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Universal Mechanism, ##8 UM, J&—3k B2 B KALGE H 2 7k 28380 77
L BT, BRREBILZ NIA RS0, R 2 24k (NI ERE) RS,
UM AR T — KAV THU. BREG. B, REF. VR4 B 4. WA es .
IR0 17 NI 3 27 17511 NG N 4 a4 8 =17 1 =

UM BAERIEIIE N R HBE R . YA R A ERL 2 S fK R BL « J 5
&R (Prof. Dmitry Pogorelov). T 1979 4FE NFLHRR 22 F 12 R B,
BN Nt Ry 1 o o (VAP S B 3 [ o5 2 28y S o4 e el B T 8 7 s o s £
W 435453 Viadimir Beletskiy #% (1930-2017) . Aih 1% 75 4 = 37 RIS K245 % %
&, MR EAEA R e E AR K2 (Bryansk State Technical University, M i¥AE
A W on B S TR A R E S TR L2 K% (EHES, FEaI# T
J15%5286 % (www.universalmechanism.com , www.umlab.ru ), JHFE ERFEFK .

UM AR e

® 1985 F: A st kiRl

® 1989 . KA UM 1.0, H T —RZWIERG3) J15% A

® 1991 4F: ¥ RGTIRe, FHURHR Bk 2

® 1993 4F: MY hNEkEk - AR

® 1998 %£: HUHH T Windows 24 ;

® 2003 fF: KA UM 2.0, 4N 2 A S HREBINIGEAT i gk,

® 2004 ©F: HUIMNIZERE G i, FHUaHE & B 5 R i

® 2005 ©F: KA UM 3.0, 30— 4E51 4290 [H) Bl )7 ZE AR HURI BIORL AR B 5

® 2006 4F: KA1 UM4.0, N =45 ZE3) Jypith, AMERBH ., R

FEAIH, BT ZE A HRN g A 5

® 2009 F: KA UM 5.0, 34070 =4E H shizfim e

® 2010 4F, KA UM 6.0, FFIAWEA B iRl A 1R
2011 4F: SISk ZEM R G AR
2012 4F: KA UM 7.0, H9INZ4-507R B flups 57 BEH AN B3 51 G e
2015 4F: AL ah R
2016 4F: KA UM 8.0, SNSRI E R MR 015, JF & T CONTACT
B,
® 2017 fF: MNNREIFAEEL, MRS I R B BRI
® 2018 ©F: BN EEFIMEITH) ZE e AN SN EPE 25
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® 2019 4F: AF IR BERE IR B A% 57 7 A T

® 2020 4F: AFMIEIE L. SN s

® 2021 4F: AT UM 9.0, 48T 1N LB FE SR Al 55 70 M T B 38 Hn
S

& 1-1 UM I F &% O HIRA

12 HENFIHE
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ABTOP(1LI):
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& UM - Object data input - ERNKES o o %

File Edit Object Add Tools Help

DeEHE DH0e S|

. UMComponent | Mates UMLoco  Car[wheels

DEFEE TR A TS TENLT 2N ‘

||~ =]
(5] Object ZRITEEER [m] X
[ r1 = [
v @ Object ~ ﬂ;\ a Q& ‘ i @ S ma & ‘ s~ M ] ‘ t“ Variables Curves Attributes
M 5;?4 General Options SensorsASC
Curves
0 Variables [ Transform inte subsystem |
~P Atirbutes Path  D:\UMISIISNAE \UME R R P 2 B 2
> -1 Subsystems o
a
g Images [umbzect ]
> 557 Bodies
> - Joints Comments
4 Bipolar forces ‘ |
€ scalar torques
.5. Linear forces Generation of equations
" Contact forces
5 Symbolic
@ TForces Osym
® Spedil forces (®) Numericiterative
~€3 Connections Gravity force direction
123 Indices =
E{ summ ¥ X
. abae @ ey c
DEI+H\E".“&%& _— -
Rail track ter te
whole list ainay rack tempia
Massless v
Name Expression Value
i 2 Characterisicsize: [ L.00 A
mearbody 4.00000005+4
Scene image: o ~
< >

&l 1-4 UM Input EERE

(5] UM - Simulation - dAumISISTR\LMEENSRIEFRER
File Analysis Scanning Tools Windows Help

L 00 BHRGE

®@kmh Omis

| | Speed unit

o Al

A [ s B

(31 Contact patch viewer

Pl o =]

1 Options WS1 ws2  ws3  ws4
!|Q&‘@@‘F’(’é “’J@e"“ IRal profie
[Fwhe! profile
[ Contact points mm mm

[ Normal forces

, T 1l 5 Scale 5.0 2] kjmm

[Z] Contact patches mm mm

.
[ coordinate system 0 0
[] Adhesion zone

[ Tangential forces

Scle  [100.0 %] Njmm

Plots

Options. ‘ el ‘ | Variabl
Bl ®m| o QS PG R e s )
Scle  [19 3¢ kouim ’\\ il - [ Simulation time (s) 12.09
) o [ Duration tme () 26.579
‘ [ step duration (5) 0.00034873
[ step size () 0.0005

| | §
i i Left whee 1
- [€] Rught whe
(=[] wset2 ¥l
i Left whee W
H E Right whe
= [4] R
=[] wset3
Leftwhet
Right whe
= wset 4
V1 1 eft whee
>

1-5 UM Simulation {F E &M
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UM ISR K DI RE R A

& 1-1,

£ 1-1 UM fER5%R

FERRR M7 T RIS F 5 R

1 UM Base EAbiER WIRERIR
1.1 | UM Base/Control Panel XEREHIETR FEERA
1.2 | UM Base/Training Ground EBHEEH =g T A | EEHER1F4
v23 Ig/ = ‘EE == '“'i 1 3 g
1.3 | UM Base/Ride Comfort FAPRESTEET | WEPR 1SN
g 4/5/6/7
2 UM Subsystems FRGHER FERR
3 UM Automotive N RZERIEIR EEER2
UM Aut tive/Truck And .
3.1 Tra”e:‘ OMOTVErTTHel An FHLEPBS HHTA | EHRAFIT RS
4 UM Tracked Vehicle B mIER FEER 2
5 UM Monorail Train P iR SEEGHh 2
6 UM Maglev R REIR FERR2
7 UM Loco PREEEIARIR FEER2
UM Loco/Track Qualit .
7.1 | WM LocorTrack Qualty SEREHFTA | SHESHAA
Estimation
UM Loco/Multipoint Contact e "
72| 0 P B E SR TEER 7
=E W7.2F
UM Loco/CONTACT add-on N S BT 25
7.3 Interface CONTACT #ZF#0 CONTACT add-on to
UM
7.4 | M LocoNmeel ProNe Wear | o m gt ir Tt | Bt 7.2
Evolution
UM L /Rail Profile W
75 Evolu‘t’i‘;‘r’] ATTIONe e | wmmmmr o TA | BERHR 7. 25014
8 UM Train — ST F AR TFEEHR2
9 UM Train 3D MG AR EEREBR TS
10 | UM Flexible Wheelset MRS FEBRRT7IN6
11 | UM Drilling BN S FEER B Ziil
12 | UM Driveline HBENRIRR EEER 1
13 | UM Pneumatic Systems SEMER FERR 1
14 | UM Experiments ST EHHEER FERRA
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- EHER H 0 T BT FHEBR P BTR

14.1 | UM Experiments/Cluster D HHITITETLR FEER 14

15 | UM Control FEHIER JUANMBEIRN B TFHER

15.1 | UM Control/Matlab Import Matlatb S\ F1&ER FEER

152 | UM ControliMatiab Matlab Bt & (HELTFASHR | EEASR 1 7123
CoSimulation

_Defi B W S| B

153 UM (_:ontroI/User Defined FleF' BEXERIRE T EE S |
Routines R

15.4 | UM Control/Block Editor EH ARG RER TR | FERR1

15.5 | UM Control/SimInTech Import | Simintech SAF#&ER | EHEBHTH -

i imintech Bx&1{H& .

156 UM 'Contrc'>I/S|mInTech Sim ntech BX&1HE T 5
Cosimulation &R

16 | UM FEM RIRFRSIER FERR2

16.1 | UM FEM/Vehicle-Bridge HBETBAMFTA | BB T H 16
Interaction

16.2 | UM FEM/Monorail Track HBHEFES SN TA | FTEER5F16

16.3 | UM FEM/Maglev Track HEETHEE T LR | FEER 616

17 | UM Ballast - ETRLN RS FERR2

18 | UM Durability EH A SRR TEER16

18.1 | UM Durability/Loco giﬁﬁwﬂ S THETEHAR

18.2 | UM Durability/Carriage iiﬁﬁwﬂ S LTHETEHAR

1L == /

18.3 | UM Durability/FreightWagon ;iﬁﬂﬁfx L T RETEHAR

19 | UM 3D Contact =4EE Rl EEERA

20 | UM CAD Interfaces SHNRITREIEOER | EEE1

21 | UM RCF Wheel FRRENFEMIFEFTIER | FEER 7.4

22 | UM RCF Ralil WPRBHIEAE SRR | FEER 7.5

23 | UM COM B=FHR R FERR 1

24 | UM Flexible Railway Track | kM&F MR FEBRRTIN6

25 | UM Scene =S4 EIEDR TEREHR A

26 | UM Quick Track PRERPUE L TR R TEER T8

27 | UM Sensors ERERIRIR TERBR 3025

28 | UM Video Flow ITARIR EEES 27
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1.3 FAELZITHKE

1)

2)

3)
4)

5)

6)

7)

8)

9)

TN UM H P QQ AU EE: 262743795, TERESCAE T 8 i i i 1 e
BRMBFREETR, WA, ATECRE I UK.
FKEMEANRT: FRERE, KESRE UM 84ah4s, @atfior B ok
JEETA] SRAT S DL 7]

Wi AT

7] FI RS AT RIEW R 2238 000, AIEE Tk,

7f Windows 7/8/10 R4 %235 UM B AF, H 8.3.3.4 L, UM H KA 64
FrhAS, AFHRAL 32 AR T

TR ZE % UM B ] BLEEAE 30 K/600 %, 2 J5 Al DL ZE KR H .
] FE BRI E AT KIEHE: license 5L 001, W& FE HiE 7.

18 FH A 2 PR A A AT 1) R 38 H - S EE SR EL AR RS () ) A,
HEAE RSO J FO A SO — 24T ) 2 HBFE: tongsuan@qg.com.
FEZ )R AT, HS %6 QQ HE UM 2 X BBl A2 BT 3%
“UM B EHE rar”, FHMEBIAM NI D 38 OREFE B St
BERAEN “D:\UM BRIBE ") s E, XEAE T AEZIERN A
BRIRL J WM o A TCIE B, IEAMEE R

AZFEAFH UM 9.1.1.1 [iUAS, UM &N ICAS (1) F T AN A P4 2 e A
Ko ALLEA T HE T3 B8 ASTF

ARG HE, A BB AT B S 0%, R EEACERAR 1) AR AR 4
FIRIMG, 51 ST I i, Iy ekt

10) AHAE LS FHRIEANTT, #4238 UM B BA) 1 A H AT 1A

TR, FEARRIECAARN Ty A R L SR R A 20 B A e B B B L
P LR AL RS

11) AEREP A RS HR A%, JEANRSLPRY R A, ASAT B

T RBF2 A TR 7

12) B4k, UM BABW TIRZ BT, [ER IS, #EB0EE —— W%,

www.universalmechanism.com -7 - www.tongsuan.cn
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2. BRRGHNFERSHE

2.1 5 —: ML

2-1 HIER{UIEERY
B 2-1 B N —ANE W HRER DO A, 2B = ANNIE OREE. B8, BK
W ARk WS HE RFE S TERE LA R, BN X R, 6N Y,
o 7 . A EBEE ELERLTH, WA HHE, XPRAASEME X MEESE H
£, BRIBERASSIER 7 %A A mE, FHERGLEEHAEHE.
A H BB UM Base.
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2.1.1.1 FHEER

1) EBEFEFE — IARESF — Universal Mechanism 9 x64 — UM
Input, 117 UM Input @R F (E0H SR 520 UM Input &
Fr), HILE 2-2 Fros i, X & UM Input F2 5 ) 32 A T A

QA
*:o

|Z] UM - Object data input
File Edit Object Add Tools Help

BaR B

D = B B g8

EEE |-~

2-2

2) EFEFEZEH File — New object, FHid—4 UM 51, SELHA
UmObj0. X HIL UM Input @B FE L, 20 EHEBAN (2R
D, TEESHER (SEILEE, AN BRI GRS SR
B8, S shim O (Es SR, i 2-3 Fis. AR R
BN R e T B RS B ER N, A RT R B AA AT ]
W5, FERERT SRS ER (RESE R, Based AFrR), HHIIN

WA AT X-Y I .

|5] Object UmObjo

w @ oObject

=8|+ 8>

Whole list

Name Expression

Value

www.universalmechanism.com

— O X

“lem | ol & | & & oo ma k| s E

Curves Attributes
General | Options Sensors/LSC
Transform into subsystem
Path  C:\Users\Public\Documents\UM Software Labini

Object identifier
[omobgect |

Comments

-9- www.tongsuan.cn
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AN WA A THER, HTEERE, T4, PR
3, WIEE A MR T RE . F SRS T B R AL 4%
A BRI B R AR N SR, R4 T BRI CTRL SR 8 s A
PRERAE, 1B RbRIR BRI 4% T 2 BN SHIFT B8 34 30 FbR 4 il
AR

4) EFEF R File — Save as..., B AR, (EiH & DRSS B
17, AEMAOESEMARR CREREO MRS “DA\UM FI#

FEIR A UM BERNHRER(YL 7, 2448 0 AT T 354 ~ bz, e
2-4,
Save as. Y

Path (induding object name):
DAV MR R 5 |

Save Cancel

2-4
5) sl Save — & (Y), BHEELH HRAIE—14 UM AL,

Confirmation

o Create new directory D:\UMER S8\ FEH UMEENIEER{L?

E(Y) (M)

2-5
6) IXHfE, ATERAIE T — 2R CHEERACT BB, R B — AN S
Fe, SCAFRAAFREIN UM BB AR, XA EA “input.dat”
“object.bmp” PN, W 2-6 s, FiE REEEIB) )RR
B CHTED, Jad RERYEE K (H %),

IHEERE » Data (D) » UMEIIERE » ZpIUMER > RN

al L\_\ =

input.dat object.bmp

2-6

www.universalmechanism.com -10 - www.tongsuan.cn
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2112 JREEEE

1) #EFETIXH Edit — Read from file, TN FEAE “D:\UM EIEFE\LFA
EMNHUERAY 7, PR EE.img, SRAFT R, B 2-7 i

|Z) Read element

>
« v ]« UMESIEEE > JUEEH » HERN v O D SRR
|0 v RS B~ [ @
A ER ERAE S Forh
¥
B 0| [EEEimg 2020/5/7 11:25 UM Image 2 KB
4 o Efflimg 2020/5/7 11:25 UM Image S KB
n =3Rimg 2020/5/7 11:25 UM Image 2 KB
E
B
W

SOEEN): | FeEEimg

& 2-7
2) IXFE, FATHSEAN THERSUREE R LFTEE (Images), WIE 2-8 flix.
SNJUATETER B 2 s af ML UR, EIFAS 53 1% R

13) Object #ER{Y - o x

oo T | la = sfe : - e 2 ;

G SRR IEE SR T] S AT R S s
s

Comments|Text attribute C
Description GO position

Profied | Cone | cone |
e +@

CommentsText attribute C

Parameters Colors GE position Material

Profile  Axis curve

Typeof curve:  [Curve 20

Scale X 1.000

[pren ]

X

Scale ¥ 1000 2
]

Nurber of points: |40
Description: Points: 3

[[JReverse end normal

2-8

www.universalmechanism.com -11 -
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3)
2-9 o

() Object #EER(Y

~ - Object
~ -} Object

LRI R 1T R A

i P AR o () Bodies, SRS A NAZ B R v i%HL +, WA

=8|+ 8

Whole list

Name Expression

& 2-9

4) XFE, BATFEIET —NNUE, REGHSIM SN Bodyl. 7E58 H AL
Parameters UL[H Image A0 FHi SR IERKEE, FIRFF Visible LT
NAERE, wE 2-10.

(E) Object sERN

v @ Object
v £F Object
o Curves
~-F) Varisbles
o Attributes

LIRS IR S R I - R AN AR

=8|+ @y

Whole list

Name Expression

Value

www.universalmechanism.com

2-10

-12-

- o X
>4
+REE
Comments/Text attribute C
\ |
Oriented points Vectors 3D Centact
Parameters Position Points.
Coordinates (PF): | Quaternion ~
Go to element e
Image: A visible
EE] -
No
s
Inertia tensor:
\ | g :
\ g :
T
Added mass matr {none) B
Coordinates of center of mass
<

www.tongsuan.cn
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5) fEAZE SIS Name ALK 1Z NIk H 44 NJEEE, 7E Parameters ULTHT N6
Mass 4b5E R (EPREAL: kg) 71, FE Inertia tensor 4b5E CHIAAH
X HARVE BRI s i E (ERREA: kgem® Z2alA 1, 1, 1, WE

2-11 o

wit: BEAASHEENSH G, g T

(&) Object HEFR(Y

v (@ Object
v £} object

ALIENCRIEE TR

&9 @w | e|la|p |

- [m]

x

=8|+ 8>

Whole st

Name Expression

Value

[
= thEO
Comments/Text attribute C

Oriented points Vectors 3D Contact
Parameters Position Points
Coordinates (PP): | Quaternion v
Go to element [

Image: M visible
iz -]

[ compute automatically

& 2-11
6) LRI FR 1) Joints, SR JEEAT MRS B S s %4 +, W

2-12,
15\ Object AR - o X
T e | OGPy | @ |w|E e p | .
2-12
www.universalmechanism.com -13 - www.tongsuan.cn
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7) XEE, BATEGIE TN, REHI AN Jeintl, WnE 2-13.

&) Object BN [m] X
Wa| v Srmy| 09 elwa|p | i
KGR LY N efmelp ml s [
Body1: Body2:

[otviton  cfsdyitone -]
Type:

?a

v-[ Object

~ - Object
gl Curves
$F9 Variables
S5k Attbutes

-8 Subsystems

v Images

tinne

=8|+ d/

Whole list

Name Expression Value

& 2-13
8) RJGM Bodyl FHi3ZHEFE Based, M Body2 FHiSEHkiREEE, R
2B E AT 4 N jBase0 JEFE, M1 2-14.

@ Object HEFRIY - o x
[ [ 1 i
0 ot B KOSy TGV e|we|p) |- B S
o [P0 mE |
- gt Body2:

= [ =]

VT R

+-F External

-0 Base0

a3

2-14

www.universalmechanism.com -14 -
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9) M Type R EF: 6 d.o.f., ZAJSTE Coordinates T[] BT 2) %k =4~
SPENA =AML E IR T (B N AE IR, wE 2-15,

15) Object #ER{Y

A& OLhm x| Do W el |

A

~ [ Cbject

=8|+ 6

Whole fist

Name Expression value

& 2-15
10) HEFESEHA File — Save, {RAFHAL,

I PA A, FRATTAE AR T TR B 1 A
v HEE LT

v B LTI EE A

Vo SCNIR R

v HERNIRIEE)

— [m) X
(X

e feia |+ @ W

Body: Body2:
[asen Bl |[:3

Type: | ™ 6d.o.f. ~

[t |0.000000000000 2
[0 2 |0.000000000000 2
[0 3 |0.000000000000 2

www.universalmechanism.com -15 - www.tongsuan.cn
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2.1.1.3 XHEM

1) %&£ T EH Edit — Read from file, EMFEE “D:\UM B HFE\ LM
EMMERAN ”, EHTRimg, SEHFITHF, B 2-16.

|1Z) Read element

X
A« UMSSIISR > JUEET > MR v o | o mmmE
|n ey FETEE - O @
i =R ) A ) o
o [REE.img 2020/5/7 11:25 UM Image 2 KB
) ERff.img 2020/5/7 11:25 UM Image 5 KB
0 ZHimg 2020/5/7 11:25 UM Image 2 KB
a
=
.
THEN): [ ZEimg v
& 2-16
2) XFE, FATEFAN THOERDCGZZEW JUATETE (Images), Wi 2-17 fr
o ENJUTEITER B 2 i nf AR, EHAS 53750
o
- I
.- S a8 SPbmr| o0 euEelnedr Nz::%eﬁ+ﬁs
2 s [ \

Profied | Cone | cone | cone |
- +Ew

Comments/Text attribute C

4
0

|
I
0

Colors  GE position  Material

Type of curve: | Circl

i
N
i

Scale X 0,900

=8+ 8§ =

Whole list

Scale v 0.900

Number of points: |40

Name Expression value

i

[Jreverse end norr

i
Wy
o

i’
sl
J

2-17
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3) MBI i) Bodies, 75052 H 5 I BRI B R WA R BRI 2 4
& 2-18, ARJEEERE I sz + . X B LUk Bodies, M
B, EFEE Add element to group “Bodies”.

|Z) Object #E{X - [m] e
[ 54
© B oot SElh k| O ke x| @@ W W e|RR|D FE|H
R + @
Comments/Text attribute C
Oriented points Vectors 3D Contact
Parames ters Positio Points
Coordinates (PP): | Quaternion v
Go to element [ <
Image: [ visble
[ ~]
[] Compute automatically
Inertia parameters
"
Inertia tensor:
[t 9l ] :
E i :
whole list 1
Name Expression Value Added matri (rone) E

& 2-18
4) X, BATHAE T AR, REHB AN Bodyl, 1A AH
Parameters UL[H Image 401 FHi SR IERESTEE, FR¥F Visible LT
NAEIRES, Wi 2-19.

&) Object i831Y

— a x
S ALIKCERIEE R I - R I N
+wE
Comments/Text attribute C
Oriented points Vectors 3D Contact
Parameters Position Paints.
Coordinates (PP). Quaternion ~
Go to element feg

Image Visible

2-19
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5) {EAZH AT Name ACKZNIR B 4 A48, ££ Parameters TR T
Mass 4bE s (ERFREAL: kg) A1, fE Inertia tensor AbE WA
X EAR M R AR (EFREAL: kg e m® 25081, 1, 1, WE
2-20,
HIT: BRI S ENE N Z ), g — T e

12) Object HEER1Y - o X
B e | 15 @ X
v @ o A LIRSCR IR S NN T - (AR N A
% Otject = +hEa
028 Curves Commens/Text atirbute C
¥ Varizbles
P attribute: | |
(8 Subsystems
8 mages Griented points Vectors 3D Contact
REE e e ters Pasition Paints
G =R Coordinates (PP): | Quaternion v
5 Bodes
o Go to element =
CE Image: M visble
- Joints ™
4 Bipolar forces R ¥
G [ Compute automatically
- Inertia parameters
2 "
L]
T e nsor:
c c <
[ I |
E ] :
I T
Nam Exp val Added mass matrix: (ore) ]
Coordinates of center of m
c c <
\ I I \

& 2-20
6) kA ZE M AIRS T Joints, A7 RS H S BRI R REL jBasel JE B2
2, Wl 2-21, REALHE M RERE +.

[E) Object trafix

- a x
L E
o e JElle | Sshm k| @@ w2 wR| D E|-
V43 object Name: + B0~
gl Curves s sl
<7 Variables ody: ody2:
% atvbutes [pase0 [ =l
(18 subsystems Type: | N6 d.o.f. i
-G Images
R Geometry Coordinates
& =3 =T =
« o5 Bades = = Transiational
. -‘ ".—’ degrees of freedom:
T a?jn;m = - ” [ v [0.000000000000 B
-4 B ” [z [0.000000000000 =
G S ’ Rotational
Eu degrees of freedom:
i Ei" v Grientation angles
(54 > 3,1,2 -
= B0 | + @ |E+| E — [ 1 [0.000000000000 2
whole list \ [J 2 |0.000000000000 H
Name Expression Value [J 3 |0.000000000000 m

2-21
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7) XEE, BATEGIE TR AR, RAEHEIM AN Jointl, WE 2-22,

[5) Object 3R o be

=

>

v - Obiect

T e e |0 ey W e|wme|p F|s
~ % Object v‘ & | & = \@fﬂﬁ-\ ‘ .‘ ‘D '| Neme: [onti | + [

ok Curves
79 Varisbles Body1: Body2:
[Body : (none) | [pody : trone) |

~[19 Subsystems Tyoe:

I

o
‘o

—_—
< >

<>
<

& 2-22
8) #RJE M Bodyl FHiEHIEFFEEE, M Body2 PG, R
HaG Ze Ear 4N j JREE 748, nfE 2-23.

[
=B

Bl
b

'
§

(&) Object #ER(Y . : .
B " eyl 1
- @laQ«|[|[USPmr | FPI W 2/ pFr|s
O Object - = -
- ~ 88| o] & | ‘ = = ‘ | Name: [JEEE_28 + G -
Body1: Body2:
[E& B2 -
— v
- External
[ Based
0 i
B =%

0

[>d
=8|+ 8/ =

Name Expression Value

ol

y
i

w

2-23
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>

(A

9) M Type FHiZH A EFE Rotational, PRIFERAIRE . RRYIEK 2 Z4H
XA 1 JERERA — N s E B, BN TR R R, R

JER X B, R HSCEER RS SRR S ES, AR X SRR X
AT (ES), A 2-24.
O;W LIS R 1O R A s

i
y
!

A=

0y
i
P
0‘0

i

=8|+ 6/

Whole list

N

A

Name Expression

Value

(\
A
o

\

o

/
\

\

& 2-24
10) fE Description G, AT LM Value H CREENBROAMEED, Tl
W ST AR R s s (R e IAE, iR R,

2-25,

(8 Object #BER

v -3 Object

G| @ & |[Q]S ke x| ®0@w|e|ne pr|s

>

o
.'o

www.universalmechanism.com

S

2-25

-20 -

Name: [JFoE 58 + @ ~
Bodyi: Body2:
[Fre I [E=3 =

Type: | & Rotational

Geometry  Description  Joint force
Joint points

2] T
G 5

RE axis X : (1,0,0) >
E "o "fe ]

Hue axis X : (1,0,0) ~
[ "o fo i

- o x
>4
Name: [jFRE =3 + @ -
Body1: Body2:
[FeeE e =
Type: | € Rotational v

Geometry Description | Jaint force:
Configuration

Joint coordinate
[Fresaibed function of tme

JFixed

www.tongsuan.cn
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Hsk, A 6-9 28, AT LU ZE U RIR 1) Joints, miAEE, EHKH Add
element to group “Joints” — Rotational, X573 7i%+ Bodyl A1 Body2 X 5.4

&, Wk 2-26.

@Objectﬁﬂﬁﬁ‘( - a x
S | B 7D .
O e ALIRSCR IR Al AU - BRI Wone: ot | 4+ @ 8 <

Body1: Body?2:
[Body : (none) | [Body : (rene) -1
-8 Subsystems Type: | « Rotational ~

[

Geometry Description  Joint force
=5 _‘_ _’, Joint points
es _‘, —. Body1 Ty
s = = =l | dl 2 3
= e :
ase0_RHE : - -
; |. e

’ Joint vectors
: ; ’ ’ R — —
B
= E ‘ + 0 ‘F‘_hl & Body2 s X : (1,0,0) -
’ [ — C—
Whole list

”

2-26
11) %&£ 58 File — Save, {RAFHRAL,

7t
3

<
&

0

0

<
BB

Révgaefadspaiy

Guno, -
i

i LR, AT T SR A .
v HEE LT

v B LATIREE A4

Vo E NI &

v HRNIRRIZEE)

www.universalmechanism.com -21- www.tongsuan.cn
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2.1.1.4 BRIEEE

1) #EFEFH Edit — Read from file, EALFIERE “D:\UM B A2\ L
EMHERA”, P ERK.img, SEERAITIF, B 2-27.

|#) Read element

*
4 « UMISIERE » JUESER » HERMY v O L EREN
Ny R =~ m @
Br =& B EEEs 2w ok
o FEEE.img 2020/5/7 11:25 UM Image 2 KB
o BRffimg 2020/5/7 11:25 UM Image 5 KB
o THimg 2020/5/7 11:25 UM Image 2 KB
Y
|
o W
STHE(N): [Bikimg v|
[ wro || =
& 2-27
2) zzﬁ TATL RN T HOERDCGZ LR LA B (Images), 0 2-28 Fﬁ
o SENJUATETER B 2 i nf AR, EHAS 53755
B
(8) Object R - o %
[ [P = 5 5
“'33’2‘;& AII_\»Q&*\{W@W.En\@@g-\m\wj‘@\@\bF‘_\L veme: HE | & + @ @
zwﬁ = |
@ism”:;:hms Description GO position
v !-: :.:gg [Profied | profied | profied | profied |[<]+
6 36 Tye: + @@
b E:EE Comments/Text attribute C
%R [ |
v R Joints
& Base0 R Parameters Colors GE position Material
< R ER Profile Axis curve
i) i mpetane: [avem v
SB[+ 8[BEH0H sev w4
Whole st nemberofpontsi [0 4]
Name Expression Value ;s:mlnn: "
2-28
www.universalmechanism.com -22 -
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3) e A MEIAIR ) Bodies (LSRR —MHIEET), REHELZH
R s Y, Wl 2-29. X B LLUE S Bodies, AR, EEE
B Add element to group “Bodies”.

1E) Object #EERR — [m] X
B e | £ o [

por dJElile k| WGP x| 890wV elaR|D E|-

£ Object name: +Hh @8

H Curves Comments/Text attrbute C

R Variabl

i =D Attributes ‘ ‘

i--f13 subsystem:

v '.\ Images Oriented points Vector 3D Contact

H p.\ EE Parame ters Positi Points

oo =R Coordinates (PP): | Quaternion v

> -G Wi
~ ) Bodies Go to element [
: o R Image: [Avisible
L = ]

v Joints

P Base_RE [ compute automatically

Lo R Inertis parameters

4 ok s

-G Scalar torques v

P limese frrrae Inertia ter g

E [ | B B
o+ =h

&8+ &P I 7] 5
Whole list 1 c
ame Expresson value Added mass matrix: (one) =

& 2-29

Coordinates of center of mass

\ 9l I

4) IXFE, BATHAIE T =AWIE, REGHZhdr %N Bodyl, {EA8HF
Parameters UL[H Image A0 Hi g kR, FIR¥F Visible LT

NAEIRZS, wE 2-30.

(8) Object 1EE2L _ o x
[P 5 2 X
B o NE[QR K|S | G 9B W 2D E[H
B e i+ R B B
Curves
. |Cﬂmmenls/|’exlamhutec ‘
% Attrbutes
g
2 E‘i 2:‘:‘“‘5 Oriented points Vectors 3D Contact
) Pt Parameters Position Points
> :.: §i§ Coordinates (PP): | Quaternion v
3 e§ A Go to element fes
o RE Image: [ visble
5 sm i I
) Body1 No
v-R Joints
& ase0 i 23
< iRE R
£ Bipolar forces y
Lr Sralor tnervsge Inertia tensor:
= [ | ] 2
SB[+ 8Bt — e
Whole list c
Name Expression value ‘Added mass matrix:
Coordinates of center of mass
\ | | E|

www.universalmechanism.com

-23 -
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th

5) TERXHFHHITIES Name ALK NI 42 9FR{E, 7E Parameters G &6
Mass 4bE i ([EPFR#A: kg) A1, 7E Inertia tensor 4b5E X NIAARA

Xt AR 3 A ) e s 15

2-31,
wit: BEAASHEEASH G, ame— e E i

(EPFREAL: kg m?) 2381, 1, 1, WnE

(&) Object RN &5 o X
[ - g . )
0 o ALIESEIRE AT I - RS A :
v Oject Name: + @6
a4 Curves
£ Variables Comments/Text attribute C
8P Attributes | ‘
o
b ,% ::::ZE'"S Oriented points Vectors 3D Contact
o R Parameters Position Points
> :.: §§ Coordinates (PP): | Quaternion v
v el il Go to element 'S
g gg Image: M visble
9 Bk i3 ]
v R Joints [ Compute automatically
I Base0_fEE Inertia parameters
<pe -
& Bipolar forces
£ Gralar treru Inertia tensor:
1 E” C‘ c
+
=8|+ @ k g c
Whole st 1 <
Name Expression Valu Added mass matrix: (none) B

& 2-31
6) A& A AR Y Joints (HLSEE R R —ADNEHERT), AR RN
s+, wE 2-32.

() Object R

~-@ Object

~ -} Object

<

& v RE
8

Bllaa«|ld Sk | B0 6 w|E |lwe|er| s

)
/

4
S8+ & B

Whole list

Name

www.universalmechanism.com

A

¥

2-32
-24 -

Coordinates of center of mass
c

- a x
|

Name: [|EEEE FH + i~

Body1: Body2:
[ == E
Type: | & Ratational ~

Geometry  Description  Joint force

- Joint peints
."‘»"‘- . i
D—.‘ | I I |
’ ‘ s
sl | H H |
>< Joint vectors
,EE axis X : (1,0,0) v
& R O
=5 axis X : (1,0,0) ~
"4 [ O

www.tongsuan.cn
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7) XFE, BATEAIE T =AM, REHEIA N Jointl, WIE 2-33,

(8 Object R

v - Object

By @ 7 ma Rk ] o @ &
v O JECAIRE AR R IC T - B LN veme: [onts | + @ @ v
) Varizbles

a X
54

Body1: Body2:

[Body : (nore) ~]][Body : Grone) ~[
Type:
v Tmages s

j

7
<

|
il
o‘

:
I

=
=8+ a8/ ]

Whole ist

HName Expression Value

o
)

& 2-33
8) ARJGM Bodyl FHZEHIEFEZEE, M Body2 FHEHIEFERE, RES
HalB iz E a4 o8 j 242 BjiE, M Type NHERAIEEE
Rotational, & 2-34.

&) Object inF6

- o x
v [ Object
~ -} Object

=

>

o &| O B ook |~ e |me|p r|2
Q@& Sk d | @D @ W W @ bR vne: [ | + B @
~F) Variables

Bodyl: Body2:
=] | =
(19 subsystzms e -
v 6 Images e
& =R

6

€ d ’
=8|+ 8 = ’ ’

Whele list

Name Expression jalue

2-34
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9) 1E Joint Vector AbXJ L BEMIERIAES L $E Z Hh, FoRPpik 2 }*?M‘HXUL%W 1
RXHEBA MR EHE, BT SCRMIE R, e RN Z
My, HEHIRRMIR SRR R S, SRR Z RS R Z R PAT
(HEE), WA 2-35,

|2) Object #EERIX = & 2
[ ] M 1 | E
N L ARCHEYR SRR Rt ol e | E|&
vgg;eoc;“t -‘QLJ | & }®®e"®‘ " ]D " Name: %38 B4 + @ @ v
ey e
3P Attribute: ‘§§ ﬂ\lm’*‘ L"
(8 subsystems Tpe: | Rotatonal v
v -6 Images
L} & R Geometry | Description  Joint force
N :-: ;i Joint points %
- EE]
v 5 Bodes [ ]l ]l ]
9 RE
9 =% it T
9 [ |l g ]
v R Joints
IRl 0 0 1 (0 e
< R = )
A P B[0 o[ |
[
=8|+ 8 BEEE
Whole list
Name Expression Value

& 2-35
10) f£ Description UU[fl, FATALALLAE Value B CREBhECN ROAME),
YRR AN SO RiE s (TS8R 0%, FHmde 8,
2-36.

(@) Object 31X =B W
& e : 3 X
B obrct ALIEERIEE LRI T BRI N
v Q;jed = | Name: |i322 3k + @ -
Curves
Fe Variables Body1: Body2:
a5 Attributes ‘§4€ ;l“iﬂ%\ LI‘
? f:;:ms Type: | Rotational ~
vy
o RE Geometry Description Joint force
> -G 3R Confic
> W : 000000000
v 5 bodes Rotaton: 2
9 RE | shift: 0.000000000000 p|
g ;ﬁ Joint coordinate
v R Joints [JPrescribed function of time
I |
< R HE | OFixed

,,,,,,,,,,,,,

S8+ 8B

Whole list

Name Expression Value

& 2-36
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M 6-9 5, HA] DA B HEAE Bodies—ER{K T, %4l ¥, K5 Create
joint — Rotational, 785 %# Bodyl XTSI SR, B A 2, ] 2-37,

+hE O
Comments/Text attribute C

e |+ @@ -

Oriented points Vectors 3D Contact
Parameters Position Points
Body1: Body2:
Coordinates (PP):  Quaternion ~ |§3’1@ ﬂ| |13}z * ﬂ
Go to element n . .
+ Createjoint | < Rotaticnal Type: | & Rotational v

Image: Visible

& Image £ Translational Geometry Description  Joint farce
Bl ST N 6dof -
. Joint points
[ Compute automatically % General +7 T@
Inertia parameters @ Quaternion | T ” C || Cl
Mass: | 1 £ ‘
Inertia tensor: Hit T%
! il il 7 | | | 2
| CH C‘ Joint vectors
s axs 2:(0,0,1) =
Added mass matrix: (none) J |[J L | |[J " | | 1 nl
Coordinates of center of mass Hif axis Z : (0,0,1) w
C 5 5
I | o "o ip 7

2-37
11) %&£ 338 File — Save, {RAFEHAL,

i A B3R, BRATTAE e A T R 1 A
#ES LT TP
CUYIRGne /SIS
7€ LA I & 1
BRI A IIZ 2

\\\\

M, ORI R A,

KGRI T UM BAES AU BN E SR — 5%, Ja 841
TAER, @IS REEAZ IR
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212 hE

2.1.2.1 HNGFEREF

1) #E# UM Input 2571 E 3 Object — Simulation 21715 5L 7 I+ H3)
PSR CoRELRE ik T AR O,

I5) UM - Object data input - #3R(X
File Edit  Object Add Tools Help

Compile equations Ctrl+F3 El ﬁ“p ﬁ ﬁ lE '_§_' IK‘ r& k
@ o« IISTUEToR G
:::.:6::[];;;;;::::::::::::::::::::::::::::::::::::::F -; ‘ ‘ [q] ‘* | @ @ GT? s k ‘ @ @ ﬁ ‘ | @v | ‘ Q ‘ F' |
~ -IF Object
y‘c uuuuu I

& 2-38

2) fF UM Simulation {/j BF2FI121T/5, K UM Input #2/7 (RIGFAELL
PRANEE 7 [R5 ] —AMEE AR

3)  INE TR E 0 HAR e A A 2-39 Fon, B N SRR E H A
2, NN ER. EEFEEN LA T A EEE L, B
HUAEAY, WRE SN B, AT OCHAR AT [F T 2 AN
HIEA, T UM Simulation 27K H 17 48 EIE 5% ORGE, 1.3
I % 144E 5 UM Input #2788 E AR, A0 B 2R 7% BAR IR AR FF
NIRRT, WL T WAR N3, #F BRbs R 3 N30,
18 80 RARIR AL A 46 T

Simulation - di\um SIS\ HHumIERN IR - o X
Scanning Tools Windows Help

C EHEH ARGE EeAldd pEa| D e mmem ] e,
BT A E

www.universalmechanism.com -28 - wWWwWw.tongsuan.cn
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2.1.2.2 BEBERESE

1) EFFZEH Analysis — Simulation, 5 H {5 EAEHI AR, WE 2-40.
G s T AR ®)

2] UM - Simulation - d\umISiIS2\SHaTumiERN TR (Y

File =Analysis Scanning Tools Windows Help

d Sirmulation... F9 f);‘{= @_n Eﬂ %

Static and linear analysis... F8

& A | &
& BEowro g O
2-40
2) 1E Solver T, ERYCRAES:N Park, K15 EAS A Time ¥ &N 100 ([F
BRELAL: s), N 2-41.

Object simulation inspector

Solver Initial conditions COhject variables KVA Information

Simulation process parameters  Splver options  Type of coordinates for bodies PP Options

Solver Type of solution

{_JBDF

O ABM () Null space method (MSM)
(®) Park

O Gear 2 (®) Range space method (RSM)

() Park Parallel

[Time > ~ 100
Step size for animation and data storage
Error tolerance

[Joelay to real time simulation
|:| Keep system matrix decompasition
Computation of Jacobian

[ Block-diagonal Jacobian

Integration Message Close

2-41
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2123 BENHEEE

1) Y)¥: 2| Initial conditions [, "JUUERRFHHEHE N2, REH—
AN E HE I Velocity N 1 (EFREAL: rad/s), & 2-42.
I BRI A ST NGNS, igme— e FEE

Chbject simulation inspector

Solver Initial conditions Ohject variables XVA Information
Coordinates  Constraints on initial conditions
=B @® 0| v ¥
.L + Coordinate Velodty Comment
L1 0 1 IEE_ £ 1a
1.2 0 0 =R _HiF 13
< b3
Message dx=| 0.1 | da=| 0.1 |
Mumber of d.o.f, = 2
Integration Message Close
& 2-42
www.universalmechanism.com -30 -
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2.1.2.4 PATHEGTHE

1) fidi%4H Integration, $ATHIE, 7E30E FE ] DLE BIBRKRE 2 48—k
SeJR M X et izsl, i 2-43,

[=1=]=]

@] Animation winde
Q0GP G| e

® 8 w|®

15] Process parameters
[#]simulation time (s) 10.42
[Apuration tme (s) 1.016
[ 5tep duration (s) 9.0392E-6
[step size (s) 0.002
Pause

2-43
2) HHERYE, £ E3hME Simulation over #7R; HEGIRE LA, ]

s e 2t e B i ESC e

Pause

Process parameters  gglyer statistics

Type of coordinates for bodies PP: Options

Simulation process parameters Solver options
Solver Type of solution

BDF

AEM () Mull space method (M3M)

Park

Gear 2 (®) Range space method (RSM)

Park Parallel

Time tlz ~ 100
Step size for animation and data storage

Error tolerance

i
&

Delay to real ime simulation
|:| Keep system matrix decomposition
Computation of Jacobian
[]Block-diagonal Jacobian

Continue Message Save Interrupt

2-44
3) feHH FUm A %4 Interrupt, 2B R
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2.1.2.5 BHAIHEHSF

1) BLLE[E 2] Initial conditions FEI, ¥4 28 —ANH HEERESE Velocity thik &
N1 (EBREAL: rad/s), WE 2-45.
HIE: XA S XSG, 5w T .

Object simulation inspector
Solver | Initial conditions | Object variables | xvA | Information |
Coordinates | Constraints on initial conditions |
=B[@®0|ww|y
dr ¥ Coordinate Velocity Comment
11 o 1 FREE 758 1a
1.2 o 1 A i 1a
< [ p
Message | dx= 0.1 E da= 0.1 E
Mumber of d.o.f, =2
| Integration ” Message ” Close ]
|
[ 2-45

2) ANRANG T T4 Close 14407 BRI H] 1, EHrEd 3¢
H. Analysis — Simulation B E £ mi i T B 24 @'EI’U-T 1]
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2.1.2.6 HIXKH#ITHE

1) miidi%E Integration, FHXRPATIHE, FESNHEE O 0] LUE 2B A RERE S
IR R X Rhiekizsl, NAHXT 4 7 Hieitiesh, Wi 2-46.

[=1=]=]

[ simulation time (s)
[ Duration time (s) 7.092
[“15tep duration (5) 8.2808E-6
[step size (s)
Pause

2-46

2) WA E T e R s s O35 T, ATiEsE £ SE 8 Tools

— Animation Window...Ei:l:ﬁﬁ?ﬁ%ﬂ@%%ﬁﬂﬁo

2.1.2.7 FHELHETHEEL

1) et e i &8 E, EsfH T a1 4H Interrupt Z1E07 5

2) AT EIRHIER N Close 4241, KL IC .

3) EFETEH File — Close, HIE YATHIAL,

4) UM Simulation F2/FEIZ1T, P File — Open JN#EH AR
A, AT E AR
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2.2 T = &AM

B 2-47 IR N— NP PUEF N, 288 YN WIE (HL2E . il
Wi~ EFAEYD Hpk. WS RE SAL THERIRH, 20608 X i, S Y
Hy, WEOONZ R, HAPNBRE e EE, BEEHE, EWEASENEE Y M)
MHEBE, EFREAZMN Y SR BB, WREASER Y M3t e
HHEE, [FIBTIEER 2 RINEBR LR R eI s X #uizsh, BRI s—AN 9T 24,
A — L E HE .

AGIFHEIALE: UM Base.
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221 B

1) 247 UM Input F£fF¥.
2) EFEFZZH File — New object, Hrit—4> UM B,
3) EFHEIEH File — Save as...,
RA UM BN\ EFHIA 7.
4) EFFSEH Edit — Read from file, KA “

T8 E AR AT S 4485 “D:\UM B3| #0F2\

D:\UM FI#RE &

PIEFHIM” SO TIPS img. HiiR.img. EAF.img AIMEH.img

DU LT, & 2-48. WiiddREes, iy No Bp],

1) Object MiEHTHIHG

[m}] X
B - F
0 e MRS | DT E 2w pR|- were: @R | & + @ @
- e ame:
Comments/Text attribute C
\ |
Description GO position
Cone | Box | Box | Bx | cofas
Type __3 Cone v+ 6]

[® 2-48

Comments/Text attrbute C

Parameters  Colors  GE position  Material

Radius (R2): |0.05 C
Radius (R1): |0.05 c
Height (h): 0.4 c
Number of points

5) HTHIZEEAEBHE, Frbi BB yHAl @RIk, o Bk ms
Base0. WIE 2-49, Jo/E/MIBAIRIEF Object, 4R J5EAMAZ H 51
General T N J7 Scene image &b~ H7 28 H rp e £ J LA ZE

15 Object MiEHFlIG

Do Jm Q& |[OGke | g awaeece|er
v@;:;m
&
=]
Nam Expr val
2-49
www.universalmechanism.com -35-

[m] x

[
Variables Curves Attributes
General Options Sensors/LSC

Transform into subsystem

Path DN MENISEE EEAIUMIEE\THEAT 145

o
[umobgect |

Comments

Generation of equations
() Symbolic

@ Numericiterative

Gravity force direction
ex
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6) GIEE—NNIAHAE, M Image FRSEHEREJUA A, REEWRE
(1) fEzEE (1, 1, 1) &5, WE 2-50.

(8 Object M=t

— 8 o Sm|e W k| OG5 8 e p R

o+,
=0+ 8/
Whole list
Name Expression Value

2‘51 o

2-50
7) GBI T ANMAZER, M Image FhisErik R UEM, KEEHRE
(1) MR (1, 1, 1) SESJROL (0.4, 0, 00, WE

- a X

Comments/Text attribute C

>3

veme: (B | + m @

Criented points Vectors 3D Contact
Parameters Position Paints
Coordinates (PP):  Quaternion v
Go to element =
Image: [ visble
(e -]

[[] compute automatically
Inertia parameters

E 4l 7 ‘

L g c

. 3

‘Added mass matrix: (rone) =]
Coordinates of center of ms

(&) Object ME=rFlig - =] x
B o0 B
0 ookt JElAE |0 Gk x| GO @ eV e D F] ;
v et —_— +h@E
1-ooh Curves Comments/Text attribute C
+-700 varizbles
2k attributes
(B subsystems
v Images Oriented points Vectors 30 Contact
F.\ nze Paramed ters Paosition Points
A Coordinates (PP): | Quaternion -
& ET
o B Go to element [
£ Bodies Image: [ visble
9 i & 3
B EF
Joints Compute automaticaly
I
& Eipolar forces Inertia p ters
vnfCo Scalar torques st
£ Linear forces
o v nes
=
i+
=8|+ 8 Ex
Whale st
Name Expression value Added mass matrix: fone) |
Coordinates of center of mass
T T T
I I |
A

www.universalmechanism.com
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8) AU =AWIAMEER, M Image FHSCEEFILMIEE, KEHRE
(1) MEEZRE (1, 1, 1) SEEFOALEE (<04, 0, 00, WA

2-52 o

8] Object THERHG

v @ obgect

uuuuu

Fmqa k|0 Srmr| @@ wT e dE|s

9)

[& 2-52

BIE S —/MB, Bodyl %3 Base0, Body2 MEFEHIAE, Type k%

Rotational, Joint points 73724 (1, 0,-0.8) F1 (0, 0, 0), Joint

vector #IERE Y 4, WIE 2-53. R MR RS B AR AR AR R 1) AT
(1, 0, 0.8) HA, GBI ZES SRR R Y P47 Y Flm)
CLR ), FFH MR Y S5 2 PAT (A,

&) Object ME=FFlAG

v [ Object

uuuuu

S

ALK LRI XN ) - AR A A

=8+ 3/

Whole list

Name Expression

www.universalmechanism.com

-37-

- O X
]
+R®
CommentsfText attribute C
Oriented points Vectors 3D Contact
ters Pasition Paints
linates (PP): | Quaternion ~
Go to element =
Image: [ visible
e ]
[ compute automatically
Inertia parameters
Inertia tensor:
1 5l 5] c
E 9 :
1 T
‘Added mass matrix: (ore) ]
Coordinates of (ﬁr\t&r of mass H |
c c c
- O X
F
+® 8 -
Boc Body2:
[pase0 | [ -l
Type: | < Rotational ~

Geometry  Desaription Joint force

Joint points
Base0

b 2 | g
HiHA

\ ] “l 7
Joint vectors

Base axis Y : (0,1,0) &
L ol 2o g
B axis Y i (0,1,0) ~
L e 2o ]
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ZLit:

10) V)# 3] Description T1[H, ¥ E Rotation [H4 30 (° ), 1EAVIIEIRE.

SRJ5, Ak Prescribed function of time, #AJ57E# H XMHEHE S=2(Y), W

() Object M

& 2-54.

B

v @ obgect
v -} Object

ot
7 Variables
-0 Attributes

>

XIE 25

75 omega =

@ e Q«|[OSrmr|g0awg | p k]

— a

x
14

e [ | + B B

Body 1: Body2:

|Esseﬂ jHEﬂﬁ

|

Type: | o« Rotational

Geometry Desaription  Joint force
figurat

Confirmation

4
‘ o Replace existing element?

2-54
11) e F 5 EdEHEf AR X 20 omega*t, [A174, FE50H FE A5 Accept,

Joint coordinate

| ™| Spresaribed function of tme

N0, t W RGATER A XASFIA IR E S a] o BOR A R #2
), FrA ¢ b IC IRBCEAE AR AT LU S35 I ] ) pR Bk 3, N

2-55.

&) Object =

B

~ - Object

uuuuu

~

=8|+ 8|

Whole list

Name Expression

www.universalmechanism.com

Blla«|0&wmnr @98 W a|ae|pr|

- [m]

Body2:

Rotation:  |30,000000000000 X
p—| shift: 0.000000000000 A

Value: 0,000000000000 2
- 2

BB 2T TS BT SR, sl

X
5}

e i + B W -

Body1:
[asen | [eeim

Joint coordinate

[Apre: ction of time

Type: | € Ratational -
Geometry Desaription

Configuration

Rotation: [30.000000000000 =]

Shift: 10.000000000000 A

Type jon
(®) Expression OFie

O Function Ocurve

() Time-table

[omega=t t

- 38 -
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12) B =AML, Bodyl HEHHIAHE, Body2 EHEM, Type iEH
Rotational, Joint points 73524 (-0.3, 0, 0) 1 (0, 0, 0), Joint
vector #RERE Y B, B 2-56. FAKEAIE S MR R EALAR R T
(=03, 0, 0) HEA, EMGETZSE MR R Y #PATH
Y HIAT DU SN, HEHIEMR Y 52T (EE).

8] Object MisHlig B
S|t o] &[4 ok me a RN §
TENCRIE IS |eo e e|w®prlr | e iwms -

Body1: Body2:
B R =

Type: | & Rotational

Geometry  Description Joint force

i
i o jBase0_RH
H < ST
-8 Bl frvear

] axis Y : (0,1,0) v
P o[ gl o

EF axis Y : (0,1,0) v
L [ P i

=8+ 8 ™

Whole list

Narme Expression Value
omega 0

2-56

13) Y)#:3) Description T, ¥f Value fHi% 5-55 (° ), g 2-57. Tk
TEFFAE RS B AW 5 5 — 5 F BEAE NIAEIRZS o JEREX F8— Joint, 7E/R
EMLERE IR, SoRIHER R Joint ERE ) — MR R E AL RS £

|E) Object MEFTHlig i 8
|4 @ s> me & [ - e i
|l o & || 8|S |® 6 &w|s = |b R e [ SEAF + @ a -
Body1: Body2:
Eo = =]

Type: | € Rotational

Geometry Description  Joint force
Configuration

Rotation:  {0.000000000000 2
shift: 0.000000000000 2

Joint coordinate:

[JPrescribed function of time

Value: -55,000000000000 '_AI
[CFixed

Mame Expression Value
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14) QIS =ML, Bodyl EFEFF, Body2 EFEH, Type lﬁ:ﬁ:
Rotational, Joint points 77524 (-0.8, 0, 0) 1 (0, 0, 0), Joint
vector #RERE Y B, W1 2-58. RN HNE S S EA R EALAR R T
m(-0.8, 0, 0O HEE, HHREGEIZ A SIEN RERIRR Y BT

YRR DL, JF BB Y f 5 27T (B,

JEAE k| OHsemw x| BT @[T e/wR|[DFR|S

1) Object Mt
v -3 um
uuuuu
Fr Vanahl
«P Atiribute:
(19 Subsystem:
v G Images
&
& i
G EE
& Bt
v = Bodies
N
-5
-5 B
v & Joints
o jBaseD_gHif
< ST
« &I B
lar Ercrme
[
=8+ 6 =
Whale list
Name Expression val
omega 0

[# 2-58

- o *
4

Neme: + @ -
Body1: Body2:
3 =i |
Type: | & Rotational e
Geometry  Desaiption  Joint force
Joint points
EE
— gl 2!
B %
[ | Il ]
Joint vectors
i axisY : (0,1,0) >
R O —
B axis ¥ : (0,1,0) ~
L [ o i

15) )43 Description T, ¥ Value {EH N 25 (&), WE 2-59. £k
WS EA B — & f AR AW IRES . JERX F8— Joint, 7E/5

LT, BRI Joint AR 1Y)

(&) Object M=ty

uuuuu

‘@l &|OEstmn |89 @w/[g e[ dr|s

S IR R JR AR A R AR

o x

=0+ 8/

Whole list

Name Expression Valu
omega

www.universalmechanism.com
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- 40 -

[
Hame: [FEAT B + @ -
Bodyi: Body2:
=0 ~l[ER =]
Type: | € Rotational ~
Geometry Description  Joint force
Configuration
Rotation:
shife:

Joint coordinate
[ Preseribed function of time.

Value: 25,000000000000 |

[JFixed
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16) G VIR, Bodyl iE#F Base0d, Body2 iEFEIFHL, Type £#
Translational, Joint points 73524 (0, 0, 0.6) 1 (0, 0, 0), Joint
vector FRERE X B, 1B 2-60. FAKEIE YL S5 SR AR F I

(0, 0, 0.6) EF, HHRIFIETIZASBABIRR X AT 8 X HA]
CLFsl, JEHIERR X 5 2 P47 (EE).

&) Object mEHHIA - o ox
- 4
o s B E |0 SR ®T 6w W) F|s i
+ B -
ab
© Szh:y‘:t‘:“"e Body1: Body2:
v G Images [Bse0 BEE -l
:.:?H}ﬁ Type: | £ Translational ~
':‘ EIF [ Autodetection
o Ee Geometry Description  Joint force
£ Bodes Joint paints
58
Lo [ | s g
v R Joints ,
oo jBaseD_EH i T 3 T
< 1 I [ I I |
*C T A Joint vectors
& Based B
&8 Binlar forcer Base0 a3s X : (1,0,0) s
BEiae= T2
= =Ty axis X (1,0,0) o
whole list [t 3o 5o O
Name Expression Value
omega 0

2-60
17) fEShHE & D S A, %3 Mode — Object, AP NEEARR, TR

AR pT A AR . W] e sl & 1 T 2 D K bRt AT Ul <@|>,
R 2-61.

8] Object TEfTHlG —
B3 ol 1 1
JEllq & | S x| BTG W B ]G F| s
1| o] &8P | || = [®f = oe: [pmeo g | + @ @ -
Body1: Body2:
[Basen s B
Type: | £ Translational e

[ Autodetection

Geametry Deseription Joint force
Jaint points

Based

]l s <]
v
)
y
0,0) hd
S O
=8|+ 8/ - -
Vhole list o
Name Expression Value :l e
omega 0 operati

2-61
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18) FEAAMALTIR v, 4373 i Images. Bodies A1 Joints §i T H# AR 0T LA
B CRITEEK, Al Summary, EAMAE B A S FLR A
REHEZEE R (RS L2, WmE 2-62.

1E) Object F=FTHlig - [m} X

falia & Cshen | @@ w|am o @F] > [

whole fist

2-62
19) T File — Save, RAFHEAY, FEEE 7 A B AT FE P £ (R
ez it

R, BATZER T A “HIRTEE MU CHDERE TR
Fit o
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222 fHiE

1) ¥ UM Input F£FEH) 1328 Object — Simulation 1547145 BRI H 3
DAY R (ol BB s TR ),

2) % UM Simulation {ij HF2FIZ1T )G, 5 UM Input F&FF .
3) EFEF S Analysis — Simulation, 7 EIEHI R . (BRE ST LT

Az O ot po )
4) 71E Solver TiTH, WBENRMESAN Park, /i ENA] Time } 30 (s), HiEd
KN 0.005 (s), ‘A)i% Computation of Jacobian, & 2-63.

Object simulation inspector

Solver Identifiers Initial conditions Object variables XA Information
Simulation process parameters  Spolver options Type of coordinates for bodies PP: Options
Solver Type of solution
O BOF
O aBm () Mull space method (NSM)
(®) Park
O Gear 2 (@) Range space method (RSM)
(O Park Parallel
[Time = ~ 30
Step size for animation and data storage
Error tolerance

[[Jpelay to real time simulation

[[Jkeep system matrix decomposition

] computation of Jacobian
[[]Block-diagonal Jacobian

Integration Message Close

2-63
5) D)% Identifier T, % omega I&X{H 1 (rad/s), W& 2-64.
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Object simulation inspector
Solver Identifiers | Initial conditions Object variables I AVA I Informaﬁon|

= B8 |

Whole list

Mame Expression Value Comment
omega 1

2-64
6) VI3 Initial conditions JUTH, 7T LLE BIAT M HTAEAL IR AN 0, 1K
FE BN B AN B T € I M. T RGN, B
A MWD, B HARTTRER, A FHELH.

Object simulation inspector

| Salver | Identifiers | Initial conditions |Dbje::t variables | XA | Inﬁarmaﬁnn|

CDDFdInEtE5| Constraints on initial conditions |
=B @ ®0O|x v ¥
ds ¥ Coordinate Velocity Comment
1.1 -0,959931088597 0 iR ETF 1=
13 X 0,436332312999 0 IEEAT B 1a(out)
1.2 0 0 jBase0 B 1c
1 |:| b
Y T

o mematon [ Mo | Gise |

2-65

7y ek G AT LU AR A S A & . AT

W, XREERARGE B HELH Y0, XE R R H)IE 52 FH I ) e
R, MaemizshiZamm, HLE 1 /g — MRz
Zf]
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Object simulation inspector
| Salver I Identifiers | Initial conditions |Dbject variables | XVA I Inﬁarmaﬁnn|

: Coordinates || Constraints on initial conditions |
=8 @®0O x0w| ¥
i ¥ Coordinate Velocity Comment
g | -0.976415370343 -0,136115755926 ifhim AT 1a
1.3 x 0.452816534745 0.0361157559257 PEFF B 1alout)
12 0.0208176503673 0.027540514574 jBase0 B 1c
1 [ b
&= o1 @ d- o1
Mumber of d.o.f. =0

[ Integration " Message ” Close ]
& 2-66
8) 14l Integration, FMATIHEL, FEZ)E T H AT LLF BHEHIAL & 1 H)i2 3)
IR

S

[®] Animation windov
L INC G TR AT LT

2-67
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9) {HE%HE, £HEE#H Simulation over $E8; HEFIREIETE, A

st e e e B et ESC. YAJE 76 #AH GLT A k6 Interrupt,

2SI )=
10) & FZH Tools — Graphical window.. T — N2 EE O (8 &6 T

AR, AR ORI E, I 2-68.

Flriss oo
Variables -
. e e
e . v
— Py 0 0.2 0.4 0.8 0.8 1
2-68
11) iEFEZEH Tools — Wizard of variables... ] A=A S (B &4 T EF

14t o),
12) 7EA8 105 2 V) e WA OB B, 4500 Linear variables 777 544 it 16

Coordinate, 48 X, SAEAAMKN B, QTR rx QBYD, %
TR SR AR 2 X BT R, W 2-69.
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Wizard of variables

(el

User variables ™ Reactions I? Coordinates ¥) Solver variables = all forces id Identifiers
=2 variables for group of bodies B Joint forces A Angular variables & Linear variables ab Expression
= |i| ML Selected [l
e |

Coordinates of point in the body-fixed frame of reference

| o] o] 0
Type

(® Coordinate () Bipolar vector

(O velodty () Bipolar velodity

() Acceleration () Bipolar acceleration

Component

®x Oy Oz Olvl Ov

Resolved in SC of body

|BaseD LI|
Relative to body
Basel LI
0 0 0
roc(EH) |||Coordinates of paint (0,0,0) of body "B relative to Base0, 5C Based, projection ¥ | @ @
rix(EHY
& 2-69
13) ¥z ek IR AR ZEE O .
14) S d54% 40 Integration, FGHEATI EiTH5H, T 1 R~ g B
2-70.
Plots EI@
Variables

] =t -

L T S (R [ [

17.18 0.14
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2.3 N =: ¥HEHN

& 2-71
B 2-71 iR N — MMERPIRREEAL, 28 i DU ORAR . TS
Frv PIARFITERAT) H k. WS RIE S A TR, 2068 X i, 26
NY B, WEON Z . P EARE e L, A HEE, BRI RR Y
T3, GRS TV X Gl Sl TR AE XA BN bR T A
. M R—NHA RS, EHF— ML HBE.
A5 BB : UM Base.
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(A

231 #E#E

1) J&4T UM Input 2%,

2) EFFTIH File — New object, HEE—4 UM &AL,

3) ®EFFEFEH File — Save as..., THEBEZ K AFR “D\UM Bl #H2\
B UM AR A

4) EFEFEICE Edit > Read from file, {KIKIEEA “D:\UM B HE AR
PAEEIFE” SO T FEIR.img . BEIEFr.img. IEHR.img FjeiE
Frimg DA JUATEE, il 2-72.

18} Object #EL

~ B Obiject

& Srorial fo

@&k 0 SPmmr|®gew/|uelaa|) |-

- x
5}

=8+

Whole st

& 2-72

Neme: [EEER | &+ @
Comments/Text attribute C
Description GO pasitian

Uk | cone |
- +G B

Comments Text attribute C
Parameters Colors GE position  Material
Points

i ——
[ B[d =]l ]

[ Additional rotation

5) HTEAREA HHEE, FrUAREHH NI, B KRS
Base0. 1 2-73, B AAMBERIRIES Object, RJEIEAMIAE B 5L H
General T N7 Scene image &b~ $7 22 H Fp e £ LT R AR

18] Object B

B

(e[ Gk k| FOIN B 2N @F|

= Al + 6

Whole list

Name Expression

www.universalmechanism.com - 49 -

2-73

Transform into subsystem

Path - D:\UMIRIEAR R IUMREL WAL
o

[mobgect |

|Cummems ‘

Generation of equations

O symbolic
@ Numeric-i iterative

Gravity force drection
ex:
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6) B
(1) FEHHTE (1, 1, 1) S,

8) Object #EH#

v - object

w3 Object

b Curves

Fe) Variables

-8 Atirbutes

(9 subsystems
w -G Images
& R
& B
& YEE
G EEE

-, Joints

¥ Bipolar forces
€+ Scalar torques

-2 Linear forces
i Contact forces

N T e
5
=8|+ 0
Whole list
Name Expression Value

meE 2-74.

Tm«|0srmr| g | d K|

2-74

— HHAREREAR, M Image THISEHRIERE JLAREEIR, WETD‘E%

- x
53

Nme: [EEE | + da @

Comments/Text attribute €

Oriented points Vectors 3D Contact
Parameters Position Points
Coordinates (PP): | Quaternion -
Go to element e

Image: Visible

BT v
[] Compute autematically
Inertia parameters

Inertia tensor:
[t | ]

Added mass matrix:

Coordinates of center of mass
T

7)  AANERR BT A ® B HIA R T ANKIE, Sy A N E R,
M Image 728 Bk LM EHs, WE 2-75,

|5) Object #EH

v - Object

~ - Object
apd curves
$F9 Variables
L3P atirbutes
-8 Subsystems

- Joints
¥ Bipolar forces
-G scalar torques
£ Linear forces
8 -,

> m

=8|+ 8

Whole list

Name Expression

www.universalmechanism.com

Value

@A &[Sy o9 6w[aeaapr]

& 2-75

-50 -

- x
54

e+ @

Comments/Text attribute €

Oriented points Vectors 30 Contact
Parameters Position Points.
Coordinates (PP): | Quaternion ~
Go to element fled

Image: Visble

BT v
[ campute automatically
Inertia parameters

Inertia tensor:
[ gl ]

Added mass matrix:

Coordinates of center of mass
Il Il 2
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8) sl A MR L @, FHI AR AN, O

M Image MR LT TR, WELALR (0, 2, 00, WA
2-76.

|E) Object #EH - X
B o = [x
- obect JElle & || OShe x| 3 99 WY 22D FE|~ ,
v 43 obict == + @
- Curves Comments/Text attribute C
719 Variables
5P Attributes ‘ ‘
~[8 Subsystem:
v A Images Vectors 3D Contact
p.\ iR Positic Points
& BEIF
' STE (PP): | Quate: ~
& U
G BEET Lo
v g Bndl;gﬁ [ visible
2 BB 5
-8 YBE [ -
BN 14 [ compute automatically
B Joints Inertia parameters
-G+ Scalar torque . , N
S et M|N—TN EAA —  N  —"=0 ™Y nertiatenson :
= ' | l -
ik
=8+ 8 Ex i gl :
Whole list 1 c
MName Expression Value Added mass matri: mone)
Coordinates of center of mass
c c <
2 I \

& 2-76
9) BIEH— L, Bodyl i%$% Base0, Body2 iEiERIEHR, Type &%
Translational, Joint peints 73718 (0, 1, 0) 1 (0, 0, 0), Joint
vector #IERE Y M, WIE 2-77. KRGS R S SRR R A
0, 1, 0 HE, BT EAELIRR Y #inr s, FF HBE R
Y 52T (EED.

|E) Object #EH B N
mj s |Elo e |00 @WINE w0 ks [
iame: | jBase0_EEHT
Bodyl: Body2:
[paseo | [T |
Type: | £ Translatonal ~
Geometry  Description  Joint force
Joint points
Base0
5[ | g
A T
\ | | g
Joint vectors
Based axis Y : (0,1,0) ~
E g[r B[o g
wEE adis ¥ : (0,1,0) ~
[o " 7o g

o+
=8|+ 8
Whole list
Name Expression Value

2-77
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10) A MmAR Eo7 sl ™, SHAEREE ML, Body2 EHENEDF,
Joint points 7374 (0, 0, 0) F1 (0, 0, 0), Joint vector #PiEHF X
Hh, WE 2-78. KBRS IE S5 SRS R RS E S, AEbR
WEARARAR 2R X BlmT L3, I HEIRE X 52T (EE).

x

81 Object #E#T
v 0 oot JEle & OGP x| 98w H e|wR|D F|- ‘
s +EE -
b Curves - o
[Bas=0 R o |
Type: | £ Translatonal ~
Geometry | Description Jaint force
Joint points
Base0
| ]| g]
A T
\ ]l | 3]
Joint vectors
Based anis X (1,0,0) ~
E fe "o
atE axisX : (1,0,0) -
g ‘1 n”., nHD ..‘

=8|+ @6/

Whole list

Narme Expression Value

& 2-78
11) VJ#:3| Description T, “&)i%4% Prescribed function of time, 7E5H &
H AR ER(Y), RJEAE T HHEHE B AR IAT sin(t), [HI%, & XHE
PRiE X A sZias, EEN 1 (m), Wi 2-79.

1) Object #EH - x
B o |1 0 "
v B o k|0 Srmr |59 9w e|w|p r|s -
2 +BE -
CCCCCC Body1: Body2:
7 Varisb =t -
il [ease0 | [ -]
~[5 Subsystems Type: | £ Translational ~
v G Images
& ER Geometry  Description
- ﬁ;ét.r Configuration
% ik
coordins
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ZICE:

12) A =M, Bodyl EHMIEHS, Body2 EFIER T, Type E#
Rotational, Joint points 53524 (0, 0, 0) 1 (0, 1, 0), Joint vector
HIEEEZ Hh, WE 2-80. RIS (0, 1, 0O 5EENREA

I
=

(EE),

|3 Object #EHL

[

=8|+ 8|

Whole list

HName Expression

JEllq k| S x| @7 w [T el D E|

2-80

TSR bR ) Z fhn] ARG S, I HLReREAT 1 Z b5 2 AT

- X

Nome: [{EEHF_ERIT |+ & -

Bodyl: Body2:

3

o s -l

Type: | € Rotational

Geometry  Description  Joint force
Jaint points

T T

[ =]l =]l ]
RS

\ B =l ]
Jaint vectors

ﬁgﬁ axisZ:(0,0,1) b
B "o g 7]
BRI axis Z: (0,0,1) v
B "o B 3|

13) M AR B by e T, SR BB AN, Bodyl SRR
Fx, Joint points 4514 (0, 0, 00 F1 (0, 0, 0), W& 2-81. Kk
TEEEAT B SR AR 5 S E S, TR AT SeRIE AR Z FmT LU 31,
HHBEAT Z 5 24T (A

12) Object #EH

B

w -[@ Object
~ - Object
w00 Curves
FE) Variables
AP Attributes
-~ Subsystems
v A Images
& R
i R
& YT
& R
~ -3 Bodies
-~ BT
B

TR R
~ & BB S
&5 Bipolar forces
- Scalar torques

~

=8+ 8

Whole list

Name Expression

www.universalmechanism.com

@A« mr|ggaw [ ela ) |

2-81

-53-

- X

Name: [SAEHT ST | + [

Body1: Body?2:

[

[mt B |
Type: | « Rotational ~

Geometry Description  Joint force

Joint peints

YT

[ ]l I ]
et i

\ gl I g
Joint vectors

ﬂgﬁ-\ axis Z: {0,0,1) ~
o fo g B
BT axisZ: (0,0,1) =
B "o BE "]
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14) fEhE T 1 S A4, %8 Mode — Object, AP NREAML, BERY

N G k. T AE A 0 T EA N P st e (@),

18) Object HEHRL
F

RIS N IEIE T w e e we|er| s
|la g & [OGemn|®O 6w\ 2 ®F| tone: (BRI | + B @ v

v - Object
v -} Object
Body1: Body2:

(L st |

Type: | & Rotational v

Geometry | Description  Jaint force
Joint points

Y

i 4 4
[N
Rotation style 4

« B BT
g5 Bipolar forces gl Selection style

G+ Scalar torques

Coordinate system

¥ Smoothing

=8+ 6y E=

Whole fist

M Perspective
% Simplifications for mouse operations

% Show icons

'
& Mode [s Object
[ Background eolor. Element
Window parameters...
Visible side of ASC ,

Name Expression Value

2-82
15) 7EAAMAERIR R, 435 S5 Images. Bodies Al Joints Fif T H4 AR 7T LA
BHAR TR BEKR, St Summary, 7EAMAEH A SH A
RO A ZEME R (RS T LIRS
16) &% 3K File — Save, {RFEAL, SRJEKM UM Input F2/7 . AUWEL
IR AT AR R TR A CRAT AL ST 15

Z, BATTER T AR R AR
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1) iZ1T UM Simulation 15 EF2fF .

2) JEFELZH File — Open..., #RH XL, ARG EMEERE “D:
\UM E5JIBEENR 1) UM BLAL 7, IXB 0] DUR B2 T A =AM, i
PR AEE A, TR, G EERL, R OK.

1) Open object >

Scan the forder:

| UM S8 B raUMAE Y

v -2 DM AR R UM B
B M

B mE
o ﬁ@m

(D \UMIS I SUAE UM S TR |
Cancel Accept as default

3) HEh s E Eh R ) A E}iﬁz/ﬁ;nﬁﬁ (— A B R KAL) .

4) iEFEFZEH Analysis — Simulation, ¥ H T EISHITAR (BUE B A S L
A @),

5) f£ Solver JiTH, ZRIAKAAZE A Park, K1 BB A Time BEE N 20 (s),
wE 2-84.

6) EFEZZH Tools — Wizard of variables... T PR & A5 (a5 T HA
ikl /.

7) AEAR RN M A R IR, AN R ALRR (0, 4, 0), HEHE
Coordinate, 48V, UG AL B, IREE rv ORER),

KRR R AR B H S (0, 4, 0) 7ERAKAAKRR 2 R3S Bh T,
g 2-85.
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Object simulation inspector

Solver Initial conditions Object variables

KVA Information

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

Solver Type of solution

(JEDF

O agM (_Mull space method (NSM)
(®) Park

D Gear 2

("iPark Parallel

|T|me ﬂ| oW ‘ 20 |
Step size for animation and data storage

Error tolerance -5

i

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

[ Block-diagonal Jacobian

Integration

& 2-84

(®) Range space method (RSM)

Message

Close

Wizard of variables

=)

20 Expression User variables ™ Reactions E Coordinates (V) Solver variables =5 Al forces
Q Variables for group of bodies B Ioint forces A Angular variables zE Linear variables
= 1] SR Selected ~
O s e |
i
O M‘%‘*T Coordinates of point in the body-fixed frame of reference
e | o] 4| 0
Type
(®) Coordinate () Bipolar vector
() velodity (") Bipolar velodity
() Acceleration (") Bipolar acceleration
Component
Ox Oy Oz Olvl ®v
Resolved in 5C of body
Basel
Relative to body
Basel
0 0 0
v
rov(REETE) | |Coordinates of point (0,4,0) of body KEEFT relative to Base, SC Basel, Vector | m @l
rv(HEFETT)

2-85

8) Kz EILETIHEANRIZIEE O, RJERAZRRT,

www.universalmechanism.com
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9) 44 Integration, FAT(HE IS, WLLE BIFEHAT LA SE3)
A — MR, BV EoR, B 2-86.

B

8o NSPG 260w

& 2-86
10) E{E5E, R3S A%, %FF Position of vector list — Top, IX
FEAEShE T O E iR R T %A E, wmE 2-87.

Vectors / Trajectories
M r:v(EEEHT) - Coordinates of paint (0,4,0) of body HE&HT relative to Base0, SC BaseD, Vector

Grid
Rotation style

Modes of images

- - - -

Clear list of vectors

Vector settings...

& 2-87
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11) WA R rev(BEFEAT), BB B O TR B B (46, RE4k
S piN=N.

12) i+ 5eefE, £33 H Simulation over #7~, WE 2-88, MfiE,
SR JE 7E B H B 5 T 4% 4 Interrupt, IR E.

5o EEI=]
Vectors | Trajectories
M .r:vﬂﬂ!ﬂﬂ - Coordinates of point (0,4,0) of body HE&4F relative to BaseD, SC Base0, Vector

QRSP G & 0w

o =]
| [ simuiation time (s) 20,02

[] Duration time (s) 1704

[ step duration (s) 1.0596E-5

[ step size (s) 0.002

Pause ]
I TR

& 2-88
13) X B AN B0 AN 7 T S0 AR B Y 5 AR A R
ASCIT R FE 2 ) 7, B 564 UM Simulation £/ 50, SRS 104K
RBEAL CEANS SIS BHIB|—DMASTH LR THIER T, I
PLbr TR EAr 44, W1: D:\Trammel.
14) 1217 UM Simulation f£/5, 77 D:\Trammel.

15) i shm DIQE%*/I\TZ‘?%E“& , 1%&F% Save animation..., &
2-89,

mqAOS,PGle o 8w
Bl Copy to clipboard
B save to file
Save animation...
Set viewport size to  *
2-89

16) e85 H % [0/2)1% Save animation 1 Codec T3z H.H % FE Lagarith
Lossless Codec B HAhIEIN, SRJ5 sty Apply, W& 2-90.
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|2) AVI settings x

Save animation

Copy step |u.uquuuuuu Zﬂ

File name |muﬁon |

Time scale |1.0000 b4

Compression

Codec:  |Lagarith Lossless Codec o
Uncompressed

Microsoft Video 1 |

Lagarith Lossless Codec
TechSmith Screen Capture Codec

2-90
17) PP H Analysis — Simulation, 3 H 07 EPEHITHIR (SR E R S & T
Bt ® ), SRJE A Integration, HETOTECEIEL, MR

ANECHENEE L, BB, fEfER Interrupt, 2 H3I{ER
B H %A shiE X4 motion.avi
e RN

Process of creating files "AVI" ...

Process

"
& 2-91

|EERE » Data (D0) » Trammel

A

=¥ =l =8 Foh
History 2021/3/4 2:51 =
input.dat 2021/3/3 12:01 Universal Mecha... 5 KB
| input.ao 2021/3/4 10:10 UM Document. |... 1KB
g last.fin 2021/3/4 951 FIN =24 1KB
E last.icf 2021/3/4 9:51 ICF =45 3KB
" last.par 2021/3/4 351 PAR Xi4 1KB
| |astoo 2021/3/4 951 UM Document. ... 1KE
E motion.avi 2021/3/4 10:15 AVI Video File 13053 KB
&] objectbmp 2021/3/3 12:01 BMP 37 226 KB
2-92
N2 . . N Y — N N,
18) JXH] UM Simulation 7 FARRF (7 LA BNE B AL IS, 50Tk
==
FIHF R EE R ED .
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2.4 T NEBESE %

2-93

B 2-93 i N — N NIZE G RS, R = AN (G WilA
A, WIPE B RIZEMEL) H. BES%E RIS TR E —u, 468X
My, sEONY M, AN Z 4. HrhS R e R, UERE, BHBEHE,
Nk A FIRAE B #B L AT IS MRS R R Z Bl FEhi B i, RR 5B
B, R A SEMRES AT EL e a8 iEE:, Rk B FIRIME A o3 45
HH B AT

AGIFAFf)EER: UM Base. UM FEM.
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1) 1217 UM Input F2/%, FrEg— " UM AR, 518 “D:\UM 55922\
1 UM BREN\RIZRE RS-

2) Efl “D:\UM B IFEFE\FEM &7 T 304K Beam 2| “D:\UM 5|
HARRE UM BEEN\RI RS RS 7. Beam SO BA 5 —4 UM ik
PR SO input.fum, Z AT B ANSYS. ABAQUS s H A A R T
BAAS R EHERE REME AT “FERHL”, KIXHE “0307 5
“0317, TJAEHMN ANSYS 5L ABAQUS S AR F] UM 3L A 7 ERR
2, XHEAFER.

T ANSYS-UM 7% 11 7] El #% 4 s Z 3 fF imput.fss, 7] ABAQUS-UM
F07 H Ji R GEAE 18] ZAF input. fum o
[HEEfE » Data (D) » UMBRIERE » ZHUMER » HIEZEE&ES5 » Beam

s

= Er wm

1]

Fagl
& input.fum 2020/5/7 11:25 UM Flexible Sub... 618 KB
2-94
3) EFESEH Tools — Wizard of flexible subsystem, FJFZMAETF RS M
=N
~F o

15) Wizard of flexible subsystems

-;|Q[Qj$;‘@?<@>q?lﬂ h|@ﬁ 1|®| Select data file

Data file:

C:\Users\Public\Documents\UM Software Lab'| ||

Ess=

2-95
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4) 7EBE 2-95 REAM b Al . 7E o e B R BB AR “DAUM

EVIBRE\RE UM HE\RIZZHEE RS \Beam”, EF input.fum, 7
OK, wH 2-96.

IZ] Read FEM model of object x
Scan the forder:
(D UM 8 IR IUMAE R RIZEAE & R4 Beam 2
v E.v DUMEE B ERIUMIE RN HISEE - Zad\Beam Data imported from program: ANSYS1
Lo input. fum Mame of solution: FEM
12.04.2017,23:04:13, FEM
MNodes: 369

Finite elements: 162

Degrees of freedom: 2214

Mormal modes: 20

Static modes: 12

Computation with lumped mass matrix
Min. natural frequency: 5.36

Max, natural frequency; 280,89
Generalized mass matrix: present
Generalized stiffness matrix: present

D UMIE ISR A IUMAB EY RIS ABA Bt Beaminput. fum
Conce . .

& 2-96
5) N# Beam #iH 5, X HIRATAT AL General V1A B 1EE. A
PR TCERAE SRR A . BT AT B H S E R, B 2-97,

|5) Wizard of flexible subsystems: FEM — [m] X

-;‘ 0\ E &« O @ S ma &k | @ ﬁ oy | %‘ General Posifion Image Selution

Data file:
[DrumiSIEE dnER REEE S RS [

Subsystems information
File of subsystem:
D UMEBTIEE ERIUME AN RIS FdiBe
Data imported from program:
ANSYS516.0
Name of solution:
FEM
Title of solution {(comment):
12.04.2017,23:04: 13, FEM

Nodes; 369
Finite elements: 162
Degrees of freedom: 2214
Normal modes: ]
Static modes: 12
Normalization: No

2-97
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6) D)3 Solution T, 1 PAE BTEA RGBT HEAS2IHT 20 B & A
A 12 RS (2%6), EHPIHE—IEEE, s Animate A LTI IR
2, Wk 2-98.

15) Wizard of flexible subsystems: FEM — [m] *
= P | Soluti
q| oy LCKJ {k‘ Qﬂ'l @, q;s B & | @ e ] | ®| General Position Image Selution
Data set
Original
Transformed

Name of transformed solution
[Fem

[Jsave to the same directory

Modes  Rigid body Interface nodes
20 normal modes, 12 static modes
Selected normal modes: 20

Selected static modes: 12

4 1. normal, 5,380 ~
b 2. normal,  12.813

%l 3. normal, 14788

4. normal,  29.024

LAC meeee-l 1] T e Tl
Animation of modes
Amplitude Rate

Frame per 1/4 period: 5&

Transformations

Modes  shiftSC  Rotation of SC
Exdude rigid body modes

]

Frequency:  |0.300 M

[[Jexdude rotational DOFs in modes
[Jexcude if all DOFs are zero

Transform Save as

& 2-98
7) ‘Ai% Save to the same directory, 2Ji% Exclude rigid body modes, &
LS 0.3 Hz, sS4 Transform, SHTHRZSENL, WE 2-99,

|5) Wizard of flexible subsystems: FEM - O X
_ S em Soluti
q‘ @ LCRJ {k {'{I @ q? B & | @ e 5] ‘ ‘@‘ General Position  Image Solution
Data set
Original
Transformed

Mame of transformed solution
[Fm

Save to the same directory

Modes Rigidbody Interface nodes
20 normal modes, 12 static modes
Selected normal modes: 20

Selected static modes: 12

1. normal, 5.380 ~
12,813

4.normal,  29.024
[ - — ] 3¢ nn
Animation of modes

Amplitude Rate

Frame per 1/4 period: 5%

Transformations
Modes shiftSC  Rotation of SC

Exdude rigid body modes

Frequency:  |0.300 ﬂ

[JExdude rotational DOFs in modes
[Jexdude if all DOFs are zero

Transform Save as

Simplified

2-99
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8) TEHLH S AR (Y).

Confirmation

o Subsystem maodes will be normalized. Continue?

=) &(N)

& 2-100
9) ARJEFHu RN, ST OK BT,

Warning >

| 6 rigid body modes are deleted from the transformed data set

UM - Object data input >

Data conversion complete

& 2-101
10) PR )G M 3% 4] Save as, {EFRH E S Save, SAJ5 A OK. IXFEFRATHL
ﬁ‘?ﬁ%ﬁ?ﬂ? UM 15 E T 75 A O input.fss, HET A “D:\UM B
YHEBERE UM RE\RIFZHEAS RS \Beam”, WIE 2-102

Transformations
Modes shift SC  Rotation of SC

Exdude rigid body modes

Frequenc 0.300 ﬂ
Save flexible subsystem data X
Exdude rotational DOFs in modes Path to subsystem data
Exdude if all DOFs are zero ‘D:\UMi*:‘.ﬂl |¥i{$§\:}ﬁﬁﬂUMﬁﬂ\ﬂﬂﬁﬁﬁﬁéﬁ\B§”
Transform Save as Save Cancel
2-102

11) RMHFRMAE T R4 17T Wizard of flexible subsystem .

www.universalmechanism.com -64 - www.tongsuan.cn



http://www.universalmechanism.com/

: = Tongsuan
m1 universal '
mechanism |F'] 714%

242 NIZHEERGEE

1) [B1%] UM Input F2F E5H, MR “D:\UM F)I 02\ LA 24 \RISH8
ERG” KIRSFAN U EM L BE.img, WA img A3 img, ¥
JiE.img ¥ # A Scene image, )7 MBI Z R, HEIATMEE g =
-9.81m/s?, 1 2-103,

[BE:E=t - O X

v 0 onee ALIEEEIRE - 1 - R e e e
) General

Transform into subsystem

& 2-103
2) GIEE—NIE, @2 ARNE A, M Image NHERIERLANIE, 2
1%t Compute automatically, 272> HRYEJLATEIEHE H AR 5
. BHBRAFLOAE, WE 2-104.

B mEmazs - o X
[

JEma k| WS |09 E [T e E|

[

+ B
Comments/Text attribute C

v ) Object
v

Oriented points Vectors 30 Contact
aaaaaaaaaaaaaaaaaaaa
cordinates (PP): | Quaternior -
0 to element L4

Image: v
[P -]
Comp

rrrrrrrrrrrrrrr

2-104
3) EMIAME —ANItE, i ANE B, ZHS5NIE A A .
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4)  SRAE MR RUR G T Subsystems, SRJEFEAMN A B A A dzid, %

=T 25, M Type FHSEHHIEFE Linear FEM subsystem, 41
2-105.

) niEReEs - m] X

@& VOGP | @8 w | w=ax|@r -

4

+tE

Type: | 7 Type: (none) ~
Comme| 7 Type: (none)
(=] incuded

>

Caterpilar
5 Flexible Railway Track

=8|+ 8/

Whole list

Name Expression Value

& 2-105
5) TEFHSCAENEESE O, EAREAE “D:\UM B #FE\E K UM B
A\NIFZBERSA”, & Beam, i OK, ¥ Beam LT RGEHTREN
MET UM AR, a0 2-106.

I5) Read FEM model of object x
Scan the forder:
Do UM IR A &
v DM B AR R UMAE F Data imported from program: ANSYS1
v = HIEARE R Name of solution: FEM
i Beam pﬂi;jﬂel.:lgég,zﬁﬂfkli FEM

Finite elements: 162

Degrees of freedom: 2214

MNormal modes: 26

Static modes: 0

Computation with consistent mass ma
Min. natural frequency: 5.31

Max, natural frequency: 736,41
Generalized mass matrix: Mo
Generalized stiffness matrix: Mo

|D:‘I.UMt*E‘ﬂIIﬂﬁﬁEE‘]UMﬁﬂ\Hﬂiﬂ%ﬁéﬁ\ﬂeam
carce < >

2-106
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6) HEn S NFEML, 1f Image TUIH Al EFE Simplified B¢ Full 85, AJE#F
MR RAETG, PLERBER RS, wE 2-107.

&) mEEass

- o X
B en | id @ - ]
Tm A @eallaereer o ee el ez o]
ame + & a
Type: | () Linear FEM subsystem v
Comments/Text attribute C
Coordinate systems
Position Imag
®@Ful
= A ‘ + @ |E+I [CJoraw local coordinate system
[Ioraw coordinate systems
Whole list
Sizes
Name Expression Value s
Nodemage:
Beam curve width:
Single node FE:
Length of local axes: 100 &
Hide elements
[IBeams
[Jshells
[solids
[single node elements
Additional...

2-107
7) BIEFE /X, Bodyl % Base0, Body2 iEIERHER.FEM, Type N6
d.o.f., Bodyl 1 Body2 (4% mi AAA5ER 2R R, 7E Coordinate T T E X
=AEEE, SHlRE X ETsiAsE Y. Z i), wE 2-108.

&] =5 - 0o
B e = o 53
JBRE KOS B 6w B e wR] ) R|s
Name: |jBased FEM + i -
Body1: Body2:
[Bese0 [ [FtR e ~
Type: | Y 6d.of. v T RIEAERG
[ External
[ Autodetection B Base0
Geometry Coordinates 0 Al
0 Al
VT R
freedom: D) FEM
X 0.00000000000
D Y 0.00000000000
D z 0.00000000000
Rotational
e degrees of freedom:
Grientation angk
* -
= B8 ‘ + @ ‘B 3,12
Whole list 1 |0.000000000000 A
Name Expression Value 02
3

& 2-108
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8) HEHIAKE MK, HEm4 N jBased FEM 2, 15 Bodyl Al Body?2 ¥
BRAAREN (10, 0, 00, HUGH X WP HHE, B 2-109.

L ome: [ | + B e oo renz | + B W
Body1l Body2: Body1l: Body?2:
[Baseo ~ |[EreRFEM ~] Base0 - |[EremFEM ~|
Type: ™% 6d.of. ~ Type: ™ 6 d.of ~
Geometry Coordinates Geometry Coordinates
Body 1 Body 2 Translational
Tt wisual assignment degrees of freedom:
Translation [] x [0.000000000000 |
x: [10 %] 0 v [0.000000000000 A
y: | & [0 z [0.000000000000 A
z | C| Rotational
Rotation degrees of freedom:
I | C| Orientation angles
3.1,2 -
~]| ?]
| 7 1 [0.000000000000 A
=
Shift after rotaton [] 2 [0.000000000000 |
< | <] 3 |0.000000000000 A
v: | .
z | 9
& 2-109

9) B =4, Bodyl i$% Base0, Body2 iE#NI{E A, Type Ny
Translational, Bodyl )&% k4R (5, 0, 0.5), Body2 MIEL S ALFR MR
A R R R R, IR A AR SR AR R AT Z P E

HE, W@ 2-110.

) niEmess
[+

~ @ Object

>

@laa & OHrm x| 398 w/[w e pr|r

- a

§ ik pased RIEA

il foree

=8|+ 8/

Whole list

Narme Expression Value

www.universalmechanism.com

2-110

- 68 -

Bodyl: Body2:

x
[

e [pmnfs | + B B v

[Baseo || [Fisa

=l

Type: | Translational

Geometry  Description  Joint force
Joint points
Base0

E “Jlo s

gl

Rl

I Il

g

Joint vectors

Base axisZ : (0,0,1)

b [ BjE

"]

RitEa axisZ: (0,0,1)

P o B[E

1]

www.tongsuan.cn
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10) EHAEHHEIIANE,  Body2 £#NI4& B, Type A Translational, Bodyl

B S ARR (5, 0, 1.5), Body2 MBS ALAR ANIE B JEALAs R IR
R RIE B A SRR R EAE W Z #rPsh E B, W 2-111.

) mERaEs
]

LRSSRIRE LR 1 R A

Body1: Body2:

X

~
uuuuu Name: |Base0 I8 + i~

[x

v @ Suhsvste:s ‘ [paseo ||[Fie

=

© FiR Type: £ Translational
ages

o =E Geometry | Description Jaint force
& Atk Joint points

&l [es

5 Rifke

V- Joints

9l =l

38 pased FEM
Ha jBase0_FEM2
&£ Base0_RliEA

Z Beseo filfbE Lo
v 08 Rinclar frrrae

1o S

axis2: (0,0,

=8+ @8

“o B[

Whole fist

Name Expression Value

2-111
11) Sk 2 EE AR Bipolar forces, JRJ5 AidiAMizs+, Hin—47

TG, XA AT R T AR ROEL E, T BUE R AR TR B
AL HTRREL, W TR AL AR 2R PR JE 25, X L IRATHT e kA

T E SR B e oo, il 2-112.

B mEmass - o x
fma Q&GP H0 8 w[w e|we DR
+B W
Comments/Text attribute €
\ |
Body1: Body2:
[Body : (none) | [pody : (nome) =~
60: [No v
[ autodetection
Attachment points
s soays
i LY jBasen_FEM2 ‘ 2l il g
: jBase_F
{2 paseo RlthA T sodva ] ) ]
i pase Flie ‘ I I I
~ 45 Bipolar forces Length  Not defined
2 bFrcl
£ Scalar torques “? Type: {none) v

i+
=8+ 8
Whole list
Name Expression Value

2-112
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12) Bodyl iEFFRER.FEM, Body2 E#ENIE A, N GO TR EHREFHE
Weh 716, EEE SRR AN (4.5, 0, 0) F1 (-0.5, 0, 0), M Type
THiSE LR Linear, WE 2-113.

B mEmass

uuuuu

=2
LEEL-Y

B
a8

fm @« 0 drmr| @96 w|Eeex|p r|

2-113

13) & XHIEREON k1 URME 1.0e6 N/m), [ RZECHN c1
Ns/m), & X HEHRKE N 0.5 m, WE 2-114.

[B:E

[

-

iR Base0_FEM
i Hs jBase0_FEM2
i jBasel_RIfFA

£ jBasc0_RIkE
v 45 Bipolar forces
& Scalar torques
N
=8|+ 8/
Whole list
Name Expression Value
k1 1.0000000E+&
cl 1.0000000E+4

www.universalmechanism.com

@l Q& UEher|HOEw e ) F|s

& 2-114
14) BHIA G — /N 7176, K Bodyl &4 S ARBRMEICN (5.5, 0, 0),
Body2 ZE#z SALFRESCA (0.5, 0, 00, HEANA,

-70 -

- a x
>4

+E 0

Comments/Text attribute €

Body1: Body2:
[ ] [arsa

co: g v

[ Autodetection
Attachment points

T e
a5

B msa:
[os =l

length 0.5

[ type: (rone)

[ Library ©I)
[ Draft gear
i) List of forces

(TRAH 1.0e4

- o X
=

+E 0

Comments/Text attribute C

\ |
Body1: Body2:
[t FEM || [ma =]
cO: |JmE <
[] Autodetection

Attachment points.

FEM:

5 I I ]
T mitpa:

[os L Il ]
Length 0.5

1, Linear v

e
Stiffness coef. (<) ki C
Courdinate (x0): 0.5 €
Damping coef. (d): L c
Amplitude (Q): 0 €
Frequency (w): 0 C

Initial phase (=):

www.tongsuan.cn
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15) Bl AR =717, K Bodyl BUNNIE A, Body2 SUNNIME B, #EH:
FABFRAF RN (<05, 0, 0.5) F1 (-0.5, 0, 0), & XFIERECHN K2
(E 5.0e5 N/m), PHJE 2ECH ¢2 (IR1H 4.0e3 Ns/m), tE 2-115.

(B o X
4

B .
SCIEERIEE R D R I A
+E
mments/Text attribute C
\ |
Body2:
Rtk | [miess =l
wE
[ autodetection
Attachment points
T mea:
[os g I |
T e
[os I I |
Length
1, Linear
F=FO-cx-x0) - d*v + Q“sin(w*t+a)
——
P—
Val Coordinate (x0): 0.5 c
ki 1,0000000E +5 Damping coef, (d):
el 00000E +4 Amplitude (Q):
k2
Frequency {w): o C
=3 4000
-

2-115
16) BEHIEREIUAN 17T, ¥ Bodyl ¥ S ARFRMESCN (0.5, 0, 0.5),
Body2 &z pi A FRE SR (0.5, 0, 00, HARAAE,
17) s A2 A AR 1) Summary, A6 AR S SR
18) PRAFHAY, 2P UM Input 2%,

M, BATTER T — NI & IR 30 AR S8 A

www.universalmechanism.com -71 - www.tongsuan.cn
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1) 1217 UM Simulation ] 5AZ/¥, EHE3EH File — Open..., N#EHEA,
WSRAE 2B AE A% T “ Associate files *.dat with UM” &5, 43R
7] DB I X SO input.dat BLEEFTFAEAY, il 2-116.

HAERE > Data (D) » UMESIEE > BAUMER , MISHEaES

~

= EHE =]

(1]

Forh
Beam 2021/3/4 10:30 i
History 2021/3/4 10:40 =
input.dat 2021/3/4 10:42 Universal Mecha... 7 KB
8] objectbmp 2021/3/4 10:42 BMP Szft 226 KB
L B2 2021/3/4 10:42 EEos 3 KB

() UM Launch Manager
Path to model:

D:AUMIE R R IUMIERN RIS S Raf\

UM Input
Open model in the UM Input

UM Simulation
Open model in the UM Simulation

2-116
2) E3hEbR B BRI E OO E (AR, S
1383 FRbR AN T BA 424 B HR R B R AL

2-117
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3) &EFEFEH Tools — Wizard of variables... 3] & &[] 5 (jZ,mEEI

Regiehl] /o), 2 SURPERE FEM [0 RS E (A (0, 0, 0) Bl
(10, 0, 0) FKE—ANA, Hib 114, wE 2-118.

B Wizard of variables [
&b Expression User variables % Reactions 1* Coordinates (® Solver variables =2 Al forces id Identifiers
=2 variables for group of bodies B Joint forces & Bipolar forces /A Angular variables 4 Linear variables
= E MERSRR Selected
O Fltka [Fem |
H O RAiise Coordinates of point in the body-fixed frame of reference
g e | o] 0| 0
FEM
Type
(®) Coordinate (O Bipolar vector
O velodty (O Bipolar velodity
O Acceleration (O Bipolar acceleration
Component
Ox Or ®z Oivi Ov
Resolved in SC of body
|pase0 ~|
Relative to body
Base0 LI
0 0 0
|r:z(,*,‘1$‘;?éfe'1) | |Coordinabes of point (10,0,0) of body SE4 L FEM relative to BaseD, SC Base0, projection Z | &

riz(Zot . FEM)  rez(SEiiR.FEM)
rizGR R FEM)  rizGRiR.FEM)
riz2CEp R FEM)  rzCEf R FEM)
riz(GRt . FEM)  rez(GRl4R.FEM)
riz(GE . FEM)
riz(GR 4. FEM)
r:z(ZotE . FEM)

& 2-118
4) EFEEZEH Tools — Histogram..., FIFF—MFRIREE D, B E—24
LA E AR I A
5) JEFEFSEH Analysis — Simulation, 5 H 7 B MHIIR (BUEEZ ST T

Al ® ), PR Park, WEFEAIA 20 (s), HERREE

KN 0.005 (s), 2Ji%i%EI Computation of Jacobian. f5 i Integration,
THGTEEL, W 2-119,

e [==]E=]
t‘n,__l‘ s (n]|m “ Delay: P Zims

Variables 1
2GR Fem) - Coordi...
W22 FeM) - Coord..
1 Il -2 FeM) - Coordi...
IZI.“Z[??E'I&;%FEM) - Coordi...
W2t FeM) - Coordi...
2R M) - Coord.
I":Z(:*K'Iﬁﬁ‘FEM) - Coordi...
A W 2GR FeM) - Coordi... —_— -
@.r:z(,*n'lﬁ'ﬁ.FEM) - Coordi...
212 FEM) - Coordii.,
riz(Zt4 . FEM) - Coordi... — J—

2-119
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6)
7)

LR AR, R EM Interrupt.
W 11 AR AR & ) T B B & A B SR Object

rabgAl B, Kz A R A SRR A R

Gi.var, [ETLUEHEIEA; R “Automatic saving of variables” N2
J@ku, XFEA RE LU A RAFZ AT BN H SR, wE 2-120.

Object simulation inspector

variables 711 ;

XVA
Solver

Information
Identifiers

Automatic saving of variables

FE subsystems
Initial conditions

Tools
Object variables

=+ =
= B B b= | Name GESI RS ] |
No name
MName Comment
r:z(FHE.FEM)  Coordinates of point (0,0,0) of body 14 iE.FEM relative to Base0, SC Base0, projection Z
r:z2(ZM . FEM)  Coordinates of point (1,0,0) of body 214 it FEM relative to Base0, SC Base0, projection Z
r:z(ZoH . FEM)  Coordinates of point (2,0,0) of body 24 it . FEM relative to Base0, SC Base0, projection Z
riz(Zo 5. FEM)  Coordinates of point (3,0,0) of body 4 5t FEM relative to Base0, SC Base0, projection Z
riz(Zo . FEM)  Coordinates of point (4,0,0) of body 4 5. FEM relative to Base0, SC Base0, projection Z
r:z2(FM . FEM)  Coordinates of point (5,0,0) of body Z20% 4. FEM relative to Base0, SC Base0, projection Z
r:2(ZoM . FEM)  Coordinates of point (6,0,0) of body 244 . FEM relative to Base0, SC Base0, projection Z
riz(GRM . FEM)  Coordinates of point (7,0,0) of body 354 3. FEM relative to Base0, SC Base0, projection Z
r:z(G2H . FEM)  Coordinates of point (8,0,0) of body 5t it .FEM relative to Base0, SC Base0, projection Z
r:z(Z k. FEM)  Coordinates of point (9,0,0) of body 4 . FEM relative to Base0, SC Base0, projection Z
riz(ZoM . FEM)  Coordinates of point (10,0,0) of body 45} .FEM relative to Base0, SC Base0, projection Z
Integration Message Close
& 2-120
> =4 = /\
8) siili Integration, PATIHHE, THHEEE, X 11 MEENSRAIRSE T

Tk, wE 2-121.

Object simulation inspector
| Solver I Identifiers I Initial conditions | Object variables |XVA I Information I FEM subsystems | Tools |
Automatic saving of variables
i | veme RIEEBERS
Mo name |
Mame Comment
riz(ZRtE FEM)  Coordinates of point (0,0,0) of body S2f4 3F FEM relative to Base0, SC Base0, projection Z
riz(ZE M EE.FEM)  Coordinates of peint (1,0,0) of body SE4 &t FEM relative to Base0, SC Base0, projection 2
riz{Ze M EE.FEM)  Coordinates of point (2,0,0) of body St4 &t FEM relative to Base0, SC Base0, projection Z
riz(F 8 FEM)  Coordinates of point (3,0,0) of body FE4 8E FEM relative to Base0, SC Base0, projection Z
riz{Zot4EE FEM)  Coordinates of point (4,0,0) of body 514 5t FEM relative to Base, SC Base0, projection Z
riz(ZE M EE.FEM)  Coordinates of peint (5,0,0) of body St &t FEM relative to Base0, SC Base0, projection 2
riz{Zo M EE.FEM)  Coordinates of point (5,0,0) of body Sttt &E. FEM relative to Base(, SC Base0, projection 2
riz(FhEE FEM)  Coordinates of point (7,0,0) of body S5t 8F FEM relative to Base0, SC Base0, projection Z
riz(Z14#E FEM)  Coordinates of point (8,0,0) of body SE14 5t FEM relative to BaseO, SC BaseD, projection Z
riz(Ze M EE.FEM)  Coordinates of point (9,0,0) of body S2t4 . FEM relative to Base0, SC Base0, projection 2
riz(F 8 FEM)  Coordinates of point (10,0,0) of body Zot . FEM relative to Base0, S5C Base0, projection
X-values
Time ﬂ
i | Integration H Message ” Close
2-121
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9) EFEFEH Tools — Graphlcal window..., FIIF—1MLEE O, «{ﬂ‘@
2-121 P A RS R 2 T

] Plats

Variables

el [EEdE
2GR
) Il F
el [EEdE
2GR
) Wl F
el [EEdE
2GR
] Wl F
(R F..
] 2GRt

2-122
10) TS D AAMBRAEE AT A 2k, smA%, WTLUEFmHEdE 2RIl H
A8, MS Excel #4%, & 2-123,

Variables
Dl h A A
E.r (50 Options...

5] [ :
M| e Edit...

@.r:z(,.@""l[;iL Open copy in Wizard of Variables...

5] s Delete Del

%=:EE Ty s alaaremm im Tahe 5 Brezl (rasl = Gk

=] e Filter Ctrl+F
M| ezt Calculate statistical data

-y
B rzERit Copy as table to active MS Excel book  Ctrl+T
Copy to clipboard Ctrl+C
Copy as static variables Ctrl+S.

Load from file...

Save to file...

Use variable for x-axis values

Use time for x-axis values

Delete all Ctrl+Del
Select all Ctrl+A

Refresh automatically

Hide/Show

Pasition

2-123
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11) &£ FZH Tools — Table Processor..., I — B EAFE D, HE
2-121 pr v SREs BT B i el B e LN R AL E B L, X
WHE T e g 5, 2% MaxAbs 1 Std_Dev, & 2-124.

5] Processor of variables = EER (==

[Istay on top

Table processor  Transformation of variables

Percentile_99 Y MaxAbs Std_Dew
Percentile_99_point_4 -
Percentile_59_point_85 riz(ZtEE FEM) - Coordinates of peint {0,0,0) of body 243 F 4.4408921E-0016 7.1017146E-0017
Percentile_99_point_2 N .
Percentile_abs_0_paint_1 riz(Z21 5k FEM) - Coordinates of point {1,0,0) of body Z2p4E%.F 0.25585461 0.079217217

P tile_abs_0_point_15 y N
piﬁﬁiﬂmz-:b:—ﬁ ot riz(Z 1 5. FEM) - Coordinates of point {2,0,0) of body S2HEE.F 0.49008256 0.15182189

Percenﬁle_abszgg JE e R " . e
Percentile_abs 59 _point 4 riz(Z14 5k FEM) - Coordinates of point {3,0,0) of body 2443t F 0.68153995 0.21126347

Percentile_abs_99_point_85 riz(ZRt SR FEM) - Coordinates of point (4,0,0) of body Z2p3E.F 0.80930796 0.25115063
Percentile_abs_99_point_% N i
Ride_Comfort_G riz(Z214 5k FEM) - Coordinates of point {5,0,0) of body Z2p4E%.F 0.85567307 0.26542345

Ride_Comfort_V . "
Lateral_Sperling_Index riz(Set4 5k FEM) - Coordinates of point {5,0,0) of body 214 3E.F 0.80980796 0.25115063

ertical_Sperling_Index FE-Te R " . e
UICS 13, Nimv._axyps5 riz(Z2 1 . FEM) - Coordinates of peint {7,0,0) of body 3214 EE.F 0.88153995 0.21126347

g_ICSB__va_aszS r:z(Z2 {4 &k FEM) - Coordinates of point {8,0,0) of body Z2f4#E.F 0.49008258 0.15132189
ISpersion
Integral riz(ZEE FEM) - Coordinates of point (3,0,0) of body 243 F 0.25585461 0.079217217
IntegralAbs ; \ g
LastAbscissa i riz(ZR 1 EE . FEM) - Coordinates of peint (10,0,0) of body Z5t4&R: 5.5511151F-0016 7.5765061E-0017
LastOrdinate
Max
w1 Maxabs
Max_Min
Max_Min_2
Mean
Mean_plus_Std_Dew3
Min
MinAbs
%

Std_Dev3

W

& 2-124
12) & FEZEH Tools — Statistics..., FIH—AGit&EH, KK 2-121 i
TR R MBS B G DA E H, ] &E LR
FEor A, i 2-125.

Statistics - spectral estimations EI@

Variables Histogram I Integral law I Correlation function | Power spectral density |5pectrum module | Spectrum phase | Statistics

El] (e Aom
riz{ZE ..
rz(Z R
rz(FRE ..
riz(ZEpEEF..
[ Eal 2L S
rizlZRRF...
[Fl] [ealiz-3m
rz(EHRF..
[/l E R F
[ 2Rt F

0.6

HEEEEE

(0.0557; 0.0583)

2-125
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13) WA, iE S B HI AR Y Close %4, I oCH], FICHRTH ML
ﬂ%%%g&@@ﬂﬂ%ﬁﬁmo
14) iEFF F S5 Analysis — Static and linear analysis, 34 H 28 43 B4 1) 1

W (R pE s T AR QY, 1 2-126.

|3) Static and linear analysis EI@

< | E %

Equilbrium ~ Frequendes/Eigenvalues  Rootlocus  Linear vibrations  Identifiers  Initial conditions  Options

Frequencies and modes [JEigenvalues
festodbendvas Use zero velocities
(" Lanczos Algorithm (@ QR algorithm [ skip damping matrix
Freguency,/Damping ratio e
Sort by: frequency e
2-126

15) )% /£ # Frequencies and modes A4 ] Eigenvalues, 5 %41

AR ARG S I EABRSRIE L, wE 2-127 TG
FHJE, HMAFLE)

|2] Static and linear analysis EIIEI
o> aBnEHA

Equilbrium ~ Frequendes/Eigenvalues Rootlocus  Linear vibrations  Identifiers  Initial conditions  Options

Frequencies and modes Eigenvalues
PRl or e RS Use zero velodties
(O Lanczos Algorithm (® QR algorithm [J5kip damping matrix
f(Hz) ~ 8 -

L e Frequency/Damping ratio ~

2 347973 Sort by: frequency ~

3 5.15791 f{Hz) Beta(%s)/r -

4 8.01754 1 0.730304 0.307

5 9.61979 2 3.46788 8.273

[ 22,2608 3 5.15732 0.561

7 22,4281 4 7.94375 20,975

3 37.8418 5 9.61879 2.451

9 50.3314 5 21,5071 9.557

10 59,1305 7 22,4407 2,117

11 85,1424 8 37.8011 5.040

12 89.1363 3 50.2745 4.750

13 92.8193 10 58.8839 7.031

14 116,087 w|| 11 34,7773 9.273 w
Animation of modes
Amplitude I
Rate I

2-127
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16) LR, sl Y n] DA S DU R AR S IR

2-128

17) RAZtE i T A

18) <] UM Simulation F£/F .

19) ffa, EIFEN EFTIFERSCIER, R RISE N TR Z S0, K4
N last W RV SO e — IR L E U, BANIFEREE RA MR
FISCA IR R AR & J g

LLEER > Data (D) » UMESIERE » ZPUMER > HIFEESES

~

=24 B HEE ESiil i

Beam 2021/3/4 10:44 W=

History 2021/3/410:4 =
input.dat 2021;3;4 10:42 Universal Mechanism Data File 7 KB
0 inputxv 20213 1:00 UM Document. Initial conditions. 1KB
&) objectbmp 10:42 BMP 374t 226 KB
o BIEREESimc 1047 UM Document. Binary file of modal coordinates for FEM subsystems. 212 KB
o RIEES EStsgr 10:47 UM Document. Binary file of calculated variables. 47 KB
0 IERESESfgr UM Document. List of calculated variables. 4 KB
o) RIFEES Eime UM Document. Description file for modal coordinates for FEM subsystems. 1KB
o QIEFES Eitvar UM Document. List of variables. 4 KB
) FE=Rini EERE 3k

2-129
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25 B A: AFHEFREL

vV
/ /
/ [
/ [
et
Fitn ] /.'l /J

& 2-130

B 2-130 pis A— MR B ES 280, 58 AR O AR
) Wik WS RIE G TPl 2 AT, RN X WA FshEBE, ¥
URTEFE Vo NEAEXPETEBA S Y M sh H HE, VI —eME. fEE7)
TERS, ARSI, RGFEAE AR T4 bR AR 4 i) 77 4k 3811

ABH B UM Base. UM Control.
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251 HURARGIEK

1) 1217 UM Input f£f7, B UMBR, 578 “D:\UM 5| #HE 3K
1 UM RN\ E ShEH R4 7.

2) MEEE “D:\UM B UTRMN B 3ER RS 7 KRS N R
P %E.img FIAE.img, 0E 2-131.

&) saEeslEs

a X
Do lem| Q@& O Sk x| @0 @w[E e ae|D | mﬁ_){;
e Name: _
Comments/Text attribute C
[ \
Desaiption GO position

ASC |
- LI i li]

Comments/Text attribute C

Parameters  Colors GE position Material

Smooth angle w00 A

[ vertices visible
Autematic detection of edges
Ais for mirrer reflection
Refet @y Oy Oz
Nodes  Triangles Edges
X ¥ z o~
1 12802 489252 -0.0¢
2 -1.27418 -4.91189 -0.0¢
3 128648 492084 0.0¢
4 129242 489962 0.0¢
5
6
7
8

Whole list

Name Expression Value

-130482 48943 0.0
-133963 400622 -0.00
-129656  -488795 0.0
-L26143 490854  0.0¢
9 130291 49329 0.0

0 -L65049  -5.23316 0.0
11 -166579  -5.19684  -0.0¢
12 16311 521578 0.0+
13 -L24047  -481186 0.0
14 SL25171 451451 0.0
15 124806 48972 0.0
1% -124583  -482478 -0.0¢
17 -L27036  -4.8633 -0.0¢
13 131237 482511 0.0¢
it -L26944  -484301 0.0
0 -1.3653 -4.89905  -0.0<¥
< >

& 2-131
3) GIEE—ANNIE, %N PES, M Image FH gk £ AP 4,
WERENS5 WE 2-132.

) =xmesEs

- a X
LIRS R I 1) - RS I N
+wE D
Comments/Text attribute C
\ |
Oriented points Vector: 3D Contact
Paramef ters Positior Points.
Coordinates (PP): | Quaternion -
Go to element [cd
Image: [V visible
= -]
e a
Iner
Mas:
Inertia tensor
z | g 7 :
=8+ 6§/ | g G
Whole list C
Name Expression Value Added mass matrix (rone) =
Coordnates of center of mass
[ 2| <l ]

2-132
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4) GRS ANIE, A NE, M Image FRSZHIERR LA A, KB
RN TS, HEEER 0, 20, 0), JFEOMERA 0, 0, 1), WE
2-133,

Rk o x
Do fmfa«|Osrmwr|goawfagelve|d | E
neme: ME |+ dm i)
Comments|Text attribute C
\ |
Oriented points Vectors 30 Contact
Paramet ters Paositic Paints.
Coordinates (PP): | Quaternion v
Go to element e
Image: Visible
[ ~]
[ Compute automatically
Inertia parameters
M
Iner Nsor:
[ 7l g °
[= g °
B
Added mass matrix: (none) =
Coordinates of center of mass
[ ]l B 3|

& 2-133
5) AKX, Bodyl £ Base0, Body2 & F#%, Type A
Translational, Bodyl & 54 (0, 0, 0.2), Body2 I A NE &S, F
SE BTN X G, WE 2-134,

&) SFEHES

- a X
B

p— . ]
v-[@ Object A‘QE*|@@WI€!h‘|®®e-|®‘m_“®\q|p F{"}_)
s +B -
Body1: Body2:
[paseo | [wiE ~
Type: £ Translational v
Geomelry Description Joint force
Joint points
Base0
\ | o2 |
PHiE
\ | 7| |
Joint vectors
BaseD axis X 1 (1,0,0) -
[x o 1o B
PEE axisX : (1,0,0) v
[— ——
Nam Expr Val

2-134
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P —
=) 35
6) BIEE L, Bodyl EF-FH%E, Body2 Bt A, Bodyl 1 Body2
B R ALFRES (0, 0, 0), FENAWETFAY i, WE 2-13

Se
B =smsiEss _ o

[

A k|[OGPee | HP @[T e [RR[D R|E

v Object

x
4

Name: [(FEENE | + i~

Type: | & Rotational

Geometry

Body1: Body2:
[arE A% K|

Description  Joint force
Joint points
Pl

Al ais ¥ 1 (0,1,0)
L ol "o |

7)) Seifrh MBI T-forces, SAJE SR T, dRim— MRS

JG, Bodyl i&#% Base0, Body2 EFFHZE, 7E Force FH—1%E X —/MF
5 fx, WIHEN 0, WE 2-136.

&) smmemss - o x
P =l
-0 ot LR | 0S| DD B | |@F|
8 o +E 8
N Comments/Text attribute C
[ |
Body1: Body2:
[paseo | [P -
Reduction point : FEIZE
\ | | g
ype of descrip
(®)Expression (File
Force:
i B

B e ] epor ]

2-136
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252 EHRGEM

1) EHEFLHEFEE —  Universal Mechanism 9 x64 — Tools — UM Block
Editor (ELfE UM 2312 EIFEST BlockEditor.exe, X847,

2) M Inputs and Outputs #iE 535K Input 1 Output #EN KR —IK, 435
X R RGN AR A S, W 2-137,

ff] Untitled - BlockEditor - ] X
File Edit View Help
D Inputs and Outputs
= Algebra and Logic
(=] Mathematics
Trigonometry
[ Digital
NS Macro
®
Q L Other
§ :( Outt :
[ Jpppeepmppet._ ] Inputs and Outputs
@)
Input Qutput
& 2-137
3) M Algebra and logic #H Rt Gain FUFIER i BIMR =k, 700w &

¥ (25 A 50, 20, 200, wE 2-138.

38} Untitled - BlockEditor _ o %
File Edit View Help

D Inputs and Outputs
I~ Algebra and Logic
=] P W Mathematics
E 1 Trigonometry
] . | Digital
N w w Macra
GainZ Shapers

@ TAC

Q

In1 Other
E Outl )}
Algebra and Logic
Gain
[2>

Gain Summator

Gain1
Multiplier ~ Analog Divider
Comparison Comparison of
with constant  two signals
Logical Logical
element "AND" element "OR"
L— | — ~
2-138
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K} T(mosuan

4) M TAC BEHUK Intergator B4 2848 N BIMR—IR, WiE 2-139,

:ﬂ Untitled - BlockEditor
File Edit View Help

DWD

fej Eltgin!

Inputs and Outputs
Algebra and Logic
Mathematics
Trigonometry
Digital

Macao

Shapers

Other

E Outl ) 57

==

Integrator Differential
>
Gain1
Aperiodic Forced
element Element
Oscillatory Delay block
element
Real
Diff
Real Resetting
differen... integrator
[ — [~— ~

& 2-139

5) M TAC BHo# Real Differential fill 73 25N BIR— R, Ak v & 8] &

%10.001, WA 2-140.

B} untitled - BlockEditor - 0 X
File Edit View Help
D Inputs and Outputs
= Algebra and Logic
(=] Mathematics
Trigonometry
[ Digital
Macro
b Gain2 Shapers
@ TAC
Q {nt 9 Other
b co)
TAC
Gain Integral E
Integrator  Differential
fffffffff —
.001-s+ Aperiodic Forced
""" Reaibifferental T element Element
Osdllatory  Delay block
element
Real
Real Resetting
differen... integrator
— v
2-140
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6) M Alegbra and logic #iHUF Summator JHvE#SHE N BIHR — K, XXEETXE
FNIEIE Y 3, W 2-141,

*B} Untitled - BlockEditor - m] X
File Edit View Help
D Inputs and Outputs
Eﬁ Algebra and Logic
(=] Mathematics
Trigonometry
o Digital
Macao
b Gain2 Shapers
@ TAC
Q {'imt 9 Other
’b 3 H
E 5.2 Z .E w Algebra and Logic
Gain Integral ' H |
= > [
" Summator
Gain Summator
> .
Gent .001-s+ Multipier  Analog Divider
RealDifferential
Comparison  Comparison of
with constant  two signals
Logical Logical
element "AND" element "OR"
L — | — e
& 2-141
o AN :
7) 1 2-142 o S A MIERE R,
B} untitled - BlockEditor - 0 X
File Edit View Help
D Inputs and Outputs
= Algebra and Logic
(=] Mathematics
Trigonometry
o Dl
N Macro
Gainz Shapers
@ TAC
Q 1 Other
In1 *50 b1y » Out1
|
Integral : Algebra and Logic
Gain Summator
[>
Gain Summator
>t o
0.001-s+1
RealDifferential
Gainl
Multipier  Analog Divider
Comparison  Comparison of
with constant  two signals
Logical Logical
element "AND" element "OR™
— v
2-142
= 2 I A AY AY )
8) TRAFFIBZNIEH RFEMHFT, @444 control.be, #RJ5 KM Block

Editor.
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253 BIHEGE

1) 1247 UM Simulation {j 5A2JF, EHEEH File — Open..., A,
AT G AT B A SO input.dat BT LAY . HuBh BRAR E HH S0
W ORRNIALE (—RRAZE KA, 3 & 1 AR A T B A%
HE R, mE 2-143,

5] UM - Simul - dumIRIE ER
Fle Analysis Scanning Tools Windows Help
SSH 00 IEM ARBE HeL P pEE D e e I S om:
ol g WP BES Horol&d @
)

& 2-143
2) EFFET I Tools — External library Interface, 3 AN S A .

oo e |

= B0 + @+ @

External libraries {*.dl, *.be)

Mo one external library is added. To add an external library dick "+ button or press the "Insert” key.

o ][ ooy [ con ]

& 2-144
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3) st mIn— AR, WE 2-145,

$+ Wizard of external libraries EI
(o E ‘ + ﬁ Path to external library
(none) i.r?l 2
External libraries (*.dll, *.be)
- Model name (none)
|[] External library 1 | At 0
Inputs Outputs Parameters
¥ (none) ¥ (none) (none)
oK ] [ Apply ] [ Cancel ]
& 2-145

4) SRS, mEEH RS “DAUM BYIEFRRN UM BEN\G S
£ %i\control.be”, W& 2-146.

A+ Wizard of external libraries [ = |
=1 E ‘ + ﬁ Path to external library
D UM IR IR UM ) B3 2hi S 45 control be F=1
External libraries (=.dll, *.be)
: Maodel name control
[ External lirary 1 | State variables 0
Inputs Outputs Parameters
@ In1 <~ {none) @ OQutl - {none) Gain_Coef = 50
Gainl_Coef = 20
Gain2_Coef = 200
Integral_InitialValue =0
RealDifferential_T = 0.00100...
OK ] l Apply ] l Cancel ]
2-146
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5) EFEFZH Tools — Wizard of variables... 3] & &7 F (jZ,mjLﬁI

R F), e UNRLE Y SIS EN 0 RS B, B AR R S
Inputs 77 Inl, fENBINGS, WHE 2-147.

a:b Expression User variables & Reactions 1% Coordinates ® Solver variables =5 Al forces id Identifiers
.ﬁ Variables for group of bodies @) T-Forces M Jointforces > External libraries A Angular variables 47 Linear variables

ERCIN=E o EX Selected
O (A
At [~] Use orientation at zero coordinates
Type of variable
(® Rot. vector O Ang. velodity O Ang. acceleration
Component
Ox @y Oz O1vi Ov

Resolved in SC of body
= -]
Relative to body

o -l

ang:y(A ) |||Vectnr of rotation of body A f relative to Base0, SC Base, projection Y | E
ang:y(AfF)

& 2-147
6) XN EH RGN Outputs 7R Outl, M FHERFIERPERFS fx, /EN
HHAES, wWE 2-148.

P+ Wizard of external libraries EI@
= A + ﬁ Path to external library
[ VM I 7S B AIUMAB T S IR \control.be Elﬂ @

External libraries {*.dll, *.be)

Model name control -
[] External library 1 s o |8) External library -= Model parameters x

Inputs Outputs Assign external library output value to the following UM parameter:

v Inl <—ang:y(AfF) - vec... || @ out1—
[fe =l
Value of UM parameter when connection is off:
[0 3]
Assign also...

[T] No identifiers of the same name

[ ok ] concel

e —

2-148
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7) ‘A% External library 1, FH{R47, B 2-149.

D+ Wizard of external libraries E@
= E + ﬁ Path to external library
| [ MBI AR BB SN RR controlbe =)0
External libraries (*.dll, *.be) ]
name ol J—
P State variables o @ == X
Inputs T« T SEEESL. v O P ER SRR
V' Inl <—-ang:y( A BE) - Vec.
|in v R =~ @
A ogw B #HESH s
t 4
o | GOMeshes 2021/3/4 11:32 it
3+ | History 2021/3/4 11:27 =
=
|
|
|
o | by || o 1
e« >

= EHEH S sim

& 2-149
8) QIR I TR E Fv, FHHEAZNEE L, Wk 2-150.

D-} External libraries A Angular variables gE Linear variables arb Expression User variables = Reactions

[ coordinates (M) salver variables = all forces id Identifiers
w Variables for aroup of bodies © TForces B Joint forces
= [v] BabiEdlFRR Selected &
- @ Bt s
Type
@ Force O Torgue
Component
O O Oz Qv ®v

Resolved in SC of body

Basel j

Acts on...
(Jbody 1: Basel

(@ body 2: iz

L2
FAEHNTT) |[T-Force: force G55, Vector |

FultEHi )

& 2-150
9) EFFTEH Analysis — Simulation, 5 EEHI TN . EFR MRS
Park, WEENEN 1s, HIELEKRN 0.0002s, BEN le-7, Aikik
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Tl Computation of Jacobian, 1K 2-151.

Solver Identifiers Initial conditions Object variables XVA Information Tools
Simulation process parameters  Splver options  Type of coordinates for bodies
Solver Type of solution
() BOF
O agM (O Null space method (NSM)
(® Park
Oear 2 (® Range space method (RSM)
(O Park Parallel
[Time M~ 1@
Step size for animation and data storage
Sror torance

[CJpelay to real time simulation

[[Ikeep system matrix decomposition

[ computation of Jacobian
[(JBlock-diagonal Jacobian

| Integraton [ Message | Close |

& 2-151
10) )43 Initial conditons T, W B P EWGEIER 2 m/s, ARAHXF
BT ZENIGRFAFE 0.5 rad, WA 2-152.

Solver Identifiers Initial conditions Object variables XVA Information Tools
Coordinates  Constraints on initial conditions

GE‘@@@‘:{-UV—G‘&

ds  Coordinate Velocity Comment
11 0 2 Base0_FHE 1c
1.2 0.5 0 IE#E_AE 12

| Message | dx=| 0.1 @ da-| 0.1 il

| Integration || Message | Close

& 2-152
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11) fitf Integration, JFIGiHHE.

15) UM - si
Flle Analysis Scanning Tools Windows Help

22F 00 DEH ARGE el P pEe DE B | B o
cogs WPk BES Lore B T
o

= Animation window [= =] =]
IS R AR

[# 2-153
12) ¥ T2 AR R SR 0 LT, I 2-154.

= E‘ + m Path to external library

D: M IR UM )\ B 20t control.be =
External libraries (*.dl, *.be)
. Model name control
External library 1 State vari 0
Inputs Outputs Parameters
o Inl <—ang:y (A fF) - Vec... W Outl—= fix Gain_Coef = 50

Gainl_Coef =20

Gain2_Coef = 200
Integral_InitalValue = 0
RealDifferential_T = 0.00100...

& 2-154

www.universalmechanism.com -91- wWWwWw.tongsuan.cn



http://www.universalmechanism.com/

i Tongsuan
m‘ universal f - e
mechanism g |F'] A

3. MEXRBERGHNFE

);_%
AT
o
At

3.1 &%l

& 3-1
Bl 3-1 Pros N— NI EERIE 20 2 WA R, 2B — AN R T
N ZET RGUH R i 2T R B — ML BN AU AN RS, A
RN ZIAA—REEE, FRMEEZEA R, BRI 50 NMEHBEE.
A F E| ) AE: UM Base. UM Subsystem. UM Loco.
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3.1.1 ZRMEZEHz /1%

3.1.1.1 NlEEE

1) 1247 UM Input, FEMEA, RN “D\UM EIHE KK UM BEE\gk
EEHZRIAER”,

2) M “D:\UM B YRR U RMEEEH L RIERERL” KIRF B
EW AR . img, HZ.img, —RME.img, —RPHE.img FR
PR2%.img.

3) K IUTEL N F, ERARE A, s N R, BHEZ
ekt 180° , mE 3-2.

B siErmaaEn - [m} X

" "

e | # + B G

Comments/Text attribute C

Description G0 positon

v g o JEA S|[OS | g@w/[T e |v|D F]
~ -{} Object

o Curves

Translation

¥

Rotation

I CR—
S
S —

-

«
o+

=8+ 6/ N =

Wihole list @ 5

Name Expression Value

3-2
4) QIS —ANIE, M4 AHsE FL, 8 UHE F, E XRE 50, #35)
HE (1, 5, 5), wWE 3-3.

B siErwsRmE _ o x
B o Lo i =
v 0 oo QG k|8 Sk x| 80 0w E e we| D F| .
v £ onet == &
b Curves Comments/Text attribute €
P Variable
3P Attribute: | ‘
(9 subsystems
- F.\ Images Vector 3D Contact
o S Positi Points
e Pl |Quate v
G —FeE
B CFEE =
& RS Image: [ visble
& iR s
v 5 Bodies ‘ v
= e [Jcompute automatically
& Joints Inertia parameters
2 S0 e rass:
-6 Scalar toray
= linear force. hd Inertia tensor:
[ ! =l ‘] -
i+
=B+ 8 E gl
Whole list 5
Name Expression Value Added mass matrix: (one) ]

Coordinates of center of mass

l | 3|

3-3
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AV RS AR, fr 4 HFE FR.

6) EMIARCE =ANWIA, v vEhAE RR, &£ LTHIFE R.

7)  EHERGE AN, a4 AEFE RL.

8) AIEM AN, A NiEe, I UTHEE, & XEZH mframe
(1605), ¥ E (1216, 1136, 2219), JR.L4kFR (0, 0, -0.09),
& 3-4.

t11 universal /) T(_)IAI(.‘,’SIHIII
mechanism g Gz A
5)

&) sEsEsRER - b x
B Lo E
< 05 Obyect Jalla k| UGk x| 39w evR| D E|
A anes name: thEd
Comments Text attribute C
Oriented points Vectors 3D Contact
Parameters Position Points
Coordinates (PP): Quaternion >
Go to dlement '
Image: [ visible
[fase ~]
[] compute automatically
Inertia eters
Inertia tensor:
[1218 <[ c C
[113 ] c
2219
N Expre: val Added mass matr tore) =]
i i Coordinates of center of
[ | o F

9) b A ML Subsystems, MEAMEA T, Hn—AT A% WTF

FisE LR E R Wheelset, v % A%% F, 1E General T B % X ¥12
0.45, RHNRABEIEZ 2F 0.7465, WME 3-5,

B sEEEsRER _ o x
B o ] X
T ot LEilq k| O Sshea x| BT @B AR F|
T Curves Name: [$EHF + @
LR Variabl
Leap A‘:(r:h tes Type: | 4¥ Wheelset ~
~ (10 subsyster Comments/Text attribute C
o ERdE
v b Images |
&
F.\ e Edit subsystem
o —FEE General Position Identifiers Inertia parameters
& CREE
% R N .
Ml Track tempiate:
o8 AL [restrig
8RR Type of wheelset
i ® standard
2 Eﬁm O Independent rotation

O single whel (eft)
el (right)

=8+ 8/

Whole list e
Nam; Expre: Val Radi 0.45
0 20 Semibase: 0.7465
mfr 1605 dsdelength: 2.2

3-5
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10) ¥)4:5] 1dentifiers T, B XS 1000, 7RI LS5 &
800, mkEEENRE 100, WE 3-6.

[ Edit subsystem ]

| General | Position | Identifiers |Inn.=-_rﬁa parameters |

Whole list |
Mame Expression Value
mwset 1000
imwset 800
iywset 100
axlelength 2.2
y_axlebox 1.05
3-6

11) VI#:2| Position 1, B EHN F T ARG LSMAIRRTHINLE, S
B 1.5, FEn L% 045, mE 3-7.

) piErmsmmen - [m} X

B
v ¥ Object ~
fenh Curves

@ e &|O Gk n| @0 | e @r -

[

= +E O

Type: | f Wheelset ~
Comments/Text attribute C

Edit subsystem

General Position Identifiers Inertia parameters
Translation
x:[Ls °]

2 [o.55 °]

Name Expression Value

& 3-7
12) BHERE AT RS, Hin RN R, WHE Position, X =-1.5,

Ak | US| H0 0w ||

+E S
Type: | Wheelset ~

Comments,Text attribute C

Edit subsystem

General Position  Identifiers Inertia parameters
Translation
w15 c]

= [0 €]
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13) B —/MX, Bodyl EFHNT F.Wset, Body2 iEFEHIFE FL, KAH
Rotational, %8 AAR4518 (0, 1.025, 0O 1 (0, 0, 0), FHEhEhEl
Y B, E 3-9.

mla«ldShmr| @9 @w 0 e/ )r
Name: [Set $HFFL | + @~
Body1: Body2:
\s@ﬁ;wsa ~| \WEFL -
Type: | € Rotational v

Geometry Description  Joint force
Joint points

Wset T

\ €[5 | d
R T

\ gl ]l t]
Joint vectors

Wset axisY : (0,1,0) v
0 ) o 0
L axisY : (0,1,0) v
0 ) o 0

3-9

14) EHIAE R /M, Body2 TBHECNEIFE FR, Bodyl £ S ALAMENCA
(0, -1.025, 0).

15) SRHIAEREE =AML, Bodyl B EUNEXT R.-Wset, Body2 B U v%hFH
RR.

16) E il A VUL, Body2 BEECNHIFE RL, Bodyl £ pALFREECH
(0, 1.025, 0)

17) Bl AL, Bodyl 1%#F Base0, Body2 E3EHIZE, 2574 6 d.o.f.,
BEARFRT I (0, 0, 0.73) AT (0, 0, 0). VIHRFIHEAAME, &
3-10,

Ba4« tPPmr §IWw /0 /R QF e
1K 0% | , | | . 4 ¥ -
Body1: Body2:
‘Baseo jhﬁ]gg =]
Type: | ™} 6d.o.f. v

Geometry Coordinates
Body 1 Body 2

% Visual assignment
Translation
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3.1.1.2—REH

1) &AM Linear forces, ,.\\EEETWTH’%E+ IS — A — R

H176, % N—FRBE FL. Bodyl EFH%E FL, Body2 B4, ik
B —&ME, /A)i%k Automatic computation for 2nd body, #i\5HE
AR EAARER (0, 0, 0.2) F1 (0, 0, 0.5), W& 3-11.

B ssrmzmmmen

- o x
) . o [
Fo AR RN I - ARSI
o $RTR Name: | —F3PEFL + i
Ve :_.'"f;;;éF Comments/Text atiribute C
R ‘ |
&
,.:. :2332 Body1: Body2:
G SRS e | [rze -
iR Type: @
& bodes ype: | = viscous-el lastic
- L GO | —FEPE 2
-5 shiErR
e SRTERR Position  parameters
e RL
H g gﬁ Compute for the 2nd body
v ﬂ Joints [ Automatic computation for 2nd body
Lo WSet SEHREFL
L WSt R Bodyl Bodyz
§ WSet_$BFHERR. System of coordinates at pt. A (SCA)
WSet_$FERL
AL %
E
.
-
Point B1 - the end of element:
; - &
[
o+
=8|+ 8|
Whole list
MName Expression Vale
Vo 2
mframe 1605

& 3-11
2) 1E Parameters G, & M HIEFUEL ) 21, B4, 7EH#HE S
Accept, RS EILLMFFZHIRNTE f21, FEFHE € LFRIEA:
9.81*(mcarbody/8+mframe/4), X FEF 2 HEIRIEHMIRT 5 S
mcarbody, TREFSEE N 0 BIA],

B o | .
e A k| OS2 [ @ WY || D R
-+ i + &0
v qga;;;& Comments/Text attribute C
& R ‘ |
5 —
::‘ :23;; Body1: Body2:
& WEE e B |
v g?ﬁ@ Type: | = Viscous-elastic -
5 hfErL GO: | —FiEE R
5 e
5 SR Stationary force
— \ g Je©
~ - Joints —
Y ogite s Opstresr
2 orses AR Stiffness matr (none) -
Damping matri (none) |
Edit identifier
MName:
v
Expression:

Comment:

Nam Expr val
0 2

mirame 1605

fa1 o

3-12
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3) iy Stiffness matrix #=K#%4, HAWIEHRE, W& 3-13, H kxy_1
RN ARSI (9.5e5), kz 1 NTEAIRIEE (9.0e5).

|5) Matrix of linear force element >

Elements

coordinate-coordinate coordinate-angle

kot E =l ‘| | [Hoy170.321% ‘]

| flleor  E o leamo.32 B =l ‘]

| = ket | = = ‘]

angle-coordinate angle-angle

| Jfov72 ] | [om ] g ]

o0 g | o] g

| = = ° | = “flioce  E

oK Cancel

& 3-13

4) BHIERE A RMES T, EadN— REE FR, FX Bodyl Ay
B4 FR,

5) EHIERE=—RIME 70, Hand N RHE RR, T Bodyl 7y
B4 RR.

6) EHIERENA—RIEIIT0, Hamh N R RL, Tk Bodyl
WFH RL. DRI, WmE 3-14.
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7) e AU Bipolar forces, itz ¥, olEm—A— AR
RIITT, LA —REMRIESE FL, Bodyl %£3H48 FL, Body2 i%#%
M4, BT UTIRIRES .

8) & NIIREE T AN L AR A (0.25, 0, -0.04), (1.76, 1.025,
0.215), kB SI0HKT linear, E XFHJE &% 1e4, & 3-15.

(el ] - o X
B e | 1% 54
Fs e &|[OShe | 88 w|T e p R
Lt dimiR Neme: [—RBEIRIREL + i}
v ]ra;;;éF Comments{Text atiribute C
St ‘ l
o _
_,.:. :g:; Bodyl: Body2:
& AIES [rer | [tae -
& R e
v =) Bodies Go: it =
5 L [ Autodetection
9 wiER Attachment ponts
gy T st
o 2
5 e 0.25 C l|-0.04
v Joints % fzm
o jWSet_HEFL
- WSet $HEFR L75 = L.025 “jo.215 =
Length 0535093
14, Linear
F=FO-c"(x- x0) - d*v + Q “sin(w"t+a)
e 01
Coordinate (x0): 0 c
S L Damping coef. (d): 1e4 c
+ Amplitude (Q): 0 c
= +
=] | @ |E| Frequency (w): 0 c
Whole list
Name Expression val
0 20
mframe 1605
mearbody 0
1 9.81%(mearbody/8- 3936.262¢
Ty 0000E +5
ke_t 9.0000000E +5

& 3-15
9) HHIERE A —RBIRSE 170, L Bodyl AHFE FR, BXUHIRES
F AR A (176, -1.025, 0.215).

10) EHIACEE = — RBIRES /170, HX Bodyl NHFE RR, B IRHES
N AR EAAER RN (-0.25, 0, -0.04), (-1.76, -1.025, 0.215),
11) EHAESEIIA— KBRS 7170, F il Bodyl AHFE RL, BB IReS
AR (-1.76, 1.025, 0.215). PI#R|EAEAE, WE 3-16.

3-16
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12) b /2 AT Special forces, s T, Glaess— A st o

717G, 4 NEEE AR FL, M TS %+ Bushing, Bodyl ZEHH
% FL, Body2 EHMEE, WHE 3-17.

) sEsmsREn

5 Bl K| Sshm | TP W H 2R D F|
5 SRR

5 SR
5493

v R Joints

o WSet _hFEFL
o jWwiset_SHREFR
o jWiset $HFERR

- [m} X
B

. —

Comments/Text attribute €

Body1: Body2:

|
[erL = ~I

e JWSet_SERL

- SR jBasel_{H32

v 45 Bipolar forces

T, —ReEmREn
T, —F RS
T, —FEERERR
T, —FEEmRER

.
-+ Scalar torques - =l
-?

v -E Linear forces

onnections
12» Indices
Summary

=8+ 6

Whole list

fa1 9.81%mcarbody/s- 3936.2625
kxy_1 9,5000000E+5
ke_1 9,0000000E+5

3-17
13) 7E Position\Body1 JUHIfi NiEHE FAAMR (-0.53, 0, -0.04), A5k
Autodetection; 7E Description T E X WIEE, NmH-FshNIE 1e7, A
FENNIEE Se6, H[AFAIRIEE 17, 98 X HidE WL 1ed, S Z 5N

E led4, E 3-18.

Body1: Body2:
AL | e =
Type: [I;I Bushing -
Position | Description
[¥] Autodetection
. Type: |Linear &=
Position | Description i [
CX 1.0e7 -
Body 1 | Body 2 -
T& Y 5.0ed —
'l.l'lsufal assignment 7 L0e7
Translation
w (0.3 5 CAX  1.0=4
CAY
¥: £
CAZ | 1.0e4
. [
z: -0.04 DX
MFmd—dme —_
& 3-18

14) EHIEREE AN EE R ET A FR, B2 Bodyl NHiFE FR.

15) F A BEE = AN S n BT R RR, B2 Bodyl A3%E RR, f&
MUERE S ALBR N (053, 0, -0.04).

16) Sl Az B DA 5 s ) n 8 B9 i RL, B0 Bodyl N RL.
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1) kA AR Linear forces, &4 Ml#%4H + , BN _RHEL,

Bodyl P42, Body2 £+ External, %F/LA —R#ME, 2k
Automatic computation for 2nd body, 7t Bodyl T H % \#E T Sl
MAERR (0, 0.94, 00 A1 (0, 0.94, 0.2), WA 3-19.

[QF-s=e==—d e - [m] X
: em | g o S ma & F - e H
s |a @ «|[fGmr| g aleE e b K| -+ 8
9 gL Comments/Text attribute C
2 e
Ta {(Din:‘;/sﬂ SHFEFL |
B o =3 - —
< juiset EERL Type: | viscous-elastic ~
. St =
i—zmmsa GO: | R P
-, —FEmRRER Positan | parameters
) & —igmﬁ:ggkn Compute for the 2nd body
& Sa Automatic computation for 2nd bady
= ;: Bodyl Body2
:% System of coordinates at pt. 4 (SCA)
2 B e [ E
o
=
2
Point B1 - the end of element:
@ bR B Efbes Flp2 E
=H|+ 0/
Whole list
Name Expression Value
v 20
mframe 1605
mearbody 0
fzi 9.81%(mcarbody/8- 3936.2625
ksey_1 9.5000000E 45
kz_1 9.0000000E+5
& 3-19
\ s ) =23
2) {f Parameters UL}, & MHFEELJ) 22, [A1%, FE50H 5 L
= > 2y 2 O >
Accept, NG B MIFF 5 HI RN 22, fEFHE € LRIEA:
9.81*mcarbody/4, W& 3-20.
Mame Expression Value Parameters
v0 20 Stationary force
mframe 1605 C C f&2 C
mcarbody ]
fr1 9.81%(mcarbody/84r 3935.2625 @ Linear () Bilinear
boey_1 9, 5000000E +5 Stiffness matrix: (none) J
kz_1 9.0000000E+5 . .
. Damping matrix: (none) J
H 9.81*mcarbody/4 0
& 3-20
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3) Aiili Stiffness matrix £ 138, T ANIEERERE, 0K 3-21, ﬁEF' kxy_2
RN AR AR (1.25e5), kz 2 NFEMNIE (1.5¢5), ME 3-21.

|5) Matrix of linear force element >
El ts

::::I;I:Z?nate—murdinate coordinate-angle

ko2 C Bl o | [Hov_20.2721% | ‘]
| flloz EEERE =l ‘]
| = k2 | = = ‘]
angle-coordinate angle-angle

| | o] fwoo  C | ‘]
[y 20.2128 | =l ‘| | ‘]
| = = ‘| = “floo0 €

oK Cancel
& 3-21

4) riii Damping matrix 4, A TEFBEE 2%k 10000, WE 3-22.
|5) Matrix of linear force element >
El ts

::::I::Z?nate—mnrdinate coordinate-angle

T g

C C C C |:|| |:|

| Bl “flooo0  Ef Bl | ‘]
angle-coordinate angle-angle

| | | anl | =l ‘]
| =l =l | =l | ‘]
| | | ° | | ‘]

oK Cancel
& 3-22

5) HHIAENSE AN RME U RME R, BUPRE R SR E AR
(0, -0.94, 0> F1 (0, -0.94, 0.2),
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6) il AR Bipolar forces, i, 44— R IR
2% F, Bodyl &4, Body2 i+ External, #E# LTRSS
7) B XIRAR AL B S ARER AN (0.24, 0.24, 0.105), (0.24, -0.36,

0.105) , ’z)i% Autodetection.

8) IEFETIIuIA Viscous-elastic, & NIE REL Se6, [HJE R%EL Sed.

&) s rmanreEn

flm | & |[A S80S e per

- ) TR -

o jwset_$hFEFL
e jWSEt_SHTEFR
o jwset_3hFERR
o jwset_$hFERL
R Base0 1338
48 Bipolar forces

% 7%§FEJERHE§FL

Narme Expr Val

0 20

mframe 1605

mearbody 0

f21 9.81%{mcarbody/s- 3936.2625
kcy_1 9,5000000E+5

kz_1 9.0000000E+5

fz2 9.81"mearbody/4 0

ky_2 1,2500000E+5

k22 1,5000000E+5

& 3-23
9) EHIA A A RIEIR S ot = R AR R, BHURIR S AN E
B AR RR S BN (-0.24, -0.24, 0.105), (-0.24, 0.36, 0.105).

www.universalmechanism.com -103 -

- [m] X
B

Neme: |~ FRERIREF + i}

CommentsTextattribute C

Body1: Body2:

[raze || [extermal =~
GO: | ifEds N
[ Autodetection

Attachment points

T tom

0.24 Clo.24 £l[o.105 c
% External:

[o.24 c]l0.36 <][0.105 °]
Length 0.6

il viscous-slastic v

Spring -
Damper +Spring

a5

Stiffness coef. () 5.0e6

Damping coef. (d) 5.0e4

Stffness coef. (c1)
Length (LO):
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10) &l Jiot, HEana APUBIT IR L, 1B SORIRES A8 SR BR 4 )
N (-0.16, 1.315, -0.17), (0.54, 1.315, -0.17).
11) B M 1763550 Nonlinear viscous-elastic.

) srEsEammEn _ o x
& . . [
o e dEla R &|[QFe x| ®Q 8w W 2w p |
o $RRR Name: [FifEfTRAIREL + @
"g gﬁ“ Comments/Text atiribute
~v & Jonts
o jwset_$HFRSFL
o jWset HEEFR Body1: Body2:
- WSet_ IR [taze ] [pemel =1
o jwset dEEERL o
R jBase0_19%8 GO: | FhifEEE v
v - Eipolar forces Autodetection
E _Zggﬁzgég Attachment points
v, —EEmmiREs B v
T, —FEARRSEA 0.16 c[[1.315 o1 c
2 = RS T extema
-3 VSR
= AR o5+ ¢)[1315 017 <]
= Length 0.7
2 Nonlinear viscous-elastic ~
Neniinear spring and damper
inseries
oW B

Nam; Expr Val
0 20

mframe 1605

mearbody 0

fa1 9.81%(mearbody/8- 3936.2625
kxy_1 9.5000000E 45

kz_1 9.0000000E +5

fz2 9.81"mearbady/4 0

loy_2 1,2500000E +5

kz_2 1.5000000E +5

NI, AR NS T ).

|5) Curve editor - Spring — O x

. + 45 @ e Je=apl2
: 1000000
5 N X Y Tun Smoothing
E = Curve 1
E 1 0.1 -0.1%1e7 Line fes
: 2 ot 0.1%1e7 Line Yes
i |

01 01

< >

o B L1

. . oK Cancel
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E)o

|5} Curve editor - Damper — O *
+ #2 [ | e Ven R &
20000
N X Y Tun Smoothing
= Curve 1
1 0.1 -20000 Line Yes
----------------------- T
2 -0.05 -13000 Line ‘fes
3 -0.02 -15000 Line ‘fes
4 -0.01 -10000 Line ‘fes
.0?,1 0\51 5 [u] [u] Line fes
: : [ 0.01 10000 Line ‘fes
7 0.02 15000 Line ‘fes
"""""""""""" L i o 8 005 18000 Line Yes
9 0.1 20000 Line fes
< >
------------------- EcIch SRR EREEEEETEPEEERPRPEREREE
oK Cancel
[ 3-26

14) £l /170, Hdar A ATUHBAT RIS R, ASEUBRAS 3 5 AR 20
A (016, -1.315, -0.17), (0.54, -1.315, -0.17),

15) ﬁ%gﬁﬁﬁ@ﬂ%W@r‘u@, e Tl AR R I S e
e Show all, FJ& BIEEA T H #ATAHRARIL .

3-27

Zt, BAVEHK TR ARG AN O RNER, CERE T
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3.1.1.4 B 3E

1) AMEAFETR Object, 7E4 M| General TUTH & 7441 Transform into
subsystem, IXFERAE— ML ZEBIRI R4 T — T RS0, (T AR

k.

B pExmzarEn

v - Object
~ - Object
gl Curves
1510 Variables
L3P atirbutes
V(8 subsystems
(b SEE
o R
v Images
&
A
& —REE
o —FREE
]
i IR
57 Bodies
- L
-5 SR
-5 SRR
i) SEERL
- HRe
v -& Joints
Lo wset SREFL
e JWSet_SHIEFR
b jWSet_$HHERR
b jWset_SHEERL
LR Base0_iE
~ & Bipolar forces

>

@ a0 S b @06l e|ee|gr]

=8|+ 8/

Whole list

Name Expression Value
w0 20

mframe 1605

mearbody o

1 9.81%(mcarbody/3- 3336.2625
kxy_1 9,5000000E+5

kz_1 9,0000000E+5

22 9.81*mearbody/4 0
oy 2 1.2500000E+5

kz_2 1,5000000E+5

&

& 3-28

2) HaZANERFZEF, {F Position & X X F3) 9,

(5] Object EFEEMIMER

B

~ - Chiect
~ -} Object
gk Curves
¥ Variables
3P Attributes
~ -8 Subsystems
= e
~-f Images
-5 Bodies
& Joints
& Bipolar forces
€ Scalar torques
= Linear forces
~gf¥ Contact forces
- @ T-Forces
% Spedal forces
‘€ Connections
123 Indices
Summary
1, Coordinates

wma &SPy | DO w|E e @r

& 3-29

- [m] x
54
Variables Curves Attributes
General Options Sensors/LSC

Transform into subsystem

[umMobject

Comments

Generation of equations
() symbolic
®) Numeric-iterative

Gravity force direction

ex:

&)

ey

)

ez |-1

&)

Railway track template:

Massiess
Characteristic sze:  |1.00
Scene image: o

- a

+

Type: | [ included

<R

x

ii]

<

Patn D MBI AN AR

Comments|Text attribute C

Edit subsystem

General Position  Identifiers

Translation

x[3

v

%]

Rotation

5
g
]
b4
'0

~  |0.00000000
-

Transiation after rotation

x|

5]

"

g

=]

7]

3) HHIENSE N T ARG, Ea NFEFZE R, Position € X X “F3-9.
4) i Edit subsystem, AR R F RS
5) Ry L% Z Flest 180°
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&) Object SEFEEMGIEE 42E2ER X
> 4
8 et dElAEk|OSre | 5T 6 wE e ) E|
#+EE
Comments Text attribute C
\ |
Description GO position
Translation
x
¥
=
Rotation
:
-
-
shift after rotation
: 3

=8+ 8 ™

Whole list

Name Expression Value ‘

3-30

6) siJf Bipolar forces, &MU —MPUMCATIRIRES /10 IR sSAA bR R
(0.16, 1.315, -0.17), (-0.54, 1.315, -0.17); EECE /NPT RIR
B SITUHEE AR A (0.16, -1.315, -0.17), (-0.54, -1.315, -0.17).

7) i Accept, FERUIEN, BHET RS

8) M “D:\UM BJIFE UTEMERIEERHRZ NEBEL” SN LA EME
.

9) ELAMSHFT SR mbsE, EFEEH Add from subsystem..., M7Fl
RHIEFEELE F T 2% B mearbody 4, HH ¥ E N 40000
(kg), #HEIIR, M OK, XFEEMAFE 2T 25 21 mearbody
ZHABEIRE 40000, WE 3-31.

5%
=8+ 8|
Whole list
Name Expression Value }
‘vo + New idenﬁﬁer... Ins
Add from subsystem... @ Identifers
Insert identifier... Shift+Ins
Edit identifier... w - Identifiers
fif Delete identifier Del v §EolHeF
B) Copyvalue to clipboard Ctrl+C | | i B vo=20
Copy table to clipboard Ctrl+lns | ™ Bl mframe=1605
Show elements for identifier.. | i {7 [ mcarbody=0
Show unused identifiers.. | i 7 Ei :{1:3936. 26
BY% Newpage | i % szIiQDgEEISSSD
Rename page | P i D &2=|:|
temonpage- L B kxy_2=125000
Deletepage @ | P i D kz_2=150000
Remove from page . ;.EEEI-F
v Auto refresh object - iR
Refresh object - ﬁﬁﬂ%@R
Add identifiers for irregularities

3-31
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s
+ = .
= B | <+ ﬁ | EI [ |5) 1dentifiers of the same name X
\ bimcarbody (40000)
Whale list i&rﬁ_‘ﬁgF.mcardeY {U}
Marne Expression Value M $E[o)HRR mearbody (0)
vl 20
mcarbody 4,0000000E+4
Carcel
3-32

10) BIEZEAERIE, & XFE mearbody, ¥ZNEE (1e5, 2e6, 2e¢6), il
miiiedl =, g

kR (0, 0, 1.75);

12) Object B FFEMIHER

— A7 B R

o

x

3}

-
0 o = e ®«|[OGsrer |0 0wE e pr|s
¥ L e el = i
Comments/Text attribute C
Orientedpoints ~ Vectors 3 Contact
Paramed ters Position Points.
Coordinates (PP): Quaternion >
Go to clement e
Image: [ visible
[ v
[ compute automatically
Inertia parameters
Inerti :
1e5 I <] <
[z 2 :
226 c
. B Added mass matrix rore) |
= 0 ‘ + @ ‘lj__ll S| Coordinates of center
Whole lst <]l [175 c]
Name Expression Value
v 20
mearbody (40000000 +4 ¢

IS,

& 3-33
11) & )5, BAIFEREMRMIAN LI TR @ ER. £

Eyapin L
A FREA A, HELTE B Body2 #FGEFE N — A A1

External, PMERESHALFRESAE Bodyl AAh5 & g . 7E A S

i $% Connection, A5 B A L AR E—A 1T,
Assign to all, R85 IR AN RJFE A (3

17), XFHHZEERSS T T 25 21 External BEHMA.

www.universalmechanism.com
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(E) Object BEXFEEMHIER
&

o B o fmam«l@dSsemr| 808w Ee«eperl

v @oh;
agh

=8+ 8/

Whole list

vo £l
mearbody 4.0000000E+4

Name Expression Value

3-34

F B ReST -2 (0,0,0)
FiEmEE=ER > #0,0,0)
PeiTREEEL —> 2 (0,0,0)
ﬁfﬁﬁﬁ$R>$%mUm
—EREEr->EE(0,0,0)
F Z3aEERE0,0,0)
AR, — A omiReEr >3 R (0,0,0)
[I5RR. — FiBmlaiEeaR - >2F 4(0,0,0)
ElER i TR S L - > 22 F:(0,0,0)
H%Rﬁfﬁﬁﬁ¥W¢$ﬁﬁﬁm
[O5ER. — FAEr -2 (0,0,0)
I‘EJ?k ZREER->FH0,0,0)

vl BREEEREEE
R "Lsct (0,0,0)
YE[ol5er
YE[OER

e
P
s
=P
o
ol
&l

EUU

e e e e e e e D R R
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁiﬁ

& 3-35
) n\\a:_l“ Summal‘y, */\%:7\% ﬁﬁiﬂﬁ%i«%’ ,f%ﬁ*}-;ﬂ’ %I‘j—j UM Input ?EI:IE
¥ o
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3.1.2 ZRIGERZHMGE

1) 247 UM Simulation 27, H#EEIE E 2 NIAEIA . 5 B i8530 ) i
RN or B AR 7 W)

[3) UM - Simulation - d:\um ISR\ umEE\ BB S EEAHER
File Analysis Scanning Tools Windows Help

2EH OC IR ARDE(HOL|(FS RO 08 @ Ao

v\‘ Bioahr @ nis

& 3-36
2) FIHHEAE AR, L+ Park SKAFEAY, WENHIEE 1500m, & EHHRE
KAEL KN 0.005s, ‘A% Computation of Jacobian.

Solver | Identifiers I Initial conditions: I Object variables | Railfheel I XVA I Information | Tods|
¢ Simulation process parameters || solver options | Type of coordinates for bodies |

Solver Type of solution

() BDF

) ABM ) Null space method (NSM)

@ Park

O gear 2 (@ Range space method (RSM)

() Park Parallel

Distance - Vehide distance t| |== »| 1500 @|
Step size for animation and data storage

Error tolerance

Delay to real time simulation

Keep system matrix decomposition

Computation of Jacobian

Block-diagonal Jacobian
Jacobian for wheelfrail forces
Stop simulation on wheel derailment
’ Integration ” Message ” Close
& 3-37
-110 - Wwww.tongsuan.cn
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3) VJ#: 3| Railvehicle—~Track—Model and parameters 7, W& HUEHK
0.025rad, FENALTHALAR R SR ) (] R 6.05mm,  FHUTE A Y A I o7 4
B, N7 E SCRE BEAR W EE AN E -

Object simulation inspector

Solver Identifiers Initial conditions

=8 MY
Track  \Wheel/Rail Contact Forces Speed Wear

Model and parameters  Macrogeometry Irregularies  Image

Object variables Rail vehice KA Information Tools

Geometry

Rail indination (rad) 0.025

SCR-SCW distance (mm) 5.05

Track model
(®) Massless track
Moving rigid body track
Flexible track
Parameters
Type of stiffness parameter definition
(®) Number

Stiffness per one rail

Vertical stiffness (N/m) 44 000 000

Lateral stiffness (M/m) 18 000 000

6.6E25

[ orsional stiffiess is taken into account

Damping per one rail

ertical damping (Ms/m) 400 000

Lateral damping (Ns/m}) 100 000

Integration

O Curve

Message Close

& 3-38

4) P)# 3| Track—Macrogeometry TL[H, £ Curve BMHIE, & X HZ
BKBE 60m, ZZFIMIZEKIE 440m, FHIZK R 500m, [ ihZk %

5500m, & 0.15m.

Object simulation inspector

Solver Identifiers Initial conditions

=8 MY

Track  \Wheel/Rail Contact Forces Speed Wear

Model and parameters Macrogeometry  Irregularites  Image

Track type

O Tangent O S5-Curve
(® Curve (O switch

First section
L1 |80

P11 [440
51 [s00
R1 [5500
H1 |0.15 I
P12 [0 |
dr1 o
L 1440

v 7L570316

Smoothing 3.00 "_A]

Integration

www.universalmechanism.com

Object variables Rail vehicle KA Information Tools

(O From file

Message Close

3-39
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5) PJ#:3| Track — Irregularities L[, %% Uneven, ANFISEALN
From file, 25 0 A E AL A PUIE [ FIRE [ AP0, anfE 3-40.

Object simulation inspector

Solver Identifiers Initial conditions Object variables Rail vehide XVA Information Tools

=8| %e Y
Track  wheel/Ral Contact Forces Speed Wear

Model and parameters  Macrogeometry  Irregularities  Image

Track type

OEven @Uneven

Type of irregularities

(®) From file () Identifiers

() Deterministic () File +deterministic

Files  Deterministic Identifiers  List of groups

= A

Vertical irregularities

Left rail | D \UMES | BEE R 2 b RE Y _Left_3km.way ﬂ|
Right rai D MRS R A \BERE WY _Right_3km.way =]
Lateral irregularities

Left rail D:UMES IR VR 3 R PR _Left Skm.way |
Right rail DM B R R 2\ BERE\Z_Right_3km, way |
Factor 1

Integration Message Close
3-40

6) 1J#:3] Wheel/Rail — Wheels — Profiles T, iyt #4H, ¥

Chinese LMA.wpf ZZ5BETRIVS N R, SRERIHE T, rAs, mHek
B Assign to all, TRZAREANZER,
Object simulation inspector

Solver Identifiers Initial conditions

=8| w\e

Track WheelRaill Contact Forces Speed Wear

Object variables Rail vehicle XVA Information Tools

Wheels Rails

Profiles  Qut-ofround Radi difference
Set of wheel proﬁles

-|- Add wheel prcrfle
]
fii Delete selected profiles

Assign to all

Open in profile editor
= W5 Left wheel

Bl Copy file path

1 ] Show file in folder

2 Chinese LMA.wpf e NN S E EIVTAL WPT

3 Chinese LMA.wpf Chinese LMA, wpf

4 Chinese LMA.wpf Chinese LMA. wpf

Integration Message Close
3-41
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7) U¥eF] Wheel/Rail — Rails U, fidi¥ %4, ¥ CN_Rail_60.rpf £X

MAMERINEER, SRR IR, SARE, EBESEE Assign to both
rails, W22,

Track WheelRall Contact Forces Speed Wear

Wheels Rails

Left rail

Profile | C:'\Users\Public\Documents\UM Software LabUniversal Mechanism\3\rw'\prf\CN_Rail_s0.rpf ﬂ ?
Double profile

Profile 2 | (none) _||

Right rail

Profile | Ct'\Users\Public\Documents\UM Software LabUniversal Mechanism\3\rwi\prfiCM_Rail_s0.rpf '1” ?
Double profile

Profile 2 | (none) —I|

Set of rail profiles

Assign to right rail
Assign to both rails
Open in profile editor

Gauge measuring interval {mm})

Interpolation control Bl Copy file path
Show file in folder
Integration Message Cloze
& 3-42
8) VJ#:%| Rail vehicle — Contact — Contact forces 71|, % FASTSIM
L= RN

Object simulation inspector
Solver Identifiers Initial conditions Ohject variables Rail vehide VA Information
=B %'w Y

Track Wheel/Rail Contact Forces Speed Wear

Tools

Contact forces  Friction  Static loads  Options of profiles
Model of creep forces

(O Mueller (CIFASTSIM_A
(@ FASTSIM () Minov

[ simplified contact geometry

Minimum number of strips

Critical speed for creep

Contact parameters

Young's modulus

Poisson's ratio

Shear yield stress

Width of strip {mm)
o]

Number of elements

Integration Message Cloze

3-43
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9) V% Rail vehicle — Speed TUTHI, EFSIHEI v=const, %ﬁmﬁ R
FEHIEHTHE, mE 3-44,

Object simulation inspector
Salver Identifiers Initial conditions Obiject variables Rail vehicle XVA Information Tools

=8| %\eny

Track Wheel|Rail Contact Forces Speed  \Wear
Mode of longitudinal motion

(O Neutral (O Profile

(®) v=const Ov=0

Speed control parameters

Body |BHEEFSRIEEE EE ~|
Paint  [0.000 |[o.000 |[2.000 |

Amplifier 1000000

Integration Message Close

& 3-44
10) VJ#:3) Identifiers — List of identifiers U1, 1% & FiVIIHIERE v0 N
300, 7ESRHE O Ad OK, B 3-45.

Object simulation inspector
Solver Identifiers Initial conditions Object variables Rail vehide VA Information Tools

List of identifiers  [dentifier control

= B | 7| pesmsama -]
|5] Identifiers of the same name X
Whole list
b0 (300)
Name Expression Value | b $E[O]R%F . w0 (20)
o 300 b dETa)HER. VO (20)
mcarbody 4.0000000E+4

Integration TESSI0E T Close

3-45
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11) EFF F 5B Tools—Options, B HE AL L EF FAES RV UG B A7
9 km/ho X B FEALRX vO ZECE R MRS RN ERRERAL (m,
rad , kg, s, N), & 3-46.

Options d
Bug reports Visualization Wear control parameters
General Autosave Format of numbers Export to M5 Excel

General

[ automatically load the last model
] automatically remove incompatible variables

(1 z-axis directed downward
{while computing scalar variables)

Temporary directory:
|C:Hl..lserSRBGISMppDaE‘U.ocaIHTemp‘\ @|

Graphical windows

Default pull-down tool panel for graphical windows
[IDouble column text file

Prefix for comments: | J
|

Measure unit for speed identifier vO

Speed unit

®kmh Omfs

Default speed unit: m/fs

Cancel
& 3-46
12) fTHZAEEAF, £ Wheel/Rail TUH G5 — X ERRPRH L=, I
WMA— M ZEED.

Wizard of variables @
@ Variables for group of bodies E Linear forces B Joint forces 93 Bipolar forces A Angular variables g{": Linear variables
4+ Reactions ['? Coordinates (® Solver variables £ Al forces id Identifiers & Bushing
a+b Expression ¥ WheelRai # Track coordinate system E Railway vehide H Wheelsets User variables

5 B BEFESAMEER | Seecs
- [m] mERr |wset1|eft
- [@] Left wheels
~
wset 1left :ame fongnt i-anis of contact natch
[ wset 2left o :dh ral semi-axis of contact patch (mm)
5[] Right wheels : :Z . n.asmn area . -
[ et 1right enetration aximum geometric penetration (mm)
[ wset 2right Variables for wheel
= EmiEr Csafety Derailment safety factor (rus)
=[] Left wheels CsafetyRefined Refined safety factor (rus)
[ wset 3 left ¥ QL) MNadal criterion
O wset4left Weinstock Weinstock criterion
=[] Right wheels SFC Combined safety factor
O wset 3right ZLifting Wheel lifting
O wset 4right ZLiftingRelative Relative wheel lifing
i P e v
4
|YIQIU_,"U)_:IJ | |Nadal criterion, wset 1, left wheel | [@]
|YJ’Q(LN}I_JJ ‘
3-47
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13) A THRERSD, fTHEMIEshEH 1, A% Contact patches, I
VR NFIALE

14) et T ERLJERG TR, T FFRe BB 2

15) fERIRIBhE T 1, W WAl B Ak b, S5, R
Camera follows (ZA8) A i 5 UG A BRI 24k, & 3-48.

= Arl'T.an'on window [ S
AN S G|le| 0o ®

Coordinate system
Grid
Rotation style

Modes of images

Cameras
Camera follows ZEHE(E)
Look at...

Position of vector list b
Clear list of vectors

Vector settings...

Add characteristic for this body/point  *
Set graphic object 4
Show forces for ZE{E(H)

Information about ZEGE(N)...

] Background color...

SCO r=(9.44; 1.69; 3.03); m=13.5 EE Grid parameters...

& 3-48
16) s 17 EAEHI AR Integration F40F 4617 H .
17) A4 EE D S A, RS2 Show all, 7] HENAN LUEMNE 1,

Plots =N o =
Variables
YlviQLN_1- ... i)l ' ' 3 ' J
: : Options...
L e S R Show all

Show according the ruler pointers
Copy to clipboard
Print...

Fix toal panel

Show ruler

+~ Show ordinate value

Save parameters...

Load parameters...

0.0478(

3-49
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18) {EEB A I ZhE & 1, AR E R B AR IR IR, B
WA i R EGT Ay —ArRext,  ATRYE S N S LS -

[@] Animation of wheel/rail contact

e SIENER T¥e

[~] Contact forces

Scale ECEA
=[] SR

=[] EEmEEr

O wset1
I Left wheel
Right wheel

==l

; > Left wheel
" [¥] Right whesl
=[] EhiEr

5 [ wset3
Left wheel

> Left wheel
- [¥] Right wheel

& 3-50
19) PR E 3-51, WK hEE D/ M, THESIERE DL

(8 UM - Simulation - dAum RURVI\BATum S Bl S SIS IHEIE
File Anslysic Scanming Tools Windows Melp

2L 00 PER ARDE EHeAlfS pEE| DB | e =l o om
sWEToWE BES Ropre @ M

www.tongsuan.cn

www.universalmechanism.com -117 -



http://www.universalmechanism.com/

L.]‘ universal Fs T(mgsuan
mechanism g

3.1.3 HERIZBEEMARG

A QR WIPER S O BRI T, AT
1) EHIE—WEILNBEERS AR CBASER), Hard ARIES
PRI SRR

2) P “D:\UM BJIIZFE\FEM &A44” H3X TR Frame 4 e84k 5 1] 3
D:\UM BJIFREERA UM BEEN\RIE R R E A BEL7,

FBEE > Data (D) > UMISIIEEE » HMUMER » sExrERiEEaEs »

o

£ == =3 Fuh

Frame 2021/3/3 10:23 =

GOMeshes 2021/3/4 16:35 pril- =

History 2021/3/4 16:35 =
m ascdata.ge 2021/3/4 15:56 UM Document. ... 1818 KB
input.dat 2021/3/4 19:56 Universal Mecha... 60 KB
o input.o 2021/3/4 16:01 UM Document. |... 1KB
) last.ect 2021/3/4 16:34 UM Document. ... 1KB
E last.fin 2021/3/4 16:34 FIN 324 1KB
E lasticf 2021/3/4 16:34 ICF =i 5 KB
) last.par 2021/3/4 16:34 PAR Zzft 1KB
E last.rwe 2021/3/4 16:34 RWC 74 4 KB
o lastao 2021/3/4 16:34 UM Document. ... 1 KB
[ mesh.cfg 2021/3/4 16:34 CFG =i 1KB
[&] objectbmp 2021/3/4 15:56 BMP Zrft 226 K8

[& 3-52

3) 1817 UM Input F2f7, InEMISml & A,
4) AELMBRRIB G T RGHEFR F, IR LA MR O Edit
subsystem, BEARFTHEFIZET RS0,

[5) Object grEEERIZRAER

[

v [ Object
4 th_‘ct

JElile || OSSPy | 9w E 2RO F| -

- o x
[

=8|+ 8B

Whole list

Name Expression Value
v 20
mearbody 4.0000000E+4

+® 8
e

Comments/Text attribute C

[ cdtobestem |
General Position Identifiers

Show scene

3-53
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5) M %HHZWJ%%MHF“ I

Somruwllev';k‘kl o X

falla& adPmr 998w/ 2/ax|@r

AT tame: [set i |+ @ @ v
| | e
fexR.wset | [ |
vwe: | < Rotatensl
Geomety Descroton Jontforce
o g0
wset T
azs
i T
Jont vectr
e Y 0,10)
0

3-54
6) WIN—ANFERS, %£#% Linear FEM Subsystem, E 3% “D:\UM %
VIHFER\RE UM BEEN\EEFHN A EAL”, & Frame, £ OK,
SNTMAE, v oNTIEE.

I5] Read FEM maodel of object x

Scan the forder:

(D \UMIS SIS IR IUMIE A BRI AR A @ﬂ
w E‘: D \UMES 3T A IUMIE R b B2 RS E =48 AY || Data imported from program: ANSYS1
- Frame Mame of solution: frame

29.09,2017,16:40:46, bogie
Modes: 50871

Finite elements: 51149

Degrees of freedom: 305226
Mormal modes: 94

Static modes: 0

Computation with lumped mass matrix
Min. natural frequency: 59,92
Max. natural frequency: 1427.24
Generalized mass matrix: Mo
Generalized stiffness matrix: Mo

D M I8 A UMIE ) B SRR IR AR Frame
Cancel . )

3-55
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7) TEMZET R4 Position T, WESE 0.73m, 7£ Image WA A] AR E
2R

18] Object BB SMTRAD e

X
o Yever Fa|e &l @ $domax i o |we|@r E
C Sonec AN &[0 fsker |80 QW - el e @+ @@

~agh Curves
F) Variables Type: | [ Linear FEM subsystem v
Comments|Text attribute C

Solution Coordinate systems
General Position Image

2P attributes
~ -8 Subsystems
i 3o
R
i e
-6 Images
~ 559 Bodies
5L
5 e
- TERR
5 AL
~ - Joints
o jWSet SHIEFL
o jWSet_SHIEFR
P ploss

Translaton
x| €]
v ]

= [0.73 €]

Rotation
| [0.00000000

<

| [0.00000000
B
+ | (0.00000000
= E | + m ‘F‘__II Translation after rotation
Whale list x g
Name Expression Value v 5
vo 20 = g
mframe 1605
mearbody +0000000E+4
fal 9.81%(mcarbody/8- 5.2986263E+4
loey_1 9.5000000E+5
kz_1 9.0000000E+5
fz2 9.81"mcarbody/4  9.8100000E +4|
koey 2 1,2500000E+5
k22 1,5000000E+3
3-56
¥ 4 — R T A Body W H A HIAE
8) ¥HrH—FITH ™ Body ¥ E N4 frame.
B o e | 3
& soda s JEq k| S| @ T e N T v p R
-1, —REEERSE Name: + i
}Z:zg %Ei;i Comments/Text attribute C
b, —FammESEL

Body1: Body2:
[ =] [#ap frame |
Type: | = Viscouselastic | T FEIEERE

TR RIS
ﬂ% IE

= AT RIREL
- ETRIRER

- Scalar torques

[ Extemal
v = Linear forces o |—zem [ Based
b L
Position Parameters 0§
Stationary force [ $5#8RR
c - AR
foa
o R
(@) Linear - free
v
= Stiffness matrix: - frame
= A ‘ + @ ‘lﬂ_*_‘ll Damping matrix:
Whole list
Name Expression Value
w0 20
mirame 1605
mearbody 4.0000000E+4
1 9.81%{mcarbody/8- 5.2986263E+4
fxy_t 3.5000000E+5
ket 9.0000000E+5
22 .81 mearbody/4 981000008 +4
kxy_2 1.2500000E45
kz_2 1.5000000E+5
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9) KFrA =& JITHIE —A Body W E NHZE. frame.

4 Bipol
FEaRIESrL
RBAIFFER

RR

al<

Name Expression value

o 20

mframe 1605

mcarbody 4.0000000E+4

fa1 9.81%(mearbody/8- 52986263 +4
loy_1 9,5000000E+5

kz_1 5.0000000E+5

fz2 9.81*mcarbody/4  9.8100000E+4
ky_2 1.2500000E+5

k2 1.5000000E+5

3-58
10) fidi Summary, WRKBELLTITEE R EER YK, 26 Error $#2R,
RPESE R BNIX L J17T, FH e BRI,

(8] Object BEFFAIEEAIER HrZr

[

al<

=8|+ 6

Whole fist

Narme Expression Value

w0 20

mframe 1605

mearbody 4.0000000E +4

f21 9.81%(mcarbody/8- 5.2986263E+4
koy_1 2,5000000E +5

kz_1 ,0000000E +5

fz2 9.81"mearbody/4  9.8100000E+4
koey_2 1,2500000E +5

k22 1,5000000€ +5

& 3-59
11) A Accept, PRAFXIEFIZE F T RGBS, JFERE T RS,

Close subsystem

Close subsystem SEo) ek

—

3-60

Bk 0S| @@ w [ oD F|

IR IRIE SR = T T SRR SN Y

Comments/Text attribute €

4]

o CEEm |+ @ @

Body1 Body2:
[faR.fame = [pxtemal ]
~ T e =
~[) Based
B fErL v
B
<0 TR
B R
i ]
T R
e E]giam ) Biinear
(presented) =
(presented) [

x

5

Error: Spedal force3; Name =4 B35 SRR - Second be

12) GRAFHEAS, 3¢ UM Input F2, SRJE 7T LU UM Simulation #4714

HT,

www.universalmechanism.com -121 -
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3.2% B

& 3-61
Bl 3-61 BT~ y—~ 302 1) 5 i QB R A, A8 8 B — AN ZE R R A B
M RGH K. HA M R EAG —MYZE, WUANETR. IS
Magke, RIBEN—REH, EHRMWEZINA a8, A 38MEEH
o
A B UM Base. UM Subsystem. UM Monorail Train.
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3.2.1 BEXBRIERZ)IFEM

3.2.1.1 HitEEE

1) 217 UM Input, @A, RN “D\UM B EHE\RE UM HBRE\E
JoE X BN R AR AL

2) M “D:\UM IR\ L A4\ R s PR AR AL kK T N AT
TR LA EME.img, EITR.img, FM img, BER.img, TRH
#.img FRIR2S.img.

B mEm=ne

E
~ -[@ Object A
------ G Scalar torques
----- = linear forces
= W

[ 3-62
3) BB —ANIEK, M2 A, EFLAHEE, & SUF= 2000, FEENHR
&= (1000, 800, 1200), Ji-LA4rA (0, 0, 0.2).

8] e - box
Bl | T2 r h
o o Bl k|| SPer @S w Y 2R D E|-
¥ £ Object name: +h®E
~oh Curves Comments/Text attribute €
M Variables
P attributes ‘ |
Subsystems
M %.: Imag:s Oriented points Vectors 3 Contact
o aE Parameters Position Points
& ETE Coordinates (PP): | Quaternion v
G SmEi
o B Go to element
& TSEE Image:
& EiReE
O
~ -3 Bodies \m;%e V‘
5 HER
B Joints Inertia parameters
Fams
» Scalar torg
Inertia tensor:
" 1000 | £] c
+
=8+ 8™ E= [0 g £
Vihole st 1200
Name Expression Value Added mass matri rore) -
Coordinates of iter of
or—

3-63
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QHQ-%:

4)

AR

(=t )

v -3 Object
~ -3 Object
agh

A2 AR,
(1.5, 3.0,

1.5).

e |m@|p R

A NEATR FL, I8 UTETH, & i 40,

=8+ 6y

=3l

Name

wm|aa|fSrenn] @806y
= 2

& 3-64

- o X
=
+ @
Comments/Text attribute C
[ |
Oriented points Vectors 3D Contact
Parameters Position Points.
Coordinates (PP): | Quaternion -
Go to element e
Image: Visible
[ v
[ Compute automatically
Inertia parameters
Inertia tensor:
15 ol g C
[30 c] c
15 B
Added mass matri (none) B
Coordinates th‘ ter of m: H ‘
© C C

5) HNIAELTH FL B8 =X, 2alEar4uETH FR. ETH RR ME
7% RL.

6) BUEEEE NN,

i E (0.5, 1.0, 0.5).

) matmmEn

>

fm| 8 & [[A e[ g awEeaepr|-

AN AR FL, E#JLAS R, & i 20,

a

gEl\+ 8

Whole list

=

Name

3-65

X

ﬁ
= + B @
CommentsText attribute C
\ |
Oriented paints Vector: 3D Contact
Parame ters Position Points.
Coordinates (PP): Quaternion >
Go to element e
Image: [P visible
Ea3 -]
[ Compute automatically
Inertia parameters
Inertia tensor:
0.5 l g c
- :
0.5 C
Added mass matrix pone) -]
Coordinates of [|E| ter of m I ‘
c c c

7) KRR FER FL R =X, /\%'J T4 9 H% FR. FE% RR MR [H

# RL.
8)

(o= g MR

s (0.5, 1.0, 0.5).

www.universalmechanism.com
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) mastmanien

L
2 5

Hao e
2

3

b
%
i3

MY 0 R

2daaad

ZE
v £ Bodies
R
o8 TR
o5 SEATHRR
8 SETIRR
8 TR
i it

@

>

Jma g« |[HEpen | @00 dwE el pr|s

=8|+ 6

Whole list

Eal

Name Expression

9) HNIATRESR L Bl —Ik, ¥ NREER R.

3-66

//////

CommentsText attribute €

X
54

Y

Oriented points Vectors
Parameters Position

Coordinates (PP): | Quaternion
Go to element
Image: Visible

30 Contact

<

B

=S

[ Compute automatically
Inertia parameters
Mass:

Inertia tensor:

i

10) BIZ S —N8, Bodyl %% Base0, Body2 E3EHIZE, 2574 6 d.o.f.,
B AR S B R R, R IEE.

(O =t}

B EFTIERL
) SRR
#- 5 SEEER
-5 SERERR
F-E SERERL
P-E L
-5 TSR
v @& loints

LB Based 1458
& Bipolar forces
G Scalar torques
+Z Linear forces
~ @ Contact forces

€ Cor

>

fmla @« |0 &wrmr|g0 0w/ 0w pr -

0.5 3 I g T
FE— :

0.5 c

Added mass matrix: (ron ]

Coordinates of center of mass
| | 3|
[m] X
>4

Whole list

Name Expression Value

www.universalmechanism.com
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Body2:

o [ | + B W <

BodyL:
[Bese0 [z

Type: | ™% 6do.f.
Geometry  Coordinates
Body 1 Body 2

Ty visual assigrment
Translation
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11) GRS —AME, Bodyl EHHZE, Body2 iL#ELTE FL, KAV
Rotational, PIMIREREE S ALRR 96 (0.8, 0.17, 0.4) F1 (0, 0,
0), HIHEFE AN Y & 0, 1, 0),

18 Object BES TR - x
B g | 7 @l [
5 EAER QA& W Hsdem b | T @ T QR ) F|-
L) EATI0RR ) ‘ — ‘ | ‘ ‘ | ‘ ‘ Name: [#ARR ETTRAL | 4 i -
- FEATHERL Body1: Body2:
-8 SRt o : iz
-5 SEMER [rae ][R -l
g ggigi? Type: | & Rotational ~
oo REL Geometry  Desciption  Joint force
) R5EAR Joint points
V@ Joints

B, jBas=0_tgR

< it TR [os Fe. o+ 7]
.

; SEFTIERL
e s : : E
: I | \
l* " Joint vector

or | :

¥ Spedal forces . .
e P Bl b ]
- TEFTIEFL adisY: (0,1,0) ”
=8|+ 6| [o B0 o0 0

& 3-68
12) £ Joint force U1 [ 1%+ Expression 28170, € X F=M_control (X}
TR, XHEPFRREHD, ﬁﬁ?ﬁﬁﬁfﬁ%ﬁﬁﬂi

D F| &

Name: [HOBEEfTIERL | =+ if -

Body1: Body2:
158 MIEEE =~
Type: | € Rotational ~

Geometry Description  Jeint force
a:b Expression "

Description of force/moment
Pascal/C expression: F=F{x,v,t)

Example:

-cstiff*{x-¢0)-cdiss *v +ampl *sin{om*t)

F= |M_cu::-ntru::-| p
|Z] Initialization of values >
Identifier  Value Comment

m_control 0]

Add to the sheet: | w
3-69
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13) EHIARE =AM, Body2 BHECAETH FR, Bodyl fI43%E s AR N
(0.8, -0.17, 0.4).

14) EHIAEBFEIINEL, Body2 EHCAEATH RR, Bodyl ML SRR A
(-0.8, -0.17, 0.4).

15) EHIAERE LN, Body2 B HCAEITH RL, Bodyl HIBHE SALFR N
(-0.8, 0.17, 0.4), PJHFEAER,

& 3-70
16) GIEEE /SN, Bodyl iEFEAZE, Body2 ik#:FM% FL, KAN
Rotational, WM REHEE SALFR 5108 (0.85, 0.745, -0.335) Al
0, 0, 0, ¥3hHmnlA 2 #sim 0, 0, -1 FYH 0, 1, 0D
7F Description UL ] 756 1% H HHEE, HAR T R0 52 AL bR o il e 1 449
BT 10

() Object EREEEwHER - X
54

2 &R SLIESCR IR IR RN I - (ARSI Y Name:+ﬁVE

Body1:

Body2:
[ B|EEE =l

R EITIRR

- R SEREFL

Srager axis Y : (0,1,0) ~
o [t e g

3-71
17) BHIEREE LMK, Body2 EXCNFHE FR, Bodyl HIEH SN
(0.85, -0.745, -0.335), Bodyl H¥:ah4hoN Z #ilER (0, 0, 1, 5k
AH S o
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18) HEHIAE R\ ML, Body2 HHXCNFFIE RR, Bodyl FIER SN (-
0.85, -0.745, -0.335).

19) EHIAERE LA, Body2 HHECNFFIE RL, Bodyl iR RN (-
0.85, 0.745, -0.335), Bodyl ¥R Z #ifim 0, 0, -1, S54HM
FHR -

[E) Object SR M = wER - X
[ c
3 ot AL IEEEIRE I IO R R A
-:EE%RL Name: AL SrstAL | 4 i =
2 SolerL
= Siajerr Body!1: Body2:
2 égm = ~[EaR =1
Y R Type: | € Rotational ~
2
a ;B EEi@R Geometry Description  Joint force
v Join{ Jeint peints
B, Base_{932
< R TR fase .
< AT [o.85 |[o.745 ][0 g
gl
< HEm SR \ I I |
§1ﬁ Eﬂié;: Joint vectors
- :m . SERERL 1530 axis Z: (0,0,1) -
el ] R S TR
= A ‘ + @ ‘F‘_t‘l = SR axis ¥ : (0,1,0) =
Whole fst B B[ "o ™)
Name Expression Value
m_control 0

& 3-72
20) EHIERBEE TAML, Body2 HUUNFRESR L, Bodyl [FER SN (0,
0.745, -1.3), Bodyl M shit 7 im0, 0, -1,
21) HHIAERE T —1E, Body2 HECNTRER R, Bodyl WEE LA (0,
-0.745, -1.3), Bodyl s N 7 #iER (0, 0, 1D, S5AEMMEX.

() Object EEEnEEER X
[N &
9 S cE|d k| O Sk | T @ R | @F| -
N5 e name: [ EERR | + @ @ v
9 SmEHEeRL Body1: Body2:
9 R [ | fe=xn =
o RERR -
v @ Xints vpe: |  Rotational -
':l;j;;iu_f%;g Geometry Description Joint force
i e S e
< IMFETER s
o AR EATIRR c c c
§ ﬁigﬁiém [o |[0.735 EE |
IR _SERerL =
< HR_SimER Bt ) ]
< B SRR I I I
- iR SIERERL Joint vectof
< B R
< HERRIRERR e axis 2: (0,0,1) -
P i b "o i i
= A | + @ |E+| BEiR axis Y 1 (0,1,0) ~
Whole st P T "o 7]
Name. Expression value
m_control 0

3-73
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3.21.2 BEHx

1) e TR Special forces, s A T, M FHss ik
Tyre %3777, Bodyl 3% Base0, Body2 i&#EITH FL.

(5] Object BEEt 2t FEHER - X
[

< e LRk OGSy @I E || p F|
-‘(ﬁ'zliﬁﬁggm

[

Name: + i}
Commenits/Text attribute C

\ |
Body1i: Body2:

[pasen e =l

Type:

v % spedil forces

& 3-74
2) WEHRJIJCEITE FL 24 9 K, KIKERE Body2 NETHE FR. ETHR
RR. E1T# RL. FH#% FL. FM[% FR. FME% RR. FMH% RL. &
ER L MBEER R GFLE™HR IR .

3) kMR Linear forces, st ¥, iz mp s s

7176, Bodyl %EFAIZE, Body2 #%£F¢ External, i&# /=S HE, 2
1% Automatic computation for 2nd body, %A% T S ESALFR (0,
0.95,0.6) 1 (0, 0.95, 0.8).

(5] Object EESinmiEE - x
B o | 15 el &
< R dJERE K| Sy § TR e R D F|
< i s + @0
‘g ?(Da rees Comments Text attribute C
v = Lin
» Céﬂ Body1: Body2:
O 5 =3 | [Extemal -]
4 5&?2‘1;;;5 Type: | E viscous-elastic =
gggzé;?( GO: | Z=SEEE v
© hn Position  parameters
@ Sreptr
@ SR Compute for the 2nd body
g Egzém [ Automatic computation for 2nd body
ol}ERL
H %ESQL Bodyl Body2
M 382800 System of coordinates at pt. A (SCA)
T © T
TR (N o
st S
Z
. F— - oo 2]
—— -
Point B1 - the end of element:
5

3-75
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4) 1E Parameters UL, & PR J) 22, 14, TESRHE AT

Accept, ZRJGBIZEMFF5FIRNS 22, fEHHE O @ CREA:
9.81*mcarbody/4, XINFEF2 HANBIEH FFS S mearbody, {R¥F

- X

7 . = - [4
Jm|id &[S | BT |w e p | - ‘3o

Comments Text attribute C

[ |

Body1: Body2:

[z ] [Extermel -]

Type: | = Viscous-elastic ~

GO | E=SEE 82

Parameters

Stationar y force

[ I |[F= |

Tun

(@) Linear () Biinear

Stiffness (none) =

Damping (none) E

& 3-76
5) sy Stiffness matrix £ F32EH, O ANIEERERE, WK 3-77, HA kxy 2
NYNFFIRE R R E (1.25e5), kz 2 NFEFNIE (1.5¢5).

|5) Matrix of linear force element >

Elements

coordinate-coordinate coordinate-angle

EEN| =l ‘| | [Hoy270.221% ‘]

| o2 E ° w2022 B =l ‘]

| = R = = ‘]

angle-coordinate angle-angle

| ey 270,212 £ ° foooo  E =l ‘]

[y 20.212/8 | =l ‘| “lloo0  E ‘]

| = = ‘| = “llioo0

oK Cancel

3-77

6) EHAERA MK J1o6, 1BeREE T S AR SRR (0, -0.95,
0.6) F1 (0, -0.95, 0.8,
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7). ierb 7 UK Bipolar forces, s Mizsl ¥, 6 2 R ae,

Body1 E#F#HZE, Body2 1%#¢ External, EEJLARIRSS, Ak
Autodetection, Bodyl &z miAkAx (0.25, 0.1, 0.6), Body2 iz sk
& (0.25, 0.4, 0.9).

8) M FHSEHERE /16 Points(numeric), BHALARE NIEE v, ZAJ%EESE N

iE Positive: compression, M7 Force 254 bl TP B2 e, < X

- x

54
+ @B

Comments/Text attribute C

Body1: Body2:
v x| [Extermal ~|
GO: | ifRs i
[ Autodetection

Attachment points

T te

0.25 Cloa ]los c
12 Curve editor - Force — [u] X T& External

[o.25 o4 <los °]

+ 4+ @ | tre = ‘ =B 8 ‘ #/. Length  0.424264

"y N X ¥ Type Smoothing 25 pants (umerc) v
— [SEN T

S|l k| S hen oo alwa el p |

>

Type of absdissa

Ox @~ Ot Ovar

0.3 -12000
0.1 -8000

0.1 000 [ Positive: compression

0.3 12000

LRSI
=
55555
Aaana
PR

[JPeriodic dependence

mearbody 0 0.2 0.2
fr2 9.81"mearbody/4 0
katy_2 1.2500000E+5 Force:

oK. Cancel

& 3-78
9) HHIERAMKRIRS, Bk Bodyl &8 S8k (-0.25, -0.1, 0.6), &
i Body2 &E#: s AR (-0.25, -0.4, 0.9),
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10) b 22 MR Special forces, oA Ml44H 4,

2574 Bushing, Bodyl &34, Body2 i&#¥ External, )ik

Autodetection, 7E Bodyl F1H % & E# 50, 0, 0.5), 7E Description 11

T B 2R 2= 5| NI CX=1e7,

>4
Name: |23 I + @ Body1: Bodyz:
Comments/Text attribute C 1938 | External -
| | Type: [E Bushing ,l
Body1: Body2: Autodetection
“5«']% l]”EXtema“ ;H Position | Description
Type: | @ Bushing vl Type: [Unear v]
[“] Autodetection X L0e7 -
Position Deseription cY (H
Body 1 Body 2 £
cAx
% Visual assignment car
Translation
x: | ] cAz
v | C| DX
DY
z 0.5 c] >
& 3-79

11) E#4 R — A Bushing 7776, 7E Bodyl FH B EZEFZ 5.0, 0, 0.7),
£ Description TR ¥ B & AMEHUMIRNIE CAX=1e6.

B
Name: | fRERRIE + m Body1: Body2:
CommentsText attribute C Eia | External |
\ ‘ Type: [E Bushing v]
Body1: Body2: Autodetection
e =] [extema =l
Type:  t@ Bushing v Type: [Linear "]
[ Autodetection for -
Position Description cY |—I
Body 1 Body 2 EZ
CAY  1e6
T\}, Visual assignment Ay
Translation
x | ‘] CAZ
DX
| ‘] o
z: |0.7 C| oz
3-80
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12) E#I4 55 =/ Bushing /717G, 7E Bodyl ﬁﬁi&ﬁ@%m(o, 0, 0. 65)
7t Description U F 737 L FERM Generalized, PAJ53| Fy T, ik

# Point(numeric),

TEARBR NS x, 2R 46 N IE Positive:

compression,
B
Name: [{&1LE34 + & |
Comments/Text attribute C ' Body1: Body2:
[ l i |#ﬁ]3’15 Lll |Externa| -
i | |
Body1: Body2: \ Type: | @ Bushing bl
|1‘4];’,E LlHEJ(temaI LI | [+] Autodetection
Type: | (@ Bushing v Position Description
[] Autodetection Type: | Generalized )
Position  Description ‘ Fx Fy Fz Mx My Mz
Body 1 Body 2 1%, Points {numeric) w
% Visual assignment Type of abscssa
:ral"\slaton = | ®x Ow Ot ) var
y: ‘ E:| Posih've: COmpression
z ‘0'65 ¢ | Type of abscissa matching
Rotation \ (®) X value (OF value
C
- | = | Lenath/Coord. (L): |[] c |
d| | POntXUFL): | ]
v ‘]
Shift after rotation ‘ [ Periodic dependence
b ‘ c | | al pause 1]
y: ‘ = | ‘ Force: |(none}|
z ‘ £ | E Factor: |1
& 3-81

13) i Force #1441 BT IF th Sk dmiBae, i tisll=, X “DaUM 35l
HOR\B G R BT AR A LB ory SOIF, HARG RN 3-82,

15) AL orv - Curve editor

+ +"Z ﬂi Line
N X Y
= Cur.,
-1 -0.03 -6500
o 2 -0.025 -3400
- 3 -0.02 -1600
. -0.015 -600
- b -0.01 o]
] 1] o]
- 7 0,01 1]
] 0.015 600
S 0.02 1600
- 10 0.025 3400
- 11 0.03 6500
3-82

Zt, BAVER T e

www.universalmechanism.com
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= O x
=88l
Type Smoathing
Line fes
Line fes
Line fes
Line fes
Line ‘fes
Line ‘fes
Line Yes
Line fes
Line fes
Line fes
Line fes
oK Cancel

WA, WWERE T
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3.2.1.3 BERER

1) ZEME AR Object, 7451 General U1 [H 55441l Transform into
subsystem, IXFERAE— ML ZEBIRI R4 T — T RS0, (T AR
£,

E) Object BRI FEER

— x
B o | - |
B et Ak DS x| @DE T2 NR[OF] S e ane o
v 3 Object General Options Sensors/LSC
Transform into subsystem
Path  D:\UMIE TSR FERIUMIEEY BEPE R B0 $h 2
Cbject identifier
[omobgect ]
Comment s
et uations
ve
X C
ey: C
+ e |1 C
=8+
Whele st - :
Neme Sren | value sca
v 20
m_contral o
mearbody 0
f22 9.81*mcarbody/4 0
kxy_2 1.2500000E+5
AL N n o 0 » N
2) HEinZNEEFZREF, 7E Position £ X X *F3) Sm.
|5) Object EEEHTFER - X
B - - >4
AR IR IE e SR e = I T~ RN RN - W
+@ 6
Type: |[&] induded -
Comments/Text attribute C
Edit subsystem
General Position  Identifiers
Translation
[ ]
v g
[ ]
Rotation
o <
= 5
= <
Whole list Translation after rotati
-
Name Expression Value x| |
v g
= ]

3-84
3) HHIENSE N T ARG, Hmo NEFZE R, Position € X X “F3-5

mo

www.universalmechanism.com -134 - www.tongsuan.cn



http://www.universalmechanism.com/

n‘ universal G T(m"su(m
mechanism g

M “DAUM Z5I R\ LA B A\ B X B R A AL —Er)\fhﬁ%eﬂ g2
.

5) fEAMSHFFFHIRX SAH, EFEKH Add from subsystem..., M3
RHIRFEEZE F T 2% B mearbody S35, K H % E N 15000kg,
BN, M OK, XKML M 28T R4 5 mearbody ZH(H#]
IR {E 15000 kg

(54
=0+ 8 : + .
= B8 + i 5 Ea
Whole list
- Whaole list
MName Expression Value
........................................... Fo— Expression Valoe
4 New identifier... Ins y 0
Add from subsystem...
Insert identifier... Shift+Ins (&) Identifiers W
Edit identifier...
fii Delete identifier Del v"v ldenéﬁ;;{n’:
-] =]
B Copy value to clipboard Ctrl+C C L[ vo=20
Copy table to clipboard Ctrl+Ins ----- 1 m_control=0
Show elements for identifier... i B mearbody=0
Show unused identifiers... o b fz2=0
¢ e[ kxy_2=125000
E% New page S
1 Rename page
Turn on page...
Delete page
Remove from page
+~ Auto refresh object
Refresh object
-
& 3-85
+
=B+ @Y Ex
Whale list
Mame Expression Value
mecarbody 1.5000000E+4

|5) 1dentifiers of the same name X

& imearbody (15000)
A $E[JZF . mearbody (0)
A $ETER9R. mearbody (0)

o

3-86
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) BIEZEANIE, & XFE mearbody, HEFNINE (2e4, 25, 2e5), Fil
AER (0, 0, 1.75); midiicdl B, QE—A/SH R

6

w5t ]+ REE @ |+ @ -
Comments/Text attribute C i it
y1 ydi

| L e B <]

Oriented points Vectors 3D Contact "

Parameters — = Type: | ™\ 6d.o.f. v
Coordinates (PP):  Quaternion v Geometry (Coordinates
Go to element F Translational
Image: Visible degrees of freedom:
B V] (4 x [0.000000000000 ﬂJ
[ Compute automatically & v [0.000000000000 b2
Inertia parameters El 2 ‘0 000000000000 "AJ
Mass: |mcarbody c| .

Rotational
Inerin 'nersnr:c : c degrees of freedom:
=4 H = ” = | Orientation angles
‘ZES | [ 2 ~
2e5 c
&4 t [0.000000000000 B

Added mass matrix: (none) ;] = 2 ‘0'000000000000 MJ
Coordinates of center of

oordina ”cﬂem r o m.asC”L?5 c| & 3 [O.UODODODODODO ﬂJ

& 3-87

7 WNE, BITFEREEMWANZ R FREEVIERE. £ - RIJTEE
B, EEAERIXANYIR, BT R Body2 #ER N —AN B fK
External, PIANERE S AIALARERTE Bodyl AR R 58 ). 78 A AT
WEFE Connection, H A B A HEFEZE—ANTiow, SAH, EHF
Assign to all, PRJEIEFREMERIMMUIRR, EXERHEEER T FR5H
] External J& M4

|5 Object EERincFmER — X
S fmlaQa|l v gm0 6 wwE e walp |-
~ £ Object
g Curves

L-Fed Variables
=..8b Attributes
v -[§ Subsystems

00000000000000
i

v

[
=8|+ & B

Whole list

Name Expression Value
mcarbody 1.5000000E+4

[& 3-88
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4]

' JEHEEER_}E% {DIDID}
T2 (0,0,0)
EREER--EE 5060,0}

v AR EiRa
¢ [ "Lsc™ (0,0,0)
> R
> T YEERER

iR

rEJJJ:#é_:’Eﬁ [0,0,0}
C }EE%L_>$II$ {01010}
o }EEER_>$II’$ {01010}
;g¥¥l-_>$f$ (0,0,0)
ﬁﬁﬁﬂ—ﬂﬂi’\ 0,00
i

EUE_}Eﬁ {DIDIU}
I iﬁﬁ']fg—:’EH'\ {Urnro}
ML $5—->2E 4 (0,0,0)

CEEREEREEEEREEE

BESHMHI

3-89
8) #Ja, TEAMFEAIMIES Object, A MMM General F[fl Comments 4t
N Monorail, XA HART A GE A BB P DhRE, 2R

>

Sam|aalodrmr| g e vz | =

Transform into subsystem
Path  D:UMIE ISR RN P = S 2
o
[mobgect

v

34
8|+ @B

Whole list

Name Expression Value
mcarbody 1.5000000E +4

& 3-90
9) miifi Summary, ARG AZEMNIR, RAEKEE, XA UM Input £
¥ o
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3.2.2 BSEER BRI EME

1) 1247 UM Simulation 2, IN#kEs A RBHEFEEL . 5 HiH %5 &
RN or B AR 7 W)

(3) UM - Simulation - - O X
File Analysis Scanning Tools Windows Help
22H O DEW ARRE He Al bd pE [ B e | e off B e

oL mr WP BES Ho e

R AR T ]

& 3-91
2) I BRI, EFE Park KAgSS, WEFEBE 30s, wEEHIER
FEZ KN 0.005s, “a)i% Computation of Jacobian.

Solver Identifiers Initial conditions Object variables XVA Information Tools Manorail train

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

Salver Type of solution
() BeDF
O Aem () Null space method (NSM)
(® Park
O Gear 2 (®) Range space method (RSM)
(O Park Parallel

|T|me ﬂ“’ V|| 30|

Step size for animation and data storage |0.005
Error tolerance

[Joelay to real time simulation
|:| Keep system matrix decomposition
[] computation of Jacobian

[ Block-diagonal Jacobian

Integration || Message || Cloze

& 3-92
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3) 1J#:5] Monorail train — Tires, ffii%4 ¥, &0 “D:\UM i.:.l)l]%ﬁ%\
FEREZL” BRAZ NI = AR AR .

@ 7 X
&« v P > IEERE > Data (D) » UMISIIEE > RRER v | D D EEREsER
feEaiig FrEH= == ™ @
A =R B HEs Bt Foh
* gy
. " sEgar 2020/5/7 11:25 TR zf% 1KB
P U s 2020/5/7 11:25 TR zft 1KB
O EERa 2020/5/7 11:25 TR 3ri 1KB
B
L]
v
RN | "SEEta ST E T V| Tyre model (*tr;*.trx) v

3-93
4) £l ET}T%H% LS Assign to all driving wheels — 7EAT
Botr, XFEMAR—AEITR T X T R A

Object simulation inspectar

Solver Identifiers Initial conditions Object variables KVA Information Tools Monorail train

= A ‘ (S
Tires  Options and parameters  Geometry, iregulariies  Tools  Identification Resistance Speed  Flexible track
[ combined slip
|:| Simulate transient process in tyres
Contact model
(®) Single point () Multipoint
Set of tire models

L D: UM YIS WE R N S,
+ |2 DA BB BIR
§ 3. D:\UMEEYIBHRE W AR B E 1T

Wheel

PSR B R R SEmRer . TE TR
PSR B R A S oI AR TR TR
PR B R R SRR ETTIRR. IR

Stat. load  Deflection ~
0.00kM 0.0mm
0.00kM 0.0mm

Assign to all driving wheels » S@Eg.ar(T)

BSEEt Y AR SR RO T : o -

G ot B B A SIS SO none Assign to all guiding wheels » BERL(R)
G ot B 2 A SETAI0F. SISEOFR. none Assign to all stabilizing wheels » ETER(D)
PR PR A SRR none SHEr (Wheeh®

FEm st AL SR SR none BEir Whee)(R)

JEEEE Y AR AP 5L one EiTEr (Wheel)(W)

BELRNETRESOHFRERR  none 0.00kN 0.0mm
B RN ETEE SR GETIRL  EfTe 000k 0.0mm
B RN ETRE SR GETIORR  SEfTE 000k 0.0mm
B RN ETEE SRR GETIRR EfTE 0.00kN 0.0mm
BEAFNEMEA SRR EITRL BT 0.00k 0.0mm

W
5 et bl b Ltk vl =Py n

Integration Message Close

3-94
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B) TEUUH R AAHE, EEESZH Assign to all guiding wheels — @ﬁ
B.tr, XGRS TR E X T RIEAL.

6) TEUH R mAHE, EEESZH Assign to all stabilizing wheels — 35
Btr, XFEELG R —MRE R E X T RIaEAL.

7) Y)¥:3| Options and parameters U], 15 5[0 [HUFIAE IR (1018 7] PR 125
Z BN 0.45m.

Object simulation inspector

Solver Identifiers Initial conditions Object variables VA Information Toals Monorail train
= A ‘ %_\
Tires ~ Options and parameters  Geometry, irregularities  Tools  Identification Resistance Speed  Flexible track
Type of track
(®) Undeformed (7 Flexible
Tire contact model
(®) single point () Multipaint

Parameters of multipoint contact
Distributed flexible contact

Digcretization step {mm)
Monorail type
(®) Straddle () suspended
Tire force visualization

Longitudinal force (Fx)

Lateral force (Fy)

Mormal force (Fz)

Vector length in wheel radius 5.0

Lateral displacement 0.00

[ wired beam image
Parameters

Mumeric parameters

MName Value
Guideway base (m) 3.7
Bridge pillar base {m) 30
Shift along Z of pillar GO (m) 1]
Beam-mage step (m) 2
Kinetic energy for stop (1) 0.01
Guiding wheel contact ¥ {m) 0.45
Stabilizing wheel contact ¥ (m) 1,45
Contact shift for lower vertical wheels {m) 0.2
Integration Message Close
& 3-95

8) VI E| Tools UL, AT Hiz¢H L+ Beam section profile,

Object simulation inspector

Solver Identifiers Initial conditions Object variables KVA Information Toals Monorail train
=8|y
Tires  Options and parameters  Geometry, irregularites  Tools  [dentification  Resistance Speed  Flexible tradk
= [ |Beam section profie ~
N

Beam section profile

Data Input/Edit

Material

‘Young's modulus 3.55E10
Poisson's ratio 0.2
Density 2500

3-96
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Fﬁ% Data Input/Edit #2000 I#24H, 301 pheRomagas, mdidhiZgmis
T AR e, $2E “D:\UM B #E\H R 7 BAE NS ER
$ﬁ%.crv A

|5) Read data >
+ > WFEIE » Data (D) » UMBIEEE » ghESH v O O EEHEREN"
|mn vy HETEE = [ @
A
A 'R BHASE i o
U EEmEhER o 2020/5/7 11:25 CRV it 1KB
jﬁﬁﬂ'_féi.crv 2020/5/7 11:25 CRV >zi% 1KB
U EER S B oy 2020/5/7 11:25 CRV it 1KB
[ ]
=
v
IR (N): | B En2 oy v| UM curve files (*.crv) ~
Q) g
5] EEEEEEsR orv - Curve editor - ] X
+ +£ fij | Line ~ | = B E | 'p/
M ¥ ¥ Type Smoathing
= Cur... -
1 -0.45 o] Line ‘fes
2 0.45 1] Line fes
3 0.45 -0.5 Line ‘fes
4 0.35 -0.6 Line fes
5 0.35 -0.9 Line ‘fes
] 0.45 -1 Line fes
7 0.45 -1.5 Line fes
g -0.45 -1.5 Line fes
9 -0.45 -1 Line fes
10 -0.35 -0.9 Line fes
11 -0.35 -0.6 Line fes W
oKk Cancel
3-97

10) V% Speed UiTHI, HEHE v=0 X,

Object simulation inspectar

Solver Identifiers Initial conditions Object variables XWA Information Tools Monorail train
= 8%
Tires  Options and parameters  Geometry, ireqularities  Tools  Identification Resistance 5peed  Flexible track
Speed mode
O Neutral O profile
(O v=const ®v=0

Automatic termination of equilibrium test
Lock horizontal shift of car body

3-98
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11) miii Integration, FATHE-PHIIIE, £1T4 5s, FEFHER “Test succed.
Accept results?” | R (Y),

Information

o Test succeed. Accept results?

=]

18] Process parameters

[+] Simulation time (s) g

[+] Duration time (s) 3.25

[+] 5tep duration (s) 0.00029038
[+] step size (5) 0.002

Pause
[ |

& 3-99
12) 7t Monorail Train | Tires T, 7] LLEBIZNRIARITE SRS &
7E Initial conditions T, 7] AE BIGENIRIES T AN F = CFEXS
HEBAE),

Vhesl Model  Stat.load  Deflection [eestea iz,
R SN EFEE e £ | 24.0nm bV Coordnate Velocty  Comment
BN e £ 24.00m . [ o ok
BEAPNEFEDBEI TR R 209N 24.0mm = o ’zzz
BELPNERHEE Boier ETIRL  ETIE 2399 24.0mm 1: R en'gmﬁq 0 jEﬂi -
BERihEREE goier SoEer. SEEe 250 5.0mm 15 o o etk 5
BN FEED goRer. SolerR Shge 2,50k 5.0mm 16 0 0 i 6a
BELRNFHED EOReF SOlERR SEHE 2,50k 5.0mm 17 7.0426734001€8 0 $E{EI0F Base_1I40 1c
RPN EFEE Aok Soier. SeEe 250w 5.0mm 18 1.548421157E-6 0 (B9 jBase0_H%0 2c
REASHERED G REI0.  BER 250 Sow 19 Q0SS 0 R oscd {090 5c
BEXRAEHELN O AER  BER 2500 Som o SSPEMmOES |0 EEIAEF Jse0_fH5 42
111 -1.01182845236E-6 0 $E{E)39F . Base0_12750 S5a

BELENEHEE Boier EfTeR. ETE 2399 24.0mm

— P 1.12 3.60349534065E-9 o & [o39F . jBase0_14%32 6a
BERSfr@mED SodRETIEFR  GEfTE 23990 24,0mm 1 Py Prm—— SIS R ETIR 1
BB FEER EaAR EfTIRR  EfTIE 2399 24.0mm 114 2.68780180687E6 0 RE[EIE0F HO52_ETIORR 1a
BEARNFEER BoRR ETIRL  ETIE 23.9%N 24.0mm 115 2687802746456 0 SR AR ETHRR 12
BELRNFHED FoieR. SEECFL SEEe 250 5.0mm 1.16 2349128211966 0 a0 ADBR_ETIRL 12
BEASNERHRD AR SR DA 250w Som iy LERHIIHES 0 S SR STt 1s
BEXSHEFRD KR SRR SEK 2508 somm e i ML A AURSTE 1o
HETROEERDAOIRSORRL SOk 2500 som - bt S LEEL

‘ - = p 120 -LEB0BEIES 0 SHTERE AR _SEHEAL 12
FSEES N R L oI Rl Ef;e 2500 50mm 121 -1.0986555242865 0 B AR IREL 12
EEARHEFED RoRRBTEER BEE 250w 5.0mm 122 3.54052634557E-5 0 SE[AIA0F A5 B3SEI0R 1a

& 3-100

13) V¥ F| Speed T, %+F v=const 2,
_

Solver Identifiers Initial conditions Object variables XVA Information Tools Manorail train
=B %
Tires  Options and parameters Geometry, irregularites  Tools  Identification  Resistance Speed  Flexible track
Speed mode
(Z) Neutral (C) Profile
(®) v=const Dv=0
& 3-101
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14) V1#:3 Identification U, XX Longitudinal control torque 4511 fit] #.
JOM, IEFER AT RGBS HAF S m_control, FETE R T Gain £51
(R B TCA R S A E N 3000,

Object simulation inspector

Solver Identifiers Initial conditions Object variables VA Information Tools Manorai train
= A ‘ %ﬁ

Tires  Options and parameters  Geometry, irregularites  Tools  Identification  Resistance Speed  Flewble track

Longitudinal speed control w
Parameters

Identifiers

Mame Identifier

Longitudinal control torque BE[O]HEF. m_co=t= .

v -0 B ERER

D =20

) mearbody=15000
arier

- wo=20

-B1 m_control=0

-B mecarbody=15000

- fz2=36787.5

<[ kxy_2=125000

FEERR

monorail bridge

Murmeric parameters

Mame Value
Gain 1000
Integral control factor 0

& 3-102
15) V)#: 3| Geometry, irregularities T [H], 2J1% Use irregularities, & ¥E
Z88% “D:\UM 5l #FE i 2R A\R300.meg”, ¢ B # 1A B 40
3-103, & Factor=0.5, ZJit Coherent right irregularities.

Object simulation inspector

Solver Identifiers Initial conditions Cbject variables VA Information Toolz Manorail train

= A | %_\
Tires  Options and parameters  Geometry, irregulariies  Tools  Identification Resistance Speed  Flexible track

Use irregularities
Macro-geometry

B [ wmiSiIEHE 4 R300.mea =
Irregularities:

Driving {left) [D: VI AR P 2\, A T4 _Lirr Eﬂ
Driving {right) (D VM I AR P I 40, A T30 R =
Guiding (eft) D MBI VI A R\ Fraie_Luir =
Guiding (right) D: UM IR VRIS e _Ruirr =1
Stabilizing (left) D UM R I o BB, RS _L.irr =
Stabilizing {right) D UM IS VR IRE A B Eh e g R =
Coherent right irregularities

File with spedal track deviations

[ use special tradk deviations

= | =]

Integration Message Close

3-103
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16) )45 Identifiers— List of identifiers JI[, % B EWHIIEEE v A
40, 7EFRHE M R OK.

Object simulation inspector

Solver Identifiers Initial conditions Objectvariables  XvA  Information Tools Monorail train
List of identifiers  Identifier control | 12) Identifiers of the same name X |
S = R TR TR o h— -l
Whole list 1 TR VO (20)
Name Expression Value
il 40
mcarbody 1.5000000E +4
| F— 1ok ]| conet |
tegration Close
& 3-104

17) iEFEFEKH Tools — Options, BUEIAE THAE FAE )46 3 5 5
AR km/he X HFEALRXT vO SHCA AL, THESE RN E bR s
(m, rad , kg, s, N)o

— O 4
1Options » : speeduit
[ Bug reports Visualization Wear control parameters D Okmh ®mjs
| General Autosave Format of numbers ~ Export to MS Excel
General
[ automatically load the last model

[ automatically remove incompatible variables

[ z-axis directed downward
{while computing scalar variables)

Temporary directory:
|C:‘.leers\BGlB?‘\AppDaIa‘u.m3I‘|,Temp\ Qﬂ
| Graphical windows

[+] Default pull-down tool panel for graphical windows

1 [oouble column text file
| Prefix for comments: | _I
X]
Measure unit for speed identifier vO
Speed unit
(® km/h Cimfs

[] Default speed unit: m/s
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18) fTITARE T, GUEEFTHE M ZL DU EAT R HOTk ) AR & 9??@)\—4\2%

L pup

Wizard of variables
J_‘-' Coordinates
47 Linear variables

(® Solver variables
&b Expression
@ Monorail train

=7 Al forces
#* Track coordinate system
= Linear forces

id Identifiers
User variables

(=

& Bushing
it Reactions

Q Variables for group of bodies
= [ BEXSARERER

Selected (total 4)

R lointforces  # Bipolar forces /A Angular variables

ERCIR 0 Iﬁ@ﬁﬁﬂiﬁﬁﬂﬁl‘ﬁl;‘&-iﬁﬁéﬂ- P R SR AeE ETTIERR, %Eiﬁ*ﬁ]
EfTien Name Comment .
TTieFR
igém ix Il:ogtnlln:;al force
it ha ateral frce
O Srscr iFz Vertical force
S |[n e
O Sigtar Mv e ng resistance torque
0 Saie & Lo s
x
D RIER Sy Lateral slip
1 00 wmeEser Gamma Camber angle (degrees)
= [0 %m@Rr dz Roughness height under wheel
O E4786RL ddz Roughness derivative
O #EfTierR Deflection Tire deflection
[ #4746RR Distance Vehide distance from the simulation start
O i8R dyBridge Bridge defiection under tire Y
[ EmierL dzBridge Bridge deflection under tire Z
O Srmierr v || Toe Toe angle (degrees)
< T >
Fz (Rl iR 81 Bm)5e || vertical force 5 E
Fr GRS, .
Fz @SEE L, ..
Fz (FEEEPH,...
Fz (IBEEE,...
& 3-106

20) 7EHAY A 7

Wi, kP

ZEL Cameras — Add camera in

current position, EJ\_J\‘_E P Cameras — Camera settings, 7F
Camera follows the body 7] 1% 5% Sk R FE 2244

Coordinate system
Grid

Rotation style

Cameras

+ ﬁ Camera name:
List of cameras: |Carr|ara 1 |
Free camera Camera follows the body:
Camera 1 |
= -
B BEAPHEREN -

i BaseD

Modes of images

e

Cameras Add camera in current position FETHEFL
Look at... Select camera v FEITIEFR
SETHERR

Position of vector list

Camera settings

Clear list of vectors
Vector settings...

Show vectars for tyre/road interaction

[] Background color...

Grid parameters...

ey

TR
Sritr .

Position: Look at:

% [-13.23 MJ % [0.00 ﬂﬂ
v [-12.63 ﬂ] v: [0.00 ﬂ]
. [377 2 oz oo ]

Apply Apply

3-107
21) i EEHI AR Integration $241 4615 E .
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22) {EBhEE O S d A%, %P Show vectors for tyre/road interraction, Ef
VN PN

Coordinate system

Grid 4
Rotation style »
Modes of images L
Cameras L
Look at...

Position of vector list L4

Clear list of vectors

Vector settings...

Show vectors for tyre/road interaction
[] Background color...

Window parameters...

3-108
23) TEL I M A, IR Show all, W] H BN LAE N & H

25000 f- - - - e L L LT T EEPEERPREP T LLLET Tt

Options...

Show all

Show according the ruler pointers
Copy to clipboard

Print...

Fix tool panel

Show ruler

Show ordinate value

Save parameters...

Load parameters...

o i 2 3 7 :
& 3-109
24) PiE RN E 3-110, LR B E E LR MEEDCH, THR SRR R
(] UM - Simulation - dA\umiSill SR\ Ea0u miSE\ = 24 £ TER - o X
N@\g\mmmi@aﬁﬁ@@@ﬂ%%@ﬂ@%hﬂ%ﬂ o Erom |

oL Bse rore B@
)

EE=] Plots (= =r=]

(B /\mewww

[@] Animation winde:
@la OGP Gl =8 @wT

13] Process parameters (=
Simulation tme (s) 25,885
[buration time (=) J'N'v“
Step duration (s) 0.00017247 ‘}WW
[ step size 5) 0.001 w ! o
Pause E i RN
%% L L

3-110
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3.3 BMF R

& 3-111
B 3-111 From y—A MY () S R AR A, B A AR N &
T RGN KRR T RG A — MR S BRGNP T ) L
Wk, REASFREER B DU IR P AL RS, Mk SR R — RedE, AR
MR —REs, BRI 114 N EBE.
AB A BIEE: UM Base, UM Subsystem. UM Maglev.
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331 REMTFERIFER

3.3.1.1 HitEEE

1) IZ1T UM Input, @R, RIFA “D:\UM HFJI|#ERK UM BEEN\F
AL

2) M “D:\UM EJIFER VT EME R EPEE” KIRSF N
KA EM S img, =FHEESk.img, T BB img, TS
#.img.

[ Object
- T¥ Object
95 Curves
FN Variables
--3p Attributes
----- B Subsystems
~-fg Images
G R
4 B
4 S
o TEEE
..... 5 Bodies
----- 2 Joints
----- # Bipolar forces

...... £ Gralar trrmnes

& 3-112
3) WU E M NS BB L, g —AUE, EaaNT
M EREER R, EFERM GO, M FHSE IR S U A ek L, 18
GO Position T[T 13 &% Z Hhliefs 180° .

E 3
Name: [SEIFEREAR F+H @ Name: |SEIFEEIAR # + @ @
Comments/Text attribute C Comments/Text attribute C

| | |
Description GO position [;:izgtt';: GO position

[eo | < | 7]
Ty + B8 " .

z | ‘]
Comments/Text attribute C Rotation
| | z  v|[180 £]
Parameters Colors GE position e | - |
Element is a graphic object e | § |
SE|EgiEL v x| § Shift after rotation
x | ‘]
v: | ‘]
z | ‘]

3-113
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4) BIEE MWL, H AMEE, EFIUTHZE, € XFEZSH m frame
=1000, ®#z0FE (1000, 1000, 1000), FiLBink (0, 0, 0).

B mEmEswEs o X
B e | i3 el E
v et JElla | O Sk x| 99w B el D |-
¥ Object Nare: +h®E
o Curves Comments/Text atiribute C
Variables
Attributes | |
~(8 Subsystems
v ..‘ Images Vector 3D Contact
= Posit Paints
& B Quaterni v
& S
o = =
5 & SEFIER A visble
v -5 Bodies
L -]
B Jonts [ Compute automatically
&5 Bipolar forces Inertia parameters
= Linear forces
Inertia tensor:
& 1000 © c c
- I \
=8|+ § 5 &= [ 1000 °] c
Whole list 1000
Name Expr val Added mass matr (none) E
frame. 1000 .
Coordinates of center of mass
| ]| I

& 3-114
5) GIEE AN, v NSFHEBESE L, SV SEFE B, © Uk
&= m_magnet = 600, #%FNIRE (20, 600, 600D, Fi.LrALFx (0, 0, -
0.25),

) mmmeT e - o X

“B ea S| Gk | I R eR| ) F|-

~ -1 Object

B

Name: [B¥ra5 + 2 @ 6

Comments Text atribute C

9 Variabl ‘ ‘
Atiribute:
.8
Ty Oriented points Vectors 3D Contact
Parameters Position Points
5 S Coordnates (PP): | Quatemion -
& SR
& EEEE Go to element
> & SEHEER Image: visible
~ 239 Bodies [
5 tage [Bovemn v
o BT utomal
& Joints

+#5 Bipolar forces
{ Scalar torques
= in

=8|+ 6y

Whole list

Name Expression Value
m_frame 1000
m_magnet 600

& 3-115

6) HEHINIABEFR BB L, By NEFHEBEE R,

7) EHINESEFE RS R, Ea FRBEE L, &8 UT S Bk
L, BSiGAR (0, 0.08, 0).

8) HEHINIAFH BEER L, HEay ATA BB R, LTS A Bk
R, fEousicAets (0, -0.08, 0)

9) AL, Bodyl i Base0d, Body2 EHFMHEE, 2584 6 d.o.f.,
BOSARRE NS H R R, BRI

www.universalmechanism.com - 149 - www.tongsuan.cn



http://www.universalmechanism.com/

universal /’5 Tongsuan
mechanism g =

- a X

RLIIENCY o ; - e & ;

Q@& | Spm x| B0 @ w W o | 4B -
Body1: Body2:

e e

o o
R

5 Bt
5 BieiltER
5 SropitL
5 SiEeER

~ @, Joints

% [0.000000000000 2

5

- 1Baseuj;~]§( v [0.000000000000 Xl

Z  [0.000000000000 b

degrees of freedom:
Crientation angles

1 |0.000000000000 ¥

2

v

.92 Grecial frcee

o
=
o

3

[
=8+ 8B

Whole list 2 |0.o00000000000 A
Name Expression Value 3 |0.000000000000 ]
m_frame 1000
m_magnet 600

& 3-116
10) BIEEE AN, Bodyl 4R, Body2 kST ML L, M N6
d.o.f., PDUIEEE S ABFR BN (0, 1.1, -0.475) F1 (0, 0, 0), %
VTGRSR B X, Z T e se Y S B B .

(B ainil - o x
B e | 1 e [
o 4| SPe | 908 w|E e )R-
> EEES Neme: [ BoTmREE + B -
> G SRR [raze | (B =]
v -5 Bodies Type: |V 6d.o.f. v

.
- BT

BITFRBRER
TEFRMEERL
TEFRIEHAR

g‘ EEEEE §I"I"I‘I"I"

@ 4040 o &
b

0.000000000000 A
0.000000000000 ¥
0.000000000000 ¥

ees of freedom:
ientation angles

0.000000000000 ¥

<
i
54

4

<

[
=8|+ 8|/

Whele list 0.000000000000 B
Name Expression Value 0.000000000000 B
m_frame 1000

‘m_magnet 600

& 3-117
11) EHAENE =, Body2 B SUNEFHEBEE R, Bodyl I8 S ALFR
AN (0, -1.1, -0.475),
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12) SHlEREE UL, Body2 B HUCAF R EBER L, Bodyl HUEE: mi kPR
N (0, 1.465, -0.18), FAIHEBEHAXN L EEGN X, Y MFEh k5 Z
S E B

— [m] X

F & s @ || @ E | > g

|« OHornan |G D0 wE | [» | e S + B § -
Body1: Body2:

[rame | [Serm -]

Type: | N 6d.o.f iy

Geometry Coordinates

Translational
degrees of freedom:

x 0,000000000000 ﬂ
v o A
Oz 0,000000000000 *

k2

= linasr fneen v

[
T
<

=8|+ 8|

Whole list

1 [0.000000000000 2

[ 2 [o.000000000000 B
Name Expression Value O 3 |0.000000000000 B
m_frame 1000
m_magnet 600

[ 3-118
13) B4 B, Body2 BN S RIEMEE: R, Bodyl I SALFR
A (0, -1.465, -0.18). YRR KA, wE 3-119.

- o x
[ - |
JEE & OFPm |G w E ejwa]er| - T E .
ame: (8 S| -
Bodyd: Body2:
e | (S -
Type: | Y 6d.o.f. v
Geometry  Coordinates
Body 1 Body 2
Ty visual assignment
Translation
R Base0_{30 : <
B R B . <
- R EFRkiR —
R FEERL = [0.18 c
B iR SR I Rotation
| | E E
= B+ 6@ [E e
Whole list Shift after rotstion
Name Expression Value c
m_frame 1000 y: C
‘m_magnet 600 C

3-119
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3312 B Hx

1) EH MBI Special forces, s, wmin—A e, 4

NEF R LF, %258 Bushing, Bodyl &M%, Body2 EFE
S L, A% Autodetection, 7E Position | Body1 Fi[H % B IEH: &
1, 1.1, -0.8).

) sEmsswen - [m) X
dEiq & Gty @@ W E e wa| ) F|-
Name: | BT + i}
Comments/Text attribute C
Body1: Body?2:
[tz v | [BosmaEn |
Type: | @ Bushing “
[ autodetection
Position  Description
Body 1 Bedy 2
Ty visual assignment
- %mm — Translation
c:c nections . w1 C
focdcas v |11 c
[
Lo z
GEH PN = [28
o o [
m_frame 1000 =
et <o -
Shift after rotati
x C
. -
. 5

2) 1E Description T % B £ PENIE CX =5e6, CZ=5e6, CAY =1e5, DX
=5e4, DZ=5e4, DAY = 1e3, EXHIMHEIF ) FL=-fz1, SEWIHE
0.
3) EAM N HHIZHINRE L, MHESHFFS 21, & LFREA:
9.81*(m_carbody/n_bogies+m_frame+2*m_magnet)/4, &< HzhfE
m_carbody Fl n_bogies PN 5, 437l NEUE 15000 F1 6.

&) == FHER o o -
] E
ErpE= ~Ba k[N SPe x| B8 W[V e D K|~ -
3 Rmi were: [Grmie | + B @
;--5 gg:;ﬁé: ‘Cnmmentsﬁextam\butﬁc |
~ - Joints
R Base0 1R - Body1: Body2:
[t B =
Type: |t Bushing )
[¥] Autodetection
Position  Description
Type: |Linear >
o ses
) 5 ?@ﬁﬁﬁ%w — o
i v s
= X
DH|+W‘E+|E|% CAY  1e5
Whole list o
- DX Se4
Name Expression Value Edit identifier X ot
m_frame 1000 T
m_magnet 500 Name: o
fel o B DAY 123
DAZ
Comment 1
X
FY
FZ fz1
Mx
My
wr

3-121
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S HIAE RS —A Bushing /176, #n# NEFBEER LR, 2K Bodyl 1)
B RN (-1, 1.1, -0.8),

5) EHIEEE =" Bushing /J7G, fr# NEEFBEEER RR, K Body2 ¥
NEIFRBER R, B2 Bodyl HIERE RN (-1, -1.1, -0.8).

6) HHIAEVIA Bushing /170, %4 AR BEEEE RF, &4 Bodyl [
R AR (1, -1.1, 0.8,

7) EHAREE BA Bushing /176, w4 AT M BEEEEE LF, ¥4 Body2 ¥
HNE BB L, 1205 Bodyl FIER SN (1, 1.6, -0.18),

6 Object BEETERHER - b x
B . . 5
~-®& Joints A-llox[o\]éx‘@’®w'ﬂh‘
R Joase0 5% Hame: >Eu
B JFPR ST R
B PR _SiRER
B RS EIFREL
B PR _SEREER
-# Bipolar forces
-G Scalar torques
-Z Linear forces
& Contact forces
-@ T-Forces
~-% Specil forces
@ BIFAELE
© Bifaiiiin
@ SiFhiiRF
© BifeuliiRR

‘Comments/Text attribute C

\ |
Body1: Body2:
B ~ |G =~

Type:| @ Bushing v

Autodetection
Posttion ' Description
Body 1 Body 2
T@ Visual assignment
Transation

= SERREELF v |1 ‘
&> Connections N
12: Indices v v |1,5 ‘
[
+ z [-0.18 5
=B+ ]
Whole list Rotation .
Name  Bpreson vae  Commel \ S
vty (25 =
m_carbody  1.5000000E+4
n_bogies 6 Shift after rotation
fz 9.81%(m_carbc 1.1526750E+ x B
. c
4l |
5
z | |
< >

& 3-122
8) 7F Description T % B ZEHNIE CX = 5e6, CY=5e6, CAZ=1e5, DX
=5e4, DY =5e4, DAZ=1e3, & XHHEFF I FY =1y0¥1000, %E
fy0 HME N 5.

8) Object EEERETE R - o x
F| o e - ]
R Jmlia & " Fhem x| D8 w| W e[| p E|- i
& pase_faze Name: | SEiiEF + i
R B TR
i Comments/Text attribute C
A i iR ‘ |
Body1: Body2:
= | [Srrmm =
Type: t@ Bushing v
[] Autodetection
Position  Description
Type: |Linear v
X Se6. -~
Y 5e6
v cz
B cax
El CcaY
CAZ  1e5
DX 5e4
Value
oy 5e4
0 20
oz
m_frame 1000
DAX
nmagnet 60
oy
m_carbody 1.5000000E+4
DAZ 123
n_bogies & x
fz1 9.81%(m_carbody/r 1.1526750E+4) r f0"1000
5
(£ FzZ
x
MY
Mz
dx
dy
dz -

3-123
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9) EHIAREE S Bushing /176, 4 N H BB LR, &K Bodyl i}
R AR N (-1, 1.6, -0.18),

10) K #IE R A Bushing /770, w4 N5 R RR, 4 Body2 Hi{
NF R B R, B0 Bodyl WEE SR A (-1, -1.6, -0.18), &KX
B[ TE S FY = -fy0%1000.

11) FHIAE RS )\ Bushing 717G, @4 85 HEEER RF, 1204 Bodyl (1)
B S ARRRN (1, -1.6, -0.18).,

12) e 2 MR Linear forces, &AMzt ¥, QI —a0nE

F17C, WA ANTSHE LF, Bodyl EHFHZE, Body2 i£# External, i%
B ESE, A%k Automatic computation for 2nd body, %\
NSRS ARR (0.8, 1.2, 0.6) 1 (0.8, 1.2, 0.9).

) mEmrrwen - o X

IR R D I A A [

>

B ek B #Eﬁﬁm
4 =

e |+ @ B
Comments/Text attribute ¢
|
Body1: Body2:
‘4‘]3‘ ;l‘ ‘Exhema\

Type: | = viscous-elastic

<l lella

GO: |ZESpE

Position  parameters

i@ BTERr Compute for the 2nd body
@ SrEEiEE [ Automatic computation for 2nd body
@ SEEsiiER Body1
@ SEEEERR L ody1  Body2
o : = System of coordinates at pt. A (SCA)
el e — —
@B+ §(B>EE
.
Whole st
.
Name Expression Value
<lo. +
m frame 1000 0.00000000 A
m_magnet 500 Point B1 - the end of clement
sty ssmowcess &
n_bogies 6
fat 2.81%(m_carbody/r 1.1526750E+4
fun 5

& 3-124
13) 7E Parameters JU[H, & XHAEE T 22, A4, s Accept, A5 %
FEAMBHGNRIGE 22, FEFEH G g CRIER:
m_carbody*9.81/n_bogies/4.

- a X
- BT dEA k| NSt x| §OE W R e wR|[D |-
3 Nome: [Z538 + @
Comments/Text attribute C
Body1: Body2:
[#aze || [extemal |
Type: | = Viscous-elastic v
o |memE v
@ BT
@ TR Position  Parameters
-l ECTERREEERR Stationary force
O ST \ | o[z 5
@ SR i
- SIEFEER v i
2 SIEFRIHRR = ®Linear O giinear
= Stiffness matri (nane) -
cB|+ 8[BEEE ongmems: o) =
Whole list Edit identifier X
Name: Expression Value Name:
m_frame 1000
m_magnet 500 Expression:
n_bogies 6
1 9.81%(m_carbody/r 1.1526750E+4 Cancel
0 5
22 0

3-125
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14) g Stiffness matrix FH0FEH, FANIERRE, WE 3-126, /\EP
kxy 2 NEAEEENIE (led), kz 2 NIFEHNIE (2e5),

|5) Matrix of linear force element pod
Elements

coordinate-coordinate coordinate-angle

EEN = S| = = ‘]
| flleo2  E ‘| =l =l ‘]
| = T = = ‘]
angle-coordinate angle-angle

| =l =l ‘| =l =l ‘]
| Bl Bl anl Bl Bl ‘]
| = = ‘| = = ‘]

& 3-126
15) sitfi Damping matrix 2%, MABREHFE, WE 3-127, HA exy 2
N FEFIREFIBHE (2e3), cz 2 NFEFEFLE (3e3).

|5) Matrix of linear force element >

Elements

coordinate-coordinate coordinate-angle

2 E =l ‘| =l =l ‘]

| lowz  E ‘| =l =l ‘]

| = G = = ‘]

angle-coordinate angle-angle

| =l =l ‘| =l =l ‘]

| =l =l ‘| =l =l ‘]

| = = ‘| = = ‘]

0K Cancel

& 3-127

16) EHIEWEE AT EIE S0, MmN REE LR, B N SR b
REABFR (-0.8, 1.2, 0.6) A1 (-0.8, 1.2, 0.9) (.

17) BHAEREE = AT E 16, AT SHE RR, BUGEE T SR
AR (-0.8, -1.2, 0.6) A1 (-0.8, -1.2, 0.9).

18) Bl A A WA Jo6, i AT RHEE RF, B8ORE T S L
EALFR 0.8, -1.2, 0.6) F1 (0.8, -1.2, 0.9).
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(S

[BREEr

B gRR Stk ~
B R SermEER
g5 Bipolar forces
G+ Sealar torques
~-Z Linear forces
= ENEEF
£ =SHER
= TSEERn
- S TRERE
o Contact forces
@ TForces
v @ Spedal forces
@ STk

@ BThiRr
@ SERGELE
@ SERgHR
@ SEHIEHRR

@ SERGHRE
@ Connections
123 Indices
I Summary

Hm | k| [EerE |00 0w e

a x

=8|+ 0

Whole fist

Name Expression Value
m_frame 1000

m_magnet 600

m_carbody 1,5000000E+4

n_bogies 6

fz1 9.81%(m_carbody/r 1.1526750E+4
0 5

fz2 m_carbody™8.81/n, 6131.25
ky_2 1.0000000E+4

k22 2,0000000E+5

o2 2000

@2 3000

Name: [ 38 + @

Comments/Text attribute C

Body1: Body2:

[rae | [Extemal -]
Type: | = viscous-elastic ~
IS v

Fosition  parameters

Compute for the 2nd body

__| Automatic computation for 2nd body

& 3-128

Bodyl Body2

System of coordinates at pt. A (SCA)

A
O —
S —
O —

Point B1 - the end of element:

N — o

19) & 72 MBS UK Contact forces, Aifiizal ¥, alz—A sl
JG, Bodyl EFEHZE, Body2 i%£#¥F Base0, EFESH Point-Plane, 7 3

Body1 [JHELL £

5 Body2 [T HA Bk R

20) £ Parameters VAW B BN EEE R4 0.3, HHEEHE 580 0.36, Al B2
1e8, FEflfHJE 1e4, /)% A4k Unilateral contact G R

Unlimited plane.

B mmErmen
[
4 Bipolar forces ~

mig o &|[0Ghem | ®g alw e

we|lp FE|-

-(; Scalar torques
~-Z Linear forces
S TN
[ gL
E ESEERR
L= TmSERE
~ g Contact forces
o RN
© TForces
v-g

@ RIERRR

oo BFHEARF

el SRR

o SRR

@ SEERERR

o SERERERE
-3 Connections

122 Indices

B summary

T Coordinates

=8+ 8|

Whole list

Name Expression Value
m_frame 1000

m_magnet 600

m_carbody 1,5000000E +4

n_bogies 6

fa1 9.81%(m_carbody/r 1.1526750E+4
o 5

fz2 m_carbody*3.81/n, 6131.25
kty_2 1.0000000E +4

kz_2 2.0000000E +5

ay_2 2000

=¥} 3000

www.universalmechanism.com

& 3-129

- 156 -

o X

Name: [N + @

CommentsText attribute C

Body: Body2:
v ||[pasen

Type:| 3, points-Plane v

Parameters  Geometry

Sliding parameters
Friction coef. (f):
Friction coef, (f):
Velocity (vs):

0.3

Stribeck coef. (delta): |1

Friction coef. (nu):

Parameters of normal contact

S et 9

Damping coef. (d): led c

Uniateral contact

Unlimited plane
[Jclose contact

www.tongsuan.cn



http://www.universalmechanism.com/

th

universal
mechanism

2,

Tongsuan

] 55

21) £ Geometry Ji[H, *E X Bodyl [f&i: (0.8, 1.1, 0.02), (0.8, -1.1,
0.02), (-0.8, -1.1, 0.02) F1 (-0.8, 1.1, 0.02), & X Body2 ) F:
Bk 0, 0, 0O R 0, 0, 1),

) mEmrrwEn

4 Bipolar forces
-6 Scalar torques
v -Z Linear forces
- = ESEEF
SRR
SRR
= SETERF
~ -2 Contact forces
= BRI
- TForces
v % Spead forces
@ BEAHEF
@ Rk

- B
@ BFakiEer
@ SRR
- SRR
@ SRR
@ SrejskibRe
~€ Connections
125 Indices
[ summary
T Caordinates

>

fm|q & o demr g0 awEapr|:

v

[
8|+ @B

Whole list

Name Expression Value
m_frame 1000

m_magnet 600

m_carbody 1.5000000E+4

n_bogies 6

fz1 9.81%(m_carbody/r 1.1526750E+4
fyd 5

faz m_carbody*9.81/n, 6131.25
ky_2 1.0000000E+4

k22 2,0000000E+5

oy 2 2000

@2 3000

< >

www.universalmechanism.com

& 3-130

- 157 -

- a X
ﬁ
= + O
Comments/Text attribute C
\ |
Body 1: Body2:
[t | eeseo =]
Type:| 5, Points flane |
Parameters Geometry
Paints (+358)

+ 0% =
0.8 L1 0.02
0.8 11 0.02
0.8 11 0.02
0.8 L1 0.02
< >
e %
\ | al g
External normal:
L B[ T 0
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3.3.1.3 INEEARRE

1) b MIAEAUR Subsystems, fiibaMia ¥, wmin—A 724, =

ZNFERAEREE LF, M FRERPiERE Included, R J57E SO U 2%
EE “D\UM B BRBR\TFRASGVERR,

) & o me Rk : @ | @ A E
oo | &l Sk x| ®9 6w/ 2| @ F| - ]+ B 8
oz Curves

w6 Variables Type: | included -
2P attributes
S Subs
7 &,s; gs;gmw |Z) Open object « I ]
v - Images
o 15 Scan the forder:
= B o IR\ T Rk EE
% SRR —
5 ZSHE e DW"%UH#&(&\?,%J:
G SEEEER S ff‘_]:yﬁ]
v 557 Bodies
= 5 L]
LRl

@

>

Comments/Text attribute C

5 =8
5 SEERERL —_—
5 SRR I
v -8 Joints —
SR jBased A2
B gRe_Boyeiftih
& ann BiZai

N
=8|+ 8 =
whole list = —

D:\UMIS Y B \F R E S
Name Expression Value

m_frame 1000 Cancel

m_magnet 600

Acceptas default

m_carbody 1,5000000E+4

n_bogies 6

f21 9.81%m_carbody/r 1.1526750E+4
0 5

fa2 m_carbody®8.31/n 613125
foy_2 1.0000000E+4

k22 2.0000000E+5

oy_2 2000

@2 3000

& 3-131
2) KT ARG AL LF SHl-BK, 45 Ear g NE AL LR, 3
F)%E8 RR. M FLESS RF. BER(EEEE LF. BiRfEEES LR, BEmfE
2% RR FIEE /285238 RF, 8 DUANRE [ AL JE8 LA p0 BN 0.

5 a x
B = - F
<@ obet JEld e Sk x| T W R @ F| -
v} Object Neme: [ RRERR + i}
[«
f: V:rr\‘;:es Type: |[E] included ~
4 Attributes Comments/Text atiribute €
~ (8 Subsystems [ |
[E St
[E BafEER B
dit subsystem
5] SRR
[E EmfESERe n General Position Identifiers
-~ [E WS .
» g RAERRR |3) Identifiers of the same name X Whole st
= wofemErr Name Expression Value
[E] Faft e E ms 0.01
v
I ps ms*9,81 0.0981
TRIOIE EesLF pn (n DQEI) b
TRIEHE EESLR.p0 (0.0981) eta 0.3
) fEIEHEEEEERR.00 (0.0981) & 0
& il EkeERr .0 (0)
k_sensor sqr(2*pifs)*ms  9.8696044E
~ - Eud\es c_sensor 2%beta"sqrt{k_sen: 18.849556
5 45 dx_static ps/k_sensor 9.939608 1E]
o ;
s_factor k_senser jms 9.8696044E
=R ‘ + ﬁi ‘ E+I r_sensor 0.02
h_sensar 0.1
Whole list w0 n
Name Expression Value
m_frame 1000
m_magnet 600
m_carbody 1.5000000E +4
n_bogies 5
f21 9.81%(m_carbody/r 1.1526750E+4
fy0 5
f22 m_carbody®™8.81/n §131.25
ley_2 1.0000000E +4
kz_2 2.0000000E+5
o2 2000
a2 3000

& 3-132
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3)

4) HHIERELNE, FX Body2 NIEMF LSS LR.Sensor,

follf=:

FINML, Bodyl EFSFHEE L, Body2 LHFENERE
LF.Sensor, J3%4°A 6 d.o.f., PINIIREE: SRR 9N (1, 0, -0.01)
ﬂen (07 07 0)7 g@}ﬁ;ﬁ\:/‘—\/l\gmgo

Name: |JENZeEisAL sen| + @ -

Body1:

BT

~ || EAEEELF.sensor ~ |

Type: | ™ 6d.of.
Geometry Coordinates
Body 1 Body 2

Tk Visual assignment
Translation

£

X |1

v: |

z |—D.01

Rotation

<

<

<

3-133

PER SRR N (-1, 0, -0.01).
5) EHIEMRE/N\MK, Bl Bodyl ARFHEBZ R, FiX Body2 NEH L

J&%% RR.Sensor, Bodyl 1% S48558 (-1, 0, -0.01),
6) BElENEILAER, ik Body2 NI 4£/%2% RE.Sensor, 154 Bodyl

PR S AARR N (1, 0, -0.01).
7) EHIAERE A, B Bodyl A LR L, L Body2 A AIfE
J&2% LE.Sensor, &4 Bodyl HIIEH: misibz g (0.9, 0.03, 0), &ES
X i 5) 90° .

B mEReTreien

£ R
S TESPRERE

~ 2P Contart farces hd
=8+ 8/ =
Whole list
Name Expression Value
m_frame 1000
m_magnet 600
m_carbody 1.5000000E+4
n_bogies 6
fo1 9.81%(m_carbodyfr 1.1526750E+4|
fyo 5
;73 m_carbody®9.81/n, 6131.25
ey _2 1.0000000E+4

www.universalmechanism.com

3-134
- 159 -

Name: |iSi2eemistl Sen| + W -

Body1l: Body2:
[EiFramitEL ~ |[EEfsmESLFsensor |
Type: | ™S 6d.of. ~
Geometry Coordinates

Translational

degrees of freedom:

[0 x |0.000000000000 A
O v [0.000000000000 pA|
0 z [0.000000000000 A
Rotational

degrees of freedom:

Orientation angles

31,2 ~
(]t [0.000000000000 A
[] 2 [0.000000000000 A
[] 3 [0.000000000000 A

&2 Body1

S fmaa|lvSshmnr| @9 8 w|welaa|pr|
:‘%ﬁ%ﬁﬁﬁ

Body1: Body2:

a

MName: [[STaFRMtEL_Ser| 4 i -

x
[

[Sremar

Type: | ™% 6d.o.f.
Geometry | Coordinates
Body 1 Body 2

Ty visusl assignment
Translation

| [t s sensor ~||

x [0.9

i |0.03

Ratation
x |

www.tongsuan.cn
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) EHIAEBGE MR, ik Body2 44 /%2% LR.Sensor, &K
Bodyl &R S AAFR A (-0.9, 0.03, 0D,

9) HEHIAEME+ A8, Fik Bodyl NEF BB R, ¥ Body2 N
f&/%2% RR.Sensor, &4 Bodyl [iEH miAbriy (<09, -0.03, 0), ¥

Boe X Hh#EEh-90°

10) EHlENE++ =148, ¥X Body2 NiEFIfEESS RFE.Sensor, &4
Bodyl fERE S ARFR A (0.9, -0.03, 0), I35 nEl, g

3-135.

B R

o BT

>

ST SRR Sl SN RN NI S AR N

= rSwEe
=B[+8 =5
Whole list
Name Expression value
m_frame 1000
m_magnet 600
m_carbody 1.5000000E+4
n_bogies &
f2l 9.81%(m_carbodyfr 1.1526750E+4
fyo 5
fz2 m_carbody*8.81/n. 613125
kny_2 1.0000000E+4
k22 2.0000000E+5
oy 2 2000
@2 3000

www.universalmechanism.com

& 3-135

- 160 -

o x
&
Name: + i I
Body1: Body2:
[Grogn -l [EafEEe sesr o]
Type: | W 6d.of 82
Geometry Coordinates
Body 1 Eody 2
T visusl assignment
la i
x: |09 <
¥ |-0.03 B
<
Rotation
s
2
E
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3.3.1.4 BFEHTT

6 2 MUBLEUBE Special forces, AR ¥, win—A 5, s
NEET] LF, %27 Maglev force, Bodyl & 2% L L,
Body2 i Base0, WEAEMS (1, 0, 0), EFEEIF I Leviation
magnet, YEFT RN Z HIER (0, 0, 1), EPALRISEFILREE
LF.a_sensor, & X EH[A &7 /] FZ_LF, WHME 0 BIWT,

- o x
B z =
JElh k|0 Srwer|dge e[| e E]| - P,
Comments/Text attribute C
Body1: Body2:
[Eomims e =
Type: |8 MagLev force ~
Attachment points
BT
1 c G
) BFEREARE —
@ S ype of force:
- %EJ%@MLR (@) Levitation magnet.
i
g gg:zgézz () Guidance magnet
@ EFALF
ons
L3 Cordnates

= A

Whole list

!

Name
m_frame

n_bogies
f21

0

22
kooy_2
kz 2
oy 2
@2
FZLF

2)

3)

4)

www.universalmechanism.com

m_magnet

m_carbody

Expression value
1000

600

t

1.5000000E+4
6

9.81%(m_Ccarbody/r 1.1526750E+4

5

m_carbody*9.81/n, 6131.25
1.0000000E+4

2.0000000E+5
2000

3000

[

& 3-136
SRR ABIE ), A NEES LR, fEFAS -1, 0, 00, E#F
£ % 38 5 0] 42 /R 8% LR.a_sensor, & X T EF /1 FZ LR.
FHAEBE =R, A ANSE/ RR, B Bodyl NEF HE
R, fERHA (-1, 0, 0), EFLFIEERIEEE RR.a_sensor, T X IE
M #F /1 FZ_RR.,
EHIAERSEIUNEIE ), A NEERE, fEHA (1, 0, 0, @k
JRASTE [ f5 3% RF.a_sensor, & X IE[[&IF /] FZ_RF.
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5) BHIEME—FMII, 4 RFHLF, Y Bodyl T [
L, fEfs 0.9, 0, 0O, fERTTINY Al (0, -1, 0), PR
FHEFME S LE.a_sensor, & XM S\ /1 FY_LF.

— o x
B e | 1 a 4
JElle & O Gebe x| D@ ww 2w D E| -+ @ 8

CommentsText attribute C

Body1: Body2:
[ =] [pese =

@ BT Type: | Maglev force ~
@ ST Attachment points

@ BT [,

@ By = . _
-~ S 0.3

@ SEELGEHR Type of force

@ SEFIGHRR
-~ SR

- 2

2 RThR

(O Levitation magnet
@® Guidance magnet

orce axis
s
2 &Thee
& S [ o[+ ™o ")
-:65 Connections Aceelerometer variable
i - a1 R ELF.a_sensor |

=8|+ 8Boom e s
Whole list Force:
Name Expression Value ‘ ‘
m_magnet 500 [Frar ]
m_carbody 1.5000000E+4 [ ]
n_bogies 6 T
fz1 9.81%(m_carbodyfr 1.1526750E ‘ ‘
fy0 5 ‘ ‘
2 m_carbody™9.81/n, 6131.25 ‘ ‘
locy_2 1.0000000E+4
kz_2 2.0000000E+5
o2 2000
@1 3000

3-137
6) HEMIAME AR, A AFRE LR, A (<09, 0, 0, ik
PRAL IR 4258 LR.a_sensor, & MM S M/ FY LR,
7) ERAERE =R, A AFHEI RR, K Bodyl A4S A BB
R, M (-0.9, 0, 00, fEMJIRCN Y BIER (0, 1, 0), GEFALRK
ZRME MR IR RR.a sensor, 7€ MMM F 17 7] FY_RR.,

&) mEmsemEn o
T e x| @0 6|wegea=|d e
- E zeEw name: + @@
N : ;%Ejf:F CommentsText attribute C

[ |
Body1: Body2:
[EomamR <[ e

Type: | maglev force v

~ % spedal forces
@ BFiEEE
- BTHEER
@ TR
@ BT

Attachment points

© SEREHe SRR

@ SEFRHAR S o
- SERHRR o2

@ SR Type of force

o BThr (O Levitation magnet

g é;g ::\ (® Guidance magnet

B Bnre Force axis

8 Ser Axis Y : 0,1,0) ~
= Sk

€D Ce Accelerometer variabl
b BEHEEER

=8|+ 8[Bmmm —— =
Whole list Force:
Name Expression Value ‘ s |
n_bogies 6 [Frr 5
fzi 9.81%(m_carbody/r 1.1526750E [ 5]
0 5 Torg
f22 m_carbody*3.81/n 6131.25 ‘ sl
loy_2 1.0000000E +4 I |
kz_2 2,0000000E +5 ‘ 5 |
exy_2 2000
@2 3000
FZ_LF 0
FZ LR 0

3-138
8) HEHIAEREEIAN TS, AR RE, fEH A (0.9, 0, 0,
IRPRAL A1 [ 42 )B4 48 RF.a_sensor, & X FEFMEJF /] FY_RF,
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3.3.1.5 EZEHF

1) e AN A TR R Object, FAH M General T 5 7440 Transform into
subsystem, XFERIE—NEBIFEBR RGN T — T RS, (F T84

Summary
b, Coordinates

glla Q&b r aaw e nx|@r| -

[
=8|+ 6/ =
Whole list
Name Expression Value -
1 9.81%m_carbodyr 1.1526750E
0 5
fz2 m_carbody®9.81/n 6131.25
foey_2 1.0000000E +4
kZ_Z 2.0000000E+5
o2 2000
@22 3000
FZ_LF 0
FZ_IR 0
FZ_RR 0
FZ_RF 0
FY_LF 0
FY_LR 0
FY_RR 0
FY_RF 0 ]

2) EMANSES 1, 7E Position 7E X X F5-2-2.9%0.5m.

(8 Object mERTFEER

v - Object

[ 3-139

@Ak OSshmr | DG w|W | @Fr|-

=8+ 6|

Whole list

Name Expression Value

www.universalmechanism.com

3-140
3) BT RGEEFLE 1 EHFIK, NHEMENBFE 2. BFE3. 2F%E
4, BVFL 5 EFE 6, Position 95 E X X F518-2-2.91.5 m. -2-
2.9%2.5m. -2-2.9%*3.5m. -2-2.9%4.5 m F1-2-2.9%5.5 m.
- 163 -

Transform into subsystem

Path  D:\UMIEIAAE VHREUMIR A it 9
obiecti

[umObgect ]

Generation of equations
(O symboalic
(®) Numericiterative

Gravity force diection

c
ey: C
ez |-1 £

Characteristicsize: 1,00 A

- [m]

X

+ @6
Type: |[=] induded
Comments/Text attribute C

<

Edit subsystem

General  Posibon  Identifiers
Translation
xi [-22.970.5

|

o

Rotation
~ | |0.00000000

& | @[ 5

~ | |0.00000000

| |0.00000000
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4) M “D:\UM BJIHBRV A B RREEFEEFEE” ATUTEME
&
5) fEAMSHFFFHIRX SAH, EFEKH Add from subsystem..., M3
RHEFRFE 1 FARSEH m_frame. m_magnet. m_carbody 1
n_bogies 4,

(L2
[ + =l
=8|+ @[/
h e =
=B+ 8P e
0IE |15
Whole list — —
Name = + New identifier... Ins E— Mame Expression Value
Add from subsystem... v0 20
Insert identifier... Shift+Ins m_frame 1000
Edit identifier... m_magnet 500 |5) Identifiers X
i Delete identifier Del m_carbody 1. 5000000E4 v BigE .
B Copy value to clipboard Ctrl+C n_bogies s | i i B vo=20
Copy table to clipboardCtrl+lns | | e B m_frame=1000
Show elements for identifier.. | | B ”"—”"ainzt:mo
Show unused identifiers... g :‘S;i; =Ys_ 15000
B Newpage | e g fz1=11526.8
5 Rename page D 23;2131.25
Tumonpage.. | B key_2=10000
® Deletepage | | e B kz_2=200000
Remove frompage (i B exy_2=2000
S [ (R B cz_2=3000
+ Autorefresh object | B FZ_LF=D
Refreshobject e B FZ_LR=0
----- B FZ_RR=0
H ----- Bl FZ_RF=0 o

& 3-141
6) BIEZEIENIE, %= m carbody, ¥ E (Sed4, 3e5, 3e5), A

OAEER (-10.7, 0, 1.5); Mgl =, G —A S8 HEE.

) Object EER TSR - o x
j
B . e = [
© arbuia dee &S re | @9 awlweaepr|s
A Subsyeens Nare; + 4@
Fa Comments,Text attribute C
Oriented points Vectors 3D Contact
Parameters Position Points
Gt
Go to clement s
Image [Avisible
SR Joints ‘ TS ‘
& Bipolar forces -
w-Ge Scalar torques [ Compute automatically
= Linear forces Inertia parameters
& coctocs =
- @ TForces
& cornnis hd Inertia tensor:
C = [ 3| :
ok =k
=B+ 8 [ B
Whole list 3e5 c
Name Expression Value ‘Added mass matix o)
0 ]
v Coordinates of center of mass
m_frame 1000 [.7 ] s g

m_magnet 600
m_carbody 1.5000000E+4
n_bogies 6
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7) AE, RAOTFEBEERMANNEFRRE T ARG EIER. fﬁ%ﬁmiﬁﬁi
W, EEA FRIXAYE, B ETA E Body2 #EHEA— A ER A
External, PANERE: S ALAREE Bodyl AdR & H 8 U 7826 flA3E Y
P& Connection, EAMIZE B A MG AER—AJIo6, R, K%
Assign to all, SRJGIEFRZEM R AP BRI A CEPREEAE BT R R
D, XFEEAHERES T 7 R4 51 External A,

() Object EERIFEHER - o x
[

fmllaE k|0 Semwa | 90 @ w|E e|lwe|pr|r Drmeme

-
T

@
]

OO000000O000000O04d Irljg\ 1000000l
AN
=:f

38 3 13z 5

a
g

Ef
=
=
A1, I, Al E
o

value

m_magnet 600
m_carbody 1.5000000E+4
n_bogies 6

Ejﬁ%m—ﬁ& 0,00

acs

ESsErr 2l (0,0,0

Sgm mpea Lk 0,0,0)

S0 g EiE 000)
JnSnaa oS Coo)

v EEREEFEmEE
v EiE
LB LsC™ (0,0,0)
o BeEEn
o BeEEn
- BoEEes
- BiEEee
T BiEEEs
T BiEEEs

S i 0.00)

e S ik 009
SIS £ 0,00
EEEELR-->TEE (0,0,0)
TSIBERF -1k (0,0,0)

4 ::—Lﬁ%ﬂﬂ >ZE % (0,0,0)
SEEELF-->2E{ (0,0,0)
—L§$§LR >ZEfE (0,0,0)
SBERF -2tk (0,0,0)
SBERR->E 0 (0,0,0)
péeh F—» 20 {3k (0,0,0)
pée| R --» 25 {3 (0,0,0)
SSERF -1 (1,0,0)
ERR >0 (0,0,0)

HRNRNENERRARREREREENERER

dimifmmmitmami
FHA R T

%ﬁﬁﬁﬁﬁﬁﬁ%%%%
H}H}H}H}H}H}HI}
AT A A ir

3-144
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8) N TET R EAER], AR B E A4 SCEE ) 120
= 9.81*(m_carbody/n_bogies/4+m_frame/4+m_magnet)/1000.

T oiEems 000 @A &[Gk x| 390w\ el ) |~

& Bipolar forces

-G Scalar torques
= Linear forces

P Contact forces

© TForees
% spedial forces
€ Cornections
123 Indices

[ Summary

w I, Coordinates

v

>

5
8|+ @R

Whole list

Name Expression Value

0 20 o L
v Edit identifier
m_frame 1000

m_magnet 500 Name:

bod: 1.5000000E +4

m_carbody L<] Expression:
n_bogies 3

0 o Comment:

23,
593, ,0,
VIS, (0,0,
| £304.75, LF—>2E (% (0,0,0)
% §3R4. TS, LR—>ZE 1 (0,0,0)
1% 2 2 0,0,0)
15 1504, 2264 (0,0,0)
W BE RS TSI F 2 (0,0,0)
b BFReS I SIPELR->2EHE (0,0,0)
15 7325, 20 (0,0,0)
¥ gives, RF->ZE1E (0,0,0)
| {506,775 3L F-->2E F (0,0,0)
% iM0e.7e S, LR-->2={F (0,0,0)
& B 5. 20k (0,0,0)
M BiFAge. —>ZE1 (0,0,0)
(2] Edit expression - O X
@]+ — % / () sn cos abs pow sign In exp ¥ sartsar T
9.81#(m_carbody/n_bogies/4-+m_frame/4-+m_magnet)/1000| Identifier -
0
fm_frame
£-m_magnet
i-m_carbody
n_bogies

Cw | oms || oe |

[& 3-145

9) HJE, TEAMBERIFES Object, £l General S Comments Ab%iA
% Monorail (WRBEAF TR 170, X—Br% L),

18] Object HEREFHER

B

~ @ Chbiect
~ -3 Object
9h Curves
~F) Variables
=b Attributes
v (18 subsystems
= &R

~

~

@A« OShemn | @@V 2R D F| 5| e ane

[
+ @By

= A

whole list

Name Expression Value

vo 0

m_frame 1000

m_magnet 600

m_carbody 1,5000000E+4

n_bogies 6

f0 9.81%(m_carbodyfr 14.46375

www.universalmechanism.com
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10) mithi Summary, &G HEHEE R,
o

- 166 -

General Options

- [m] X
B
Attributes
SensorsLSC

Transform into sul

bsystem

Path  D:\UMISIIIEAE R IV B VS e 7 2R

o
[umobsect

Comments

[Monorail

Generation of equations
O symbolic
@ Numericiterative

Gravity force direction

ex:

ez |1

Scene image: No

.
:
:

<

PREERAL, SCH UM Input 72
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332 EBEMREFINIIEGE

1) i21T UM Simulation 27, MEFEMFEFHEE . B B A%shE & 0
KNG AL E AL 7 1

8] UM - Simulation - d\um ISR R IurEEN S SRS S - Box
File Analysis Scanning Tools Windows Help

=22y 0@ HAR BB EelFd e DE e Al S o
o iEC LR[BS E Lo B @
B

&
LIRS AR 1C I

& 3-147
2) FIFHiEEE IR, L+ Park SKEEAY, WEITEHE 30s, &EHIRR
FEB KN 0.005s, 252 A1e-7, ‘Ai% Computation of Jacobian.

Solver Identifiers Initial conditions: Object variables WA Information Tools Monorail train
Simulation process parameters | Sglver options  Type of coordinates for bodies  PP: Options

Solver Type of solution

(CBOF

O aeM (O Mull space method (NSM)

(® Park

Oear 2 (®) Range space method (RSM)

(O Park Parallel
e 11 [
Step size for animation and data storage
Error tolerance 1E-7

[Joelay to real time simulation
[Keep system matrix decomposition
[ Computation of Jacobian

[ Block-diagonal Jacobian

| Integration ” Message || Cloze

& 3-148
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3) Vl#:F| Monorail train — Tools T, M FHEHIEFE Beam section
profile. #X/5 57 Data Input/Edit £/ - I#c40, #HhRgmERE, Mt
2k g % T R R 354 e, SREL “D\UM 35| B2 \B R B A #5452 T
R PE R orv 3L

- Curve editg — O
, + 5 (| e =B Rl 2
2 1 0 1 4 M X ¥ Type Smoothing
: = Cur A
: 1 -1475 0 Line Yes
2 1,475 0 Line Yes
""""""""""""""" 3 1.475 -0.4 Line Yes
4 08 0.4 Line Yes
5 0.5 -0.6 Line fes
5 0.75 -2.3 Line Yes
__________________________ 7 16 -6 Line fes
k 8 16 -3 Line Yes
9 -1.6 -3 Line fes
10 -1.6 -2.6 Line fes
1 -0.75 -3 Line fes W
oK Cancel
3-149
. g N i D > N
4) V) E| Geometry, irregularities JUIH], 5 B HUIE 2826 AT %SS40
& 3-150.
Object simulation inspector
Solver Identifiers Initial conditions Object varizbles HVA Information Tools Monerail train

=B8|%
Options and parameters  Geometry, iregularites  Tools  Identification Resistance Speed Flexible track  Maglev

Use irregularities

Macro-geometry

B [DWMIE IR £ R H R 300.mcg =|
Track roughness

Levitation (eft) |D: \UMEE )| %032 - T A i \ B S T _ L irr @ﬂ
Levitation (right) |D: MR R PR i T B R =
Guidance {left) D WUMEE |38 AR 2 e\ S ol _L.irr =
Guidance (right) Do OMIB Y BE PIRFE A W T ol Rir =

Coherent right irregularities

Integration Message Cloze

3-150
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5) VI#tF] Maglev—Levitation W[, %#FE&EFIZEH|EA Spring/Damper,
FFBCE A SCEIREIRR 10mm, % SCEIF ) 20=14.46975 (A XUdi B I0H%
M5 HNIREERO, HEEBAEH] & 300kg, [2F2 505 524 1e8N/m,
[ [ 15t %240 1e4 Ns/m.

Solver Identifiers Initial conditions
= A ‘ %
Options and parameters  Geometry, irregularities  Tools

Levitation  Guiding Options
Levitation magnet model

Object variables VA Information Tools Monorail train

Identification Resistance Speed  Flexible track  Maglev

(®) Spring/damper (Z)Magnet () Identifiers
Acceleration model
(®) Sensor () Prediction
Linear spring/damper model  Single pole magnet
Identifiers
Mame Identifier Value
Mominal gap S0 (mm) 10
Farce for nominal gap FO (kM) fz0 T SRR R
Mass of magnet (kg) B1 vo=20
. ‘B m_frame=1000
Spring constant Kp (M/m) B m_magnet=500
Damper constant Cp (MNs/m) ‘Bl m_carbody=15000
-1 n_bogies=6
[ f20=14.4598
T BER
2550
EiFRes
5504
) T BiFREs
Integration . Bighms
& 3-151
e 3 ML
6) V¥t Maglev—Guiding JUH, WEWE 3-152.
Object simulation inspectar
Solver Identifiers Initial conditions Obiject variables VA Information Tools Monorail train
= B8k

Options and parameters  Geometry, irregularites  Tools  Identification Resistance Speed  Flexible track Maglev
Levitation Guiding  Options

Guidance magnet model

(®) Spring/damper () Magnet () Identifiers

Acceleration model

(®) Sensor

() Prediction

Compensate acceleration in curves
|:| Sensor: compensate gravity acceleration

Linear spring/damper model  Single pole magnet

Identifiers

MName Identifier Value

Nominal gap S0 {mm) 10

Force for nominal gap FO (kN)

Mass of magnet (ka) 300

Spring constant Kp (N/m) 1E8

Damper constant Cp (Ns/m) 10000

Integration Message Close
3-152
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7) UlHF] Speed UUTHI, W v=0 F.

Salver Identifiers Initial conditions Cbject variables XVA Information Tools Monarail train

= By

Options and parameters  Geometry, iregularites  Tools  Identification Resistance Speed  Flexible track  Maglev
Speed mode
ONeutral (O profile
Ov=const @ w=0

[+ Automatic termination of equilibrium test

[ Lock horizontal shift of car body

Integration Message Close

8)

[ 3-153
s Integration, BEATEPEFE, 203 1s, $&78 “Test succed. Accept
results?”, FER(Y)-

Information

o Test succeed. Accept results?

9] Process parameters

[] Simulation time (s) 0.995

[+] Duration time (s) 2,688

[+] 5tep duration {s) 00024691

[+] step size (5) 0.002

Pause
[ 3% |

& 3-154
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9) VJH#H| Speed UIHI, &t v=const B,

5000.

10) VJ#:3 Identification T, £ T J7 Gain ALK HEICHKSEHKE N

Object simulation inspector

Solver Identifiers

Initial conditions
Information Tools
= B

Options and parameters Tools

Object variables
Q Manorail train

XVA

Identification Resistance Speed Flexible track Maglev
Longitudinal speed control
Parameters
Numeric parameters
Name Value
Gain 5000
Integral control factor 0

Integration Message

[# 3-155
11) P)#:%1 Identifiers— List of identifiers I [f]

e

Object simulation inspector

U, W B R IE E vo N
40, fEFRHE D ST OK.

Solver Identifiers Initial conditions Object variables XWA Information Tools Monorail train
I List of identifiers  [dentifier control
—— |3) Identifiers of the same name X

=08 | BRI =]
Whole list

MName Expression W

v 40

m_frame 1000

m_magnet 800

m_carbody 1.5000000E+4

] n_bogies [3
fz0 9.81%(m_carbody/fr 1
care
Integration Message Close
3-156
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12) iEFFEFH Tools — Options, Eﬁﬁiﬂﬁi1@ﬁ$%?‘ﬂﬁﬁﬁ}§$mﬁ
km/h. XHRREAEN vO ZHCE R, HRERYNEBREAL (m,
rad , kg’ Sy N)o

Options x
Bug reports Visualization Wear control parameters Speed unit
General Autosave Format of numbers ~ Export to MS Excel Okmh @ mis
General

[ automatically load the last model

[] automatically remove incompatible variables

[ z-axis directed downward
(while computing scalar variables)

Temporary directory:
|C:‘4Jsers\8618?‘\hppDa13‘u_oml‘l,Temp‘l, Eﬂ
Graphical windows

[+] Default pull-down tool panel for graphical windows
[Joouble column text file

Prefix for comments: | _I
|

Measure unit for speed identifier vO

Speed unit

(®) km/h imjs

[+] Default speed unit: mjs

& 3-157
13) TU?@EEFFHE'F 7E Maglev forces ULTHI, %EKE AL mm, GIEH—
BTV B TR BV B AR R Gap, HHEA—NEEIE .

4 Linear variables a+b Expression ## Track coordinate system User variables - Reactions [ Coordinates
(¥) Solver variables 57 All forces id Identifiers 32 Contactforces  @® Contactforces for bodies  FG4 Variables & Bushing
5 Variables for group of bodies ) Maglev forces E Linear forces B, Joint forces 5 Bipolar forces A Angular variables
0] SHEETEWEM | Sclected (total 9)

ERTJE=5: i [E3hLF, BSFAR, BZNRR, BFNRF
- [ BFhLF Length unit Force unit
o %f‘fﬁ”* @mm Onm o On

[+ @] variables ~
] Force

] Moment

£ @] Gap

; Gap

[ Gap velodty

[ Gapintegral

|:| Gap increment

&[] Lateral shift
&[] Irregularity
- [] Gircuit
[
[

t[] Beam kinematics
H-[] Acceleration

v
BEFAhLR, . || Spedal forces(BFAILF, ...)
S (EFERLE..
S (EERLE..
SEFELE..
SEFERLE..

3-158
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14) 1£ Maglev forces U, WE/IMHAL N, QIS IR IJ_II/I\%/%é
FIETF IR E By, HHEANSIHEE .
' & Wizard of variables

g{’: Linear variables b Expression ## Track coordinate system User variables ¥+ Reactions Ji Coordinates
(®) Solver variables = Allforces  id Identifiers '_'17! Contact forces # Contact forces for bodies P Variables &l Bushing
@ Variables for group of bodies g Maglew forces é Linear forces  J® Joint forces ég Bipolar forces A Angular variables

ER 1= T3 7 ~ | Selected (total 4)

B | BEm [BFHIF, BSFAR, BIFHRR, BIFARF
- BiFhLF Length unit Farce unit
- [ BFhR
- [¥] BFHrR ©m O O on
- ] BiFHRF = [m] variables )
- HahF - [ Force
- Smarhr O Fx
-0 SrErhre O Fy
-0 Smarhrr O
ERNE -5 ) ~O Ikl

-0 &ZAhLF E
-0 EFHe &[] Moment
-0 &FHhrr =[] Gap
- BiFhrrF - [] Lateral shift
- SrahLr y B[] Irregularity ]
-1 BErmtio —

BIFAIF, .. H Spedial forces(BIFHLF, ..) i

Fv (B:¥5ELA..

Fv (BF5ELE..

Fv (&F518..

Fv (BFRLE..

& 3-159
15) fE4hH & 2 HAb S A, £ Position of vector list — Left, XFEHL
TEZ) ) & 2 EoR 512K

Coordinate system
Grid L4
Rotation style L4

Modes of images

Cameras L4

Camera follows SEERELE)
Look at...

Position of vector list ® Left
Clear list of vectors Right

Vector settings... Top

-

Add characteristic for this body/point Bottom

Show vectors for tyre/froad interaction Hide

Set graphic object

[] Background color...

Window parameters...

ey

3-160
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16) XWiiBIFJIRE Fv, B,

@ Animation window
Vectors / Trajectories .; Q [CE‘ Y @ g2 (:é o" bl | "
Vil B8,
% : g;iig Options of vector
SIS = ___ B
[ vector arrow is in the application point
oK Cancel

& 3-161

17) 7EShE T O 5448, %5 Vector seting, BB IRERMKELRRIIK

/N 15000, 1E Size DTTH AT LU &5k K/

Vector scale

Scale size

X

Vector scales are set in terms of “unit of measure per

characteristic size (c.s.)"

Kinematic vectors
L
W 1 }
a 10 i
g
' i
ang 0.1 }
L
om 1 }
L
e 10 }
Forces
i
F 15000 }
L
M 88 501.2 }
Apply Close
3-162
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18) eI & L S A%, ®EHSZH Cameras — Add camera in current
position, FIEFLHELH Cameras — Camera settings — Cameral,
7E Camera follows the body FJ 455k IRFEZA

o
SRR ORI
Cameras
+ i’} Camera name:
L ) Camera 1 |
ist of cameras:
EE camera Camera follows the body:
amera 1 T L||
B SHECYEmEs A
BaseD
- BEFR
BUFER L
- BCEEBHR
SIEFB L
SOEREER
E HEEEELF oo |||
Position: Look at:
X: [3.38 2 x o0 A
Y: [13.10 2 v o0 A
z: [14.34 2] z oo A
Apply Apply
& 3-163
19) A B AR Integration F4H T U615 3 .
20) fEZ: K I S SR, 1B4ESE R Show all, R HBNHY LLENE H .
Plots [ [® ]
Variables .
VIlls &Fet... : : : : : :
B T T S T T R L I
.5{'%%;51”" [ Options. I I
Mlls &g, I prons-
Show all
Show according the ruler pointers
Copy to clipboard
10 )
Print...
Fix tool panel
Show ruler
Show ordinate value
) i Save parameters...
Load parameters...
[ 04 0.8 12 LE
0.346 10.00885
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21) (i FRWE 3-165, WA L B/ MEBE A, TFRESAER R,

18] UM - Simulation - dh\umiSIBTFR\SEa0u i\ B R S ey
ng Tools Windows Help

o X

00 Dmm AR B Ee S pEE DBED P o e om |
cher LR BSS Ko H @
el

Els @ |
MMls &z

24.65
[ Buration time (5) 12461
[Astep duration (&) 0.0022561
[Astep size ) 0.001

Pause

& 3-165
VE B T DLAE B B R B R R Bk AR B Bl B s SR ) R
(Matlab/Simulink. UM Block Editor) AT/ B 115,

www.universalmechanism.com -176 - www.tongsuan.cn



http://www.universalmechanism.com/

