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In tro duction

This document describes the format of the input data for MBDyn, the Multib ody Dynamics analysis
suite. It should be considereda syntax more than a format, since the rules of the input allow a lot of
freedomin the �le format.

Conventions on the Notation

throughout the manual, a (sometimesna•�ve) Backus-Naur-like syntax description is used. Extensions
are made, such as to put extra arguments in squarebrackets [] , mutually exclusive arguments in curl
brackets {} , separatedby the logical\or" | operator. Non-terminal symbols areenclosedin anglebrackets
<>, while terminal symbols are written in normal types. The association of a non-terminal with terminal
or non-terminal symbols is performed by means of the operator :̀:= '. When required, the type of a
non-terminal symbol is enforcedin a \C" programming languagecasting style, by prepending a (usually
self-explanatory) type enclosedin plain brackets () .

Remarks

The input of the program MBDyn is subject to continuous changesat a fast pace, since the code is
under development. This documentation attempts to give some insight into the logics that drove its
implementation. While most of the software resulted from a careful design, someportions are \as they
are" only becausethey weremade in a hurry, or becauseno better way wasat hand at the moment they
were made. The input format partially re
ects the development of the software. Whenever changesin
the input format and in the syntax of existing parts are required, an e�ort will be attempted to make it
as much backward compatible as possible,or at least reliable diagnosticsand error checking will be put
in place that warns for possibleerroneousinputs related to a changein the input format. At present the
input of MBDyn already warns for many possibleerrors and makesas many cross-checks as possibleon
the consistencyof the data. Nearly every warning and error issueshows the line of the input �le where
the error occurred. Since at present multiple �les can be scannedby meansof the include directive,
the �le where the error occurred may not be clearly indicated if no reliable C++ exception handling is
supported by the compiler. This document will be subjected to changes,so be sure you always have a
releasethat is aligned with the version of the code you're running.

For any question or problem, to �x typos, bugs, for comments and suggestions,pleasecontact the
Development Team without hesitation:
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PierangeloMasarati,
MBDyn Development Team
Dipartimento di IngegneriaAerospaziale
Politecnico di Milano
via La Masa 34, 20156Milano, Italy
Fax: +39 02 23998334
E-mail: mbdyn@aero.polimi. it
Web: http://www.aer o. poli mi.i t/ ~mbdyn/

This manual is also available online at
http://mbdyn.a er o. poli mi.i t/ ~masar at i/ MBDyn- in put/ manual /i ndex.h tml
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Chapter 1

Overview

This chapter givesa global overview of the structure of the input �le.

1.1 Input File Structure

The input is divided in blocks. This is a consequenceof the fact that almost every module of the code
needsdata and each module is responsible for its data input. So it is natural to make each module
read and interpret its data starting from the input phase. Every command (or card) has the following
\grammar" :

<card> ::= <description> [ : <arglist> ] ;

<arglist> is a(n optional) list of arguments, that is driven by the <description> that identi�es the
card. The keyword can be made of multiple words separatedby spacesor tabs; the extra spacesare
skipped1, and the match is case insensitive. The arguments are usually separated by commas2. A
semicolonends the card. Many cards allow extra arguments that assumedefault values if not supplied
by the user. Usually these arguments are at the end of the card and must follow somerules. A check
for the existenceof extra args is made, and they are usually read in a �xed sequence.When structured
arguments like matrices, vectors, or drive callers are expected, they are parsed by dedicated functions.
Anyway, the structured data always follows the rules of the general data. Few exceptionsare present,
and will be eliminated soon. Every data block is surrounded by the control statements begin and end:

begin: <block_name> ;
...

end: <block_name> ;

The block sequenceis:

begin: data;
# select an integrator

end: data;

begin: <integrator>;
# integrator data

end: <integrator>;

begin: control data;
# model control data

end: control data;
1 Anything that makes the C function isspace() return true
2 A few exceptions require a colon to separate blocks of arguments; wherever it is feasible, those exceptions will be

eliminated in future versions. Those cards will be mark ed as deprecated.
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begin: nodes;
# nodes data

end: nodes;

begin: drivers;
# special drivers data

end: drivers;

begin: elements;
# elements data

end: elements;

The drivers block is optional. The Schur solver allows an extra block after that of the elements:

begin: parallel;
# parallel data

end: parallel;

where data speci�c to the partitioning and the connectivity of the Schur solver is provided. This is yet
undocumented, and will likely be described in a future chapter.

Chapter 2 describes the basic and aggregatedata structures that concur in building up the cards.
Chapter 3 describes integrator selectionoptions. Chapter 4 describesthe cards dedicated to the speci�-
cation of the parameters of the simulation and of the selectedintegration scheme. Chapter 5 describes
the model control data. Chapter 6 describes the cards related to the input of nodes. Nodes come �rst
becausethey are the elementary blocks of the connectivity graph of the model, so historically they had
to be de�ned before any element could be intro duced. Chapter 8 describes the cards related to special
drivers. Chapter 9 describesthe cards related to the input of elements.

1.2 Output

The program outputs data to a set of �les for each simulation. The contents of each �le is related to
the �le extension, which is appended to the input �le if no output �le name is explicitly supplied. If
also no input �le is explicitly supplied, and input is obtained from stdin , the output �le name defaults
to \MBDyn" ; otherwise, unlessthe output �le name is explicitly set, the name of the input �le is used.
The contents of the output �les are described accordingly to the items (nodesor elements) that generate
them. Only a general information �le, with extension .out , is described here. The �le contains general
information about the simulation; it is not formatted. In detail, for each step the current time, time
step, the number of iterations and the error are supplied. There is also a supplementary �le, with .log
extension, that may contain extra (logging) information. Its contents are not documented sincethey are
very experimental and may be subject to changes.
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Chapter 2

General

This chapter describeshow data structures are read and how they participate, as building blocks, to the
de�nition of speci�c cards. Consistencyacrossthe software and the input �le hasbeena driving principle
in designingthe input of MBDyn. As such, the very sameelementary data structures are present in very
di�eren t contexts.

2.1 Numeric Values

Every time a numeric value is expected, the result of evaluating a mathematical expressioncan be
used, including variable declaration and assignment (variable names and values are kept in memory
throughout the input phaseand the simulation) and simple math functions. Named variables and non-
named constants are strongly typed; two types are currently available, integer and real . Operations
account for the type and perform implicit cast when allowed. For instance 1+2.5 returns a real whose
value is 3.5 , since one of the two addenda is real , while 1/3 returns 0 becausethe integer division is
used. An empty �eld, delimited by a valid separator (a comma or a semicolon,depending on whether
other arguments are expected or not) returns the (program supplied) default value for that �eld, if
supplied by the caller, otherwise the parser automatically defaults to zero. Multiple expressionscan be
used,provided they are enclosedin plain brackets and are separatedby semicolons;the result of the last
expressionwill be usedasthe expectednumeric value, but all the expressions(which may have persistent
e�ects, like variable declarations and assignments) will be evaluated. Example:

1.
(real r = 2.*pi; integer i = 1; sin(i*r*Time+. 87))

the latter results in sin (2� t + :87); note that the constant pi is always de�ned as the machine � , aswell
as the constants e, MAX_RANDand more; use

mbdyn -H

for an up-to-date list of prede�ned variables; a typical output is shown in Figure 2.1. Of coursevalues
are stored with the maximum precisionallowed by the underlying real type (by default, double precision,
64 bit).
The variable Time is declared, de�ned and initialized 1 from the beginning of the control data section,
and during the solution phaseit is assignedthe value of the current time.
Table 2.1 shows the supported mathematical operators, while Table 2.2 shows the built-in mathematical
functions. The supported types are listed in Table 2.3. Table 2.4 lists the prede�ned variables; notice
that they're treated exactly as user-de�ned variables, so they can be reassigned.

1 A variable is declared when its name enters the namespace; it is defined when it can be referenced; it is initialized
when it is �rst assigned a value
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user@host:~> mbdyn -H

MBDyn- MultiBody Dynamics 1.2-Engineering
compiled on May 20 2004 at 10:42:24

Copyright 1997-2004 (C) Paolo Mantegazza and Pierangelo Masarati,
Dipartimento di Ingegneria Aerospaziale, Politecnico di Milano.

MBDynis free software, covered by the GNUGeneral Public License, and you are
welcome to change it and/or distribute copies of it under certain conditions.
Use 'mbdyn --license' to see the conditions.
There is absolutely no warranty for MBDyn. Use "mbdyn --warranty" for details.

default symbol table:
real mm2in = 0.0393701
real lb2kg = 0.4535
real m2in = 39.3701
real m2ft = 3.28084
real in2m = 0.0254
real in2mm = 25.4
real pi = 3.14159
real deg2rad = 0.0174533
real kg2lb = 2.20507
real e = 2.71828
real rad2deg = 57.2958
int RAND_MAX= 2147483647
real ft2m = 0.3048

MBDynterminated normally
user@host:~>

Figure 2.1: Prede�ned variables in math parser

Table 2.1: Builtin mathematical operators in math parser (from higher to lower precedence)
Operator Type Description
^ Binary, right Power
+ Unary, left Plus sign
- Unary, left Minus sign
* Binary, left Multiplication
/ Binary, left Division
+ Binary, left Addition
- Binary, left Subtraction
> Binary, left Greater than
>= Binary, left Greater than or equal to
== Binary, left Equal to
<= Binary, left Lessthan or equal to
< Binary, left Lessthan
!= Binary, left Not equal
! Unary, right NOT
&& Binary, left AND
|| Binary, left OR
| Binary, left XOR (exclusive OR)

= Binary, right Assignment

Note: left and right refer to the associativit y of the operators
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Table 2.2: Builtin mathematical functions in math parser
Name A rg[s] Description

asin Real Arc sine
acos Real Arc cosine
atan Real Arc tangent
actan Real Arc co-tangent
atan2 Real, Real Arc tangent 2 (robust)
actan2 Real, Real Arc co-tangent 2 (robust)
cos Real Cosine
sin Real Sine
tan Real Tangent
ctan Real Co-tangent
cosh Real Hyperbolic cosine
sinh Real Hyperbolic sine
tanh Real Hyperbolic tangent
ctanh Real Hyperbolic co-tangent
acosh Real Hyperbolic arc cosine
asinh Real Hyperbolic arc sine
atanh Real Hyperbolic arc tangent
actanh Real Hyperbolic arc co-tangent
exp Real Exponential
log Real Natural logarithm
log10 Real Base10 logarithm
sqrt Real Squareroot
abs Real Absolute value
sign Real Sign
copysign Real, Real First arg with sign of second
floor Real Closest integer from below
ceil Real Closest integer from above
round Real Closest integer
rand random integer [0; RAND MAX]
random random real [� 1:0; 1:0]
seed Integer Seedsthe random number generator
step Real Step function
ramp Real Ramp function
sramp Real, Real Saturated ramp function
par Real Parabolic function
print Real Prin ts a value to standard output

Table 2.3: Builtin types in math parser
Name Description

Real Real number
Integer Integer number (promoted to Real whenever required)
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Table 2.4: Prede�ned variables in math parser
Name Type Value

Time Real Current simulation time
Val Real Set by dof driver with DOF value

e Real Neper's number
pi Real �
RAND_MAXInteger Maximum random integer

in2m Real Inch to meter ratio (0.0254)
m2in Real Meter to inch ratio (1.0/0.0254)
in2mm Real Inch to meter ratio (25.4)
mm2in Real Meter to inch ratio (1.0/25.4)
ft2m Real Foot to meter ratio (0.3048)
m2ft Real Meter to foot ratio (1.0/0.3048)
lb2kg Real Pound to kilogram ratio (0.4535)
kg2lb Real Kilogram to pound ratio (1.0/0.4535)
deg2rad Real Degreeto radiant ratio (� /180)
rad2deg Real Radiant to degreeratio (180/ � )

Table 2.5: Mathematical Functions in model namespace
Name A rg[s] Description

xposition Int X component of structural node position
yposition Int Y component of structural node position
zposition Int Z component of structural node position
distance Int, Int distance betweenstructural nodes
xdistance Int, Int X component of distance betweenstructural nodes
ydistance Int, Int Y component of distance betweenstructural nodes
zdistance Int, Int Z component of distance betweenstructural nodes

2.1.1 Namespaces

The math parser usesthe notion of namespace to separatefunctions. The functions listed in Table 2.2
are implicitly de�ned in the default namespace,i.e. they should be referencedby writing

default::sqrt( 2. )

Other namespacesmay be de�ned by the user, and loaded by meansof the module load card described
in Section2.3.6. The namespacethat refersto the current model is loadedby default. Its nameis model,
and contains the functions de�ned in Table 2.5.

2.2 Higher Level Structures

Every time a higher level structure is expected, it can be precededby a keyword that in
uences how the
structure is read. All of the available structures support the keyword null which causesthe structure to
be initialized with zeros. When a non-null value is input, it can be followed by the keyword scale and
by a scalefactor; the scalefactor can be any mathematical expression.This is useful to rescalestructure
valuesby reassigningthe value of the scalefactor. The main data structures are:

2.2.1 3 x 1 vectors

1. generalcase:a sequenceof 3 reals, comma-separated.
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2. null vector: keyword null ; the vector is initialized with zeros.

As an example,all the following lines de�ne an empty 3 x 1 vector:

default
null
0.,0.,0.
,,

the �rst caseis correct if no default was actually available for that speci�c vector, thus falling back to
three zeros. The following rescalesan arbitrary vector

cos(pi/3.),0., si n( pi /3 .) , scale, 100.

2.2.2 6 x 1 vectors

1. generalcase:a sequenceof 6 reals, comma-separated.

2. null vector: keyword null ; the vector is initialized with zeros.

2.2.3 3 x 3 matrices

1. generalcase:a sequenceof 9 reals, comma-separated,which represent the row-oriented coe�cien ts
a11, a12 , . . . , a32, a33. Note: the 9 coe�cients can be preceded by the keyword matr for consistency
with other entities; its use is recommended wheneveran ambiguity is possible.

2. symmetric matrix: keyword sym, followed by a sequenceof 6 reals, comma-separated,that repre-
sents the upper triangle, row-oriented coe�cien ts of a symmetric matrix, e.g. a11, . . . , a13, a22,
a23, a33.

3. diagonal matrix: keyword diag , followed by a sequenceof 3 reals,comma-separated,that represent
the diagonal coe�cien ts of a diagonal matrix.

4. identit y matrix: keyword eye; the matrix is initialized as the identit y matrix, that is a null matrix
except for the diagonal coe�cien ts that are 1.

5. null matrix: keyword null ; the matrix is initialized with zeros.

For example, the identit y matrix can be de�ned as:

matr, 1.,0.,0., 0.,1.,0., 0.,0.,1.
1.,0.,0., 0.,1.,0., 0.,0.,1.
sym, 1.,0.,0., 1.,0., 1.
diag, 1.,1.,1.
eye

2.2.4 3 x 3 orien tation matrices

1. generalcase:two vectorsthat de�ne an orthonormal referencesystem,each of them precededby its
index in the �nal orientation matrix. The �rst vector is normalized and assumedto represent the
desireddirection, while the secondsimply de�nes the plane the vector that is not given is normal
to, e.g.:

1, 1.,0.,0., 2, 0.,1.,0.
1, (real alpha=pi/6.;

cos(alpha)), sin(alpha), 0., 3, 0.,0.,1.
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the �rst example represents the identit y matrix i.e. no rotation occurs with respect to the global
referenceframe: direction 1 in the local frame is parallel to 1.,0.,0. which represents direction
1 in the global frame, while direction 2 in the local frame is parallel to 0.,1.,0. which represents
direction 2 in the global frame.

The secondexample describes a rotation of � =6 rad. about global direction 3: direction 1 in the
local frame results from composing cos(pi/6.) in global direction 1 and sin(pi/6.) in global
direction 2, while direction 3 in the local frame remains parallel to 0.,0.,1. which represents
direction 3 in the global frame.

2. identit y matrix: keyword eye; the identit y matrix, which meansthere is no rotation with respect
to the global referenceframe.

3. a complete orientation matrix: keyword matr followed by the nine, row-oriented, coe�cien ts,
namely r11, r12, . . . , r33. Note: no orthogonality check is performed; be sure an orthogonal matrix,
within the desired tolerance, is input.

4. Euler angles: keyword euler , followed by the three values, as output by structural nodes. Note:
the de�nition of the three anglesthat are used by the code to expressorientations may vary between
versions. Currently, Bryant-Cardano anglesare used in place of Euler angles. The code wil l remain
consistent, i.e. the sameanglede�nition wil l be used for input and output, but modelsover versions
may become incompatible, so this syntax should really be used only as a means to quickly reproduce
in the input an orientation as resulting from a previous analysis.

2.2.5 6 x 6 matrices

1. generalcase:a sequenceof 36 reals, comma-separated,that represent the row-oriented coe�cien ts
a11, a12 , . . . , a65, a66.

2. ANBA format: keyword anba, followedby 36reals,comma-separated,that represent the coe�cien ts
of the beamsti�ness matrix as generatedby the code ANBA, namely the following transformation
is performed:

� axis x, in the section plane in ANBA notation, becomesaxis 2 in MBDyn notation;

� axis y, in the section plane in ANBA notation, becomesaxis 3 in MBDyn notation;

� axis z, the beam axis in ANBA notation, becomesaxis 1 in MBDyn notation;

3. symmetric matrix: keyword sym, followed by a sequenceof 21 reals, comma-separated,that rep-
resents the upper triangle, row-oriented coe�cien ts of a symmetric matrix, e.g. a11, . . . , a16, a22,
. . . , a26, . . . , a66.

4. diagonal matrix: keyword diag , followed by a sequenceof 6 reals,comma-separated,that represent
the diagonal coe�cien ts of a diagonal matrix.

5. identit y matrix: keyword eye; the matrix is initialized as the identit y matrix, that is a null matrix
except for the diagonal coe�cien ts that are 1.

6. null matrix: keyword null ; the matrix is initialized with zeros.

2.2.6 6 x N matrices

1. generalcase: a sequenceof 6 x N reals, comma-separated,that represent the row-oriented coe�-
cients a11, a12 , . . . , a6(N � 1) , a6N .

2. ANBA format: keyword anba, followed by 6 x N reals, comma-separated,that represent the co-
e�cien ts of the beam sti�ness matrix as generated by the code ANBA, namely the following
transformation is performed:

� axis x, in the section plane in ANBA notation, becomesaxis 2 in MBDyn notation;
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� axis y, in the section plane in ANBA notation, becomesaxis 3 in MBDyn notation;

� axis z, the beam axis in ANBA notation, becomesaxis 1 in MBDyn notation;

3. null matrix: keyword null ; the matrix is initialized with zeros.

2.3 Input Related Cards

Everywherein the input �le the statement cards de�ned in the following can be used. They are handled
directly by the parsing object, and merely act as an indirect referenceto entities that are not explicitly
enumerated. They are:

2.3.1 Constitutiv e Law

<card> ::= constitutive law : <label>
[ , name, " <name>" ]
<dim> , (ConstitutiveL aw<dim>D) <constitutive_ la w> ;

Constitutiv e laws are grouped by their dimensionality <dim>, which can be any of 1, 3 and 6; the
<constitutive_ la w>is parsedaccording to the rules described in Section 2.8.

2.3.2 C81 Data

This keyword allowsto de�ne and readthe c81 data airfoil tables that areusedby aerodynamic elements.

<card> ::= c81 data : <label> [ , name, " <name>" ]
" <filename> " ;

The �le is in textual form; the format is:

� �rst line: "%30s%2d%2d%2d%2d%2d%2d" where the �rst 30 chars are a title string, currently ignored
by MBDyn, followed by 6 two-digit integers that indicate:

{ the number MLof Mach points for Cl ;

{ the number NLof angle of attack points for Cl ;

{ the number MDof Mach points for Cd;

{ the number NDof angle of attack points for Cd;

{ the number MMof Mach points for Cm ;

{ the number NMof angle of attack points for Cm .

The example in var/naca0012. c81 contains:

PROFILONACA0012 11391165 947

� the format of each following line is up to 10 �elds of 7 chars each; recordslonger than 10 �elds are
broken on multiple lines, with the �rst �eld �lled with blanks;

� a block containing the Cl data, made of:

{ a record with the �rst �eld blank, followed by the MLMach valuesfor the Cl ;

{ NLrecordscontaining the angleof attack in the �rst �eld, followed by MLvaluesof Cl for each
Mach number; anglesof attack wrap around 360 deg, starting from -180.

The examplein var/naca0012.c 81 contains 11 Mach points and 39 angleof attack recordsfor Cl :
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0. .20 .30 .40 .50 .60 .70 .75 .80
.90 1.

-180. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0.

-172.5 .78 .78 .78 .78 .78 .78 .78 .78 .78
.78 .78

...

� a block containing the Cd data, sameasfor Cl , with MDMach points and NDangleof attack records;

� a block containing the Cm data, sameasfor Cl , with MMMach points and NMangleof attack records.

2.3.3 Driv e Caller

<card> ::= drive caller : <label>
[ , name, " <name>" ]
(DriveCaller)< dr iv e_call er > ;

The keyword drive caller allows to de�ne a drive caller (seeSection 2.5) that can be subsequently
reused. It is useful essentially in two cases:

a) to de�ne a drive that will be usedmany times throughout a model;

b) to de�ne a drive that needsto be used in a later de�ned part of a model, in order to make it
parametric.

2.3.4 Hydraulic 
uid

The hydraulic fluid directive:

<card> ::= hydraulic fluid : <unique_label > ,
<fluid_type> , <fluid_proper ti es> ;

allows to de�ne a hydraulic 
uid to be later used in hydraulic elements, seeSection 9.13. The 
uid is
identi�ed by a numerical label. The fluid_type s, with the related fluid_propertie s, are described in
2.9

2.3.5 Include

The include directive:

<card> ::= include : " <file_name> " ;

where file_name is a valid �lename for the operative system in use, that must be enclosedin dou-
ble quotes ("). The full (absolute or relative) path must be given if the included �le is not in the
directory of the including one. There is no check for recursive include s, so the user must tak e
care of recursion . The include directive forces the parser to scan the included �le file_name be-
fore continuing with the including one. This is very useful if, for instance, a big model can be made
of many small models that are meaningful by themselves. It can be used to replicate parts of the
model, by simply using parametric labels for nodes,elements, referencesystems,and setting a bias value
before multiple-including the same bulk data �le. Examples of this usageare given in the tutorials
(http://www.aer o. poli mi.i t/ ~mbdyn/d ocumenta ti on/t ut or ia ls / ) .
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2.3.6 Mo dule Load

The module load directive:

<card> ::= module load : " <file_name> "
[ , <module_arglis t> ] ;

wherefile_name is the nameof a runtime loadableobject, causesthe object to be opened,and a function
module_init , with protot ype

int module_init(co nst char *module_name,
void *data_manager, void* mbdyn_parser);

to be executed; the function is assumedto perform the operations required by the module, eventually
taking advantage of the parsing and of the data manager; seethe technical manual for details. The
typical useconsistsin registering somemethods for later use;a clear example is given in

modules/module-wheel 2/ module -wheel 2. cc

where the function registers the loadable element in the set of loadable element handlers which can
later be retrieved by using the syntax described in Section 9.15. Note, however, that the execution of
the module_init function may be used for any purpose; typically, to register handlers of any kind for
subsequent use.

2.3.7 Reference

The reference directive:

<card> ::= reference : <unique_label > ,
<absolute_posi ti on> ,
<absolute_orie nt at io n_matr ix > ,
<absolute_velo ci ty > ,
<absolute_angu la r_ velo ci ty > ;

A reference system is declaredand de�ned. It must be given a unique identi�er, scannedby the math
parser (which meansthat any regular expressionis allowed, and the result is rounded up to the nearest
unsigned integer). The entries absolute_* are parsedby routines that compute absolute (i.e. referring
to the global frame) entities starting from a given entit y in a given referenceframe. Theseroutines are
very general, and make intense use of the reference entries themselves, which meansthat a reference
can be recursively de�ned by meansof previously de�ned reference entries.

Use of Reference Frames

Every time an absolute or a relative geometric or physical entit y is required, it is processedby a set of
routines that allow the entit y to be expressedin the desired referenceframe. The following casesare
considered:

� relative position (physical)

� absolute position (physical)

� relative orientation matrix (physical)

� absolute orientation matrix (physical)

� relative velocity (physical)

� absolute velocity (physical)

� relative angular velocity (physical)
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� absolute angular velocity (physical)

� relative arbitrary vector (geometric)

� absolute arbitrary vector (geometric)

The caller is responsible for the �nal interpretation of the input. The caller always suppliesthe routines
a default referencestructure the input must be referred to. So, depending on the caller, the entry can
be in the following forms:

1. <entity> :
the data supplied in <entity> is intended in the default referenceframe

2. reference , <reference_ty pe> , <entity> :
the data is in <reference_type > referenceframe, where

<reference_ty pe> ::= { global | node | local }

3. reference , <reference_nu mber > , <entity> :
the data is in reference reference_number referenceframe. This referenceframe must bealready
de�ned.

Examples:

� absolute position:

null
reference, global, null
reference, 8, 1., sin(.3*pi), log(3.)

� relative orientation matrix (e.g. as required by many constraints and thus referred to a node):

eye
reference, node, eye
reference, 8,

3, 0., 1., 0.,
1, .5, sqrt(3)/2., 0.

Notes:

� the global reference frame has position f 0; 0; 0g, orientation matrix eye, velocity f 0; 0; 0g and
angular velocity f 0; 0; 0g.

� if the caller is not related to a node, the referencetype node should not be de�ned. In this caseit
is consideredequivalent to local .

� when processinga velocity or an angular velocity, the resulting value always accounts for the
velocity and angular velocity of the frame the entry is referred to. As an example, if a node is
de�ned on a referenceframe R R that has non-null angular velocity 
 R , and its position x input is
not in the origin X R of the referenceframe it is attached to, its global velocity and angular velocity
result as the composition of the input valuesand of those of the referenceframe:

w = R R ! input + 
 R

v = R R v input + V R + 
 R � (R R x input )

This, for instance, easesthe input of all the parts of a complex system that is moving as a rigid
body, by de�ning a referenceframe with the proper initial velocities, and then referring all the
entities, e.g. the nodes, to that frame, with null local velocity.
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Recalling the declaration and the de�nition of reference frames,a simple reference frame de�nition, with
all the entries referring by default to the global system,would be:

reference: 1000,
null,
eye,
null,
null;

which representsa rede�nition of the global system. A more verbose,and self-explanatoryde�nition would
be:

reference: 1000,
reference, global, null,
reference, global, eye,
reference, global, null,
reference, global, null;

the reference frame one is referring to must be repeated for all the entries since they must be allowed to
refer to whateverframe is preferred by the user. A fancier de�nition would be:

reference: Rotating_stru ct ur e,
reference, Fixed_structu re , null,
reference, Spindle_1,

1, 0.,0.,1.,
3, 0.,1.,0.,

reference, Fixed_structu re , null,
reference, Spindle_1, 0.,0.,Omega_1;

Output

The referenceframes are used only during the input phase, where they help referring entities either
absolute or relative to other entities depending on their internal representation during the analysis. As
such, referenceframes cannot be\used" or \visualized" neither directly or indirectly at any time during
the analysisor by interpreting the output. To allow their debugging,however, they can be output in the
global referenceframe according to the representation of structural nodes,as described in Section 6.1.1,
by using the default output directive with the value reference frames, as detailed in Section 5.1.

2.3.8 Remark

The remark directive:

<card> ::= remark : " <remark_string >
[ , <math_expressi on> [ , ... ] ] ;

This directive simply prints to stdout the string remark_string and optionally evaluatesany subsequent
expressionmath_expressio n according to the set directive. It is usedto allow rough input debugging,
where the �le name and line is logged, followed by a message,possibly followed by the evaluation of
expressions.Example:

remark: "square root of 2", sqrt(2);
set: (

real EA = 1e6; # N, axial stiffness
real GA= 1e6; # N, shear stiffness
real EJ = 1e3; # Nm^2, bending stiffness
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real GJ = 1e3; # Nm^2, torsional stiffness
0);
remark: "Stiffness properties", EA, GA, EJ, GJ;

2.3.9 Set

The set directive:

<card> ::= set : <math_expressio n> ;

This directive simply invokes the math parser to evaluate the expressionmath_expression and then
discards the result. It can be useful to declarenew variables, or to set the valuesof existing ones.

2.3.10 Setenv

The setenv directive:

<card> ::= setenv : [ overwrite , ] " <varname> [ = <value> ] " ;

This directive sets the environment variable <varname>to the value <value> , if given; otherwise, the
variable is unset. If the keyword overwrite is set, the variable is overwritten, if already set.

# set FILE to "test", if it does not exist
setenv: "FILE=test";
# set FILE to "test", even if it exists
setenv: override, "FILE=test";
# unset FILE
setenv: "FILE";
# set FILE to the empty string, if it does not exist
setenv: "FILE=";

Seesetenv(3) and unsetenv(3) man pagesfor details.

2.4 No de Degrees of Freedom

A node in MBDyn is nothing but an entit y that owns degreesof freedom and can lend them to other
entities. Usually elements accessnodal degreesof freedom through well-de�ned interfaces, at a high
level. But in a few cases,nodal degreesof freedom must be accessedat a very low level, with the bare
knowledgeof the node label, the node type, the internal number of the degreeof freedom,and the order
(algebraic or di�eren tial, if any). The data that allows an entit y to track a nodal degreeof freedom is
read as follows:

<node_dof> :: = <node_label> ,
<node_type>
[ , <dof_number> ]
[ , { algebraic | differential } ]

The label and the type of the node are usedto track the pointer to the desirednode. If the node is not
scalar, the dof_number �eld is required to addressthe appropriate degreeof freedom. Finally, the order
of the degreeof freedom is checked, if required. It must be one of algebraic or differential . If the
dof_number degreeof freedomis di�eren tial, both of them can be addressed,while in caseof an algebraic
node there is no choice, only the algebraic order can be addressedand thus this �eld is not required.
The dof_number must range between 1 and the number of dof s that belong to the node. When the
node is usedto addressan equation (abstract forces,discrete control elements), the distinction between
algebraic and differential is meaningless,and thus this �led is not required.
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2.5 Driv es and Driv e Callers

Every time someentit y can be \driv en", i.e. a value can be expressedas dependent on some\external"
input, an object of the classDriveCaller is used. The drive essentially represents a scalar function,
whose value can change over time or, through some more sophisticated means, based on the state of
the analysis. Usually, the dependenceover time is implicitly assumed,unlessotherwise speci�ed. For
example, the amplitude of the force applied by a force element (seeSection 9.10) is de�ned by means
of a drive ; as such, the value of the drive is implicitly calculated as a function of the time. However,
a dof drive (seeSection 2.5.20) usesa subordinate drive to compute its value basedon the value of
a degreeof freedom of the analysis; as a consequence,the value of the dof drive is represented by the
value of the subordinate drive when evaluated as a function of that speci�c degreeof freedom at the
desiredtime.
The family of the DriveCaller object is very large, and should require a dedicated chapter. The type
of the DriveCaller is declaredas follows:

<drive_caller> ::=
{ <drive_caller_ ty pe> [ , <arglist> ]

| reference , <label> }

wherearglist , if any, is a comma-separatedlist of arguments that dependson drive_caller_t ype. As
an exception, a constant DriveCaller (that behaves exactly as a numerical constant with little or no
overhead depending on the optimizing capability of the compiler) is assumedwhen a numeric value is
used instead of a keyword. If the alternativ e format is used, the keyword reference must be followed
by the label of an already de�ned, valid drive caller (SeeSection 2.3.3).

2.5.1 Null driv e

<drive_caller> ::= null

Zero valued; the arglist is empty.

2.5.2 Unit driv e

<drive_caller> ::= unit

Always 1; the arglist is empty.

2.5.3 Constan t driv e

<drive_caller> ::= [ const , ] <const_coef>

The keyword const can be omitted thus highlighting the real nature of this driver, that is completely
equivalent to a constant, static real value.

2.5.4 Time driv e

<drive_caller> ::= time

Yields the current time; the arglist is empty.

2.5.5 Linear driv e

<drive_caller> ::= linear ,
<const_coef> ,
<slope_coef>
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2.5.6 Parab olic driv e

<drive_caller> ::= parabolic ,
<const_coef> ,
<linear_coef> ,
<parabolic_coe f>

2.5.7 Cubic driv e

<drive_caller> ::= cubic ,
<const_coef> ,
<linear_coef> ,
<parabolic_coe f> ,
<cubic_coef>

2.5.8 Step driv e

<drive_caller> ::= step ,
<initial_time> ,
<step_value> ,
<initial_value >

2.5.9 Double step driv e

<drive_caller> ::= double step ,
<initial_time> ,
<final_time> ,
<step_value> ,
<initial_value >

2.5.10 Ramp driv e

<drive_caller> ::= ramp ,
<slope> ,
<initial_time> ,
{ forever | <final_time> } ,
<initial_value >

2.5.11 Double ramp driv e

<drive_caller> ::= double ramp ,
<asc_slope> ,
<asc_initial_t ime> ,
<asc_final_tim e> ,
<desc_slope> ,
<desc_initial_ ti me> ,
{ forever | <desc_final_ti me> } ,
<initial_value >

2.5.12 Piecewise linear driv e

<drive_caller> ::= piecewise linear ,
<num_points> ,

<point> , <value>
[ , ... ]
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Piecewiselinear function; the �rst and the last point/v alue pairs are extrapolated in casea value beyond
the extremesis required. Linear interpolation betweenpairs is used.

2.5.13 Sine driv e

<drive_caller> ::= sine ,
<initial_time> ,
<pulsation> ,
<amplitude> ,
{ [ - ] <number_of_cycle s> | half | one | forever } ,
<initial_value >

the valueof number_of_cycl es determinesthe behavior of the drive. If it is positive,number_of_cycl es� 1=2
oscillations are performed. If it is negative, the oscillations end after number_of_cycl es� 3=4 cyclesat
the top of the sine, with null tangent. Special keywords can be usedfor number_of_cycl es:

� forever , which meansthe oscillation never stops;

� one, which meansexactly one cycle is performed;

� half , which meansexactly half cycleis performed,sothe function stopsat amplitude + initial_value .

2.5.14 Cosine driv e

<drive_caller> ::= cosine ,
<initial_time> ,
<pulsation> ,
<amplitude> ,
{ [ - ] <number_of_cycle s> | half | one | forever } ,
<initial_value >

this driveactually computesa function of the type1� cos(x). The valueof number_of_cycle s determines
the behavior of the drive. If it is positive, number_of_cycle s oscillations are performed. If it is negative,
the oscillations end after number_of_cycle s� 1=2 cycles at the top of the cosine, with null tangent.
Special keywords can be usedfor number_of_cycle s:

� forever , which meansthe oscillation never stops;

� one, which meansexactly one cycle is performed;

� half , which meansexactly half cycleis performed,sothe function stopsat amplitude + initial_value .

2.5.15 Frequency sweep driv e

<drive_caller> ::= frequency sweep ,
<initial_time> ,
<pulsation_dri ve> ,
<amplitude_dri ve> ,
<initial_value > ,
{ forever | <final_time> } ,
<final_value>

this drive recursively calls two other drivesthat supply the pulsation and the amplitude of the oscillation.
Any drive can be used.
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2.5.16 Exp onential driv e

<drive_caller> ::= exponential ,
<amplitude_val ue> ,
<time_constant _val ue> ,
<initial_time> ,
<initial_value >

2.5.17 Random driv e

<drive_caller> ::= random ,
<amplitude_val ue> ,
<mean_value> ,
<initial_time> ,
{ forever | <final_time> }
[ , steps , <steps_to_hold _val ue>]
[ , seed , { time | <seed_value>} ]

the �rst optional entry , precededby the keyword steps , setsthe number of stepsa random value must be
held beforegeneratinga new random number. The secondoptional entry , precededby the keyword seed,
setsthe new seedfor the random number generator. A numeric value can be used,or the keyword time
usesthe current time from the internal clock. A given seedcan be used to ensurethat two simulations
useexactly the samerandom sequence(concurrent settings are not managed,so it is not very reliable).

2.5.18 File driv e

A family of �le drivers is being planned. At present only a multiple-valued, constant time-step �le drive
is implemented. The DriveCaller is attached to a �le drive object that must be declaredand de�ned
in the drivers section of the input �le (seeSection 8).

<drive_caller> ::= file ,
<drive_label>
[ , <column_number> ]
[ , amplitude , <amplitude> ]

drive_label is the label of the drive the DriveCaller is attached to, while column_numberis the
number of the column the DriveCaller refersto (defaults to 1). An additional scaling factor amplitude
can be usedto rescalethe drive value (defaults to 1.0).

2.5.19 String driv e

<drive_caller> ::= string ,
" <expression_st ri ng> "

expression_str in g is a string, delimited by double quotes. It is parsedby the math parser every time
the drive is invoked. The variable Time is kept up to date and can be usedin the string to compute the
return value. Another variable, Var, is set to the value provided by the caller in casethe drive is called
with an explicit argument as, for instance, in the dof drive (seeSection 2.5.20); e.g.:

string, "e^(-Time)*cos (2 .* pi *Time) "

generatesa cosinemodulated by an exponential.

2.5.20 Dof driv e

<drive_caller> ::= dof ,
(node_dof) <driving_dof> ,
(drive_caller) <func_drive>
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a node_dof (seeSection 2.4), namely the referenceto a degreeof freedom of a node, is read. Then a
recursive call to a drive data is read. The driver returns the value of the func_drive drive using the
value of the node_dof as input instead of the time. This can be used as a sort of explicit feedback, to
implement fancy springs (where a force is driven through a function by the displacement of the node it
is applied to) or an active control system; e.g.:

dof, 1000, structural, 3, algebraic,
linear, 0., 1.

usesthe value of the third component (z) of structural node 1000 as is (that is, in a linear expression
with null constant coe�cien t and unit linear coe�cien t, while

dof, 1000, abstract, differential,
string, "2.*exp(-100.* Var) "

usesthe value of the derivative of abstract node 1000 in computing a string expression. Refer to the
description of a node_dof (seeSection 2.4) entry for further details.

2.5.21 Elemen t driv e

<drive_caller> ::= element ,
<label> ,
<type>
[ , { name, "<name>" | index , <index> } ]
(drive_caller) <func_drive>

a referenceto the private data of an element is read. This is madeof: the element's label , the element's
type and a speci�cation of which private data is beingreferred; the index canbedirectly given,prepended
by the keyword index , or the symbolic name can be used, prepended by the keyword index . If that
element allows only one private data, the speci�cation can be omitted. Then a recursive call to a drive
data is read. The driver returns the value of the func_drive drive using the value of the element's
private data as input instead of the time. This can be usedas a sort of explicit feedback, to implement
fancy springs (where a force is driven through a function by the rotation of a joint) or an active control
system; e.g.:

element, 1000, joint, name, "rz",
linear, 0., 1.

usesthe value of the rotation about axis z of a revolute hinge as is (that is, in a linear expressionwith
null constant coe�cien t and unit linear coe�cien t, while

element, 1000, joint, index, 1
string, "2.*exp(-100.* Var) "

usesthe samevalue, addressedin an alternativ e manner, in computing a string expression. The same
e�ect can be obtained by using the element plugin as follows:

set: [elem,x,1000, jo in t, name=rz] ;
# ...
couple: 1, conservative, 1, 0.,0.,1.,

string, "2.*exp(-100.* x) ";

which applies a couple whoseamplitude is computed by evaluating a string drive which depends on
variable x; this, on turn, is de�ned as an element plugin, which causesits evaluation in terms of the
element's private data at each invocation.
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2.5.22 Arra y driv e

<drive_caller> ::= array ,
<num_drives> ,

<drive_caller>
[ , <drive_caller> [ , ... ] ]

this is simply a front-end for the linear combination of num_drives normal drives;num_drives must be
at least 1, in which casea simple drive caller is created,otherwisean array of drive callers is createdand
at every call their value is added to give the �nal value of the array drive.

2.5.23 Template driv e

A particular DriveCaller is the template drive caller. This is made of a constant entit y that multiplies
a conventional drive (seeSection 2.5) to give a drive entit y of dimensionality di�eren t from that of a
simple scalar drive . there are two typesof template drive callers, the single template drive caller and
the array template drive caller, that is nothing but the sum of an array of single template drive callers.
They are entered as follows:

<tpl_drive_cal le r> ::= single ,
<entity> , <drive_caller >

<tpl_drive_cal le r> ::= array ,
<num_template_dr iv e_call er s> ,
<entity> , <drive_caller >
[ , <entity> , <drive_caller > [ , ... ] ]

where entity is a constant of the expected type (scalar, 3 x 1 vector, 6 x 1 vector are the typescur-
rently de�ned, but, sincea C++ template has beenused, the implementation of other onesis straight-
forward). In caseof scalar values, the template reverts by default to a normal drive caller, such that
no overhead is added. At least 1 drive caller is expected. If num_template_dri ve_cal le rs is exactly
1, only a single template drive caller is actually constructed, thus avoiding the overheadrelated to the
handling of the drive caller array.

2.6 Friction

Any friction-enabled joint needthe de�nition of at least a friction model and of a shape function .

2.6.1 Friction models

The friction model input format is:

<friction_mode l> ::= <friction_typ e> ,
<friction_argl is t>

Currently implemented friction models are:

1. modlugre
This friction model is basedon Pierre Dupont, Vincent Hayward, Brian Armstrong and Friedhelm
Altp eter, Single State Elasto-Plastic Friction Models, IEEE Transactions on Automatic Control,
June 2002. The input format is:

<friction_mod el > ::= modlugre
<friction_arg li st > ::=

<sigma0>,
<sigma1>,
<sigma2>,
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<kappa>,
<friction_fun ct io n>

<sigma0> ::= <const_value>
<sigma1> ::= <const_value>
<sigma2> ::= <const_value>
<friction_fun ct io n> ::= <ScalarFuncti on>

2. discrete coulomb
This is a Coulomb model with viscousfriction and internal states to resolve stick/slip conditions.

<friction_mod el > ::= discrete coulomb
<friction_arg li st > ::=

[ sigma2 , <sigma2> , ]
[ velocity ratio , <vel_ratio> , ]
<friction_fun ct io n>

<sigma2> ::= <const_value>
<vel_ratio> ::= <const_value>
<friction_fun ct io n> ::= <ScalarFuncti on>

wheresigma2 givesthe viscousfriction; velocity ratio defaults to 0.8,and is usedto discriminate
stick/slip conditions

where friction_func ti on give the static friction as a function of sliding velocity.

2.6.2 Shape functions

A shape function input format is:

<shape_functio n> ::= <shape_functi on_t ype> ,
<shape_functio n_ar gl is t>

Currently implemented friction models are:

1. simple
This shape function is equal to one. It doesnot needarguments.

<shape_functi on> ::= simple
<shape_functi on_arg li st > ::=

2. simple plane hinge

<shape_functi on> ::= simple plane hinge
<shape_functi on_arg li st > ::= <radius>
<radius> ::= <const_value>

This is the shape function of a revolute hinge with radius equal to radius and subject to small
loads.
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2.7 Shapes

The shape entities areobjects that return a value depending on one(or two, for 2D shapes)dimensionless
abscissa,ranging [� 1; 1]. At present, only 1D shapesare used,by aerodynamic elements. A shape input
format is:

<shape_1D>::= <shape_type> ,
<shape_arglist >

The shapescurrently available are:

1. const

<shape_type> ::= const
<shape_arglis t> ::= <const_value>

2. linear

<shape_type> ::= linear
<shape_arglis t> ::=

<value_at_-1> ,
<value_at_1>

3. piecewise linear

<shape_type> ::= piecewise linear
<shape_arglis t> ::=

<number_of_poin ts > ,
<abscissa> , <value>
[ , ... ]

4. parabolic

<shape_type> ::= parabolic
<shape_arglis t> ::=

<value_at_-1> ,
<value_at_0> ,
<value_at_1>

This form of input has been chosensince, being the shapes mainly used to interpolate values, it looks
more \natural" to insert the mapping values at characteristic points. For piecewise linear shapes,
there must be number_of_poin ts pairs of absciss� and values;absciss� must be in the range [� 1; 1], in
strict ascendingorder.

2.8 Constitutiv e Laws

Every time a \deformable" entit y requires a constitutiv e law, a template constitutiv e law is read. This
has been implemented by means of the C++ templates in order to allow the de�nition of a general
constitutiv e law when possible. The \deformable elements at present are rod s, 1D, deformable hinge s
and deformable displacement hinge s,3D, and beams,6D. The beamelement that usesthe 6D template
constitutiv e law hasnot beenimplemented yet. Someconstitutiv e laws are meaningful only when related
to someprecisedimension. Table 2.6 shows the availabilit y of each constitutiv e law.
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Usually, constitutiv e lawscanbe directly de�ned when required, accordingto the de�nition of an element.
However, the special card described in Section 2.3.1 allows to de�ne constitutiv e laws stand-alone, and
attach them to the elements by meansof the following mechanism:

<constitutive_ la w> ::=
{ <constitutive_ la w_defi ni ti on>

| <constitutive_ la w_re fe re nce> }

<constitutive_ la w_re fe re nce> ::= reference , <label>

where <constitutive_ la w_defi ni ti on> is described in the following, while <label> is the label of a
previously de�ned constitutiv e law of the appropriate dimensionality, as described in Section 2.3.1.

Table 2.6: Constitutiv e laws dimensionality
Constitutive Law 1D 3D 6D

linear elastic, linear elastic isotropic x x x
linear elastic generic x x x
linear elastic genericaxial torsion coupling x
log elastic x
linear elastic genericbi-stop x x x
double linear elastic x x
isotropic hardening elastic x x x
linear viscous,linear viscousisotropic x x x
linear viscousgeneric x x x
linear viscoelastic, linear viscoelastic isotropic x x x
linear viscoelastic generic x x x
double linear viscoelastic x x
turbulent viscoelastic x
linear viscoelastic genericbi-stop x x x
shock absorber x

The constitutiv e laws are entered as follows:

<const_law> ::= <specific_cons t_ la w>
[ , prestress, (entity) <prestress> ]
[ , prestrain, (entity_tpl_d ri ver) <prestrain> ]

<specific_cons t_ la w> ::= <const_law_na me> ,
<const_law_dat a>

whereconst_law_nameis the nameof the constitutiv e law and const_law_data dependson the speci�c
constitutiv e law. The latter �elds, whose type depends on the dimension of the constitutiv e law, are
optional, under the assumption that the constitutiv e law is the last portion of a card, or that any
ambiguit y can be avoided. The data speci�c to the currently available constitutiv e laws must be entered
as follows:

2.8.1 Linear elastic, linear elastic isotropic

<specific_cons t_ la w> ::= linear elastic [ isotropic ] ,
(scalar) <stiffness>

the isotropic sti�ness coe�cien t

2.8.2 Linear elastic generic

<specific_cons t_ la w> ::= linear elastic generic ,
(derivative_of _ent it y) <stiffness>
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the sti�ness matrix. In caseof 1D, the type is scalar, and there is no distinction betweengeneric and
isotropic , while, in caseof n x 1 vectors, the type is the corresponding n x n matrix.

2.8.3 Linear elastic generic axial torsion coupling

<specific_cons t_ la w> ::=
linear elastic generic axial torsion coupling ,

(derivative_of _ent it y) <stiffness> ,
(scalar) <coupling_coe ff ic ie nt >

this is de�ned only for 6 x 1 vectors, where the torsion sti�ness, coe�cien t a44 in the sti�ness matrix,
depends linearly on the axial strain, " 1, by meansof coupling_coef fi ci ent .

2.8.4 Log elastic

<specific_cons t_ la w> ::= log elastic ,
(derivative_of _ent it y) <stiffness>

this is de�ned only for scalars. The force is de�ned as:

f = stiffness log(1 + ")

2.8.5 Linear elastic bi-stop generic

<specific_cons t_ la w> ::= linear elastic bistop,
(derivative_of _ent it y) <stiffness> ,
[ initial state , { inactive | active } , ]
(DriveCaller)< acti vati ng_condi ti on> ,
(DriveCaller)< deacti vati ng_condi ti on>

2.8.6 Double linear elastic

<specific_cons t_ la w> ::= double linear elastic ,
(scalar) <stiffness_1> ,
(scalar) <upper_strain > ,
(scalar) <lower_strain > ,
(scalar) <stiffness_2>

this is de�ned for scalarand 3 x 1 vectors. In the scalarcasethe meaningof the entries is straightforward,
while in caseof 3 x 1 vectors, the constitutiv e law is isotropic but in the local direction 3, where, in
caseof strain out of the upper or lower bound, the stiffness_2 is used.

2.8.7 Isotropic hardening elastic

<specific_cons t_ la w> ::= isotropic hardening elastic ,
(scalar) <stiffness> ,
(scalar) <reference_st ra in >

this constitutiv e law is de�ned as follows:

f = stiffness
� j" j2

1 + � j" j2
"

where � = 3=jreference_str ai nj2. The resulting constitutiv e law, in the scalar case,is somewhatsoft
when " is smaller than reference_stra in , while it grows to quasi-linear for higher "s
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2.8.8 Linear viscous, linear viscous isotropic

<specific_cons t_ la w> ::= linear viscous [ isotropic ] ,
(scalar) <viscosity_co ef fi ci ent>

the linear viscouscoe�cien t.
Note: this constitutive law does not require any prestrain template drive caller.

2.8.9 Linear viscous generic

<specific_cons t_ la w> ::= linear viscous generic ,
(derivative_of _ent it y) <viscosity_ma tr ix >

the linear viscousmatrix.
Note: this constitutive law does not require any prestrain template drive caller.

2.8.10 Linear visco elastic, linear visco elastic isotropic

<specific_cons t_ la w> ::= linear viscoelastic [ isotropic ] ,
(scalar) <stiffness> ,
{ (scalar) <viscosity_co ef fi ci ent>
| proportional, (scalar) <factor> }

the isotropic sti�ness and viscosity coe�cien ts

2.8.11 Linear visco elastic generic

<specific_cons t_ la w> ::= linear viscoelastic generic ,
(derivative_of _ent it y) <stiffness> ,
{ (derivative_of _ent it y) <viscosity_ma tr ix >
| proportional, (scalar) <factor> }

the linear sti�ness and viscosity matrices

2.8.12 Double linear visco elastic

<specific_cons t_ la w> ::= double linear viscoelastic ,
(scalar) <stiffness_1> ,
(scalar) <upper_strain > ,
(scalar) <lower_strain > ,
(scalar) <stiffness_2> ,
(scalar) <viscosity_co ef fi ci ent>

this is analogousto the double linear elastic constitutiv e law, except for the isotropic viscosity term.

2.8.13 Turbulen t visco elastic

<specific_cons t_ la w> ::= turbulent viscoelastic ,
(scalar) <stiffness> ,
(scalar) <parabolic_vi scous_coef fi ci ent>
[ , (scalar) <threshold>

[ , (scalar) <linear_visco us_coeff ic ie nt > ] ]

the constitutiv e law has the form:
f = stiffness " + k _"
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where:

k =
�

linear_viscou s_coef fi ci ent j _" j � threshold
parabolic_vis cous_coeff ic ie nt j _" j > threshold

if threshold is null, or not de�ned, the constitutiv e law is alwaysparabolic. If the linear_viscous _coeff ic ie nt
is not de�ned, it is computed basedon parabolic_visco us_coeff ic ie nt and on threshold to give a
continuous force curve (with discontinuous slope). Otherwise, it can be set by the user to give a discon-
tinuous force curve, as observed in some
uids at intermediate Reynolds number.

2.8.14 Linear visco elastic bi-stop generic

<specific_cons t_ la w> ::= linear viscoelastic bistop ,
(derivative_of _ent it y) <stiffness> ,
(derivative_of _ent it y) <viscosity_co ef fi ci ent> ,
[ initial state , { inactive | active } , ]
(DriveCaller)< acti vati ng_condi ti on> ,
(DriveCaller)< deacti vati ng_condi ti on>

2.8.15 GRAALL damp er

This is a very experimental constitutiv e law, basedon a nonlinear model for a hydraulic damper to be
used in landing gear modeling. Basically, it requires the user to supply the name of the GRAALL-st yle
input �le with damper data. It will be documented as soon as it reachesan appreciablelevel of stabilit y.
Seealso the shock absorber constitutiv e law.

2.8.16 shock absorb er

This constitutiv e law implements a landing gear hydraulic shock absorber:

<specific_cons t_ la w> ::= shock absorber ,
[ prestrain , <value> , ]
<reference pressure> ,
<reference area for force computation> ,
<interaction coefficient> ,
<polytropic exponent> ,
[ epsilon max , <upper strain bound> , ]
[ epsilon min , <lower strain bound> , ]
[ penalty , <penalty factor for strain> ,

<penalty factor for strain rate> , ]
[ metering , <metering area> ,

[ negative , <metering area for negative strain rate> , ]
[ orifice , <orifice area> , ]
<fluid area> ,
<fluid density> ,
<drag coefficient / reference length

(scales strain rate to velocity)>
[ , friction, <reference epsilon prime> ,

<friction amplitude coefficient> ]

where

� the interaction coefficient is represented by

kinematic scale
LA
V0

where kinematic scale is the ratio betweenthe stroke of the shock absorber and that of the gas;
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Table 2.7: Shock absorber output data
entity name

gaspressure p
metering area A
elastic force Fe
viscousforce Fv

� epsilon maxis the upper strain bound; it must be at least larger than the prestrain, and defaults
to 0, i.e. the shock absorber, at rest, is assumedto be fully extended;

� epsilon min is the lower strain bound; it must be at least smaller than the prestrain, and defaults
to -0.5, i.e. the shock absorber is assumedto allow a contraction equal to half its full length;

� the penalty factor for strain defaults to 1e+9; it is active only when strain bounds are vio-
lated;

� the penalty factor for strain rate defaults to 0; it is active only when strain bounds are
violated;

� the metering area is given by a drive and is strain dependent; if the keyword negative is used,
then the metering area for negative strain rate is usedwhen the strain rate is negative, i.e.
the shock absorber is being compressed,while the metering area is used only when the shock
absorber is extending;

� the <orifice> drive determinesthe area of an additional ori�ce, which essentially dependson the
sign of the strain rate; it is usedto implement relief valves;

� ...

This constitutiv e law adds the entities described in Table 2.7 to the output of the element it is usedfor.
The table also indicates the namesthat can be usedto referencethe entities as element private data.

2.9 Hydraulic 
uid

Hydraulic 
uid data de�nes the constitutiv e properties of hydraulic 
uids, which are generally required
by hydraulic elements. Hydraulic 
uid data can be de�ned in two ways, according to the BNF:

<hydraulic_flu id > ::=
{ <fluid_type> , <fluid_proper ti es>

| reference, <label> }

The latter referencesa previously de�ned hydraulic 
uid dataset, described in Section 2.3.4. The
fluid_type s, with the related fluid_propert ie s, are:

2.9.1 Incompressible

<fluid_type> ::= incompressibl e
<fluid_propert ie s> ::=

[ density , <density> ]
[ , viscosity , <viscosity> ]
[ , pressure , <pressure > ]
[ , temperature , <temperature> ]
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2.9.2 Linearly compressible

<fluid_type> ::= linear compressible
<fluid_propert ie s> ::=

[ density , <ref_density> ,
<beta> , <ref_pressure > ]

[ , viscosity , <viscosity> ]
[ , temperature , <temperature> ]

2.9.3 Linearly compressible, with thermal dependency

<fluid_type> ::= linear thermal compressible
<fluid_propert ie s> ::=

[ density , <ref_density> ,
<beta> , <ref_pressure > ,
<alpha> , <ref_temperatu re > ]

[ , viscosity , <viscosity> ]

2.9.4 Super (linearly compressible, with thermal dependency)

<fluid_type> ::= super
<fluid_propert ie s> ::=

[ density , <ref_density> ,
<beta> , <ref_pressure > ,
<alpha> , <ref_temperatu re > ]

[ , viscosity , <viscosity> ]

according to equation

� = � 0 + � r ef
1
2

(1 + tanh (a (p � pr ef ))) p < pr ef

+ =
p � pr ef

�
p > pr ef

Note: highly experimental

2.9.5 Exp onential compressible 
uid, with saturation

<fluid_type> ::= exponential
<fluid_propert ie s> ::=

[ density , <ref_density> ,
<beta> , <ref_pressure > ,
<alpha> , <ref_temperatu re > , ]

[ viscosity , <viscosity> , ]
<psat>

where psat is the saturation pressure,according to equation

� = � 0e

p � p0

� p > psat

� = � 0e
1000

p � p0

� p < psat

Note: this 
uid constitutive law is loosely inspired by AMESim's simply corrected compressible
uid.
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2.10 Authen tication Metho ds

Someauthentication methods are de�ned and madeavailable to speci�c program modules; they are used
to authenticate before accessingsomeresourcesof the program while it is running. The syntax is:

<authenticatio n_meth od> ::= <method> [ , <specific_dat a> ]

Authentication methods in generalexpect someauthentication tokensto be input. Usually a user name
and a password are required.

2.10.1 Note on securit y and con�den tialit y

No encryption is used in communications, unless provided by the underlying mechanism (e.g. some
SASL mechs), so the authentication methods are very rough and should be considered as insecure.
SecureSocket connection or other SSL-like communication protocol may be consideredin the future.
If con�dentialit y is required, SASL with at least DIGEST-MD5 is strongly recommended;otherwise no
authentication should be used. As alternativ es,a SSHtunnel may be establishedbetweenthe client and
the server machine, and simple authentication can be used. Otherwise, if the user has direct accessto
the server where the computation is being run, sockets with local namespacecan be used,and security
can be enforcedby meansof the accessprivileges of the socket �le. Sincesomeof the UN*X systemsdo
not honor socket permissions,a portable way to exploit �lesystem accesspermissionsis to put the socket
in a dedicated directory, and usethe permissionsof the directory to control accessto the socket.
Available methods are:

2.10.2 No authen tication

<authenticatio n_meth od> ::= no auth

2.10.3 Password

<authenticatio n_meth od> ::= password ,
user , " <user_name>" ,
credentials , { prompt | " <user_cred> " }
[ , salt format , <salt_format> ]

In casethe keyword prompt is given as credentials, the user is prompted for a password. The optional
parameter salt_format allows to specify di�eren t formats for the salt , for those crypt(3) extensions
that support more sophisticated encryption mechanisms (e.g. MD5). Seecrypt(3) for details. If the
credentials are precededby the string {CRYPT}, they are assumedto be already encrypted, and the
remaining portion is used.

2.10.4 PAM (Pluggable Authen tication Mo dules)

<authenticatio n_meth od> ::= pam
[ , user , " <user_name>" ]

The Linux-PAM Pluggable Authentication Modulescan be usedto authenticate a user. If no user name
is provided, the e�ectiv e user id, as provided by the geteuid() system function, is used to retrieve the
usernameof the owner of mbdyn process. the user must be valid. The authentication is performed
through a system-dependent pamcon�guration �le. No checks on the validit y of the account or on the
permission of opening a sessionare made; account, sessionand password changesshould be explicitly
denied to mbdynto avoid possible security breaks (see the following example). The interested reader
should consult the documentation that comeswith the package,try for instance

http://parc.po wer. net/ morg an/L in ux-PAM/i ndex.h tml

An example is provided with the package, in /etc/pam.d/mb dyn, reading:
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### use either of the following:
auth required /lib/security/ pam_unix _aut h. so
# auth required /lib/security/ pam_pwdb.s o
#
### no account, session or password allowed
account required /lib/security/ pam_deny.s o
session required /lib/security/ pam_deny.s o
password required /lib/security/ pam_deny.s o

which allows authentication by using standard Un*x or libpwdb basedauthentication.

2.10.5 SASL (Simple Authen tication and Securit y Layer)

<authenticatio n_meth od> ::= sasl
[ , user , " <user_name>" ]
[ , mechanism, " <preferred_mec hani sm> " ]

This is the preferred authentication method becauseit is mechanism-independent, it can be reasonably
secureand automatically selectsthe most appropriate mechanism available on both the client and the
server machine. It requiresCyrus SASL 2 (Seehttp://asg.web .c mu.e du/s asl/ for details, and follow
the documentation to obtain a working setup).

2.11 Miscellaneous

Finally there are somemiscellaneouspoints:

� (UN*X systems) Environment variables whose name starts with MBDYN may be de�ned and
passedto an execution of the mbdyn command. The following are recognizedat present:

1. MBDYNVARS=<expr_ li st > where expr_list is a seriesof mathematical expressionsseparated
by semicolons. They are parsed and evaluated; if variables are declared, they are added to
the symbol table to be usedduring the whole execution of the program.

2. MBDYN_<type>_<name>=<val ue>, where type is a legal mbdyn type (integer or real ), name
is a legal symbol name and value is a legal mathematical expression.

� Newlinesand indentations are not meaningful. But good indentation habits can lead to better and
more readable input �les.

� Everything that follows the character `#' is considereda remark, and is discarded until the end
of the line. This can occur everywhere in the �le, even inside a math expression(if any problems
occur, pleaselet me know, becausechancesare it is a bug!)

� A new style for comments has been intro duced, resembling the C programming language style:
everything comprisedbetweenthe marks /* and */ is regardedas a remark:

/*
* useful commentsmake input files readable!
*/

This can happen everywhere in the text except in the middle of a keyword.

� (UN*X systems) Whenever a �le name contains a portion of the form $VARNAMEor ${VARNAME},
appropriate expansionfrom environment is performed; VARNAMEis

VARNAME::= [_a-zA-Z][_a- zA-Z0- 9] *
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namely, it must begin with a letter or an underscore,and can be made of underscores,letters and
digits.

� (UN*X systems)Whenever a �le name is required, the shell-like syntax for home directories (i.e.
~/filename or ~user/filenam e is automatically resolved if legal [user and] �lename values are
inserted. Home expansionoccurs after environment variable expansion(seeabove).

� The license and the warranty statements respectively show the licenseand the warranty state-
ment under which the code is releasedon the standard output. They do not a�ect the simulation.
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Chapter 3

Data

The data section is read directly by the driver program. It is included betweenthe cards:

begin: data;
...

end: data;

At present it is usedonly to select the integrator to be used in the simulation. Since the only available
integrator is the multistep one, the only active card (optional, at present), is:

<card> ::= integrator: multistep;

Anyway, the data section must be present.
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Chapter 4

In tegrators

This section is used to insert all the data related to the integrator that is to be used in the simulation.
The section is included betweenthe cards:

begin : <integrator_na me> ;
...

end : <integrator_na me> ;

4.1 Multi-Step In tegrator

At present, the only available integrator_name is multistep 1 The syntax of the module is:

begin: multistep;
...

end: multistep;

At present, there are a number of cards that can be grouped as follows, basedon the integration phase
they refer to.

4.1.1 General Data

those data that refer to the main integration phaseor the simulation as a whole. They are:

Initial Time

<card> ::= initial time : <time> ;

Final Time

<card> ::= final time : <time> ;

Strategy

<card> ::= strategy : <strategy_data > ;

where the available strategiesare:

<strategy_data > ::= no change

1 At the beginning, the implementation of implicit Runge-Kutta integration schemes was planned; however, in the
following, the integration scheme was formulated in a manner that yields the IRK schemes as a special caseof the general
multistep case [1]. As a consequence,an experimental implementation of IRK and similar schemes has been cast in the
multistep integrator.
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obviously the step is never changed;

<strategy_data > ::= factor ,
<reduction_fac to r> ,
<steps_before_ re duct io n> ,
<raise_factor> ,
<steps_before_ ra is e> ,
<min_iteration s>

the time step is reducedor raisedof the proper factor not beforea minimum number of time steps;it is re-
ducedif more than max_iterations areperformedat a time step, it is raisedif lessthan min_iteration s
are performed at a time step;

<strategy_data > ::= change ,
(drive_caller) <time_step_ch ange>

the time step is changeaccording to the time_step_cha nge law.

Min Time Step

<card> ::= min time step : <time_step> ;

Max Time Step

<card> ::= max time step : <time_step> ;

both are signi�can t only if the time step can vary.

Time Step

<card> ::= time step : <time_step> ;

The initial time step.

Tolerance

<card> ::= tolerance : { null | <residual_tole ra nce> }
[ , test , { none | norm | minmax } [ , scale ] ]

[ , { null | <solution_tol er ance> }
[ , test , { none | norm | minmax } ] ] ;

The only mandatory value is residual_tole ra nce, the toleranceusedfor the residual test; the keyword
null disables the residual testing, disabling the computation of the test on the residual. The test
mechanism is used to select what kind of test must be performed; currently , only norm (the default)
and minmaxare supported. The special value none meansthat the test is not actually computed; it is
the default when the test is disabled by setting the tolerance to zero, or by using the keyword null ;
however, it can be restored to any mechanism for output purposes. The optional parameter scale is
usedto enablethe scaling of the residual before performing the test; default scalefactors can be set for
each type of degreeof freedom owner, and someentities allow individual scaling; by default, no scaling
takesplace. A tolerance solution_toler ance to test the solution (the di�erence betweenthe states at
two iterations) is allowed, and also in this casea test mechanism can be chosen;by default, no test on
the solution convergenceis done. Currently , no scaling is allowed in the solution test.
Examples:

# residual test by meansof the norm
tolerance: 1.e-6;
# residual test with minmax method
tolerance: 1.e-6, test, minmax;
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# residual test with norm method and scaling
tolerance: 1.e-6, test, norm, scale;
# solution test
tolerance: null, 1.e-9;
# residual and solution test
# (the first that succeeds breaks the loop)
tolerance: 1.e-6, 1.e-9;
# residual test with computation of solution norm
tolerance: 1.e-6, null, test, norm;

Max Iterations

<card> ::= max iterations : <max_iteration s> ;

Mo dify Residual Test

<card> ::= modify residual test;

modify the residual test taking in account the rate of changeof the status.

Metho d

<card> ::= method : <method_data> ;

there are three multistep methods at present. The �rst is Crank-Nicholson:

<method_data> ::= crank nicholson

the secondand the third areoriginal methods(the former is discussedin [1]; seealsohttp://www.aer o. poli mi.i t/ ~mbdyn/p ubli cati ons. ht ml),
that are unconditionally stable and can be tuned to give the desired algorithmic dissipation by setting
the value of the asymptotic spectral radius. The radius can be set independently for the di�eren tial and
the algebraic variables, and a driver is used, to allow parameter dependent radius variation.

<method_data> ::= { ms | hope } ,
(drive_caller) <differential _r adiu s>
[ , (drive_caller) <algebraic_ra di us> ]

The �rst method proved to be more accurate at high values of asymptotic radius (low dissipation),
while the secondproved to be more accurate at low values of the radius (high dissipation). They look
nearly equivalent at radii closeto 0.4, with the former giving the best compromisebetweenalgorithmic
dissipation and accuracy at about 0.6. The algebraic radius can be omitted, defaulting to the sameas
the di�eren tial one. It is unclear whether a di�eren t spectral radius can help in increasing accuracy or
dissipation of the algebraic unknowns.
The multistep method, when the asymptotic radius is zero, degeneratesin the Backward Di�eren tiation
Formulas of order two. A shortcut to this caseis provided as

<method_data> ::= bdf [ , order , <order> ]

The keyword order can be usedto indicate a speci�c order of the BDF formulas; only �rst order (implicit
Euler) and secondorder formulas are currently implemented, and the default is the secondorder formula,
which is the most useful. The �rst order formula may be of help for very speci�c problems. It can also
be selectedusing the shortcut

<method_data> ::= implicit euler
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Nonlinear Solv er

The nonlinear solver solvesa nonlinear problem F (x) = 0. One nonlinear solver is currently available: a
Newton-Raphsoniterator.

<card> ::= nonlinear solver : <nonlinear_sol ver_ data > ;

<nonlinear_sol ver_ data > ::= newton raphson : {
true | modified , <iterations>

[ , keep jacobian ]
[ , honor element requests ] } ;

if modified , the number of <iterations> the sameJacobian matrix will be reused,and thus factored
only once,is expected. If the option keep jacobian is selected,the jacobian is preserved for the desired
<iterations> even acrosstime steps. By default, the jacobian is recomputed at the beginning of each
time step. If the option honor element requests is selected,the preconditioned is updated also when
an element changesthe structure of its equations. The default behavior is to ignore such requests2.

Eigenanalysis

Experimental, not available nor documented yet. Will likely be disabled.

Ab ort After

<card> ::= abort after : { input
| assembly
| derivatives
| dummysteps } ;

mainly usedto cleanly check modelsand simulations at variousphases.When set to input , the simulation
endsafter input is completed;whenset to assembly, the simulation endsafter initial assembly, if required;
when set to derivatives , the simulation ends after the computation of the derivatives, i.e. after the
system is solved at the initial time to compute initial momentum and momenta moment derivatives
and reaction forces; when set to dummysteps , the simulation ends after the dummy steps execution,
if required. In any case,the output is generatedwith the system con�gured as resulting from the last
computation phase, so this mode can be useful to check how the system is actually con�gured after
phasesthat are not usually output.

Solv er

<card> ::= solver :
{ naive | umfpack | y12 | lapack

| harwell | meschach | superlu | taucs }
[ , { map | cc | dir } ]
[ , colamd ]
[ , mt , <threads> ]
[ , workspace size , <workspace_si ze> ]
[ , pivot factor , <factor> ]
[ , block size, <block_size> ] ;

The default, if available, is umfpack which dynamically allocatesmemory as required, so the workspace
size parameter, if given, is ignored. The umfpack solver honors the block size keyword, which refers
to an internal parameter. The default value (32) is usually good for most problems; however, it has
been observed that a lower value can slightly improve performanceson small problems (e.g. a rigid
rotorcraft model with some180 degreesof freedom showed a 10% speedupwith a block sizeof 4, while

2 At present, only few elements that can change the structure of the equations, or at least radically change the jacobian,
actually issue this request.
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a rigid robot showed eve higher speedups,in the 30%, with a block size between 4 and 16). The y12
solver requires static allocation of the workspace;the optimal size is between3 and 5 times the number
of nonzero coe�cien ts. By default, twice the size of the full matrix is allocated (which sounds a bit
nonsense,but is conservative enough); then the solver automatically usesan optimal amount of memory
basedon the results of the previous factorization; this could result in a failure if the �lling of the matrix
changesdramatically between two factorizations. Another solver, that is available mostly for historical
reasons,is harwell , with a workspace size of numdof s� numdof s, but in certain casesthe usermight
prefer a smaller workspace, since the matrix is handled as sparse, while sometimesa larger spaceis
required, sincewhen the matrix is full, a little more spaceis required, due to extra storageneedswhen
the matrix �lls up. Finally, superlu is an experimental solver that is able to perform the factorization
in a multi-threaded environment. If more than oneCPU is available, it automatically usesall the CPUs;
the keyword mt allows to enforcethe desirednumber of threads. Seealso the threads keyword for more
details on multi-threaded solution. The keywords map(SparseMap), cc (Column Compressed)and dir
(Direct Access)can be usedto modify the way the sparsematrix is handled:

� mapusesan array of binary trees to store the matrix coe�cien ts; right before the factorization,
the matrix is transformed in the form required by each solver, usually Column Compressed(also
known as Harwell-Boeing format) or Index (as usedby y12). The matrix is regeneratedeach time
an assembly is required.

� cc usesthe compact format resulting from the transformation required by the solver to store the
coe�cien ts in subsequent assemblies, thus saving the time required to transform the matrix. If
the pro�le of the matrix changes,the compact form is invalidated, and the matrix is reset to map
form. As a consequence,this matrix form allows faster accessand reducedfactorization cost, but
in certain casesmay require an additional cost.

� dir usesa full index table to grant direct accesstime to the actual location of each coe�cien t.
In principle it should be a bit faster than cc, at the cost of some memory waste. However, in
practical applications, the cost of theseoperations is a very small fraction of the factorization time.
If the problem is quite large, the memory consumption might becomeunacceptable;if the problem
is quite small, the accesstime of cc is quite limited (log2 (< nz > ), where <nz> is the number of
non-zeroesin a column) so it is de�nitely comparableto that of cc.

Only umfpack, y12 and superlu solvers allow thesesettings.
The keyword colamd is honored by the naive solver only; it enablesthe column rearrangement that
minimizes the sparsity of the factorized matrix, asimplemented in libcolamd (part of umfpack package).
The pivot factor is a real number, which in a heuristic sensecan be regardedas the threshold for the
ratio betweentwo coe�cien ts below which they are switched, so 0:0 meansno pivoting, while 1:0 means
switch as soon as the norm of the ratio is lessthan unit y.
Table 4.1 summarizesthe properties that can be set for each type of linear solver; Table 4.2 summarizes
the memory usageof the linear solvers; Table 4.3 summarizeshow each linear solver dealswith pivoting
policies.

Threads

<card> ::= threads :
{ auto | disable | [ { assembly | solver } , ] <threads> }

By default, if enabledat compile time, the assembly is performedin a multi-threaded environment if more
than one CPU is available and the selectedsolver allows it (e.g. if it supports any form of compressed
matrix handling, cc or dir ). However, this behavior can be in
uenced by the threads directive. The
value auto is the default; the value disable reverts to the usual scalar behavior; otherwise <threads> ,
the desirednumber of threads, is read. If it is pre�xed by the keyword assembly, the desirednumber of
threads is usedonly in assembly; if it is pre�xed by the keyword solver , the desirednumber of threads
is used only during factorization/solution, if the linear solver supports it (currently , only the superlu
solver does). As an example, on a 4 CPU architecture, to use2 threads for assembly and 4 threads for
solution, use
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Table 4.1: Linear solvers properties
Solver Map Column Dir Multi- Worksp. Pivot Blo ck

Compr. Thr ead Size Factor Size
Naive x
Umfpack x x x x x
Y12m x x x x x
Lapack x
Harwell x
Meschach x
SuperLU x x x x x
TAUCS x x x
Watson x x x x x

Table 4.2: Linear solvers memory usage
Solver Worksp ace Memory Blo ck Size

Size A l location
Naive full
Umfpack dynamic default=32
Y12m default=2 � n2 static

3nz ! 5nz
Lapack full
Harwell ? static
Meschach dynamic
SuperLU dynamic
TAUCS ?
Watson dynamic

Table 4.3: Linear solvers pivot handling
Solver Pivot Default Description

Naive 1.0! 0.0 1.e� 8
Umfpack 0.0! 1.0 0.1
Y12m none=0.0, full=1.0 1.0
Lapack 1.0! 0.0
Harwell full: 1.0 1.0
Meschach full: 1.0 1.0
SuperLU 0.0! 1.0 1.0
TAUCS
Watson
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threads: assembly, 2;
solver: superlu, cc, mt, 4;

4.1.2 Deriv ativ es Data

Data related to the derivativesphase. They are:

Deriv ativ es Tolerance

<card> ::= derivatives tolerance : <tolerance> ;

Deriv ativ es Max Iterations

<card> ::= derivatives max iterations : <max_iteration s> ;

Deriv ativ es Co e�cien t

<card> ::= derivatives coefficient : <coefficient> ;

right after the initial assembly and before the simulation starts, the so-called derivatives solution is
performed. The systemis solvedwith the kinematic unknownsconstrained,in order to properly determine
the dynamic unknowns, namely momenta and constraint reactions. For this purpose,the coe�cien t that
relates the state perturbation to the derivative perturbation must be set to a value that is small enough
to allow the determination of accurate derivativeswith very small changein the states. This coe�cien t
should be zero, but this leads to matrix singularity, so it must be chosenby the user, since it is highly
problem dependent. A rule-of-thumb is: if the systemhas small sti�ness and high inertia, the coe�cien t
can be big, if the system has high sti�ness and small inertia, the coe�cien t must be small.

4.1.3 Dumm y Steps Data

Data related to the dummy stepsphase. They are:

Dumm y Steps Tolerance

<card> ::= dummysteps tolerance : <tolerance> ;

Dumm y Steps Max Iterations

<card> ::= dummysteps max iterations : <max iterations> ;

Note: no step change,modi�e d Newton-Raphsonand so on is allowed during the dummy steps.

Dumm y Steps Num ber

<card> ::= dummysteps number : <number> ;

number of dummy steps.

Dumm y Steps Ratio

<card> ::= dummysteps ratio : <ratio> ;

ratio of the time step to be used in the dummy stepsto the regular time step.
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Dumm y Steps Metho d

<card> ::= method : <method_data> ;

Sameasfor the normal simulation method. The dummy stepsare intended asa sort of numerical compu-
tation of the secondorder derivativesof the constraint equations. The displacement constraint equations
in an index three Di�eren tial-Algebraic Equations system(DAE) represent the secondderivative e�ect of
the constraints on the kinematic unknowns. Thus, to ensurethe proper initial conditions, the constraint
equations should be derivated twice. To simplify the code, those equations have been derivated once
only, in the initial assembly, the secondderivation being performed numerically by the dummy steps.
During thesestepsthe system convergesto a solution whoseerror from the sought solution is bounded.
For this reason, the dummy steps should be performed with a very short time step, to seekaccuracy,
and with a high numerical damping, to cancelas quickly as possiblethe high frequencynumerical noise.

4.1.4 Output Data

Model output, e.g.nodesand elements output, is handled by the data manager;the integrator only deals
with simulation-related output, and takescare of somedebug output.

Output

This command requestsspecial output related to the solution phase.

<card> ::= output : <item> [ , <item> [ , ... ] ] ;
<item> ::= { iterations

| residual
| solution
| jacobian
| messages
| none }

The item iterations logs a detailed output of the error at each iteration inside a time step on the
standard output. The items residual , solution and jacobian log the residual, the solution and the
jacobian to standard output; they are currently available only for the umfpack solver, and they are
mainly intended for last resort debugging purposes. The item messagesrefers to all messagingon the
.out �le; by default, it is on. The special item none clears the output 
ags; the items are additiv e, so,
for instance, to clear out the default and add the iterations output, use:

output: none, iterations;

4.1.5 Special Data

Real-Time Execution

<card> ::= real time :
time step , <time-step>
[ , allow nonroot ]
[ , mode, { period | semaphore } ]
[ , reserve stack , <stack-size> ]
[ , hard real time ]
[ , cpu map , <cpu-map> ]
[ , real time log [ , file name, <command-name>] ]

where:

� the time step is the sampling time in nanoseconds (ns); usually, it should match the time step of
the simulation, but it can be di�eren t for other purposes;
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� allow nonroot means that the program should be allowed to run as a regular (non-root) user
while performing hard real-time operations with the underlying OS;

� when the keyword modeis set to period , the execution is scheduled periodically; when set to
semaphore, it waits for an external trigger to start a new step;

� the keyword reserve stack instructs the program to statically reserve the desired stack size by
meansof the mlockall(2) system call; it should be used to ensurethat no pageswapping occurs
during the real-time simulation; a minimal default value is set in any case;

� the keyword hard real time instructs the program to run in hard real-time; the default is soft
real-time;

� the keyword cpu mapallows the program to force its execution on a speci�c subset of CPUs on
multipro cessorhardware; the syntax of the <cpu-map>�eld is a byte-sized integer (between0 and
255) whoseactive bits are the desiredCPUs;

� the keyword real time log enableslogging by meansof RTAI mailboxes; an optional filename
argument allows to set the nameof the logging processthat is used. It should be a low priorit y soft
real-time processthat communicateswith the simulator by meansof the RTAI mailbox called logmb.
Note: if no <command-name>is given, to guarantee the detection of the default log command the
processPATHenvironment variable is augmented by prepending\ .:BINPATH"; by default, BINPATHis
the ${bindir} directory of the build environment, so it can be set by using the --bindir con�gure
switch.

The keywords must be given in the sequencereported above. Real-time simulation is mostly useless
without interaction with external programs. The input is dealt with by the special RTAI �le drivers
described in Section 8.1.3; the output by the special RTAI output element described in Section 9.16.1.
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Chapter 5

Con trol Data

This section is read by the managerof all the bulk simulation data, namely the nodes, the drivers and
the elements. It is used to set someglobal parameters closely related to the behavior of these entities,
to tailor the initial assembly of the joints in caseof structural simulations, and to tell the data manager
how many entities of every type it should expect from the following sections. Historically this is due to
the fact that the data structure for nodesand elements is allocated at the beginning with �xed size. This
is going to change,giving raise to a \free" and resizablestructure. But this practice is to be considered
reliable since it allows a sort of double-check on the entities that are inserted.

5.1 Mo del Con trol Cards

The cards are:

Skip Initial Join t Assem bly

<card> ::= skip initial joint assembly ;

This directive inhibits the execution of the initial joint assembly. Note that for a model to behave
correctly, the initial joint assembly should always succeed.A correct model succeedswith 0 iterations,
i.e. it intrinsically satis�es the constraints from the beginning. However, the initial joint assembly is
more than a simple compliancetest; it represents a static preprocessorfor models. Seethe directivesuse
in Section 5.1 and initial stiffness in Section 5.1 for more details on performing appropriate initial
joint assembly.

Use

<card> ::= use : <item_list> , in assembly ;
<item_list> ::= <item> [ , <item_list> ]
<item> ::= { rigid bodies

| gravity
| forces
| beams
| aerodynamic elements
| loadable elements }

joints are usedby default, and cannot be added to the list. beamsare usedby default, too, but can be
added to the list essentially for backwards compatibilit y.

Initial Sti�ness

<card> ::= initial stiffness : <position_sti ff ness>
[ , <velocity_sti ff ness> ] ;

50



This directive a�ects the sti�ness of the dummy springs thaat constrain the position and the orientation
(<position_stif fn ess>) and the linear and angular velocity (<velocity_stiff ness>) of the structural
nodes(either static or dynamic) during the initial assembly; the default is 1.0 for both. Note that each
node can usea speci�c value; seeSection 6.1 for details.
Note that the same value is used for the position and the orientation, so this sti�ness is dimensionally
inconsistent; It should really be intended as a penalty coe�cient. The sameconsiderations apply to the
penalty value for linear and angular velocities.

Omega Rotates

<card> ::= omegarotates : { yes | no } ;

Sets whether the imposed angular velocity should be consideredattached to the node or �xed in the
global system during the initial assembly.

Tolerance

<card> ::= tolerance : <tolerance> ;

The tolerance that applies to the initial joint assembly; this tolerance is used to test the norm 2 of the
residual, becauseit is very important, for a correct start of the simulation, that the algebraicconstraints
be satis�ed asmuch aspossible. The alternate statement initial tolerance is tolerated for backwards
compatibilit y.

Max Iterations

<card> ::= max iterations : <max_iteration s> ;

The number of iterations that are allowed during the initial assembly. The alternate statement max
initial iterations is tolerated for backwards compatibilit y.

Title

<card> ::= title : " <simulation_t it le > " ;

Prin t

<card> ::= print : {
dof stats |
dof description |
equation desciption |
all |
none

} [ , ... ] ;

The dof stats keyword enablesthe printing of all potential dof owner entities at initial assembly and
at regular assembly, so that the index of all variables can be easily identi�ed. The dof description
one adds extra variable description. The equation description one adds extra equation description.
The all oneenablesall dof statistics printing. The none disablesall dof statistics printing (the default).
Note that, apart from none, the other valuesare additiv e, i.e.

print: dof stats;
print: dof description;

is equivalent to

print: dof stats, dof description;
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while a

print: none;

disablesall.

Mak e Restart File

<card> ::= make restart file
[ : { iterations , <iterations_b et ween_r esta rt s>

| time , <time_between_r esta rt s> } ] ;

The default (no arguments) is to make the restart �le only at the end of the simulation.

Default Output

<card> ::= default output : <output_list> ;
<output_list> ::= { all | none | <output_item> }

[ , <output_list> ]
<output_item> ::=

{ reference frames
|abstract nodes
| electric nodes
| hydraulic nodes
| structural nodes
| aerodynamic elements
| air properties
| beams
| electric elements
| forces
| genels
| gravity
| hydraulic elements
| joints
| rigid bodies
| rotors }

Here the default output 
ag for a type of node or element can be set. It can be overridden for every
entit y both when it is created or later in each entit y module.

Output Precision

Setsthe desiredoutput precision for those �le typesthat allow it (currently , all the native output except
the .out �le; the ADAMSoutput, .res �les, are not a�ected. The default is 6; since the output is in
formatted plain text, the higher precision, the larger the �les and the slower the simulation. This will
be �xed when a binary output is implemented.

<card> ::= output precision : <number_of_dig it s> ;

Output results

Setsthe desiredmode for the output of results in a form compatible with other pre/p ost processingpack-
ages. Note that, in most of the cases,the preparation of the results can be done as a post-processing,
starting from raw MBDyn output �les. This is true, for instance, for the native OpenDX postpro-
cessorand for EasyAnim (see http://mecara .f pms. ac.b e/ EasyDyn/ for details; available scripts are
$PACKAGE/var/mbdyn2vol .a wkand $PACKAGE/var/mbdyn2van.a wk).
Somepost-processingpreparation instructions are available for those packagesthat require special han-
dling and thus are builtin.
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� MSC.AD AMS: must be enabledat con�gure time, by using the directive -enable-adams . MB-
Dyn generatesa .ada �le and a .res �le. The .ada �le must be processedby the utilit y ada2cmd
(under development), along with someuser-de�ned data to improve the representation of the en-
tities (e.g. shapes, colors, sizesand so on) to generatea .cmd �le. ADAMS/View interprets the
.cmd �le to build the model, and reads the .res �le in text form (very verbose), which contains
the analysis results. The interface is activated by the directive

output results : adams
[ , model name, " <name>" ]
[ , velocity , { yes | no } ]
[ , acceleration , { yes | no } ] ;

The model name is optional, defaulting to mbdyn. By default, velocities and accelerationsare not
output; they can be explicitly enabledby using the velocity and acceleration keywords. Note
that only the dynamic structural nodes can output the accelerations,and only if their output is
explicitly selected,for performancereasons.As a consequence,only the nodeswhosenative output
is set will add their accelerationto ADAMS' output. The sequenceis:

{ compile MBDyn with ADAMS support

{ add the output results : adamsdirective

{ run the analysis

{ generatethe .cmd �le from the resulting .ada �le

{ run ADAMS/View

{ import the .cmd �le

{ import the .res �le

The velocity 
ag enablesthe output of the velocities of the parts; it defaults to no becausethe
output is very verbose,and they are not required to animate the model; they can be useful to plot
diagrams in the plotting facilit y of ADAMS/View.

� EasyAnim: the preparation of the output is done via awk scripts basedon .log and .mov �les.
Use

awk -f mbdyn2vol.awk $FILE.log > $FILE.vol
awk -f mbdyn2van.awk$FILE.mov > $FILE.van

to prepare the �les for EasyAnim.

� Altair MotionView: must beenabledat con�gure time, by usingthe directive-enable-motion vi ew;
the speci�c client libraries are required. It should generatea binary model and results �le compat-
ible with MotionView. It is activated by the directive

output results : motion view ;

No special parametersare available at the moment; this interface is under development.

� Op enD X nativ e postpro cessor: the preparation of the output is donevia awkscripts basedon
.log and .mov �les. Use

awk -f <TBD>.awk$FILE.log > $FILE.geo

to prepare the �les for the native postprocessor.

5.2 Mo del Coun ter Cards

The following counters can be de�ned:
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5.2.1 No des

� abstract nodes

� electric nodes

� hydraulic nodes

� parameter nodes

� structural nodes

5.2.2 Driv ers

� file drivers

5.2.3 Elemen ts

� aerodynamic elements

� aeromodals

� air properties

� automatic structural elements

� beams

� bulk elements

� electric bulk elements

� electric elements

� external elements

� forces

� genels

� gravity

� hydraulic elements

� joints

� loadable elements

� output elements

� rigid bodies

� rotors
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Chapter 6

No des

The nodes section is enclosedin the cards:

begin: nodes;
...

end: nodes;

Every node card has the following format:

<card> :: = <node_type> : <node_label> ,
<arglist>
[ , output , { yes | no } ] ;

where node_type is one of the following:

� structural

� electric

� abstract

� parameter

� hydraulic

The data manager reads the node type and the label and checks for duplication. If the node is not
de�ned yet, the proper read function is called, which parsesthe rest of the card and constructs the node.
The nodesare read as follows:

6.1 Structural No de

The historical 6 dof structural node can be static , dynamic, mo dal or dummy. The static keyword
meansno inertia is related to that node, so it must be appropriately constrained or attached to elastic
elements. Static nodesare useful when there is no needto apply inertia to them, thus saving 6 degrees
of freedom. The dynamic keyword meansinertia can be attached to the node, so it provides linear and
angular momenta degreesof freedom,and automatically generatesthe so-calledautomatic structural
elements. The modal node is a regular dynamic node that must be used to describe the rigid reference
motion of a modal joint. SeeSection 9.14.18for further details.

<arglist> ::= { static | dynamic | modal } ,
(Vec3) <absolute_posi ti on> ,
(OrientationMa tr ix ) <absolute_orie nt at io n_matr ix > ,
(Vec3) <absolute_velo ci ty > ,
(Vec3) <absolute_angu la r_ velo ci ty >
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[ , assembly
, (scalar) <position_ini ti al _sti ff ness>
, (scalar) <velocity_ini ti al _sti ff ness>
, (flag) <omega_rotates?> ]

The omega_rotates parameter determineswhether the initial angular velocity should follow or not the
node as it is rotated by the initial assembly procedure; it may assumethe valuesyes/ no or 0/nonzero.
The dummystructural node hasbeenadded to easethe visualization of the kinematics of arbitrary points
of the system. It owns no dofs, and it must be attached to another node, possibly with an o�set and a
relative orientation. Two dummy structural node typesare available.

<arglist> ::= dummy, <base_node> , <type> , <dummy_node_dat a>

Note: the static and dynamic type is optional; if not given, it defaults to dynamic. This practice is
deprecated and could become unsupported in the future, so it is a good practice to enforce the type of the
structural node.
The sti�ness parameters, and the omega_rotates 
ag, override the default values. They are optional,
but they must be supplied all together if at least one is to be input.
The omega_rotates 
ag can take valuesyes or no; a numerical value of 0 (no) or 1 (yes) is supported
for backwards compatibilit y, but its use is deprecated.

Dummy nodestake the label of the base_nodethey are attached to, followed by the type of dummy
node, possibly followed by speci�c data. The following dummy typesare available:

� o�set:

<type> ::= offset
<dummy_node_dat a> ::=

(Vec3) <relative_off set> ,
(OrientationM at ri x) <relative_ori enta ti on_mat ri x>

It outputs the con�guration of a point o�set from the basenode.

� relative frame:

<type> ::= relative frame
<dummy_node_dat a> ::= <reference_no de>

[ , position, <reference_of fs et > ]
[ , orientation, <reference_ori enta ti on_mat ri x> ]

It outputs the con�guration of the basenode in the frame de�ned by the reference_node , option-
ally o�set by reference_offs et and with relative orientation reference_orie nt at io n_matr ix .
Examples:

set: real Omega= 1.;
structural: 1, static, null, eye, null, 0.,0.,Omega;
structural: 1000, dummy,1, offset, 1.,0.,0., eye;
structural: 1001, dummy,1, relative frame, 1000;

6.1.1 Output

Structural nodes generatetwo kinds of output �les. The �rst refers to the kinematics of the node; its
extension is .mov, and for each time step it contains one row for each node whoseoutput is required.
The rows contain:
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1 the label of the node
2{4 the three components of the position of the node
5{7 the three Euler anglesthat de�ne the orientation of the node
8{10 the three components of the velocity of the node
11{13 the three components of the angular velocity of the node
14{16 the three components of the linear accelerationof the dynamic nodes
17{19 the three components of the angular accelerationof the dynamic nodes

All the quantities are expressedin the global frame, except for the dummy relative frame node, whose
quantities are of coursein the relative frame.
The secondoutput �le refers only to dynamic nodes, and contains their inertia; its extension is .ine .
For each time step, it contains information about the inertia of all the nodeswhoseoutput is required.
Notice that more than one inertia body can be attached to one node; the information in this �le refers
to the sum of all the inertia referring to the node. The rows contain:

� the label of the node

� the three components of the momentum

� the three components of the momentum moment referred to the node coordinates, thus to a moving
frame

� the three components of the derivative of the momentum

� the three components of the derivative of the momentum moment

6.2 Electric No de

<arglist> ::= "value" , <initial_value >
[ , "derivative" , <derivative_i ni ti al _val ue> ]

Note: the keywords value and derivative have been intr oduced recently; value is not mandatory, re-
sulting in a warning while derivative is required. The sameapplies to the abstract node and to the
hydraulic node; the latter is an algebraic node, so only value is allowed.

6.3 Abstract No de

<arglist> ::= "value" , <initial_value >
[ , "derivative" , <derivative_i ni ti al _val ue> ]

Note: abstract and electric nodes are derived from the same class, the scalar di�er ential node. Many
genel and electric elements can be connected to both of them since they directly use the ancestor
class.

6.3.1 Output

The value of abstract nodes is output with �le extension .abs ; for each time step the output of the
required nodesis written. The format of each row is

� the label of the node

� the value of the node

� the value of the node derivative

6.4 Hydraulic No de

<arglist> ::= "value" , <initial_value >
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6.5 Parameter No de

<arglist> ::= { <initial_value >
| element
| straingage , y , z }

The parameter node is derived from the classscalar algebraic node, but it is used in a rather peculiar
way: it doesn't own any degreeof freedom, so it does not participate in the solution, but is used as a
sort of placeholderfor those elements that require to be connectedto a scalarnode that is not otherwise
signi�can t to the analysis. Thanks to the availabilit y of the parameter node, these elements do not
needbe reformulated with a grounded node, while the parameter node value can be changedduring the
solution by meansof a proper driving force. When the argument list starts with the keyword element ,
the parameter node expectsto be bound to an element, and to accessbulk element data (seeSection9.5).
When the argument list starts with the keyword straingage , followed by the coordinates of a point on
the section of a beam, the parameter node expects to be bound to a beam element, and to accessthe
measureof the axial strain at point x, y in the section plane as a combination of section strains and
curvatures.

6.6 Miscellaneous

There is an extra card, that is usedto modify the output behavior of nodes:

<card> ::= output : <node_type> , <node_list> ;
<node_list> ::= <node_label> [ , <node_list> ]

node_item is a valid node type that can be read in the nodes module.
Note: if a node should never (no) or always (yes) be output, its output 
ag should be set directly on
the node card. The global behavior of all the nodesof a type can be set from the control data block by
adding the node type to the item list in the default output card. Then, the speci�c output 
ag of sets
of nodescan be altered by means of the output card in the nodes block. This allows a high 
exibility in
the selection of the desired output. The sameremarks apply to the output of the elements.
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Chapter 7

Scalar functions

FIXME: move to General
A ScalarFunctio n object allows to compute the value of a function. Almost every scalar function is
of type Differentiabl eScala rFunct io n, derived from ScalarFunction , and allows to compute the
derivativesof the function as well. Currently implemented scalar functions are

� const : f (x) = c

� log : f (x) = mlog(x)

� pow: f (x) = xp

� linear : linear interpolation betweenthe two points (x1; y1) and (x1; y1)

� cubicspline : cubic natural spline interpolation betweenthe set of points f (x i ; yi ); i 2 [1; k � 3]g

� multilinear : multilinear interpolation betweenthe set of points f (x i ; yi ); i 2 [1; k � 2]g

Every ScalarFunctio n card has the following format:

<card> :: = scalar function : <unique_scalar _f unc_name>,
<scalar_func_t ype>,
<scalar_func_a rg s>

<scalar_func_n ame> :: = string

The type of scalar function, scalar_func_t ype, together with relevant arguments, scalar_func_t ype,
are as follows:

Const Scalar Function

<scalar_func_t ype> ::= const
<scalar_func_a rg s> ::= <const_coef>

Log Scalar Function

<scalar_func_t ype> ::= log
<scalar_func_a rg s> ::= <multiplier_c oef>

Pow Scalar Function

<scalar_func_t ype> ::= pow
<scalar_func_a rg s> ::= <exponent_coef>

59



Linear Scalar Function

<scalar_func_t ype> ::= linear
<scalar_func_a rg s> ::= <point>, <point>
<point> ::= <x>, <y>

Cubic Natural Spline Scalar Function

<scalar_func_t ype> ::= cubicspline
<scalar_func_a rg s> ::= [ do not extrapolate , ]

<point>,
<point>,
<point>
[, ...]

<point> ::= <x>, <y>

Multilinear Scalar Function

<scalar_func_t ype> ::= multilinear
<scalar_func_a rg s> ::= [ do not extrapolate , ]

<point>,
<point>,
[, ...]

<point> ::= <x>, <y>
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Chapter 8

Driv ers

The drivers section is enclosedby the cards:

begin: drivers;
...

end: drivers;

Every driver card has the following format:

<card> ::= <driver_type> : <arglist> ;

At present only <driver_type> drivers of type file are supported.

8.1 File Driv ers

A comprehensive family of file drivers is being planned; their syntax is:

<arglist> ::= <label> , <normal_arglis t>

The following file drivers are supported at present:

8.1.1 Fixed Step

<normal_arglis t> ::= fixed step ,
<steps_number> ,
<columns_number > ,
<initial_time > ,
<time_step> ,
" <file_name> "

The value at an arbitrary time is linearly interpolated from the available data; if the requestedvalue is
out of time bounds, zero is returned.

8.1.2 Socket

<normal_arglis t> ::= socket ,
<columns_number >
{ , local, " <file_name> "

| [ , port, <port_number> ] }
(Authenticati onMeth od)<auth enti cati on>

The driver binds to a socket listening on port <port_number> (defaults to 5555) or on the named pipe
<file_name> ; at the beginning of each time step, in caseof connection, the driver expects someinput
data in text format, consisting in an authentication token (if required). The authentication token is
usually in the form
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user: <user_name><new_line>
password: <user_password> <new_line>

Note: white-spaces may be signi�c ant in <user_name>, and surely are in <user_password>.
It is followed by a label token, in the form

label: <label> <new_line>

indicating the column being edited, followed by the desired changes;the connection is terminated by a
single mark followed by a newline:

. <new_line>

The permitted operations, at present, are:

value: <value> <new_line>

sets the value the drive will assumefrom the current step on

inc: { yes | no } <new_line>

tells whether to switch on or o� the increment mode, resulting in subsequent value commandsbeing\set"
rather than \add"

imp: { yes | no } <new_line>

tells whether to switch on or o� the impulse mode, resulting in subsequent value commandsto be applied
for one step only.
Note: at present, impulse mode supersedesany incremental mode, namely the value of the drive is reset
to zero after one step. This behavior may changein the future.

8.1.3 RTAI Mailb ox

This special drive is a variant of the Socket Stream (Section 8.1.4; under development yet) that reads
the input data from a RTAI mailbox in non-blocking mode. It is intended as a meansof communication
betweendi�eren t processesrunning in real-time. The syntax is:

<normal_arglis t> ::= RTAI input ,
mailbox name, " <mailbox_name> " ,
[ create , { yes | no } , ]
[ host , " <host_name> " , ]
<columns_number> ;

where

� <mailbox_name> is the name of the mailbox (a unique string not longer than six chars);

� the create keyword determines whether the mailbox must be created or looked-up as already
existing on the system;

� <host_nameis the name or the IP of the remote host where the mailbox resides;note that if this
�eld is given, create must be set to no and the mailbox must be already de�ned on the remote
host;

� the number of channels<columns_number> determineshow many columns can be accessedvia the
file drive caller mechanism of Section 2.5.18, as for all the other file drivers.

This part of the program is rapidly evolving, so do pleasenot expect too much documentation and
backwards compatibilit y.

Note: at present, these elements require that the simulation be run in real-time mode (see Sec-
tion 4.1.5); future developmentwil l allow to emulate the use of theseelementsalso when the simulation
is not run in real-time, e.g. for modeling or model debuggingpurposes.
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8.1.4 Stream

<normal_arglis t> ::= stream,
name, " <name>" ,
create , { yes | no } ,
[ { local , " <socket_name> " , |

[ port , <port_number> , ]
[ host , " <host_name> " , ] } ]

<columns_number> ;

The stream drive allows MBDyn to receive streamedinputs from remote processesboth during regular
simulations and during real-time simulations under RTAI. If the simulation is run in real-time, it uses
RTAI mailboxes, otherwise regular UNIX sockets are used, either in the local or in the internet
namespace.

This drive type is intended to allow the development of real-time models by running regular sim-
ulations for the purpose of debugging the model and the control processwithout the overhead and
the potential problems of running in real-time. Then the samemodel can be run in real-time without
changing the details of the communication with the controller process.

Non real-time sim ulation During non real-time simulations, streamsoperate in blocking mode. The
meaning of the parameters is:

� <name>indicates the name the stream will be known as; it is mostly useless,and is limited to 6
characters;

� the instruction create determineswhether the socket will be created or looked for by MBDyn;

� the keyword local indicates that a socket in the local namespacewill be used; if create is set to
yes, the socket is created, otherwise it must exist.

� either of the keywords port or host indicate that a socket in the internet namespacewill be used;
if create is set to yes, <host_name>indicates the host that is allowed to connect to the socket; it
defaults to any host (0.0.0.0 ); if create is set to no, <host_name>indicates what host to connect
to; the default is localhost (127.0.0.1 ); the default port is 5500;

If no socket type is speci�ed, i.e. noneof the local , port and host keywords are given, a socket is opened
by default in the internet namespacewith the default IP and port; the create keyword is mandatory.

Real-time sim ulation During real-time simulations, streams wrap non-blocking RTAI mailboxes.
The meaning of the parameters is:

� the parameter <name>indicates the name the stream will be known as in RTAI's resourcenames-
pace; it is limited to 6 characters, and actually represents the mailbox name;

� the instruction create determineswhether the mailbox will be created or looked for by MBDyn;

� the keyword local is ignored;

� the keyword host indicates that a mailbox on a remote host will be used;it is uselesswhen create
is set to yes, becauseRTAI doesnot provide the possibility to create remote resources;if none is
given, a local mailbox is assumed;

� the keyword port is ignored.

The parameter<columns_number> determineshow many channelswill be used. A channel is a double
typed number; a stream drive can read an arbitrary number of simultaneous channels.
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Chapter 9

Elemen ts

The elements section is enclosedin the cards:

begin: elements;
...

end: elements;

Every element card has the following format:

<card> ::= <elem_type> : <arglist>
[ , output , { yes | no } ] ;

where elem_type is one of the following:

� aerodynamic beam

� aerodynamic body

� air properties

� beam

� bind

� body

� bulk

� couple

� electric

� force

� genel

� gravity

� hydraulic

� joint

� loadable

� rotor

� RTAI output

� Miscellaneous
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in caseof elements that can be instantiated only once, like the gravity or the air properties ele-
ments, the arglist doesn't contain any label; otherwise, a label is expected �rst, to allow for checks on
duplicated elements, namely:

<arglist> ::= <label> , <normal_arglis t>

The data manager reads the element type and the label and checks for duplication. If the element is
not de�ned yet, the proper read function is called, which parsesthe rest of the card and constructs the
element. The elements are read as follows.

9.1 Aero dynamic Bo dy and Aero dynamic Beam Elemen ts

Theseelements sharethe description of the aerodynamics; the former assumesthe aerodynamic surface
to be rigid, and takes its con�guration from a single node, while the latter relies on a three-node beam
and usesthe same interpolation functions of the beam to compute the con�guration at an arbitrary
point. The aerodynamic body input format is:

<normal_arglis t> ::= <node_label>
[ , rotor , <rotor_label> ] ,
(Vec3) <relative_surf ace_of fs et > ,
(OrientationMa tr ix ) <relative_surf ace_or ie nt at io n> ,
(scalar) <surface_span> ,
(shape_1D) <surface_chord > ,
(shape_1D) <surface_aerod ynamic _cente r> ,
(shape_1D) <surface_b_c_p oi nt > ,
(shape_1D) <surface_twist > ,

<integration_p oi nt s>
[ , control , (drive_caller) <control_driv e> ]
[ , <airfoil_data> ]
[ , unsteady , { bielawa } ]

The aerodynamic beaminput format is:

<normal_arglis t> ::= <beam_label>
[ , rotor , <rotor_label> ] ,
(Vec3) <relative_surf ace_of fs et _1> ,
(OrientationMa tr ix ) <relative_surf ace_or ie nt at io n_1> ,
(Vec3) <relative_surf ace_of fs et _2> ,
(OrientationMa tr ix ) <relative_surf ace_or ie nt at io n_2> ,
(Vec3) <relative_surf ace_of fs et _3> ,
(OrientationMa tr ix ) <relative_surf ace_or ie nt at io n_3> ,
(shape_1D) <surface_chord > ,
(shape_1D) <surface_aerod ynamic _cente r> ,
(shape_1D) <surface_b_c_p oi nt > ,
(shape_1D) <surface_twist > ,

<integration_p oi nt s>
[ , control , (drive_caller) <control_driv e> ]
[ , <airfoil_data> ]
[ , unsteady , { bielawa } ]

where

<airfoil_data> ::= { naca 0012 | rae 9671 | c81 , <c81_data> }

and
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<c81_data> ::= <c81_label>

<c81_data> ::= multiple , <airfoil_numbe r> ,
<c81_label> , <end_point>
[ ... ]

<c81_data> ::= interpolated, <airfoil_numb er > ,
<c81_label> , <position>
[ ... ]

The �eld rotor instructs the element that it is linked to a rotor element; this meansthat it can get
information about the induced velocity and should supply information about the forcesit generates.An
arbitrary con�guration and o�set is allowed for both elements with respect to the nodesthey are linked
to. This meansthat the aerodynamic beam o�sets refer to the position of the nodes,and have nothing
to do with o�sets related to the structural beam element. The shape entities are used to compute the
physical chord, aerodynamic center, velocity measurement point (the point wherethe kinematic boundary
conditions are evaluated) and twist as functions of the dimensionlessabscissaalong the span. The span
of the aerodynamic body element is set by the user; the center-span of the element is assumedto be the
end of the o�set vector. The span of the aerodynamic beamis computed basedon the end of the o�set
vectorsrelated to nodes1, 3. The aerodynamic center and the velocity measurement points are measured
relative to the centerline of the elements, that is the line in direction 3 of the local frame from the end
of the o�set vector. This line is assumedto be at the 25% of the airfoil chord when steady aerodynamic
coe�cien ts are used(unsteady_flag = 0). The direction 1 is assumedto be the \reference" line of the
airfoil, from the trailing edgeto the leading edge(points \forw ard"), while direction 2 is normal to the
other two and goes from the lower to the upper side of the airfoil (points \up" ). Figure 9.1 shows the
arrangement of the airfoil geometry and properties.

twist

chord

1

aerodynamic center velocity measurement point

2

3

Figure 9.1: Airfoil geometry

The airfoil_data defaults to a builtin NACA 0012 semi-analytical model (FIXME: the unsteady
correction is buggy; use the c81 mode instead).

The multiple mode of the c81 data allows to specify more than one airfoil for an aerodynamic
element; the transition betweenairfoils is sharp. The integerairfoil_number indicateshow many airfoils
are expected; the real end_point indicates where the in
uence zone for that airfoil ends, expressedin
terms of an adimensionalabscissaspanning (� 1; 1) along the referenceline, roughly along axis 3 of the
aerodynamic referenceframe; end_point must not lie outside the element. So, for example, if airfoil
NACA 0015is used in the leftmost part of an element up to 1/4 span, NACA 0012is usedfrom 1/4 to
3/4 span, and NACA 0009is usedin the remaining rightmost 1/4, the syntax is:

set: integer naca0015 = 15;
set: integer naca0012 = 12;
set: integer naca0009 = 9;
c81 data: naca0015, "naca0015.c81" ;
c81 data: naca0012, "naca0012.c81" ;
c81 data: naca0009, "naca0009.c81" ;
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# beginning of aerodynamic element definition...
multiple, 3,

naca0015, -0.5, # from -1.0 to -0.5
naca0012, 0.5, # from -0.5 to 0.5
naca0009, 1.0, # from 0.5 to 1.0

# ...rest of aerodynamic element definition

The interpolated mode of the c81 data allows to specify a smooth transition between di�eren t
airfoils inside an element. The interpolation occurs at the integration points where the aerodynamic
data is required, and it is performed once for all at the beginning of the analysis. Since this operation
is time consuming,and essentially unnecessary, the interpolated data can be generatedoncefor all with
the utilit y util/c81merge oncethe position of the integration point is known, and the multiple mode
can be usedto directly provide the interpolated data to the aerodynamic element.
FIXME: not implemented yet

9.1.1 Output

Aerodynamic elements, both bodiesand beams,write their output with �le extension.aer ; for each time
step the required elements are output. Three di�eren t formats are available; the format can be selected
only at compile time, and it must be the samefor all the elements.
Note: eventually it wil l freeze; if all the output formats wil l be maintained, they wil l be made selectable
at run-time.
In any casethe label of the element is output �rst.

No de

The format is:

� the label of the node

� the three components of the force applied to the node

� the three components of the couple applied to the node

When an aerodynamic beamis considered,the output is repeated for each node the element is attached
to.

Forces at Gauss poin ts

The output refers to each Gaussintegration point; the format is:

� the direction of the wind velocity relative to the element frame

� the lift,

� the drag,

� and the aerodynamic moment per unit length

When an aerodynamic beamis considered,the output is repeated for each portion of beam.

Co e�cien ts at Gauss poin ts

The output refers to each Gaussintegration point; the format is:

� the local incidence

� the local yaw angle

� the local Mach number
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� the lift,

� the drag,

� and the aerodynamic coe�cien t

When an aerodynamic beamis considered,the output is repeated for each portion of the beam.

9.2 Aircraft instrumen ts

<card> ::= aircraft instruments
<arglist> ::= <aircraft_node >

The <aircraft_nod e> represents the aircraft; it is assumedthat the \nose" of the aircraft is towards
the positive x direction of the node, and the \top" of the aircraft is towards the positive z direction of
the node. The available measuresare accessedduring the simulation by de�ning appropriate parameter
nodes, and by binding the aircraft instruments element private data to the nodes by meansof the
bind mechanism, or directly by meansof the element drive (seeSection 2.5.21). The measuresare:

� airspeed

� groundspeed

� altitude

� attitude

� bank

� turn

� slip

� verticalspeed

� angleofattack

Note: this element is eXperimental.

9.3 Air Prop erties Elemen t

The properties of the airstream are made of the physical properties of the air plus the description of the
airstream velocity direction and amplitude. The former can be expressedin di�eren t forms, while the
latter are basedon three-dimensionalvectors which depend on multipliers.

<arglist> ::= {
(drive_caller) <air_density> , (scalar) <sound_speed>
| std , { { SI | British }

[ , temperature deviation , <delta T> ]
| <p0> , (drive_caller ) <rho0> ,
<T0> , <dT/dz> , <R> , <g0> , <z1> , <z2>

} [ , reference altitude, <z0> ]
} , (Vec3_tpl_driv e_call er ) <air_speed>
[ , gust , <gust_model> ]

The �rst form consists in the bare input of the air density, in form of a drive caller, and of the sound
celerity, e.g.:

air properties: 1.225, 340.,
1.,0.,0., 150.;
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The secondform usesstandard air properties, both in the international system (SI) or in British units,
possibly with a temperature deviation and an altitude o�set, e.g.:

air properties: std, SI, temperature deviation, -55,
reference altitude, 1000.,
1.,0.,0., 150.;

where standard properties in SI are used,with a temperature deviation of -55 K degreesand a reference
altitude of 1000m. The air properties are computed basedon the Z position of the point where the air
properties are requested(plus the optional altitude o�set). The last possibility lets the user input all
the parameters required to compute the air properties basedon the Z position of the point where they
are requested,namely the referencepressurep0, the referencedensity rho0, the referencetemperature
T0, the initial temperature gradient dT/dz , the gas constant R, the initial gravit y acceleration g0, the
bottom and top altitudes of the null temperature gradient region z1 and z2; e.g., for SI units:

air properties: std,
101325., /* Pa */
1.2250, /* kg/m^3 */
288.16, /* K */
-6.5e-3, /* K/m */
287., /* J/kgK */
9.81, /* m/s^2 */
11000., /* m */
25000., /* m */
temperature deviation, -55,
reference altitude, 1000.,
1.,0.,0., 150.;

The asymptotic air properties are characterized by the 3D template drive of the air speed, in the global
referenceframe. If the optional gust keyword is used, a gust model can be added. Note that a very
elementary gust model, represented by a uniform changein airstream speedand direction can be imple-
mented by using a time-dependent airstream drive. A more sophisticated model is currently available,
and provisions are made to allow four-dimensional gust pro�les, dependent on time and position. The
syntax is:

<gust_model> ::= front 1D ,
(Vec3) <front_direct io n> ,
(Vec3) <perturbation _dir ecti on> ,
(scalar) <front_veloci ty > ,
(drive_caller) <front_profil e>

This model consistsin a uniform front, de�ned as

v (x ; t) = n g(f � x + Vr ef � t)

where

� v is the velocity perturbation;

� x is the position of the point whoseairstream velocity is being computed;

� t is the current time;

� n is the unit vector perturbation_d ir ecti on that de�nes the direction of the velocity perturba-
tion;

� g (�) is the function front_profile that de�nes the gust pro�le;

� f is the unit vector front_directi on that de�nes the direction of propagation of the front;
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� Vr ef is the velocity front_velocity of propagation of the front in direction f .

As an example, a transversecosine-shaped gust, with a wavelength of 100 m and a peak velocity of 5
m/s moving downstream at the airstream speed,100 m/s, in standard air, is presented:

set: real waveLength = 100.; # m
set: real V_inf = 100.; # m/s
set: real V_g = 5.; # m/s
air properties: std, SI,

1.,0.,0., const, V_inf, # reference airstream along X
gust, front 1D,

1.,0.,0., # front moving along X
0.,0.,1., # gust along Z
V_inf, # front moving at V_inf
cosine, 0., pi/waveLength, V_g/2., one, 0.;

9.4 Beam Elemen t

The family of �nite volume beam elements implemented in MBDyn allows to model slenderdeformable
structural components with a high level of 
exibilit y.
The beam is de�ned by a referenceline and by a manifold of orientations attached to the line. It
is assumedthat the direction 1 of the orientations lies along the referenceline, but it is not strictly
required to be tangent to it even in the referencecon�guration.
The beamelement is de�ned by its nodes;currently , 2 and 3 node beamelements are implemented. Each
node of the beam is related to a structural node by an o�set and a relative orientation, to provide
topological 
exibilit y. The beam element is modeled by meansof an original Finite Volume approach
[2], which computesthe internal forcesas functions of the straining of the referenceline and orientation
at selectedpoints along the line itself, called evaluation points, which lie somewherebetween two pairs
of beam nodes. At each evaluation point, a 6D constitutiv e law must be de�ned, which de�nes the
relationship betweenthe strains, the curvatures of the beam and their time derivativesand the internal
forcesand moments at the evaluation points. The strains and curvatures and their time derivativesare
obtained from the nodal positions and orientations by di�eren tiating the interpolation functions. The
6D constitutiv e laws are de�ned as
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where, if the convention of using x as beam axis is followed:

� Fx is the axial force component;

� Fy and Fz are the shear force components;

� M x is the torsional moment component;

� M y and M z are the bending moment components;

� " x is the axial strain component;

� 
 y and 
 z are the shearstrain components;

� � x is the torsional curvature component;

� � y and � z are the bending curvature component;

� f is an arbitrary function that de�nes the constitutiv e law.
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9.4.1 Beam Section Constitutiv e Law

Typically, linear elastic or viscoelastic constitutiv e laws are used,although one may want to implement
speci�c nonlinear elastic or elastic-plastic constitutiv e laws.

Beam Section Characterization

MBDyn allows the broadest generality in de�ning what a linear elastic constitutiv e law contains, since
the entire 6 � 6 constitutiv e matrix can be input. This meansthat internal forces and couplescan be
arbitrarily related to generalizedstrains and curvatures. However, to make sense,a constitutiv e matrix
at the section level, must satisfy someconstraints, e.g. it is expected to be symmetric, although this is
not strictly enforcedby the code.

However, most of the info about the extra-diagonal terms of the sti�ness matrix are not usually
available. One easy way to work this around is to resort to any so-called composite beam section
characterization analysis available in the literature. For details, the reader is referred to [3] for a review
of the topic, to [4] for an early work on the subject, and to [5] for a recent review of the original
formulation.

Disclaimer

The following paragraphs are intended as a meansto help userspreparing data for MBDyn models in
a consistent manner. By no means they indicate that the beam section sti�ness properties must be
provided in a speci�c referenceframe. On the contrary , MBDyn allows as much generality as possible,
and actually the variety of choices is redundant, since equivalent properties can be input in di�eren t
ways. This is intended to allow the code to suit the user's needsregardlessof the original format of the
input data. As such, all the transformations reported in the following are only intended as suggestions
and should not be taken literally . For instance, rotations and transportation of referencepoints could
be reversed,changing the values of the o�sets, without a�ecting the �nal result. The most important
aspect of MBDyn notion of beamsectionproperties is that the referencepoint and orientation, although
arbitrary , must be unique, and the common notions of center of axial strain, shearcenter (and center of
mass)have no special meaning.

Equiv alen t 6 � 6 Section of Isotropic Beam

When an isotropic beam section is considered,the 6� constitutiv e matrix, referred to an arbitrary point
in the section, with an arbitrary orientation, can always be written in terms of elementary sti�ness and
geometrical properties. These are the properties that are usually available in tabular form either from
simpli�ed beam section analysisor by experiments. A sketch of a genericsection is shown in Figure 9.3,
where the arbitrary referenceframe indicated by axesx, y and z originates from an arbitrary reference
point on the section.

Isotropic uniform beam sectionsallow to group the internal forcesand couplesin two sets, together
with their conjugated generalizedstrains: those related to shearstressand strain, and those related to
axial stressand strain, as illustrated in Figure 9.2. There is no direct coupling between the two group,

" x 
 y 
 z � x � y � z

Fx A A A
Fy S S S
Fz S S S
M x S S S
M y A A A
M z A A A

Figure 9.2: Consitutiv e coe�cien ts grouping (S: shear,A: axial)

at the section level, so the corresponding coupling coe�cien ts are always zero. This is no longer true
when material anisotropy must be taken into account.
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The 3 � 3 sub-blocks can be separately transformed in diagonal form by referring the corresponding
properties to appropriate separatepoints in the beam section, and by applying an appropriate rotation
about the axis of the beam.

Axial Stress and Strain Prop erties

Consider �rst the submatrix represented by the coe�cien ts marked as A in Figure 9.2, under the as-
sumption that it is symmetric, as indicated in Equation (9.1):
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The transformation of Equation (9.2) moves the point of application of the axial force of an arbitrary
amount f y; zg in the beam section, to the point indicated as as (axial strain) in Figure 9.3:
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So the transformed axial block of the constitutiv e matrix becomes
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If the position of the point is selectedin such a manner that the axial force and the bending moment are
decoupled,i.e., according to the de�nition of center of axial strain,
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Now, a rotation about the beam section axis can be applied in order to decouplethe bending moments:
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The angle that decouplesthe bending moments is
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representing a rotation about the beam axis x at point as (axial strain) in Figure 9.3, and the resulting
coe�cien ts are

EA = A11 (9.5)

EJy = A �
22 cos2 � + A �

33 sin2 � � 2A �
23 sin � cos� (9.6)

EJz = A �
22 sin2 � + A �

33 cos2 � + 2A �
23 sin � cos� (9.7)

When the axial and bending sti�nesses, and the position of the axial strain center and the orientation
of the neutral axesare available, the axial portion of the sti�ness matrix can be computed by reversing
the order of the transformations described in Equations (9.2{ 9.4), i.e.:
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0 0 EJz

3

5 [Raxial ] [Taxial ]� T (9.8)

This expressionimplies that the sti�ness properties are referred to an arbitrary point at f� y; � zg from
the axial strain center, after that they are rotated into the section referenceframe, i.e. by an amount
� � . The resulting coe�cien ts are

A11 = EA

A12 = � zEA

A13 = yEA

A22 = EJy cos2 � + EJz sin2 � + z2EA

A23 = (EJz � EJy ) sin � cos� � yzEA

A33 = EJz cos2 � + EJy sin2 � + y2EA

Shear Stress and Strain Prop erties

Considernow the submatrix represented by the coe�cien ts marked asS in Figure 9.2, under the assump-
tion that it is symmetric, as indicated in Equation (9.9):
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(9.9)

The orientation of the shearforcecomponents about the sectionaxis can be selectedin order to decouple
them; by applying the transformation
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(9.10)

The angle that decouplesthe shear forcesis

� =
1
2

atan
�

2S�
12

S�
22 � S�
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�

73



representing a rotation about the axis x of the beam with respect to the origin of the initial reference
frame as shown in Figure 9.3, and the resulting coe�cien ts are

GAy = S�
11 cos2 � + S�

22 sin2 � � 2S�
12 sin � cos� (9.11)

GAz = S�
11 sin2 � + S�

22 cos2 � + 2S�
12 sin � cos� (9.12)

the shearblock becomes
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The transformation of Equation (9.13) movesthe point of application of the shear force of an arbitrary
amount f y; zg in the beam section, with respect to the referenceframe rotated by � about the axis x of
the beam, as indicated in Figure 9.3:
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So the transformed shearblock of the constitutiv e matrix becomes
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If the position of the point is selectedin such a manner that the shear force and the torsional moment
are decoupled,i.e., accordingto the de�nition of center of shearforce (the point in a beamsectionwhere
the application of a transverseforce results in no twist)
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Figure 9.3: Beam section

When the shearand torsional sti�nesses, and the position of the shearstrain center and the orientation
of the shear axesare available, the shear portion of the sti�ness matrix can be computed by reversing
the order of the transformations described in Equations (9.10{ 9.13), i.e.:

2

4
S11 S12 S13

S22 S23

sym: S33

3

5 = [Rshear ]
T [Tshear ]

� 1

2

4
GAy 0 0

0 GAz 0
0 0 GJ

3

5 [Tshear ]
� T [Rshear ] (9.15)

This expressionimplies that the sti�ness properties are referred to an arbitrary point at f� y; � zg from
the shearcenter, in the shearreferenceframe, followed by a rotation into the section referenceframe by
an amount � � . The resulting coe�cien ts are

S11 = GAy cos2 � + GAz sin2 �

S12 = (GAz � GAy ) sin � cos�

S13 = yGAz sin � � zGAy cos�

S22 = GAz cos2 � + GAy sin2 �

S23 = yGAz cos� + zGAy sin �

S33 = GJ + z2GAy + y2GAz

Note that the order of the rotation and referencepoint transportation is reversedwith respect to the axial
properties; this is mostly done for conveniencein computing the coe�cien ts, becausethe opposite would
result in more complicated formulas; however, their development the other way 'round is straightforward.
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Lo cking Correction for Tw o-No de Beam

The three-node �nite volume element has been implemented �rst, and usesconventional polynomial
parabolic interpolation of the nodal displacements and orientations; the two-node �nite volume element
has been intro duced later. This latter element presents some shear-locking, which, for linear elastic
consitutive laws,may beovercomeby correcting the sectionsti�ness matrix in a relatively straightforward
form:

K̂ =
�

F +
L 2

12
T F T T

� � 1

; (9.16)

where F = K � 1 is the compliancematrix of the section, L is the length of the beam, i.e. the distance
betweenthe two referencepoints obtained by adding the optional o�set to the nodes,and

T =
�

0 ex �
0 0

�

is the \arm" matrix that appears in the di�eren tial equilibrium equation

# =x � T T # + f = 0:

There are no provisions to automatically apply the correction when de�ning the constitutiv e law of
the section. The two-node beam has been reimplemented using a helicoidal interpolation of the nodal
positionsand orientations, to improve its capability to undergolargedisplacements and relativerotations.
It is activated by using the keyword hbeam2insteadof beam2. However, to reducethe shear-locking e�ect,
the sti�ness properties still need to be manually corrected according to Equation (9.16). The hbeam2
element is experimental, and should be usedonly for development purposes.

9.4.2 Three-no de beam element

The three node beam element is described in detail in [2]. Each \no de" is referred to a structural node
but can have an arbitrary o�set to allow high generality in the positioning of the structural reference
line of the beam. A �nite volume formulation is used;asa consequence,the internal forcesand moments
are evaluated at two points that are at about midpoint betweennodes 1 and 2, and nodes 2 and 3 (at
� 1=

p
3 and 1=

p
3 consideringa non-dimensionalabscissarunning from -1 at node 1 to 1 at node 3). So

the constitutiv e properties must be supplied in thesepoints, as well as the orientation matrices from the
material to the global frame (the axial force is in direction 1). Any of the allowed 6D constitutiv e laws
can be supplied to de�ne the constitutiv e properties. The traditional input format is

<element_type> ::= beam3
<normal_arglis t> ::=

<node_1> , (Vec3) <relative_offs et _1> ,
<node_2> , (Vec3) <relative_offs et _2> ,
<node_3> , (Vec3) <relative_offs et _3> ,
(OrientationMa tr ix ) <orientation_m at ri x_sect io n_I> ,
(ConstitutiveL aw6D) <constitutive_ la w_sect io n_I> ,
{ same | (OrientationM at ri x) <orientation_ matr ix _secti on_I I> } ,
{ same | (Constitutive Law6D) <constitutive _l aw_secti on_I I> }

Based on the type of constitutiv e law, the simple or the viscoelastic beam element is used. The two
keywords samerespectively mean that the sameorientation and the sameconstitutiv e law de�ned for
the �rst point will be usedfor the secondpoint. A more complete input format is

<element_type> ::= beam3
<normal_arglis t> ::=

<node_1> ,
[ position , ] (Vec3) <relative_offs et _1> ,
[ orientation , (Mat3x3) <relative_ori enta ti on_1> , ]
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<node_2> ,
[ position , ] (Vec3) <relative_offs et _2> ,
[ orientation , (Mat3x3) <relative_ori enta ti on_2> , ]

<node_3> ,
[ position , ] (Vec3) <relative_offs et _3> ,
[ orientation , (Mat3x3) <relative_ori enta ti on_3> , ]

{ (OrientationMa tr ix ) <orientation_m at ri x_sect io n_I>
| from nodes } ,

(ConstitutiveL aw6D) <constitutive_ la w_sect io n_I> ,
{ same

| (OrientationMa tr ix ) <orientation_m at ri x_sect io n_II >
| from nodes } ,

{ same
| (ConstitutiveL aw6D) <constitutive_ la w_sect io n_II > }

This format is a supersetof the traditional one,which is extendedby adding the possibility to set relative
node orientations that can be subsequently usedto interpolate the orientation matrices at the evaluation
points, by providing the keyword from nodes instead of the matrix. If the keyword sameis usedfor the
secondevaluation point, the samemethod is usedto compute the orientation matrix.
As an example,a simple beam element, with diagonal section sti�ness matrix is presented:

set: integer beam_label = 1000;
set: integer beam_node1= 2001;
set: integer beam_node2= 2002;
set: integer beam_node3= 2003;
set: real EA = 1e6; # N
set: real GAy = .6e6; # N
set: real GAy = .6e6; # N
set: real GJ = 1.e3; # Nm^2
set: real EJy = 2.e3; # Nm^2
set: real EJz = 1.e4; # Nm^2
beam3: beam_label,

beam_node1, reference, node, null,
beam_node2, reference, node, null,
beam_node3, reference, node, null,
eye,
linear elastic generic, diag,

EA, GAy, GAz, GJ, EJy, EJz,
same,
same;

A not-so-simplebeamsection,where the center of axial strain and the shearcenter are not coincident, is
illustrated below. The node o�set is usedto align the referenceline with the shearcenter, and the axial
strain center o�set is usedin the constitutiv e matrix:

set: integer beam_label = 1000;
set: integer beam_node1= 2001;
set: integer beam_node2= 2002;
set: integer beam_node3= 2003;
set: real EA = 1e6; # N
set: real GAy = .6e6; # N
set: real GAy = .6e6; # N
set: real GJ = 1.e3; # Nm^2
set: real EJy = 2.e3; # Nm^2
set: real EJz = 1.e4; # Nm^2
set: real yas = 2.e-2; # m
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set: real zas = 1.e-2; # m
set: real ysc = 4.e-2; # m
set: real zsc = 2.e-2; # m
set: real y = yas-ysc; # compute the axial strain center
set: real z = zas-zsc; # wrt/ the shear center
beam3: beam_label,

beam_node1, reference, node, 0.,ysc,zsc,
beam_node2, reference, node, 0.,ysc,zsc,
beam_node3, reference, node, 0.,ysc,zsc,
eye,
linear elastic generic, sym,

EA, 0., 0., 0., z*EA, -y*EA,
GAy, 0., 0., 0., 0.,

GAz, 0., 0., 0.,
GJ, 0., 0.,

EJy+z^2*EA, -z*y*EA,
EJz+y^2*EA,

same,
same;

A piezoelectric actuator beam element is available; an arbitrary linear piezoelectric actuation matrix
is required, together with the labels of the abstract nodes that represent the input signal tensions, as
follows:

<normal_arglis t> ::=
<node_1> , (Vec3) <relative_offs et _1> ,
<node_2> , (Vec3) <relative_offs et _2> ,
<node_3> , (Vec3) <relative_offs et _3> ,
(OrientationMa tr ix ) <orientation_m at ri x_sect io n_I> ,
(ConstitutiveL aw6D) <constitutive_ la w_sect io n_I> ,
{ same | (OrientationM at ri x) <orientation_ matr ix _secti on_I I> } ,
{ same | (Constitutive Law6D) <constitutive _l aw_secti on_I I> } ,
piezoelectric actuator ,
<electrodes_nu mber > ,
<abstract_node _l abel _l is t> ,
(Mat6xN) <piezoelectri c_matr ix _I > ,
{ same | (Mat6xN) <piezoelectric _mat ri x_II > }

where the abstract_node_ la bel_ li st is the list of the labels of the abstract nodes that represent the
electrodes.

9.4.3 Tw o-no de beam element

<element_type> ::= beam2
<normal_arglis t> ::=

<node_1> , (Vec3) <relative_offs et _1> ,
<node_2> , (Vec3) <relative_offs et _2> ,
(OrientationMa tr ix ) <orientation_m at ri x_sect io n_I> ,
(ConstitutiveL aw6D) <constitutive_ la w_sect io n_I>
[ , piezoelectric actuator ,
<electrodes_nu mber > ,
<abstract_node _l abel _l is t> ,
(Mat6xN) <piezoelectri c_matr ix _I > ]

<element_type> ::= beam2
<normal_arglis t> ::=
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<node_1> ,
[ positions , ] (Vec3) <relative_off set_ 1> ,
[ orientation , (Mat3x3) <relative_ori enta ti on_1> , ]

<node_2> ,
[ positions , ] (Vec3) <relative_off set_ 2> ,
[ orientation , (Mat3x3) <relative_ori enta ti on_2> , ]

{ (OrientationMa tr ix ) <orientation_m at ri x_sect io n_I>
| from nodes } ,

(ConstitutiveL aw6D) <constitutive_ la w_sect io n_I>
[ , piezoelectric actuator ,
<electrodes_nu mber > ,
<abstract_node _l abel _l is t> ,
(Mat6xN) <piezoelectri c_matr ix _I > ]

As an example,a simple beam element, with diagonal section sti�ness matrix is presented:

set: integer beam_label = 1000;
set: integer beam_node1= 2001;
set: integer beam_node2= 2002;
set: real L = .4; # m
set: real EA = 1e6; # N
set: real GAy = .6e6; # N
set: real GAy = .6e6; # N
set: real GJ = 1.e3; # Nm^2
set: real EJy = 2.e3; # Nm^2
set: real EJz = 1.e4; # Nm^2
beam2: beam_label,

beam_node1, reference, node, null,
beam_node2, reference, node, null,
eye,
linear elastic generic, diag,

EA, 1./(1./GAy+L^2 /1 2. /EJz), 1./(1./GAz+L^ 2/ 12./ EJy) ,
GJ, EJy, EJz;

Note that the shear terms have been na•�vely inverted to eliminate shear locking, according to Equa-
tion (9.16).

9.4.4 Output

The output related to beam elements is contained in a �le with extension .act ; for each time step,
the output of the required beams is written. The internal forces and couplesare computed from the
interpolated strains along the beam by meansof the constitutiv e law, at the two evaluation points. The
format is:

� the label of the beam

� the three components of the force at the �rst evaluation point

� the three components of the couple at the �rst evaluation point

� the three components of the force at the secondevaluation point

� the three components of the couple at the secondevaluation point

The last two items (i.e. the last 6 columns) are generatedonly by the three-node beam element.
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9.5 Bind

This is not really an element; it is used to instruct a parameter node about which parameter of an
element it is bound to. The parameter node must exist, and the element the node is being bound to, of
type element_type and label element_label , must have beenalready de�ned. The completesyntax is:

<arglist> ::= <element_label > ,
<element_type> ,
<parameter_node_la bel> ,
{ <parameter_ind ex> | name, " <parameter_name> " }

Each element makes a number of parameters available for such binding; a detailed list is being added
to the input manual. The value of parameter_ind ex must be legal, i.e. between 1 and the maximum
number of parameters made available by the element. The alternativ e form, which will becomethe
default, allows more friendly de�nition of the binding. The name of the parameter depends on the
element whoseproperty is being bound. A complete listing of the parameters that a parameter node
can be bound to is not available, sincemost are addedbasedon developers' needs.It is advisablethat a
mechanismfor elements to publish what parametersthey canmakeavailable bedevisedand implemented.

Example: the parameter node angle is bound to the rotation of a revolute hinge.

# ... integrator
begin: control data;

structural nodes: 2;
parameter nodes: 1;
forces: 2;
# ... other control data

end: control data;

set: integer node1 = 1000;
set: integer node2 = 2000;
set: integer angle = 5000;

begin: nodes;
structural: node1, dynamic, null, eye, null, null;
structural: node2, dynamic, null, eye, null, null;
parameter: angle, element;

# ... other nodes
end: nodes;

begin: elements;
joint: 1, revolute hinge,

node1, reference, node, null,
hinge, reference, node, eye,

node2, reference, node, null,
hinge, reference, node, eye;

bind: 1, 1, joint, angle, string, "rx";
couple: 1, node1, 0.,0.,1.,

dof, 1, parameter, linear, 0.,1.;
couple: 2, node2, 0.,0.,1.,

element, 1, joint, string, "rx", linear, 0.,1.;

# ... other elements
end: elements;

Note that the sameelement data, i.e. the revolute joint relative rotation angle, is usedto drive a couplein
two di�eren t ways; the latter, by meansof the element drive (seeSection 2.5.21) is more direct, but the
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Figure 9.4: NASTRAN CONM2card

former, by meansof the dof drive (seeSection 2.5.20) through the bind mechanism has the additional
e�ect of updating the parameter node, which canbe usedto connectgenel elements for specialpurposes.

9.6 Bo dy

<one_body> ::=
(scalar) <mass>,
(Vec3) <relative_cen te r_ of _mass> ,
(Mat3x3) <inertia_matr ix >
[ , inertial ,

{ node | (OrientationM at ri x) <orientation_ matr ix > } ]

<normal_arglis t> ::= <node_label> ,
{ <one_body>
| condense, (integer) <num_masses>,

<one_body> [ , ... ] }

If only one massis de�ned, the �rst method should be used. Otherwise, many massescan be referred
to the sameelement by meansof the keyword condense, followed by the number of expected masses
num_masses. The format of each sub-massis the same as for the single mass input (actually, when
condense is not supplied, num_massesis assumedto be 1).

The inertia_matrix is always referred to the center of massof the mass that is being added. It
can be rotated locally by meansof the extra orientation_m at ri x supplied after the (optional) keyword
inertial . The keyword node corresponds to the default, i.e. the inertia matrix is assumedto be input
in the node referenceframe.

Note: in many commercial �nite element software, the o�-diagonal elements of the inertia matrix are
de�ned with a minus sign; for instance, NASTRAN's CONM2lumped inertia card expects the values as
indicated in Figure 9.4. However, the matrix is reconstructed as

NASTRAN ::=

2

6
6
6
6
6
6
4

M
M symmetr ic

M
I 11

� I 21 I 22
� I 31 � I 32 I 33

3

7
7
7
7
7
7
5

seefor instance NASTRAN V70.5 Quick Reference Guide for details.
On the contrary , MBDyn directly reads the matrix that will be used in the computation, i.e. without
the min us signs in the o�-diagonal terms , as reported below:

MBDyn ::=

2

4
I 11
I 21 I 22
I 31 I 32 I 33

3

5

The inertia properties of the model can be logged and veri�ed by means of the inertia keyword, as
detailed in Section 9.18.2.
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9.7 Bulk Elemen ts

The bulk element is intended asa sort of NASTRAN's CELAScard, that can be usedto apply a sti�ness
term on an arbitrary degreeof freedom. Extensionsare planned to di�eren t kind of elements. The syntax
of the bulk element is:

<normal_arglis t> ::= <bulk_type> , <bulk_arglist >

At present only the stiffness spring type is available.

9.7.1 Sti�ness spring

<bulk_type> ::= stiffness spring
<bulk_arglist> ::= (node_dof) <dof> ,

(drive_caller ) <stiffness_dri ve>

The equation related to the desireddof of the linked node is added a contribution basedon the value of
the desireddegreeof freedom(even the derivative can be used) multiplied times the sti�ness.
Note: this family of elements has been partial ly superseded by the genel elements, which allow more
generality.

9.8 Couple

An alias of force ; seeSection 9.10.

9.9 Electric Elemen ts

electric elements are those elements that model electric and electronic devices,dealing with abstract
degreesof freedommore than with electric ones(from the program's point of view they are exactly the
same,the di�erence is only semantic). The true electric elements, such resistors,switchesand so on, are
classi�ed as electric bulk elements. The syntax for electric elements is:

<normal_arglis t> ::= <electric_typ e> , <electric_arg li st >

The electric elements implemented at present are:

� accelerometer

� discrete control

The syntax is described below.

9.9.1 Accelerometer

<electric_argl is t> ::=
{ translational | rotational } ,
<struct_node_l abel > ,
<abstract_node _l abel > ,
(Vec3) <measure_dire ct io n>
[ , position , (Vec3) <position> ]

The position is optional; it is meaninglessfor rotational accelerometers.
Legacy element: accelerometerwith builtin transfer function
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<electric_argl is t> ::= <struct_node_ la bel> ,
<abstract_node _l abel > ,
(Vec3) <measure_dire ct io n> ,
(scalar) <omega>,
(scalar) <tau> ,
(scalar) <csi> ,
(scalar) <kappa>

The label struct_node_lab el de�nes the nodewhoseaccelerationis beingmeasured;the label abstract_node_ la bel
de�nes the abstract node that will receive the output signal. An electric node can be usedas well
(?). The transfer function of the accelerometeris:

e0

a
= kappa

tau s
(1 + tau s) (1 + 2 csi =omegas + s2=omega2)

where e0 is the output signal, a is the input (the acceleration) and s is the Laplace variable.

9.9.2 Discrete control

<electric_argl is t> ::= <num_outputs> , <num_inputs> , <order> ,
<control_data> ,
outputs [ , (node_dof) <output_dofs> [ , ... ] ] ,
inputs [ , (node_dof) <input_dofs> [ , ... ] ] ,

The lists of the output and input dofs follows. The input node_dofs don't require the order �eld, since
they are simply used to compute the control forces,and thus identify an equation. The control_data
has the following syntax:

<control_data> ::= <control_type > , <control_argli st >

At present only a simple form of control is implemented. Other typesto comeare systemidenti�cation,
both recursive and one-shot, and adaptive control, with di�eren t models and schemes, all based on
GeneralizedPredictive Control (GPC) and Deadbeat Control. The control syntax is:

<control_data> ::= control , " <control_matr ic es_f il e> "

where the �le control_matric es_f il e must contain the matrices ac, bc of the control in plain text (as
generatedby Matlab, for instance):

ac1,
. . . ,
acp,
bc1,
. . . ,
bcp

where p is the order of the controller and the matrices ac have num_inputs rows and num_outputs
columns, while the matrices bc have num_inputs rows and num_inputs columns.

9.10 Force

The force element has the following syntax:

<normal_arglis t> ::= <force_type> , <force_arglist >

whereforce_type can be abstract for an abstract force, or conservative or follower for a structural
force. The latter typesapply to a couple element, which can be structural only.
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9.10.1 Output

The output is discussedaccordingly to the typesof forces. The label of the element is output �rst in all
the cases.

9.10.2 Abstract force

<force_type> ::= abstract
<force_arglist > ::= (node_dof) <dof> ,

(drive_caller) <force_magnit ude>

the dof �eld is a normal node_dof but no order is required sincethe force simply appliesto the equation
related to the node, regardlessof the order.

9.10.3 Abstract reaction force

<force_type> ::= abstract internal
<force_arglist > ::= (node_dof) <dof1> ,

(node_dof) <dof2> ,
(drive_caller) <force_magnit ude>

the dof1 and dof2 �elds are normal node_dof but no order is required since the force simply applies
to the equations related to the nodes,regardlessof the order, with opposite magnitudes.

Output

The format is:

� the label of the element

� the label of the abstract node the force is applied to (the �rst node in caseof abstract internal )

� the value of the force

9.10.4 Structural force

<force_type> ::= { conservative | follower }
<force_arglist > ::= <node> ,

(Vec3) <relative_dir ecti on> ,
(Vec3) <relative_arm > ,
(drive_caller) <force_magnit ude>

9.10.5 Structural in ternal force

<force_type> ::= { conservative | follower } internal
<force_arglist > ::= <node1> ,

(Vec3) <relative_dir ecti on> ,
(Vec3) <relative_arm 1> ,
<node2> ,
(Vec3) <relative_arm 2> ,
(drive_caller) <force_magnit ude>
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Output

The format is:

� the label of the element

� the label of the structural node the force is applied to

� the value of the force

� the three components of the force

� the arm of the force, in the global frame (i.e. referred to point f 0; 0; 0g)

9.10.6 Structural couple

<force_type> ::= { conservative | follower }
<force_arglist > ::= <node> ,

(Vec3) <relative_dir ecti on> ,
(drive_caller) <couple_magnitu de>

9.10.7 Structural in ternal couple

<force_type> ::= { conservative | follower } internal
<force_arglist > ::= <node1> ,

(Vec3) <relative_dir ecti on> ,
<node2> ,
(drive_caller) <couple_magnitu de>

i.e. the arm is not required.

Output

The format is:

� the label of the element

� the label of the structural node the couple is applied to

� the value of the couple

� the three components of the couple

Note: by using a dof drive, a simple feedback control can be easily implemented.
A more general force element can be written by using a template drive that contains both the direction
and the amplitude. This wil l be done in the future.

9.11 Genel Elemen t

Genel is the compact form for General el ement. Those elements that cannot in general be classi�ed
in a preciseway, or are just under development and thus are not collected in a classof their own until
their con�guration is stabilized, usually are classi�ed as Genel . The syntax of the Genel elements is:

<normal_arglis t> ::= <genel_type> , <genel_arglist >

The output goes in a �le with extension .gen ; only few elements actually generateoutput.
At present, the Genel classcontains very basic generalelements and somespecial rotorcraft elements.
The latter could be moved to a more speci�c classin future releases.
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9.11.1 Special Rotorcraft Genel Elemen ts

The special Genel elements include the swashplate and the rotor trim .

Swashplate

The swashplate Genel is used to transform the controls of a rotor, in terms of collective and fore/aft
and lateral cyclic pitch, into the elongations of the actuators that actually move the swash plate. The
syntax of the swashplate is:

<genel_type> ::= swash plate
<genel_arglist > ::=

<collective_ab st ra ct _node>
[ , limits , <min_collecti ve> , <max_collectiv e> ] ,
<fore/aft_abst ra ct _node>
[ , limits , <min_fore/aft > , <max_fore/aft> ] ,
<lateral_abstr act_ node>
[ , limits , <min_lateral> , <max_lateral> ] ,
<actuator_1_ab st ra ct _node> ,
<actuator_2_ab st ra ct _node> ,
<actuator_3_ab st ra ct _node>
[ , <dynamic_coef> , <cyclic_facto r> , <collective_f acto r> ]

The �rst three abstract nodeswill contain the input values(they can be actuated by meansof abstract
forces),and the limits on the \angles" can be easilyset. The last three nodeswill contain the valuesof the
stroke of the actuators. It is assumedthat oneof the actuators is behind and the others two are in front
of the rotor, numbered clockwise from the top. The limits on the actuators will simply force the value
of the control inputs to remain in the boundariesregardlessof the input values. The last three optional
parametersare a dynamic coe�cien t that is usedto add somedynamics to the actuators' stroke, namely
the input variables are applied a sort of spring stiffness bulk element, while the actuators' strokes
are applied a transfer function of the �rst order, namely � _x + x = f , where � = dynamic_coef and f
is the desired stroke, so the smaller is � , the more the behavior is static. The cyclic_factor and the
collective_fac to r parametersare usedto scalethe inputs from anglesin the desiredunits to strokes,
that usually are dimensional parameters. The actual strokes are made of the collective contribution
multiplied by collective_fac to r , and the cyclic contribution multiplied by collective_fac to r times
cyclic_factor .

Rotor Trim

The syntax of the rotor trim is

<genel_type> ::= rotor trim
<genel_arglist > ::= <rotor_label> ,

<thrust_node_l abel > ,
<longitudinal_ moment _node_la bel> ,
<lateral_momen t_ node_l abel > ,
(drive_caller) <desired_thru st _coeff ic ie nt > ,
(drive_caller) <desired_long it udin al _moment_ coef fi ci ent> ,
(drive_caller) <desired_late ra l_ moment _coeff ic ie nt > ,
<rotor_solidit y> ,
<rotor_lock_nu mber > ,
<rotor_nondime nsio nal_ fl ap_f re quency> ,
<thrust_time_c onst ant> , <moments_time_const ant> ,

<thrust_gain> , <moments_gain>

The rotor trim is experimental; it allows to set the controls of a generichelicopter, in conjunction with
the swashplate element, to asymptotically obtain the desired level of thrust and moment coe�cien ts.
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The corresponding behavior in terms of trim values (
apping angles and shaft angle) has not been
implemented yet. For details, see[6].

9.11.2 General Purp ose Elemen ts

Clamp

<genel_type> ::= clamp
<genel_arglist > ::= (node_dof) <clamped_node> ,

(drive_caller) <imposed_value>

This element simply forcesone arbitrary degreeof freedomto assumea value depending on the drive.

Output The format is:

� the label of the element

� the value of the reaction unknown

Distance

<genel_type> ::= distance
<genel_arglist > ::= (node_dof) <node_1> ,

(node_dof) <node_2> ,
(drive_caller) <imposed_dist ance>

This element forcesthe di�erence betweentwo arbitrary degreesof freedomto assumethe value dictated
by the driver.

Output The format is:

� the label of the element

� the value of the reaction unknown

Spring

<genel_type> ::= spring
<genel_arglist > ::= (node_dof) <node_1> ,

(node_dof) <node_2> ,
(ConstitutiveL aw1D) <const_law>

Note: the constitutive law must be elastic , but the distance genelcan apply to arbitrary order degrees
of freedom, evenbetween degrees of freedom of di�er ent order.

Spring supp ort

<genel_type> ::= spring support
<genel_arglist > ::= (node_dof) <node> ,

(ConstitutiveL aw1D) <const_law>

Note: the spring support must use the algebraic value of a differential node, but it can use an
arbitrary constitutive law, i.e. an elastic constitutive law for a spring, or a viscous constitutive law for a
damper, and so on.
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Cross spring supp ort

<genel_type> ::= spring support
<genel_arglist > ::= (node_dof) <row_node> ,

(node_dof) <col_node> ,
(ConstitutiveL aw1D) <const_law>

It writes a term depending on the col_node degreeof freedom in an arbitrary manner (given by the
const_law ) to the row_nodeequation.
Note: the cross spring support must use the algebraic value of a differential node, but can use
an arbitrary constitutive law, i.e. an elastic constitutive law for a spring, or a viscous constitutive law
for a damper, and so on.

Mass

<genel_type> ::= mass
<genel_arglist > ::= (node_dof) <node> ,

(drive_caller) <mass>

Note: the massmust use the algebraic value of a differential node. The derivative of the differ-
ential value of the dof is di�er entiated in a state-space sense,and an inertial driven term is applied to
the equation related to the dof:

m _u + : : : = f

u � _x = 0

Scalar �lter

<genel_type> ::= scalar filter
<genel_arglist > ::= (node_dof) <output_node> ,

(node_dof) <input_node> ,
<output_order> [ , <output_coef_ li st > ] ,
<input_order> , <input_coef_li st >
[ , gain , <gain> ]

This element models a scalar �lter of the form

A (s) y = B (s) u

whereA, B are polynomials of arbitrary order, provided it is causal,namely the output_order is greater
than or equal to the input_order . The polynomial A is assumedto be monic, so only the coe�cien ts
from 1 to output_order must be input, while all the coe�cien ts of polynomial B are required, i.e. from
0 to input_order . If a gain is supplied, all the coe�cien ts of B are multiplied by the gain.

State space SISO

<genel_type> ::= state space SISO
<genel_arglist > ::= (node_dof) <output_node> ,

(node_dof) <input_node> ,
<state_order> ,
matrix A , <coefficient_ li st > ,
matrix B , <coefficient_ li st > ,
matrix C , <coefficient_ li st >
[ , matrix D , <coefficient> ]

88



This element models a scalar (SISO) state space�lter of the form

_x = Ax + B u
y = C x + Du

whereA is a matrix state_order � st at e_or der , B is a vector state_order � 1,C is a vector 1� state_order ,
and D is scalar, if any. The matrices are read row-oriented.

State space MIMO

<genel_type> ::= state space MIMO
<genel_arglist > ::= <num_outputs> , (node_dof) <output_node_ li st > ,

<num_inputs> , (node_dof) <input_node_li st > ,
<state_order> ,
matrix A , <coefficient_ li st > ,
matrix B , <coefficient_ li st > ,
matrix C , <coefficient_ li st >
[ , matrix D , <coefficient_ li st > ]

This element models a vector (MISO) state space�lter of the form

_x = Ax + B u
y = C x + D u

where A is a matrix state_order � st at e_or der , B is a matrix state_order � num_i nput s, C is a
matrix num_outputs� st at e_or der , and D is scalar num_outputs� num_i nput s. The matrices are read
row-oriented.

9.12 Gra vit y Elemen t

<arglist> ::= (Vec3_tpl_driv e_call er ) <gravity_accel er at io n>

the drive of the gravit y acceleration, in the global referenceframe.

9.13 Hydraulic Elemen t

Note: under development
Author: Lamberto Puggelli

<normal_arglis t> ::= <hydr_elem_ty pe> ,
<hydr_elem_data >

A detailed input description will be given as soon as it is available.
hydraulic_elem ent_ data usually contains information about 
uid properties, which are handled by
means of an hydraulic_flui d. This can be directly inserted, following the syntax described in Sec-
tion 2.3.4 preceededby the keyword fluid , or a previously de�ned 
uid can be recalled by using the
keyword reference followed by the label of the desired
uid.

9.13.1 Actuator

<hydr_elem_typ e> ::= actuator ,
<hydr_elem_dat a> ::= <node_1> , <node_2> ,

<struct_node_ 1> , (Vec3) <offset_1> ,
<struct_node_ 2> , (Vec3) <offset_2> ,
[ direction , (Vec3) <direction> , ]
<area_1> ,
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<area_2> ,
<cylinder_len gt h> ,
<hydraulic_fl ui d_pr oper ti es_1> ,
{ same | <hydraulic_flu id _pro pert ie s_2> }

9.13.2 Minor Loss

<hydr_elem_typ e> ::= minor loss ,
<hydr_elem_dat a> ::= <node_1> , <node_2> ,

<k12> , <k21> , <area> ,
<hydraulic_fl ui d_pr oper ti es>

9.13.3 Con trol Valve

<hydr_elem_typ e> ::= control valve ,
<hydr_elem_dat a> ::= <node_1> , <node_2> , <node_3> , <node_4>

<area> ,
[ loss , <loss_factor> , ]
(DriveCaller) <state> ,
<hydraulic_fl ui d_pr oper ti es>

This element represents a valve that connectsnode_1 to node_2 and node_3 to node_4 when state is
positive and node_1to node_3and node_2to node_4when state is negative, with areaproportional to
area times the norm of state , being the latter comprisedbetween� 1 and 1. If loss_factor is de�ned,
it represents the fraction of area that leaks even when state is zero.

9.13.4 Dynamic Con trol Valve

<hydr_elem_typ e> ::= dynamic control valve ,
<hydr_elem_dat a> ::= <node_1> , <node_2> ,

<node_3> , <node_4> ,
(DriveCaller) <force> ,
<initial_disp la cement > ,
<max_displace ment > ,
<duct_width> ,
[ loss , <loss_factor> , ]
<valve_diamet er > ,
<valve_densit y> ,
<displacement > ,
<velocity> ,
<acceleration > ,
<hydraulic_fl ui d_pr oper ti es>

This element represents a valve that connectsnode_1to node_2and node_3to node_4whenthe displace-
ment is positiveand node_1to node_3and node_2to node_4when the displacement is negative,account-
ing for the dynamics of the valve body. The control force force is applied to the valve, whosegeometric
and structural properties are described by initial_displa cement , max_displacement , duct_width ,
valve_diameter and valve_density . Again the loss_factor , if de�ned, represents the fraction of the
area that leakswhen the displacement is zero. Finally, displacement , velocity and acceleration are
the penalty coe�cien ts for displacement, velocity and accelerationwhen the maximum stroke is reached.

9.13.5 Pressure Flo w Con trol Valve

<hydr_elem_typ e> ::= pressure flow control valve ,
<hydr_elem_dat a> ::= <node_1> , <node_2> ,
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<node_3> , <node_4> ,
<node_5> , <node_6> ,
(DriveCaller) <force> ,
<initial_disp la cement > ,
<max_displace ment > ,
<duct_width> ,
[ loss , <loss_factor> , ]
<valve_diamet er > ,
<valve_densit y> ,
<displacement > ,
<velocity> ,
<acceleration > ,
<hydraulic_fl ui d_pr oper ti es>

Sameas Dynamic Control Valve (9.13.4), only the pressuresat node_5 and node_6 are applied at the
sidesof the valve body and participate in the force balance.

9.14 Join t Elemen t

Many di�eren t joints are available. A �rst rough classi�cation can be basedon which joints have internal
degreesof freedom(the reactions) and which don't. The latter are 
exible joints, that directly add their
sti�ness contribution to the dynamic systemmatrix. From the input point of view there is no di�erence
betweenthe two classes.a typical joint entry is made as follows:

<normal_arglis t> :: = <joint_type> , <joint_arglis t>

The output is written to a �le with extension .jnt . The output is generally made of a standard part,
plus someextra information depending on the type of joint, which, when available, is described along
with the joint description. Here the standard part is described:

� the label of the joint

� the three components of the reaction force in a local reference

� the three components of the reaction couple in a local frame

� the three components of the reaction force in the global frame

� the three components of the reaction couple, rotated into the global frame

Legal joint types,with relative data, are:

9.14.1 Angular acceleration

<joint_type> ::= angular acceleration
<joint_arglist > ::= <node> , (Vec3) <relative_dire ct io n> ,

(drive_caller) <acceleration >

9.14.2 Angular velocit y

<joint_type> ::= angular velocity
<joint_arglist > ::= <node> , (Vec3) <relative_dire ct io n> ,

(drive_caller) <velocity>

91



9.14.3 Axial rotation

<joint_type> ::= axial rotation
<joint_arglist > ::=

<node_1> , (Vec3) <relative_offs et _1>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2> , (Vec3) <relative_offs et _2>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ] ,
(drive_caller) <angular_velo ci ty >

Note: this joint forces nodes1 and 2 to rotate about relative axis 3 with imposed angular velocity.

9.14.4 Beam slider

This joint implements a slider, e.g. it constrains a structural node on a string of three-node beams,as
discussedin [7].

<joint_type> ::= kinematic
<joint_arglist > ::=

<slider_node> ,
(Vec3) <relative_off set> ,
[ hinge , (OrientationMa tr ix ) <relative_or_m at > ] ,
[ type , { spherical | classic | spline } , ]
<beam_number>,

<3_node_beam>,
{ same | (Vec3) <first_node_of fs et > } ,

[ hinge , { same | (OrientationM at ri x) <first_node_o r_ mat> ] , }
(Vec3) <mid_node_off set> ,

[ hinge , (OrientationMa tr ix ) <mid_node_or_mat > ] ,
(Vec3) <end_node_off set> ,

[ hinge , (OrientationMa tr ix ) <end_node_or_mat > ] ,
[ ... ]

[ , initial beam, <initial_beam > ]
[ , initial node, <initial_node> ]
[ , smearing, <smearing_fact or > ]

There are three typesof slider:

� the spherical slider doesnot constrain the orientation of the node;

� the classical slider doesallow rotation only about the sliding line;

� the spline slider constrain the orientation of the node.

For each node of each beam element, the o�set and the orientation of the slider can be de�ned; except
for the �rst element, the o�set and the orientation of the �rst node can be speci�ed using the key-
word same, which causesthe node to take the samevalue of the last node of the previous beam. The
initial_beam and initial_node indices serve as hints to set the initial contact point of the sliding
node. The smearing_factor determines the (non-dimensional) extension of the interference segment
when the node passesfrom one segment to another.

9.14.5 Brak e

This element modelsa wheelbrake, i.e. a constraint that appliesa frictional internal torque betweentwo
nodes about an axis. The frictional torque depends on the normal force that is applied as an external
input by meansof the samefriction models implemented for regular joints.
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<joint_type> ::= brake
<joint_arglist > ::=

<node_1> , (Vec3) <relative_offs et _1>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2> , (Vec3) <relative_offs et _2>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ] ,
friction , <average_radi us> ,

[ preload , <const_value> , ]
<friction_mod el > ,
<shape_functi on> ,

(drive caller) <normal force>

Note: a revolute hinge between the sametwo nodesmust be de�ned as well, suchthat the only allowed
relative kinematics between the two nodesare a rotation about relative axis 3.

9.14.6 Clamp

<joint_type> ::= clamp
<joint_arglist > ::= <node>

[ , position ,
{ node | (Vec3) <absolute_posi ti on> } ]

[ , orientation ,
{ node | (OrientationM at ri x) <absolute_ori enta ti on_mat ri x> } ]

Note: the keyword node forces the joint to use the nodal position and reference frame. Otherwise, they
must be entered in the usual way for theseentities
Note: the default valuefor position and orientation are the position and the orientation of the clamped
node.

9.14.7 Coincidence

not implemented yet, usea spherical hinge and a prismatic instead.

9.14.8 Deformable displacemen t hinge

<joint_type> ::= deformable displacement hinge
<joint_arglist > ::=

<node_1> , (Vec3) <relative_offs et _1>
[ , hinge , (OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2> , (Vec3) <relative_offs et _2>
[ , hinge , (OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ] ,
(ConstitutiveL aw3D) <const_law>

9.14.9 Deformable hinge

<joint_type> ::= deformable hinge
<joint_arglist > ::=

<node_1>
[ , hinge , (OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2>
[ , hinge , (OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ] ,
(ConstitutiveL aw3D) <const_law>

Note: this hinge constrains the orientations only. It shouldbe used in conjunction with a spherical hinge
or any kind of joint that constrains the displacements too.
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9.14.10 Distance

<joint_type> ::= distance
<joint_arglist > ::= <node_1> ,

[ position , <relative_off set_ 1> , ]
<node_2> ,
[ position , <relative_off set_ 2> , ]
{ (drive_caller) <distance> | from nodes }

Note: the relative_offs et _* are the distances of each end of the joint from the relative nodes in the
node reference frame
Both the distance and the distance with offset joints allow for null distance, but the transition from
null to non-null distance is not smooth at all.
Note: in case the keywords from nodes are used, a constant drive caller is automatically instantiated
for the distance . Its value is computed from the initial positions of the nodes; if de�ned, the distance
between the o�sets is considered.
Note: the distance with offset element is deprecated in favor of the distance with the new syntax,
which o�ers the samecapabilities.

Output The extra output is:

� the three components of the imposeddistance in the global frame

� the norm of the imposeddistance

9.14.11 Distance with o�set

This element has beendeprecatedin favor of the distance element, which now supports o�sets. It may
be not supported any more in the future.

9.14.12 Driv e hinge

<joint_type> ::= drive hinge
<joint_arglist > ::=

<node_1>
[ , hinge , (OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2>
[ , hinge , (OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ] ,
(Vec3_tpl_driv e_call er ) <hinge_orienta ti on>

Note: this elementis eXperimental; now it is more reliable,but it is limited to k < hinge orientation > k <
� .

9.14.13 In line

<joint_type> ::= in line
<joint_arglist > ::=

<node_1> ,
(Vec3) <relative_lin e_posi ti on> ,
(Mat3x3) <relative_ori enta ti on> ,
<node_2>
[ , offset , (Vec3) <relative_offs et >]

Note: the in line joint supersedesthe former note; the orientation assumesthe sliding line is in direction
3.
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9.14.14 In plane

<joint_type> ::= in plane
<joint_arglist > ::=

<node_1> ,
(Vec3) <relative_pla ne_posit io n> ,
(Vec3) <relative_nor mal_ di re ct io n> ,
<node_2>
[ , offset , (Vec3) <relative_offs et >]

Note: to make an in-line joint, use two in-plane joints, with the planes that intersect along the desired
line.
Note: a inline elementhas been added, which automatesthe above reported procedure.

9.14.15 Kinematic

This joint will eventually evolve into a connection with external programs that imposethe entire mo-
tion of a node; at present, you can use it by directly writing code in �les mbdyn/struct/ ki n. cc and
mbdyn/struct/k in .h that implement the motion you wish to impose.

<joint_type> ::= kinematic
<joint_arglist > ::=

<node_1> ,
(drive_caller) <input>

Note: this element is eXperimental.

9.14.16 Linear acceleration

<joint_type> ::= linear acceleration
<joint_arglist > ::= <node> , (Vec3) <relative_dire ct io n> ,

(drive_caller) <acceleration >

9.14.17 Linear velocit y

<joint_type> ::= linear velocity
<joint_arglist > ::= <node> , (Vec3) <relative_dire ct io n> ,

(drive_caller) <velocity>

9.14.18 Mo dal

Note: under development
Author: Felice Felippone;
Initial review: Giuseppe Quaranta;
Current review: PierangeloMasarati.

<joint_type> ::= modal
<joint_arglist > ::=

{ <reference_modal _node> | clamped
[ , position , (Vec3)<absolu te _posit io n> ]
[ , orientation , (Mat3x3)<absol ut e_or ie nt at io n> ] } ,

<mode_number>,
[ , list, <mode>[ , ... ] ]
<fem_node_number >
[ , no damping

| proportional damping , <damping_coef>
| diag damping ,
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<mode_index> , <mode_damping_coef>
[ , ... ]

] , " <fem_data_file > " ,
[ { create binary | use binary | update binary }

[ , ... ] , ]
[ , origin node , <origin_node> ]
<interface_nod es_number> ,

<fem_node_label> ,
<multibody_lab el > , (Vec3)<offset_ of _FEM_node>

[ , ... ] ,
" <output_file_n ame> "

The reference_mod al _node is a special dynamic structural node that is required to handle the rigid
body motion of the modal joint. Its input is completely analogousto that of the dynamic structural
nodes,seeSection 6.1, only the keyword dynamic must be replacedby modal.
If no rigid body dynamics is required, e.g. if the modal element is clamped, the clamped option can be
used,which allows to set the optional absolute_posi ti on and absolute_orie nt at io n; they default to
zero and identit y.
The mode count in mode_numberis not required to match the number of modeslisted in the FEM data
�le; if a lower number is given, only the �rst mode_numbermodes are used; moreover, a list of active
modescan be given, to usenon-consecutive modes;e.g., to usemodes1, 2, 3 and 6 of a set of 10 modes,
use:

4, list, 1, 2, 3, 6

The origin of the FEM grid is placed either in the position and orientation of the modal node, or in the
absoluteposition and orientation in casethe modal element is clamped, unlessthe origin node optional
keyword is used. It de�nes what FEM node corresponds to the modal node, or what node lies in the
absolute position and orientation for a clamped modal element.
The list of matchings betweenFEM and multib ody nodesneedsspecial care. The offset_of_FEM _node
�eld contains the distance of the FEM node from the respective multib ody node.
The fem_data_file can be generated by NASTRAN, using the ALTERcards provided in directory
etc/modal.d/ of the distribution.

The stepsof the procedureare as follows:

1. prepare a NASTRAN input card deck, made of bulk data, eigenanalysisproperties data and/or
static loads (details about this phaseare currently missing and will be provided in future releases
of the manual).

2. complete the NASTRAN input �le by putting somespeci�c ALTERcards. In detail:

(a) the �le MBDyn_NASTRAN_al te r_ 1. nas contains ALTERde�nitions for static solutions; appro-
priate loading subcasesfor each solution must be provided in the casecontrol and in the bulk
data sectionsof the input �le;
FIXME: I don't know how to use static shapes only.

(b) the �le MBDyn_NASTRAN_al te r_ 2. nas contains ALTERde�nitions for eigenanalysissolutions;
an appropriate eigenanalysismethod, with the related data card must be provided in the case
control and in the bulk data sectionsof the input �le;
FIXME: I don't know how to use this together with static shapes; I only get the normal mode
shapes, even if the matrices are complete.

(c) the �le MBDyn_NASTRAN_al te r_ 3. nas contains ALTERde�nitions for eigenanalysissolutions;
an appropriate eigenanalysismethod, with the related data card must be provided in the case
control and in the bulk data sectionsof the input �le;
Note: this works; see tests/modal/b eam.README.
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Exactly oneof these�les must be included at the very top of the NASTRAN input �le; they already
include the appropriate SOLstatement, so the input �le must begin with

$ Replace '#' below with number that matches your needs
INCLUDE'MBDyn_NASTRAN_al te r_ #. nas'
CEND
$... any other executive control and bulk data card

The static solution of case(a: SOL101) and the eigensolution of case(b: SOL103) need to be
performed in sequence;if only the eigensolution is to be used, the ALTER�le of case(c: SOL103)
must be used. The static solution of case(a) generatesa binary �le mbdyn.stm; the eigensolutions
of cases(b{c) generatetwo binary �les, mbdyn.matand mbdyn.tab, which, in case(b), include the
static solutions as well.

3. Run NASTRAN.

4. Run the tool utils/femgen , which transforms the above binary �les into the fem_data_file . The
�le name is currently requestedas terminal input; this is the name of the �le that will be used in
the input model for mbdyn. Conventionally , the .fem extension is used.

It is strongly recommendedthat constrained modal analysis be used for otherwise free bodies, with the
statically determinedconstraint consistingof clamping the FEM nodethat will coincidewith reference_modal_ node,
and using the origin node to make that point the origin of the FEM frame.
Note about reference frames: the coincidenceconstraint between multib ody and FEM nodes is
written betweenthe local frame of the FEM node and the global frame of the multib ody node. As such,
the multib ody nodes must be oriented as the modal node the modal joint refers to, if any, or as the
referenceorientation of the modal joint, if it is clamped.
Note about initial assembly: it is very important that multib ody and FEM nodesat interfacesare
given with a high degreeof accuracy, becausethe initial assembly procedureof the modal element does
not behave very well (it's on the TODO list with a very low priorit y); as a consequence,pay very much
attention to the input of thesenodes,until more robust proceduresare developed. One tric k is to build
models incrementally . O�sets between FEM and multib ody nodes should be avoided unless strictly
required.
Note about the FEM �le: the format of the fem_data_file is relatively straightforward; each data
block is commented. In detail, initial modal displacements and velocities can be added, if required, by
manually editing the �le; however this practice is discouraged,unlessstrictly required.
Note about large FEM �les: using a very large fem_data_file may require long time for reading
and parsing ASCII 
oats. The keyword use binary instructs MBDyn to use a binary version of the
fem_data_file . This binary version is automatically generatedby MBDyn if requestedby meansof the
keyword create binary . The binary versionof the fem_data_file is usedonly if its timestamp is more
recent than that of the ASCII version. The keyword update binary instructs MBDyn to regeneratethe
binary version when the ASCII version is more recent.
Note about the structural damping: structural damping can be provided by specifying any of the no
damping, proportional damping or diag damping. In the last two cases,a damping factor is required.
The corresponding damping for the i -th mode is computed as

ci = factori

p
ki mi

where factori is the value provided for proportional damping (samefor all modes) or the list of values
provided for diag damping (for each mode). For example,a factor of 0.01 means1% damping.

9.14.19 Plane displacemen t

This joint allows two nodesto move in the common relative 1{2 plane and to rotate about the common
relative axis 3.
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<joint_type> ::= plane displacement
<joint_arglist > ::=

<node_1> , (Vec3) <relative_offs et _1>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2> , (Vec3) <relative_offs et _2>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ]

Note: this elementis temporarily disabled; combinean in plane and a revolute rotation joint instead.

9.14.20 Plane displacemen t pin

This joint allows a node to move in the relative 1{2 plane and to rotate about the relative axis 3 with
respect to an absolute point and plane. Seealso Section 9.14.19.

<joint_type> ::= plane displacement pin
<joint_arglist > ::=

<node> , (Vec3) <relative_offs et >
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix > ] ,
(Vec3) <absolute_pin _posit io n>
[ , hinge ,

(OrientationMa tr ix ) <absolute_pin_ or ie nt at io n_matr ix > ]

Note: this elementis temporarily disabled; combinean in plane and a revolute rotation joint instead,
using a grounded node.

9.14.21 Plane hinge

This joint has been renamed revolute hinge ; the old name has been deprecated and may not be
supported in future versions.

9.14.22 Plane pin

This joint hasbeenrenamedrevolute pin ; the old namehasbeendeprecatedand may not be supported
in future versions.

9.14.23 Prismatic

<joint_type> ::= prismatic
<joint_arglist > ::=

<node_1>
[ , hinge , (OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2>
[ , hinge , (OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ] ,

9.14.24 Revolute hinge

<joint_type> ::= revolute hinge
<joint_arglist > ::=

<node_1> , (Vec3) <relative_offs et _1>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2> , (Vec3) <relative_offs et _2>
[ , hinge ,
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(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ]
[ , friction , <average_radi us> ,

[ preload , <const_value> , ]
<friction_mod el > ,
<shape_functi on> ]

Note: this joint forces nodes1 and 2 to rotate only about relative axis 3.

9.14.25 Revolute pin

<joint_type> ::= revolute pin
<joint_arglist > ::=

<node> , (Vec3) <relative_offs et >
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix > ] ,
(Vec3) <absolute_pin _posit io n>
[ , hinge ,

(OrientationMa tr ix ) <absolute_pin_ or ie nt at io n_matr ix > ]

Note: this is the dual of the revolute hinge when one node is grounded.

9.14.26 Revolute rotation

A revolute joint without position constraints; this joint, in conjunction with an inline joint, should be
usedto constrain the two nodesof a hydraulic actuator.

<joint_type> ::= revolute rotation
<joint_arglist > ::=

<node_1>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ]

Note: this joint forces nodes1 and 2 to rotate only about relative axis 3.

9.14.27 Ro d

The rod element represents a force betweentwo nodesthat dependson the relative position and velocity
of the nodes. The direction of the force is also basedon the relative position of the nodes, usually the
line passingthrough them, unlessan offset is de�ned. The syntax is:

<joint_type> ::= rod
<joint_arglist > ::= <node_1> , <node_2> ,

(scalar) { <rod_length> | from nodes }
[ , offset , (Vec3) <relative_offs et _1> ,

(Vec3) <relative_offs et _2> ] ,
(ConstitutiveL aw1D) <const_law>

The constitutiv e law <const_law> is usedin form of rod axial sti�ness EA, i.e., for a linear constitutiv e
law:

F = EA
l � l0

l0
and in general

F = F

 
l � l0

l0
;

_l
l0

!
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where l0 = <rod_length> . For further details on the supported constitutiv e laws, seeSection 2.8. If the
optional offset keyword is used, the element falls through to the more general rod with offset ; see
also rod with offset in Section 9.14.28.

9.14.28 Ro d with o�set

The syntax is:

<joint_type> ::= rod with offset
<joint_arglist > ::= <node_1> , (Vec3) <relative_offs et _1>

<node_2> , (Vec3) <relative_offs et _2>
(scalar) { <rod_length> | from nodes } ,
(ConstitutiveL aw1D) <const_law>

Analogous to the rod joint with the optional arg offset ; seeSection 9.14.27for details.

9.14.29 Spherical hinge

The syntax is:

<joint_type> ::= spherical hinge
<joint_arglist > ::=

<node_1> , (Vec3) <relative_offs et _1>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2> , (Vec3) <relative_offs et _2>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ]

Note: the orientation matrix is usedfor output purposesonly. A default identit y matrix is assumed.

9.14.30 Spherical pin

<joint_type> ::= spherical pin
<joint_arglist > ::= <node> , (Vec3) <relative_offs et > ,

(Vec3) <absolute_pin_ posi ti on>

Note: this is the dual of the spherical hinge when one node is grounded. An alternative way to model a
grounded spherical hinge requires the use of a static, clamped node.

9.14.31 Univ ersal hinge

<joint_type> ::= universal hinge
<joint_arglist > ::=

<node_1> , (Vec3) <relative_offs et _1>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2> , (Vec3) <relative_offs et _2>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ]

Note: this joint forces the relative direction 3 of node 1 to be alwaysnormal to the relative direction 2 of
node 2.
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9.14.32 Univ ersal pin

<joint_type> ::= universal pin
<joint_arglist > ::=

<node> , (Vec3) <relative_offs et >
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix > ] ,
(Vec3) <absolute_pin _posit io n>
[ , hinge ,

(OrientationMa tr ix ) <absolute_pin_ or ie nt at io n_matr ix > ]

Note: this is the dual of the universal hinge when one node is grounded.

9.14.33 Univ ersal rotation

A universal joint without position constraints.

<joint_type> ::= universal rotation
<joint_arglist > ::=

<node_1>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _1> ] ,
<node_2>
[ , hinge ,

(OrientationMa tr ix ) <relative_orie nt at io n_matr ix _2> ]

Note: this joint forces the relative direction 3 of node 1 to be alwaysnormal to the relative direction 2 of
node 2.

9.15 Loadable Elemen t

The loadable element is a wrapper for a user-de�ned element that is compiled in a separatedmodule
and linked run-time. The module should provide a comprehensive set of functions with a speci�ed API;
default functions are available if no special featuresare required. Implementation of modulescan be very
easy, but a deep knowledgeof the internals of the code is required if special tasks are required. There
are virtually no limits on what a loadable element can do. The syntax is simply:

<normal_arglis t> ::= " <module_name>"
[ , name, " <calls> " ]
[ , <module_data> ]

where module_nameis the name of the module �le; as soon as the �le is checked and the binding of
the structure with function bindings succeeded,a function called read is invoked, and passedthe input
stream. This function is in chargeof reading module_data following the generalsyntax of the input �le.

An alternativ e form is

<normal_arglis t> ::= reference , " <name>"
[ , <module_data> ]

where nameis the name by which the loadable element recorded itself when registered via the module
load directive, as described in Section 2.3.6. As a consequence,the following forms are equivalent:

# direct runtime loading
loadable: 1, "/some/module .s o" ;
# "/some/module. so" registers itself as "some_module"
module load: "/some/module .s o" ;
loadable: 2, reference, "some_module";
# works also as joint (might obsolete loadable elements)
joint: 3, some_module;
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It is advisablethat the function read prints somehelp messagewhen the �rst �eld of module_data is
the keyword help . All the helpersand the high-level structures are available, such asdrivers,constitutiv e
laws, referenceframes. Refer to each module for a description (if available) of the features and of the
input/output format. module_nameshould be a full path to the module function. If the name starts
with a slash\/" , the full path name is used. Otherwise the module is searched in the colon-separated
list of directories contained in the environment variable LD_LIBRARY, then among the libraries listed in
/etc/ld.so.cac he, and �nally in /usr/lib and in /lib (seedlopen(3) ). At last, it is searched in the
current directory, and the extension.so is added if missing. The string <calls> represents the name of
the structure that contains the bindings to the functions. The default is calls .
Refer to $(BASE)/mbdyn/base/ lo adable .h for a description of the functions that are allowed. An
examplemodule is given in directory

$(BASE)/modules/ module -t empl at e/

which can be used as a starting point for building a custom module. The loadable element interface
allows to link modules in di�eren t languages,e.g.C or FORTRAN77; simply usemodule-templa te as a
guideline to providing callbacks to the loadable element interface and to collect required info from the
main program (e.g. node positions, equation indices and everything elsethat is required for appropriate
connection), then call the functions that actually do the work in other languagesfrom inside the callbacks.
Note that, in general, to call external functions from C++ one needsto declare them as

#include <sys/types.h>
extern "C" {

int a_C_function(i nt arg, double darg);
int a_F77_subrouti ne(i nt 32_t *iarg, double *darg);

}

The sameappliesto FORTRAN 77 functions; only, the naming convention usually is compiler dependent;
some compilers turn all the names to uppercaseor lowercase(remember that FORTRAN 77 is case
insensitive); other compilersadd underscoresat the beginning or at the end of the names. Check what is
the behavior of your compiler, by compiling a simple program with your favorite FORTRAN 77 compiler,
then looking at it with the utilit y nm(1), which will show how the symbols are represented internally.
For instance, the code

C This is a compiler test
SUBROUTINEF77SUB(I, D)
INTEGER*4I
REAL*8D(*)

D(I) = 0.0

END

when compiled with g77(1) on a Linux system, yields:

[masarati@mbdyn manual]$ g77 -c f77sub.f
[masarati@mbdyn manual]$ nm f77sub.o
00000000 T f77sub_

That is, g77(1) lowercasesall symbols, and adds a trailing underscore.Macros to automatically detect
and take care of this behavior will be added.
To compile loadable modules, one needsto con�gure the packageas follows:

./configure --with-module= <modul e_name>

wheremodule_nameis the nameof the directory the module is placedin with the module- part stripp ed;
e.g. to compile the tire module that residesin $(BASE)/modules/modul e- wheel2 one must type

./configure --with-module= wheel2
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Multiple modules can be compiled by typing the list of the namesseparatedby blanks. The modules
needto resolve someof the symbols that are in the main executable;until a full working libto ol support
is implemented, this must be doneby hand. For the g++(1) compiler onerequiresthe switch -rdynamic
to be added to the loader 
ags, e.g.

LDFLAGS="-rdynamic " ./configure --with-module= <modul e_name>

on sh(1) and compatible shells like bash(1) , or

env LDFLAGS="-rdynamic " ./configure --with-module= <modul e_name>

on csh(1) and compatible shells.

9.16 Output Elemen ts

9.16.1 RTAI output

This is a special element which takes care of sending generic output to external processesby means
of RTAI mailboxes during real-time simulations. This topic is under development, so expect frequent
changes,and pleasedo not count too much on backward compatibilit y. The syntax is:

<normal_arglis t> ::=
name, " <mailbox_name> " ,
create , { yes | no } ,
[ host , " <host_name> " , ]
<channel_number> ,

(node_dof) <output_dof>
[ , ... ]

where

� <mailbox_name> is the name of the RTAI mailbox where the output is written (a unique string
not longer than six chars);

� the create keyword determines whether the mailbox must be created or looked-up as already
existing on the system;

� <host_nameis the name or the IP of the remote host where the mailbox resides;note that if this
�eld is given, create must be set to no and the mailbox must be already de�ned on the remote
host;

� the number of channels<channel_number >that arewritten determineshow many node_dof entries
must be read. They must be valid scalardof entries, which can be connectedin many ways to nodal
degreesof freedomor to element private data.

Note: at present, these elements require that the simulation be run in real-time mode (see Sec-
tion 4.1.5); future developmentwil l allow to emulate the use of theseelementsalso when the simulation
is not run in real-time, e.g. for modeling or model debuggingpurposes.

9.16.2 Stream output

This is a special element which takes care of sending generic output to external processesby means
of RTAI mailboxes during real-time simulations. This topic is under development, so expect frequent
changes,and pleasedo not count too much on backward compatibilit y. The syntax is:

<normal_arglis t> ::= stream output
name, " <mailbox_name> " ,
create , { yes | no } ,
[ { local , " <socket_name> " , |
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[ port , <port_number> , ]
[ host , " <host_name> " , ] } ]

<channel_number> ,
(node_dof) <output_dof>
[ , ... ]

The stream output allows MBDyn to send streamed outputs to remote processesboth during regular
simulations and during real-time simulations under RTAI. If the simulation is run in real-time, it uses
RTAI mailboxes, otherwise regular UNIX sockets are used, either in the local or in the internet
namespace.

This output element type is intended to allow the development of real-time modelsby running regular
simulations for the purposeof debugging the model and the control processwithout the overheadand
the potential problems of running in real-time. Then the samemodel can be run in real-time without
changing the details of the communication with the controller process.

Non real-time sim ulation During non real-time simulations, streamsoperate in blocking mode. The
meaning of the parameters is:

� <name>indicates the name the stream will be known as; it is limited to 6 characters, and mostly
useless;

� the instruction create determineswhether the socket will be created or looked for by MBDyn;

� the keyword local indicates that a socket in the local namespacewill be used; if create is set to
yes, the socket is created, otherwise it must exist.

� either of the keywords port or host indicate that a socket in the internet namespacewill be used;
if create is set to yes, <host_name>indicates the host that is allowed to connect to the socket; it
defaults to any host (0.0.0.0 ); if create is set to no, <host_name>indicates what host to connect
to; the default is localhost (127.0.0.1 ); the default port is 5500;

If no socket type is speci�ed, i.e. noneof the local , port and host keywords are given, a socket is opened
by default in the internet namespacewith the default IP and port; the create keyword is mandatory.

Real-time sim ulation During real-time simulations, streams wrap non-blocking RTAI mailboxes.
The meaning of the parameters is:

� the parameter <name>indicates the name the stream will be known as in RTAI's resourcenames-
pace; it is limited to 6 characters;

� the instruction create determineswhether the mailbox will be created or looked for by MBDyn;

� the keyword local is ignored;

� the keyword host indicates that a mailbox on a remote host will be used;it is uselesswhen create
is set to yes, becauseRTAI doesnot provide the possibility to create remote resources;if none is
given, a local mailbox is assumed;

� the keyword port is ignored.

The number of channels<channel_number > that are written determineshow many node_dof entries
must be read. They must be valid scalar dof entries, which can be connected in many ways to nodal
degreesof freedomor to element private data.
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9.17 Rotor

The rotor element is usedto associate the aerodynamic elements that model the bladesof a helicopter
rotor when somein
o w related computations are required. By meansof di�eren t in
o w models, and by
meansof the aerodynamic load contributions supplied by the aerodynamic elements, the rotor element
is able to compute the induced velocity at an arbitrary point on the rotor disk. This velocity term on
turn is used by the aerodynamic elements to determine a better estimate of the boundary conditions.
The syntax of the rotor element is:

<normal_arglis t> ::= <craft_node> ,
[ hinge , (Mat3x3)<rotor _ori enta ti on> , ]

<rotor_node> ,
induced velocity , <induced_velo ci ty _model >

The optional rotor_orienta ti on is required when axis 3 of the craft_node is not aligned with the
rotor axis; axis 3 of the rotor_node must be aligned with the rotor axis.

Note: after the keyword induced velocity there used to be a colon is used asseparator. This changed
for uniformity with the rest of the syntax. No backwards compatibility is provided, so users are urged to
update their models.
There are �v e models of induced velocity. The �rst is no induced velocity; the syntax is:

<induced_veloc it y_model> ::= no

There is no argument list. This element doesn't compute any induced velocity, but still computes the
rotor traction for output purposes,if output is required. The others have a fairly common syntax. The
�rst three are uniform , glauert and mangler induced velocity models:

<induced_veloc it y_model> ::= { uniform | glauert | mangler } ,
<reference_omega> , <reference_rad iu s>
[ , ground , <ground_node> ]
[ , delay , (drive_caller) <memory_factor> ]
[ , max iterations , <max_iteratio ns> ]
[ , tolerance , <tolerance> ]
[ , eta , <eta> ]
[ , correction , <hover_correc ti on_f acto r> ,

<ff_correction _f acto r> ]

the reference_ome ga �eld is usedto decidewhether to inhibit or not the induced velocity computation
if the rotor speedis very low; the reference_rad iu s �eld is usedin the adimensionalizationof the rotor
related parameters.
The memory_factor , the hover_correcti on_fa ct or and the ff_correction_ fa ct or (forward 
igh t)
are usedto correct the nominal induced velocity, according to the formula

Uef f ectiv e = (1 � < memoryfactor > ) Unominal

+ < memoryfactor > Upr evious

with

Unominal =
T

2�AV tip

s
� 2

< hover correction factor > 4 +
� 2

< ff correction factor > 2

The memory_factor parameter is used to combine the current referenceinduced velocity with the in-
duced velocity at the previous step; no delay meansthere is no memory of the previous value (Note: for
historical reasons, the keyword weight can be used instead of delay ).
The memory_factor parameterdefaults to 0; the hover_correct io n_fa ct or and the ff_correction_f acto r
parametersdefault to 1.

105



The max_iteration s, the tolerance and the eta parameters refer to the iteration cycle that is per-
formed to compute the nominal induced velocity; after max_iterations , or when the absolute value of
the di�erence between two iterations of the nominal induced velocity is lessthan tolerance , the cycle
breaks. Only a fraction eta of the di�erence betweentwo iterations of the nominal induced velocity is ac-
tually used;eta defaults to one. The default is to make only oneiteration, which is backward-compatible
with the original behavior. Note: the syntax of the correction factor input changed from MBDyn 1.1
to MBDyn 1.2, where two di�er ent factors, according to conventional models (e.g. CAMRAD/JA), have
been considered instead of one. No backward compatibility has been implemented because this is a very
specialistic parameter and it was intr oduced very recently.
The last one usesa dynamic in
o w model, basedon [8], with in
o w states. The syntax is:

<induced_veloc it y_model> ::= dynamic inflow ,
<reference_omega> ,
<reference_rad iu s>
[ , ground , <ground_node> ]
[ , initial value , <const_vel> ,

<cosine_vel> ,
<sine_vel> ]

[ , max iterations , <max_iteratio ns> ]
[ , tolerance , <tolerance> ]
[ , eta , <eta> ]
[ , correction , <hover_correc ti on_f acto r> ,

<ff_correction _f acto r> ]

Most of the entries are the sameas for the previous models; the delay optional entry is missing, while
the three states, corresponding to average, fore-aft and lateral in
o w, can be explicitly initialized by
meansof the optional entry initial value .

Output The following output is available for all rotor elements:

1. element label

2. rotor force in x direction (longitudinal force)

3. rotor force in y direction (lateral force)

4. rotor force in z direction (thrust)

5. rotor moment about x direction (roll moment)

6. rotor moment about y direction (pitch moment)

7. rotor moment about z direction (torque)

8. mean in
o w velocity, basedon momentum theory

9. referencevelocity at rotor center, sum of aistream and craft node velocity

10. rotor disk angle

11. advanceparameter �

12. in
o w parameter �

13. advance/in
o w angle � = arctan (�=� )

14. referenceazimuthal direction  0, related to rotor yaw angle

15. boolean 
ag indicating convergencein referenceinduced velocity computation iteration

16. number of iterations required for convergence

106



The dynamic inflow model adds the columns

17. constant in
o w state

18. sine in
o w state (lateral)

19. cosinein
o w state (longitudinal)

Priv ate Data The following data is available:

1. Tx rotor force in x direction (longitudinal force)

2. Ty rotor force in y direction (lateral force)

3. Tz rotor force in z direction (thrust)

4. Mxrotor moment about x direction (roll moment)

5. Myrotor moment about y direction (pitch moment)

6. Mzrotor moment about z direction (torque)

9.18 Miscellaneous

This section lists someextra cards that do not correspond to any speci�c simulation entit y, but rather
alter the behavior of existing entries or causespecial operations to be undertaken during model input.

9.18.1 Driv en Elemen t

The driven type is not an element by itself. It is a wrapper that masksanother element and switchesit on
and o� depending on the (boolean) value of a drive. It can be usedto emulate a variable topology model,
wheresomeelements simply don't contribute to the residual or to the Jacobianmatrices when their drive
hasa certain value. Sincethe driverscanbearbitrary functions of the time, or other parametersincluding
the value of any degreeof freedom, the driven elements can be \driv en" in a very 
exible way. Every
element can be driven, except those that can be instantiated onceonly. The syntax for a driven element
is:

<normal_arglis t> ::= (drive_caller ) <element_drive r> ,
<driven_elemen t>

<driven_elemen t> ::= existing : <elem_type> , <elem_label>
<driven_elemen t> ::= <element_card >

When the �rst format is used,an existing element of type <elem_type> and label <elem_label> is looked
for, and it is wrapped by the driven element. In this case,no new element is instantiated. The label of
the element must match that of the driving element given at the beginning. For consistencywith the
syntax, and for more 
exibilit y, even when wrapping an existing element the output 
ags can be set at
the end of the card. This 
ag overrides the one set when the driven element was instantiated.

When the secondformat is used,a new normal element is read after the driving element's declaration;
it is then instantiated and wrapped by the driven element wrapper. Note that after the element type,
or after the keyword existing , a colon is used as a separator. This is one of the very few exception
to the rule that colonscan only follow descriptions at the beginning of a card. The label of the driven
element must match that of the driving element given at the beginning of the card.
Example: a pin constraint betweentwo rigid bodies is released:
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set: integer body_1 = 1;
set: integer body_2 = 2;
# ...
structural: body_1, dynamic,

null, eye, null, null;
structural: body_2, dynamic,

null, eye, null, null;
# ....
rigid body: body_1, body_1,

1000., null, diag, 100.,100.,1.;
rigid body: body_2, body_2,

10., null, diag, 1.e-1,1.e-1,1 .e -3 ;
# ...
# this constraint will be released when t = 10 s
driven: 1, string, "Time<10.",
joint: 1, spherical hinge,

body_1, null,
body_2, null;

Example: an axial rotation joint is replaced by a revolute hinge when the desired spin velocity,
measuredas the angular velocity of the secondnode (assuming, for instance, that the �rst one is �xed),
is reached. The value of an abstract node is used to input the angular velocity to the axial rotation
joint.

set: integer body_1 = 1;
set: integer body_2 = 2;
set: integer control_outpu t = 3;
# ...
structural: body_1, static,

null, eye, null, null;
structural: body_2, dynamic,

null, eye, null, null;
abstract: control_output ;
# ....
driven: 1, dof, body_2, structural, 6, differential,

string, "Var<100.",
joint: 1, axial rotation,

body_1, null,
hinge, 1, 1.,0.,0., 3, 0.,0.,1.,

body_2, null,
hinge, 1, 1.,0.,0., 3, 0.,0.,1.,

dof, control_outpu t, abstract, algebraic,
linear, 0.,1.;

driven: 2, dof, body_2, structural, 6, differential,
string, "Var>=100.",

joint: 2, revolute hinge,
body_1, null,

hinge, 1, 1.,0.,0., 3, 0.,0.,1.,
body_2, null,

hinge, 1, 1.,0.,0., 3, 0.,0.,1.;

9.18.2 Inertia

This card causesthe equivalent inertia properties of a subsetof elements to be generated.

<card> ::= inertia : <label>
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[ , name, " <inertia_name > " ]
[ , position , (Vec3)<refere nce_posi ti on> ]
[ , orientation , (Mat3x3)<refer ence_ori enta ti on> ]
, <type_subset> [ , ... ]
[ , output , { no | yes | log | both } ] ;

<type_subset> ::= <type> , { all | <label_list> }
<type> ::= { body | joint | loadable }
<label_list> ::= <label> [ , <label_list> ]

where type currently can be body, joint and loadable , although more elements associated to inertia
might participate in the future. All elements whose labels are listed must exist, and duplicates are
detected and considerederrors. The keyword all causesall the elements of type type to be included in
the list.
The only e�ect of the inertia statement is to log each inertia entry in the .log �le in a self ex-
planatory form, referred both to the global referenceframe and to a referenceframe originating from
reference_posi ti on and oriented as reference_orie nt at io n. The optional parameter output may
be usedto alter the default behavior:

� no disablesthe output, making the inertia statement essentially ine�ectiv e;

� yes enablesoutput to standard output;

� log enablesoutput to the .log �le (the default);

� both enablesoutput to both standard output and .log �le.

9.18.3 Output

There is an extra card that is usedto modify the output behavior of elements, analogousto that of the
nodes:

<card> ::= output : <elem_type> , <elem_list> ;
<elem_list> ::= <elem_label> [ , <elem_list> ]

elem_type is a valid element type that can be read as card name in the elements block. module.
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