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5. Programming in UM environment

Universal Mechanissm upports the following technique
UM models: (1) programming in th@ontrol File (see Sects.1) andprogrammingn the Externalli-
braries(seeSect 5.3).

In your applied models now it is recommended to Estrnal librariestechnique as more up
to-date anduser and programmefriendly. Howeverboth mentioned techniques can be used within
any one model.

5.1. Programming in the Control File

As a rule, modeling focomplex technical systems requires programming by the user in the UN
envronment. Available programming languages &ascal(Delphi 46) or C (Visual C 5.0, Borland C
Builder). Programming is a powerful tool for calculation of complex forces, desmmipf external
functions as well as for control the simulation process. The user may use a number of predefined
procedures. Programming is carried out with the help ofcibratrol file, which is generated as a part of
equations of motion for the objeahd every external subsystem presented inhjezio

Programming in the UM environment concerns todineulation module

The user is responsible for correctness of programming procedures and functions. An exte
debwger can be used for debugging thele.

User can link any number of units to the control file.

5.1.1.Standard constants, types and variables
Consider some constants, types and variables useful for programming in the UM environmen

5.1.1.1. Unit CtvSt.pas
e Constants

{Type of multiplication of a coordin ate vector by a 3x3 matrix c=Ab
or c=A06b) }

NORMAL =0;

TRANSPON =1;

e Types
real_  =double; { basic floating - point type }
coordin = array [1..3] of real_; { coordinate vector }
trans_matr = array [1..3,1..3] of real_; { 3x3 T matrix, often a

direct cosine matrix }

{Dynamic arrays}

VectReal = array [1..MaxArReal] of real_;
VectSing = array [1..MaxArSing] of single;
Vectint = array [1..MaxArInt] of integer;
VectByte = array [1..MaxArByte] of byte;
VectChar = array [1..MaxArByt e] of char;

{One - dimensional arrays}
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VectSPtr = VectSing;

VectRPtr = "VectReal;

VectlPtr = Vectint;

VectBPtr = “VectByte;

VectCPtr = VectChar,

MatrReal = array [1..MaxArPtr] of VectRPtr;
Matrint = array [1..MaxArPtr] of VectlPtr;

MatrByte = array [1. .MaxArPtr] of VectBPtr;
{Two - dimensional arrays}

MatrRPtr = "MatrReal;
MatriPtr = "Matrint;
MatrBPtr = "MatrByte;

5.1.1.2. Unit CtvDll.pas

* Constants

{Indices of UM messages}
OBJECTLOADED_MESSAGE = 10;
FIRSTINIT_MESSAGE =1;
EQUATIONS_MESSAGE =10;
INTEGRBEGIN_MESSAGE = 30;
INTEGREND_MESSAGE =40;

STEPEND _MESSAGE = 50;
XVABEGIN_MESSAGE = 60;
XVAEND _MESSAGE = 70;
INTEGRFORM_MESSAGE = 80;
IDENT_MESSAGE = 90;
INITIALS_MESSAGE = 100
PAUSE_MESSAS = 110;

STEPSINGLE_MESSAGE = 140;
OBJECTCLOSE_MESSAGE = 150;
XVASTEP_MESSAGE =160;
INTEGRPROCESS_MESSAGE = 180;
FORCESCALC_MESSAGE =190;

{Maximal number of external subsystems}
NSubsMax = 1000;

{Type of object elenents}
eltBody = 1,
eltJoint = 2;
eltSubsystem =3;
eltBFrc = 4;
eltLFrc = 5;
eltCFrc = 6;
eltAFrc = 7;
eltSFrc = 8;

Chapter 5. Programming in UM
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eltGO = 11,
eltidentifier = 12;

{Types of userod6s messages}
_mtConfirmation = 0;

_mtinformation =1,
_mtError =2;

{Types of contact forces}
_cftSum = 0;
_cftNormal = 1,
_cftFriction = 2;

{Index of system of coordinates for vector components}
BodyCoordinateSystem = 0;
BaseCoordinateSystem = 1;

e Variables
t real_; i current time valuewring simulation/XVA process;
NSubSystems : integer; i number of external subsystems for the object;
Sublndx : VectlPtr,; - array of local indices of external subsystems;
UserVars : array [0..1000] of real_; {elements of the array are available

for plotting in a graphical window}

e Types of standard UM procedures, which can be used by the user
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5.1.2.Unit DGetVars.pas
The unit contains headers of standard UM procedures, which can be used by the user.

5.1.3.Control File Structure

The control file for an objectas the namel[NameOfObject].paswhere[NameOfObject]is
the object name. The file is a part of equations. It is generated by the Input Module and located in
object drectory. This file is the basis for programming in the UM environment.

Consider thestructure of the control file for an objgmendulumwhen external functions are not
presented in the object description.

unit Clpendulum;
interface
uses CtvSt, CtvDII;

procedure UserCalc( _x, v, _a: VectRPtr; isubs, UMMessage : integer; var WhatDo
. integer ); cdecl; export;

procedure ControlPanelMessage( _x, _v, _a : VectRPtr; _isubs, _index : integer;
_Value : double ); cdecl; export;

procedure TimeFuncCalc( _t:real ; x, v:VectRPtr; isubs: integer);

procedure UserConCalc( _x, Vv : Vec tRPtr; _Jacobi : MatrRPtr; _Error : Vec3RPtr;
_isubs, _ic : integer; _predict : boolean; _nright : integer ); cdecl; export;

procedure EstimationFuncCalc( _optMode : integer; ECCount : integer; ECVectOptPtr

: TVectOptPtr; var _GoOn : boolean; var _Estim ation : real_; Msg : pchar); cdecl;
export;

implementation

uses
DGetVars, pendulumC, _Tpendulum;

procedure TimeFuncCalc( _t:real ; x, v:VectRPtr; isubs: integer);

var
_:_pendulumVarPtr;

begin
_:=_PzAll[SubIndx[_isubs]];

end;

proced ure ForceFuncCalc( _t:real ; X, v:VectRPtr; isubs: integer);

var
_:_pendulumVarPtr;

begin
_:=_PzAll[Sublndx[_isubs]];

end;

procedure UserConCalc( _x, _V : VectRPtr; Jacobi : MatrRPtr; _Error : Vec3RPtr;
_isubs, _ic : integer; _predict : boolean; _nright : integer );
var
_:_pendulumVarPtr;
begin
_:=_PzAll[Sublndx[_isubs]];
end;
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procedure EstimationFuncCalc( _optMode : integer; ECCount : integer; _ECVectOptPtr
: TVectOptPtr; var _GoOn : boolean; var _Estimation : real_; _Msg : pch ar);
begin
_Estimation := 0;
case _optMode of
optTest : begin
_GoOn = false;
end;
optPreEstimation : begin
end;
optEstimation : begin
end;
end;
end;

procedure UserCalc( _x, _v, _a: VectRPtr; isubs, UMMessage : inte ger; var WhatDo
:integer);
var

Key : integer;
begin

Key := WhatDo;

WhatDo := NOTHING;

case _UMMessage of

FORCESCALC_MESSAGE : begin

try
ForceFuncCalc(t, _x, v, isubs);

except
WhatDo := - 1;

end;

end;
end;
end;

procedure ControlPanelMessage( _x, _v, _a : VectRPtr; _isubs, _index : integer;
_Value : double );

var
_:_pendulumVarPtr;
begin
_:=_PzAll[SubIndx[_isubs]];
end;
end.

The interface part of the file contains headers of 6 procedures:

e TimeFuncCalc

Calculation of all timedependent function.

e ForceFuncCalc

Cal cul ation of wuserbd6s forces.
e UserCalc

Processing UM messages.

e UserConCalc

Additional userdefined constraint equations.

e EstimationFuncCalc

Estimation of the criterion function for ganetric optimization of object.
e ControlPanelMessage

Processing messages froraamtrol panel
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The first and the second procedures are called from theAliNiameOfObject].pasStructure
of this file is important for programming.

unit Alpendulum;
inter face
uses CtvSt, CtvDII;

procedure AllCalc( _x, _v : VectRPtr; var _isubs : integer;
_kinemat: bo  olean; _alpha, alpha?2 :real_); cdecl; export;

implementation

uses
Clpendulum, _Tpendulum, pendulumC, pendulumE, DGetVars;

procedure AllCalc( _x, _Vv: VectRPtr; var _isubs : integer;
_kinemat : bo  olean; _alpha, _alpha2 : real_);
var
_ . _pendulumVarPtr;
begin
_:=_PzAll[SublIndx[_isubs]];
_GAlpha := _alpha;
_GAlpha2 := _alpha2;

/I First call - kinematics
if _kinemat then begin
_._ap := CommonData.APredVector;
try
TimeFuncCalc (t, X, v, _isubs);
except
_isubs := -2;
exit;
end;
/[Evaluation of trigonometric functions
_..S1:=sin(_x[1]);
_._cl:=cos(_x[1]);

DoElement (_x, v, 1, _isubs);
end;
/I Second call i generalized forces

if CommonData.ForcesCalculation then begin
_._ap := CommonData.APredVector;
DoElement (_x, v, 2, isubs);

end;
/I Third call T mass matrix
if CommonData.MassMatrixCalculation then begi n

_IMassMatrix := CommonData.MMatrixPtr;
DoElement (_x, v, 3, _isubs);
UserPtrl := [IMassMatrix;
UserCalc( _x, v, nil, _isubs, CALCMASSMATRIX_ MESSAGE, UserWhatDo );
end;
end;

end.

ProcedurellCalc organizes evaluating elements oliatjons of motion. The simulation ko
ule calls this procedure three times for every iteration of the simulation process to obtain
e kinematical variables (positions, velocities);
e generalized applied and inertia forces;
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e mass matrix.
Evaluation of the elemengbove is executed in the procedD@Element, which is called three

times.
Call of the procedur@imeFuncCalc is located before evaluation of kinematical variables,

therefore some kinematical quantities can be calculated or initialized in the protedefeuncCalc
This procedurecannotbe used for computing forces, which depend on the current kinemadical v

riables.

Do not forget to make backup copies of the control file!
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5.1.4.Full names of elements

The full name of an object element (body, joint etc.) dastds own name as well as hames of
all stbsystems (external and internal), which belong to the path from the subsystem of the elemer
the object root.

To get the whole list of element names for an object:

1) run Input module (Uminput.exe);

2) open the objec¢

3) create the file of element with the helpofth® o | s | Fi | menodommahde me r

The file n[NameOfObject].txappears automatically in the btiiit text and stored in the object
directory.

Example of the file of elements
Object : vehicle

List of bodig@s****#*wkkikkkikxikikikx

Body

Bogiel.Frame

Bogiel.WMSet1.Motor

Bogiel.WMSet1.Rotor

Bogiel. WMSetl.GearRim
eééééécéééecéééeeééeceéée. .
********************List Of joints**********************

j CarBody

Bogiel.jFrame

Bogiel.WMSetl.jMotor

Bogiel.WMSet1.jRotor

Bogiel.WMSetl.jGearRim
6éééééééédécéeceeeéeéececeeee. .
********************List of |de ntlfl e rs**********************

vO

xsh

mc

icx

icy

Bogiel.ixframe

Bogiel.iyframe

Bogiel.dz2

Bogiel.fwnl2

eeeeee. .



Universal Mechanism 5.0 5-10 Chapter 5. Programming in UM

5.1.5.Indices of elements

The user utilizes names of elements (bodies, joints an so on) for their identification in the Inj
module. But internal identification of elements uses timgiices Indexing is used to organize access to
body kinematical variablesp value of coordinates and other data, which are necessary formrogra
ming.

Indexing starts with 1.

All elements except external subsystems have two indices:

1) Index of an external subsystesubs(1..NSubSystems) the element belongs to. If an object

doesnot contain external subsystems, this index is always 1.
2) Local index of the element within the corresponding external subsystem (object).

Indexing is foreseen for the following elements:
Subsystems
Graphical objects
Coordinates
Bodies

Joints

Bipolar forees
General forces
Linear forces
Contact forces
Special forces
Identifiers

The user can determine indices in two ways.

1. Thelndicestab of the object constructor in the Input module.

An example is shown iRig.6.1. The object comtins 10 external subsystems. Elements of every
type are presented as a tlewel tree. The first level corresponds to the external subsystems, the secc
level T to elements (joints iffrig.6. 1) and indices within the correspondisubsystem. For instance,
joint Joint6,which belongs to subsystem0102 has indices (3,6).
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LapHrpe LI
- subsys. (1)

- subsys.m0101.(2)

= subsys.m0102.03)

- 1: Jointl

- 20 Joint2

-3 Joint3

- 4: Jointd

- B Jointh

- B: Jointh

-7 Joint?

- 8: Jointd

- 9: Jointd

- 10: Jaint10

- 11: JExtern11

- subsys.m0207.(4)
- subsys.mi202.(5)
- subsys.m0301.(6)
- subsys.m0302.(7)
E
E
E

H- subsys.m0407.(8)
H- subsys.m0402.(4)
H- subsys.stre10)

Fig.6.1

This method for defining element indices has an essential disadvantage. Deleting or adding
elements or subsystems can chandees. Therefore, the second method is more reliable.

2. Getting indices by element names.

The following function is used to get indices be full element name:

function GetElementindexByNamédelType : integer; const Name : string;
var index, isubsinteger): integer; cdecl;

Input parameters:
elTypel type of element from the following list:

Type Comments
eltBody Body
eltJoint Joint
eltSubsystem Subsystem
eltBFrc Bipolar force
EltLFrc Linear force element
EltCFrc Contact force element
EltAFrc General force
EltSFrc Special force
EltGO Graphical object
Eltidentifier Identifier

Nameis a full element name.

Output:
index: local index of element;
isubs: index of external subsystem;
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return value: O (success),l element not found.

Instru ctions

Use theUserCalc procedure in the control file and tRRSTINIT _MESSAGE to get all re-
cessary indices. This message is sent by Simulation module directly after loading object.

Use global or static variables as identifiers of indices

Example
Indices of two linear force elements are determined in the example.

procedure UserCalc;
var Key : integer;
begin
Key :=WhatDo;
WhatDo:=NOTHING;
case UMMessage of
FORCESCALC_MESSAGE : begin

try
ForceFuncCalc(t, _x, v, _isubs);
except
WhatDo = - 1;
end;
end;

FIRSTINIT_MESSAGE : begin
If GetElementindexByName(eltLFrc,'Bogiel.WMSetl.SpringLeft’,

LFrclindices[1,1], LFrc1Subs[1,1])= - 1 then
UMMessage(' Element not found: Bogiel.WMSet1.Spr ingLeft', _mtError);
If GetElementindexByName(eltLFrc,'Bogiel.WMSetl.SpringRight',
LFrclindices[2,1], LFrc1Subs[2,1])= - 1 then
UMMessage('Element not found: Bogiel.WMSetl.SpringRight ', _mtError);
end;
end;

end;
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Access to UM procedures and functions is carried out with the help of the header u

DGetVars.

The input parametaesubsused below is the index of external subsystem.

5.1.6.1. Number of elements

To determine element count in object or external ystbs you should use the following fun

tion:

¢ functionGetNElements(elType,isubs : integer) : integer;

Input parameters

elTypel type of element from the list

Type Comments
eltBody Body
eltJoint Joint
eltSubsystem Subsystem
eltBFrc Bipolar force
eltLFrc Linear force element
eltCFrc Contact force element
eltAFrc General force
eltSFrc Special force
eltGO Graphical object
Eltldentifier Identifier

The function returns the number of elements of the indicated tyideibit is failed.

5.1.6.2. Values of coordinates

e functionGetCoord(nr, isubs : integer) : real_;
The function returns the value of the coordinate with inaex [1..NCoordinates where

NCoordinatess the number of coordinates in external subsysseivs.

e functionGetCoordDer(nr, isubs : intger) : real_;

The function returns the value of the first derivative of coordinate with
nr € [1..NCoordinates whereNCoordinatesis the number of coordinates in external subsysseiivs.

5.1.6.3. Kinematics of bodies

e procedurgsetPoint(body, isubs : integero : coordin; var r : coordin);
Input: bodyi index of a bodyro i coordinates of a point in the boflyed SC.
Output:r i coordinates of the point in SCO.

e proceduregsetVel(body, isubs : integer; ro : coordin; var v : coordin);
Input: bodyi index ofa body,ro i coordinates of a point in the boflyed SC.

e proceduregsetAiO(body,isubs : integer; var aiO : Trans_Matr);

Output:vi components of the velocity vector in SCO.

Input: bodyi index of a body.

index
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Output: direct cosine matrixiO for the body.
Remark. The matrix A converts vector components from SCO to the Hodd SC, i.e.

r = Aoro. The transposed matrix carries out the inverse transformaCEi@nAOi r = ATOri .

. proceduresetVelAng(body, isubs : integer; var om : coordin);
Input: bodyi index of a body.
Output: angular velocitgmof the body in SCO.

A group of procedures determines relative position and motion of a pair of bodies. They heé
the fdlowing common input parameters:

bdl, bdZ indices of bodies, motion did2relative to bodypdlis computed,;

isubsl, isubs?2 indices of external subsystems containing the bodies;

bdref, isubsref indices of a reference body and the corresponding subsystem. Resules-are
sented in the reference befiyed SC. Ifbdrefis O, ouput vectors are resolved in SCO.

e procedureGetRelVelodbdl, isubsl, bd2, isubs2, bdref, isubsref : integer; const ro2- coo
din; var v12 : coordin);
Output: velocity vecton12 of point ro2 of body bd2 relative to bodybdl Vectorro2 is re-
solved in SMf bodybd2

e procedureGetRelAcqbdl, isubsl, bd2, isubs2, bdref, isubsref : integer; const ro2 : coordir
var al2 : coordin);
Output: acceleration vectarl2 of pointro2 of bodybd2relative to bodybdl Vectorro2 is re-
solved in SC of bodid2
The pocedure can be usedxclusively as processing theéSTEPSINGLE_ MESSAGE,
STEPEND_MESSAGEas well asXVASTEP_MESSAGE in the proceduré&serCalc

e procedurésetRelAng(bdl, isubsl, bd2, isubs2, bdref, isubsref : integer;
var angl2 : coalin; var angle : real_);
Output: rotation vectoangl2as well as the valuangleof the turning angle of bodyd2 rela-
tive to bodybdl

e procedurgsetRelVelAng(bdl, isubsl, bd2, isubs2, bdref, isubsref : integer;
var om12 : coalin);
Output: vector of angular velocigm12of bodybd2relative to bodybdl

e procedurgsetRelAccAngbdl, isubsl, bd2, isubs2, bdref, isubsref : integer;
var el2 : coddin);
Output: angular acceleration vecefr2of bodybd2relative to bodyodl
The procedure can be usezkclusively as processinghe STEPSINGLE_MESSAGE,
STEPEND_MESSAGEas well asXVASTEP_MESSAGE in the proceduré&serCalc

e procedurgsetRelCoord(bdl, isubsl, bd2, isubs2, bdref, isubsref : integer;
const rol, ro2 :a@ordin; var r12 : coordin);
Output: vectorl2, connecting two pois of the bodies. The points are defined by veatots
ro2in SC of the corresponding bodies.
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e proceduregsetRelVelPointgbdl, isubsl, bd2, isubs2, bdref, isubsref : integer;
const rol, ro2 :@ordin; var v12 : coordin; var v : real );
Output: vector obipolar velocityvl2 as well as its valug. Consider two points of bodydl
and bodybd2 which coordinates are given byl andro2 in the bodyfixed SC. Velocity v is the &

rivative of the distance between these points. Vegl@vcan be found from théormula V45, =vEg,
where@,5 is the unit vector directed from the first to the second p@is|| =|v].

e procedurésetRelAccPointgbdl, isubsl, bd2, isubs2, bdref, isubsref : integer;
const rol, ro2 :@ordin; var al2 : coordin; var a : real );
Output: vector of bipolar accelerati@i2 as well as its valua. Consider two points of body
bd1land bodybd2 which coordinates are given byl andro2 in the bodyfixed SC. Acceleratiom is
the second derivativef the distance between these points. Vector v12 can be found from the formt

&0 = ag, whereg,, is the unit vector directed from the first to the second pﬁﬁiﬁ” - ‘d :

The procedure can be usezkclusvely as processing theéSTEPSINGLE MESSAGE,
STEPEND_MESSAGEas well asXVASTEP_MESSAGE in the procedur&serCalc

5.1.6.4. Operations with 3-vectors and 3x3-matrices

The following procedures and functions are useful for operations with kinematic vectars (coc
dinates, velocities, accelerations, tbeordintype) and 3x3natrices (thérans_matrtype).

e proceduréMult_vec val(var a : coordin; r : real_; var b : coordin);

Multiplies a vectoia by a scalafr) b=ca

e function ScalarMult( var a, b : coordin) : real_;
The function returns the scalar product of two vectors.

e function Vect_Len( var a: coordin) : real_;
The function returns the length of a vecor

e function Vect_Mult( a, b : coordin; i :nteger) : real_;
The function returns theth component of the cross produk b .

e proceduréMult_Vect( a, b : coordin; var ¢ : coordin);
Output: cross product of two vectarsaxb.

e procedurefurning ( angle :real_; e : coordinavalO :trans_matr);

The procedure realises the known formula of finite rotation. Let SC1 be the result of rotation
SCO by the anglehi about the vectoe. The procedure output is the direct cosine mahix If e=0,
Aio=I (the identity matrix).

e procedureMkVectAng( var angle : real_; var rvect : coordin; var al0 : trans_matr );

This is the inverse procedure to the procedumning . Let the SC1 orientation be the result of
turning the SCO by anglanglearound vectoe. The procedure output ibé vectore and the rotation
angle c&culated by the direct cosine matat0

e procedurésetRotAngleq const A: trans_matr; i, j, k: integer; var ai, aj, ak: real_);
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Input: direct cosine matriXA, sequence of rotationsj, ke[1,2,3] .
Output: Three orientation angles aj, ak A=A €i A\ €j 2y €k .

e proceduréMult_m_v_3x1(type_ :byte; var a: trans_matr; b: coordin; var c: coordin);
Input: matrixA, vectorb and type of multiplicationype .
Ab, type_= NORMAL
Output: =7 1
A'b, type = TRANSPON
Remark. The procedure is usually used to resolve vectors in different SC.

e proceduréMult_m_m( a,b: trans_matr; var ¢ : trans_matr);
Output: C = AB (the product of two 3x3 matrices)

e proceduréMult_ mT_m( a,b: trans_matigar ¢ :trans_matr);
Output: C = ATB (the product of two 3x3 matrices)

e proceduréMult_m_mT ( a,b: trans_matr; var ¢ :trans_matr);
Output: C = ABT (the product of two 3x3 matrices)

e proceduréMult_ mT_mT ( a,b : tras_matr; var ¢ :trans_matr);
Output C= ATBT (the product of two 3x3 matrices)

5.1.6.5. Solving linear algebraic equations

e procedurésaussCalga, b : MatrRPtr; na, nb: integer; var code : integer; eps : real_);

The Gauss elimination procedui@ folving the linear algebraic matrix equatid®=B based
on the column pivoting.

Input

ais a squar@axnamatrix. It is not conserved,

b is anaxnb matrix of the righthand side. The matrix is not conserved.

Epsis a positive number determining matisingularity. Theeps=10 412 value is recm-

mended.

Output

b is the equation solution;

codeequals 1 if the solution is obtained, O if the ma#iis singular

TheMatrRPtrtype corresponds to a dynamic matrix.

e procedurgsaussSingleCal@a, b: pointer; na : integer; var codiateger; eps : real );
The Gauss elimination procedure for solving the linear algebraic eqéetrrwith non-singular na-
trix A. Pivot elements are looked for columns.

Input:

a - matrix A; type- MatrRPtr; it is not conserved,;

b1 onedimensional vectoof the righthand side (VectRPtr);

na size of the matriXA equalna*na;

Epsis a positive number determining matrix singularity. Téps= 1 .-1® yalue is recm-
mended.
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Output:
b is the equation solution;
codeequals 1 if the solution is obtained, 0 if the makis singular.

5.1.6.6. Additional forces and moments

The user can compute additional forces and momesnish are not included in thebject d-
scription in the Input ModuleThe additional forces can be calculated either inRtweeFuncCalc
procedure (Sech.1.3 or by processing titORCESCALC_MESSAGE in theUserCalcprocedure.

Procedures below are used faidang the additional forces to the object. TheordSystemin
the procedures detects a SC of the force or/and moment. Values of this parameter are:

BaseCoordinateSysteimSCO;

BodyCoordinateSysteiinbody-fixed SC (for the second body AddForceToBodyAtPaint).

For all cases except thheddForceToBodyAtPoint procedure, the forces should be applied to
the origin of the bodyixed SC.

Functions return O if succeed elsk

e functionAddForceToBody(ibody, isubs : integer; Force : coordin;
CoordSystem : integer)integer;
Adds the forcd-orceto body (body, isubg.

e functionAddMomentToBody(ibody,isubs : integer; Moment : coordin;
CoordSystem : integer) : integer;
Adds the momertlomentto body (body, isubg.

e functionAddForceToBodyAtPoint(ibodyl,isubslibody2, isubs2: integer;
Point, Force, Moment : coordin; CoordSystem : integer) : integer;
Adds a force and a moment to a pair of interacting bodies (ibody1l, isubsl) and (ibody2, isub:s
The Force and theMomentact on the second body (ibody2, isubs2Zhat pointPoint (coordinates are
given in SC of the second body).

Example
Add the applied external force (0, 1000, 0), resolved in SCO, to body (1, 1) applied to the pc
(0, 0, 0.5) in SC1.

procedure ForceFuncCalc( _t:real ; X, v:VectRPtr; isub s . integer);
const
Point : coordin = (0, 0, 0.5);
Force : coordin = (0, 1000, 0);
Moment : coordin = (0, 0, 0);
begin
AddForceToBodyAtPoint( 0, 1, 1, 1, Point, Force, Moment , BaseC oordinateSystem);
end;

5.1.6.7. Changing identifiers

UM allows parametézation of the object description. Changing parameters gives a powerft
tool for analysis of object dynamics.

The user often changes identifiers directly before starting the integration process with the h
of UM interface abilities. Another way for chang is programming identifiers in the control file.
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From the other hand, changing some identifiers during the simulation process can lead to wr
simulation results because it does not correspond to laws of mechanics. Here are these parameters:
e inertia paameters: masses and inertia moments;
e joint geometrical coordinates;
¢ identifiers, which parameterize a graphical object, if GO are used for automatic computi
the ingtia parameters.
It is necessary to restart the simulation process after changingdbatiéers.

5.1.6.7.1. Structures of identifiers

Identifiers introduced by the user for object parameterization are included in structur
(6recordsd in the Pascal notation) in the ob
extanal subsystemdlypes of the structures can be found in the file _T[NameOfObject] generated t
the Input Module as a part of eaions and located in the directory of the object or external subsystem

A structure is built strictly according to the treeiméluded subsyems The identifying names
of subsystems are used as names of substructures (subrecords), which include identifiers o§the c
ponding ncluded subsystem.

Example. The objectVehicle contains two included subsystems with identifying names
WMBIockl andWMBIlock2. Each of these subsystems contains one included subsystem witlyidenti

ing name Wset. In this case the object identifiers are presented by the following structure:
_vehicleVars = record
vO : real_;
xsh : real_;
WMBIock1 : record
xmotor : real_;
rrotor : real_;
ééééeéééeécéeé.
wset : record
mw : real_;
iwx : real_;
ééééeéééeécéeé.
end;
end;
WMBIock2 : record
vO : real_;
yspring : real_;
wset : record
mw : real_;
iwx: real_;

éééééeeeeé
end;

The user has access to the identifiers with the help of variables

_PzAll, _PzAIll[NameOfObiject]
which are declared in the unit [NameOfObject]C.pas. These variables are pomters and the same
array of structures. The length of the array of structures is always 1 for the root object, whereas
equal to number of kinematically identical external subsystems included in the object and having
same ancestor.

For instane, the objecfirain contains 11 external subsystems. One of the subsystems has t
object Locomotiveas the ancestor, the other ten subsystethe objectCar. In this case the length of
the array is 1 for the subsystem with the ancdsbeomotive thestructure of identifiers can be found
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i n t h elLoaomativida_Tléocomotive.pas, the variables PzAll, _PzAllLocomotive are declared ir
t h e UdbodormotiveLocomotiveC.pas. Identifiers for all other subsystems with the andeatare
included in the anys _PzAlland _PzAlICar with length 10. These variables are declared in the uni
e\CalCar C. pas, the type of the corr\€apCGanmhs. ng s
Access to the identifiers has the following syntax:
_PzAl[NameOfObjedt[Element of structure of identifiers]

or
_PzAll[SubIndx[isubs]].[ Element of structure of identifiers]
Examples:
_PzAllVehicle[1].xsh
_PzAll[1].WMBlock1.xmotor
_PzAll[1].WMBIlock2.Wset.mw

Access to identifiers is more simple if the object does not contgisubsystem, neither exte
nal nor included. In this case the array of structures contains one element and the structure of ident
does not cotain substructures. Examples:

_PzAll[1].mass

_PzAIll[1].ix

_PzAll[1].something

_PzAlIMyObiject[1].some_identiér

5.1.6.7.2. Standard procedures for changing identifiers

Identifier values can be changed in two ways depending on type of object elements,ewxhich
scription is parameterized.

The first way consists in changes identifiaishout modification their values in tHesrnel of
the simulation moduleThis method is used if the evaluation of element is concentrated exclusively
the DLL of the object. Here is the list of such elements:

e Geometric and kinematic characteristics (there exist exceptions)

e Generalized linearmice element:pt externa)

e T-forces

A new value can be simply set to the identifier in the corresponding procedure of the control file,
instance
_PzAIlIMyObject[1].some_identifier:=0.1

The second method changes identifier both in the DLL and isithelation module kernel.
This way is necessary if the evaluation of the corresponding element (e.g. a force) is executed ir
kernel. The user should send the new value to the kernel. Elements of this type are

e Inertia parameters;

¢ Identifiers parameterigg graphical objects;

¢ Identifiers parameterizing bipolar, external linear, contact force element, special fBrce e

ments.Generalized linear force element®{ externg|
e T-forces
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The following procedure send a new identifier value to the kernel:
procadureSetldentifierValue(index,isubs : integer; value : real )

where index, isubs are identifier indicesal_- newvalue

After that the procedure refreshing the element parameter should be(eatiegt of Forces
and direction of gravity)

functionRefreshElementelType,index, isubs : integer) : integer
whereelTypeis the type of element (Se&tl.1.9, index, isubs are indices of the element.

5.1.6.7.3. Programming T-forces

Forces of general type are used for programming of compiatce models. (Sect. 2.4.8,
3.3.10.4). Description of these forces allows parameterizing both force and moment components
coordinates of application point. The corresponding identifiers can be arbitrary changed during the
mulation process either inthe procedure ForceFuncCalg which is called by the
FORCESCALC_MESSAGE in the pocedureUserCalc

Example:

var index _frc 1x :integer;

procedure  ForceFuncCalc (_ t: real _;_x,_ v: VectRPtr ;_isubs : integer );
var _:_ balanzvarPtr ;
begin
_:=_ PzAll [Sublndx [_isubs ]J;
SetldentifierValue( index _frc 1x,1, sin (2*_ t));
/I Harmonic excitation along X
end;

procedure UserCalc;
var i : integer;
begin
WhatDo:=NOTHING;
case Currevent of
FIRSTINIT_MESSAGE : begin
GetElementindexByName(eltldentif ier, 'f clx', index_frclx ,i);
/I Store the identifier index in a global variable
end;
FORCESCALC_MESSAGE : begin
try
ForceFuncCalc( t, x, v, isubs );
except
WhatDo := - 1;
end;
end;
end;
end;

Remark. Progranming forces of general type is an old approach. Use additional forces inste:
(Sect5.1.6.6.
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5.1.6.7.4. Change of identifiers parameterizing graphical objects

Sometimes it is necessary to change graphical objects depending on timeuléstlzese are
GO assigned to the scene. Usage &fuifaces gives opportunity to do Another way consists in
change of identifiers parameterizing graphic elements in processir@TeleEND MESSAGE and
XVASTEP_MESSAGE.

To change identifier values usleet proceduresetidentifierValue. After that refresh the GO
with the halp of the proceduRefreshElement

SetldentifierValue(indexldent,isubsGO; value);

RefreshElement(eltGO,indexGO, isubsGO);

Example. It is necessary to change the position of a GO assigrthe scene image. The name
of the GO isScene The GO position (e.g. its coordinate X relative to SCO0) is set by the identifie
xsceneThe doject does not contain subsystems.

Var IndexGO: integer;
Indexldent : integer;
OldidentValue : real_;

procedure UserCalc;
var Key : integer;
i : integer;
begin
Key :=WhatDo;
WhatDo:=NOTHING;
case UMMessage of
FORCESCALC_MESSAGE : begin

try
ForceFuncCalc(t, _x, v, isubs);
except
WhatDo := - 1;
end;
end;

FIRSTINIT_MESSAGE : begin
OldldentValue:=PzAll[1].xscene; //Store the old value
GetElementindexB yName(eltldentifier,'xscene’,Indexldent, i]);
If GetElementindexByName(eltGO,'Scene',IndexGO, i])= - 1 then
UMMessage('Element s  cene not found, _mtError);
end;
STEPEND_MESSAGE : begin
//Setting the new value and refresh GO
PzAll[1].xscene:=0.2*sin(2*t);
SetldentifierValue(Indexldent, 1, PzAll[1].xscene);
RefreshElement(eltGO, IndexGO, 1)
end;
INTEGREND_MESSAGE : begin //Set back the old value
PzAll[1].xscene:= OldldentValue;
SetldentifierValue(Indexldent, 1, PzAll[1].xscene);
RefreshElement(eltGO, IndexGO, 1)
end;
end;

GO will oscillates along the X axis.
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5.1.6.8. Ani mati on eddrs user 6s v

The used might create a list of vectors, which values are computed in the control file. This lis
created for animation of nonstandard vectors, which cannot be obtained with the help of the wizar
variables.

The function

functionAddUserVecta (var Name : string; vtype : integer) : integer;
creates and adds a new vector to the list, and returns the reference index of the vector. The index is
for assignment new values to the vector during the simulation.
Input: Namei name of the vectowntypei type of the vector. The type is one of the following list
(Sect5.1.1.2:

(VINoType, vtVelocity, vtAcceleration, vtRotation, vtAngularVelocity,
vtAngularAcceleration, vtForce, vtiMoment)
The type should beooivert to integer, for example owt{elocity).

Call of this function is allowed in the procedurbdserCalc for processing the
FIRSTINIT_MESSAGE .

To change the vector value use the procedure

functionSetVectorValugindex : integer; Value, Point : coordininteger;
whereindexis the vector index, Value Pointi their values and application points in SCO. Thecfun
tion returns O if succeed.

The function should be included in processing tSTEPEND_ MESSAGE and
XVASTEP_MESSAGE in the procedur&serCalc

Access to the user vectors is carried out inber | Vectorstab of the wizard of variables.

Example.
Consider a model of a spherical crusltiie obejctCrusherin the Tutorial directory). This
mo d e | il lustrates addi twveaborsare fisedrtocahiraateivectors of abfolute

andrelative angular velocities of the central sphere (not, that all these vectors can be obtained dire
with the help of the wizard of variables).
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Consider the corresponding control file.

The following global variables are introdiced:

var avindex : integer; //index of absolute angular velocity vector
rvindex : integer; // index of relative angular velocity vector
evindex : integer; // index ofgnsientangular velocity vector
Bodyindex :integer; //index of the crusher body
Crusherindex : integer; // index of the central sphere body

The procedur&serCalclooks like this:

procedure UserCalc( _x, _v, _a: VectRPtr; _isubs, UMMessage : integer; var
WhatDo :int  eger);

const ro0 : co ordin = (0,0,0);
var
Key : integer;
S : string;
oma : coordin; //Absolute angular velocity
ome : coordin; // Transient angular velocity
omr : coordin; //Relative angular velocity
i : integer;

begin
Key := WhatDo;
WhatDo := NOTHING;
cas e _UMMessage of
FORCESCALC_MESSAGE : begin

try
ForceFuncCalc(t, _x, v, isubs);
except
WhatDo := - 1;
end;
end;

FIRSTINIT_MESSAGE : begin

/1 Adding userdéds vectors
s:='Abs olute ang. veloc.";
avindex:=AddUserVector(s,Ord(vtAngularVelocity));
s:='Realtive ang. veloc.";
rvindex:=AddUserVector(s,Ord(vtAngularVelocity));
s:='Transient ang. veloc.";
evindex:=AddUserVector(s,Ord(vtAngularVel ocity));
GetElementindexByName(eltBody,'Body',BodyIndex,key);
GetElementindexB yName(eltBody,'Crusher’,Crusherindex,key);

end;
XVASTEP_MESSAGE,
STEPEND_MESSAGE : begin

/ICalculate vectors
GetVelAng(Crusherindex,1,o0ma);
GetVelAng(Bodylndex,1,0me);
for i:=1 to 3 do omr[i]:=omai] - ome[i];

//Send vector values and positions of origins
SetVectorValue(avindex,oma,ro0);
SetVectorValue(rvindex,omr,ro0);
SetVectorValue(evindex,ome,ro0);

end;
end;

end;
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5.1.7.Programming external function

External functions are used for description of the following elements:

e joint coordinate$ time functions (rotational, translational joints, joints of generalized type,
Sect.3.3.9);

joint force and torge (joint of generalized type, Sect. 3.3.9.4);
bipolar force element(3.3.10.1);

contact force elements of typessghere, Zircle;

special force element of the type ComboFriction;

graphical elements-gurface.

For all the above cases, the user entgestifiers of external functions in the Input module.
Calculation of functions must be programmed in the control file.

Headers of the corresponding functions are generated automatically in the control file- The
fault vdues are zeroes.

If you modify anobject, which equations of motion has already been generated before, and a
delete or rename one or several external functions, you should correct the old control file. Use the
variant of the control file (CI[NameOfObjeatkw) to find added headeri the optionRewrite control
file is switched off by the generation of equations. If the opRewrite control files switched on (not

recommended!), the old file is renamed to CI[NameOfObjeay. Transfer old code from this file to
the new version.

5.1.7.1. Programming of coordinates 1 time functions

Consider a slidecrank mechanisn{g.6.2, the objectCrankRods located in the directorju-

torial). The external function with the narpai is inroduced for dependence of the craotation as a
time function

iCrank |jRod | jSiider | jRodRiider|
.Hma Ierank ;"‘ 2% i

IElaseD L“Crank L‘
IBpaLu,aTeanbl _v_"l‘U (HeT) l|

[FeoMeTpHa ORMcaH1e |

FHoNOAHKMTEAEHEIS COBMIH———
Mogopor  |0.000000000000

Cagur 0.000000000000

*[

~WapH1pHaa KoopOMHATS:
¥ 3amaHHEA hyYHKLMA BREMEHK
SHaYeHVE |D.DDDDDDDDDDDEI [Zi

‘ " Buposkenda & PynkumMa ‘

il/lma |phi| 1

Fig.6.2

Generator of equation of motion inserts the following procedure in the control file:
procedure phi( _isubs : integer; _t:real_; var _Value, dValue, _ddValue : real_
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var _: _cra nkrodVarPtr;
begin
_ = _PzAll[SubIndx[_isubs]];
_Value :=0;
_dValue :=0;
_ddValue := 0;
end;

The user should write here a code for calculation of the angle (the vanédiles, its first and second
time derivatives (dValue, _ddValue In addtion, the unitAlCrankRodcontains the call of the pree
durephi directly after the procedurEmeFuncCalc:

TimeFuncCalc(t, _x, v, _isubs);
phi( _isubs, t, . timefuncl, . timefuncl_ 1, . timefuncl 2);

Object identifiers are very usefidr programming external functions. Four additional ideerts
are ntroduced by description of the mechanism in the Input module:
phiO, ampl, om, mode
These identifiers do not parameterized any object element. They are intended for programming of
functionphi exclusively. The parameters can be changed either before on in process of the simulatic

Consider the following version of the procedure code:
procedure phi(_isubs : integer; _t:real ; var Value, dValue, ddValue :real );
var _:_crankro dVvarPtr;
begin

_:=_PzAll[SublIndx[_isubs]];

case round(_.mode) of

0 : begin // Uniform rotation
_Value:=_.om*_t+_.phiO0;
_dValue:=_.om;

_ddValue:=0;
end;
1: begin // Harmonic oscillations
_Value:=_.ampl*sin(_.om*_t)+_.p hio;
_dValue:=_.ampl*_.om*cos(_.om*_t);
_ddvalue:= - _.ampl*_.om*_.om*sin(_.om*_t);
end;
end;
end;
Not e, that the variable 6 _06 is f oromearrg-ani

ponds to the identifieom). The same proceide can be rewrite in a different manner:

procedure phi(_isubs : integer; _t:real_; var Value, dValue, ddValue : real );
begin
with _PzAll[Sublndx[_isubs]]* do

case round(mode) of

0 : begin // Uniform rotation
_Value:=om*_t+phi0;

_dValue:=om;
_ddValue:=0;
end;

1: begin // Harmonic oscillations
_Value:=ampl*sin(om*_t)+phi0;
_dValue:=ampl*om*cos(om*_t);
_ddValue:= - ampl*om*om*sin(om*_t);

end;

end;

end;
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The identifiermodein the procedure is used as a switch, which turns on/off two modes of th
crank prescribed motiomode=0 the uniform rotationtnode=1 the harmonic oscillations. The identif
eromset an angular velocity in the first mode and on oscillation frequieirtyhe second. The ide
tifier amplis ignored in the first mode and sets an oscillation amplitude in the second one. Thie iden
erphiOsets an initial angle.

Desirable values of the identifiers can be set before each start of the simulation. Sale sim
tion results are given ifrig.6.3 andFig.6. 4.

i i K3 i) ;

Fig.6.3. Module of reaction force in the crafdase (left) and the slider accelerationriuode-1,
onm=1, ampk2, phic=0.
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Fig.6. 4. Module of reaction force in the craidase (left) and the slider acceleration
for mode=0, om=3, phi0=0.

Remark. Be careful while programming the first and the second time derivatives. Errors lead
completely wrong simulationasults.

5.1.7.2. Programming joint and bipolar forces
Programming of external bipdar functons in @ntrol File is not sipported since M50
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5.1.7.3. Programming graphical elements: Z-surfaces

In this section we consider ugaof Zsurfaces for creation of dynamic tirdependent images
(Fig.6.5, the objecFloat in the directorylutorial). The graphical element here is used for animation of
waves. The surface is described by an graphic elementface with the nam&Vaves The grapkcal
object containing this element is assigned to the scene image. Note, that the surface is ret fully
scribed in the Input module, therefore it is seen there as a filled rectangle with the corresponding <
(3x10m).

AR o

OnucaHue ||_|DJ‘ID>KEHHBI

MapareTpe |L|,E=eTa | |_|DJ‘ID>KBI— ‘ 4

M5 Y HKLMM

iwaves (pl.p2)

—JENACTE M3MEHEHMA NEpEMET OB

plfooonn [P4l[a 0000 [34lfe  [24]
p2:fononn [34[10.0000 [24][108 [24]
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| [Frosepeocre =] ¥
Z-NOBEPXHOCTE JEEE R

Fig.6.5

After generation of equations the control file includes reference for the external function in t|
standard functiorZgraphicElementFunctions This function must include description of akternal
Z-functions. The functioiZgraphicElementFunctionsis called by the simulation module every time,
when the graphic element is refreshed (by loading the object, by changing the object parameters il

corresponding window, after ¢aln g t hpeocedseRetreéhEement (el t GQ. é
function ZGraphicElementFunctions( _index, _isubs : integer; _pl, p2:real_):
real_;

var
_ . _floatvarPtr;

begin
:= _PzAIl[SubIndx[_isubs]];
case _index of

0 : begin
{ Function waves }
Result := 0;
end;
end;

end;
Note that the name of the external functieavess located as a comment in the case statement

of the functionZgraphicElementFunctions
{ Function waves }

Directly here the function should be calculated. The default valtie ifunction is zero, and theeel
ment looks like a filled rectangle.
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The user organizes calculation of external functions in the funZ@@maphicElementFunc-
tions in dependence on two Cartesian coordinates (paranpetep®).In the considered examplegl<
culation of the wave image is done in the separate funttlame. The surface depends from tire
coordinate (p2 and time. The function is a sum of 10 trigonometric functions with variousi-ampl
tudes, frequencies and tirdependent phases.

function Wave  (t,p : real; var deriv : real_) : real_;
var i : integer;
phase : real_;
begin
Result := 0; Deriv:=0;
for i:=1 to 10 do begin
phase := p*i*2+2*t*i*sqrt(i)+In(i);
Result:=Result+sin(phase)/i/i/5;
Deriv:=Deriv+2*cos(phase)/i/10;
end;
end;

The function output is the-coordinate of the surface (returned value) and its derivative w.r.t
the ycoordinate deriv). Of course, the derivative is not used by graphic image but it is necessary f
computing hydrodynamic forces acting on the float.

The functionZgraphicElementFunctionscalls the functioWave:

function ZGraphicElementFunctions( _index, _isubs : integer; _pl, p2:real_):
real_;
var h:real_;
begin
_:=_PzAll[SublIndx[_isubs]];
case _index of

0 : begin
{ Function waves }
Result:=Wave(t,_p2,h);
end;
end;

end;

The functionWave depends of time, but the dependence does not affect the image if the GO
not refreshed before drawing. Use 8tepEnd_Messagén the procedur&serCalc

procedure UserCalc( _x , _V, _a:VectRPtr; isubs, UMMessage : integer; var WhatDo
s integer);
var Key : integer;
begin

Key := WhatDo;

WhatDo := NOTHING;

case _UMMessage of

FORCESCALC_MESSAGE : begin

try
ForceFuncCalc(t, x, v, isubs);
exce pt
WhatDo := - 1;
end;
end;

IntegrEnd_Message,
StepEnd_Message : RefreshElement(eltGO,1,1);
end;
end;
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Calling the refresh at the messdgeegrEnd_Messagesets the initial image state (t=0) after
the end of simulation.

Remarks,

1. It is necessary to process the messXySSTEP_MESSAGE andXVAEND_MESSAGE
in the same manner as the messagegrEnd _Message, StepEnd_Messagde obtain the same wave
animation for the XVAanalysis as for the simulation:

XVAEnd_Message,
XVAENnd_Message : RefreshElement(eltGO,1,1);

2. If an external function is modified after creation of an X4, the animation during the
XVA -analysis is not match to the XVi#e.

Consider the floatvave interaction. We programmed additional forces, whathes depend on
the wave motion and the float position relative to the wave. Note, that we used highly simpdified n
thematical model of the hydrodynamic forces.

The hydrodynamic forces are computed in the procdeomeeFuncCalc

procedure ForceFuncCal c(_t:real_; x, v:VectRPtr; isubs: integer);
const ro : coordin = (0,0,0);
var hWave, dWave : double; //Wave height in the float position and its derivative
1
r,v,om : coordin;
frc, trq : coordin;
begin
GetPoi nt(1,1,ro,r); //float coordinates in SCO
GetVel(1,1,ro,v); //float velocity in SCO
GetVelAng(1,1,om); //float angular velocity in SCO
hWave:=Wave(t,r[2]+5,dWave); // Wave height in the float position and its
/I derivative
frc[1]:=0; frc[2]:=0;
frc[3]:=(hWave - 1[3]+0.3)*600 - 100*v[3]; //Lifting force and dissipation
trg[1]:=dWave*50 - om[1]*10; /I Moment acting on the float

trg[2]:=0; trq[3]:=0;
//Add forces

AddForceToBody(1,1,frc,BaseCoor dinateSystem);
AddMomentToBody(1,1,trq,BaseCoordinateSystem);
end;

5.1.7.4. Programming contact surfaces for contact elements

Contact force elements-gbhere allow the user to create objects with complex contactantera
tion, especially with the help of programngrexternal functions. Simultaneous description @uface
graphic elements is usually used in this case for visualization of contact surfaces. In this section
consider an example of a controlled wheel roba}.6. 6, the obgctRobotin the directorylutorial).
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Fig.6.6

We will discuss the following problems:
e How Z-surfaces for graphic objects and for contact surfaces can be programmed;
e How the image can follow the object motion.
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Fig.6.7

For contact force efeents of the type -Bphere are introduced for contacts of the robot wheels
with the ground. The ground contact surface is set by the external funStofacegor all contact ed-
ments Fig.6. 7, left). The scene image is defingdparticular by an graphical element of the type Z
surface with the tam&rack (Fig.6. 7, center). Two identifiergcimage=0 ycimage=0set the element
position relative to SCUHg.6. 7, right).

The exernal Zsurface function, which describe the contact, is presented in the control file by t
following function:

procedure zSurface( _isubs : integer; _x, _y:real_;var_z, dzx, dzy:real_);
var _: _robotVarPtr;
begin
_ = _PzAIl[Sublndx[_isubs] 1
_z2:=0;
_dzx :=0;
_dzy :=0;
end;
Input parameters are: the Cartesian coordinatesy
Output:
- _zifunction value;

- _dzxi derivative w.r.t thex - coordinate;



Universal Mechanism 5.0 5-31 Chapter 5. Programming in UM

- _dzyi derivative w.r.t the/ - coordinate;

Description of the surface image is idedd by the external functiomrack which should be
computed in the proceduE&raphicElementFunctions:

function ZGraphicElementFunctions( _index, _isubs : integer; _pl, p2:real_):
real_;
var _: _robotVarPtr;
begin
_ = _PzAll[SubIndx[_isubs]];
case _index of

0 : begin
{ Function Track }
Result := 0;
end;
end;
end;
We wrote the code in the control file, which supports
- tree mode for the ground surface image, the mode param8iafaceType
- control the robot motion witthe help of the keyboard;
- game simuation foBurfaceType = 1,2.
Here is the code of the control file.
uses

DGetVars, robotC, _Trobot, Windows;

const
tindex : array[1..5,1..4] of integer =
((1, 1, 1, 1), (*Ahead®)
(-1,-1,-1,-1),( *Back®
(-1,1, -1,1), (*Turn left*)
(1, -1,1, -1),(*Turnright*)
(0,0, 0, 0);(*STOP*)

(*Modes of the motion: *)
AHEAD =1,
BACK =2;
LEFT =3;
RIGHT =4;
STOP =5;
(*Coordinates of cen ter of the surface image¥)
XYClmage : array[1..2] of double = (0,0);

var mode : integer; (*current mode of the robot*)
xcIndex, ycindex : integer;
StopCount : integer;
hT : double;

procedure CalcZSurface(x,y : double; var z,dzx,dzy : double);
var x1,y1 : double;
h:real_;
begin
with _PzAllrobot"[1]* do
case round(SurfaceType) of
0 : begin
z:=0.1*sin(2*x)*cos(3*y);
dzx:=0.2*cos(2*x)*cos(3*y);
dzy:=0.3*sin(2*x)*sin(3*y);
end,
1: begin
x1:=3*sin(x*pi/6);
y1:=3*sin(y*pi/6);
h:=sqrt(x1*x1+yl*y1) -2;
z:=0.1*exp( - sqgr(h*4));
dzx:= - 0.8*exp( - sqr(h*4))*h*x1*pi/2*cos(x*pi/6);
dzy:= - 0.8*exp( - sqgr(h*4))*h*y1*pi/2*cos(y*pi/6);
end,






