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1 Introduction

1.1 General information

After the installation of the hardware and the drivers for the boards and the installation of the Six
AXxis Unit Software (see: Saxu_Users Manual). Y ou can use either the program
(SixAxisUnitM ain.exe) to control the Six Axis Unit or develop your own main-program.

In the working directory of the Six Axis Unit Software there are the following files, which you need
for developing your own program:

C843 GCS DLL.dII
C843_Interface.dll
C843UserStages.dat
expSixAxisUnit.h
Lvanlys.dll
Mathematic_Matlab vO1.dll
MC.dll

PiStages.dat
SixAxisUnit.dll
SixAxisUnitMain.exe
transdll.dll

data (directory)
MatLabRunTime (directory)

If You are programming in C the DLLSs can be stored in the same directory like your main-program.
If You are programming in LabView copy the DLL-Filesto the Windows-Systemdirectory.

The DLL SixAxisUnit.dll contains the exported functions, which can be used for programming, the
declaration of the functions are in the Header-File expSixAxisUnit.h.

In the data directory there are two INI-files:
kalib.ini (do not change this)
saxu.ini (settings for the program, see section below)

In the MatLabRunTime directory there are the MatLabRunTime DLLs which the program is using.
The path to this directory has to be added to your PATH variable.

1.2 Thefile SAXU.INI

The file saxu.ini contains information about the unit and the stages. In general it is not necessary to
change it. Only the following parameters can be changed to your own needs:

Section [ Geometry]

max_move defines the positive and negative limits to which the stages are allowed to move (max
valueisb)
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max_vel defines the max. velocity of the stages. This value depends on the used stages. If you
use the M-230K 040 stages this value is 1.5 mm/sec, if you use the M-230.10 stages the
valueis 1.0 mm/sec. Y ou can change this value to a smaller value, but not to a bigger
one.

Section [Manipulator]

Type defines the used manipulator (stages). The two manipulators, which can be used with
the software are M-230K 040 and M-230.10. Do not change the value without changing
the manipul ator.

motor_limit Defines the limit, when the servo will switched off, in case of overloading
(Standard: 2000)

acc defines the acceleration of the M-230.10 stage (Standard 200)
acc2 defines the acceleration of the M-230K 040 stage (Standard 2000)
dec defines the deceleration of the M-230.10 stage (Standard 200)
dec2 defines the deceleration of the M-230K 040 stage (Standard 2000)
i_limit defines the integral-gain for the axis

ErrorMsgintern if 1 error messages will appear in a popup window, if O no error messages will
appear, the programmer has to handle the messages by using the function
saxGetErrorString after afunction returns false.

RefKainOn do not change this
Correct do not change this
RefModeNr type of referencing the Six Axis Unit, do not change it without calling M-Tech,

because each Six Axis Unit is mounted after referenciong with the type defined here.

Section [Limits]

MaxTrans defines the maximal value for trand ation movement in mm in world-coordinates. This
valueisnot used in the DLL, but you can useit in your main-program for limiting the
allowed moving area.

MaxRotationAngle defines the maximal value for rotation in degrees in world-coordinates. This
valueisnot used in the DLL, but you can useit in your main-program for
limiting the allowed moving area.

Section [UserLimits]

Do not change this section, it will be used in future version.
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Content of saxu.ini:

[ Geonetry]
a=20.0
b=14.0
dx=0.0
dy=0.0
dz=0.0
max_nove=4.5
psi _m n=60.0
max_vel =1. 4
| =10.0
s=34.0
r=20.0

[Limts]
MaxTrans=4. 0
MaxRot at i onAngl e=7. 0

[ Mani pul at or ]
Type=M 230K040
nmot or _|i mr2000
acc=200
dec=200
acc2=2000
dec2=2000

i _limt=200
Error Msgl ntern=1
Ref Kal i bOn=0
Correct=1

Ref ModeNr =1

[UserLimts]
Enabl e=0

1.3 Filescreated by the program

pivot.ini

In thisfile the Pivot-Points for rotation are stored. The user can define for each Six Axis Unit
different pivot points.

lastpos.dat

In thisfile the program stores the last position of the Unit. After restarting the program you can move
the Unit to the last position.
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2 Six Axis Unit Interface: Function Overview

Y our main-program can call the following functions, which are exported from the SixAxisUnit.dll.

The declaration of the functions are in expSixAxisUnit.h. You have to include thisfilein Y our
Source-Code.

2.1 Connection board functions

bool saxlnitBoards(long | Unit);
bool saxDi sconnect Boards(long IUnit);

2.2 Referencing functions

bool saxReferenceSi xAxi sUnitExt(long IUnit, bool bSaveMbde, bool bFast, bool bDirection);

bool saxReferenceSi xAxi sUnit(long |Unit);

bool saxRef erenceSi xAxi sUni t Qui ckSl owNeg(long | Unit);
bool saxReferenceSi xAxi sUnit Qui ckSl owPos(long | Unit);

bool saxReferenceSi xAxi sUnit SecSl owPos(long | Unit);
bool saxReferenceSi xAxi sUni t SecFast Pos(long [Unit);

bool saxReferenceSi xAxi sUnit SecSl owNeg(l ong | Unit);
bool saxReferenceSi xAxi sUni t SecFast Neg(long I Unit);

2.3 Moving functions

bool saxMoveRel (long | Unit, double *dPos, |ong nPivot);

bool saxMoveAbs(long | Unit, double *dPos, |ong nPivot);

bool saxGoToReferencePos(long IUnit, |ong nPivot);

bool saxRestorelLastPos(long | Unit, double *dPos, |ong *nPivot);

2.4 Other functions

voi d saxCet Li mi ts(doubl e *dTrans, double *dRot, double *dMaxVel);
bool saxSetVelocity(long | Unit, double *dVel);

bool saxGet StagePos(long | Unit, double *dPos);

bool saxSet StagesPos(long | Unit, double *dPos);

bool saxGet Target Pos(long | Unit, double *dPos);

bool saxSaveAct Pos(long IUnit, |long nPivot);

bool saxGetErrorString(long |Unit, char *ErrStr);

bool saxConfi gurePi vot Points(long |Unit);

bool saxSet PivotPoints(long IUnit, int nType, double a, double b, double *dA, double *dB,

doubl e *dC, double *dD, double *dE);
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3 Changing Board-1Ds

3.1 Systematic of Board-1Ds

All the functions can control up to 4 Six Axes Units. The first parameter is always the number of the
unit. Y ou have to configure the board-identification-nr. of the different units as described in the
following table:

Unit-Nr.: 2-stages-Board-ID-Nr. 4-stages-Board-1D-Nr.
1 1 2
2 3 4
3 5 6
4 7 8

3.2 Mechanism to changethe board identification number

If you want to use more than one C-843 cards inside one PC, the cards must be made distinguishable.
The mechanism is comparable to set jumpers on an ISA card. But instead of ajumper their isa serial
EEPROM on the motor controller card. For reprogramming this EEPROM the following steps have
to be done:

1. Placethe file EPROM.exe (you find it on the CD in the directory drivers) on aMS-DOS boot
disk.

2. Put the motor controller card which should be reprogrammed inside your PC. For the
programming only one motor controller card at the same time may be inside your PC.

3. Boot your PC from disk and start EPROM .exe and press key 1 to 4 to program this number inside
the EEPROM of the card. Now this card has the entered identification number.
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4 Exported Functions of SixAxisUnit.dll

4.1 General Parameters
long 1Unit Number of the Six Axis Unit you want to move

double dPog[6] actual position or parameter for the movement (depends on the function you call) of

the Six Axis Unit
dPog[(Q] ... X
dPog[1] ... Y
dPog?] ... Z

dPog[3] ... Angle X
dPog[4] ... AngleY
dPog[5] ... AngleZ

long nPivot determines the Pivot-point for the Rotation.
Point A: nPivot =0
Point B: nPivot = 1
Point C: nPivot = 2
Point D: nPivot = 3
Point E: nPivot = 4

4.2 Description of the functions

SIXAXISUNIT_API bool saxlnitBoards(long IUnit)

Connects the two Boards of the Six Axis Unit |Unit. Call this function first in your programm, but do
not call this function a second time for the same Unit, without disconnecting
(saxDisconnectBoards()) it first.

SIXAXISUNIT_API bool saxDisconnectBoar ds(long [Unit)

Disconnects the two Boards of the Six Axis Unit [Unit.

bool saxReferenceSixAxisUnitExt(long IUnit, bool bSaveM ode, bool bFast, bool bDirection);
References the six stages of the two Boards of the Six Axis Unit [Unit.

bSavedMode determines the mode of referencing
bSavedMode=true  limit mode
bSavedMode=false ref mode

bFast determines the velocity of the movements during referencing
bFast=true  fast motion
bFast=false  slow motion, more accurate
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bDirection  determines the direction of the movement of the stages during reference
bDirection = true positive direction
bDirection =fase  negative direction

Not all combinations of these three parameters are allowed. Moving in ref mode only works with
slow motion, but the ref mode is the fastest mode for referencing. Therefore it is the standard mode
and should be used. In sum there are 6 possibilities. Y ou can use one of the function-calls below,
which represent all possibilities for referencing.

SIXAXISUNIT_API bool saxRefer enceSixAxisUnit(long Unit)
Referencing is done in the mode defined in the parameter RefModeNr in the SAXU.INI file.

RefModeNr = 1: Ref mode, slow, negative
RefModeNr = 2: Ref mode, slow, positive

RefModeNr = 3: l[imit mode, slow, positive
RefModeNr = 4: limit mode, fast, positive
RefModeNr = 5: limit mode, slow, negative
RefModeNr = 6: limit mode, fast, negative

bool saxReferenceSixAxisUnitQuickSlowNeg(long [Unit);

Referencing is done in Ref mode, slow, negative (RefModeNr = 1).
Works like acall of: saxRef er enceSi xAxi sUnit Ext (1 Unit, false, false, false);

bool saxReferenceSixAxisUnitQuickSlowPos(long [Unit);

Referencing is done in Ref mode, slow, positive (RefModeNr = 2).
Works like acall of: saxRef er enceSi xAxi sUni t Ext (1 Unit, false, false, true);

bool saxReferenceSixAxisUnitSecSlowPos(long 1Unit);

Referencing is donein limit mode, slow, positive (RefModeNr = 3).
Works like acall of: saxRef er enceSi xAxi sUni t Ext (1 Unit, true, false, true);

bool saxReferenceSixAxisUnitSecFastPos(long IUnit);

Referencing isdone in limit mode, fast, positive (RefModeNr = 4).
Works like acall of: saxRef er enceSi xAxi sUnit Ext (1 Unit, true, true, true);

bool saxRefer enceSixAxisUnitSecSlowNeg(long [Unit);

Referencing is donein limit mode, slow, negative (RefModeNr = 5).
Works like acall of: saxRef er enceSi xAxi sUnit Ext (1 Unit, true, false, false);

bool saxReferenceSixAxisUnitSecFastNeg(long IUnit);

Referencing is donein limit mode, fast, negative (RefModeNr = 6).
Works like acall of: saxRef er enceSi xAxi sUni t Ext (1 Unit, true, true, false);
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SIXAXISUNIT_API bool saxM oveRel(long IUnit, double *dPos, long nPivot)

Relative movement to the coordinates defined in dPos.
dPog[Q] ... delta X
dPog[1] ... deltaY
dPog[2] ... deltaZ
dPog3] ... deltaangle X
dPog[4] ... deltaangle Y
dPog[5] ... deltaangle Z

nPivot determines the Pivot-point for the Rotation.

SIXAXISUNIT_API bool saxMoveAbs(long IUnit, double *dPos, long nPivot)

Movement to the absolute coordinates defined in dPos.

dPog0] ... X
dPog(1] ... Y
dPog?] ... Z

dPog[3] ... angle X
dPog4] ... angleY
dPog[5] ... angleZ

nPivot determines the Pivot-point for the Rotation.

SIXAXISUNIT_API bool saxGoT oReferencePos(long IUnit, long nPivot)
Move all six stages of the two Boards of the Six Axis Unit |Unit to the Reference position.

nPivot determines the Pivot-point for the Rotation.

SIXAXISUNIT_API bool saxGetLimits(double *dTrans, double *dRot, double *dMaxVel)

Get three values out of the saxu.ini file.
dTransmax. value of trandation in mm (standard value 4, have to be equal or less than 4)
dRot max. value of rotation in degrees (standard value 6, have to be equal or less than 7)
dMaxVe max. value of the connected stages in mm/s

Y ou can use these values for programming your main-program.

SIXAXISUNIT_API bool saxSetVelocity(long IUnit, double *dVel)

Set the velocities for the six stages of the two Boards of the Six Axis Unit [Unit.
dVel hasto be declared as a 1-dim-vector with 6 elements (double dVel[6])
The values have to be equal or smaller than dMaxV el (refer to saxGetLimits)
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SIXAXISUNIT_API bool saxGetStagePos(long |Unit, double * dPos)

Returns the position of the six stages of the two Boards of the Six Axis Unit IUnit.

dPos has to be declared as a 1-dim-vector with 6 elements (double dPog[6])
SIXAXISUNIT_API bool saxSetStagePos(long IUnit, double *dPos)

Moves the stages to the position defined in dPos. Thisis adirect move of the 6 actuators without
using the mathematic of the Six Axis Unit.

dPos has to be declared as a 1-dim-vector with 6 el ements (double dPog6])

bool saxSaveActPos(long IUnit, long nPivot)

Saves the actual position of the Six Axis Unit IUnit.

Y ou can use this function after every movement (e.g. call of saxMoveRel(), saxMoveAbs() and
saxGoToReferencePos()). If you do this you can move to the last position after restarting the

program.

nPivot determines the Pivot-point for the Rotation.

bool saxRestor el astPos(long IUnit, double *dPos, long * nPivot)

Restores the last position of the Six Axis Unit IUnit, which were stored with the last call of
saxSaveA ctPos(), before the program was closed. This function only read the positions. After you
called this function you have to call saxMoveAbs() for moving the Unit to this position.

nPivot determines the Pivot-point for the Rotation.

bool saxGetError String(long IUnit, char *ErrStr)

After one of the other functions return false, acall of this function returns the error message.
ErrStr hast to declared as a vector of char (char ErrStr[250]).

bool saxGetTar getPos(long IUnit, double *dPos)

Returns the target position of the 6 stages.
dPos has to be declared as a 1-dim-vector with 6 elements (double dPog[6])
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bool saxConfigurePivotPoints(long [Unit)

This function configures the PivotPoints for the rotation. Y ou can configure for each Six Axis Unit
different Pivot Points. Before calling this function you have to go to Reference position first.

In the Configure Dialog you can select 3 types of Pivot Points:

Standard A The 5 points are defined as a rectangle with length a and height b and the centre-
point E. The program automatically calculates the points A, B, C and D.

Standard B The 5 points are defined as a cross with length a and height b and the centre-point E.
The program automatically calculates the points A, B, C and D.

Individual  Here you can define the 5 Pivot-points as needed.

x
— Standard &
Configuration for Six Awes Unit Mumber: |1
A B Selegt————
a |20 mrn E b : Standard 4
Standard B |
b |14 o Standard alues
] -  Individual
D C
Alom] — Yfam]  Z[om] ~Individual
PointE |0 0 0
| l | a (20 i b |14 mn
~ Standard B # [mm] Y [mm] Z [mm]
i 0
F; Paint 4 [0 [0 |
a iU mm D E B Point B |D |D |D
b [0 mm c Paint C [0 [o o
———ie———y
a
PaintD |0 jo o
sl ¥ L] g Center of Rectangle:
Paint £ [0 o o PaintE [0 o o

The button [Standard Values| restores the standard values for all three types.

bool saxSetPivotPoints (long IUnit, int nType, double a, double b, double *dA, double *dB,
double *dC, double *dD, double *dE)

This function can be used instead of sax ConfigurePivotPoint. If you know Y our points You can
write them with this function direct to the PIVOT.INI file.
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5 Description of the main-program (SixAxisUnitMain.exe)

5.1 Main Dialog

#le SixAxUnitMain

®Pusitiun of Stages

Initialization
Siw Ames Unit Mumber: m I positive Ditection Eaoard 1
Reference | [ Fast mation :
Connect | Disconnect | ¥ Bef from M1 I~ Limit Ref Made 4 |
55 |n
@ Restore last Pos I Board 2
@ Find of Movement | j b
]
WORKING st |
®-Translation!HutatiDn 1 -dim, relative Bllcasi 52 ||:I
Step [Sizeddngle] |D mm/deg wait 53 |EI
&
ot | b | Go to Reference Pos | 26 |I:|
Ao | e | E “Welocity
Z z
- | | SetVYelociy |
100 b4
@J— Tranzlation/R otation 3-dim, relative
a [0 om Pren (¢l [0 dos (5ot Point
dr IEI R vaw ] |0 deq A
iR
e IEI e Rl £t rr Cantig Pivot Pants
b o | D
-
@Abmlute b cvement @.-’-‘xctual
# |E| mm Pitch [ IEI deg Fosition Angle
' IEI T aw ] |0 deg b IU T IEI deg
I d l—
¥ o L1 Rale lZ] 1] | v ||:| i 0 deg
Goto Abzolute Fos | = IEI il |':' deg
: |

Abbrechen |

511 AreaA —Initialisation

After starting the program you have to select the Six Axis Unit Number, which you want to use.
Then with [Connect] you will connect the boards of the selected unit. Afterwards you have to
[Reference] the selected Six Axis Unit. Thiswill last afew seconds and moves the stages to the
Zero-Position.
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Y ou have four Check-Boxes ([Positive Direction], [Fast motion], [Limit Ref Mode] and
[Ref from INI]) to decide the type of referencing.

[Positive Direction] determines the direction of the movement of the stages during reference
iIf checked referencing will move first to the positive limit switch

[Fast motion] determines the velocity of the movements during referencing
if checked referencing movements will be faster

[Limit Ref Mode] determines the mode of referencing
if checked referencing will work in limit mode, otherwise in ref mode

[Ref from INI] determines, that the reference mode is read from the SAXU.INI file
if checked the three other check boxes are ignored

Not all combinations of these three parameters are allowed. Moving in ref mode only works with
slow motion. So in sum you have 6 possibilities.

The button [Disconnect] will disconnect the boards of the selected units. Afterwards you have to
[Connect] and [Reference] them again, if you want to move the unit.

5.1.2 Point 1 -Kind of Movement

Select the kind of movement you want to make. Depending to your selection different areas of the
dialog will be enabled and disabled.

There are 4 possibilities:

Rotation 1-dim, relative one dimensional rotation either across X, Y or Z-axes, relative
to the actual position

Trandation 1-dim, relative  one dimensional trandation either in X, Y or Z-direction,
relative to the actual position

Trand ation/Rotation 3-dim, relative three-dimensional movement — translation and rotation,
relative to the actual position

Absolute Movement movement to the absolute position, defined in X,Y and Z and rotation-
angleacross X, Y and Z.

At the start of the program the “ Translation 1-dim, relative” is selected.

5.1.3 Point 2—-Restore Last Position

This button will moves the stages to the position, where they have been at the previous ending of the
program.
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5.14 Point 3—Working

During the process of referencing or moving the Unit, thisinfo will be displayed.

5.1.5 Point 4 —Goto Reference Position

This button moves the Six Axis Unit to the Reference position.

5.1.6 AreaB -—Trandation/Rotation 1-dim, relative

If you select “Rotation 1-dim, relative” or “ Trandation 1-dim, relative’ this areawill be enabled.

If you selected “ Trandlation 1-dim, relative” the value Step will be the trandation step in mm. With
the buttons [X+],[X-],[Y+],[Y-].[Z+],[Z-] you will start atranglation in the positive (+) or negative (-
) X,Y,Z direction.

If you selected “Rotation 1-dim, relative” the value Step will be the rotational angle in degrees. With

the buttons [X+],[X-],[Y+],[Y-].[Z+],[Z-] you will start arotation across the X-, Y- or Z-axisin
positive (+) or negative (-) direction.

5.1.7 AreaC -Trandation/Rotation 3-dim, relative

If you select “ Trangdlation/Rotation 3-dim, relative” this areawill be enabled.
Here you can define the trandlation-step dX, dY and dZ for atrandationin X, Y and Z-direction and

the rotational anglein degrees for arotation across the X-, Y- or Z-axis. After defining the values
[Move] will start the relative movement.

5.1.8 AreaD —Absolute Movement

If you select “ Absolute Movement” this areawill be enabled.

Here you can define the absolute position X,Y,Z and the rotational angle in degrees for arotation to
the absolute angle across the X-, Y- or Z-axis. After defining the values [Go to Absolute Pos] will
start the movement.

5.1.9 AreaE —Position of Stages

Display of the actual position of the stages of the Six Axis Unit. Only informational character.
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5.1.10 Area F —Velocity

Set the standard velocity of all stages (0 to 100%). After selecting the velocity you have to push [ Set
Velocity] to write the velocity to the boards.

5.1.11 Area G —Pivot Point

If you select “Rotation 1-dim, relative” or “ Translation/Rotation 3-dim, relative” or “ Absolute
Movement” this areawill be enabled.

Here you can select the Pivot-Point for the rotation and with [Config Pivot Points] you can define the
position of the Pivot Points (see: Configure Pivot Points)

5.1.12 AreaH —Actual

Here are the actual position and the actual angle of the Six Axis Unit displayed.

NOTE: If you make alot of relative rotational-movements the value of the actual angle will only
take sense, if you haven’t changed the Pivot Point during this rotations.

Saxu_Programmers_Manual 20040817 _v2_0.doc
page -16-



af{lMM-TECH =
www.m-tech.at

5.2 Configure Pivot Points Dialog

In the Configure Dialog you can select 3 types of Pivot Points:

Standard A

The 5 points are defined as a rectangle with length a and height b and the centre-point E. The
program automatically calculates the points A, B, C and D.

Standard B

The 5 points are defined as a cross with length a and height b and the centre-point E. The program
automatically calculates the points A, B, Cand D.

Individual
Here you can define the 5 Pivot-points as needed.

5
— Standard &
Configuration for Six &xes Unit Mumber, |1
A B Selegt————————
a |2I] T E b % Standard &
" Standard B |
b |14 mm Standard Yalues
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The button [Standard Values] restores the standard values for all three types.
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