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Planar Mechanics

 We shall now look at a first application of multi-
bond graphs: planar mechanics.

« We shall notice that a mechanical model
composed of multi-bond graphs grows quickly in
size and becomes poorly readable.

 For this reason, It Is Important to wrap multi-bond
graph models of mechanical components In a
framework that Is more suitable to a modular
description of mechanical systems.
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A Crane Crab

 Let us start by modeling the following crane crab:

y

Prismatic Joint

Revolute
Joint

Mass 2

November 8, 2012

© Prof. Dr. Francois E. Cellier Start Presentation 1>




ETH

Cidgendssische Technische Hochsthule Tdrich
Swiss Federal institute of Technology Zurich

Mathematical Modeling of PhyRical Sy3tems

A Crane Crab |1
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A Crane Crab |11
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Planar mechanics

a

Prismatic? =2

LSO, Body2
S e sub-library of the
=303 Prismatic! . multi-bond graph
library
planarvorld
! EDIL& Fi:edTranslz... Body1
4y LER=
. r={1,3} »
ki /
=1 0.0} Body3 Standard Modellca\

multi-body systems
library

A Crane Crab IV

The standard Modelica multi-
body systems library is a general-
purpose 3D mechanics library. No

separate  support for planar
mechanics is currently being
offered.

The multi-bond graph library
contains separate sub-libraries for
planar  mechanics and 3D
mechanics, as well as for
modeling hard collisions between

wors oo - oy mechanical bodies and for
i i i ——) modeling  gravitational  pools

) Revolute? m=y (celestial mechanics).
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Mechanical Connectors (Frames)

Fixed?
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Although the connectors look the same, they are not

compatible.
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ﬁ]'”‘e”am - Froames. Orientation B
"Orientation object to rotate the world frame inte the connector frame";
FixedTransipti... DFrame a flow 3I.Force £[3] "Cut-force resolved in commector frame' &;
flow 3I.Torcque £[3] "Cut-torgque resolved in connector frame";
5 Frame_b J end Frame;
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| 2]
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Mechanical Connectors (Frames) 11
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Line: 10 ‘ Modeling

encapsulated function equalityConstraint

EI

Redundant connections
needed because of the
bond graph approach.

/]

The component models of the standard
multi-body systems library and the
wrapped multi-bond graph library

cannot be mixed.

import Modelica;

A HMBG2Mech

Vs import MaltiBondlib. PlanarMechanics. Interfaces;
// - 4 Mech2MBG extends Modelica. Icons. Function;
q ] ﬂ,ﬁ.dditionalMEG input Interfaces.Potentials PL;
input Interfaces.Potentials PZ;
DEFD[CES output Real residue[3];
o [Joints algorithm
residue = {Pl_x-PZ_x Pl v-PZ_ v, Pl._phi-PZ _ phi};
[]ﬁ]Parts = { PL.y-PZ.y, Pl.p phi}
=
[]@Examples _ end equalityConstraint;
B ]| Types
0 =
2] 7 b by 2 20 =

end Potentials;

!_:§:|¢I¢|n|

"redundant part of the comnector for the planar objects"

"Returns the constraint residues to express that two frames hawe the same orientation"
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Revolute Joints

Fixed?
n={1 0
a _Fﬂ_
Prismatic
r={0,0}
yplanarWnrld
X
Fixed?
r=i1 00}
L L | F
Prigmatic?
P={0,0,-1}
wyarld
H

Revolute1

FixedT

[ meaite - St Planar et ok e LR ey
s

Revolute - MultiBondLib.Plan

ZEQ8| w_r-*'d'oom'nz-g-f:::m - % ¢rucny E File Edit  Simulation: Elok Animation Commands - Window  Help
=

Package: -
CDerohts
futmetinpMme
e Fotentaf UM ™
l|l $lorelood 3 [

s (YPats
£ [P Esarmpes J
o [ Ty

ol =
nEleldn

Components
=Phubliond b Fanaechar:

Revolute - Modelica.Mechanics.MultiBody.

=10/ |
=18 ]

sEQAS W/ me¥ AR L &-[Hh Z-

%-¢»mSAEE ™
A

B

| |

-

o Packages
—D'JqC . :ﬁdnints
-T=1Prizmatic
| _ P}JHevqute |
AR E=T) P RN B PP
(R Bl e«| >8]

aquation

defineBranchiframe a.P, frame b.P):

phi = Dg phi.gl[l]-phi_offset_rad;
w = Jl_l.MultiBondConl. £[1];
= = deriw);

("

end Rewvolute;

4] |

B e Edit simulation Plot  Animation Commands  windew  Help

of

- 1o x|
-1 x|

l=dag |

ecquation

| = = e

é--ﬂ]HevnluteWithengthEo...;l

» |

K|<|

if rootediframe_a.R) then

[/ mev AR L-®-HM, 2+ >u @B £ ]
|

Packages I;I assert (cardinality(frame_a) > 0,
-mmFlanar "Connector frame a of rewolute joint is not connected"):
---ﬁ-ﬂSpherical assert(cardinality{frane b) > 0,
"Comnector frame b of revolute Joint is not connected");
- i Fretd otion -
g S phericalSpherical if not planarCutJoint then
defineEBranchi{frame a B, frame h_R):
--J—;UniversalSpherical - -
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- Prigmatic frame b.r_0 = frame a_ r_0;
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Revolute Joints |11

e Using the multi-bond graph library, almost the entire
model of the revolute joint has been coded graphically.
There are only very few equations to be coded in the
equation window. (There is still quite a bit of code there,
because the object is being animated, and Dymola doesn’t
offer graphical support yet for coding animation models.)

o Using the multi-body library of the standard Modelica
library, the entire revolute joint had to be coded by means
of equations, leading to a fairly large equation model that
Is difficult to understand and even harder to maintain.
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Rationale for Multi-bond Graphs

It Is important to keep the distance between the
lowermost graphical layer and the equation layer
small, such that as few equations as possible need
to be maintained in alphanumerical form.

Bond graphs and multi-bond graphs provide the
most primitive graphical interface that is still
fully object-oriented. Hence, when using bond
graphs, the distance between the lowermost
graphical layer (the bond graph layer) and the
equation layer Is minimized.
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Rationale for Multi-bond Graphs |1

 However, this does not imply that bond graphs
offer an optimal user interface. For mechanical
systems, this is certainly not the case.

 Wrapping bond graphs enables the modeler to
map any graphical object-oriented modeling
paradigm onto a lower-level bond graph layer that
simplifies the maintenance of the resulting
application libraries.
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Animation

In  Dymola, mechanical models can be
automatically animated. The end user of the

models doesn’t need to be concerned about this
facet of modeling.

However, individual bonds cannot be animated.
The animation must take place at a higher
conceptual level, namely that of multi-body
system components, such as masses and joints.

For this reason, a wrapping of multi-bond graphs
IS necessary If the resulting models are to be
animated.
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The Wrapper Models
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The Position Translation Model
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The Planar World Model
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wodel Planarforld

1

i
"world model for planar mechanics.World coordinate system + gravity field + default animation definition" jl

import 81 = Modelica. 8Iunits;

parameter Boolean enahlelnimation=true
"= true, if animation of all components is enabled";
parameter Boolean animateWorld=true
"= true, if world coordinate system shall be visualized";
parameter Boolean animateGravity=true
"= true, if gravity field shall be visualized {acceleration wector or field center)";
parameter Modelica Mechanics. MultiBody. Types. AxisLabel lghell="x"
"Label of horizontal axis in icon";
parameter Modelica Mechanics. MultiBody. Types. AxisLabel lghelZ2="y"
"Label of wertical axis in icon";
parameter Modelica Mechanics. MultiBody. Types. GravityTypes. Tenp gravityType=
Nodelica. Mechanics MultiBody. Types. GravityTypes. UnifornGravity
"Type of gravity field" &;

parameter 5I.Acceleration g=9.81 " Constant gravity acceleration" 8;

parameter Modelica Mechanics. MultiBody. Types. ixis n={0,-1,0}

L PR rrr o e

Line: 1‘ Modeling y? Simulation A

Every planar mechanical model must
invoke the “planarWorld” model.

The primary purpose of the world model is
to set up the animation.
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Crane Crab Simulation Results
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2D Simulation of 1D Models

|t Is of course always possible to make use of the
planar library also for the simulation of 1D

models.
« Let us Investigate, what the overhead of such an
approach would be.

 To this end, we shall simulate the sliding mass
model now using the planar mechanics library.

Start Presentation
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2D Simulation of 1D Models |1
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Wrapped 1D mechanical bond graph model

Translation Logs

November 8, 2012

Messages - Dymola

Syntax Errar | Translation IDiang Errar | Simulation |

=10l ]

b aszes:

Tratizlation of mmps hw3zo, - - -
LAE having 685 scalar unknfprne and 685 scalar equations.

STATISTICS

Origitial Model
Mumber of components 108
‘arables: 705
Congtants: 0
Parameters: 59 [59 scalars)
Unknownsz: B47 (685 scalars)
Differentiated variables: & scalars
Equations: 431
Mantrivial : 250

Translated Model
Conztants: 185 scalars
Free parameters: 40 scalare
Parameter depending: 19 scalars
Imputz: 0
Cutputs; 0
ContinLous B

& ztates: B scalars

Azzumed default IMtTeeemditicrrs:
LogDefaullnitialConditions=true; gives more information
Mumber of mixed real/discrete systems of equations: 0
Sizes of linear systems of equations: § }

Sizes after manipulation of the linear systems: { }

Sizes of norlinear systems of equations: { 1

Sizes after manipulation of the nonlinear systems: { }
Murnber of numenical Jacobians: 0

Finizhed
A ewperiment StopTime=10
Finishied

Messages - Dymol

Syntax Error | Tranzlation IDiaIDg Errar I Simulation |

Tranzlation of mmps 10 2DkecH:

DAE having 3705 zcalar unknowhs and 37058 zcalar equations.

STATISTICS

Oniginal kodel
Mumber of components: 268
“ariables: 2470
Constants: O
Farameters: 623 [F15 zcalars]
Unknowng: 1847 [3705 zcalarz]
Differentiated variables: 18 scalars
E quations: 1436
Montrivial : 984

Tranzlated Model
Congtantz: 1722 scalars
Free parameters: 832 zcalars
Farameter depending: 577 scalars
Inputz: 0
Outputs: O
Continuous time #ates: B scalars
Time-varying varkables: 107 scalars
Aliaz vanables: 20MG scalars
MNumber of mixed real Hee prtems of equations: 0
Sizes of inear systems of equations: {10, 10, 10}
Sizes after manipulation of the linear spstems: {0, 2, 0}
Sizes of nonlinear systemns of equations: § }
Sizes after manipulation of the nonlinear systems: {1}
Murnber of numerical Jacobians: 0

Firizhed
/4 experiment StopTime=10
Firizhed
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Simulation Logs

Messages - Dymola

Syntas Errar | Translation | Dialog Eror Simulationl

Messages - Dymola

=10l x|

Synta Emrar | Tranzlation | Dialog Errar | Simulation |

=10 ]

Log-file of program ./ /dymosim

dymosim started

{generated: Tue Dec 1Z 15:45:3F Z00&)

Log-file of prograwm . /dymosim

dymosim started

{generated: Thu Dec 14 Z1:5&6:E7 z00&)

"desin. txt" loading (dymosin inpuat file)
"ElidingMasses . mat" creating (simulation result file)

Integration started at T = 0 using integration method DASSL

"dein txt" loading i(dymosim input file)
"mups_10_ZDMech mat" creating (simulation result file)

Integration started at T = 0 using integration method DASEL

{DAE mualti-step solwver

{dassl/dasslrt of Petzold modified by Dynasim))

(DAE wnlti-step solver

{das=sl/dasslrt of Petzold wodified by Dynasim))

Integration terminated swuccessfully at T = 10
CPU-time for integration
CPU-time for one GRID interwgl:

0.01 seconds
0.0F milli-seconds

Integration terminated successfully at T = 10

CPU-time for integration
CPU-time for one GRID inter

al:

0.02 seconds
0.04 milli-seconds

Numher of result points T GOI Mumber of result points sol
Mumber of CRID points - E0l Mwber of GRID  points 501
MNunher of (successful] steps @ 75 Hunber of tsuCCESSf?l> steps e
Mumber of F-evaluations T E37 Humher of F—evaluat%nns - 233
MNunher of Jacobian-evaluations: 15 Hunber of H-evaluations - 578

Mumber of i(wodel) time ewents - 0
Mumbher of (U) time ewvents ]

MNunher of state events H]
Nunmher of step events ]
Minimum integration stepsize Ee—-005
Maximum integration stepsize o.zk3
Maximum integration order -

Calling terminal section
"dsfinal . txt" creating (final states)

Munher of Jacobian-evaluations: 15
Mupber of (model) time ewents : 0
Humber of (U) time ewvents ]
Munher of state
Munher of step

BVENL S ]
BVENL S ]

Minimum integration stepsize Ee-005
Maximum integration stepsize O.283
Maximum integration order -1

Calling terminal section
"dsfinal.txt" creating (final states)
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Simulation Results
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