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1. HR-B 4

AR — A AR B L, i 1.1 fis. 7E{UM Data}\SAMPLES\
Flex H3H —/4 A slider_crank_all [P, 3X AN B — AN gl Al- 1 Bl
1, HASFZAAE T A AT A5 7 =X

® EM NI,

® EMA—ANT RS, W11 AKIE B T o &8 m i

® EFN—AFTMEAR, WERITHREFA.

1 4

< -

B 1.1 BB 1-H128, 2-BhAR, 3-EAF, 4-9BHR
1% B A S = A WIS A WL 1 B R AR -
FEASLIEAT A BRI
THE BT BRI N UM
B TLATE T ;
BIENIMA CHIRRATEH);
SNEATFRRPEAR
BT IT
AR E ANSYS BT, JamlyB7E UM Ak BT,

FiE: UM EH T RGEAR BN 7 AR, A FEAER 2 — DAL
TR, FABZEFE Linear FEM Subsystem Z574

FATAT e @ — A TAEE S, EEEERMH, W: {UM Data}\My
Models, 5# D:\models.

DLREL “N\ 7 SRR TAEH . XA H & FRATH M AS 7302

® flexbeam: fFHCRMEIREHE;

® slider_crank fem: f7JNIZEHEHEIA,

I R

|
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RS B IGO0, B AT DA 1B e S A 2R

® UIRAT ANSYS #ff, FAHE2] M ANSYS T UM HJHEANGEE, T4
T 18 U (5 152 o

® UURIEA ANSYS WfFE#H A4 I fE ANSYS B TIE, Al
BN 1.2.2 AT R 15F R R ZM{UM Data}\SAMPLES\Flex\
flexbeam H 3% & i input.fum T3] \flexbeam H .

o NS ARBkI A AE A AR SO B IR, AT DA E RN 1.3 E TR L.
HERE T ZEMN{UM Data}\SAMPLES\Flex\flexbeam H 3¢E #l| input.fss
CAEF] \Mlexbeam H % .
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1.1 HE ANSYS TH3R3%

AT ZLSEAEFH ANSYS B G R ARA, SR 51217 2 6% um.mac it
A AE A RES, FEi ANSYS_UMLEXE ##y UM F3dnis =K.

a2 A umamac A7 UM 236842 H) bin ST, 75 204 H B i 2
ANSYS [¥] apdl H3t. FHN, iHi#ET ANSYS 4k H @ L7 U R AE

/PSEARCH,Path_to_macro

¥R ANSYS UMLEXE 47T UM %3451 bin SR T, AT HE
um.mac #4755 B2 T FEF ANSYS UML.EXE, A% Z3TJF um.mac 3
14552 ANSYS_UMLEXE f52 88642, .

/sys,c:\um\bin\ansys um.exe

#iE: WIR ANSYS UM.EXE MR A& 24, MATEMMG S, W /sys,”
C:\Program Files\UM Software Lab\Universal Mechanism\9\bin\ansys um.exe”

ANSYS_UM.EXE %48 R Be & g 0 A R, AR 3.
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1.2 BEEAFFHAER

WHTATR, X TNIZEAEG RGNk, 72 R Tk Bk A
AR, — A PIFITE:

® AErh BRI

® I EMFE,

7£{UM Data}\SAMPLES\Flex\flexbeam\input H 5% & % (/49 : lumped
A1 consistent, F: 4 gl of WA A& Hh BT B B AT — BUBT B AR PR H SR E AT ARSI
ANSYS i 23

A FRAT TR F £ v ot S R R

1.2.1 7£ ANSYS BRI TAE

1. B4, i M{UM Data}\SAMPLES\Flex\flexbeam\input\lumped H =% &
flexbeam&mass21.ans SCAF 250 HT A 4F (). Mlexbeam H 3%, 1Z3CMHA
ANSYS &3, H APDL B S %S, 1l H3) 5 .

2. 21T ANSYS /7 (LG, 157E.\flexbeam H %4477 TAF H %

3. EFEEH File | Read Input from, L% flexbeam&mass21.ans (1,
ANSYS FF46 A sh@ A . AN —ARK 2m. #HY 2cm*2em 1)
BGE, L4 100 S BEAMA4 ZHLITHT 200 1~ MASS21 Jii & .0 RHbn
[T s i N SR T fle W um.mac SCAFCA A i $] ANSYS ) APDL
Hx, BAEHBREATIHHE Y 12 Brif s 10 B A .

4, 4R um.mac X T ANSYS UMLEXE #6425 XIE#E, 384 7F um.mac
PAT5E ), ANSYS_UMLEXE = H2his AT, $ i an i 1.2 o 5
S0, G Fshia Ty, HCF%142 8 {UM}\bin\ansys_um.exe.

) Creating data set for simulation of flexible body L;hj |

File | Dplionsl Sensors}

ANSYS results file [*.rst):

D:\Models\flexbeam\flexbeam.rst D
[¥] Save to the same directory

Target directory:

D:\Models\flexbeam'flexbeam ,@_I

[ Create ] l Close I

1.2 ANSYS_UM 2R mE

Universal Mechanism 9 4 Getting Started
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5. fEFileBif, i, i F i AR M ANSYSE B, B

12 M.\ Mlexbeam\flexbeam.rst, 2Ji%Save to the same directory, HzH¥ £
17 H 2% E N.\flexbeam\flexbeam ( 25 —{Mlexbeam 2 F A1 46 5T G122 1 S
32, 5~ Mlexbeamse F2 7 H 8 KA FR T 4 FK) .

6. {EOptionsTiTH, HUHZ)%normalize modes, XFEFA 1A B H4E ik
Z {input.fss A, T2 AL B A O Finput.fum . N —2 A THH
UMM RS0 0 T T H T 74545 2 5 240 75 B9 304 input.fss.

| File | Options | Sensors|

Transformations
[ Normalize modes
Exclude rigid body modes

0.500 Z‘

[ Create ] [ Close ]

& 1.3

v H2IX B AT PL/A)i% normalize modes, EL#%f3% input.fss 34, JEE T E
£ Exclude rigid body modes Zbi5E — M, DA 6 NI 15 o
7. iiiCreatetZ 4, A4 Finput.fum 34 175 T .\flexbeam\flexbeam H 3% .
8. rmiifiClose, XIHANSYS_UM.EXEFE)T .
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1.2.2 RETRGHS

FH ANSYS_UM.EXE & /715 2| 1 [ 4% X O input.fum 675 7 ANSYS #
PEVHEAS B SR B A RS, AT AT IR e . UM 3411 &
Gila) T — DA IS TR, LA input.fum #4679 input.fss.

1. iZ17 UM Input f£¥.

2. EFESEH Tools | Wizard of flexible subsystem, 3 H S+ R4 RS H

[

3. piditlel, %P \fexbeam\flexbeam SO L[ Lk input.fum,
EEOK, ﬁnlzl 1.4 fI7.

"QO\_,Q|¥'7@¢T?I€J h|@e@‘.[ Select data file
Data file:

|) Read FEM model of object ﬂ

Scan the forder:

D:\WModels\flexbeam\flexbeam @

4- & D:\Models \flexbeam \flexbeam Data imported from program: ANSYS1

/[ input.fum Name of solution: flexbeam

01.03.2021,10:35:45, Flexible beam 1
Nodes: 101

Finite elements: 300
Degrees of freedom: 606
Normal modes: 10
Static modes: 12
Computation with lumped mass matrix
Min. natural frequency: 26.67
Max. natural frequency: 355.87
fl Generalized mass matrix: present
Generalized stiffness matrix: present

D:\Models\flexbeam\flexbeam\jnput. fum

e J[ conce R~ i

& 1.4
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/TETWwwm1

T RGN AT IR E General W H B EEELE, WK
1.5 Fi7n. Position T1TH ] DL B S0 AR TE S & L B AL AT R, 4 ar

RS X E S, METHIE, BATAT PR EhE L.

General | position l Image | Solutionl

Data file:

D: \Models\fiexbeam\fiexbeam \input. fum

Subsystems information

File of subsystem:
D:'Models\flexbeam\flexbeam'input. fum
Data imported from program:

ANSYS13.0

Name of solution:

flexbeam

Title of solution {comment):

01.03.2021, 10:35:45, Flexible beam with

moment

Nodes:

Finite elements:
Degrees of freedom:
Normal modes:
Static modes:

Normalization:

& 1.5
4. 15+ Position U1
5. & E Shift|z 4 0.3, WK 1.6 i,

Universal Mechanism 9 7

L

mass21 elements for definition torsion inertia

101
300
606
10
12
No
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General | Position ImagelSnIuﬁnnl

Shift

X T,
v T,
z 0.3 L
Rotation

» 0,00000000

bA
0.00000000 i
pA

1

0, 00000000
Shift after rotation
X T
y T
T

4

E 1.6
7t Image UL [ Af DL B AR 1) B E3: Simplified 1 Full. Full £/
ELE M Z 1 CPU M AN AEFE R, SIChrtR A B In a1 by, 2 BRHRE .
6. W HE Image v Full #3,
7. HUUH%E$E Image parameters 4[] Draw nodes £1, 2Ji% Hide elements
HEF] Single node elements iE1, 41 1.7 Fizw.

Universal Mechanism 9 8 Getting Started
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S

) Wizard of flexible subsystems flexbeam

| General | Position | Image |solution |

Full

& 1.7

Image
() Simplified

Options | Color

@ Full

Image parameters
Draw nodes
Draw finite elements

D Contour

["]Bounds are not visible
[ Draw local coordinate system
D Draw coordinate systems
Sizes
Node image:
Beam curve width:

Single node FE:

oy
o
o

SN

v w

Length of local axes:

Hide elements

D Beams

[ shells

[ Solids

[¥] single node elements

Additional...

Solution U [ 7] A#S & gV A B — [ SRS e AR A i o 306 Hh S ABE S
Rt Animate B 7], A i# i Amplitude F1 Rate A7 7R 3R 21 B AT HLE

RS HINIA — D EENE, BV NAEIRE, 7 DR R 7t 75 00N ik
PR A, RAB A, HiEERR. X T RARA, &
ARG REA R Z AR B AN T4

PRI, 3 R 75 ZEAE ANSYS BLIH 50— OBAS CURIE 7 B 75 e K B S B 280
SRIGTE UM BT R G 0] T AL R A IR RS o AT R e, Honr B

WHot.

Universal Mechanism 9

Getting Started



L.11 universal /3 T(mosuan
mechanism g

8. z)Ji% Save to the same directory, “2Ji% Transformations | Exclude rigid
body modes, % & Frequency 4 0.3 (Hz), WK 1.8 fi/N.
9. i Transform %4, JFuf¥eHt.

General | Position | Image | Soiuton
Data set
@) Original

Transformed
Name of rarsfoaned solution
flexbeam
Save to the same directory
Modes |Rigid body | Interface nodes

10 normal modes, 12 static modes

Selected normal modes: 10
Selected static modes: 12

¥ 1. normal,  26.668 -

¥ 2. normal,  26.668
¥ 3. normal,  73.512
¥ 4. normal,  73.512
¥ 5. normal, 144.112
V6. normal, 144.112
V| 7. normal, 238.224
¥/ 8. normal, 238.224 —
9. normal,  355.866

¥ 10. normal,  355.866

¥l 11, static

¥ 12, static

¥l 13. static -

Animation of modes
Amplitude Rate

U | U
Frame per 1/4 period: ' 5%
Transformations
Modes | shift SC | Rotation of SC|
Exdude rigid body modes

Frequency: 0.3 g

m

["]Exclude rotational DOFs in modes
[T Exdude if all DOFs are zero

-

& 1.8

Ve as

ﬂb

Universal Mechanism 9 10 Getting Started
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Z

10. KR R R(Y), HE, OK.

Confirmation

Warning EE SR T ] ﬁ

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

|

& 1.10
UM - Object data input |

Diata conversion complete

1.11
A e SR, R 6 MNIREEZS T B

#ik: ARTHHERINRSEE T HRAES, R C-B HALEGIREH,
DA HA R . BG BRI IE Y OHz, (Hil TEAETEMEANRE, iHH
BRI MIARES IR A—E N 0, ATREZA BT 0 IHL.

SEPR_E7E Transformations | Frequency 152 B [#BIA%, RIZR R/ TR E )
BASHANNRNIAER, I7 SRR .
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11. /£ Data set tE W LA & F JR I BL4& (Original ) % 4 J5 (1) B4
(Transformed), fi{#i%+$E Transformed, W& 1.12 iR,

| General I Position I Image | Solution
Data set
i) Criginal
i@ Transformed

Mame of transformed solution

flexbeam
1.12
12. siili Save as $%4H, 753 H X TEAE 15 B (R A7 B8 42, I 1 Save, WK 1.13

Fise 1EF RS flexbeam BiE N— NG EAR T RSt
\\ Transformations
| Modes |shift SC | Rotation of SC |

4 Save flexible subsystem data s
Path to subsystem data ﬁ
D:WModels\flexbeam\flexbeam), @
[ Save ] { Cancel ]
2} in modes

Exdude if all DOFs are zero

Transform Save as

& 1.13
b, A OGRS

Universal Mechanism 9 12 Getting Started
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1.3 M FEABE ARG ) FEMR

HHE AP - T RATL R NI SRR 5 AR e A A S — e P AR DY AN 2 R o
WA -

® EEH*W’ Jﬂ/t Im;

(] j\%ﬂ’ ‘[;/(21’11,

o

o AT BOANIAR, T A
£

M SHLEE CRMD 2 A 3 3h4
AT R 18] 1) Bh AR s

T Y TEAT 2 TR 3 Bh s

WS KM 2 A 304

Universal Mechanism 9 13 Getting Started
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1.3.1 Bl )L frE®

1. 1217 UM Input #£/¥, %P3 File | New object, Hrid— MY,
EHZ ¥ Edit | Read from file, 5 A JLf 7 {UM Data}\graph\
Basel.umi, XFEEL— 14~ NoName 1)U LA IS Images. 47
AARES S I, ST No RIAT.

4 -8 object
4 -3} Object

iFy Variables
L.ab attributes
----- (B subsystems
a - Images
- 10 MoName

----- ¥ Bipolar forces
1.14
3. &9 NoName, ¥ HE % FKA Basel.

Mame: Basel ﬁ <+ ﬁi

Comments Text attribute C

& 1.15
4.  LAFERER) 777 ) {UM Data}\graph 5 A\ Crankl.umi 1 Sliderl.umi, 7}
W E A7 44 5 Crank 1 Slider .

4 -[F Object

L.a2b attributes
----- 2 subsystems
4 -f Images

- - Basel

» 10 Crank

- Mg Slider
----- ﬁ Bodies
..... ﬁ Jgints

1.16

Universal Mechanism 9 14 Getting Started
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5. Se/fURLRIA LT Object, 85 7EA47 22 H. 541 6t B )L &1/ Base0 Jy

Scene Image.

o

| Variahles

Attributes
Sensors/L5C

I Curves |
| Options |

General
[

Transform into subsystem

UMObject

Comments

(71 Symbalic

Path  C:WUsers\Public\DocumentsiUM Software LabiUni
Object identifier

Generation of equations

(@ Mumeric-terative

Gravity force direction

EX c
ey C
ez -1 C
Characteristic size: 1.00 ﬂ
Scene image: o) H
Mo
Crank
Slider
& 1.17
Universal Mechanism 9 15

Getting Started
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1.3.2 IRk

1. SRR & Bodies, SRJETEA A B A el ¥, wm—

M

2. HAr4 AN Crank, FFEFH LKL Crank.

3. 7t Parameters UL[], 4%t Compute automatically, T2/ H )R L
TEARI 2 B v B A sh i, i 118 B

Mame: Crank == 'h fiil

CommentsText attribute C

| Orentedpoints |  Vectors | 3D Contact
Parameters | Paosition | Points
Coordinates (PP): [Quaterniun -
Go to element =
Image: Visible
Crank -

Compute automatically
Inertia parameters

Mass: 7.403 =
Inertia tensor:
0.0047130039 c c
1.33271 £ £
1,3353432 c
Added mass matrix; {none) J
Coordinates of center of mass
0.5 C | 5 573E-20 C | 2.841E-19 c
& 1.18

4. MFEFERJ7EA1ZNIA Slider .

Universal Mechanism 9 16 Getting Started
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1.3.3 BIBERMT RS

1 e MBIk Subsystems, SR J57EAT A2 B A s e+,

BIN—7 245

2. M Type FHi¥H.i%E#E Linear FEM Subsystem, JF7E# H 6T HEL £
flexbeam, riifi OK.

3. Hig# N Con-rod FEM.
AT T AR, P S R T RGARMLL, EAEPIAEAE
® X HURREE R DU HE LU
® X H Position FIHI B 1S H oM B R IEASTE RS R P AL

|5) Read FEM model of object I @
Scan the forder:
D:\Models\flexbeam ‘@
4 B D:\Models\flexbeam ‘ Data imported from program: ANSYS1
./ @ flexbeam Name of solution: flexbeam
: 01.03.2021,10:35:45, Flexible beam 1
Nodes: 101

Finite elements: 300

Degrees of freedom: 606

Normal modes: 16

Static modes: 0

Computation with consistent mass ma
Min. natural frequency: 26.66

Max. natural frequency: 1717.63
Generalized mass matrix: No
Generalized stiffness matrix: No

D:\WModels\flexbeam\flexbeam

o] o ]

Mame: Con-rod FEM -+ ﬁi

Type: |@ Linear FEM subsystem -
CommentsText attribute C

General | position I Image I Solution I Coordinate systems

& 1.19

Universal Mechanism 9 17 Getting Started
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1.3.4 BB

1 e AR %o Joints, PR 57645 02 B Fhm szl ¥, v —
MR

2. %% Base0 {E4 Bodyl, %F¢ Crank /5 Body2, Z57%!°%4 Rotational,
Feshiihon Y i, a0k 1.20 fos.

Mame: jBasel_Crank = m -
Body1: Body2:
Basel ﬂ Crank j
Type: [ « Rotational v]
Geometry |Descri|:|tiur1 | Joint ﬁ:ur::e|
Joint points
Basel [EE
c C C
Crank EEE
C C [
Joint vectors
Basel [axis ¥ : (0, 1,0) 'v]
0 il 1 1 0 1,
Crank [EIKiS Y : (0,1,0) v]
n] 1) 1 1 0 T,
1.20

3. s i Joint force UL, &+ KA Expression, % A K&
torque-cdiss_crank*v, [B1%, 7EHHE IS torque=100,
cdiss_crank=10,

| Geometry | Description | Joint force |

[Eﬂb Expression -

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

Example:
-catiff* (-0 -cdiss v +ampl Fsin{om*t)

F= torgue-cdiss_crank®v P

1.21

Universal Mechanism 9 18 Getting Started
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4. FHP=ABEE A 1.22 FroR.

MName: |erank_ﬂexbeam | C o ﬁ i

Body1: Body2:
|Crank ;|| |Cur1-md FEM. flexbeam ;||

Type: | & Rotational

Geometry  Description  Joint force

o 1

E | | c]
flexbeam T@
ER— ] g

Joint wectaors

Crank axis ¥ : (0,1,0) w

0 nly [0 0
flexbeam axis ' : (0,1,0) w
o nl [0 n|

B

Mame: |jﬂexbeam_5lider | == i
Bodyl: Body2:
|Cnn—md FEM. flexbeam d| |5Iider d|
Type: | € Rotational »

Geometry  Description  Joint force

Joint points

flexbeam EEE

i 3l 3| c]
Slider ':[f%

| &l 3| c]
Joint vectors

flexbeam axis Y 1 (0,1,0) e
C Qe o "
Slider axis ¥ : (0,1,0) w
E i [ !

Universal Mechanism 9 19 Getting Started
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(3
Mame: |anseU_5Iider | -+ ﬁ =
Body1: Body2:

|Easeﬂ j| |5Iider j|

Type: | & Translational e
Geometry  Description  Joint force

Joint points
Basel T%
| 3l g| ]
Slider [EE
| 3l g| ]
Joint vectors
Basel axis ¥ : (1,0,0) "
; T i "
slider axis ¥ : (1,0,0) s
; 0 o ;

& 1.22
5. &FFSEH File | Save as {RAFHAL,

Save as... i M

Path (induding object name):
D:\Models\slider_crank_fem @ v

[ Save ] [ Cancel ]
& 1.23
6. WA, WHAETFEMEKEEN inputfss T P £ 3C fF
J&\Mflexbeam\flexbeam & | 2# Y H 5% \slider_crank_fem, XFE/EIZIT
IR P BB R T RS, BNFHETINEE.
e

Eﬁ(D) » Models » slider_crank fem »

— - - s — -
TR #EH)
HE v #ZE FrEite=
ER =)ot E-Sic] A
1 flexbeam 2021/3/1 E88— .. M4
4 | Con-rod FEM.ini 2021/3/1 E8F— .. EEEE 3 KB
input.dat 2021/3/1 E88— .. Universal Mecha... 5 KB
|& objectbmp 2021/3/1 E85— .. BMP EE& 226 KB
1.24
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L.]1 me\::el'mraS r? ism g Ei=R
1.4 RIEZBERZAN ) FHE

1. IEFESEH Object | Simulation, 3217 UM Simulation /7 J IN#A A (fF
UM Simulation F2/7 @17 INEAH Y5, &I UM Input 27 5.

2. UM Simulation f2/7EINSATIF— sl a H, WEREATIF, mIEFEs
H. Tools | Animation window .

3. JEFESEH Analysis | Simulation, 3 7 BT S 523 0] LA/E FEM
subsystems | Image UL1f H B % B 2R S5,

4. 1F£ FEM Subsystems | Simulation | Option T1[fi, )it Gravity 1 Fix
modal coordinates, 7T Simulation | Damping TU[H, & FHJEFK RZEL
2=0.001, b=0, #Il¥ 1.25 ffis.

Object simulation inspector

Object simulation inspector

‘ Selver I Identifiers | Initial conditions I Object variables | | Salver | Identifiers | Initial conditions | Object variables |
‘ VA | Information | FEM subsystems Tools

XVA I Information | FEM subsystems Tools
Subsystem:  Con-rod FEM

Subsystem:  Con-rod FEM
General | Simulation |Image |Soluton|

General | Simulation ‘ Image I Soluhonl
Options | Damping Options | Damping
General Damping
Grawity Internal dissipation
Switch off all flexible modes Type of definition
Calculation of initial conditions 1@ Linear model
Fix modal coordinates () Damping ratio for each mode
Storing Linear model
[ store values of modal coordinates D=aC+oM
Destination a: (0,001 T\l b: |El n
(@) Memory File
Damping ratio for each mode
c:Yusersipublicidocuments\um software lab\universal mechani: <1 % =
il Frequency (Hz) Darnping ratio &
IREL] 0 B
2 2h.6R21 ] i
« [ :
[ Set to al
Integration ][ Message ][ Close [ Integration ][ Message ][ Close

1.25
5. Aiiff Initial conditions T[], M FHiz¢H.i%+E Con-rod FEM T &%t, U

Fim. AU FRILH E RS B R . fEX B, FORIET EAIA
i BN R HL AR T

6. st @, R A T I R, KR B B It b
T~ WE 1.27 fros.
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Object simulation inspector

Information I FEM subsystems Tools
Solver | Identifiers | Initial conditions Object variables XVA

Coordinates | Constraints on initial conditions |
5B ®@®O0|ww ¥
slider_crank_fem2.Con-rod FEM. ;I

dr + Coordinate Velocity Comment
2.1 2 o Joint () 1
2.2 o o Joint () 2
2.3 o o Joint () 3
2.4 o o Joint (a) 1
2.5 o o Joint (a) 2
2.6 o o Joint (a) 3
2.7 o o Mode 1
2.8 o o Mode 2
2.9 o o Mode 3
2,10 s 0 0 Mode 4
211 o 0 0 Mode 5
2,12 s 0 0 Mode &
2,13 o 0 0 Mode 7
2,14 s 0 0 Mode &
2,15 s 0 0 Mode 3
2,16 dr 0 0 Mode 10
2.17 dr o o Mode 11
2,18 dr 0 0 Mode 12
2.19 dr o o Mode 13
2,20 dr 0 0 Mode 14
2.21 dr o o Mode 15
2,22 dr 0 0 Mode 16
< [l 3

Message | dx= 0.1 @ da= 0.1 @
Mumber of d.o.f, = 17
I Integration “ Message ][ Close
& 1.26
[@] Animation window EI@

1.27
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7. %&FESEH Tools | Graphic window, T —MN2EEH .,

8. i&FFSEH Tools | Wizard of variables, TR RS, GIEKALRA
jCrank_flexbeam #l jflexbeam_Slider, Z1/ 1.28 i/~ (Reactions U1 [l ),
FHEANZE & L, RERAZERF.

Wizard of variables
28 Variables for aroup of bodies | B Joint forces I A Angular variables I 4 Linear variables I a:b Expression
User variables | U Reactions | 1% coordinates | (® Solver variables I £ Al forces | id Identifiers

£ (M) slider_crank_fem Selected (total 2) )

[] jBased_Crank jCrank_flexbeam, jflexbeam_Slider

jCrank_flexbeam Type

jflexbeam_Slider ® Force ® Torque

[] jBasen_slider

= [0 Con-rod FEM Component = z _ _
[] jBasen_flexbeam Ox Oy oz @|v] v
Resolved in SC of body
Base0 L‘
Actson...
@ body 1
) body 2
jRFm(jCrank_flexbeam, ...) | Reactive force for joint jCrank_flexbeam, ..., magnitude

Lodjfz]

jRFm(jCrank_fle...
jRFm(jflexbeam...

Universal Mechanism 9

& 1.28
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9. FE By A A Solver TUM, W& AU :
Solver = Park

Type of solving = Range Space Method
Simulation time = 2

Step size for animation and data storage = 0.001
Error tolerance = 1E-7

Computing Jacobian matrices = on

Block-diagonal matrices = off

Object simulation inspector

| AT I Information | FEM subsystems | Tools
Salver | Identifiers | Initial conditions | Object variables

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

Solver Type of solution

() BDF )

) ABM (7 Mull space method (NSM)
i@ Park

et Gear 2 @ Range space method (RSM)
() Park Parallel

ﬂ T
Step size for animation and data storage (0,001
Error tolerance

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

[ Block-diagonal Jacobian

Integration ” Message ” Close

1.29
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10. fiii Integration FZHIFFERGE, TEBNHE E 11 AT DO SR IE 215 il
(K 1.30), LK SO UIME S kI fEtize (& 1.31),

Anl'nf.ﬁon window EIIEI
o« Srmn |8 8w e

1.30
[~ Plots =R HoR ==
Variables - - - - - - - T T
.jRFm {iCrank_...
.jRFm(jﬂexbe...
2 R — S— e ————— b S—
R USROS SNSUR SSRGS MU SRR SO % | SERSRURONS IO S o
| = .-
i i i i i i
[} T2 TF TE TE T T T TE TE
1.6461 888
1.31
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B2 0] LT AL F {UM Data}\SAMPLES\Flex [ 5%/ slider_crank_all £57,
X EEAN [R] S TV IR AT X 45 SRR 52, anl&] 1.32 Fios.

. Plots EI@

Variables

.jRFm(jCc-n-rod rigid_Slider 1) - Absolute value of reaction force in joint jCon-rod rigid_Slider 1
.jRFm(jbeam 1_Slider3) - Absolute value of reaction force in joint jbeam1_Slider3

1.566 600

Bl 1.32 EZMRIMEER, RN R MER
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2. FEMEFe-BHERE

ABIFIZRIET G- R A 2.1 s

& 2.1
FMEP B DY AN RG 5 7) o R AR i, FAL 2 NI B E R — AN oh i+

REFN, STV G VUSRI ) TeiE% . BT B e — Ml
B, B ERFET G IR

NI R AR -
7E ANSYS #f LA @5 A IR T i,
BTG RN UM B,
BT & 5 R H )%
Bl LAY ;
PLF 2GR AL A
BTN & 5 L ER: .
N BTN
® KNIt R4
® LRGN HE A R A NI FE
RO LA TAERL
® JEZ) (M 0B,
® Sl (AEFETEE);
® HlL (HEEZELINE 0,
15 76/E TAE H B  3CHJ2 Vibrostand F1 Platform.
® .\Vibrostand (H T HZAHINIZZHEEAD)
® .\Vibrostand\Platform (HTHMEV&TR5)
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Z

21 BEXHFE

UM A, A TR ERAE N — AL T RGAFE, KRN
Linear FEM Subsystem, FriERSZCHE N input.fss, HI/ERAEL R
® /£ ANSYS it BAIE T 5A IRckii;
® IR H UM B &5 g S0
PR T 2
® 1§ ANSYS_UM.EXE 27 H#:4: B input.fss ST
® L ANSYS UMLEXE 2% 4 % input.fum SC4F, A UM M+
ARG T TR A B input.fss SCIF R R T RGN FRLHBAAET
BERE PTAAL ISERE RN RS, IR RET-3h 1 B S AN 75 B AR S o
7£ {UM Data}\SAMPLES\Flex\Vibrostand\platform H 3 F & JL /-
input.fss. input.fum F1 PlatformShell63.ans %5.
® IR ANSYS HAFEiH B> fE ANSYS BLER TR, HaiF
BN 2.1.3 T AR . HEE R EMN{UM Data)\SAMPLES\Flex\
Vibrostand\platform H > & il input.fam 3 fF 2| J¢ #7 €] &
f*].\Vibrostand\Platform H 3.
o L RARBRI Fr AT AR AR SO P IR, AT LA E RN 2.2 BT IR 12
HE & F 2 M) {UM Data}\SAMPLES\Flex\Vibrostand\platform H%&
il input.fss S ££3].\Vibrostand\Platform H 3.

Universal Mechanism 9 28 Getting Started



) ¢ » Tongosuan
L:]‘ universal o) — At
mechanism g =2

2.1.1 #E ANSYS I H T 1k

FETFEETT, EMINCE 1.1 ENERERRE L T ANSYS L/EMES,

R RIEAT I R A
1. HELE Y M {UM Data}\SAMPLES\Flex\Vibrostand\platform H % & ffl

14 PlatformShell63.ans #.\Vibrostand\Platform H 3.
PlatformShell63.ans (472K H ANSYS /) APDL @445 ¢, W Hzh
TE AR .

iz1T ANSYS APDL Product Launcher, % & .\Vibrostand\Platform 534
W TAEH .

siii RUN, 1217 ANSYS 4 #5[ .

1% #2E File | Read Input from, i%£#7747ii PlatformShell63.ans, F%
¥ B3N 58T 6 AR .

FiE: FEAWR Im KEZRA AR —BARAK, 354 4224 4> SHELL63 #.7T,
FIC RSN Sem. 33 7T AHC S AT IF PlatformShell63.ans SCfF, B S
8o SRR A A9 sl P S T 9

5.

SR S H 301847 umamac 24, T H 24 Brfsas Al 10 mrid A
A .

bE/5, ANSYS UM.EXE F2)7 H 2z 1T, s 1% 1.2.1 15 5-8 B I%
BEAT M, AR RN input.fum 1

WVER, BT, 24211k “Save to the same directory” J57 Target
directory W/R 154 “D:\Models\Vibrostand\Platform\Platform”, 7]
B HAZMON “ D:\Models\Vibrostand\Platform .
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2.1.2 fE ANSYS Workbench 273&% B T/E

1. EHT ANSYS £ #L i #) i 29 SCA4 PlatformShell63.ans A1 B 2 H
T ANSYS Workbench #53. ATFHFZEHICHASTIF, MERLLTE UM
A RS, FEORAF S
NSEL,s,,,ALL
ESLN,s,0,ALL
CM,ESTRS,ELEM
ESEL,ALL
NSEL,ALL
KSEL,S,,,5
KSEL,A,,,11
KSEL,A,,,105
KSEL,A,,,111
NSLK,S
UM,10,1,1,1
2. 1817 ANSYS & MG, %#E5E 5 File | Read Input from, LAfEXG
[¥] PlatformShell63.ans; #X)5E#E3 5 Preprossor | Archive Model |
Write, fith Platform.cdb 3, WEWE 2.2 Pron, AE KL
[fl -

{\TANSYS Multiphysics Uty Mend (Platform

File Select List Plot PlotCtrls WorkPlane Parameters Macro NenuCtrls Help

bleleslslel e E

Toolbar

EERE]

svE_DB| RESUM_DB| QuIT| POWEGREH|

Main Menu

B Preferences 1
B Preprocessor
Element Type
Real Constants

ELEMENTS

Write Geometry/Loads for Archiving

Data to Archive

|DB All finite element information |

8 Coupling / Cean
HHNulti—field Set Up
Loads

Solid Model Format

Physics

Path Operations
Solution
General Postproc
TimeHist Postpro
B ROM To 1
E Prob Design
B Radmunn Opt

B Sessi

on Editor

EFinish

Universal Mechanism 9

& IGES
€ ANSYS Neutral File

Archive file

[Platform. odb .

IGES file

|Fl atform iges

30
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1217 ANSYS Workbench, 7£7:fll Component Systems T. B4 %13 X7
Finite Element Modeler. XAt £E4 {Ilf¥] Project Schematic [X 184 i
T ATHARTEETE A,

i Model S AEE, %FF Add Input Mesh | Browse, &£ 56 H
Platform.cdb 3CfF, 1Kl 2.3 fog.

- A
[ T Finite Element Modeler
2| @ model 2
Finite Element Modeler 215
Manage Input Meshes
‘ Add Input Mesh 3 ‘ ] Browse..
3  Duplicate 1 E:\UMFEM\platform.cdb
Transfer Data From New 4 2 C:\Users'Tong-Suan\Desktop'workbench\platform. cdb
Transfer Data To New 3
#  Update

Update Upstream Components
[#] Refresh

Clear Generated Data

Reset
Rename

Properties

Quick Help

Add Note

2.3
i Model S48, %P Update, BT,
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6. i%rH Model fif7%, %P Manage Input Meshes, fitl7 Platform, })5
FER 6 AT ST EBr i irt], il 2.4 Pos.

Outline of Schematic A2: Model * 0 %

A
1 = @ Assembly Mesh
2z platform
Properties of Qutline AZ: UserInputMesh * o X
A B
Property Value

P |-

= Mesh Source

Mesh File Mame platform.cdb
Mesh File Format | Mechanical APDL Input

=2 Importation
Uniit System SI (kg,m, s, K, AN, V) 4

Body Grouping Sl {kﬂ;aﬁ;mm;ﬂ }

- Metric (kg,m,s,*CAN\V
ID Handiing Metric (tonne,mm,s,*C,mA,MN,mv)
L.5.Customary {Ibm,in,s,®F&,1bfyw)
L.5.Engineering {Ib,in,s, R4, 16F\)
Metric {g,cm,s,*CA,dyne V)
Metric (kag,mm,s,*C,ma,MN,mV)
Metric (kgum,s,*C,mapN, W)
Metric {(decatonne,mm,s,>C,ma,N,mV)
L.5.Customary (Ibm,ft,s,F 8,166
Consistent 0G5
Consistent NMM
Consistent pMES
Consistent BIN
Consistent BFT
DesignModeler Unit System {m, degree)

L= T 1 I A S

0| o)

& 2.4
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7. {E/EM Analysis Systems T H A %5120 Modal, @17 — MBS 4 H7 1
H B.

8. MAEMRITCEMETH A &d Model IFHERFELSS I H B (1) Model,
PN H B REKR, W 2.5 Fios.

Project Schematic

A @ Engineering Data  +
Finite Element Modeler 3 @ Model &,
4 @ setp F 4
5§ solution =
6 9 Results =
Madal

& 2.5
9. EPEESHIH B ) Model 5455, % Update, A,
10. IEFESZH File | Save, RAFIIH .
11, ST E B [ Model, #EANFHMRICHEAL, gaEdEsw 1,
2.6 Fizso

Frever,
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12. MERIBHK L Modal fifr 88, £S5 Insert | Commands, A
PA'F APDL @4, WKl 2.7 Fis:

JUNITS, SI
NSEL,s,,,ALL
ESLN,s,0,ALL
CM,ESTRS,ELEM
ESEL,ALL
NSEL,ALL
NSEL,s,,,2435
NSEL,A.,,,730
NSEL,A,,,2659
NSEL,A,,,958
UM,10,1,1,1

Horb, 2435, 730, 2659 1958 /& M-V S W S 1 idm'5, XN R dR

4 PlatformShell63.ans H 1 5¢8E & 5. 114 105 F1.111.

Filter: pame -
[E] Project
2 [ Model (83)

ﬁ Geometry

V"‘?"‘- Coordinate Systems

J @, Rotational Velocity

@) Thermal Condition

o ] Clear Generated Data
&b Rename (F2)

@, Fixed Support
@ Displacement

[_1 Group All Similar Children

H Remote Displacement

&, Frictionless Suppart

_4 Open Solver Files Directory

& Cylindrical Support

Jetails of "Modal (B4)" n

L Simply Supported
% Fixed Rotation
3, Elastic Support

&, Constraint Equation

3| Definition 2520

Physics Type Structural o , Nodal Orientation

Analysis Type Modal < @ﬂ Nodal Displacement

Solver Target Mechanic...| Graph @ Nodal Rotation Ta
(s [Commands |

Commands
Environment Temperature |295.15 K @ :

Generate Input Cnly | No
| Filter: name = | Commands insersed into this file will be executed just prior to the ANSYS SOLVE command.
@] Prox | These may command sett set by
- [§] Model (B3) ! Active UNIT system in Workbench when this cbject was created: Metzric (m, kg, N, s, V, &)

A Geometry
~yA Coordinate Systems !
/1 Mesh
E-#] Modal (B4)
1o T80 Pre-Stress (None)
{7 Analysis Settings
{o [@s Commands (APDL) 81 ATL
=i Solution (B5) nsEL, ALL
¢ ¥] Solution Information  |NszL,s,,,2435
INSEL, &, ,, 730

/UNITS,SI
NSEL, s, ,ALL
=S1N, 5, 0,ALL
CM, ESTRS, ELEM

NSEL,R,,, 2659
NSEL,a,,, 958
m,10,1,1,1

Universal Mechanism 9
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13. BB 1) Solution f4HE, EFESEH Solve, FTURTIH .
14, BEEF, 1260 H3h#H ) ANSYS_UMLEXE 72)% .

Dutline L)

Filter: pame -
(&) Project
- (& Model (B3)
/BB Geometry
.+ Coordinate Systems
Mesh

B[] Modal (84)
‘,r:’,w Pre-Stress (None)
w24 Analysis Settings
+B Comman ds (APDL)
=] Solution (B5)

+-g{ 3] solution Information

ANSYS resuls fle (151
01\ Wodelslesbeamflexbeam st
Save ta the same diectory
Target directory:

D:\odelsflexbeam\ilexbeam

Jetails of "Solution (BS)" L3
5 Adaptive Mesh Refinement

Max Refinement Loops | Geometry {Frint Preview NREES

Depth |2
5 Graph 7 Tabular Data 7

status [soive Re.. ANSYS Workbench Solution Status [ = ]
=) Post Processing

Calculate Beam Section Results [ No Overall Progress...

L

Writing Results File...

Stop Solution

58 No Messages [Ne Selection [Metric (m, kg, N, 5,V, A Radians rai

& 2.8
15. X[f] ANSYS Workbench, i 5 15 2l ff].rst Fl.free SC/A7 T 0 H #4282
f¥).\dpO\SYS\MECH H 3%
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16. TENi54T UM %% 3% N ANSYS UMLEXE, ifk#trst 0fF (B 4
file), %18 2.9 H4Ti&E, A AL input.fum SC4F,

ANSYS results file [*.rst):

D:\Models\Wibrostand'Platform'\Platform_fileshdpO\SYSYMECH\file. rst [3
Save to the same directory

Target directory:

D:\Models\Yibrostand\Platform'Platform_filesidp0hSYSSMECH file 2?]

[ Create ] [ Close ]

Transformations

Normalize modes

[7] Exclude rigid body modes
Frequency ;Lﬂ;‘

[ Create ] [ Close ]

t] ‘C!'\‘g se
File | Options| Sensors

List of sensors is defined by List of sensors
@ ANSYS O umsensors.lst defined in ANSYS program

Include solutions for elements:
Stresses

Strains

Delete list after transformation

[ Create ] [ CIoseJ

& 2.9

17. K 4E R input.fum SCAFE ] 2.\ Vibrostand\Platform ST,
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213 RETRAMZ

FIH UM Z% T R G0 A (A% O input.fum 2452 input.fss SCEF .
WHIELHESH 1.2.2 FNTEDE, ¥ .\Vibrostand\Platform H[¥) input.fum

AN input.fss SCAF, FHAFICT R —H %
[ 5] Wizard of fexibl subsystems g

i.j;J 7q Q) & ‘ﬂ® s> ma & ‘7@ i‘ ' | General | position [ image | Solution |

Data set

@ Original
Transformed
Name of transformed solution
Platform

[¥] save to the same directory
Modes |Rigid body | Interface nodes | Sensors |

10 normal modes, 24 static modes

Selected normal modes: 10 ‘
Selected static modes: 24 |
Z 7]
¥ 2.normal,  93.012
¥ 3. normal,  135.958

¥l 4. normal, 191774 |
¥ 5. normal,  238.927
6. normal,  241.256
71 7.normal, 268,185
¥ 8. normal,  275.681
9. normal,  325.278
¥ 10. normal,  364.785
Wl 11. static
¥ 12, static -~
Animation of modes
Amplitude Rate

U 0

Frame per 1/4 period: 5% |

<

Animate

Transformations
Modes | shift SC | Rotation of SC |
[¥] Exdude rigid body modes

Frequency:  0.300 b2

—
<=

[~] Exdude rotational DOFs in modes
[7]Exclude if all DOFs are zero

Simplified

& 2.10
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22 MEBLZGH N FEEEHA

1217 UM Input 27, Frig— MR,

221 BARMFE

1. SefEAMEER % Subsystems, 485 7545 U178 B 5 diddadi +

BIn—"MFR%.

2. M Type FHEHIEH Linear FEM subsystem, 7F5{ Hi 1 X 1EHEE
F£.\Vibrostand 1] Platform, siifi OK, S AFMFEF RS, (£
Solution | Modes U2 [fil 7] LAY 52 PE AR ) - I R4S

|5) Read FEM model of object i &
Scan the forder:
D:\Models\vibrostand @j
4 - D:\Models\Vibrostand Data imported from program: ANSYS1
| [B Platform Name of solution: Platform
01.03.2021,11:44:39, Platform--Mod;
Nodes: 4425

Finite elements: 4224

Degrees of freedom: 26550

Normal modes: 28

Static modes: 0

Computation with consistent mass ma
Min. natural frequency: 14.65

Max. natural frequency: 36958.59
Generalized mass matrix: No
Generalized stiffness matrix: No

D:\Models\vibrostand\Platform

[ OK ][ Cancel l = = =

211
3. HAy4 N Platform.
B

Mame: Platform = ﬁi

Type: |ﬁ Linear FEM subsystem - |
Comments/Text attribute C

2.12
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222 BERMTFEE KM

FAMET & U 5 R o DY ARG 3 7 e #E . N A1 8 S L EE,
FE X T17t.

2.2.3 I BT

1. SEAEAEMBERIR LT Images, SRJ5 74 A B 5 el ¥, v

— N JUTEE .
2. Hfy4 N Damper.

N -2 . .
3. )ﬁ%i‘ﬁ%ﬂ , W H Bipolar GO £l 2.13 fias.
Mame: Damper -+ i

Comments,Text attribute C

Description | GO position | Bipolar GO

Length: 0,05 c

Bottom: 0] £

Top: 0.05 c
2.13

4. 5k Description UL, i Type —#2fisl ¥, win— A EELE,
Kl 2.14 Fis .

(L8

Mame: Damper + m

Comments,Text attribute C

Description | GO pesition | Bipolar GO

(none)

Type: - +

[T Do not stretch
Comments,Text attribute C

[+]

fi

2.14
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5. M Type i+ Spring.

Description | GO pesition | Bipolar GO |

I {none) |

Type: H + |
Floen ¥ Polyhedron
@ Fllipse

ﬁ Box

10 Helix

@ Ellipsoid
& cone

F{i Parametric
& Profiled
i Z-surface
| sping |
& Link
# Plate
&5 GO

Comme

& 2.15
6. &E& Spring JLITSHUE 2.16 .

Description | GO pesition | Bipolar GO |

I Spring |

Type: 3 spring ~ =+ |
Comments,Text attribute C
[ Do not stretch
Parameters | Colors | GE position | Material |
i) Left i@ Right
Radius: 0,015 C
Height: 0,05 c
Bar diameter (d): 0,005 c
Mumber of coils: 5 .
Coil discretization: 20 ﬁ
Bar discretization: 10 ﬂ
2.16
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7. il Type — Rt M—4 Cone

Description | GO pesition | Bipolar GO |

KA, B 2.17 s

Spring ||Cane |

Type:  /k Cone -

Comments/Text attribute C

[ Do not stretch
Parameters |Co|ors | GE pasition | Materia||

Radius (R2Z): 0.005
Radius (R1): 0.005

Height (h): 0.05
Mumber of points

+ [+ @
C
C
C

Bottom drde: 20 ﬂ
Generatrix: 2 ﬂ
Angles: 0.00 ¢ o.00 Ei
Closing: [{none} i

—

& 2.17

8. FHHI— Cone K% GE, JENBESHWIE 2.18 Fix.

Description | GO pesition | Bipolar GO |

Spring | Cone ||Cane |

Type: /b Cone 14 i}
Comments,Text attribute C
[ Do not stretch

Parameters |Cnlurs I GE position I Material|

Radius (R2): 0.01
Radius (R1): 0.01

Height (h): 0.02
Mumber of points

Bottom circle: 10 ﬂ
Generatrix: 2 ﬂ
Angles: 0.00 ] o.00 pA|
Clasing: [{nune} 7
2.18
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9. fEZ A Cone [l GE Position 71, XENMNESH, WK 2.19 Fix.

Description | GO pasition | Bipolar GO |

Type: /& Cone

CommentsText attribute C

[ bo not stretch

Translation
K

¥
. 0,015

Rotation

11

Shift after rotation
i

¥

.

Spring | Cone ||Cone |

-1 4 [#

| Parameters I Colaors | GE position |Materia||

& 2.19
10. & E WA Cone ARG E R, 1K 2.20 Aix.

Description | GO pasition | Bipelar GO | Description | GO position | Bipolar GO |
Spring | I Cone | Cone ‘ Spring ‘ Cone | I Cone |
Type: /A Cone - i Type: /& Cone - i
Comments/Text attribute C CommentsText attribute C
[T Do not stretch [T Do not stretch
Parameters | Colors |GE position I Materiall | Parameters | Colors |GE position I Material|
[ Hide | Asontoale | [[]Hide | Assntoalce |
- Diffuse - Emissive - Diffuse - Emigsive
. Specular - Ambient J Specular - Ambient
assign color from list: Assign color from list:
| 3 || :
Shininess: | < [l r Shininess: | < [ b
Visible side Visible side
) Both @) Front 71 Back (©) Both @ Front ) Back
[ wired [ wired
Width of curves: 1 ﬂ Width of curves: 1 ﬂ
2.20
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1. SofE 22 AR b % 7 Linear Forees, 285 754 A8 B St s+ .

2. Hfg4 N Damper_FL, fREFERE A Viscous-elastic, EFF Base0 {EH
Bodyl, %% Platform.Platform 4 Body2, i%# Damper {E4 GO,
FrRe

3. 1E Bodyl T1[HI1% & Base0 [ NiE#z: i1 Point A A445: (BeamLength/2,
WidthShelf/2 + WidthBeamShelfLow/2, -0.05), 23755 R 4] 14 :
BeamLength=1.0, WidthShelf=0.4, WidthBeamShelfLow=0.1.

4. 1F Bodyl UI[Ii% & Base0 [ 1%+ 51 Point Bl A4%: (BeamLength/2,
WidthShelf/2+ WidthBeamShelfLow/2, 0), 1 2.21 FiR.

Name: Damper FL + i

Comments Text attribute C

Body1: Body2:
Basel j Platform. platform

|4

Type: [ = viscous—elastic

4

GO: [Damper -
Position | Parameters

[ Compute for the 2nd body
[ Automatic computation for 2nd body

Bodyl |Body2

System of coordinates at pt. A (SCA)

T@ BeamLength/2 T widthshelf/2 +WidthBeamShelflow/2  [© -0.05 C
:] 0.00000000 pA|
[~ o.00000000 |
:] 0.00000000 Y

Point B1 - the end of element:

T@ BeamLength/2 T widthshelfj2 +WidthBeamshelfLow/2 c c

& 2.21
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5. f£ Body2 W[ E Platform.Platform i£$% & Point B2 (X} Base0 [f]
Point Bl ) 44 % A : ( BeamLength/2 , WidthShelf2 +
WidthBeamShelfLow/2, 0), & 2.22 FizR.

[] Automatic computation for 2nd body

Body1 | Body2

System of coordinates at pt. B2 (SCE2)

T\\s BeamLength,2 C widthshelf/2 +WidthBeamShelfLow/2 c c
[ ~] o.00000000 pA|
[ -] o.0000000 b2
[ +] 0.00000000 |

2.22

6. it Parameters U1 [f Stiffness matrix — 24N, K 2.24 ik
BNIEZH, HIRVIE cxx=1e6, cyy=le6, czz=le6, riii OK.

Parameters

Stationary force

[ [ [y
(@ Linear () Bilinear
Stiffness matrix: (presented) J
Damping matrix: (presented) J
& 2.23
I=) Matrix of linear force element ¥
Elements
coordinate-coordinate coordinate-angle
= 3 °)l S| 3| 3| a
| lewy °)l S| 3| 3| a
| & )|z | & g °
angle-coordinate angle-angle
| 3| °)l S| 3| 3| a
| 3| °)l S| 3| 3| a
| & °l | & g °
oK Cancel
2.24
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7. fiif Parameters U1 Damping matrix — k3=, 4% 2.25 FioR
WEMESH, HMYIME dxx=1e3, dyy=1e3, dzz=1e3, iiii OK.

|Z) Matrix of linear force element x

Elements

coordinate-coordinate coordinate-angle

| Bl | ° Bl | ‘]

| ey | ° Bl | ‘]

| B |z ] B =l ‘]

angle-coordinate angle-angle

| Bl ° ° Bl ° ‘]

| Bl | | Bl | ‘]

| Bl =l ° Bl =l ‘]

Ok Cancel

& 2.25

8. udrm by B e A

9. Hm4 N Damper FR.

10. & & Bodyl WP/ MR AAARS) 71 28: (BeamLength/2, -WidthShelf/2
- WidthBeamShelfLow/2, -0.05), (BeamLength/2, -WidthShelf/2 -
WidthBeamShelfLow/2, 0).

11. % & Body2 % # 55 44x N : (BeamLength/2, -WidthShelf/2 -
WidthBeamShelfLow/2, 0).

12. DLRIFER i X b4 JE 77t Damper_BL 1 Damper_BR, f
B PR A bR CRHTBUAONRR, AFBEUFT5).
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225 BABIT RS

XEBATEEEZHHINA B2 NARES, BT {UM Data}\
SAMPLES\Flex\electricmotor .

1 JefEAE MR e Subsystems, 4R/J5 7E A 52 B 740 s i+

2. M Type FHi3gH %+ Included 357, I In# A {UM Data}\
SAMPLES\ Flex\electricmotor, 1K 2.26 ffi7~.

|5) Open object l E
Scan the forder: [E]

C:\Wsers'\Public\Documents\UM Software Lab\Universal Mechanism\9 @"' v

4 (= SAMPLES -~ B
b1 Automotive
b D CAD ‘

b~ Cosimulation
b Durability
b Education
4 - Flex
. /B electricmotor | —
' slider_crank_all
fo . slider_crank_fem
. - [B vibrostand
>3 Flexible railway track
b Granular media
> E1 LIBRARY

> - 1_Maal ev X
< | 1 ‘ )

m

C:\Users\Public\Documents\UM Software Lab\Universal Mechanism\3\5: }

Lo J[ concel |

& 2.26
3. H {74 N Electricmotor .
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4. 1t Position VM E BT RAEW HTAL, WK 2.27 Fiw.

Mame: Electricmotor -+ ﬁ

Type: [IEl induded v]
Comments Text attribute C

[ Edit subsystem ]
[ General | Position |1dentifiers
Translation
X £
y: -0.0143 c
z: 0,13 c
Rotation

-90.00000000

A
0.00000000 Z-ﬂ
bA

L

0.00000000

Translation after rotation

. c
y: =
Fi £
& 2.27
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2.2.6 WEBHFETHEEHL

FE LR B SC T & 2.28 Fro MR 2, Hy Rl R, bR s,
BB 0 JHIRZR RGN, A30E TAE— B a], PRt E 2 0.

(O]

|
|
I
|
|
|
| t

~N—" ~~ - —~— - ~ -
tstart  tspeeding up tworking tbraking
2.28
R SR 2.1,
* 2.1
Fr 5 ST T
1 nu R 7 HBUE e (rp.m)
2 omega HLMLIG T OB f R E (rad/s)
3 tstart BB Z] ()
4 tspeeding_up D E] - Cs)
5 tworking FaoE TAEmE] (s
6 tbraking B 1E] ()
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FATAT ABE NN T ARG ER SR .
1. EHNLT RS0 A Edit subsystem, N\ F &5

. 1EFE Joint | jRotor->B0dy, IZE—/\ Generalized J57! 1152
3. B RTx B, RAK Table, WK 2.29 FoR, A& LR

& L7 Bk 2
* 22
FPg | I TE] X [A] PR IE 5
1 Tstart 0
2 tstart+tspeeding_up (omegaltspeeding_up)*sqr(t-tstart)/2

tstart+tspeeding_up+tworking | (omega/tspeeding_up)*sqr(tspeeding_up)/2+
ome-ga*(t-tstart-tspeeding_up)

4 tstart+tspeeding_up+tworking | (omega/tspeeding_up)*sqr(tspeeding_up)/2+
+tbraking omega*tworking+omega*(t-tstart-tspeeding_u
ptworking)-(omega/tbraking)*
sqr(t-tstart-tspeeding_up-tworking)/2

5 100 (omega/tspeeding_up)*sqr(tspeeding_up)/2+
omega*tworking+omega*(tworking)-(omega/
tbraking)*sqr(tbraking)/2

Mame: jRotor >Body + m =2
Body1: Body2:

Rotor j Body ]
Type: [D., Generalized -1
TC IRCy RTx |7C

7] Enabied + +£ i

ET type: I » rt (rotational t-function)
Comments/Text attribute C

=

Transformation vector
[ais x : (1,0,0)

ex: 1

ey: 0

ez 0

Type of description

() Expression ) File
() Function
@ Time-table

@) Curve

FEE E
T Function of time

tstart ]

tstart+tspeeding_up {omega/tspeeding_up)*sqr{t-tstart)/2

tstart+tspeeding_up-+twarking {omega/tspeeding_up)*sqr{tspeeding_up)/2+omega=(t-tstart-tspeeding_up)
tstart-+tspeeding_up-+tworking-+tbraking
100

{omega/tspeeding_up)*sqr{tspeeding_up)/2 +omega“tworking +omega *(t-tstart-tspeeding_up-tworking)-(omega/thraking) *sqr(t-tstart-tspeeding_up-twarking) /2
{omegatspeeding_up)*sqr{tspeeding_up)/2+omega*tworking +omega *(tworking)-{omega/tbraking) “sgr{tbraking) /2

2.29
4, riii Cancel, ML, BHET RS
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TP & 5 ML (B AN L5 R 2 8] i B2 R AR AL, 2 Py A4~

hEYE 1 ciER: . YA L Electricmotor.Body F1 Platform.Platform, 11
2.30 7R

Mame: DamperMotor_FL + fﬁ'i

Comments/Text attribute C

Mame: DamperMotor_FL + fﬁi

Comments/Text attribute C

Body1: Body2:

Electriamotor Bod “v| Platform.platfo Body1: ety
ectricmotor. Bo +| Platform.platform -
Y P —  Electricmotor.Body j Flatform.platform j

Type: | £ Viscous-elastic - =

IE Type: IE Viscous-elastic -
GO: | Damper -

[ — GO: ’Damper -
Position | Parameters —

Position | Parameters
Compute for the 2nd bod
’ > P ’ Compute for the 2nd body

Automatic computation for 2nd bod
B P Y [ Automatic computation for 2nd body

Body1 Bodyzl ’—‘—‘Bo dyi] Bodyz

System of coordinates at pt. A (SCA) System of coordinates at pt. B2 (SCB2)

T o t 0.05 € 0.0899 c % o t 0075 £ 008 c
[:] 000000000 A -30,00000000 pA|
E] 000000000 A E] 0.00000000 b
£z o-o0000000 X [~ o.00000000 b2

Point B1 - the end of element:

T o C .07 € 0.0899 c

& 2.30

TH L NTEER 2.3 g ALds € X VU4 Linear Force /G
* 23
4 Electricmotor.Bod Platform.Platform
BT LR Y
X Y V4 X Y V4

DamperMotorFL 0 0.05 0.0899 0 0.075 0.06
DamperMotorFR 0 0.05 -0.06 0 -0.075 0.06
DamperMotorBL | -0.0875 0.05 0.0899 -0.0875 0.075 0.06
DamperMotorBR | -0.0875 0.05 -0.06 -0.0875 -0.075 0.06

S MRt Bodyl f 2 AP AEFR (PointA 1 PointB1), iXH
VU4 S 70 PointB1 ) X 1 Z ALFR 5 PointA ¥4H[E, Y 445N 0.07.

THER: LT REM RS R 5T 6 HA—2, Bl X i35 7-90°,
DAL 75 B4 ] 2.30 BT &, AH S WIEE AR B SEREQn & 2.31 A1 2.32 i,
I IR ) {4 . cStifflateral=1.0e6 , cStifflongitudinal=1.0e6 , cDisslateral=1.0e3,
cDisslongitudinal=1.0e3.
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|5) Matrix of linear force element .{‘ - p— g

Elements

coordinate-coordinate coordinate-angle

cStifflateral ks c c c ic c
€ cstifflongitudil© c c [= c
c C cstiffateral c c c

angle-coordinate angle-angle
C (C C C C C
C C C C C C
cC c C C [ C

|5) Matrix of linear force element

Elements

coordinate-coordinate coordinate-angle

cDisslateral S c c c c c
€ cDisslongitudir © c c c c
c C cDisslateral © c c c

angle-coordinate angle-angle
IC. C C C IC. C
C C C C C g
C C C C C C

Lo || concel |

& 2.32
TR EREBE, EAEFSAL \Vibrostand, %</ UM Input /5.
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o gk~ w

2.2.8 WHERGPEEA BN EH R

1217 UM Simulation 27, i85 \Vibrostand.

P2 HBhdTH— A 3hE & 1, (R EH , 1 EFEE % Tools | Animation
window f] Ff.

EHE S Analysis | Simulation, 7107 B 6 S .

R4 75 2, W LLYE FEM Subsystems | Image T 1% & &~ 2.

s Close, <A BA% 6 FH1H -

e BESE H. Analysis | Static and linear analysis, 3 H 2844347 71

7E Equilibrium G0, S Q, W AG T E.

7 Initial conditions 71, Adiiz4BY, (RAE 4T PERIRA ALKR A
equilibrium.xv 14,

vk ARARXT N M FT S H B T AR B PR, RSO, R
Rerb bl =, BRI ETA A E .

9.

7EFrequencies/Eigenvalues T, /G4 © , 11, SRELm

FIR IR
1] Static and linear analysis E@
O > @B E A%

LEEEiIibriumj Frequencies/Eigenvalues \Rootlocus ILinear vibrations | Identifiers | Initial conditions | Options |

Freguencies and modes :Egenvalues

Method of analysis [V] Use zero velocities

Lanczos Algorithm (@) QR algorithm = X X
|| skip damping matrix

Modes number: 40 LA]
f(Hz)
21.832
24,0617
28.6992
53.4893
56.1035
69.3688
71,2595
73.1127
93.8619
10 107

11 121.751
12 123.682
13 127.068
14 138.4
15 155.04
16 186.267
|7 185 353

[Frequency/Damping ratio ']

= [Sort by: frequency v]

W N B W N e

o

Animation of modes
Amplitude [ |

Rate [l

2.33

Universal Mechanism 9 52 Getting Started



i s Tongsuan
L:]‘ universal /o D) s
mechanism g [=) 355

10. PRI, s T, AIEShEN R DR IRB S HESh

AmplitudefRatef{17 526 AT LLR T IR BH IR FE AR RS Aahidgesn ", w]
1 13 T3y

Bl ensimes =
@ QK| Hhu | @9 @(w[T e

& 2.34 50Z 24.0617Hz
11. R4 T A,
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1. %EFEE ¥ Tools | Wizard of variables, ] &M,
2. {fELinear forces Ul [fli% " DamperMotor BR, 4 {l|it#Force/r =Z, 53

QARSI A

Wizard of variables ()
A Angular variables I &7 Linear variables I ab Expression I & Fe sensors I User variables | it Reactions
[% Coordinates I (¥) Solver variables | =2 All forces | id Identifiers
55 Variables for group of bodies | = Linear forces I & Joint forces
| = [ vibrostand Selected g

[] pamper_FrR DamperMotor_BR
! |:| Damper_FL Type
[ Damper_BR @ Force () Torque () Displacement () Rotation
D Damper_BL
DamperMotor_BR C?mponent )
[] pamperMotor_BL "j-X ) Magnitude
[] pamperMotor_FL )Y 7 Vector L
[] pamperMotor_FR @ z ) Dynamic ratio 1

Resolved in SC of body
Basel LI

Acts on...
@ body 1: Body
) body 2: platform o

1

F(DamperMotor_BR):z H Generalized linear force element (DamperMotor:BR) i;orce, projection Z

& 2.35
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3. I EEH| AL, (EFEM subsystems | Image 75U, ) ml HHi%E
FITATT RO BN REAE, W 2.367R.

Object simulation inspector
Solver l Identifiers I Initial conditions I Object variables
XVA [ Information I FE subsystems I Tools
Subsystem:  Platform
| General | Simulation | Image |Solution |
Options m

Image parameters
Draw nodes
[~ Draw local coordinate system

Sizes o
Node image: 1

Interface node: 1
Selected node: 1
Single node FE: 5

Length of local axes: 5.00

| inegraton I — I o ]

& 2.37

Universal Mechanism 9 55 Getting Started



universal

th

mechanism

K') T(m"suan

4, {EAEN T E XH394157
FE A INEERANEE, FoE—1TLH

CRRT

BOCBERN: 0.05, 0, 0.06) 1 [[ALF AN

= [H] vibrostand
=] Platform
platform
=[] Electricmotor
[ Body
E] Rotor
D Cover

Wizard of variables (23]
1% coordinates | ® Solver variables | = Al forces | id Identifiers
=5 variables for group of bodies = Linear forces B Joint forces

A Angular varisbles | 47 Linear varisbles | ab Expression | [ FESensors | User variables | > Reactions

Selected
platform

Coordinates of point in the body—ﬁxed frame of reference

0.05

Type

@ Coordinate
() Velocity

() Acceleration

Component

®&x @Y @z

Resolved in SC of body

0 0.06

() Bipolar vector
) Bipolar velocity
(") Bipolar acceleration

.trlvl \_\V

Basel

Relative to body

5

-~

m

-

r:z(Platform.platform)

” Coordinates orwntY0.0S,0,0.0G) of body Platform.platform relative to Base0, SC Bast

5. fEAZE[AFE 539415

[# 2.38

TR I A 0

SX1, %

BN

"% Wizard of variables ==
12 coordinates | ® Solver variables [ = Al forces | id Identifiers
22 Variables for aroup of bodies = Linear forces | & Joint forces

O 3:93.
O 3934,
O 3935,
O 393
O 3937.
O 3938,

Node 3933 (-
Node 3934 (
Node 3935 (
Node 3936 (
Node 3937 (
Node 3938 (
O 3939. Node 3939 (
O 3940. Node 3340 (
© EXTERN
O 3942, Node 3942 (
O 3943, Node 3943 (
O 3944. Node 3944 (__
O 3945, Node 3945 (|
O 3946. Node 3946 (
O 3947. Node 3947 ( ~

[« 1 »

Selected
3941, Node 3941 ( 0.050, 0.000, 0.060)

Stresses | Strains

A Anguler variables | 4 Linearvariables | b Expression | @ FESensors | uservariables | % Reactions

Kind of solution

@ Nodal (7 Elemental
Element groups: Component:
[ 1. sHELL181 (3601,3500,3569, 3568) | [sxt -]

Resolve in the system of coordinates

[Lod SC of subsystem

z

SX1_N_N3941_GroupFE3601

H Component SX1 of stress. Platform.3941. Node 3941 ( 0.050, 0,000, 0.060), nodal, ¢

Universal Mechanism 9
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6. 7EFEM subsystems | Simulation 71 [fil, {RFFGravityl £ WUN A IEIRES, I
W BB AR IS R $a0.001, b0, WK 2.40FT7R.

Object simulation inspector

Solver I Identifiers | Initial conditions I Object variables
KVA | Information | FEM subsystems | Tools

Subsystem:  Platform

General

Options

Simulation | Image | Solution

General
Gravity
[] switch off all flexible modes

Object simulation inspector
Solver I Identifiers | Initial conditions I Object variables
xwa | Information | FEM subsystems Tools

Subsystem:  Platform

| General | Simulation | Image | Solution

Damping

Internal dissipation
Type of definition
(@ Linear model
() Damping ratio for each mode
Linear model
D=aC+bM
0.001 n b0 m

& 2.40
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7. {EldentifiersUU[fl, M THi¢ k% £ %4 Vibrostand.Electricmotor,
KBTS

nu=1620

tstart=0.5

tspeeding_up=2

tworking=3

tbraking=4

ik BT MBS T ARGET PR AR, DA ) 0 NS B
Bz MRS

Object simulation inspector
KVA I Information I FEM subsystems I Tools
Solver | Identifiers | Initial conditions I Object variables
(= E | vibrostand. Electricmotor LI
Whole list
Mame Expression Value Comment
cStifflateral 1,0000000E +&5 Lateral stiffness of mount ele
cStifflongitudinal  1.0000000E +6 Longitudinal stiffness of mour
cdisslateral 1000 Lateral dissipation of mount e
cdisslongitudinal 1000 Longitudinal dissipation of mo
nu 1620 Mominal angular velocity of th
omega nu=2*pife0 169,646 Mominal angular velocity of th
tstart 0.5 Time before speeding up, =
tspeeding_up 2 Time of speeding up mode, s
tworking 3 Time of working mode, s
thraking 4 Time of braking made, s
Integration ” Message ” Close
2.41
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® 6 6 6 06 0 O

FESolver UL [ ¥ B R 2 400 T

Solver = Park

Type of solving = Range Space Method (RSM)
Simulation time = 10

Step size = 0.002

Error tolerance = 1E-8

Computing Jacobian Matrices = ON
Block-diagonal matrices = OFF

Object simulation inspector

KVA I Information | FEM subsystems | Tools

Solver | Identifiers | Initial conditions | Ohiject variables

[|keep
[ &l

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

Solver Type of solution

(7) BDF )

| ABM (3 Mull space method (MNSM)
@) Park

- Gear 2 (@ Range space method (R5M)
() Park Parallel
Time 4 0 @

Step size for animation and data storage
Error tolerance

[ Delay to real time simulation

gystem matrix decomposition

Computation of Jacobian

ock-diagonal Jacobian

Integration ” Message ][ Close

Univer

& 2.42
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9. rmiifiIntegrationtZHI 4615 H, SR WK 2.43F7R.

Plots o|[@] =
Variables -
.r:z(Platform.... niz{Platform, platform) '
o] I PP P A ‘I\ |||||| [
Time, sec
0 2 4 3 5 10
2.609 0.0623579999999999
Plots (ol @]|[=
Variables . :
.a:z(Platform.... I a:z{Platform. platform) - :
JIRU R L e TP | NATOTI 1 Tavei s
i ; 4| i i : - 1
Plots = Eo <
Variables i
(] [llsx1_N_N3g4... SX1_N_N3941 G’OLpFE%Ol.
| e I TSR S —— )| B ———— b
lm||.Lllmll|u|!||||||l|i1|||hl|Iulll"llllIM|||m||||l|||l||||||i||l|u|||||||Il?|i||,.|| L : 5
0 2 4 ﬁ B b
-10000000 -----»---»---»--»----»---»---»---»-.-»---»---»---»---»E ------------------------------------
2.43
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7?7lzflstl(111

QH

10, et oI LA

Plots

Variables

=R Y

7 .a:z(PIatform.,..

AR E RS A, METXE i

=8 HER )

’ I- sl l

Options...

Edit...

Open copy in Wizard of Variables...

Delete Del
Copy as diagram to active MS Excel book Ctrl+E
Filter Ctrl+F
Calculate statistical data

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

Time, sec

»

2.44

&t Interrupt.
12. £ 2.40F/~ 5 1H2) 1% Switch off all flexible modes .
mi i Integration, FIRBEATIH .

Plots - Accelerations of platform points

Variables

.a:z(PIatform‘platfcrm) - Acceleration of point (0.05,0,0.06) of body Platform.platform relative to Base0, SC Base0, projection Z

.a:z(PIatfnrm‘platfurm) - Acceleration of point (0.05,0,0.06) of body Platform.platform relative to Basel, SC Basel, projection 2

,.,,w.”» WH H L
245 HHEEHMZEXT R RMME, OE st RNk
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