 0.2, 0.14)F1(-L2, 1.39, 1.025).

6. HIUMEIRAS AT % N Damper2R, Bodyl ¥ Axle-box RF, 4% fiAbx
3800, -0.2, 0.14)F1(-L2, -1.39, 1.025).
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2.7.3 BFHAH ST

A FE R AT R A S IER, HAER IR ZIRERAT K T M), R AT B
1% Bipolar forces. X BRI EARSZ I H HKE N 1.215m,

1.

5.

6.

78 1 SRR %6 o Bipolar forces, s i A5 i) 4541, shn—ANJ17c,
H A7 %4 N Traction rod 1L, 1%+ Axle-box LF {£4 Bodyl, Car body {F
A Body2.

1% Traction Rod F {E U ETE, & CHIFEERE mi A4 FR(-0.285, 0,
0), FARER:SARRLI-LS, 1.1, 0.525).

M Type THiz 8%+ Linear /)7, 12Kl 2.24 Fros g XHNIE A6 K
JEZH, c_rod = 2.5E7 N/m.

[

Name: Traction rod 1L + ﬁ
Comments/Text attribute C

Body1: Body2:
Axle-box LF | carbody v

GO: | Traction Rod F VJ

Autodetection

Attachment points

Axle-box LF

0.285 c Co
Car body

11-1.5 C 11 C 0.525
Length 1.215

[1/. Linear

F=F0-c*(x- x0) - d* v + Q *sin(w*t+a)

Force (F0): 0
Stiffness coef. (c): c_rod
Coordinate (x0): 1.215
Damping coef. (d): 0
Amplitude (Q): 0
Frequency (w): 0
Initial phase (a): 0

2.24
FAN ZANEFE R AT 770 m] DL PR B AUE R E S B .
4,

5B AN R Ay 44 N Traction rod 1R, Bodyl & Axle-box RF, %E#%
RAERRS A (-0.285, 0, 0)FI(L1-1.5, -1.1, 0.525).
BB = AN R Ay 44 N Traction rod 2L, Bodyl 4 Axle-box LR, %%
RAEKR S M(0.285, 0, 0)FI(-L2+1.5, 1.1, 0.525).
SF VU HFE AT A7 44N Traction rod 2R, Bodyl A Axle-box RR, #%#z
AR AM(0.285, 0, 0)FI(-L2+1.5, -1.1, 0.525).

THEFERE, ERXNEAHATE H Traction Rod R LA &,
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2.7.4 BRFBIREE ST

F5 1) 3ol TR 5 2% 38 % ) Bipolar forces SRAIAFH B, 52 aim#) B EE
PR Dk AR 7% 0l 4 R A AR T VR AR

1. fEEMIEAIRE G Bipolar forces, i Ml 4441, Whn—AJ17c,
H 74N DamperY1L, %% Axle-box LF 1£°5 Bodyl, Car body /£~
Body2.

2. i%4% Damper {EN)UTIETE, € SCARIER: FUARPR(0, 0.32, 0), %4k
HERE S ARAR(LL, 1.7, 0.525).

3. M Type FHiEHILEHE Linear /77T, %K 2.26 i XPHESHL, dly

= 16400 N*s/m.
[
Mame: DamperY 1 + m
Comments Text attribute C
Body 1t Body2:
Axtlz-box LF j Car body j
[Damper "I

[ Autodetection

Attachment points

Axle-box LF

C o p.32 C C

Car body

1 17 £ 0,525 C

Length 0,28
|I£. Lingar -
F=FO-c*(x- x0) - d* v + Q “sin{w*t+a)

Force (FO): ] C
Stiffness coef, (c): ] C
Coordinate (x0): 0 o
Damping coef. (d): diy c
Amplitude (G): i C
Frequency (w): 0 c
Initial phase (a): 0 c

2.26

A = AR AIR A% 77 o R] DL I fa] f  E  AME SaR R 2.

4. T ABEREIR 267 % 4 DamperY1R, Bodyl 4 Axle-box RF, %42 i
AEER A0, -0.32, 0)FI(L1, -1.7, 0.525).
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5. =AM IRAS A7 44 N DamperY2L, Bodyl J Axle-box LR, %2 1
ARFRZF (0, 032, 0)FI(-L2, 1.7, 0.525).

6. EBUYANEE A IR 25 %4 4 DamperY2R, Bodyl 5 Axle-box RR, i%#%
EABFR TN, -0.32, 0)FI(-L2, -1.7, 0.525).

2P, WAIEHR T AC4 —H/NERERE TAE, WK 2.27 s,
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3. TR

FTHIFRATTH UM Experiments #25 [] Scanning . 5 X} AC4 /N AR 3E AT HE Ak
B, fEHFE (UM BAENTTERE: s 5 BNz TRREAR
fEF 7.

RVE:

Z KN 1 2R B SE RS — A N AR (Bl =) AT I A
WERHI SRR, FEHFRBEEEF BN Fit, EEARNEZREAZHEEC
MR AT UG IR B, DU R AR, X BRI UM 34
WHIT, 'E AT {UM Data}\SAMPLES\Rail_Vehicles\ac4.

FETFUART, 15563847 UM Input 2 UM Simulation F£ 7 , 43¢ % Help | About,
ZESH B 1175 UM Experiments — R4 7500 “ 2 brid, #ELRA 9=, MR
B ER I I SRRV T

Universal Mechanism 9 33 Getting Started



; fioa Tongsuan
L.']‘ universal lo 05
mechanism g [e) 55

3.1 #7& Scanning IR H

AR B B bR &I Scanning fLACFE T EA7 HAL ) AC4 /NERAEL M IR
SR

3.1.1 ;IS

XTI AN ) A M RERE MBS HAAL, A K EA — L b AR b o
FasE PE A He i i L — ANV SR bR, — A Y AR L I s R A

A5 FH TSR 5 A3 AR AT LR 45 1) 2 A0 1 s 570 o 3AT T T LA I — 45
RHVGE AT U, ik AEBE b AR B I8 AT, il b HeR ik 50
R Al R D W e S
Fik s

i 5 BT BOR MR TE 4 il S L R AR 280, B mT & DA T2
INF AR HAS SR, A R 2 R A — A i ik

TR [ IR S R vl DA S 28 S ARG BAE 1 B [ IR 3 A% (R bt 22 5K 70 B

WE 3.1 iR, Bl oh N 2 30m/s IS — 8 R AL R I AR, 4t
il 2RI 6 Y. 90m/s el AR, ZERRATE 30m/s SR IZA T &R E R, TAE 90m/s
N IRFRIRES

0.012
0.008F--

0.004p--f-

Lateral osclllation, mm

=
T T T T

-0.004

Path, m

31

Universal Mechanism 9 34 Getting Started



- : “‘ Tongsuan
L:]‘ unlversa_l
mechanism QI ) B

UNARAE 30m/s AT 90my/s 3 J3E X [A) 1 L — F A1 FE AR 3 AT 0 it 5, Seit i &
AR SE TR R IR B ALAE RIARHE T, B Jm LB BB AR AR, o] LAAS B X 7%
PrUEZEREE AL OR A, B 3.2 Fra, %t RE B B 4= Ak 3 B 2 T R 1
HIAEE B R AR AL

Std_Dev
0.005} '
A0
= ! | ! | !
B 0004w e R R Rt
5 | | | ! '
g
L)
o
L
S 0003 [rrrmrrr e
; ; ; ; ; w0
30 40 50 60 70 80 Qp

Standard deviation of lateral oscillation, mm

& 3.2
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3.1.2 # & Scanning i H

1. 1247 UM Simulation 1/j Ef2/7 .
1% Scanning | New project.
(3] UM - Simulation
File Analysis  Scanning Tools Windows Help
ﬂ Mew prq{'ect |
Mew project - rail profile wear...

Lﬁ Load project
Reload project -3

Load results
Reload results
3.3
3. & X Scanning fLANF I H 14 FR(Scan) A1 1%

Open folder for a new project of scanning *

Full path:

| 1entz\UM Software LabiUniversal Mechanism' @My projectsiecan 1| e |

Carcel

El 3.4
4, i OK FR(Y), Bl H3%, S Scanning 7, WK 3.5 Fis.
i scanl - scanning ’?@
General Alternatives Run  Resdlts
B |

Directory: C:\Users\Public\Documents\UM Software Lab\Universal Mechanism\9\My projects\scanl

Status:  No calculations done
Comments

35
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3.1.3 fnEiER

1. EA7ZF) Alternatives T .
2. s, #n— MRS Family of Alternatives.
3. FEFAHAHEHE, RF) AC4 EARL, WK 3.6 Fis.

= @]

General Altematives Run  Resulis

[+] @
Fami\y;?;l’b'e?nﬁuas‘__ & o bi

pen object s
Caption \

Scan the forder: . | # |
|C:\JJsers\Pub\i:\Ducumenis\JJM Software LabUniversal Mechanism'\3 =

& sampLes | /-1‘

£ Automotive
- CAD

-2 Cosimulation
-3 Durability
- Education

£ Flex

-] Flexible railway track
£ Granular media
-1 LIBRARY

-2 Maglev

&1 Mechanisms
-2 Pneumatics

= Rail_Vehides
~ 8 HeavyHaulTrain
- Manchester_Benchmarks

|5 Co_Ca

simple_18_100
TGV_KTX
wedgetest
wedgetest3Dcontact
Robats

SimInTech

|C:\JJsers\Pub\i:\Ducumenis\JJM Software LabUniversal Mechanism\3\s.

| o | cane

& 3.6
4, PP A S DL B E .
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3.14 BHETHEBESH

1 AR, FATRABFREE X — NSRS R G307 RER)
S .

2. VESERAEEE AR S E N mis (CTRFD.,

scani - scanning || : Speedunit

O kmjh

3.7
3. f£ Scanning FHAMZSHFE, i Whole list | v0.
4. TEHRHE NE#E Loop TEIME I, B Execute H 13,5 X7 °4[30, 901,
st Convert to list of values, Ht75 2] M 30m/s 2] 90m/s FH2L [E] % Sm/s
113 AMEEAE Rl FBhHAD .

13) Changing parameter values — O et
Identifier: vl

Current value; 20

Mode |se for

(JList of values | Wheelset1,v0 (20)

Execute 13 3| iterations

in interval from -
|90

@I

i
ENE

to

Convert to list of values

QK Cancel

& 3.8
5. {E Hierarchy of parameters 7 [fi% " Groupl, A%, Ham¥ A v0.
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i scanl - scanning = @
General Alternatives Rum  Results
-+ m Initial conditions Finish conditions Variables Integration Tools External libraries
] . Hierarchy of parameters Tree of alternatives Identifiers Rail vehide
Family of alternatives List of parameters
Caption m fﬁi . Dac4 ~
act oyl T Whole list
~ v [30; 35; 40; 45; 50; 55; 60; 65; 70; 75; &0; 85; 90; -| i B [ vo=20
o N (I B l1=3.29
35 e B 12=3.71
T B bfrc_damper_|
- (R A B bfrc_damper_
w50 B iy_axlebox=3
- (N S B mbody=38300C
80 B ibodyx=14000
8BS B ibodyy=62500
O N | S = [ ibodyz=59300
B B cx1=370000
.80 e [ e=z1=377000
T R B cphil=5500
a0 e [ ox2=330000
----- B cz2=370000
----- B cph|2 5250,
< »| < - T
3.9

Universal Mechanism 9

3.1.5 BLE#RH

S € A7 | Alternatives | Rail vehicle [Track | Model and parameters U1 [,
IEPEFNTERL A Massless rail.

Y8 J5 £ Alternatives | Rail vehicle |Track | Macrogeometry U1 [H, 1% &%k
%28 N Tangent.

5% Alternatives | Rail vehicle |Track | Irregularities U{[f, ¥ B HIEZR
4 Uneven, A -FIiZE%N From file.

WEBL . GRIERATIEEA S8 Nolrregularities.way, 7o, 174
R [ AP RE A SRS g10_20.way, %L Factor 3324 1.

%] Alternatives | Rail vehicle | Wheel/Rail | Wheels | Profiles UT [,
WHE 5 N newlocow, 7E Wheel/Rail | Rails UL [ 13 B AL AL [ A
ré6Snew.

)4 2| Alternatives | Rail vehicle | Contact | Contact forces JU[f], L+
FEBIG I BT FASTSIM.
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anl - scanning

Generasl Alternatives Rum Results

= [EF]=]

+ ﬁi Integration Tools External libraries

Family of alternatives
Caption = B8 %:\

act Track  Whee!/Rail

Track type
O Even

Type of irregulariti
(®) From file

O Deterministic

= B8

‘T LY

Contact Forces Speed

Model and parameters  Macrogeometry  Iregularities  Image

@ Uneven
es
(O 1dentifiers
() File +deterministic

Files Deterministic  Identifiers  List of groups

Wertical irregularities

Hierarchy of parameters Tree of alternatives Identifiers Rail vehicle Initial conditions Finish conditions Variables

Left rail

"Ct\Users\Public\Documents UM Software LabUniversal Mechanism\g\rw\Molrregularities. way™

Right rail

"C:\Wsers\Public\Documents\UM Software LabYUniversal Mechanism\9\rw\Nolrregularities. way™

¥l®

Factor 1

Lateral irregularities

Left rail

"Ct\Users\Public\Documents UM Software LabUniversal Mechanism\a\rw'g10_20.way™

Right rail

"Ct\Users\Public\Documents{UM Software LabUniversal Mechanism\@rw'g10_20.way™

L

|5) Lateral irregularities of left rail

|l =

Factor 1

@ OneDrive " = ) FHEA =
o g10_20.way 2003/7/1 14:58 UM Document. ...
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+ ﬁ Hierarchy of parameters Tree of alternatives Identifiers Wheel-Rail Initial conditions

- . Finish conditions Variables Integration Toals External libraries
Family of alternatives

Simulation process parameters  Solver options  PP: Options

Caption
= Solver Type of solution
() BOF
(O ABM () Null space method (NSM)
(®) Park
O Gear 2

(®) Range space method (RSM)
() Park Parallel

Step size for animation and data storage
Error tolerance

[Jpelay to real time simulation
|:| Keep system matrix decompasition
Computation of Jacobian
[ Block-diagonal Jacobian
Jacobian for wheelfrail forces

Stop simulation on wheel derailment
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Run Stop
[ Turn off computer when project done
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Time: J
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Functional Parameter |0 Line is ready for plotting. Use double dick or the button on the tool
panel to plot the graph.
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