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Cil prezentace:

- Priblizit moznosti reseni dynamickych uloh pomoci MKP i MBS
- Moznosti

- Vyhody / Nevyhody

Demonstrace na prikladu: nouzove brzdeni vyrobniho robota
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NOUZOVEM BRZDENI VYROBNIHO ROBOTA @) rme 425

Analyza silovych ucinkd pri nouzovém brzdéni vgyrobniho robota
Metoda simulace:
- Abaqus

- Simpack Axis 1(A) =+ 180°
Axis2(B) =+1275°
Axis3(C) +1525°
Axis 4 (D) =+ 270°

- 3DExperience Multibody

STAUBLI Robotics TX2-60L Axis5(E) +132.5°/-121°

vyrobni robot Axis 6 (F) +270°")

6 os ) _
Joint speed -axis 1 435°/s

Hmotnost 52,9kg r g 385%/s

Bremeno 3,7kg Joint speed -axis 3 500°/s
Joint speed -axis 4 995°/s Load capacity 3.7 kg
Joint speed -axis 5 1065°/s Reach (between axis 1 and 6) 920 mm
Joint speed -axis 6 1445°/s Number of degrees of freedom 6
Maximum speed at load gravity center 11.1m/s Repeatability - ISO 9283 + 0.02 mm
Maximum inertia axis 5 0.125 kg.m2 Average power consumption 0.4 kW

Maximum inertia axis 6 0.032 kg.m? Weight 52.9 kg




CAD Geometrie

Hmotnostni rozbor
Vychozi stav robota pfi zacatku brzdéni (poloha, rychlost)
Brzdné parametry

VSTUPY DO SIMULACE
ANEB BEZ CEHO SE NEOBEJDEME
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RESEN| Vv ABAQUSU
/AKLADNI ROZVAHA

Geometrie — solid nebo beam?

Step bude implicitni dynamika -> mnoho inkrement(
Solid: : |
- Lepsi distribuce hmoty |
- Dlouhy vypocet nebo Rigid body
Beam

- INP [ze napsat rucne

- Poddajne teleso

- Zjednoduseni profilu

- Horsi distribuce hmoty

Agplus®
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RESEN| Vv ABAQUSU
KINEMATIKA MODELU

Kinematika vyuzije elementy Conn3D2

Ddlezité nastaveni konektoru:

Typ konektoru
Souradny system
Rozsah uhld

Tuhost

Amplituda zrychleni
Pozadavky na vystup

Agplus®
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RESEN/ Vv ABAQUSU
DEFINICE KONEKTORU

*CONNECTOR SECTION, ELSET=0SA_1, BEHAVIOR=Behav_1
Hinge

Ori_Axis_1

*ORIENTATION, NAME=0ri_Axis_1, DEFINITION=NODES

1,1, 2

*CONNECTOR BEHAVIOR, NAME=Behav_1

*CONNECTOR STOP, COMPONENT=4

-3.1416, 3.1416

Agplus®
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RESENI Vv ABAQUSU
DEFINICE STEPU

*STEP, INC=1000000, NLGEOM=YES

*DYNAMIC, SINGULAR MASS=WARNING

0.001, 2.5, 4.E-5

*BOUNDARY, TYPE=DISPLACEMENT, OP=NEW

BC,1,6,0

*CONNECTOR MOTION, TYPE=ACCELERATION, AMPLITUDE=AXis_T1

Agplus®
IDIADA
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OSA_1, 4, 0.017453293 Y S

*OUTPUT, FIELD, TIME INTERVAL=0.005
*NODE OUTPUT
A,CF,RF,UV

* 3k

*OUTPUT, HISTORY, FREQUENCY=T

Angular acceleration

*ELEMENT OUTPUT, ELSET=0SA_1 00 05 10
CUR1, CVR1, CAR1

1.5
Time

2.0

2.5



POSTPROCESSING

Poddajna télesa kmitaji vlastnim tvarem na urcité frekvenci
K jevu prispiva i absolutne tuhé vetknuti
Vysledky je treba filtrovat, napr. filtr Butterworth 30Hz
590 —Abaqus - nefiltrovane

—Abaqgus - Butterworth_30Hz
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Vyhody MKP pristupu

- Implicitni moZnost analyzovat poddajna télesa

- Jednoduché priklady mohu napsat ru¢ne a parametricky naskriptovat
o Robot
o Rizeniv letadle

Nevyhody MKP pfistupu

- Vyrazne delsi simulacni ¢as, zejména u slozitych modeld

- Konvergence kontaktu

- Aproximace tvaru konecnymi prvky

vvvvvv

V eV /7
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- Import geometrie pres STEP soubor
- tuha télesa
- hmotove parametry (polohy tezist,
T momenty setrvacnosti, ...) jsou vypocteny
Cane sCog x> R T LEC T ¥ T I TV T T L BTSN E automaticky na zaklade geometrie a

GO BRI LE BB R ma TG 00 sum : B R [ e E]E]

celkové hmotnosti

- Definice kinematickych vazeb
- Plna parametrizace ulohy - vstupni veli¢iny pro
jednotlivé osy
- poloha,

- max. rychlosti

= =
2060.82 2060.82 7
. - zpomaleni
L 45 45
=su 45 45
e w—w & a5 .
08: at time =8 a5 a5
I 56 _om_max
=55 1333 1333
=L 0 &0
1) 56 56
=18 120 120
dag 100 100
=1 100 w00
$6.3
:



RESENI V SIMPACKU Arplus’

SIMPACK PRE — DEFINICE POHYBU

@ PUBLIC 15/25

=4 Excitation Properties: SE_S *

Time Excitation Name  [SES | 0 Def|n|Ce buzeﬂll

function values, f(t)

&

Description: |

7 .
UIE u-Vector Assignments - rUCthStr” prOﬁl,
_ 04 Value  |SUES Value ] l h h l ,
= —_
} ~ 1st deriv.:  |SUE_S_1st_deriv create |Z| p O O a a Z rg C e n | S e
10 2nd deriv.: |SUE_S_2nd_deriv aeate| .. v .
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first derivative, f(t) Disabled: [ [p]
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H _ vel Sily v ukotveni robota Momenty v ukotveni robota
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Doba vypoctu 8s
Simpack post projekt s vystupnimi velicinami
Export pozadovanych velicin v textovem formatu



v y , Arplus®
RESENI V SIMPACKU I ADA
/ AVER rosne 17/25

Vyhody Simpack pristupu
- Kratky simulacni ¢as i u slozitych a pocetnych sestav
- Jednoduchost pouziti

Time = 0.005 s

Nevyhody Simpack pristupu
- Nelinearni materidlova odezva pouze
v co-simulaci s Abaqusem
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; ) IDEXPERIENCE | SIMULIA Motion Analysis
3 =

Bookmark Editor ROBOT_Motion Analysis A TX2-60L-HB-WS_ASMA.1

2 RGBT Maton A A 8 - Mechanismus definovany na existujici geometrii v databazi

=55 Model
. . v 7 Vv v
5@ vo-sows A - Mechanismus je dalsi polozkou ve strome sestavy

Bﬁ Mechanism 00000042 A 1 —

=B Globals

I+ Functions

ok Bodies

== Joints

I+ Drivers

[+ Probes

[IE"! Parameters

*= 0@ Relations

& [IE"! External Parameters
=F&F acc_break A1

& [IE"! Parameters

(E} @— Relations
(e 9‘ InpFunct A1
& -0 o1
#HBL Te-s0L_1 A1 (1)
=HEL TX2-60L_2 A1 (2)

# @ mesoLz Al

[ “ Finite Elernent Model00010574 A1

I r‘ Finite Element Model00010595 A1

If-Es Materials

Iﬁ—% Engineering Connections

- Model plné parametricky

- Poddajna télesa jsou vytvorena primo v dilech mechanismu,
mozno libovolne prepinat mezi variantami

FB Txe-60L3 A1 (3
F Te-60L_4 A1 (4)
FHBL TX2-60L5 A1 (5)
FB Te-60L6 A1 ()
\ﬂ'e Krabice A.1 (Krabice)

1
= Motion Analysis Case.1 (Mechanism 00000042 A 1)

\ﬂ’ﬁ Analysis Steps
ls rlﬁ External Farameters

N I_J}i Result

\_J- Result of Motion Analysis Case.1

])E Analysis Step Results

Dynamlc Step.1




Function

FFH pata Points

MName s
Physical Quantities
Independent, x | Time

Dependent, F(x) | Angular velocity

v Definition
F=8H a2 vh
x Fx)
1 |-01s |: 0Odeg_s
2 |os - | fu | Odeg s
3 0932 |: Odeg_s
4 | 1.6071s |: -133.3125deg_s
5 | 19072s |: odeg_s

e [an [ oo -

Interpolation | Linear

Extrapolation  Linear

 Scale and Offset

Scale

x 1 ‘: Fix) |1
Offset

o 0s 379 [ odeg s

(o

plarfar|ar|an|ar

o

Cancel

Plot Graph |

1 e

Angular velocity [deg_s]

o

R

E

S

EN

| VE SDEXPERIENCE
DEFINICE POHYBU

Time [s]

Rychlostni profil
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ROBOT Motion_Analysis A.1
gt Eé Maodel
&;@ TX2-60L-HB-WS_ASM A1
Il techanism 00000042 A1
[H-TF acc_break A1
[ 9’ InpFunct A1
& Tx2-60L_0 A1 (@)
F & ™z-60L_1 A1)
FB THz-60L2 A1 (D)
FB THz-60L3 A1 (D)
)
)
)

B TX2-60L4 A1 4
# & nesoLsAlG
F B Tx2-60L6 A1 (6
w8 Krabice A1 (Krabice)
S Scenario
| Motion Analysis Casze.] (Mechanism 00000042 A1)
| rl—l-zi External Parameters
I__—J-'t
I_—J— Result of Maotion Analysis Case.l
IJ—' Analysis Step Results
.% Drwnamic Step.1
I=H 20 Plots

Sily w ukotwveni robata (Cwnamic Step. 1)
Mornenty v ukotveni robota (Dynamic Step. 1)
COG (Dynarmic Step. 1)

VYPOCET A VYHODNOCEN|

ﬁ\hewer Sily v ukotveni robota (Dynamic Step.1) - X
ke =) B
750
 —
500
=
>
]
2
=1
w

|

[0 T T

[ 1 2
Time [s]
— FIX_BiForceiX — FIX_B/Force/Y — FIX_BiForce/Z
HV\ewer Momenty v ukotveni robota (Dynamic Step.1) - X
B &1 & 8
100
50
T 0
=
S
X s
@
El
=4
F 00
-150
g 1 1
[ 1 2
Time [s]
— FIX_B/Torque/lX — FIX_B/Torque’Y — FIX_B/TorquelZ
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Doba vypoctu 8s

Vysledky dalsi polozkou se strome
simulace

Export pozadovanych velicin v textovem
formatu

Strukturalni simulace na jedno kliknuti
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Vyhody pristupu SDEXPERIENCE
- Plné propojeni s CAD daty

- Kratky simulacni ¢as i u slozitéjSich sestav
- Jesteé jednodussi pouziti nez u Simpack

Nevyhody pristupu 3DEXPERIENCE

- Databaze na pozadi — nékteré operace trvaji dlouho

- Zatim omezena nabidka specialnich prvku

- Zatim neni moznost propojeni na optimalizace a DOE (v planu)




Uvod

. Abaqus
. Simpack
. 3DEXPERIENCE

. Zaver

OBSAH

Agplus®
IDIADA

@/‘l PUBLIC

23/25



/ AVER

RESEN| DYNAMICKYCH ULOH POMOCI MKP | MBS

VsSechny pristupy poskytuji relevantni vysledky
Jednoduché MB simulace miazeme zvladnout i v MKP
U slozitych MB simulaci v MKP budeme resit tyto
problemy:

- Dlouhé vypocetni ¢asy

- Nepresné kontaktni chovani

- Prilisné zjednoduseni (tvar a rozlozeni hmoty)

MB simulace na 3DExperience jsou jednoduché a
intuitivni, strma krivka uceni

Simpack je nejmocngjsi a nejuniverzalngjsi MBS nastroj

Agplus®
IDIADA

i(i\l PUBLIC 24/25

FZ[N]
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540

530

520

= = 3DEXPERIENCE

e SIMPACK

——Abaqgus - Butterworth_30Hz

0,5

TIME [S]

Doba simulace: Abaqgus: 5:30, Simpack & 3DExperience: 0:08




; v @
7 AVER ApLS

ORIENTACNI CENA SIMPACK
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Simpack Solver

- Jednotneé licencovani s Abagusem
- Tokeny SRU

- Kredity SUN

Grafickeé rozhrani
- Rocna licencia SIMULIA Simpack uz od 6 175 EUR bez DPH
- Trvala licencia SIMULIA Simpack uz od 12 050 EUR bez DPH + Maintenance

v
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