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Detailed physical model of robots

e Accurate simulation
* Many robot types

* Integration into development toolchains
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KUKA

Models that are:
Detailed

Organized Formal
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KUKA

Modelica benefits

* Visual, acausal, multi-domain, hybrid...

* Model inheritance + redeclaration mechanism -> architecture-driven design

replaceable AbstractGearbox gearbox;

bus

redeclare FlexibleGearbox gearbox;

Joint

mechanical 2

mechanical_b

bus

bus

Abstract Gearbox

Model-based robot design in Modelica| Zoltan Rési | 04.02.2021 | zoltan.resi@kuka.com | www.kuka.com

Joint

mechanical_b

Gearbox Variant
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Hierarchical model ...
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KUKA

Hierarchical model with abstraction layers

o

[ Abstract

N

Variant

Data

J
[ J
(Cortren
| J
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KUKA

Hierarchical model with abstraction layers: example

o

=

[ Abstract

N

Variant

N

Data

J
[ J
(Cortren
| J
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KUKA

Robot - Abstract
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frame_a

robotBus

frame_b
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Hierarchical model with abstraction layers: example

o

[ Abstract

N

Variant > Serial Robot

Data

J
[ J
(Cortren
| J
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KUKA

7-axis Serial Robot - Variant
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frame_a

axis1bus

axis2bus

robotBus

axislbus

axisdbus

axisSbus

axisSbus

axisfbus

axis1

axis2

axis3

axisd

axiss

axist

axisy

frame_b
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KUKA

Hierarchical model with abstraction layers: example

o

[ Abstract

N

Variant > Serial Robot

Data

J
[ J
| J
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KUKA

LBR iiwa - Configuration
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robotBus

redeclare axis/.joint in LBRiiwa14.LBRiiwal4Model

General Add modifiers Attributes

Component

Mame |rededare axis7.joint

Comment |

Mode!

Path MADA. Components. Joint. Variants. BasicJoint. Joint_model

Comment Basic Joint

Parameters
data | LBR iwa Toint 7 ~ |ES »
useEquivalentBody | falzse V|'
Custom Parameters
physical_a | ] Flange_a V| v
SubComponznts
motor =] pcem ~ |ES
jointTransform | 1 Revolute V| +
gearbox (] Ideal Gearbox |V | 4

<Remove modifier =
| Ideal Gearbox
M Flexible Gearbox

|[] Linear Gearbox

axisTbus

frame_b
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KUKA

Hierarchical model with abstraction layers: example

o

[ Abstract

N

Variant > Serial Robot

N

J
[ J
| J

Data 4 LBRiiwa 14 kg
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KUKA

LBR iiwa 14 kg - Data

b D FlexibleGearbox

D Gearbox_model

B LBRiiwal4Gearbox_data

robotBus

LBRiiwa14.Data.Gearboxes.LBRiiwal4Gearbox_data

General Add modifiers Attributes

Component

MName |

Comment |

Mode

Path LERiiwa 14.Data. Gearboxes LERiwa 14Gearbox_data
Comment LER iiwa 14 Gearbox

Parameters
body_data |
T_origin |
ratio 1
motorshaft_axis 0,01 v[EEr 1
gearboxShaft_axis {0,0,1} ~ E L i
spring_constant 10e2 |* N-mjrad
damping_constant 0.7[* N-m-sfrad
velocityLimit {-pi,pi} v radfs
jerkLimit 1-1,1% E v radfs?
effortLimit {55 B nm

Fixed transformation from frame_reference to frame_origin

mys, rad/s; [min,max] linear /angular velocity along joint axis
m/s3, rad/s3; [min,max] linear/angular jerk along joint axis

M, Nm; [min,max] forceftorque along jeint axis

ok || cancel || mf

redeclare redeclare axis7 joint.gearbox in LBRiiwal4.LBRiiwaldModel ?

GeM General | Add modifirs  Attributes
Com Component Icon
Nz Mame |rededare rededare axis7.joint.gearbox |
Cd Comment | |
Mod Model i
Pa Path MADA. Components. Gearbox. Variants.FlexibleGearbox. Gearbox_model axisThus
Cq Comment Flexible Gearbox
Parg Parameters arh?
da data redeclare replaceable parameter Gearbox_data data -:c-nstl'ain| ~ E +
sl frame_b
useEquivalentBody Flexible Gearbox data FIV '
Cusi
ph
Subd
m
joil
ael
ok || caeel || mh
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KUKA

Hierarchical model with abstraction layers: example

o

[ Abstract

N

Variant > Serial Robot

N

J
[ J
| J

Data 4 LBRiiwa 14 kg
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KUKA

Interfaces — default options

Specific — fully defined Generic — no constraints

. Rotational 1D Expandable bus

. Translational 1D
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KUKA

Interfaces — more flexibility required

bus

Ayd

g

Joint Model:

- Rotational OR Translational flange

gearbox

jointTr... D
frame_a

frame_b

Simple Joint Model
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KUKA

Interfaces — partially defined option

Specific — fully defined Partially defined/constrained Generic — no constraints

D Mechanical 1D:

‘ Rotational 1D ‘ Rotational 1D or Expandable bus

. Translational 1D . Translational 1D
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KUKA

Interfaces — hierarchy of connectors

Modelica Standard Library Interfaces Package

Rotational Flange Mechanical Flange |<+—
extends
Textends
Translational Flange Rotational Flange extends
extends

Translational Flange | —
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o, OMEdi - Openblodelics Connection Editor
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KUKA

Current state of the framework

v Independent components

v’ Easy integration of models into the framework
v" Minimal constraints on modelling

v' Easy configuration

v Transparent data
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Future work

Integration of multiple robots and more detailed models

Automated data export/import

Import model configuration

FMU generation
OMOptim
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Thank you for your attention!
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