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« The purpose of this document is introducing the Modelica.Mechanics.MultiBody
package which is included in the Modelica Standard Library (MSL). This document
uses libraries, software, figures, and documents included in MSL and those
modifications. Licenses and copyrights of those are written in next page.

Copyright (c) 2022, Amane Tanaka & zeta_plusplus,
Released under the MIT License
https://opensource.org/licenses/mit-license.php
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Modelica Standard Library License
https://github.com/modelica/ModelicaStandardLibrary/blob/master/LICENSE
BSD 5-Clause License

Copyright (c) 1998-2020, Modelica Association and contributors
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

* Neither the name of the copyright holder nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,

OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE

OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.



https://github.com/modelica/ModelicaStandardLibrary/blob/master/LICENSE

Contents 4

Contents .

OpenModelica® %

Frame - MultiBody X7 LDIAXRT Y

AVIR—RY MEGEDAA—D

dART 5 iR DH

PE1E % B8 D B %K

PR ZE i

PE{E DB B

AE BRIV DERS

Body ®H & ML DFER

Revolute DA 73 3 @ useAxisFlange

Revolute DA 7> 3~ @) stateSelect

P A= y0kHHod—FK

OverConstraind Connection Loop [k
TEAZRBST
equalityConstraintBi#
Connections AL —%
A2 avI 570tk E HERDOEIR
W= DY E R DMEER

SEE




Contents 5

OpenModelica DA
%EE;E@ * I?E@@Fnﬂﬁg (%Uﬁu/ NS %m/ A Y IEE%/ A Y ijltb{*/ NS 1E;§&/ A Y ...)

 [FFRARA—RO 5574 ALBAYR—RY FR—X
| EFUVY \/ v DETIVY
a BENETIL (BAAERR. BORKAERR)
Modelicag:E A s :
IC &SR A \v/ 548 =
OMEdit Ca—Fk
OMShell | g | VIR
OMPython ! \/ BRBYVILIN—EYVY
OMJulia EF7 71

; YIalL—vavEd g
i N\J  RIYTMELBNIARUYIRITA

RANQE (2D 7Oy b, 3DVILFIRTAY1FZI I X)




Contents 6

Frame — MultiBody Y X5 LNDIXDTS

_ " _
<connector> Frame <record> Orientation ' <Y ZADEE> U745
r_0[3] ; Real T[3,3]: Transformation matrix L
«—ATIIbF (VAT VR)
R: Orientation w[3]: AngularVelocity
<flow> [3] - Force <encapsulated function> equalityConstraint(R1,R2) +«—7 2 X (model, class, function, )

<flow> T[3] :Torque

SR . (R.T=T[33] T—JL RESERA S T %5 5 EEAERADLEESTF] |
%‘17—'“7%/” “’\ s R.w=w3] dAXVYEERTRIARE

<connector> Frame_a| [<connector> Frame_b \_ {¢1’ ¢2’ ¢3} — equalityconStraint(Rl7 RZ) )

( r=rB] T RBER TR IR Y EEROREOMERY ML
> >

flow f=f3] %0 SEERTELS AYViR—x2 b
flow T=1[3] ARV IEZRRTRL I\JI/\J \ frame b
9 R={R.T,R.w} Orientation #7377 k y 1% G

Revolute 72X (AViR—x>VN)

frame a revflute frame b AXRT J HEIR%R I’gb VAT

revolute 1 YZA¥ YR Ml L . R"b Orientation
Iy VAT b 4
éa ) Rna Orientation /
e e/l +— nEEOIVAR—XY hOIRY Y frame_a - P Y| 7
T () —— T—)LREENSBELRY MLEET, fna LY
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» @) usersGuide
‘ f...;' World

» P Examples
» * Forces

» Frames

~ 4 Interfaces

- Frame

Modelica.Mechanics.Multibody.Interfaces.Frame

within Modelica.Mechanics.MultiBody.Interfaces;
connector Frame

"Coordinate system fixed to the component with one cut-force and cut-torque (no icon)"

SI.Position r_0[3]
"Position vector from world frame to the connector frame origin, resolved in world frame";

| Frame_a
| Frame_b
Frame_reso\ve

Frames.Orientation R
"Orientation object to rotate the world frame into the connector frame";

flow SI.Force f[3] "Cut-force resolved in connector frame" annotation (::*);
end Frame;

Modelica.Mechanics.Multibody.Interfaces.Frame_a

within Modelica.Mechanics.MultiBody.Interfaces;
connector Frame_a

"Coordinate system fixed to the component with one cut-force and cut-torque (filled rectangular icon)"
extends Frame;

annotation (::+);
nd Frame_a;

\ Modelica.Mechanics.Multibody.Interfaces.Frame_b

within Modelica.Mechanics.MultiBody.Interfaces;
connector Frame_b

"Coordinate system fixed to the component with one cut-force and cut-torque (non-filled rectangular icon)"
extends Frame;

annotation ('+);
end Frame_b;
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AXRD I DEGEOH (ERRICEMRT NI HENDOHEH)

L Ve e 2 —t -
¥=ie Al £ Tt IEGR CERED[ETIVLDA VATV AE]DFBRDES (diff)
amane@finback ~ % diff before.txt after.txt
341,352c341, 361
< world.frame_b.f[1] = 0.0;
< world.frame_b.f[2] = 0.0;
< world.frame_b.f[3] = 0.0;
< world.frame_b.t[1] = 0.0;
< world.frame_b.t[2] = 0.0;
< world.frame_b.t[3] = 0.0;
< revolute.frame_a.f[1] = 0.09;
< revolute.frame_a.f[2] = 0.0;
< revolute.frame_a.f[3] = 0.09;
0b _ Lla < revolute.frame_a.t[1] = 0.0;
’}) — ’}) < revolute.frame_a.t[2] = 0.0;
R()b o Rla < revolute.frame_a.t[3] = 0.0;
0b la > | world.frame_b.R.T[1,1] = revolute.frame_a.R.T[1,1];
Jf '+'JF —_ () > | world.frame_b.R.T[1,2] = revolute.frame_a.R.T[1,2];
TOb + Tla —0 > | world.frame_b.R.T[1,3] = revolute.frame_a.R.T[1,3];
> | world.frame_b.R.T[2,1] = revolute.frame_a.R.T[2,1];
> | world.frame_b.R.T[2,2] = revolute.frame_a.R.T[2,2];
> | world.frame_b.R.T[2,3] = revolute.frame_a.R.T[2,3];
> | world.frame_b.R.T[3,1] = revolute.frame_a.R.T[3,1];
A > | world.frame_b.R.T[3,2] = revolute.frame_a.R.T[3,2];
potential gﬁi - %,ig‘% c‘_’_ﬁ'ﬁh\—i > | world.frame_b.R.T[3,3] = revolute.frame_a.R.T[3,3];
> | world.frame_b.R.w[1] = revolute.frame_a.R.w[1]; _
world . frame_b.R.T = revolute . frame_a.R.T 9 g > | world.frame_b.R.w[2] = revolute.frame_a.R.w[2]; gt 214E
- - > | world.frame_b.R.w[3] = revolute.frame_a.R.w[3];
world . frame_b.R.w =revolute.frame_a.R.® 3§ > | world.frame_b.r_0[1] = revolute.frame_a.r_0[1];
_ > | world.frame_b.r_0[2] = revolute.frame_a.r_0[2];
world . frame_b . r, = revolute . frame_a. r, 318 > | world.frame_b.r_0[3] = revolute.frame_a.r_0[3];
> | revolute.frame_a.f[1] + world.frame_b.f[1] = 0.0;
> | revolute.frame_a.f[2] + world.frame_b.f[2] = 0.0;
flow g;’& - F%”j'l:,'a'% t*ﬂjﬁ-‘z“n > | revolute.frame_a.f[3] + world.frame_b.f[3] = 0.0;
> | revolute.frame_a.t[1] + world.frame_b.t[1] = 0.0;
revolute . frame_a. f+ world . frame_b.f=0  3{g > | revolute.frame_a.t[2] + world.frame_b.t[2] = 0.0;
revolute . frame a.7 + world . frame b.7=0 3@ > | revolute.frame_a.t[3] + world.frame_b.t[3] = 0.0;
o o 401d409
=T 211E < assert(false, "Connector frame_a of revolute joint is not connected”);
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Modelica.Mechanics.MultiBody.Frames

OMEdit - OpenModelica Connection Editor - o @

T771ILE) |EE) Ea—(v) SSP ¥Sal—3(s) DataReconciliation Sensitivity Optimization /%4 (D) Y—I(I) LT H)

F-wHH Heoe ¥ \OHOTR <= B- 99E >PHDP &-
?ll'jctj_a:ejssv*f 1 E@‘Bodyshapeﬂ HBody @ EBrixedTranslation® Bworld® ATest® HEresolve1® KFaxX> IS4 - e
— B ~ |-Il A B O |!=&5A.7,EI§E ‘Function | T*¥ArEa— | Modelica.Mechanics.MultiBody.Frames.reso| | <:| i'if)° 'bc bear ”»
7j,7_:7MJechanks within Modelica.Mechanics.MultiBody.Frames; Modelica.Mechanics.MultiBody.Frames.resolvel

function resolvel "Transform vector from frame 2 to frame 1"
extends Modelica.Icons.Function;
input Orientation R "Orientation object to rotate frame 1 into frame 2"; Syntax
input Real v2[3] "Vector in frame 2";
output Real v1[3] "Vector in frame 1";
algorithm Description
vl := transpose(R.T)*v2; The function call Frames.resolvel(R12, v2) returns vector v resolved in

» annotation ( ... ); ‘ frame 1 (= v1) from vector v resolved in frame 2 (= v2) using the orientation
end resolvel; object R12 that describes the orientation to rotate frame 1 into frame 2.

v MultiBody
» @ usersGuide
» T 4 World
» P Examples

Information

vl = Frames.resolvel(R, v2);
>~ Forces

v Frames
» [ Orientation
f | orientationConstraint
£ angularVvelocity1

f angularVelocity2 3 See also

resolve2, TransformationMatrices.resolvel, Quaternions.resolvel.
f resolve2 '
f  resolveRelative Filename: /home/amane/.openmodelica/libraries/Modelica

4.0.0+maint.om/Mechanics/MultiBody/Frames/resolvel.mo

f ' resolveDyade1 Version: 4.0.0, 2020-06-04

f resolveDyade2

£ nullRotation

f | inverseRotation

f ' relativeRotation

f ' absoluteRotation

£ planarRotation

£ planarRotationAngle
f  axisRotation

f  axesRotations

f  axesRotationsAngles
' smallRotation

f) from_nxy Xyt - TS5 @
£ from_nxz All | Notifications =~ Warnings = Errors = Pendulum @

f) from_T
f from_T2
f ) from_T_inv
f from_Q
flto T
f to_T_inv
f toQ
f to_vector
f  to_exy
f axis
» f Quaternions

» ¢ TransformatinnMatrices

Ln:1,cok0 LE52F | AEFUYS  BFOv bk @ Debugging
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175 (translational matrix) |7, T, Tj,

FEIRR A
ARY 5 ERRANDEHR

r'"* = Frames . resolve2(R"*, rj}*
na __ na na
f* = Frames . resolve2(R"%, fi'%)

7" = Frames . resolve2(R", 7"

@"* = Frames . resolve2(R™, w;“)

/

R™ v =(R".T)y,
AREXT N
77—l KEEANDZE

ry¢ = Frames . resolvel(R", r"®)
o = Frames .resolvel(R™, f)
7, = Frames . resolvel(R", 7")

w,“ = Frames . resolvel(R", @"“)

vy = (R™. )y

Contents 11

R™.T= |1y 1pn I3

Frame.resolve?2

within Modelica.Mechanics.MultiBody.Frames;
function resolve? "Transform vector from frame 1 to frame 2"
extends Modelica.Icons.Function;
input Orientation R "Orientation object to rotate frame 1 into frame 2";
input Real v1[3] "Vector in frame 1";
output Real v2[3] "Vector in frame 2";
algorithm
v2 := R.T*v1; —
annotation ( *++); V2 (R ) T)vl
end resolve?;

Frame.resolvel

within Modelica.Mechanics.MultiBody.Frames;
function resolvel "Transform vector from frame 2 to frame 1"
extends Modelica.Icons.Function;
input Orientation R "Orientation object to rotate frame 1 into frame 2";
input Real v2[3] "Vector in frame 2";
output Real v1[3] "Vector in frame 1";

algorithm
vl := transpose(R.T)*v2; . T
annotation ( --+); V1 = (R T) 4)

end resolvel;




wor Ld
l l R()b
0b
o
World 93X

world 1AV R

Revolute 735X
revolute 1 A7V RX

BodyShape 75X
bodyShape 1 VA% VR

rgb = world . flame_b . r,

r(}“ = revolute . frame_a.r,
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a, = resolve2(R% a, — g,  frame_a DRRDILERE
w, = angularVelocity2(RY) FEE
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Revolute @ stateSelect I\ X—%
EEAEPARE0ZTIREZ T D2EIRO T4 AY T4 ZHEIT %,

parameter StateSelect stateSelect=StateSelect.prefer
"Priority to use joint angle phi and w=der(phi) as states" annotation(Dialog(tab="Advanced"));

SI.Angle phi(start=0, final stateSelect=stateSelect)
"Relative rotation angle from frame_a to frame_b"
annotation ( *+);
SI.AngularVelocity w(start=0, stateSelect=stateSelect)
"First derivative of angle phi (relative angular velocity)";

stateSelect
EHEH(Real) [T BINTA—=—F T, VILIN—DEHEHZRELTHEUVTREIRIT S TS17AY
TAZEREYT Do maB8fIRICEFEFN S,

Modelica Lanuage Specification 3.5, 4.8.7.1, p.57 https://modelica.org/documents/MLS.pdf

type StateSelect = enumeration(
& 4| never "Do not use as state at all.” ,
avoid "Use as state, if it cannot be avoided (but only if variable appears
differentiated and no other potential state with attribute default,
SSLAYF 1 prefer, or always can be selected).” ,
default "Use as state if appropriate, but only if variable appears differentiated.” ,
prefer "Prefer it as state over those having the default value
(also variables can be selected, which do not appear differentiated). ",
always "Do use it as a state.”

)i
PP ollTHUTTI7AINTEBELDEVWTZAAVTAICERESN TSI EICKED LT,

il
<
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IRD FETILT state (IREZH) DR &G 1]
AREANTHDARL —F (der) hMF 1T S ZE#

revolute.phi | @ = @
revolute.w a=w

state (ARBEE) DHEER

— ~ — — ~ ~ '7 . .
VXalb—yvayv>Yal—vayotyhryv7 body.w a 7, =W,
— _ .
Y2al—>3ry75%7 LOG_ DASSL STATES ’é?’-:l: w995 ULTETI B, body.frame_a.r 0| vy =71
OMEdit- S al—>3>Dt v k7w 7 - MyPackage1.Pendulum bOdyV—O aO - vO
YTal—>3>0ty b7 v - MyPackagel.Pendulum
8 AVESUF«TIZTal—3>  TranslationFlags) > ZalL—>3>7347 | $Ah
BEYILA— (FT3>) -
SRV ILN— (FT>3Y) -
Xyt =TS @&
MIERR) (£723>) - | | " —_— : pendulum ©
WHER (FF>3Y) : [ | A Notifications = Warnings = Errors endulum
TOTFAVTY (MEEHAEER) none - ‘ 100% ‘ # | Open Output File
CPU Time Hh
V FRTOBEE LS =L ;
OsRR (F75 ) /home(amane/OME('i|t/MyPackagel.Penduluw/Pendulum -port=45201 - logFormat=xmltcp -
override=startTime=0,stopTime=1,stepSize=0.002,tolerance=1le-6,solver=dass|,outputFormat=mat,va
stdout assert LOG_DASSL .
- r=/home/amane /OMEdit/MyPackagel.Pendulum/Pendulum_res.mat -w -lv=L0OG_DASSL_STATES,LOG_STATS -
v LOG_DASSL_STATES LOG_DEBUG LOG_DELAY inputPath=/home/amane/OMEdit/MyPackagel.Pendulum -outputPath=/home/amane/OMEdit/
LOG_DSS LOG_DSS_JAC LOG_DT MyPackagel.Pendulun
LOG_DT_CONS LOG_EVENTS LOG_EVENTS_V
- - - - The initialization finished successfully without homotopy method.
LOG_GBODE LOG_GBODE_V LOG_GBODE_NLS _
LOG_GBODE_NLS_V LOG_GBODE_STATES LOG_INIT ptates at time=5.11898e-08
LOG_INIT_HOMOTOPY LOG_INIT_V LOG_IPOPT 1. revolute.phi = -0.785398
LOG_IPOPT_FULL LOG_IPOPT_JAC LOG_IPOPT_HESSE 2. revolute.w = -7.07107e-07
LOG_IPOPT_ERROR LOG_JAC LOG_LS » yd at time=5.11898e-08
LOG_LS V LOG_NLS LOG_NLS_V » dd at time=5.11898e-08
LOG_NLS_HOMOTOPY LOG_NLS_JAC LOG_NLS_JAC_TEST « Ftates at time=5.11898e-08
Save experiment annotation inside model i.e., experiment annotation 1. revolute.phi = -0.785398
Save translation flags inside model i.e., __OpenModelica_commandLineOptions annotation | 2. revolute.w = -7.07107e-07

Save simulation flags inside model i.e.,, __OpenModelica_simulationFlags annotation

vzaL—t revolute.ph & revolute.w H'
== e state (IREEZH) c2>TBZ Ehbh B,
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BodyShape®D 7 =—X—> 3 >IiCBE95d—RK

protected
outer Modelica.Mechanics.MultiBody.World world;
Visualizers.Advanced.Shape shapel(

shapeType=shapeType, shapeType = “cylinder”

color=color,
specularCoefficient=specularCoefficient,
length=1ength,

width=width,

height=height,
lengthDirection=1engthDirection,
widthDirection=widthDirection,
r_shape=r_shape,

extra=extra,

r=frame_a.r 0,

R=frame_a.R) if world.enableAnimation and animation;

Visualizers.Advanced.Shape shape2(
shapeType="sphere",
color=sphereColor,
specularCoefficient=specularCoefficient,
length=sphereDiameter,
width=sphereDiameter,
height=sphereDiameter,
lengthDirection={1,0,0},
widthDirection={0,1,0},
r_shape=r_CM - {1,0,0}*sphereDiameter/2,
r=frame_a.r 0,

R=frame_a.R) if world.enableAnimation and animation and animateSphere;

equation

i
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Overconstrained Connection Loop FRA

overconstrained connection loop #lI#&EENEZ T

overdetermined DAEs AEAHZTE AEIDICTZES EERDICizES
MultiBody.Examples.Loops.Fourbarl P4 R, = identity(3) R, = identity(3)
@3 Rioon Kt R, =R, R, =R,

R; = Ry(@)R, Ris = R4

R, = R; Rig = R;5

Rs = R, Ri7 = Ry7,16(8)Ry
R¢ = Rs Rig = Ry;

R; = R;6(¢1)Rs Rig = Ryg

Rg = Ry Ryy = Ryg

Ry = Rog(@3)Ry Ry = Ry 20(@s)
Ryp = Ry Ry = Ry,

Ry = Ry 10(@0)R g Ry3 = Ry37(@g) Ry,
Ry =Ry,
Ri3 =Ry,

IV—=T7DE U B 54

EEARETE B4 Ri3 = Ry;
P1> Py P35 Pys S, P35, P TEDEE => R;.T[3.3] =Ryz.T[3,3] 9EDARER

AVIR—XV hZEHGEULTIL—THTETLES &+ ZEHOH < FEANDH

Principals of Object-Oriented Modeling ans Simulation With Modelica 3.3, 2nd Ed., Peter Fritzson, Chapter8, 8.5




Contents 23

FREAZEST

— OIL—=TZt] (break) 3%,

@Y L fcEB3 D XD 5 i
DHENESIRZAS

R,3.T[3.31 =Ry.T(3,3] AENIE
N

0 = equalityConstraint(R,5, R,;) HIEX 31E
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equalityConstraint B8

{91, 9y, 93} = equalityConstraint(R,, R,)

1 )
R,. T=R,.TYR,.TY ~|-p; 1 ¢
P2 TP 1 |

0 = equalityConstraint(R,R,) = R~ R,

Modelica.Mechanics.MultiBody.Frames.Orientation.equalityConstraint

encapsulated function equalityConstraint
"Return the constraint residues to express that two frames have the same orientation”

import Modelica;
import Modelica.Mechanics.MultiBody.Frames;
extends Modelica.Icons.Function;
input Frames.Orientation R1
"Orientation object to rotate frame @ into frame 1";
input Frames.Orientation R2
"Orientation object to rotate frame 0 into frame 2";
output Real residue[3]
"The rotation angles around x-, y-, and z-axis of frame 1 to rotate frame 1 into frame 2 for a small rotation (should be zero)";
algorithm
residue := {
Modelica.Math.atan2(cross(R1.T[1, :1, R1.T[2, :])*R2.T[2, :]1,R1.T[1,:]1*R2.7[1,:1]),
Modelica.Math.atan2(-cross(R1.T[1, :],R1.T[2, :])*R2.T[1, :]1,R1.T[2,:]1*R2.7[2,:]),
Modelica.Math.atan2(R1.T[2, :]*R2.T[1, :],R1.T[3,:1*R2.T7[3,:1)};
annotation(:);
end equalityConstraint;
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Connections AL —4

Overconstrained Connection Loop Mz ## R 9 57ch. Modelica EEZDERL NIV THERI NI
ARL—%

R : overdetermined Z#{ b=k
equalityConstraint ¥ E& S iz type £/cld record D1 VATV R
A, B : overdetermined J%7 % IS5 F \
RZEXRICHD ARV Y
. J/—k—
Connections . r00t(A . R)
AR VI Z27DI—haEET D, YVIY—ICDBULIEESE
jl/_ I\ (*Eﬁ) (l:tﬂ:%o
ARDN INTGA=FRETHRESNTVWDIREDH D, . L
AR >3y

Connections . branch(A . R, B . R)
x93 Z 70D non-breakable branch (WIBiCERWI SV F) ZEET Do
A.R & B.R OBICKEFAER (algebraic equation) " F#HE T %,
B.R=f(A.R,-) D& SHRERICKR S,

connect ARL — Y D EBICEL T ENTE S,

connect(A, B)

AR 23> 57D breakable branch (WIMAIgER TSV F) =H 50,
AR Y EDZENRERICH W%,
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Connections . potentialRoot(A . R, priority)

Connections.root() A& ESNTVWEWIRI gy T I SR TIE. &5 priority OFBEHIMEWLN/ —K
BNIL—hEUTEIREI NS,

priority ([Z3EEDEKTT 7 AL MMIED,

der(AR)DIRND & CBICIFERET Do ©

b = Connections . 1SRoot(A . R)
A.RDIL—hEUVUTERENTWSE D ZIR T,

b = Connections . Rooted(A . R)
Connections . branch(A.R,B.R) & & HIfES, B.RESSNTA.R DANAINZY YY) —D)L— NIk
W& Etrue iR,
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s
n=0 1

equation equation

Connections.root(frame_b.R); Connections.branch(frame_a.R, frame_b.R);

assert(Modelica.Math.Vectors.length(n) > 1e-10, frame_b.r_0 = frame_a.r_0;

"Parameter n of World object is wrong (length(n) > 0 required)");

frame_b.r_0 = zeros(3); if Connections.rooted(frame_a.R) then

frame_b.R = Frames.nullRotation(); R_rel = Frames.planarRotation(e, phi, w);

annotation (+'+); frame_b.R = Frames.absoluteRotation(frame_a.R, R_rel);
end World; frame_a.f = -Frames.resolvel(R_rel, frame_b.f);

frame_a.t = -Frames.resolvel(R_rel, frame_b.t);
else

R_rel = Frames.planarRotation(-e, phi, w);

frame_a.R = Frames.absoluteRotation(frame b.R, R_rel);
framaTrane|ation frame _b.f = -Frames.resolvel(R_rel, frame_a.f);

frame_b.t = -Frames.resolvel(R_rel, frame_a.t);
M ’ end if;

=0 = end Revolute;

equation
Connections.branch(frame_a.R, frame_b.R);
assert(cardinality(frame_a) > 0 or cardinality(frame_b) > 0,
"Neither connector frame_a nor frame_b of FixedTranslation object is connected");

frame b.r 0 = frame_a.r_0 + Frames.resolvel(frame _a.R, r);
frame b.R = frame_a.R;

/* Force and torque balance */
zeros(3) = frame_a.f + frame_b.f;
zeros(3) = frame_a.t + frame_b.t + cross(r, frame_b.f);
annotation (*-+);
nd FixedTranslation;
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equation
if enforceStates then
Connections.root(frame_a.R);
else
Connections.potentialRoot(frame_a.R);
end if;
r 0 = frame_a.r_0;

body

if not Connections.isRoot(frame_a.R) then
// Body does not have states
// Dummies
Q= {0,0,0,1};
phi = zeros(3);
phi_d = zeros(3);
phi_dd = zeros(3);
elseif useQuaternions then
// Use Quaternions as states (with dynamic state selection)
frame_a.R = Frames.from_Q(Q, Frames.Quaternions.angularVelocity2(Q, der(Q)));
{0} = Frames.Quaternions.orientationConstraint(Q);

// Dummies

phi = zeros(3);

phi_d = zeros(3);

phi_dd = zeros(3);

else

// Use Cardan angles as states

phi_d = der(phi);

phi_dd = der(phi_d);

frame_a.R = Frames.axesRotations(
sequence_angleStates,
phi,
phi_d);

// Dummies

Q=1{0,0,0,1};
end if;

end Body;
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AXRD2aV0STOYEBRENDEIR

AR TV I T IV Y —CRfEEN B E T, connect(A,B) DT SV FEYIMMT S,
VU= EsNES. YVY—DHRDT S VFITIEBEEDIL—ILDOAERZERT 5,
Ve N7 S FOAERIE. 0 = equalityConstraint(A .R,B.R) [CE#T 5, RDEEDY A T THNILEE

DART FiEmD AR ZTENRT 5,
. Connections . rootOMEZRSINTWVWSE ./ —KRIEFIXRTIL—K ETFT B,

ARV AV T IDREGROY IS T7DEEGDHEE. 27E< D 1EIE. Connections. Root() K7zl
Connections . potentialRoot() NEZE SN/ — KRHEL TIEHE SR,

. Y72 5 7IC Connection.root() NEZE S NTc ./ — KH7RWIHEIE. Connections . pottentialRoot() DNEES 117z
/—RDSBE&\RD priority DEEN DWW/ —RKHIL— b & UGERT %,

IL—h IL—1h

\yu_

%53 v957 NJ—k&ELTERE NI/ — R
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IL—T DOYIBREFROHEER

Modelica.Mechanics.MultiBody.Examples.Loop.Fourbar1 CEFTILDA VX% > At = EITT %,

eq u a I ityCO n stra i nt E mﬁ 'g' % OMEdit - EFIL DA X4 >~ X4t - Modelica.Mechanics.MultiBody.Examples.Loops.Fourbar1
ZIN

j5.constantTorque. flange.tau + j5.internalAxis.flange.tau = 0.0;
b0.frame_b.f[1] + j2.frame_a.f[1] = 0.0;

b0.frame_b.f[2] + j2.frame_a.f[2] = 0.0;
b0.frame_b.f[3] + j2.frame_a.f[3] = 0.0;
b0.frame_b.t[1] + j2.frame_a.t[1] = 0.0;
b0.frame_b.t[2] + j2.frame_a.t[2] = 0.0;
b0.frame_b.t[3] + j2.frame_a.t[3] = 0.0;
3264 Modelica.Mechanics.MultiBody.Frames.Orientation.(bl.frameTranslation.frame_a.R, bl.frame_a.R) = {0.0, 0.0,

0.0};
world.axisColor_x = {0, 0, 0};
world.axisColor_y = world.axisColor_x;
world.axisColor_z = world.axisColor_x;

N wor ld.gravityArrowColor = {0, 230, 0};
wor Ld.gravitySphereColor = {0, 230, 0}; =
183X F5): | equalityConstraint v —DHl b/ L3
BT | | AXT - IhXFOKF || 8ELG—% [ | ERERR Bk 2B
oK
o b3

°m |—| | i
om II!I--|!II n=0 1 o N

- YT PR

n=0 1
I3 |
2
-
S
» = > »
- 8 T g T
o -
- T =
- E
B «
P
0 ﬁ i |
™" a\
n=0 1 ‘/’—--\\\:::::::::::

wor Ld

frame_a
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275 3 HR

Principals of Object-Oriented Modeling ans Simulation With Modelica 3.3, 2nd Ed., Peter Fritzson, Chapter8, 8.5

The New Modelica MultiBody Library, Proc. 3rd International Modelica Conference, Peter Fritzson, 2003.
https://modelica.org/events/Conference2003/papers/h37_Otter multibody.pdf



https://modelica.org/events/Conference2003/papers/h37_Otter_multibody.pdf
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	コンポーネントの接続のイメージ
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