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1 UM Input B#Ri3iE

1.1 ZZJUMTER

Wheel: H— Profiled 1+~ Cone 4k, Bt rHNEAOFIKE,

Profiled Parameters:

Profile: %% Curve 2D #[HZSAY, Ll 2% Scale X 1 Scale Y ¥4 1,
ZHL S EL Number of points 24 16, A1k Close, i Description 47 ¥ ]
M2 gmaE oS, P DAE N — RAIALFR 5, R PUAGTE 1D S AR i & U

s EIEHE, JFESUEZEON arv (TE:

T 1 o 2 v R A R O -

Jescription GO position

Profiled

Type: |-. Profiled

Comments,Text attribute C

v+ [ @

*.crv A A SCAERT B UM R

Parameters  Colors  GE position  Material

Profile  Axis curve

Type of section

() cCirde (_)spline 30

@ Curve 2D O Expression
Scale X: | 1.000 2
Seale ¥: | 1.000 J A
Number of points: | 16 “_A"
Cloze
Description: | (none) J|

Universal Mechanism 9

| wheel_curve.crv - igEE
IEF) IEE) BIN0) BEBFNV) EEH)

-0.1 -0.5715
0.1 -0.5715
0.15 -0.5215
0.15 -0.3715
0.1 -0.3215
-0.1 -0.3215
-0.15 -0.3715
-0.15 -0.5215
-0.1 -0.5715
|17, #1750 100%  Windows (CR

4 I I 25
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TEHHZR w2 T 10, ST 4T %4, n#k wheel curve.crv S, FHK 26
3. 5. 7. 9 B AEAINCN Circle, IXFELR/RLE 2-3, 4-5, 5-7, 8-
9 H1 M E K,

|) wheel_curve.crv - Curve editor - O X
+ +: i || =B R 2
/ \ N X Y Tun Smoothing
f 1 1 0.1 0.5715 Line Yes
0.41F 2 0.1 -0.5715 Line Yes
3 0.15 -0.5215 Yes
4 0.15 -0.3715 Line Yes
5 0.1 -0.3215 Yes
6 0.1 -0.3215 Line Yes
o5k 7 -0.15 -0.3715 Yes
! ) 8 0.15 -0,5215 Line Yes
9 0.1 -0.5715 Yes
< >
oK Cancel
0

Axis curve: % Circle fizk 2584, ool 2% Scale X 1 Scale Y ¥4 0,

BN 2 Number of points:35, WIMGELSZIL 1 &1 1H e br il IR e #%

—

-.

Type: |. Profiled v| + ﬁ

Comments,Text attribute C

Parameters Colors GE position Material

Profile Axis curve A ' —
Type of curve: Cirde ~ ‘

Scale X 0.000 b - "
Scale Y: l0.000 & \

Number of points: |35 lﬂ -
[]reverse normal on ends =

[]Do not rotate about the tangent j_'___ha(:"_-j__ \'\\\ ):\

Universal Mechanism 9 5 s L 25
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Conel Parameters: R2=R1=0.3215 (m), h=0.18 (m).

GE Position: 2548 X Hiie#% 90(° ), Hek )5 B Z 5% 50-0.09 (m).
Name: [whed | & + [B] Descrpion | GO pesition
" . m Profiled HCone ‘ Cone ‘ Cone ‘ Cc'qlp
Comments,Text attribute C .

I | Type: |1Cone V| + i}
Description GO position Comments,Text attribute C

Profied |[Cone | Cone | Cone | cqus) | |

Type: | A Cone V| + i Parameters Colors GE position  Material
Translation
Comments/Text attribute C - || El

Parameters Colors GE positon Material

Radus (R2): [0.3215 c] Rotation

Radius (R1): [0.3215 c] X  v[s0 ]
Height (h):  [0.18 c] <Ilo ]
Number of points ' - ‘0 |:|
Bottom dirdie: [31 Zﬂ‘ Shiﬁ after rotation

Generatrix: ‘2 ‘ﬂj X ‘ |:|
Angles: [0.00 24 |0.00 JA| vi | ]
Closing: (none) v] z |-0.09 c|

Cone2 Parameters: R2=RI1=0.1 (m), h=0.21 (m).
GE Position: 7558 X Hiiei: 90(° ), heks 5 iy Z #ifs55-0.105 (m).

Universal Mechanism 9 6 s L 25
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Cone3 Parameters:

R2=R1=0.015 (m), h=0.225 (m).

GE Position: 5058 X g% 00(° ), Jekk e By X #i%3h 0.2572 (m),
W Z Hi#85-0.1125 (m).
21l Cone3 LIk, X% T REH GE Position Z%] .

5 X Y
Cone4 -0.2572 0
Cone5 0 0.2572
Cone6 0 -0.2572
Cone7 0.2572*cos(pi*0.25) 0.2572*sin(pi*0.25)
Cone8 0.2572*sin(pi*0.25) -0.2572*cos(pi*0.25)
Cone9 -0.2572*cos(pi*0.25) -0.2572*sin(pi*0.25)
Conel0 -0.2572*sin(pi*0.25) 0.2572*cos(pi*0.25)
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Surface: 2 /> Box fl 1 4> Polyhedron 21/, Bt/ Al NERta. ERtAfZth,

Box1 Parameters: A=2, B=3, C=0.5

GE Position: I} Z #li#£5)-0.5(m).
Box2 Parameters: A=4, B=3, C=0.5

GE Position: % X #i#3) 3.5(m), F Z #iFE50-0. 5(m).
Polyhedron Parameters: JC0J%E 6 N==[H &, 1(1, 0.5, 0). 2(1, -0.5, 0).
3(0, -0.5,0.2)~ 4(-1, -0.5, 0)~ 5(-1, 0.5, 0). 6(0, 0.5, 0.2), FFMHRHE S (1,2,3,6)
A (3,4,5,6) AT

GE Position: T X #i#3) 4(m).

Description GO position

Box Box |—P T Name: ‘Surface I g -+ i
Comments/Text attribute C
Type: @ Polyhedron | ] | |
Comments Text attribute C
| ‘ Description GO position
Box Box Polyhed
Material Texture External normal ? i
Parameters Colors GE position Type: | @ Polyhedron V‘ + m
Vertidies:
ﬁ ‘ Comments,Text attribute C ‘
1 1 0.5 0
2 1 0.5 0 Material Texture External normal
3 0 0.5 0.2 Parameters Colors GE position
4 1 0.5 0 Translation .
5 -1 0.5 0 * ‘4 |
6 0 0.5 0.2 y: ‘ '3|
F ‘ '3|
Convex polygons: —
4] on
+ i C o 3
Fill fPolygon > |D ,3|
b 1,236 :
3,456 v |u |

Universal Mechanism 9 8 s L 25
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Base0: Base0 25 UM ZE RS [EAME SR, AFRERMEIE, 7T
JURTEH, N, K Surface %5 Base0, BI{E°N Scene image.

|) Object wheelsurface

v - Object
v -} Object
i ozl Curves
Ft Variables
%P Attributes
[ Subsystems
v -0 Images
& Wheel
i & Surface
v -55) Bodies
: 5 Wheel
v - Joints
| 3% jBased_Wheel
;25’ Bipolar forces
(s Scalar torques
{.Z Linear forces
& Contact forces
- T-Forces
L. @ Cnarisl farrare

=8|+ @Y

Whole list

Name Expression Value

< >

O X
¢
variables Curves Attributes
General Options Sensors/LSC

Transform into subsystem
Path D:\BHEHSIEE £ \ByMySelfiwheelsurface
Object identifier
[umobject

Comments

Generation of equations
O symbalic
(®) Numeric-iterative

Gravity force direction

ex: ‘ E|
o | g
ez ‘-l [|
Characteristic size: [],00 ﬂJ
Scene image:

No
Wheel

Bodyl: 74y Wheel, %317 Wheel, & )i & Mass=50(kg),
AR N S(kg-m?), LN LA,

R A b JiR Ao

=R 1A Y

|Z) Object wheelsurface

~v -8 Object
~ -} Object
agd Curves
Fe) Variables
5P Attributes
9 Subsystems
wv -G Images
& Wheel
& Surface
~ -55) Bodies
<& Wheel
~ & Joints
IV iBase0_Wheel
j}ﬂ Bipolar forces
-+ Scalar torques
= Linear forces
& Contact forces
@ TForces
& Crarisl frrrac

=8|+ @

Whole list

Name Expression Value

- [m| X
>
Name: |Wheel ‘ + '}a i
Comments/Text attribute C
Oriented points Vectors 3D Contact
Parameters Position Points
Coordinates (PP): | Quaternion v
Go to element (g
Image: Visible
[wheel ~
] Compute automatically
Inertia parameters
Mass: 50 : ‘
Inertia tensor:
| G 3
|5 [ c
5 c
Added mass matrix: (none) JJ
Coordinates of center of mass
\ °]l : °]
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1.3 #AER

jBase0_Wheel: ii % Base0 {F NI 1 S48, Wheel 4 2 S48, FH N Quaternion
(Yo HER, EEEMEA S LSRRI .
Joint points: (0, 0, 0.6) 1 (0, 0, 0);

|5) Object wheelsurface - ] X
ﬁ — | ﬁ
v @ Object LIRSS A
S e | - +EE -
oA Curves Body1: Body2:
F6) Variables yl: L
8P Attributes |Base0 :l”wheel L||
M8 Subsystems Type: | % Quaternion v
v -0 Images
& Wheel Joint points
@ Surface Base0
v -54J Bodi
B e | | ][os <]
v R Joints Wheel T\\’;
g% jBased_Wheel | c“ c” c|

{(3‘ Bipolar forces
-+ Scalar torques

=

= Linear forces

Initial orientation

g Rotation angle:
-@® Contact forces
- TForces
@ Cnarial fnvear ex: [1.00000000 b
ey: [0.00000000 Hl
=8 |
B+ 6 ez: [0.00000000 H
Whole list Rotation:
Name Expression Value ‘o.ouuuuoou Zﬂ
Translational coordinates
[ on
x:[0.00000000 34]]
y: [0.00000000 Hl
. +
. . 2 |0.00000000 4

Universal Mechanism 9 11 o L)1 25
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1.4 Fhai) T

Contact forcel: £+t Wheel {E N /10 1 SHK, Base0 4 2 T4k, Type N
Circle-Z surface.
Parameters: Stiffness coef.(c)=100000, Damping coef.(d)=1000.
Geometry: JEIT[EOAER (0, -0.11, 0D, F4% 0.57(m)FMER (0, 1, 0) #f
B TR AR O SR Wheel 9L 55D,
Z-surface: 551t Graph.object, Ff \F1| 52 H ik #2555 @S2 1 LT B JE Surface
B, s N B, Ry B LT EE Surface 7R H it i £df

Tt 5
Name: Icontacrfarcel | + i Name: ‘Cmtactf‘ori:E1 ‘ + i}
Comments/Text attribute C
mmen exta u

| | Co ts/Text attribute C

| |
Body1: Body2: Bodv1 Body?2
Whee! - .
|Wheel _v||[Basen = Wheel v [Baseo ~|
Type: .§ Cirde-Z surface v

Type: .§ Cirde-Z surface v

Parameters Geometry G tr
Parameters Geometry

Sliding parameters
Friction coef. (f): 0.25 ] Conter, T
Friction coef. (f0): 0.3 E] ‘ C||-0‘11 cH -:‘
Velodity (vs): | ‘] Radius: l0.57 ]
Stribeck coef. (delta): |1 c| Hophar:
Friction coef. (nu): | t| ‘ “Hl “HD "“
Parameters of normal contact Z-surface (BaseQ)
Stiffness coef. (: [ 100000 c| Type of dependence
Damping coef. (d): | 1000 z | (O Expression (® Graph. object
O Function
Rolling parameters
Rolling friction (kroll): | c| Surface v 2
Spinning friction (Kspin): l c | Compute normal by:
Velodty (w™): |o.n1 C| surface v

Universal Mechanism 9 12 o L)1 25
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S 1 Contact forcel 4= % Contact force2, EMF AR (0, 0.11, 0)s

Name: ‘Conta:t force2 | -+ il

Comments/Text attribute C Name: |Contact force2 | + ﬂ
‘ | Comments/Text attribute C
Body1: Body2: | |

‘Wheel L" ‘Bﬂsen LI‘ . -

Type:| .§ Cirde-Z surface ~ |Whee| L“ |Bﬂseo L“
Parameters Geometry Type: .§ Cirde-Z surface v
Sliding parameters Parameters Geometry

Friction coef. (f): ‘0.25 C |
Friction coef. (f0): ‘0.3 c | Center: T%
| : | Jfo-11 3| ‘|
velocity (vs): \ |
) = Radius: l0.57 ]
Stribeck coef. (delta): \ 1 |
Hopmans:
Friction coef. (nu): ‘ c | o alp fo ]
Parameters of normal contact Z-surface (Base0)
Stiffness coef. (c): ‘ 100000 c | Type of dependence
Damping coef. (d): ‘ 1000 T | () Expression (® Graph. object
(O Function
Rolling parameters
Rolling friction (Kroll): [ ':I Surface v
Spinning friction (Kspin): [ El Compute normal by:
Velocity (w™): [0.01 C] surface ¥

SERGER: Ul R, RIFREEA,

Universal Mechanism 9 13 s FE I S
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2 UM Simulation {5 E178

AP T —ANKIE R Fe N — S B R RS AR AE (MR =AY FE, JF
EX T HER SR ER R, N, 15847 UM Simulation F2/F7, IR,

2.1 31

FTOT 05 szl e, W BT TRy 5s, i th R 2 KO8 0.005s, 2)i%k Delay to

real time simulation.

Object simulation inspector
Solver Initial conditions Object variables XVA Information Tools

Simulation process parameters Solyer options Type of coordinates for bodies

Solver Type of solution
() EDF
O agM (O Null space method (NSM)
(® Park
O Gear 2 (®) Range space method (RSM)
(O Park Parallel

[Tme ﬂ‘ > W

Step size for animation and data storage

Error tolerance

[ Delay to real time simulation

[ ]Keep systam matrix decomposition

] computation of Jacobian
[]Block-diagonal Jacobian

i

Integration Message Close

Universal Mechanism 9 14 s FE I S
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TR S, 23SV GF O AE X 7 R Z 77 TR AL AR & .

B 3

& Reactons  |? cCoordinates () Solvervariables = allforces  J2 Contact forces
=9 variables for group of bodies M Joint forces A, Angular variables 47 Linear variables

= [¥] wheelsurface Selected

[ wheel |Wheel

#® Contact forces for bodies
a+b Expression  User variables

Coordinates of point in the body-fixed frame of reference

| of| of| 0]

Type

(® Coordinate () Bipolar vector

O velodty O Bipolar velocity

(O Acceleration (O Bipolar acceleration
Component

@x Oy Oz Qivi Ov
Resolved in 5C of body

|Base0

=l

= Variables for group of bodies  M® Jointforces /A Angular variables 47 Linear variables  ab Expression  User variables

= wheelsurface Selected

@] wheel \Wheel |
Coordinates of point in the body-fixed frame of reference
I o]| o]| o]
Type
(®) Coordinate (O Bipolar vector
O velodty O Bipolar velodity
(O Acceleration (O Bipolar acceleration
Component
Ox Oy @z Olvi Ov
Resolved in SC of body
|Baseo =

Universal Mechanism 9 15 s FE I S
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HRWIGR AR DU, W E RN X 7 M PIGEZIEE 0.3(m/s), VIR =4
BRI IR TR N 2.6,
Object simulation inspector
Solver Initial conditions Object variables XVA Information Tools
Coordinates  Constraints on initial conditions

= B @ ® @ xo v-e

v Coordinate Velocity Comment
1.1 0 0.3 jBased_Wheel ic
1.2 0 0 jBase0_Wheel 2c
1.3 0 0 jBase0_Wheel 3¢
1.4 1 ] jBased_Wheel g0
1.5 0 ] jBase0_Wheel g1
1.6 0 2.6 jBase0_Wheel q2
1.7 0 0 jBase0_Wheel q3
< >
Message | dx=| 0.1 B[ da=[ 0.1 EF

MNumber of d.o.f. =7

Integration Message Close

PATHT R, AEZHEE F A W RN X AL A2 3 Bk ARG I i il , (HoR B
MR, R fEZALIE FIFEIRES

Universal Mechanism 9 16 s FE I S
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TR O AE X J7 1 Z 7 1R AL RS I R A0 R ] .

fr] Floss o |[®@ ] =]
Variables
B :x(vheel) - ... | roqWhee)

1-. ...................................................................

'-:'.: |.:||'EI'|§E|

Variables

A Ilr:ztWheel) - ... | 0.588 Brizthes - <-4 ooo o me

Time, sec |

3.138 0.9

Universal Mechanism 9 17 s FE I S
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2.2 T2

il E— i BRI EEEDA 10s, KRR X 7 IR LR E BN
1.5(m/s).

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

= B @ ® @ xo v-e

v Coordinate Velocity Comment
1.1 0 1.5 jBased_Wheel ic
1.2 0 0 jBase0_Wheel 2¢
1.3 0 0 jBase0_Wheel 3¢
1.4 1 ] jBased_Wheel g0
1.5 0 ] jBase0_Wheel g1
1.6 0 2.6 jBase0_Wheel q2
1.7 0 0 jBase0_Wheel q3
< >
Message | dx=| 0.1 B[ da=[ 0.1 EF

MNumber of d.o.f. =7

Integration Message Close

AT 5, B B R ARSI X AL R IS SR R MR, O A = A 30s a0,
{ER BERGRE ST, foe 5 SR i) .

&

Universal Mechanism 9 18 s FE I S
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TR O AE X J7 1 Z 7 1R AL RS I R A0 R ] .

p
e
Variables ’ —

.r:x(Wheel)-... | rodWinesl) '
2-._...._. ...1..-....-.....;: .........................................
E Time, 58
] L L L
0 vi T 3 5 i
[~ Pl (o @ ]|=]
Variables - -
E : Time, sec
L 1 L
4 6 8 10
3.138
Universal Mechanism 9 19 oI 25
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2.3 T3

ol b5 FEERE, R AR X7 A IR G 20 E 2O 2.5(m/s) .

Object simulation inspector
Solver Initial conditions Object variables XVA Information Tools

Coordinates  Constraints on initial conditions

= B @ ® O x0 vo

v Coordinate Velogty Comment
1.1 0 2.5 jBasel_Wheel 1c
1.2 0 0 jBase0_Wheel 2c
1.3 0 0 jBase0_Wheel 3¢
1.4 1 0 jBase0d_Wheel g0
1.5 0 0 jBase0_Wheel g1
1.6 0 2.6 jBase0_Wheel q2
1.7 0 0 jBase0_Wheel q3
< >
Message | dx=| 0.1 E| da=[ 0.1 E

Number of d.o.f. =7

Integration Message Close

TR, FESHE B 1R E UL 44 o el MRS AT = A, IR iRk

Universal Mechanism 9 20 s FE I S
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Zegp O e X A Z 7 R AL RS B R A
Plots ro|[-E |3

Variables

M MMexihes = | rotwines)

!
Time, sec

o |[@ =]
Variables — . .
T i ' .
.r:z{\l‘,heeﬂ _— riz{Wheel) . _(‘E_—H .:_m_el s
0 : : : )
3.801 -1.033
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