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1. HRA-FEIRHLH

AT g — A - A, W 1.1 fiR. fE{UM Data}\SAMPLES\
Flex H A — 147 slider_crank_all [ , IX MRS G = AN dh -3 Bl
¥, HASEZAAE T AT B A5 7 =X

® EFA— NI,

® EFHN— A%%% 11 AN WA I B RN 77 o 2T s

® EMN—ANFEAR, MWEBRITTHMEFA

1 4

< -

B 1.1 BhiE-BRAIA: 1012, 2-#h4R, 34T, 48k

1% HL 32 A A2 = AR — WIS G LA ) B R

BT B PR TR A

THET R AR, RN UM %

B T B 5

BUEENIA CRIARFNIEE);

PN AT 5 AR5
. B T
I E ANSYS BT, JailUE1E UM B4 BT,

FiE: UM AT RAERGBESNE RN B, AN EARER & — NS
T ARG, FANIEHE Linear FEM Subsystem 287,

BATT LS — DN TAEE S, HEELERNMH, W: {UM Data}\My
Models, 5¢# D:\models.

DLREL “\ 7 SRR TAEHF . XA HF FRATHAE M A7 302

® flexbeam: 7ML ;

® slider_crank fem, 17JNIZEHEAHIA,

22

ok~ wh P
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MRYE H SO, 1528 7] DUA e 1 e S AR SRR

® WA ANSYS #fh, A2 ANSYS A UM HIEEANRE, A
T 3 U 5] 335

® A ANSYS BB ARSI 7E ANSYS BHERS TAE, BAth
B 1.2.2 B GER . EESERZEMN{UM Data)\SAMPLES\Flex\
flexbeam [ 3% & il input.fum SC/FF].\flexbeam H .

o S ARBk A A R MAR SO PR, AT ULE M 1.3 ETAA B .
R T Z M {UM Data}\SAMPLES\Flex\flexbeam [ 54 & # input.fss
A% \flexbeam H 3% .

www.universalmechanism.com 2 www.tongsuan.cn
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1.1 % E ANSYS T3R5

FATTH E AL ANSYS i}JﬁF@J@% PEARRETY, SR 51847 % % um.mac Tt
RS MEARE, FiEid ANSYS_UMLEXE %Tﬁ%jﬁ UM H)#Ekg

Zan 2 XA umomac A2 T UM 23 E54211) bin SCEFRTS, 772 H S 62
ANSYS /] apdl H3%. 0, 5l ANSYS fiv 4k H 2 L2 S R %7

/PSEARCH,Path_to_macro

LT ANSYS_UMLEXE 47T UM 2258421 bin XAFJF, NTTE
um.mac AT 5B G H 3121712 ANSYS_UMLEXE, RAI17 24T um.mac 3C
¥4 € ANSYS_UM.EXE {528 i%4%, 4.

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

%y R ANSYS UM.EXE MIEAEHFEE K, MBaFEHNG S, W:

/sys,”c:\universal mechanism\bin\ansys um.exe”

ANSYS UM.EXE [1#%f2 R ge 0 & 50w Ry, AR .

/
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1.2 BEZATIHEAFBR

WIHTATIA, X TNIZRME RGP AR, 75258 Ruioft Bt AR
AR, — A PIFITE:

® AR

o —HUmEMIE,

1E£{UM Data}\SAMPLES\Flex\flexbeam\input H =% A& > 344 5% : lumped
A1 consistent, FrH 75 715k A FH A Hh 5T R R AT — B0 B AR R T SR AT 1Y
ANSYS i &t 3L

ARG FRATTR P 4 Jo B o

1.2.1 7¢ ANSYS B T4E

1. %, %M {UM Data}\SAMPLES\Flex\flexbeam\input\lumped [ 3 & |
flexbeam&mass21.ans SCAF2ISEHT G E L 1. \flexbeam  H 5. 1%~
ANSYS & ii3Cf, H APDLIES RS, W H3)5E .

2. 1817 ANSYS /7 (L4150, F5%E.\flexbeam H 4417 TAEH %

3. EFIZH File | Read Input from, i%F flexbeam&mass21.ans (A,
ANSYS JHi6 H s BEATTHE . BIAUA—RK 2m. A4 2em*2em 1Y
MZE, A 100 > BEAM4 Z2HLIGA 200 /> MASS21 5 & 50 . M v
5 s ST fle WIR umomac SCHF LA S ] ANSYS (1) APDL
H3, MBAEHESPSATIHEE 12 Prfsasm 10 BriEasids.

4, W um.mac CAFFF ANSYS UMLEXE #4552 SCER, A4 7F um.mac
PATEEE S5, ANSYS_UML.EXE 2 H3higiT, WK 1.2 fim. B0, 1§
FahiglT, HICFEEEN{UM}\bin\ansys_um.exe.

File Optiong | Sensors
AMSYS results file (= rst):

D\ odelshflexbeamtflexbearn. rst
Save to the zame directory
Target directory:

DA odelsh flexbeamtflexbeam

Create J I Claze J

1.2 ANSYS_UM 12 E @

www.universalmechanism.com 4 www.tongsuan.cn
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5. fEGeneral 71[, %% —HitHSRIMANSYSE: R/F, #ix
A \Mlexbeam\flexbeam.rst, FFKELLRA7 H F 15 E N \flexbeam.

6. fEOptions T, HUiH 4 Enormalize modes, XFEFRATHEA B 124 i
Z[input.fss A, T2 A B AR O Finput.fum. T — 2 3RATTH
UMK T R4t 10 T T H T 4545 3 5 20 75 0 30/ input.fss .

File Options | Senzors
Tranzsformations
] Mormalize modes
Exclude rigid body modes
0.500 pA|
|
[ Create ] ’ Close ]

& 1.3

v HSiX B A L2 % normalize modes, EL#E1S# input.fss SCMF, VEE TR E
7t exclude rigid body modes AL & — M, LUK 6 MNIABHIFR .

7. fiiiCreateiZ4ll, 4 kinput.fum 4317 HT \flexbeam H 3% .

8. MiiiClose, FKANSYS UM.EXEFE)T .

www.universalmechanism.com 5 www.tongsuan.cn
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1.22 FHEFRGHS

FH ANSYS_UM.EXE #£ /775 2| i+ [A] 4% XA input.fum 27 7 ANSYS
PR RAT B IR A A A A RS, FRATRE AT IR 2248 He . UM B ISR 1% T &
Gila) 3R — DA AL RS A T A, AT LUK input.fum #21675 input.fss.
1. 12417 UM Input f£/F.
2. EHSEH Tools | Wizard of flexible subsystem, 7 H 22T 24010 S %
M,

3. sl , ¥ \exbeam SCOEIE HL (¥ SCfF input.fum, il OK, 1

B 1.4 iR
() Wizard of flexible beeam = =] X

n ‘ @\ I_Ozl -{R ‘ w\J @; (’;F) B & ‘ General |Posiﬁon I Image | Soluﬁon|
Data file:
D:'Models\flexbeam\jnput. fum CJ
- -
M (&) Read FEM model of object » Ié]
[ Sean the forder:
D:'\Models\flexbeam), @
I Fl E; D:\Modelsiflexbaam’, Data imported from program: ANSYS1 -
/B input.fum Mame of solution: flexbeam
| 3 21.05,200%,19:00:37, Flexible beam
Modes: 101
Finite elements: 300
Degrees of freedom: 606
Sl Mormal modes: 10

Static modes: 12

Computation with lumped mass matrix
Min. natural frequency: 26.67

Max. natural frequency: 355.87
Generalized mass matrix: present
Generalized stiffness matrix: present

D:YModelsifiexbeamjnput. fum

o J[ cont | ol |
| |

% 1.4
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FTMET RGN TN EAAB A HAE General TUHIE /R HFEFE, WK
1.5 ffi7n. Position U AT DR B SR AR AE B T 1B os A B AT R, 4 ETEE
RS X HE S, AMETUE, JATT L HERNE SRR

4, ik Position T .

5. & Shift|z 5 0.3, WK 1.6 Fiur,

General |Positior1 | Image | Solutionl

Data file:
D' WModels\flexbeamjnput, fum Q

Subsystems information

File of subsystem;

D:'Models\lexbeam'input. fum

Data imported from program:

AMSY511.0
Mame of solution:
flexbeam
Title of solution {comment):

21.085,2009,19:00:37, Flexible beam with mass21 elements for
definition torsion moment of inertia

Modes: 101
Finite elements: 300
Degrees of freedom: a06
Mormal modes: 10
Static modes: 12
Mormalization: Mo
& 1.5

General | Position | Image | Snluﬁnnl

Shift

X I

¥ I

z 0.3 n

Rotation

» 0,00000000

M
0.00000000 i
bA

1

0. 00000000
Shift after rotation
» T
y T
. T

& 1.6
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7t Image UL [ 7] DL B PR I s Simplified A1 Full. Full #A7
ZHHEZH CPU MINAETTR, H4I6hrdga Bonalfy fiy, SRR ER.
6. & Image N Full 5.
7. HUJHi%E#E Image parameters £/ Draw nodes £, 2Ji% Hide elements
HEFY) Single node elements 1% i .

General I Position | Image |So|utiun|

Image
(7 Simplified i@ Full

Options | Color

Image parameters
[ oraw nodes

Draw finite elements
[T contour

[]Bounds are not visible

[ oraw local coordinate system
|:| Draw coordinate systems

Sizes

Mode image: 1 Z]
Beam curve width: 4 *_A]
Single node FE: 3 "‘_A]
Length of local axes: 1,00 "‘_A]

Hide elements

|:| Eeams
[T]shells
[ solids

Single node elements

’ Additional. .. l

& 1.7

Solution T[] 7] LA 7 14 A i — B B AR I 28 AR L By i) o 306 FEB RS
A7 Animate B0, 0Jj@E it Amplitude F1 Rate 35 557 IR shiE FE FRIE

AR AT A — N EEHE, BN ARE, 7T DRI 78 75 20N ik
PR A, RN RS, HiEEEOR. X TR, &=
BRI RZR Z [AI 3R B — M 7 &

DAL, 3 R 75 A ANSYS BLiH5 — OB CHURIE 70 P 75 e R B S 280
SRIGTE UM MR T RS0 IR T AT IR BN [ EE RS 7 AT S 4, O B
B FC

www.universalmechanism.com 8 www.tongsuan.cn
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8. ’aJi% Save to the same directory, 2Ji% Transformations | Exclude rigid
body modes, % & Frequency 5 0.3 (Hz), W1 1.8 AR,
9. fiifi Transform %41, FFiR%:H:.

| General I Paosition I Image | Solution |
Data set
i@ Original

Transformed

Mame of transformed 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
1 3. normal,  73.512
4 normal,  73.512
¥ 5 normal, 144,112
¥ 6. normal, 144,112
¥ 7. normal, 233,224
|| 8 normal, 238,224 .
¥ 9. normal,  355.866
¥ 10, normal,  355.866
W 11, static
W1 12, static
I;’_’I 13, static 1B

m

Anlmahon uF modes
Amplitude Rate

[ | I
Frame per 1/4 period: Eﬂ

Transformations
Modes | shift sC | Rotation of SC |

Excude rigid body modes
Frequency:  0.300 ﬂ

Transform Save as

1.8

www.universalmechanism.com 9 www.tongsuan.cn
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10. AEKK T R(Y), #E, OK.
Confirmation ;J" .

Warning R . X ]

I_\\ 6 rigid body modes are deleted from the transformed data set

|

& 1.10
UM - Object data input |

Diata conversion complete

E 1.11

Pt e A = iR, 2R 6 MRS Sk .

#ik: ARTIFERIINESE S T HNARS, RYE C-B MELREGIREE,
WA R . B0 ERIABES IR OHz, (Bl TRETNEM&E N RE, T
B RERIRNIABLSIARA N 0, AIAEZ R 0 KKK,

SEBR_EAE Transformations | Frequency ¥ B FI#TAR , B R78 /N Tz iR
E RSP NARES, IFF AR .

www.universalmechanism.com 10 www.tongsuan.cn
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11. /£ Data set fE 7 LA & F JR G B4 (Original ) 5% ¥ J5 (1) 151 45
(Transformed), Ffi{#iL+£E Transformed, WK 1.12 fi7RN.

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

Mame of transformed solution

flexbeam

1.12

12. rith Save as ¥4, 783 H BN IEHE & B IR AEER AT, JF 5 Save, W11 1.13
Fis e 1ETER I flexbeam KEAE N — AN EAR T R St

Transfor™
Modes Save flexible subsystem data ﬁ

Path to subsystem data
Exd D:'\Models'flexbeam?, @

Transform Save as

& 1.13
o, PR O R

www.universalmechanism.com 11 www.tongsuan.cn
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Z

1.3 RMEZB/ERAH ) FEE

AP - DA LR WIS SR Rt P A WA . — A SRR DY AN ALl
WA -

L Eﬁﬂ*ﬁ7 Jﬂ/ilm,

® EFf, K 2m;

o JEHk,

Hor AR A HONNIAA, T SRR
8

MR SAL2E R Z R 3EshE
N5 AR 2 18] R 2045

WS &N 2 ] I FE BN

°
°
°
® PRI (A H)P B
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1.3.1 AUz R

2. PR

Basel.umi, iX

1217 UM Input f£/7, EFEE 5 File | New object, Hri—MEAL,

4 [ Object
4. @'- Object

~Fl Variables
80 attributes
----- E Subsystems
a Mg Images

> 15 Molame

----- ﬁ EDdIES

----- ¥ Bipolar forces

1.14
3. & NoName, 1% E N Basel.

Mame: Basel

Comments Text attribute C

1.15
4.

W E fy44 4 Crank A1 Slider .

4 -[3 Object
4. -ﬂ'- Object

----- 2 subsystems
a Mg Images

» g Basel

» g Crank

» Mg Slider
----- g Bodies

..... R Joints

1.16

www.universalmechanism.com

13

g+ [+ @

PLIFIAE B 7712 M {UM Datal\graph 5 A\ Crankl.umi I Slider1.umi,

www.tongsuan.cn

. Edit | Read from file, ‘T A JLf[# % {UM Data}\graph\
FERL— 449 NoName [ LT EEHLEA N 2] Images .
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\

5. Sl MBI IEH Object, S8 )5 7EA4 MIZZ B 5 5 B LT EJE Base0 4

Scene Image.

o

| Variahles I Curves | Attributes
General | Options | Sensors/L5C

[ Transform into subsystem
Path  C:WUsers\Public\DocumentsiUM Software LabiUni

Object identifier
UMObject

Comments

Generation of equations
(71 Symbalic
(@ Mumeric-terative

Gravity force direction

ex: £
ey: £
ez -1 t
Characteristic size: 1.00 ﬂ
Scene image: o) H
Mo
Crank
Slider
1.17

www.universalmechanism.com 14 www.tongsuan.cn
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1.3.2 BIERHEk

1 Je/e BRI S Bodies, ZRJS7EA M B G i Az ¥, wm—

AN

2. HA4N Crank, Ffik#JUATEJE Crank.

3. 1 Parameters JL[f, 72)i%t Compute automatically, %/ H 3R HE LA
TR BEvHE L E s e, Wi 1.18 Fis.

Mame: Crank == 'h fiil

CommentsText attribute C

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

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, HIEFER) 7B ZNI1E Slider

www.universalmechanism.com 15 www.tongsuan.cn
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1.3.3 BIBFZMETF ARG

1. JRfEL SRR % Subsystems, 2R 5754 MAE B GL I diddzesn +

mIn—"N 7 R4,

2. M Type FHiZZHLiE+F% Linear FEM Subsystem, Jf7E 5 H!GHEHEL £
flexbeam, M i OK.

3. HEf4 N Con-rod FEM.
ERE S T AR, T 5 2V T R AR AL, B P AEANTE:
® X B AHEIE PR LA
® X' Position F 11X E IS H o B M ARE BB P A E .

-
£9) Read FEM model of object I ﬁ
Scan the forder:
D:\Models @
4 - D:\Models Data imported from program: ANSYS1 =
» -2 slider_crank_fem Mame of solution: flexbeam
+ 3 Vibrostand 21.05,2009,19:00: 37, Flexible beam
® Rexh Modes: 101
"""" Exheam Finite elements: 300

Degrees of freedom: 606

Normal modes: 16

Static modes: 0

Computation with lumped mass matrix
Min. natural frequency: 26.66

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

D:Modelsiflexbeam

o [ conms |

Mame: Con-rod FEM -+ ﬁi

Type: |@ Linear FEM subsystem -
CommentsText attribute C

General | position I Image I Solution I Coordinate systems

1.19

www.universalmechanism.com 16 www.tongsuan.cn
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1.3.4 BB

1. e e o Joints, SR 5764 020 B 5L szl dm—
AL

2. £#% Base0 1y Bodyl, %% Crank /£ Body2, 25744 Rotational,
Y f, Wl 1.20 FR.

Mame: jBasel_Crank -+ i
Body1: Body2:
Basel ﬂ Crank j
Type: [ « Rotational v]
Geometry |Descri|:ltiur1 | 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 ¥ :(0,1,0) v]
n] 1) 1 1 0 T,
& 1.20

3. miili Joint force Ul T, i% £ KAl Expression, J fii A £ & X
torque-cdiss_crank*v, [B17%, FEH#HPE NS 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
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4, FHN=EAESE INE 1.22 Fis.

Mame: jCrank_Con-rod

w @ -

Body1: Body2:
Crank ;I Con-rod FEM, flexbeam ;I
Type: [( Rotational v]
izeometry |Descri|:lﬁnn | Joint ﬁ::nr::e|
Joint points
Crank
1 c C c
flexbeam
-1 C [ C
Joint vectors
Cremkc |avds ¥ : (0,1,0) -
0 niq ng n
flaxbeam [axis ¥ o (0,1,0) v]
0 o1 LAY/ L

Mame: jCon-od_Slider

Body1: Body2:
Con-rod FEM, flexbeam ;I Slider

F @ -

El

Type: [ o Rotational

)

Geometry | Deseription | Joint force |
Joint points
flexbeam
1 C C
Slider
C C
Joint vectors
flexbeam [33*15 ¥+ (0,1,0)
0 noq L
Siider |ais ¥ : (0,1,0)
0 noq LU
www.universalmechanism.com 18
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Mame: jBase0_Slider
Body1: Body2:
Basel ;I Slider

I

[

Type: [-é: Translational

)

Geometry |Descri|:|ﬁun I Joint force |
Joint points
Basel [EE
C C C
Slider E[‘_E
C C C
Jaoint vectors
Basel [aﬂﬂ ¥ (1,0,0) v]
1 nog non T
Slider [am's X & (1,0,0) v]
1 n 0 1! u] T
& 1.22
5. EFESZH File | Save as {17 A% 7Y
Save as.. | 25 |

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

&~

l Save J| Cancel |

& 1.23
6. .

P H k. \slider_crank fem, XFEEIE1T 7 HIFE 72 H B35

&g, HMHEFIHEE.

» Work (D¥) » Models » slider_crank_fem »

o IEM #EEH)

B2EER - H=E - #ZZE R
< gZg : A s b
[ 1 flexbeam 20197426 21:22  TTits= |
) input.dat 2019/4/25 21:51 Universal Mecha... 5 KB
[ object.bmp 2019/4/25 21:51  BMP B 226 KB

1.24

www.universalmechanism.com 19
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1.4 MEBEZENNFHE

1. JEFSEH Object | Simulation, 3217 UM Simulation /7 - IN#AAY (fF
UM Simulation 27127 B f5, &I UM Input 727K 01D .

2. UM Simulation f&FEASATH— s\ & H, RIRATIF, Aligdesg
. Tools | Animation window .

3. JEFEZEH Analysis | Simulation, 3 H {5 HAEH| S, 52 7] LA/E FEM
subsystems | Image U [ 5 Hi% & B~ S5

4. 7t FEM Subsystems | Simulation | Option Ul[, “Ji% Gravity Al Fix
modal coordinates, 7 Simulation | Damping UL, & HEM <R
a=0.001, b=0, I 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
cusersipublic\documentsium software labuniversal mechani: =5 % o ldn
il Frequency (Hz) Darnping ratio o
IREL] 0 B
2 2h.6R21 ] i
« [ :
[ Set to al
Integration ][ Message ][ Close [ Integration ][ Message ][ Close

1.25
5. il Initial conditions TU[H, M T3¢ Hi%+ Con-rod FEM T &%, Ul

ik WAYFRILE E BRSSO IRE . 76X E, FRET IS
o7 LI R H AR I o

6. sl @, SRR T AR B B R 2
T~ WE 1.27 iR

www.universalmechanism.com 20 www.tongsuan.cn
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Object simulation inspector

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

Coordinates | Constraints on initial conditions |
I;E‘@@@‘#ﬁwﬂ‘jz
slider_crank_fem2.Con-rod FEM. ;I

dr + Coordinate Velocity Comment
2.1 2 0 Joint () 1
2.2 o o Joint (1) 2
2.3 0 0 Joint (1) 3
2.4 o o Joint (a) 1
2.5 0 0 Joint (a) 2
26 o o Joint (a) 3
27 o 0 0 Mode 1
28 0 0 Made 2
2.9 0 0 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

www.universalmechanism.com 21 www.tongsuan.cn
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7. %&FESEH Tools | Graphic window, T — /N2 E M.

8. EFESZH Tools | Wizard of variables, TR S, SIEHAL RN
jCrank_Con-rod ! jCon-rod_Slider, {1/ 1.28 fi7~ (Reaction UL ),
FHIANZE G L, RIE KA R F.

Wizard of variables @
@ Variables for group of bodies I P Joint forces | \'j: Angular variables | \")_ Linear variables | b Expression
User variables | ", Reactions | 1, Coordinates | ¥4 Solver variables | *£ Al forces | [l Identifiers

=R |§| slider_crank_fem Selected (total 2)
[ jBasen_crank jCrank_Con-od, jCon-rod_Slider
[#] jcrank_cCon-od Type
iCon-rod_slider @ Force ) Torque
[ ipasen_slider
=[] Con-rod FEM Component _ _ . ;
®x @ 0z @ v Ov

L[ iBased_flexbeam
Resolved in SC of body

Basel j
Acts on...
@ body 1
() body 2

jRFm{jCrank_Con-od, ...) H Reactive force for joint jCrank_Con-rod, ..., magnitude

& 1.28

www.universalmechanism.com 22 www.tongsuan.cn
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9. FEAHE¥EH A ST Solver U, WESEUT:

Solver = Park

Simulation time = 2

Error tolerance = 1E-7

Computing Jacobian matrices = on

Block-diagonal matrices = off

Object simulation inspector

Type of solving = Range Space Method

Step size for animation and data storage = 0.001

| 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

A 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

www.universalmechanism.com 23
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10. Aiii Integration FZEHFFUA07 R, 78N & H A LW NI I2 815 i
(K 1.30), EZEE D IS e I fEh2k (B 1.31),

/
/)

Animation window EIIEI
223

QRS |86 wE e

1.30
Plots =)o =]

Variables

.jRFm[erank_Con-rod) - Absolute value of reaction force in joint jCrank_Con-rod
.jRFm[jCon-rod_SIider) - Absolute value of reaction force in joint jCon-rod_Slider

EE
R T ---------- R
0 0.2 04 (X3 aés 1 12 14 16 1.8 3
1.409 6

1.31

www.universalmechanism.com 24 www.tongsuan.cn
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2 0] LULT AL T {UM Data}\SAMPLES\Flex H 5% slider_crank_all £574,
Xf EEA [ ASE T VA IR AT X 45 SRR e me, aniEl 1.32 Frs.

[ plots E=RE-R~"

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

1.32 B RN ER, I EphE X N R MEERF

www.universalmechanism.com 25 www.tongsuan.cn
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2. EMFE-BIRE

A G- AR i 2.1 B

2.1

FHEF G PSR T oo R HAE , AL 2 IR B E N — AN M+
RGFN, HEFMF G UG eiER: . BT Eedel — M
¥, EmEERFE G IR

NI G RF R ERE
£ ANSYS B B A @& A R oA
B 5 A UM A,
OV N & 5 R ) 4%
Ol LAY ;
LRGN R,
Bl F M6 5 BVLIER.
NI B BT N
® XANJITuH R 4
® LVETE T A B HE ) AT A A IR
TN LI TAERL
® JHZ) (AIEFEM 0B LHEhN);
® i (AIEFEEEE);
® Hl (FAEEEZELI/NE 0),
15 61E TAE B FBIEPA SCHJ2 Vibrostand A1 Platform.
® .\Vibrostand (AT HZ&PINIZEREEEAD
® .\Vibrostand\Platform (H T XM FET RS

www.universalmechanism.com 26 www.tongsuan.cn
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21 BAEFKE-FE

1 UM B, A FTIEMRERAE N — DAL T RGAFAE, HRA
Linear FEM Subsystem, #5744 input.fss, HIERAALR
® 7t ANSYS M B A 6 H R
® IEBLSI I UM BT & % =0T
PRATT
® i ANSYS_UM.EXE F2/7 H#:/E i input.fss S0
® J:ili ANSYS UM.EXE #2745 input.fum SO, FAH UM M T
ARG LA A B input.fss ST T ZRIE T RS0 T RILHAALE T
WERE AT AR LSRR ARLAS s I RT3 5l bk e AN 75 EE A
7£ {UM Data}\SAMPLES\Flex\Vibrostand\platform H 3% N#A =4 {4
input.fss. input.fum 1 PlatformShell63Demo.ans .
® WIRIA ANSYS HAFuiH ARSI 4E ANSYS BHERS TR, BAiF
BN 213 mHGREE. HEETFEMN{UM Data)\SAMPLES\Flex\
Vibrostand\platform H 5 & #| input.fam 3L 4 2| % 77 4] &
[¥].\Vibrostand\Platform H .
o W AUk A HE A SRRSO P R, FTLAE R 2.2 BT AR L
HEREFEMN{UM Data)\SAMPLES\Flex\Vibrostand\platform F &
il input.fss 1+ %/.\Vibrostand\Platform H 3.

www.universalmechanism.com 27 www.tongsuan.cn



http://www.universalmechanism.com/
http://www.tongsuan.cn/

//\ Software f ) Tongsuan

NIVERSAL | MECHANIS,

©

/)

Qs

2.1.1 £ ANSYS A H T/E

EFFUGHET, EINC A 1.1 ZENEERCE L T ANSYS LIEfE.
B oRIEAT U0 T A

1.

L

15 33 56 M{UM Data}\SAMPLES\Flex\Vibrostand\platform H 3% & il
A4 PlatformShell63Demo.ans 3/].\Vibrostand\Platform H 3%,
PlatformShell63Demo.ans {2 K H] ANSYS [f] APDL i %% 5 [,

A A 3l 58 A

1217 ANSYS APDL Product Launcher, 1% & .\Vibrostand\Platform /4
B CAEH 3%

A RUN, 1217 ANSYS £ $ 51 .

1 FEK . File | Read Input from, & #7174l PlatformShell63Demo.ans,
7 B35 & .

FEEWR 1m KIPRA G (A —Het ik, H£F 4224 4~ SHELL63 H.t,

BLIGRSTN Sem. 323 A LA iE S AFT IF PlatformShell63Demo.ans LA, 1Mtk
TSH . 5RHAER TYA T SR S A

5.

R UG 301247 umemac A, THEH 24 BrE A A 10 B EE
S

IZJ\_}: ANSYS UM.EXE &7 H3ia17, 1HiE&Ei% 1.2.1 155 5-8 P§
AT, AR input.fum 1.

www.universalmechanism.com 28 www.tongsuan.cn



http://www.universalmechanism.com/
http://www.tongsuan.cn/

//-\ Software

NIVERSAL | MECHANIS,

((,

Tongsuan

QH

2.1.2 fF ANSYS Workbench ¥ 3% B T/

1. &EHT ANSYS & #L 7 1@y 29 SCAF PlatformShell63Demo.ans A~ 7]
B HT ANSYS Workbench 345, FAT7HEHICHAITH, BERLLT

5 UM B RIS,  FHORAE S
NSEL,s,,,ALL
ESLN,s,0,ALL
CM,ESTRS,ELEM
ESEL,ALL
NSEL,ALL
KSEL,S,,,5
KSELA.,,,11
KSEL,A.,,,105
KSEL,A.,,,111
NSLK,S
UM,10,1,1,1

2. IZ1T ANSYS &S, kg

H. File | Read Input from, i AZ5

[¥] PlatformShell63Demo.ans; 73 5 1% #2151 Preprossor | Archive Model
| Write, im& Platform.cdb S 1, W&l 2.2 fix.

-
File Select List Plot PlotCtrls

WorkPlane Parameters Macro NenuCtrls Help

bzl 8l sz 2=

Toolbar

EE

SAVE_DB| RESUN_DB| QUIT| POWRGREH|

Hain Menu

B Preferences

ELEMENTS

Element Type
Real Constants
Material Props
Sections
Nodeling
Neshing
8 Checking Ctrls
B Numbering Ctrls
a Archlve Nodel
B
B Read
B Coupling / Ceqn
Multi-field Set Up
Loads
Physics
Path Operations
Solution
General Postproc

rite Geometry/Loads for Archiving

Data to Archive

|DB 411 finite element information =

Solid Model Format

& IGES
£ ANSYS Neutral File

Archive file

[Platform cdb .

IGES file

TimeHist Postpro
ROM Tool

Prob Desisn
Radiation Opt
Session Editor
B Finish

|F1 atform iges

www.universalmechanism.com 29
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3. 21T ANSYS Workbench, 7£7:{ll Component Systems .= %130
Finite Element Modeler. iX#£5i7E 47 {I]f¥) Project Schematic [X 154F i
T NTEHARTERIUE A

4. % Model A5, %+ Add Input Mesh | Browse, &5 A A1
Platform.cdb 3CfF, & 2.3 Pios.

- A

b8 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
5. i+ Model S5, EFE Update, HHEIAL

www.universalmechanism.com 30 www.tongsuan.cn
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6. 1 Model 55455, %4 Manage Input Meshes, £+ SI [E Br 471,
wnE 2.4 FioR.

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 '[kEI;.E:;S;mN;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. A{E/-M Analysis Systems T H A% X Modal, @17 — M4 H 1

H B.
8. MERICEMITH A %+ Model F-HEEAEZSSHTIIH B ) Model,

PN B RESK, W 2.5 Fw.

Project Schematic

& EngnesringData u
@ Model &,

Finite Element Modeler

2
3
o a Setup
5
i3

P
@ Ssolution o
@ Results =

Modal

& 2.5
9. ARSI B ) Model &A%, ¥E$E Update, FHTHAL,

10. ¥EFESEH File | Save, (RAFTIH .
11. XAGHEEEAS 5 H B £ Model, #EANERGHEA, W& 2.6 fix.

(= O |t

3 B : Modal - Mechanical [ANSYS Multiphysics]

File Edit View Units Tools Help || @ =i | %/Solve v 2/ShowErrors tH i & @] v @Worksheet ix
FRAFYE-RRER & SeAAAQaEQ0 R s & O

5 Show Vertices  §2Wireframe | “%thow Mesh 2 Bl Random Colors W Annotation Preferences | 1, 1, [,

# (JeReset ExplodeFactor f—— Assembly Center i

Wl Edge Coloring ¥ A~ A~ Av A~ fv A || |-IThicken Annotations

Mesh </ Update | % Mesh v L Mesh Control v &) Mesh Edit v | cGraph | Ebrobe | m | @~

Outline 2

| Filter: Mame -

/8 Geometry

/A% Coordinate Systems

8 Mesh

SR Modal (84)
/10 Pre-Stress (None)
{7 Analysis Settings
/] Solution (B5)

(3] solution Information

Details of "Mesh” L

= Display

Display Style [Body Color Geometry {Print Preview p, Report Preview/. |

| Defaults

Physics
Relevance |0

h Conforming Options
Patch Independent Options
Advanced

#H

Statistics

£

.0/ Na Messages [No Selection Metric (m, kg, N, 5, V, A} Radians rai |

2.6
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12. WEEBIBAR e Modal s 8, B3¢ Insert | Commands, ffiA

LN APDL 7%, K 2.7 fiow:

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

Hrh, 2435, 730, 2659 1958 ;XM SR AT AT, XN R IG

i A PlatformShell63Demo.ans B {54 & 5. 11, 105 fl 111,

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

ﬁ Geometry

V"‘?"‘- Coordinate Systems

»

&, Rotational Velocity

@) Thermal Condition

o ] Clear Generated Data
&b Rename (F2)

[_1 Group All Similar Children

_4 Open Solver Files Directory

@, Fixed Support

@ Displacement

H Remote Displacement
&, Frictionless Suppart
& Cylindrical Support
B, Simply Supported

% Fixed Rotation

3, Elastic Support

stails of "Modal (B4)" ® &, Constraint Equation 0300
1| Definition "

Physics Type Structural o , Nodal Orientation

Analysis Type Modal < @ﬂ Nodal Displacement

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

C d
Environment Temperature |295.15 K @ UGS

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

www.universalmechanism.com
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13. JEAHBIAUR B[] Solution £ A7, EFESEH Solve, FTURTHE .
14, *MA HEsh# K ANSYS UMLEXE &% .

Dutline L)

Filter: Name =

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

B[] Modal (84)
‘,r:’,w Pre-Stress (None)
2 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 R R

Depth |2
5 Graph

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

Calculate Beam Section Results [ No Overall Progress...

I,
Writing Results File...

Stop Solution

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

2.8
15. <M ANSYS Workbench, ix/515 2| f).rst Fl.free /A7 T 01 H B 42 T
1.\dpO\SYS\MECH H 3.
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16. F5)i21T ANSYS_UM.EXE, i&#f.rst S (BG4 700 file), 12Kl 2.9
HATWE, A% input.fum X1,
! Creating data set for sim
File:

— sfenre /'\ Tongs uan
'NIVERSAL "EC"A'"SM g '

Optionz | Senzors
AMSTS results file [ rst]:
E 5

: AECH' e, 5t ()
Save to the zame directary
Target directary:

E:"wWoarkbench'john_fileshdp0hSY'SSWMECH file

|&:

I Create I [ Close ]

|
| Fi

ile | Optians | Sensnls|
Tranzfarmations
Naomalize modes

[7] Exclude rigid body modes

Frequency:{0.500 ﬂ

[ Create I l Cloze ]

Creating data set for sim

File Options | Sensors

List of senzors iz defined by List of senzars
@ ANSYS ) umsensors lst c defined in &M5YS program

Include zolutions for elements:

Shiesses
Shains

Delete list after transformation

I Create I [ Cloze ]

29
17. KA ) input.fum 14 & i £].\Vibrostand\Platform S/ T .
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213 RUETREHF

o

A UM 1541 R G o 18] 2GS0 F input.fum 24 5 4] input.fss S

WILHEZH 1.2.2 TP IR, F.\Vibrostand\Platform H.[¥] input.fum
AN input.fss SCIE, RAFICT R H 3k

Wizard of flexible subsystem: W=k
-;|@\&Q|{"{I@qp.@ h‘@“l“ General | Position | tmage | Solution
Data set
T~ @ Original
Transformed

Name of transformed solution
Platform

Save to the same directory

Modes |RJg\d body | Interface nodes | Sensorsl

10 normal medes, 24 static modes
Selected normal modes: 10
Selected static modes: 24

il 1. normal,  78.809
¥ 2. normal,  93.012
¥ 3. normal,  135.958
|4 normal,  191.774

W/ 5. normal,  238.927
6. normal, 241,256
V7. normal, 268,185
| 8. normal, 275.681
/|9, normal,  325.278
W/ 10. normal,  354.785

W 11, static

1 12, static i
Animation of modes

Amplitude Rate

0 | 0
Frame per 1/4 period: 5 '_AI

Transformations

Modes | shift SC | Rotation of SC

Exdude rigid body modes
Frequency:  0.300 LA]

[om  |»

Transform Save as

Simplified

& 2.10
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17 UM Input F£F7, Hrt— iR,

221 BAZHETFE

L SEfEE MBI Subsystems, SR J5 7647 5 T 5 i i v

WA ARG

2. M Type THizZH.i%E# Linear FEM subsystem, 7F3f Hi )X} i HE %
#¥.\Vibrostand T Platform, i OK, SAZXHTETRS. 7
Solution | Modes U1 [ 7] DLW 52 ¢ fifll-‘ [P ARAS o

@ Read FEM model of object @
Scan the forder:
D:\Models\Vibrostand @
F] E; D:\Models\vibrostand Data imported from program: AMSYS1 -«
LB platform Mame of solution: platform
25.03,2016,10:19:01, vibrostand--M
Modes: 4425

Finite elements: 4224

Degrees of freedom: 26550

Mormal modes: 28

Static modes: 0

Computation with lumped mass matrix
Min. natural frequency: 14.65

Max. natural frequency: 36958, 54
Generalized mass matrix: No
Generalized stiffness matrix: No

D:WModels\ibrostand\platform

o ][ comea | E—

2.11
3. HEfig# N Platform.
3
Mame: Platform == il
Type: |ﬁ Linear FEM subsystem '-'|

Comments/Text attribute C

212
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222 FBEFETFEEXRHM

FAET 5 PUAS f 5 R DY AR 3 g oeiE . N I BA et LT,
R X178,

2.2.3 I LR

1 Sefe eI Images, SRJ5 704 22 B i S abdgdn + i

—MNJUTETE .
2. HA% N Damper.

ol & . .
3. ,ﬁﬁ?ﬁ%ﬂ , W& Bipolar GO Z%nKE 2.13 i,
Mame: Damper -+ i

Comments,Text attribute C

Description | GO position | Bipolar GO

Length: 0,05 c

Bottom: o] c

Top: 0.05 c
2.13

4. 455k Description UM, fiid: Type —Rifisn ¥, win— A EETE,
WK 2.14 fizs.

(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 FHizkH1E+F 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 JLTSHUNE 2.16 Fis.

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. i Type — R+, WII—A Cone 28!, WK 2.17 FiR.

Description | GO pesition | Bipolar GO |

Spring ||Cnne |

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

i
[
[
[

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

—

& 2.17

8. THIM— Cone Z5%H![{) GE, X ESEWK 2.18 .

Description | GO pesition | Bipolar GO |

Spring | Cone ||Cane |

Type: /4 Cone 1= ]
Comments,Text attribute C
[ Do not stretch
Parameters | Colors | GE position | Material |
Radius (R2): 0.01 c
Radius (R1): 0.01 c
Height (h): 0,02 c
Mumber of points
Bottom circle: 10 ﬂ
Generatrix: 2 ﬂ
Angles: 0.00 ] o.00 pA|
Clasing: [{nnne_} - ]
2.18
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9. fEZ A Cone ] GE Position T1[H, WENMNEZE, WK 2.19 Fix.

Description | GO pesition | Bipolar GO |
Spring | Cone ||Cone |

Type: /& Cone '1+ ﬁ

CommentsText attribute C

[ bo not stretch
| Parameters I Colaors | GE position |Materia||

Translation
K c

¥
71 0,015 C

Rotation

11

Shift after rotation

% C
v £
El C
& 2.19
10. W EM~ Cone AAFEIGE R, WK 2.20 Fix.
Description | GO pasition | Bipelar GO | Description | GO position | Bipolar GO |
Spring | I Cone | Cone ‘ Spring ‘ Cone | I Cone |
Type: /b Cone - + fiii Type: /& Cone - =+ i
Comments/Text attribute C CommentsText attribute C
[T Do not stretch [T Do not stretch
Parameters | Colors | GE position | Material | | Parameters | Colors | GE position | Material
[ Hide | Asontoale | [[]Hide | Assntoalce |
- Diffuse - Emissive - Diffuse - Emigsive
. Specular - Ambient J Specular - Amnbient
assign color from list: Assign color from list:
[ < || v
Shininess: | < [l r Shininess: | < [ b
Visible side Visible side
() Both @ Front () Back () Both @ Front () Back
[ wired [ wired
Width of curves: 1 ﬂ Width of curves: 1 ﬂ
2.20
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2.2.4 B2t

1. SofE AE A7 b % 7 Linear Forees, 285 754 A8 H St s+ .

2. HEfr4 N Damper_FL, {REFERE LA Viscous-elastic, iE3F Basel {FH
Bodyl, i%£#% Platform.Platform & Body2, %+ Damper /£ 4 GO, 1

B o

3. £ Bodyl Ui 1% & Base0 [ Ni%$% i Point A A45: (BeamLength/2,
WidthShelf/2 + WidthBeamShelfLow/2, -0.05), Z3(fF 5 W ¥I1E :
BeamLength=1.0, WidthShelf=0.4, WidthBeamShelfLow=0.1,

4. 1t Bodyl UI[fIi% & Base0 [1)_i%EH: 5 Point Bl A45: (BeamLength/2,
WidthShelf/2+ WidthBeamShelfLow/2, 0), W& 221 fims.
MName: Damper_FL =+ fii

Comments Text attribute C

Body1: Body2:

Basel j Platform. platform i
Type: [E_. Viscous-elastic -
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& BeamLenath,2

www.universalmechanism.com

T widthshelfj2 +WidthBeamshelfLow/2

2.21

42
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5. 7F Body2 W[ & Platform.Platform i%4% 15 Point B2 (X} Base0 [¥]
Point Bl ) 44 #& N : ( BeamLength/2 , WidthShelf2 +
WidthBeamShelfLow/2, 0), WK 2.22 fiir.

[] 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 Ui Stiffness matrix — 2041, K& 2.24 FiRik
BWIEZH, FHIKVIE exx=1e6, cyy=le6, czz=le6, riifi OK.

Parameters

Stationary force
= C =
@ Linear () Bilinear
Stiffness matrix: (presented) J
Damping matrix: (presented) J
& 2.23
Matrix of linear fo
Elements
coordinate-coordinate roordinate-angle
m C C C C C C
C oyy C C C C C
C | C C c c
angle-coordinate angle-angle
C C C C C C
C C C C C C
C C C C C C
K ] ’ Cancel
2.24
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7. fii; Parameters 71[fii Damping matrix — R4S, #E 2.25 BT
WEMHESH, FHMWYIME dxx=1e3, dyy=1e3, dzz=1e3, iiii OK.

Matrix of linear force ﬁ

o

Elements

coordinate-coordinate coordinate-angle

E C C C C C C
€| dyy C C C C C
C C dzz C C C C

angle-coordinate angle-angle
C C C C C C
C C C C C C
C C C C C C

’ oK ] ’ Cancel
2.25

8. stk Ermd ™ | sl A .

9. Hfw# N Damper FR.

10. % & Bodyl M NERE RAAFR 7 7I08: (BeamLength/2, -WidthShelf/2
- WidthBeamShelfLow/2, -0.05), (BeamLength/2, -WidthShelf/2 -
WidthBeamShelfLow/2, 0).

11. ¥ E Body2 i 4 &S 4445 A : ( BeamLength/2, -WidthShelf/2 -
WidthBeamShelfLow/2, 0).

12. CAFERERI 5452 R AN JE /17T Damper_BL fil Damper_BR, Jf
B R B4 f Ak bR CHH T BB RR, RFBST5).
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225 BABIT RS

FEBAEEZHHINA B2 IR, AL T {UM Data}\
SAMPLES\Flex\electricmotor -

1. SefEA MR % Subsystems, A5 75438 B A i+ .

2. M Type FHi3Z 8%k Included 357, I 0% A {UM Data}\
SAMPLES\ Flex\electricmotor, 1% 2.26 i,

S5
Scan the forder: E]
C:\Users\Public\DocumentsiUM Software LabUniversal Mechanism8\SAMPLES \Flex = -

4. E‘; C:\Wsers\Public\DocumentsUM Software Lab\Universal Mechanism'\8\SAMPLES \Flex
B electricmotor

| slider_crank_all

B slider_crank_fem

b Vibrostand

C:\Wzers\Public\Documents\UM Software Lab\Jniversal Mechanism\8\SAMPLES \Flex'\electricma

o [ conm |

2.26
3. HE% N Electricmotor .
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4, 1t Position VI E BN T RAEM AL, WK 2.27 Aiw.

Mame: Electricnotor <+ ﬁ
Type: [IEl induded v]
Comments Text attribute C

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

-90.00000000

0.00000000

A
0.00000000 Z-ﬂ
bA

L

Translation after rotation

. C
y: C
z: c
& 2.27
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2.2.6 BB RN TE ML

FE BB BLSE SCT i8] 2.28 From B R # 26, o BRTR0, BALAS B
B 0 JFER 2N, A8 € TAE — BN, PRt s = 0.

©®
omega ________
| |
[ |
[ |
[ |
| |
' :
: | t
Y_/\ ~— N —~— A ~ vy
tstart  tspeeding up tworking tbraking
2.28
R SR 2.1,
* 21
s SRS Bt
1 nu H LS+ 180 e 708 (rp.m)
2 omega HL LI A0 E fE . (rad/s)
3 tstart JEBNIF ] (s)
4 tspeeding_up DI ) Cs)
5 tworking FaoE TAERFE] (9)
6 tbraking B S E] ()
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BATTLLEN BT RABESHRE.

1. EHNLT RS A Edit subsystem, #EANF R%.

2. 1%+ Joint | jRotor->Body, IX;&— Generalized ZEH! 1],

3. MM RTx D, W/x2EHY70y Table, 1Kl 2.29 s, &R
T8 77 Bk 4

* 22
Fes | I IE XA PR ECRIE
Tstart 0
2 tstart+tspeeding_up (omega/tspeeding_up)*sqr(t-tstart)/2

3 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)*
sgr(t-tstart-tspeeding_up-tworking)/2

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

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

Rotor j Body =
Type: [°° Generalized -
Enabled + +§ m
ET type: | ¥ rt (rotational t-function) -

Comments/Text attribute C

Transformation vector

[ais x : (1,0,0) -
ex: 1 L
ey: 0 n
ez 0 n
Type of description

() Expression ) File

() Function @) Curve

@ Time-table

P vl v

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

2.29

4, fiidi Cancel, NMYLfMEM, BHET RS
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FHET 65 AL 8] 2 A0 5 O 2 [A] R 2 AR B AR AL, 2 e P A~
Mg PE Ty e . EEYIASZE Electricmotor.Body F1 Platform.Platform, U1
2.30 FR.

Mame: DamperMotor_FL -+ il

Mame: DamperMotor_FL + m
Comments/Text attribute C .
Comments/Text attribute C
Bodyl: Body2:
~reserr | s Lot L
ectricmotor.Bo v | Platform.platform -
Y P —  Electricmotor.Body j Flatform.platform j
Type: | £ Viscous-elastic - =
IE Type: IE Viscous-elastic -
GO: | Damper -
[ pe G0 ’Damper -

Position | Parameters Position |p, tel
arameters

’ Sompuie for ie 2d body ’ Compute for the 2nd body

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

Body1l | Body2 ’—‘—‘Bo dy1] Body2

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

T o t 0.05 € 0.0899 c T o £ 0078 © o6 =
(L] o.0000000 % -80.00000000 A
E] 000000000 A E] 0.00000000 b2 |
£z o-o0000000 X [~ o.00000000 H

Point B1 - the end of element:

T o C .07 € 0.0899 c

& 2.30

HELE AR 2.3 A RALKR &2 X VU4 Linear Force 7]t
*= 23
St Electricmotor.Body Platform.Platform
X Y Z X Y Z

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

HEE: MR JI7TH) Bodyl FFZHKAPIANALER (PointA 1 PointB1), iXH
VU4 S 70K PointB1 /) X A1 Z ALbR 5 PointA $J4AIE, Y 24454 0.07.

TR LT RGN R ERALER R SR G A —2, VLS X Hik3) 1-90°,
DRI 5 242 I 2.30 s BB, AR AR AR R e R an & 2.31 A 2.32 for,
JF W ¥ 15 .  cStifflateral=1.0e6 , cStifflongitudinal=1.0e6 , cDisslateral=1.0e3,
cDisslongitudinal=1.0e3,
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Matrix of linear

/
N/

Elements
coordinate-coordinate coordinate-angle
tifflateral LS c c c c c
C  cstifflongitudil© c £ c c
£ L cstifflateral (© £ c c
angle-coordinate angle-angle
C C C C C C
C C C C C C
C C C C C C
’ oK ] ’ Cancel ]
& 2.31
Matrix of linear
Elements
coordinate-coordinate coordinate-angle
disslateral [ c c c c c
C  cdisslongitudir © c £ c c
£ € cdisslateral [© £ c c
angle-coordinate angle-angle
C C C C C C
C C C C C C
C C C C C C
’ oK ] ’ Cancel ]

& 2.32
SERA BB R, TERFE. \Vibrostand, <[] UM Input 27 .
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2.2.8 IR ARG A BRI E AR

1. 1217 UM Simulation f£/%, FFIM#iEi 4. \Vibrostand.

P2 BT — N ahi & 1, GR% A, 1L R Tools | Animation
window ] H.

EHESZ . Analysis | Simulation, 745 B4 S

WG T2, W PL7E FEM Subsystems | Image U1 % & B~ .

mih Close, %M1 FLA% | S 1

1S B Analysis | Static and linear analysis, 5 H 28 P43 #7 ST .

7. ¢ Equilibrium Tf, Al ©, 1M ARG PHALE .

©o o~ w

8. fElInitial conditions 7{[fi, i #AIEY, (A7 AT FERRASHIALFR
equilibrium.xv 314,

B AR RS AT S B A P EDIRES, RS HORAERN, MR
WAFRE R, BEHHEPEAE .
9. fEFrequencies/Eigenvalues VI, fidididl ©, A, SR LM
IE T

(O static and linear analysis EI@
o » B B E %

Equilibrium | Frequendies Eigenvalues |Root|ocus Linear vibrations | Identifiers | Initial mndiﬁonsIOpﬁons|

Frequencies and modes | [[] Eigenvalues
f{Hz) » | [V]Use zero velocities

1 21.832 [ skip damping matrix

2 40617 [Frequencnyamping ratio v]

3 28.6992

4 53,4893 [Sort by: frequency ,]

5 56.1035

] 69,3688

7 71.2585

g 73.1127

5 93.8619

10 107

11 121.751

12 123.682

13 127.068

14 135.4

15 155.04

16 186.267

17 195.353

15 196,269

19 210.045

20 312,498 -
Animation of modes
Amplitude H
Rate H

2.33
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10 MBS, AL, ATTEShIE R O SRR B His)

AmplitudeFIRate ()7 3 4 7] LA T R sl BE A s s siahdaedll M, wf
{7 1L RN H .

Bl ensimes =
I CRIRE AR R 1C R

& 2.34 55iZ 24.0617Hz
11. RALME S T E,
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1. %&$ESEH Tools | Wizard of variables, f]TJTA8 & [H] S,
2. {fLinear forces /1 [ i F"DamperMotor BR, 1iflli#:Forcesr=Z, M

BiEigaiL QR EIFH ST R E
Wizard of variables @

FE Sensors | User variables /'\., Reactions I I_, Coordinates | a!Ei Solver variables | ﬂ All forces | G Identifiers
ﬁ Variables for group of bodies = Linear forces | > Joint forces | YJ: Angular variables | K)_ Linear variables | b Expression

= [m] vibrostand Selected
] pamper_Fr DamperMotor_BR
|:| Damper_FL Type
O] Damper_BR @) Force ) Torque () Displacement () Rotation
|:| Damper_BL
DamperMotor_BR Cc_:mponent _
[] pamperMotor_BL X () Magnitude
[] DamperMotor_FL ey () Vector
[l DamperMotor_FR @z () Dynamic ratio

Resolved in 5C of body
Basel j

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

F{DamperMotor_BR.):z Generalized linear force element (DamperMotor_BR) Force, projection Z

[ 2.35
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120

3. I EEH| i, fEFEM subsystems | Image Ui [fi], % & Image 2/~ 15
A AFull, J24 % Image | Draw nodesiE i, J & SizestE[)Node image
AP R— N ERREUE, XS iR SR 6 g 15
AT R, Wl 2.36FR.

Object simulation inspector

Solver | Identifiers I Initial conditions Object variables XVA
Information | FEM subsystems Toals
Subsystem:  Platform
| General I Simulation | Image |Solutior1|

Image
() Simplified @ Full

Options | Calor

Image parameters
Draw nodes

Draw finite elements
|:| Contour

[ Bounds are not visible

[ Draw local coordinate system
|:| Draw coordinate systems

Sizes

Mode image: 2 A
Beam curve width: 3 ﬂ
Single node FE: 5 ﬁ
Length of local axes: 5.00 A

Hide elements

|:| Beams
[T shells
Solids

[ single node elements

Additional...

2.37
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4, AR SE 39415 A AhErN: 0.05, 0, 0.06) I A7 42
I AR, FAE NS RE I ER.

Wizard of variables @
FE Sensors | User variables /\, Reactions | I_. Coordinates | a!B Solver variables I ﬂ All forces Identifiers
5 Variables for group of bodies = Linear forces | > Joint forces I Y)F"_ Angular variables | )‘)_ Linear variables | as& Expression

=@ vibrostand Selected
- Platform platform
[ platform
E} [ Electricmotor
[ Body

|:| Rotor

|:| Cover

Coordinates of point in the body-fixed frame of reference
0.05 a 0.08

(7 Bipolar vector

Bipolar velocity

) Acceleration _) Bipolar acceleration
Component
(@] oy @z D1vi ov

Resolved in 5C of body

Basel LI

Relative to body

Basel LI

a a a
r:z{Platform. platform) " Coordinates of point (0.05,0,0.08) of body Platform.platform relative to Base0, 5C Base0, pro
2.38
=R > N = —
5. fEAREE[A)TE 39415 T s KIN A 7 8B SXT, JFEL I E I RIR.
i Wizard of variables =3
9 ariables for group of bodies = Linear forces | > Joint forces | Y)_ Angular variables I )‘)_ Linear variables | b Expression
FE Sensors | User variables /'\4, Reactions | I_. Coordinates | At B Solver variables | ﬂ All forces | | Identifiers
() 3926, Node 3926 (- Selected
(0 3927. Node 3927 ( 3941, Node 3941 ( 0.050, 0.000, 0.060)
~( 3328.Node 3328 ([ siresses [ Strains
(0 3929, Node 3929 ( i of sl
Nd oT soluton
O 3330, Node 3330 ( (@) Nodal () Elemental
(O 3931, Node 3931 (
O 3932, Node 3932 ( Element groups: Component:
- 3933. Node 3933 ( [ 1. sHELL 181 (3601, 3600, 3569, 3568) - [sx1 -]
(0 3934, Node 3934 (
() 3935, Node 3935 ( Resolve in the system of coordinates
(O 3936. Node 3936 ( [Local SC of subsystem -
(0 3937, Node 3937 (
(D 3938. Node 3938 (
() 3939, Node 3939 (
(0 3940, Node 3940 (
S ON 3941. Node 3341
() 3942, Node 3942 (-
(D 3943, Node 3943 (
(0 3944, Node 3944 (
O 3945, Node 3945 (
4 I4| b
S¥1_M_N3941_GroupFE3601 " Component 5¥1 of stress. Platform, 3941, Node 3941 { 0.050, 0.000, 0.050), nodal, group o
2.39
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6. fEFEM subsystems | Simulation 71 [, {R¥FGravitylE UM A ERE, I
% E BHJEAH S R £ah0.001, bA0, WK 2.40FTR.

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
KA I Information | FEM subsystems Tk

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. {Eldentifiers VL[, M FHiZ 1%L T R4t Vibrostand.Electricmotor,
R E LIS

nu=1620
tstart=0.5
tspeeding_up=2
tworking=3
tbraking=4

ik Fer RS T ARG R AT P A AR, DR J T R B

B IR .
Object simulation inspector
KVA I Information FEM subsystems I Tools
Solver | Identifiers | Initial conditions I Object variables
List of identifiers | [dentifier contral |
= A | vibrostand, Electricmator LI
Whole list
Mame Expression Value Comment
cStifflateral 1.0000000E +6 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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{ESolver U1 [ 1% B R 2 ZEan -

Solver = Park

Type of solving = Range Space Method (RSM)

Simulation time = 10

Error tolerance = 1E-8

Computing Jacobian Matrices = ON

8
([
[ ]
[ ]
o Step size = 0.002
([
[ ]
[ ]

Block-diagonal matrices = OFF

Object simulation inspector

KVA I Information |

FEM subsystems | Tools

Solver | Identifiers |

Initial conditions

| Ohiject variables

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

Solver Type of solution

) BDF _

i) ABM (70 Mull space method (M5M)
i@ Park

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

Time 4 0 @
Step size for animation and data storage
Error tolerance

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

[7] Blodk-diagonal Jacobian

Integration ” Message

Close

& 2.42
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9. riiiIntegrationtZEH UG5 H, &5 RuWE 2.4307R.

Plots - Deflections of platform points o || = || ER

Variables

o .r:z[F‘Iath:rm.pIatFnrm]l - Coordinates of point (0.05,0,0.08) of body Platform. platform relative to Basel, SCB...

Deflection, mm : ; I :
| TR RN,
‘ ‘ ‘ ime,
1 1 1
o 2 4 & ] 10
Ey=-3
Plots - Accelerations of platform points = || = ]| E2
Variables

v .a:z(F‘IatForm.pIatForm]l - Acceleration of point (0.05,0,0.08) of body Platform. platform relative to Based, SC ...

e e e e Py
- N 1 1
3 ' | |
| ' ) | T 1
1 ! "l I} NI ey 1
o . | ! 5 P
- ! i :
~L ' N 1
7)) S RSP (|, (| Y| O |y | e el e
- 1 1 1
Plots - Stresses of platform points o || B 2
Variables

v .S?{ 1_M_M3941_GroupFE3a01 - Component 5% 1 of stress. Platform, 3941, Mode 3941 ( 0.050, 0.000, 0.08&...

W -smass Mpe " ")t I Y it S

-10

Ey=56

2.43
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10. EHEF L2 E&W DA EZHySEE, DMETX .
Plots - Accelerations of platfarm paints = =R =

Variables

a:z{Platform. platform) - Acceler . ETEE
| PG pl ) = Options.. 3

Edit...

Open copy in Wizard of Vriables...
Delete Del e, 5
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

Bl Copy to cipboard Ctrl+C  ——
Copy as static variables Ctrl+5S

= Load from file...

B 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 L4
Position 4
Add...

2.44

& i Interrupt.
12. fEEl 2.40f7/~ FtH A& Switch off all flexible modes .
RiifiIntegration, FIXIHAT (i H .

Plots - Accelerations of platform points EI@

Variables

.a:z(PIatform‘pIatfcrm) - 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

b Accslerstion; mis2
I J:”mmm”mm ‘ } {
’ ....u.HH‘ H|‘IIMH|HH H P, Tmes
o n i } ‘ ’ I| .|‘I|‘ H1 s
o ‘
8.059 73

2.45 TEEHIGITNRMERE, T& %3 MR

www.universalmechanism.com 60 www.tongsuan.cn



http://www.universalmechanism.com/
http://www.tongsuan.cn/

