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 In this homework, we shall attempt the modeling of a planar

10th Homework — Solution

mechanical system.

 We shall do so once by employing the planar mechanical
sub-library of MultiBondLib, and once by working with a

multi-bond graph directly.

e The version using the sub-library can be animated, whereas

the direct version cannot be animated.
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Description of the problem

The ElastoGap model

Planar mechanical (wrapped) thread-pendulum model

Multi-bond graph (direct) thread-pendulum model
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A Thread-Pendulum Model

In this homework problem, we shall be dealing with
modeling and simulating a thread-pendulum.

A thread-pendulum is a variant of the pendulum that we
have been discussing previously. Here, the mass hangs on
an infinitely thin mass-less thread instead of an infinitely
thin rigid bar.

Consequently, the mass has now two mechanical degrees of
freedom rather than one.

When the mass Is at an elevation higher than the origin and
IS moving at a velocity that is too small, it will switch to a
free-fall motion that lasts until the thread is fully extended
again.
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 The thread-pendulum can be described easily using the
multi-body systems sub-library of the Modelica standard

library:
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A Thread-Pendulum Model IV

* We wish to simulate the pendulum using polar coordinates.

e Hence we start out with a revolute joint around the inertial
frame. The multi-body systems (MBS) library makes use of
the state selection algorithm to get Dymola to choose the
relative angle and angular velocity as two state variables.

 The model then proceeds with a prismatic joint, adding the
second mechanical degree of freedom. The MBS library uses
the state selection algorithm to convince Dymola to use the
relative position and velocity of the prismatic joint as the
other two state variables.

« Hence we operate In polar coordinates around the origin
(inertial frame).

. . S P '
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A Thread-Pendulum Model VV

« We still need to implement the constraint: the mass of the
pendulum cannot move to a position that is farther away from
the origin than the length of the thread.

 This constraint is tricky to implement. Let us consider for a
moment a train engine impacting with a buffer-stop at a finite
velocity.

o |If the buffer-stop Is Infinitely rigid, the remaining Kkinetic
energy of the train would have to be destroyed instantly,
which requires an infinite force. This will either damage the
locomotive, or the buffer-stop or both.

« Therefore, a real buffer-stop Is flexible. It has a stiff spring
and a damper built into the stop.
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The ElastoGap Model

« We might be iInclined to model the buffer-stop In the
following fashion:

flange_a

=_rel
Nusg

relPositionSensar

T darmper

flange_ b

T -~

Contact
—h

spring

— N
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]

* When the train engine makes contact with the buffer-stop, the
switch closes, and the spring/damper system becomes active.
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The ElastoGap Model |1

Unfortunately, this approach fails.

If the spring IS modeled as a capacitor, then the
capacitor only becomes active after contact. This
means that the number of differential equations
would Increase by one at contact, which Is
something that Dymola currently doesn’t support.

Remember that all switches must be placed inside
algebraic loops.

If the spring IS modeled as a modulated effort
source, the spring won’t have positional information
available while the switch i1s open, and therefore
cannot compute the spring force.

: - Start P |
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The ElastoGap Model 111

* We wish the re-create the thread-pendulum model using the
planar mechanical sub-library of MultiBondL.ib.

e Unfortunately, the 1D translational sub-library of BondLib
doesn’t offer an ElastoGap model yet.

« Hence your first task will be to create one.

o Of course, you could simply use the connectors of the 1D
translational sub-library of BondLib and copy the equation
model over from the corresponding sub-library of the
Modelica standard library.

* However, that would be no fun. You are supposed to create a
graphical ElastoGap model.
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The ElastoGap Model 1V

* In order for this to work, the spring/damper system must be
continuously engaged. You cannot use a switch.

* One way how this task can be accomplished is by measuring
not only the relative position between the two flanges, but
also the force into the spring/damper system. You may then
apply a pair of additional force sources at the two flanges that
compensate the pair of forces (same magnitude, opposite
sign) of the spring/damper system, whenever there is no
contact, such that the total force at the two flanges adds up to

ZErO0.
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The ElastoGap Model Vi
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model ElastobGap

parameter Real of
final unit="N/m",
final wmin=0) = 1 "spring constant";

parameter Beal d4dif
final unic="N/
final min=0) =

Modelica. 8Iunits.WVelocity w_rel

(msS=h",
1l "damping constant";

eouiation
v_rel =

contact =

equation

}L[

end ElastoGap;

flange b.wv - flange a.v;
Contactl. u;

"1y tran=slational spring damper combination with gap"
extends Bondlib.Mechanical. Translational. Interfaces. Onelort;
parameter Modelica. STunits. Position s_rell=0 "unstretched spring length";

"relative welocity between flange a and flange b";
Eoolean contact "false, if s _rel == = _rell":

Line:

1

Modeling "y Sirnulation
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The Planar Thread-Pendulum Model

e For the thread-pendulum model, we need two ElastoGap
models, because In every direction there are always two
constraints, I.e., two positions, where the thread is completely
stretched.

 You are now to re-create the thread-pendulum model from
elements of the planar mechanical sub-library of
MultiBondLib, and the previously created ElastoGap model.

e You have access to the 3D mechanical model using the MBS
library. You can read all of the necessary parameter values
out from it.
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The Planar Thread-Pendulum Model |1

« Duplicate the animated planar model and simulate it.

 The MBS library normalizes the angles differently from the
planar library, 1.e., you’ll need to modify two parameters of
the model in order to avoid getting a motion that is mirrored
at the vertical axis.

Compare the number of equations before and after
optimization obtained by the two models as well as their
execution efficiencies.
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The Planar Thread-Pendulum Model 111
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The Planar Thread-Pendulum Model IV

_1o] x|

Syntax Errar | Translation IDiaIDg Error I Simulation I

Messages

Transglation of mmps b Opr. ThreadF, .
OAE having 15891 zcalar unkonownz @nd 1531 scalar equations.

I

STATISTICS

Original Model
MHurnber of components: B4
“ariables: 731
Constants: O
Farameters: 137 [210 zcalarzs]
Unknowhns: 534 [1597 scalars]
Differentiated wanables: 16 scalars
Equations: 542
Montrivial ; 360

Translated Model
Constantz: 1191 zcalars
Free parameters: B5 zcalars
Parameter depending: 189 scalarz
Ihputs: 0
Outputs: O
Continuous time st@es: 4 scalars
Time-varing variabes: 48 scalars
Alias wariables: 334
MHurmber of mixed real/dizcrete systems of equations: 0
Sizes of linear spstems of equations: {6}
Sizes after manipulation of the linear systems: 12}
Sizes of nonlinear spstems of equations: {
Sizes after rmanipulation of the nonlinear systems: §}
Humber of numerical Jacobians: 0

Finizhed
A erperiment StopT ime=5
Finizhed

Standard MBS 3D Library

Messages -

Syntas Error Transzlation I Dialag Errar

=TS

I Simulation I

Translation of mmpz bl 0z0. Thres

arnar:

DAE having 2614 zcalar unknown€ and 26174 zcalar

equations. ’l

STATISTICS

Original Model
MHumber of components: 221
Wariables: 1876
Constantz: O
Pararmeters: 3371 [384 scalars)
Unknowns: 1545 (2674 zscalars]
Differentiated wariables: 15 scalars
Equations: 1243
MHantrivial © 757

Transzlated kodel
Constantz: 1261 scalars
Free parameters: 22 scalars
Parameter depending: 328 zcalars
Inputs: O
Outputs; 0O
Continuous time ztgtes: 4 zcalars
Time-waming varialfles: 71 scalars
Alias wariables: 1320 scalars
Azzumed default inibhal condibions:
LogDefaultlnitialConditions=true; gives m
MHumber of miked real/dizcrete spstems of
Sizes of linear systems of equations: {15}
Sizes after manipulation of the linear spste
Sizes of nonlinear systems of eguations: {
Sizes after manipulation of the nonlinear =y
MHurmber of numerical Jacobians: 0

Finizhed
Finizhed

The planar solution
has initially more
equations due to the
bond graphs. The
compiled model still
has more equations
due to the graphical
ElastoGap model.

MBG Mechanical 2

D Library
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Syntax Emor | Translation | Dialog Error | Simulation |

=10l x|

Log-file of program ./dymosin
{generated: Mon MNow 26 15:33:41 Z007)

dymosinm started
oo "dEinctxe” loading (dymosim inpuat file)
"ThreadPendMBS mat" creating (simulation result file)

Integration started at T = 0 using integration method DAEEL
({DAE multi-step solwer {(dasslfdasslrt of Petzold modified by Dynasim))

Integration terminated successfu
CPU-time for integration
CPI-time for one GRID interwva

MNManher of result points - El11
Mamher of GRID points : B0l
Mauwber of (successful) steps - 263
Muber of F-ewvaluations : loos
Nunber of H-swvaluations o 93z

Muber of Jacobian-ewaluations: 75
NMuuber of (model) time events - 0

Manher of () time ewvents |

Number of state events - &

MNMauber of step events |
Minimum integration stepsize @ 7.4%e-008
Maximum integration stepsi=zme @ 0.0739
Maximum integration order -

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

Standard MBS 3D Library

L]

Messages - Dymo|

Syntax Errar | Translation | Dialog Erar | Simulation |

Log-file of program ./ dymosim
{generated: Mon Now Z6 18:EZ3:E51 Z007)

dymosim started
.. "dein txt" loading (dymosim input file)
... "ThreadPendPlanar. . mat" creating (simualation result file)

Integration started at T = 0 using integration method DASSL

(DAE multi-step solwer (dassl/dasslrt of Petzold modified by Dynasim))

Integration terminated successf
CPU-time for integration

CPU-time for one GRID interwa i i orud=
Nunmber of result points - El11
Nunwber of GRID points - B0l
Nunber of (successful) steps @ 363
Nunber of F-evaluations : loos
Nunber of H-evaluations R =

Nunber of Jacobian-ewvaluations: 75

Mumber of (model) time ewents : 0 The execution

Nunber of (U) time ewents |

Nunber of state event s - d f h
Nunber of step event s | Spee S O t e
Minimum integration stepsize : 7.4%e-008 d I
Maximum integration stepsize @ 0.0733 tWO mo e S

Maximum integration order © & Cannot be

Calling terminal section

... "dsfinal_ txt" creating (final states) distingUiShed.

MBG Mechanical 2D Library
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Standard MBS 3D Library
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The Multi-bond Graph Thread-Pendulum
Model

* You are now supposed to create a third model of the thread-
pendulum, this time using a direct multi-bond graph
approach, I.e., without wrapping.

« You may formulate the two constraints In the equation
window, I.e., you don’t need to create a direct bond-graph
version of the ElastoGap model.

 This model cannot be animated. Plot the vertical motion of
the pendulum mass against its horizontal motion.

e Compare the number of equations and execution speed with
the previous two solutions.
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Model 111

= ThreadPendMBG - mmps_hw10s0.Thrs Pen:
E File Edit Simulation Elot  Animation Commands  indos Help

=10l x|
=18l
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Faclkages
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- ThreadPendtBS
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‘. ThreadPendMBS
~ PlanarF opePend

1

. StrirgPerulunm
=l [ mmps_twe Oso

-E;J-Elash:uﬁ ap
ThreadPendPlanar

: ThreadPendkBG

:

[

[ N ¢

wodel ThreadPendMEGE "Thread-Pendulum Modeled Using Multi-bond CGraph'

prarametaer Modelica S5Tunits_ Acceleration g = 3.81;
rarameter Modelica STunit=s_Mas=s w = 0.3;
parameter Modelica.STunits.Length = = 0,65 "length of string";

= 5000 "spring coefficient";
= Lo "spring coefficient";

prarameter Real ciunit="N/m")
prarametar Peal diunic="N.=/n")
Modelica. 8Tunits_Force f£1;

Modelica. STunits. Force f£2;

equation
fl = if JointlLength. g[l] * = then c*i(s-JointLength. g[l])
fZz = if JointlLength_g[l] = -= then c*(s+Jointlength_og[l]}

JointForce.s[1] = £1 + fZ;

equation

e

end ThreadPendME=;

el=se 0O;
else 0O;

- d*JointWVel £ out[1]
- d*JointWel £ out[1l]

Line: 1| & Modeling | "2 Simulation
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=1

Simulation I

Syntax Error

Transzlation I Dialog Error

Transzslation of mmps hwl0pr. Threa BS:
DAE hawving 1591 scalar unknownsz nd 15391 =calar equatm&

STATISTICS

Original Fadel
Fumber of components: B4
“farnables: 731
Constants: O
FParameters: 137 [210 scalars]
Unknowns: 5394 [1591 scalars]
Differentiated wariables: 16 zcalars
E quation=: 542
MHontrivial @ 360

Tranzlated Model
Constants: 11391 scalars
Free parameters: BS scalars
FParameter depending: 183 scalars
Input=: O
Outputs: O
Continuous time stades: 4 scalars
Time-varwing variables: 48 zcalars
Alias waniables: 33
FMumber of mixed real/dizcrete =pztems of equations: 0O
Sizes of linear systems of equations: {6}
Sizes after manipulation of the linear spstems: {2}
Sizes of nonlinear systems of equations: { }
Sizes after manipulation of the nonlinear systems: {1
MHurmber of nurerical Jacobians: O

Finizhed
A4 esperiment StopTime=5
Finizhed

Translation

Syntax Error

Translation of mops vl Oso. Thre

Dialog Errar

DAE hawving 290 scalar unknovenzSgnd 290 SCEI|EI[ equations.

RT=1E

Sirmulation I

STATISTICS

Original kAodel

FMumber of components: 34
“Wariables: 382
Constants: O
Farareterz: 144 [1632 zcalars)
Unknowns: 238 (290 scalars]
Differentiated variables: B scalars
E quations: 202
Fontrivial © 106

Transzlated kodel
Constants: 217 zcalars
Free parameterz: 12 zscalars
Fararmeter depending: 52 scalars
Inputs: O

Outputs: O

Continuous time st@tes: 4 scalars
Time-warying wariafles: 19 scalars
Alias vanables: 254 Sc:alars

LDgDefaultlnltlalCDndltans true gives m
FMurmber of mixed real/dizcrete spstems of
Sizes of inear systems of equations: {2, 6
Sizesz after manipulation of the linear syste
Sizes of nonlinear spsterms of equations: {
Sizes after manipulation of the nonlinear =)
MHumber of numerical Jacobians: O

Finizhed
Finizhed

Standard MBS 3D Library

MBG Library (I
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missing  animation
equations.
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Translation Diialog Error Simnulation

Suntax Error

S [m 13

Tranzlation

Suyntax Error

Dialog Error

Sirnulation

_|of x|

Log-file of program _JSdymosim
(generated: Mon MNow Z& 18:33:41 Z007)

dymosim started
c.-. "desin.txzt" loading (dymosim inpuat file)

Log—file of program ./ dymosim
fgenerated: Mon MNow Z& 18:4E5:39 Z007)

dyvmosim started
-.. "dEin.txt" loading (dymosim inpuat

file)

... "ThreadPendMES mat" creating (simulation result file)

Integration started at T = 0 using integration method DASSL
(DAE multi-step solwer (dassl/dasslrt of Petzold modified by Dynasim))
Integration terminated successfn

CPT-time for integration
CPU-time for one GRID interwva
Munbher of result points - k11

Munber of GFRID points= - L0l
Muamber of i(successful) steps :© 363
Muanber of F-ewaluations : loos
MNunber of H-ewaluations Do9zE
Nunber of Jacobian-evaluations: 785
MHunber of (model) time events - 0
Nupber of (U} time swvents o
Number of state events - B
Munher of step events - n
Minimuam integration stepsizs : 7.49e=—-002
Maximuam integration stepsizs o n.0739
Maximum integration order &

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

Standard MBS 3D Library

... "ThreadPendMEG.mat" creating (simulation result file)

Integration started at T = 0 using integration method DASSL
({DAE multi-step solwer (dasslsdasslrt of Petzold modified by Dynasim) )

Integration terminated successE
CPU-time for integration
CPU-time for one FRID interwva onds

Mumbher of result points : El1
Mumher of GRID points o k01
MNumber of (successful) steps : 363
Munber of F-evaluations - loosz
Munber of H-evaluations : 229 -
Muanber of Jacobian-evaluations: 75 The executlon
Mumber of {(model) time ewents :© 0
Mumber of () time ewvents - o (j f r1
Munber of state events -k Spee S O t e
MNumber of step events H r1 (j I
Minimum integration stepsize : 7.4%e-008 t ree mo e S
Maximum integration stepsize - a.a73s
Maximum integration order : E Cannot be
Calling terminal section - - -
.. "dsfinal_ txt" creating (final states) dlstlnguIShed.

B BB
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