


Contents

Contents

(0701 01 (=1 01 K- TP OO PRSP PP PO PPPPPPPP
[ o N o Lo 1¥ o] A o] o [T R SO UPRRRR
FOTEWOIT ...ttt ettt e e et e e sbte e e s nibe e e e antbeeenae
Items supplied with the ACCOM evaluation software for PCs
General conditions for use of the SOftware ...
Hardware and operating SYSIEIM .........uuiiiiii it e e e e a e e e eaees
Installation ..........ccceeeieeeiiii e

Measuring sequence ..........

ACCOM program start
Home window—description of the symbols

Measuring Procedure for KGM Circular Test (KGK)
Machine Cleaning.........coooouuiiieiie i
Test program ........ccceevveeene

Measuring assembly
1. Select measuring method ...................
2. Specifying the unit of measure
3. Settings of the encoder and the counter card ...........
4. Fine adjustment of the measuring head..............ccccviiiiii i
(O ST |To1=Tolo] o1 TP EP TP
Optimizing the measuring signals
POSIION QISPIAY ... utieiiiie et e e e e s r e e e e e st r e e e e e e annes
5. Parameters of the MeasuremMent..............oooi i
6. Setting the NC interface
(Rl @doTo (o] o] 110] 013 TP URPRRPR
NELWOIK CADIE ... e et e e e e e enees
7. Setting the Direction
S TS T o F= iU o PP
LaSt INIIAIZATION .....eeeiiie ettt e e e e e e et eea e e e e enees

9. Generating and transferring an NC program for single measurement................... 33
10. Generating a calibration Chart............ .o
11a.1. Edit series of MEASUIEMENTS .......ccoiiiiiiiiiiiie ittt
11a.2. Start series of measurements
11b. Start SINgle MEASUIEMENT ......coiieiiiiiiee ettt e et e e e e e s aaaeeeeaae e as
(D1 = IR (o] =T [ S PO PP PSR PPPRR PP
12.Open measurement ...............cceeeeeeenn.

13. Evaluate measured data .....................

14 Select standard for evaluation............ccccceeeviveennnnne.

15. Characteristic Data of the Circular Test ....................

16 Graphic display of circular test results....
Additional circular test options......................
DTA-file IMpOrt........ccooeiiiiiiee e,
Color settings of the graphic.....................
Saving/loading the options........................
Exporting the measurement graphiC..........ooo i

2 HEIDENHAIN



Contents

Printing the graphiC........ ..o e
Editing the calibration charts
Saving a measurement.................

ClEariNG the SCIEEN.....cii ittt e e e e s e e e e e e s st areeaaae s

Measuring Procedure for KGM Free-Form Test (KGF)
Maching Cleaning.......cccuviiiieeiiiiiieii e
Test program ..............
Measuring assembly .....................
1. Select measuring method............
2. Specifying the unit of measure
3. Settings of the encoder and the counter card...........cccccvvvieeeiiiiiiiiiiee e
4. Fine adjustment of the measuring head
OSCIIOSCOPE ...ttt ettt e ettt e e e e e et et e e e e e e e antbe e e e e e e e s annnnneeaaaaan
Optimizing the measuring SIGNAIS ............oiiiiiiiiiiiiii e
Position display
5. Parameters of the MeasSUremMENt...........oooi i
6. Setting the NC interface
G-Code options.........ccceeeeveiuneneenn.

NETWOIK CADIE ..ot
7. Setting the dir€CHON.......c..iiiiiiee e
8. Set datum
LaSt INItTAIZALION. .......eiieiiii et
9. Generating a calibration Chart ...
10a. Enter path ...

10b. Entering a path according to ISO 10791-6 (K2) Feeds
10c. Entering a path according to ISO 10791-6 (K3) Interpolation
11. Generating and transferring an NC program
12. Start measurement.........cccceeevvivireeeeee e
Data Storage ........cceeveeeeeeeeeeeeeeennnns

13. Open measurement.................

14. Evaluate measured data
15. Characteristic data acc. to ISO 10791-6 (K2, K3)
16. Graphic display of free-form test results..............cccccvvvenee.n.
Path zoom options: ..........cccevieiiiiie e
Evaluation of contour deviation and path time ....
Current evaluation............cccoccveevieie e
Color settings of the graphiC ...........ccceeereenniiis
Saving/loading the optionS...........ccocccvvvveeeeeiinis .
Exporting the measurement graphiC ............coiioiiiiiii e
Printing the graphiC........ ..ot
Saving a measurement .
ClEariNg the SCIEEN.....ci ittt e e e et e e e e e s e ennnaeeaaeeean
Editing the calibration Charts...........cccccooiiiiiiii e

Measuring Procedure for VM Linear TeSt (VML) ....coooiiiiiiiiiiiiiiiiiecee e 117
MaACKHINE ClEANING ... it e et e e e e e et e e e e e e e e snereees 117

ACCOM 3



Contents

=R 0 o (oTo | = o £ TSP T PP PPPPPPPPPPPPPPPPPIRE
Measuring assembly..........cccccveeeeiiiinnennn.

1. Select measuring method ...................

2. Specifying the unit of measure
3. Settings of the encoder and the counter card
4. Fine adjustment of the measuring head.....................
OSCiIllOSCOPE ...vvveeieeeiciiiieee et
Optimizing the measuring signals.............

Position display........ccccceieriiiieiieeiiniieeee.

5. Parameters of the measurement
6. Setting the NC INterface ..........eoeiiiiiiiiii e
[Tl @doTo (o] o] 110 ] o 1T SO EPURR PP
Network cable
7. Setting the dir€CHON .......ooi i e
8. SO UAIUM ...ttt ettt e e et e e st e e sbe e e e et e e e
Last initialization
9. Generating and transferring an NC program ..........cccccoooiiiieieeeneiiiieee e
10. Generating a calibration chart
11. Start measurement .............c.ooeeeeeeeenn.

(D1 = IR (o] =T [T PP PTRPPPR
Entering teMpPerature VAIUES...........ccuuiiiiii ettt e e e eaaaae e e e
12. Open measurement
13. Evaluate Measured datal ...........oooiveiiiiiiieeiiiie e
14. Select standard for evaluation.............c.ccoiiiiiiiiiai e
15. Characteristic values
16. Graphic display of measurement resSultS..........ccccoeiveiiiiiiiee e
17. Run linear compensation on NC CONLrol............coioiiiiiiiiiiiiei e
Color settings of the graphic
Saving/loading the options......
Exporting the measurement graphic
Printing the graphiC...........ccccccieiiiiiinnnnn.

Saving a measurement..........ccceeeeveeeennnee

Clearing the screen.........ccccceeeviiiiiieeneen.

Editing the calibration ChartS............cccuviviiiii e

Measuring Procedure for Rotatory test (VMR) .......ooociviiiiei i
Maching Cleaning.........cccovciuiiierieeiiiiieiee e

Test program .............eeeeeeees

Measuring assembly
1. Settings for the angle encoder and the counter card
2. Specifying the unit of measure
Position display........ccccceviviiiiiiie e,

3. MeasuremMent PAraMELEIS ........uuuiiiieiiiieeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseeeessseesnsenesenees
4, Setting the NC INterfaCe ........cccuiiiiiie e
G-Code options
NELWOIK CADIE ... e e
5. Directional detECHON. ......cocuuiieiiiiie et

4 HEIDENHAIN



Contents

Y= 0 (1o PP SPRTPN
Generating and transferring an NC program
Generating a calibration chart ...............ccccee...
Settings for automatic measurement.............
10 Start measurement........ccccovvcveiieeeee i,
Entering temperature values.........
11. Open measurement.................
12. Evaluate raw data..........ccccceenneee
13. Select standard for evaluation
14. Characteristic values...........cccceovveeeiniiniennnn .

15. Graphic display of measurement reSUILS ...........oooiiiiiire e

16. Running linear compensation on an NC CONtrol...........cccooviiiiiieeeeiiiiiiiiieee e 193
Color settings of the graphic .
Saving/loading the OPLIONS ........oi i e e
Exporting the measurement graphic
Printing the graphic..........ccccccooviiiiiiiie e .
SAVING @ MEASUIEIMENT ...ceeiiiiieeieiteeeieeaestteeeeaseeeeesteeeeanteeeesanseeeesnseeeeaasneeeaanseeeesnnees
ClEaring the SCIEEN.....ciii ittt e e e e s e e e e e s s etaraeeaaeeaan
Editing the calibration Charts.............ooo e

wCeNe

Measuring Procedure for DBB circular teSt .......ccccevveeiiiiiiieiiec e 200
Machine cleaning .
LIS 0 o] £o 10| =1 o OO P PP PPP ORI
MEASUINNG @SSEMDIY ...ttt e e e e et e e e e e e e e nneeeeeas
1. Select measuring method............

2. Specifying the unit of measure
3. Settings of the encoder and the counter card...........ccccceeeeeiiiiiiiiiiine e
4. Parameters of the measurement.......................

5. Setting the NC interface
G-Code options.........cccceeeeieiiveneenn.

Network cable ..........cccceiiiiiiiii e
6. Generating and transferring an NC program
7. Generating a calibration chart ...........................
8. Calibrating the measuring assembly .............
Traversing the reference mark......
Datum setting.........cccoecvvvvveeeeeninnns
9. Start measurement..................
Data Storage ........cceeveeeeeeeeeeeeeeennnns
10. Open measurement................. .
11. Evaluate measured data .........c..eeeeiiaeiiiiiiiiii e e e e e e e e e
12. Select standard for eValuation..............ocuuiiiiiiii e
13. Characteristic data of the circular test .
14. Graphic display of circular teSt reSUItS.........coooiiiiiiiie e
Additional circular test options
Open measurement ...........cooeeeunn. .
Color settings oOf the graphiC ........ooo i
Saving/loading the OPLIONS........ciiii i e

ACCOM 5



Contents

Exporting the measurement graphic
Printing the graphiC...........ccccccveeiiiiiiinnen.
Saving a measurement..........ccceeeevveeennne
Clearing the screen........ccccceeeeevicciiveeneenn.
Editing the calibration ChartS............ccovvviiii e

Typical Motion Error Traces of the Circular Test
Typical error types
Reversal peaks........cccceiiiiiiieiieeiiiiieeee,
Backlash and backlash compensation
(01T 01 0=] g ] K] PR EPUTRRSR
(03o3 1 [o =T (o] SO EPRRR PR
Deviation caused by the DBB cable
Directional VIDFAtIONS ...........uieiiiie et a e
INCOITECT FEEA FALE.....ciiiiie ittt
Rolling of the spindle head
Yol (AT o1 (o] =Y (o PP EPUPR SRR
(Lo [T =T (o] O PP PPPR
Random vibration
S ooTo [T g =T ¢ o] S PP PP PPPR
Mismatching of position 100P QaiN...........coiiiiiiiiiiiii e
Squareness error
I 1o S 1o SO EPRRR PR
SHrAIGNINESS EITON ... .ot e et e e e e e e nneeeeeas

6 HEIDENHAIN



Introduction

Introduction

Foreword

The efficiency of a machine tool from the point of view of
dimensional accuracy or surface definition etc. depends to a
large degree on the dynamic and static accuracy of the machine
tool.

In precision machining it is therefore vital to be able to measure
and, if necessary, compensate static and dynamic error.
Guidelines and standards for inspecting machine tools (ISO
230-2, 1ISO 230-3, ISO 230-4, German VDI/DGQ guideline 3441
and I1SO 10791-6 K2 and K3) describe a number of measuring
methods for determining dynamic and static error.

Machine tool builders use the results of machine
measurements to develop constructive measures for improving
accuracy. Such measurements also help them to optimize the
commissioning parameters of the control loop wherever they
influence the accuracy of a CNC machine.

Machine tool users need the results of machine
measurements for acceptance testing and regular accuracy
inspection of their machines.

Dynamic measurements

Dynamic measurements, particularly for high traversing speeds,
provide information on contouring behavior that permits
conclusions both on the condition of the machine tool and on
the parameter settings of the control loops (consisting of CNC
control, drives and position feedback systems).

e Circular interpolation test with the KGM and DBB 110
In the circular interpolation test, the CNC control performs a
circular interpolation in the working plane.

The KGM Grid Encoder measures the actual path of traverse.
From this information, the ACCOM evaluation software
determines deviations from an ideal circular path and displays
them as a motion error trace on the screen. It also calculates
the numerical values such as circular error, hysteresis and
radial error according to ISO 230-4.

ACCOM
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The DBB 110 Double Ball Bar with integrated linear encoder
directly measures the radius changes in a circular machine
movement.

The results of circular interpolation tests with large radii

(e.g. with the DBB 110) provide information on the machine
geometry.

On the other hand, circular interpolation tests with small radii
(e.g. with the KGM) provide information on the accuracy of the
control under high axis acceleration. The influence of the
machine geometry on the result of measurement is insignificant.
The control and drives, however, have a strong effect.

e Free-form test with the KGM

In the free-form test, the CNC control moves the machine axes
in a plane on any programmed path. The corner test, for
example, provides information on the dynamics of the position
control loops with respect to overshoot and the resulting
rounding error. Free-form tests can be conducted only with the
KGM grid encoder.

Special free-form contours can be evaluated according to ISO
10791-6 K2—Feeds and K3—Interpolation.

e Step response test with the KGM and VM 182

The step response test can be used to measure the overshoot
behavior in an axis (step-response function) and provide
information on the influence of static friction and the accuracy
with which positions can be held. This test is also intended for
high-precision tasks requiring increments of as small as 0.1 pm
to 0.01 um. Step response test with can be performed with the
KGM grid encoder or the VM 182.

HEIDENHAIN
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Static measurements
Static measurements, such as the measurement of position
error in the linear axes using a comparator system, permit
conclusions exclusively on the geometric accuracy of the
machine.

e Measuring the static positioning accuracy and guideway
error with the KGM and the VM 182

The positioning accuracy and repeatability of a machine tool is
measured statically after the machine axis has been moved to
certain positions. Besides the positioning accuracy, these
devices also measure the guideway error perpendicular to

the direction of machine tool traverse. The KGM can inspect
accuracy in two axes within traverses up to 230 mm; the

VM 182 can inspect larger traverses up to 1520 mm parallel
to one axis.

e Measuring the static positioning accuracy with an angle
encoder, such as the RON 905, RPN880, RON880 or the
ROD 880

The positioning accuracy and repeatability of a machine tool is
measured statically after the machine axis has been moved to
certain positions.

Items supplied with the ACCOM evaluation software for PCs
The PC evaluation software ACCOM consists of:
e One setup CD
e One hardware key (Id. Nr. 590255-01 or 590255-02) to be
plugged into a free USB interface

General conditions for use of the software

e By paying the purchase price, the purchaser does not acquire
the program itself but only a temporally unlimited right to use
the program.

e The buyer is permitted to make copies of the CD only for
backup purposes and to copy it to a hard disk. It is prohibited
to sell such copies to a third party.

All rights of possession are retained by the manufacturer.

e The transfer of the right to use the program to a third party
requires the express written consent of the manufacturer.
The transfer cancels the right of use for the original buyer. All
backup copies must either be given along with the originals
or destroyed without delay, and the manufacturer must be
informed of this accordingly.

e The manufacturer is not responsible for damages of any kind
that might result from the use of this program.
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Hardware and operatlng system

PC/Notebook as of Pentium 11l 1 GHz (or higher) with 256 MB
RAM (XP), one free USB port and optional one Ethernet port.

e Windows 7/8 / Vista / XP / 2000 operating system (The PC
hardware requirements for Windows 7/8 / Vista are much
higher than for ACCOM.) Windows 7/8 64Bit operating
system is supported as well.

o Approx. 18 MB free space on the hard disk

e To enable the PC to process measured values, the EIB 741
or IK 220 counter card for PCs must be installed according to
the User's Manual. You need a separate Ethernet port for the
EIB 741.

Ensure that the screen saver and energy savings
functions are deactivated.

Note
ACCOM can be operated either with the mouse or the
keyboard.

Installation
To install the ACCOM evaluation software on the hard disk of
your PC, take the following steps:

Insert the CD in the drive. The setup program should start
automatically (setup.exe can also be started from the Windows
Explorer).

Select the language and follow the instructions on the
screen. The program is installed in the folder that you select. An
ACCOM program group is created which includes the link
symbol for the application.

The driver for the hardware key must be installed separately.
Click the hardware-key icon in the setup window.

Install the driver for the IK 220 according to the User’s
Manual. The IK 220 driver for Windows 7/8 / Vista is part of the
ACCOM CD.
Note
If you would like to put the link icon on the desktop (opening
screen of Windows), click a free space on the screen with the
right mouse key and use New > Link to make the program icon.

10 HEIDENHAIN



Introduction

Measuring sequence

Select measuring
method

- Options

Select options |

- Equipment

Oscilloscope
Simple measurement

File

Upload NC program
to TNC

Measure

Evaluate

Evaluate measure-
ment results
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Options

Unit of
measurement

c—

Options

Measuring T

interface

Options

Unit of measurement

mm
inches

Measuring interface

Interface
parameters

Counter card

EIB 741 / IK 220
sellings

-— -
Counter card
Options
NC S
programming

Options
Parameters of the -

measurement

Options

: —p
Color settings

NC programming

NC program parameters
TCP/IP settings

Par. of the meas.

Setting of the meas.
parameters

Color settings

Setting the colors
for the graphics
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Measure

Directions

Measure

Set position

Directions

Taverse the machine
in the positive

directions of axes 1+2

Set position

Set the current posi-

tion for the axes

Measure

Last initialization

Measure

Calibration
chart

Last initialization

Use last config. if
set-up is not change

Calibration chart

nitialize calibration
chart for measure-

Measure

Start
measurement

ment 1(2,3.4

ACCOM
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Upload NC Prog
Set printer device

File
Select measuring
method

File

Open
measurement

File

Save
measurament

File
Save all
measurements

Select measuring meth.

DBB, KGK, KGF,
VML or VMR meas.

Open measurement

Open measure-
ment 1(2,3,4)

Save measurement

Save measure-
ment 1(2,3,4)

Save all measurements

Save measure-
ments 1to 4

File
Upload NC program >
to TNC
File
. - —
Exit

Upload NC Prog

Generate new NC prog
or load from file

Exit ACCOM

14
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ACCOM program start

Open the ACCOM window in the program manage
Click twice on the ACCOM symbol

Measuring method

Select measuring method:

‘ KGM circular test

KiGHM free-form test

W lineartest

Botatory test

LBB circular test

Cancel ‘ Help |

Select measuring method

KGM circular test

KGM free-form test

Here you can select a circular test measurement using the
KGM 181 with measuring radii of 1 um to 60 mm, or the
KGM 182 with measuring radii of 1 yum to 110 mm. This
measurement is calculated and evaluated according to the
internationally valid standard ISO 230-4.

Here you select a free-form test with the KGM 181 or KGM 182.
A free-form test enables you to program and then measure any
contour, for example a simulated NAS workpiece in a plane.

In addition, you can enter and evaluate two special free-form
contours according to ISO 10791-6 for the measurement of feed
accuracy (K2) and the interpolation of two axes (K3).

VM linear test Here you select a linear measurement using the VM 101, VM 182,

KGM 181 or KGM 182. This measurement can determine the
static positioning accuracy of a machine. It ascertains and
calculates positioning accuracy according to the internationally
valid standard ISO 230-2, ISO 230-3 or the German national
standard VDI/DGQ 3441.

ACCOM
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Rotatory test Here you select a rotatory measurement using with a HEIDNEHAIN
angular encoder, e.g. a RON 905, a RPN 886, a RON 886 or a
ROD 880. This measurement can determine the static
positioning accuracy of rotary axes. It ascertains and calculates
positioning accuracy according to the internationally valid
standard ISO 230-2, ISO 230-3 or the German national
standard VDI/DGQ 3441.

DBB circular test Here you select a circular test with the DBB 110 for radii of 150
to 350 mm. This measurement is calculated and evaluated
according to the internationally valid standard ISO 230-4.

Home window—description of the symbols

In the home window of the ACCOM user interface you can
select the functions of ACCOM in the menu bar through “pull-
down menus,” or select the most frequently needed functions
directly in the toolbar.

HERENHAIN - KGM Circular tast (NGK] (@
D Besnae Cvskotn Oghors Cgiment Grapht =3
&t | N Sl ] 5] 8| imaeen2
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Select Measuring Method
Here you can select from among the individual measuring
methods.

(File > Select measuring method)

Open Measurement
Here you can directly call up measurements (all measuring
methods) that have been saved.

(File > Open measurement)

Saving a measurement
Here you can save measurements (all measuring methods) as
files.

(File > Save measurement)

Print
Here you can print the active graphic or the active evaluation
window (all measuring methods).

(File > Print)

Calibration chart
Here you can select a calibration chart (all measuring methods)
for measurement of individual entries.

(Measure > Calibration chart)

Start measurement
Here you can start a measurement (all measuring methods).
(Measure > Start measurement)

Start measurement
Here you can start a measurement series (KGK—measuring
method).

(Measure > Start series of measurements)

Configuring the graphics for KGM circular tests using DBB

and KGM

Here you can select the menu for configuring the graphics

during circular measurements using the DBB 110 or KGM.
(Evaluate > Graphic)

ACCOM
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using the KGM

T :l.‘_ 5 Configuring the graphics for KGM free-form measurements
-

"
u, . Here you can select the menu for configuring the graphics
LS | during free-form measurements using the KGM.
-I

(Evaluate > Graphic)

Configuring the graphics for VML linear tests using KGM

and VM

Here you can select the menu for configuring the graphics

during VM linear measurements using the VM or KGM.
(Evaluate > Graphic)

Select raw data

Here you can select the raw data (all measuring methods) of

the recorded measurements. In the raw data ACCOM shows

the X/Y position values of the recorded measurement.
(Evaluate > Raw data)

= ra =
=oFH

Select characteristic data

Here you can select the characteristic data (DBB, KGK, VML

measuring methods and the ISO 10791-6 measurements in

KGF) of the recorded measurements. The characteristics also

show calculations according to international standards.
(Evaluate > Characteristic data)

—+,
=

Parameters of measurement
Here you can select or change the parameters of the
measurement (all measuring methods).

(Options > Parameters of measurement)

‘IJ
u

Connect the EIB 741
Here you can connect the EIB 741 via TCP/IP.
(Options > Counter card > Connect)

|
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Measuring Procedure for KGK

Measuring Procedure for KGM Circular Test (KGK)

Machine cleaning

Test program

Before beginning to mount the KGM, clean the area of the
machine tool in which the measurements are made. Pay special
attention to any chips and oil or grease residue that could fall
onto the encoder.

|i|]_f} Give the encoder time to adjust to the ambient
temperature before you begin mounting it. This will help
to prevent thermally induced error.

To best enable the software to calculate and assign all error,
a circular test should include at least one complete circle in
positive direction and one in negative direction (see 1ISO 230-4).
With HEIDENHAIN controls, the machine program can be
transferred directly from ACCOM. For non-HEIDENHAIN
controls, a typical test program could be as follows, whereby
movement must be measured only in the measuring plane.

Part 1, positive direction: Motion without interruption from the
circle center to the circumference at 0°, then a closed circular
movement over 720° in counterclockwise direction, then back to
the circle center, followed by 10 seconds wait if it is a series of
measurements. For single measurements, the spindle stops
instead of waiting, and you must save the results between
measurements.

Part 2, negative direction: Motion without interruption from the
circle center to the circle circumference at 0°, then a closed
circular movement over 720° in clockwise direction followed by
movement back to the circle center, where the spindle stops.

ACCOM
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Measuring assembly

q]_{} Ensure that there are no “forgotten” compensation data
saved in the control that could cause a movement
perpendicular to the encoder or corrupt the measurement.
The spindle must not rotate. If necessary, ask your
machine tool builder how it can be fixed. You might try
running the machine program without the encoder.

Ensure that the IK 220 PC counter card was installed in your
PC according to the instructions in the User's Manual.
Alternatively you can use the EIB 741. Please ensure an
available peer-to-peer network connection to the EIB 741
(address and subnet mask of the TCP/IP connection).

Now mount the KGM according to the instructions in the
manual. Do not use any screws for mounting whose heads
project above the height of the cross grid!

When connecting the measuring cables, be sure to leave
enough slack to compensate any machine movement
during measurement.

Before starting ACCOM, connect the enclosed hardware
key with Id. No. 590255-01 or 590255-02 to one free USB port.

After calling ACCOM, proceed as follows:

20
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1. Select measuring method

After ACCOM is started, a dialog box appears in which you can
select the type of measurement.

Click the KGM circular test button to start the corresponding
program part.

With the menu item File > Select measuring method or by

clicking the icon you can select the individual measuring
methods from within the running program.

Measuring method

Select measuring method:

‘ KiGM circular test

K.GM free-form test

Botatory test

Wh linear test ‘

DEBEE circular test

Cancel ‘ Help |

ACCOM
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2. Specifying the unit of measure
With the menu item Options > Unit of measurement you
specify the desired unit of measure. Close the dialog box with

OK.

Determine unit of measurement

Select a unit of measurement for

the releasel

* rmm " inch

0K Cancel Help

22
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Measuring Procedure for KGK

3. Settings of the encoder and the counter card

Under Options > Measuring interface you set the
parameters for the encoder used.
e Signal period: Here you set the signal period (as its distance
in um) of the encoder you are using. The default setting for the
signal period is 4 pm.
Input range: 0.1to 20 pm

Parameters of measuring interface

Signal period: i

(8] | Qancel‘ Help ‘

Under Options > Counter card you set the parameters for
the PC counter card.
e Type counter card: Here you select the model of counter
card that you are using.
e Signal input: Here you select the type of measuring signal.
e Address EIB 741: Here you enter the IP address of the EIB
741 (see also EIB 741 user manual). Alternatively you may use
the DHCP hostname in a company network. However it is not
recommended due to the high data acquisition rate.
This setting is not needed for the IK 220.
e Automatic connection at program start: ACCOM connect
to the EIB 741 at the next program start automatically if chosen.
A valid connection to the EIB 741 is required!
e Test IK (IK 220 only): Here you can then test the counter
card for proper function.
e Connect/Disconnect (EIB 741 only): The EIB 741 will be
connected or disconnected here.

ACCOM
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Measuring Procedure for KGK

Type counter card: K220 + EIB?41

Signal input:  I%pp O 11 pApp

Address: 19216812

[ Automatic connection at program start

Testlk [8]:4 Cancel ‘ Help ‘

q]_f% Ensure that you have entered the proper model, address
and signal input of the counter card. If the signal period is
entered incorrectly, the circles will be measured too large

or too small.

Note
EIB 741 only: Connect the KGM to the encoder inputs X11 and

X12.

q]_f% If you have problems receiving data from the counter
card, use the test programs on the driver CD to check
whether the counter card or external interface box can be
used.

24 HEIDENHAIN



Measuring Procedure for KGK

4. Fine adjustment of the measuring head

Oscilloscope

With the menu item Equipment > Oscilloscope you can
display the KGM measuring signals received by the PC counter
card as Lissajous figures on the screen, which you need for the
fine adjustment of the KGM (see mounting instructions of the
KGM).

HERENHAIN - KK - s urement - [ucilloncape] [@aL
P Mesnan Dokt Ooters Caieert Sriphe I

oY il | N B r| o
| |
,_q:,_‘_\_\_ /..f‘”é"‘ S
7 ! *
/ ! \ / ! \\
S A ¥ HE. - {f ______ R W
\ | | /
\_i /) i/ /
N T S X i -
—\n,.._i,.__-—-’ \"‘H-h._‘_;__ ’/,-
| i
1 1

i

The measuring signals are displayed for the directions | and Il in
the oscilloscope display mode (for measuring signals 0° elec.
and 90° elec.).

Move the machine tool slide slowly and evenly in diagonal
direction. Use the adjusting screws on the measuring head to
adjust the signal amplitude. In the ideal case, the measuring
signal amplitude lies near the green circular path (1 Vpp)
between the red limit circles.

If the encoder signal is too large or small, the message
Amplitude too high / too low appears in the status line of the
ACCOM screen.

ACCOM
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Optimizing the measuring signals

Position display

Through automatic signal adjustment, ACCOM can optimize
the measuring signals to attain very high accuracy. Click the
boxes Compensation X1 (X11) and Compensation X2 (X12)
and move the machine slides slowly and evenly in diagonal
direction. Then switch this function off by clicking both boxes
Compensation X1 (X11) and Compensation X2 (X12) again,
and go to the next item of the instructions. The EIB 741
optimizes the analogue signals automatically. However, the
optimized analogue signals are used only for the computation of
the position values. Therefore it is possible to observe imperfect
circular Lissajous figures.

[lﬂ_{% If the displayed signal amplitude is too low, check
whether the settings for the interface are correct and
whether the encoder is correctly installed. Then start
ACCOM again. Do not engage or disengage any
connectors until you have exited ACCOM!

With the menu item Equipment > Position display you can
call the position display for the connected encoder and, for
example, check the positive counting direction of the KGM. If
you call this function after setting the position (see section 8,
“Set datum”), before the test you should check again whether
your datum is set correctly and, if not, enter it again.

Positien displey

X11: 0.0002 mm
X12: 0.0019 mm

Aol Cancel | Help
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5. Parameters of the measurement

Note

Note

By calling the menu item Options > Parameters of the
measurement or by clicking the icon, you open the following
dialog box in which you can adjust the parameters of the
measurement.

Parameters of the measurement

tleasuring: Amount of points:  |2000
v Xy plane

& [ ZpiEie Starting angle: a0 Degres
I~ 2 plane

hMeas. angle: 380 Degree

Fadius: 5 mm

oK. Cancel ‘ Help |

e Measuring plane: The machine tool's working plane in which
the measurement is to be made.

e Amount of points: Number of measuring points per
measurement.

Input range: 36 to 8000 measuring points

e Starting angle: Here you enter the angle from which ACCOM
is to begin the measurement.

Input range: 0 to 360 degrees

Since the orthogonality of the axes is measured at 45°, and the
axis reversal movements occur at the quadrant transitions (0°,
90°, 180°, 270°), a starting angle of 30° is recommended.

e Measuring angle: Here you enter the angle over which the
measurement is to be made.
Input range: 1to 720 degrees

An angle of at least 360° is required for a complete calculated
evaluation of a circular test.

e Radius: Here you enter the nominal radius of the circle.
Input range: 0.01 to 10 000 mm
0.0003937 to 3937 inches

Then conclude the input with OK.

ACCOM
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6. Setting the NC interface

If you wish to transfer the measuring program in ACCOM to
a HEIDENHAIN control, select Options > NC programming to
open a dialog box in which you can configure the network
connection.

Parameters for, NC programming
Made: & HEIDENHAIN conversational

™~ HEIDENHAIN IS0
120 format I:l

Feed rate: W mrmgmin

Add feed rate to each block -

Program name: TESTH

Decimal place: 1 pm & 0.1 pm
10 nm 1 nm

Add M functions [

Add M functions to each block I

TNC gettings:

TCRAP address: THCE4D

Ok | Cance\| Help |

e Mode: Choose between HEIDENHAIN or ISO format.
e Feed rate: Here you enter the nominal feed rate for the
circular motion.
Input range: 0.001 to 100 000 mm/min or

0.000 04 to 3900 inches/min
e Program name: Here you give the program a name (the
extension .H stands for HEIDENHAIN, .| stands for
HEIDENHAIN 1SO and .txt for general ISO).
e Decimal place: Select the decimal place of the NC programs.
e M functions: Here you enter additional M functions which are
necessary to run the NC program on the control.
The M functions are added to the first NC block.
Example in HEIDENHAIN conversational programming:
2 L X0 F1000 M31
e TCP/IP address: Here you enter the TCP/IP address or
DHCP hostname of the control for the data transfer via network
connection.
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G-Code options

By clicking the control button Options the following dialog
box opens. Here you can configure some I1SO format settings
which are suitable to the control.

E

Mode:  ~ HEIDENHAIN comversational
" HEIDENHAIN IS0

& 150 o Options...

GCode import options

Fasition (expor):  Incremental & Absolute
Circle center: * Incremental ™ Absolute
Feedrate: @ Inchimin " 0.1Inchfmin
Usze G-Code G71/G70 for bMbdfinch r

(0] | Cancel| Help |

Additional lines at program start:

\ Ghd |

Additional lines at program end:
\ [YEI

QK. | Cancel‘ Help |

e Position (export only): This parameter is used in the export
of an ISO NC program only. For absolute positions G90 is
added at the NC program start, for incremental positions G91 is
used.

For absolute programming it is useful to add a datum shift (e.g.
G54).

o Circle center: The input of the circle center point acc. to the
German standard DIN 66025 is done incremental to the last
position or absolute. Usually I, J, K are used with incremental
positions. Valid is also an absolute position with I, J, K.
(depends on the control).

e Feed rate: This parameter is only valid for an INCH program.
The feed rate can be set in Inch/Min or Inch/10Min
(HEIDENHAIN default).

e G-code for Inch/MM: You can choose whether to use
G71/G70 for NC programs or not.

ACCOM
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Network cable

Note

In the dialog box Parameters for NC-programming you may

add the following data for the ISO format programming:

e Additional lines at program start: Here you can add 2 user
or control specific lines at program start (e.g. G54).

e Additional lines at program end: Here you can add 2 user

or control specific lines at program end (e.g. M30).

Connect the TNC by a (crossed) network cable directly to the
PC or by using a standard network cable with a hub or a switch
to the company network.

Peer-to-peer (direct connection): You need to set the IP-
Address of the PC in Control Panel / Network / TCP-IP /
Properties (depends on the operating system). As default the
value for the IP-Address will be given automatically in a
company network (from the DHCP Server).

LAN (Network) with a 1:1 cable

I 160.1.8.66 IP: 160.1.160.10

PCiServer THC
BNC  RJ45 BNC  RJ-45

ET F—---- 11
Hub p—-----

Rl-45 141

Peer-to-peer (direct connection) with a (crossed) cable!

IP: 160.1.8.68 IP: 1601 180,10

PC/Server TNC

BNC  RJ-45 BMNC  RJ-45
Ll Ll
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7. Setting the Direction

Before the first measurement with the KGM, ACCOM must
know the positive counting direction of each axis as well as the
angular position of the KGM on the machine table. In the menu
item Measure > Directions, ACCOM prompts you to move the
machine slides in sequence in the direction shown in the dialog
box. The directions depend on the setting of the measuring
plane (see positive direction | and Il on the KGM). The required
accuracy data is calculated from the signals of the encoder
(channel assignment, counting direction and angular position).

Set KGM X direction

Traverse the KGM

minimum 100 mim

inpositive % direction

wl: 138962 mm
e -RB.2276 mm

Cancel | Help |

Note
You can specify which traverse path is to be used to detect the
first direction and, at the same time, the angular position. The
larger the path, the more accurate is the angular position. For
very high accuracy requirements you can use the entire
maximum available traverse on the KGM. The traverse path for
the second direction is set to 0.1mm and is used only to get the
direction of the second machine axis.

% During the directional detection, do not move the
machine tool slide in a diagonal direction. Otherwise the
detected angular position will be incorrect.
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8. Set datum

Last initialization

In the menu item Measure > Set datum you assign ACCOM
a position value in agreement with the control.
Example:
If the spindle (scanning head) is located over the center of the
KGM grid plate, you assign the coordinates X0 and YO to this
position.

Relevant position ofthe KGM

e m i
W |0 M

oK | Cancel

Help ‘

After you have started ACCOM you can use your previous
settings by calling the menu item Measure > Last initialization,
provided that the setup of the KGM on your machine has not
changed and you move the scanning head to the position last
set. Then continue with the next program item.

Last initialization

Initialize the KGR with last
adjustments of the direction
measurement at the position

{0,000 rm | 0.000 e )7

Yes MNao | Help ‘
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9. Generating and transferring an NC program for single measurement

Note

If you wish to generate and transfer an NC program for
single measurements (for measurement series see section
1la.1. “Edit Series of Measurements”), call the menu item File >
Upload NC program to TNC, and select the form in which you
would like to transfer the NC program.

Upload NC program

| Generate according to options |

Upload fram file (TCR/F) ‘

Cancel Help

e Generate according to options: This button calls a dialog
box entitled Generate NC program for measurement in which
you define the parameters for the NC program.

e Load from file (TCP/IP): In the TCP/IP operating mode, a
finished NC program is transferred from the file system of your
PC to the NC control by a network connection.

Alternatively you can use the HEIDENHAIN PC-Tool TNCRemo
for the data transfer to the control.

ACCOM
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Generate NC-Program

Mode: & HEIDEMHAIM conversstional

" HEIDEMHAIN 130 150 forrmat
Feed rate: 5000 mmfmin
Program name: |TEST.H

Measuting plane: & XY O YZ O Zx

1st direction of rotation: o @ o e

Statting angle: 30 Degree
Measurement angle 360 Degree
Radius: 5 mrm

Save | Cancel | Help ‘

Upload in: TCRAR..

e Mode: Choose the format of the NC program.
¢ Feed rate: Enter here the nominal feed rate of motion.
Input range: 0.001 to 100 000 mm/min

0.000 04 to 3900 inches/min
e Program name: In TCP/IP mode you add the extension .H for
HEIDENHAIN format or .1 for ISO format to the NC program.
e Measuring plane: Click the working plane of the machine
tool.
¢ 1. Direction of rotation: Select the direction in which the first
of the two circular movements defined by the control is to be
made.
e Starting angle: Enter here the same starting angle as you did
before under menu item Parameters of measurement.
e Measurement angle: Enter here the same measuring angle
as you did before under menu item Parameters of
measurement.
e Radius: Enter here the same radius as you did before under
menu item Parameters of measurement.
e Save: Click to save the NC program.
e Cancel: Click to close the dialog box.
e Upload: Click to start the upload.

Now an NC program is generated for both directions of rotation
and transferred in default settings to the root directory of the
TNC. Data transfer via TCP/IP opens a new file dialog window,
where you can select the target directory on the control.
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v

w

The following prerequisites must be met for the correct
execution of the NC program with two circular movements
in opposite directions.

1. The datum of the NC program must match the datum
defined in “Set datum.”

2. The spindle head must be located at the datum when
the program starts.

The TNC does not answer if the network is not
connected.

ACCOM
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10. Generating a calibration chart
Through the menu item Measure > Calibration chart or by
clicking the icon you can define the calibration chart for the
measurement by entering information on the measurements in
the calibration window. By clicking yes or no you can specify
whether the chart window will open automatically after each
measurement.

Calibration chart of measurement 1

Custamer:

Twpe of machine:

StMo. /vear of mnf: ! |

Remark 1:

Fermark 2:

Remark 3:

Inspectar:

HEIDEMHAIN Reference meas. system: KGh 182
ID number; 349166-02 Setial number, 1234567890

Position of axis X: 0 rrm
" e Open chartwindow autormatically
Position of axis " 0 rrm after 8 maasuramant?
Paosition of axis Z: 0 FAFT & Yas Mo
Fosition of axis v 0 [l
Pasition of axis V' i mm Ok | Cancel ‘ Help ‘

If you enter the chart data only for measurement 1, they will
automatically apply also to the other measurements. The charts
can also be saved or edited later in the course of evaluation.
ACCOM saves these data together with the measured data and
prints them through the menu items Evaluate > Measured data,
Evaluate > Characteristic data and Graphic > Print.
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11a.1. Edit series of measurements

If you would like to make two or more measurements in
sequence, you can use Measure > Edit series of
measurements to list a series of measurements that are
performed together. In this case it is best to give the machine
tool a break of approx. 10 sec. between the measurements in
the series.

If you would like to make only single measurements, you can
skip this section and go directly to section 11b of this Manual.

Entering of the data for the measurement series

Mame:  [Circulartest File path | |
Measurement sequence. I Repeat series of meas Graphic resolution:  |50.000 pm fdiv
Measnu‘ F\\ename‘ Oﬁsetx‘ OﬁselV‘Ramus‘Feedrale‘ Rotation |S1arlang\e|meas anulelmeas nmms‘ Print |"
1 1 5p1000  0.0000  0.0000 5000 1000.000 + 20 360 2000 o
2| 2 5m1000  0.0000  0.0000 5000 1000.000 - 20 360 2000 o
e
e
e
Te |
[ |
e
e
T |
|
Tz |
I A
Insert ‘ Edit | Delete ‘ 0K
Open meas. series ‘ Save meas. sefies | Generate NCpmgram‘ Cancal Help

e Name: Here you can enter a name.

e Graphics: Enter here the resolution for displaying the circular
form. You can change the resolution at any time during the
evaluation.

When you change the resolution you also change the
window for starting the measurement (criterion for start of
measurement: nominal radius = 5 x resolution).

e Repeat series of measurements: With this function you can
repeat a series of measurement as often as desired and
overwrite the old measuring data; this is intended for use, for
example, in sales presentations and trade shows.

e Insert: After clicking this button you can specify the
measuring parameters of the individual series of measurements
and in this manner determine the automatic execution of the
measurement program:

ACCOM
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e Measurement No.: The measurement is displayed later
under this number. In the subsequent graphic evaluation no
more than four motion error traces can be displayed at once.
e File name: Each measuring line must be given its own name
under which the results can then be automatically saved.
e Feed rate: Here you enter the nominal feed rate for the
movement.
Input range: 0.001 to 100 000 mm/min or

0.000 04 to 3900 inches/min
e Offset of circle center: Here you can shift the circle center
with respect to the datum selected under Set datum.
e Direction of rotation: Here you enter the direction of rotation
of the circle to be measured. For a complete computational
evaluation of a circular test you always need two circles with
equal radius and feed rate and opposite direction of rotation.
e Radius: Here you enter the nominal radius of the circle.
Input range: 0.01 to 10 000 mm

0.0003937 to 3937 inches
e Starting angle: The angle at which ACCOM starts to record
the measurement. A start angle of 30° is recommended in order
not to hamper the orthogonality measurement (at 45°) and the
reversal motion of the machine axes (at 0°, 90°, 180°, 270°).
Input range: 0 to 360°
e Measuring angle: Here you enter the angle over which the
measurement is to be made. A complete computational
evaluation requires at least 360°.
Input range: 1to 720°
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e Amount of points: Number of measuring points per
measurement.
Input range: 36 to 8000 measuring points
e Print: Here you can specify whether and in what form you
wish to print the results between measurements.
You can always print the results after the measurements.
Choices: No printout
Graphic
Measurement data
Characteristic values
You then confirm your entry with OK.

¢ File path: Select here the folder in which subsequent
measurements are to be saved. Do not enter a file name here.
You have already specified that in the single measurement.

|i|]_f} The OK button of the dialog box remains disabled until
you select the file path.

ACCOM

39



Measuring Procedure for KGK

"~ HEIEMHARY - KGR - masursmant

o o) gle] N B v 8

e Edit: This button calls the dialog box illustrated below in which
you can edit existing parameters of measurement settings.

1000 00000 DO0NOD
3 4muood | 00009 | DOSOO 5
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Fugdrshy [i#5 mm fmn
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X .- Sn G
- Fiaw dala r
T Chamchenshc dats
| =] oml] v |
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After editing the parameters, close the dialog box by clicking

OK.

e Delete: To delete existing measurement settings, select the
row and click this button.
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e Save measuring script: This button calls the following dialog
box in which you can save the measurement series.

HEEMHARY - KGH - seasursmant -
&4 o) Blel N 2EH] ] &
&mm
mﬂﬂ\ﬂ“ﬂ
e R
ff e :
T
£ .
| £ | e | o
Cpsamens sories | Savwmens. sares | Goosente N progna] Concat | Haip
Ready I

e Open measuring script: This button calls the following dialog
box in which you call a file containing a measurement series.

HEEMHARY - KGH - seasursmant -
&4 o) Blel N 2EH] ] &
&mm
mﬂﬂ\ﬂ“ﬂ
= |
N e R
== :
{18
£ .
| £ | e | o
Cpsamens sories | Savwmens. sares | Goosente N progna] Concat | Haip
Roay o
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e Generate NC program: This button opens a dialog box in
which you can generate an NC program for the series of
measurements.

Generate NC program for series of measurement

hode: & HEIDENHAIN conversational
" HEIDENHAIN IS0 130 format

Prograrm name: TESTH
Measurment dwelltime: G =

Save | Cancel | Help |

Upload in: TCRAF...

e Mode: Choose the format of the NC program.

e Program name: In TCP/IP mode you add the extension .H for
HEIDENHAIN format or .1 for ISO format to the NC program.

e Measuring dwell time: Here you enter the dwell time
between the measurements.

e Save: Click to save the NC program.

e Cancel: Click to close the dialog box.

e Transfer: Click to start the upload.

Now an NC program is generated for the measurement series
and transferred to the root directory of the TNC in the default
setting. Data transfer via TCP/IP opens a new file dialog
window, where you can select the target directory on the
control.

q]_f% The following prerequisites must be met for the correct
execution of the NC program.
1. The datum of the NC program must match the datum
defined in “Set datum.”
2. The spindle head must be located at the datum when
the program starts.
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|i|]_f} The TNC does not answer if the network is not
connected.

When you have completed all entries, close the dialog box
with OK.

11a.2. Start series of measurements
With the menu item Measure > Start series of
measurements or by clicking the associated button you can now
begin the measurement. ACCOM waits for the beginning of
measurement. Start the program on the machine tool.

In the status line, ACCOM shows the condition of
measurement. You can terminate the measurement at any time
with Cancel. After the measurement has ended the results are
saved automatically under the name of the measurement series
in the file path that you have specified.

% 2 Rled] N Bisileg] re] 9
—— 5 umidiv
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ACCOM 43



Measuring Procedure for KGK

q]_{} If ACCOM does not begin measuring although the
circular movement was made on the machine tool, wait
for a period of 15 to 30 seconds after the movement

ends. If the menu item Evaluate > Graphic >
Representation was set to Center or Radius
compensation (see point 16, Graphic Display of Circular
Test Results), there is no online display. If after some
time there is no result, check whether the circle center,
feed rate and radius of the NC program agree with the
values specified in ACCOM. Pay special attention to any
offset of the circle center.

11b. Start Single Measurement

If you want to take only individual measurements, select the
menu item Measure > Start measurement or click the
associated button to open a dialog box with which you can start
measurements after entering the following parameters.

* Measurement 1
" Measurement 2
" Measurement 3
" Measurement 4

Direction of ratation:
"D C
Feed rate:

2000 mmfmin

Fesolution:

] Jrmy/dline
Start | Cancel| Help ‘

e Measurement 1-4: Click the number under which the
measurement is to be shown later.

e Direction of rotation: Select here the direction of rotation for
the circular movement.

¢ Feed rate: Enter here the nominal feed rate of motion.
Input range: 0.001 to 100.000 mm/min

0.000 04 to 3900 inches/min
e Graphics: Enter here the resolution for displaying the circular
form. You can change the resolution at any time during the
evaluation.
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Input range: 0.1 to 10.000 pm/div.
0.000 04 to 0.4 inches/div.

When you change the resolution you also change the
window for starting the measurement (criterion for start of
measurement: nominal radius + 10 x resolution).

Note
A complete circular test according to ISO 230-4 is supposed to

include two complete circles of the same radius, center, and
feed rate, but with different direction of rotation.

Start: After you click this button, ACCOM waits for the
beginning of measurement. Start the circular movement on the
machine tool. In the status line, ACCOM shows the condition of
measurement. You can terminate the measurement with

Cancel.
T - [= %]
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Note

Data storage

If ACCOM does not begin measuring although the circular
movement was made on the machine tool, wait for a period of
15 to 30 seconds after the movement ends. If the menu item
Evaluate > Graphic > Representation was set to Center or
Radius compensation (see point 16, Graphic Display of Circular
Test Results), there is no online display. If after some time
there is no result, check whether the circle center, feed rate and
radius of the NC program agree with the values specified in
ACCOM. Pay special attention to any offset of the circle center.

After conclusion of measurement, the following dialog box
appears for data storage.

|- 12 %]

Milkng
1585
Ky
10156 (94405

10 mm
1000 manimn
W

. E ALTADR3 KK
Typa of machne Mhilng mazhne
i 128

W
1110 1056 04527

With Measure > Start measurement you can start further
measurements.

46

HEIDENHAIN



Measuring Procedure for KGK

12. Open measurement

Through File > Open measurement or by clicking the
associated button you can load the measured data for further
evaluation and display. The following screen appears.

Open measurement

‘ heasurement 1

Measurement 3

teasurement 2 ‘
tMeasurement 4 ‘

Cancel Help

Since up to four measurements can be shown simultaneously,
this dialog box enables you to open the measurements in any
sequence.

This menu item also enables you to call other motion error
traces to the screen for further evaluation.

|i|]_f% The results of measurement are loaded into the system

with menu item Open measurement. This is a prerequisite
for display. Through the menu item Evaluate > Graphic
you can influence how and whether the motion error
traces are displayed (see also section 16, “Graphic
Display”).

ACCOM
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13. Evaluate measured data

You can view the raw measurement data through the menu
item Evaluate > Raw data or by clicking the associated symbol.
ACCOM shows every measured deviation including the

associated angle.

Raw data of the measurement 1

John Dioe
hdilline maching

Customer:
Type of machine:

Stia. fyear of mnf.: 123 ;1995
Position of axis:
¥on mm %0 mm 0 mm I8
File name: ACCTOM S KGK Measuring method:  KGH
Measuring plane: XY Measuring points: 1954
Mominal radius: 10 T Feed rate: 1000
Starting angle: 43 Degree Meas. angle: 360
K 4
Date of meas.:  11.10.1995 05:44:05 In=spector:
F-position [mm] | Y-position [mm] | Angle [Degree]

1 B.432551 7 E59449 49975821

2 6.437512 7655158 49 935361

3 6.5:51000 72865977 46. 766257

4 5.874631 7264574 46.578502

5 5595345 7242234 46393108

[ £.921934 7220109 46.207862

7 5.945336 7185052 46.023779

o F HRRATS TATSAT 45 R4AN4RA

a mm %0 mm
Direction of rotation: City
mm Jmin
Degree

Fl
Devistion [mm] |
0.002243
0.002173
0.001812
0001770
0001858
0.002157
0.002504 Heli
N SRR ™

Note
The ACCOM data is saved in an ASCII file. The raw data are
saved line by line, separated by tabs. You can load or import
this file for further processing in other programs like Matlab,
Origin, Microsoft Excel or Open Office.
To print the raw data, click the print symbol.
If you click Cancel, the dialog box closes.
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14. Select standard for evaluation
In the menu item Evaluate > Standard you can select the
guideline for evaluating the circular test. At present only the ISO
230-4 standard is available.

Select the standard

Standard:
o |50 2304

Ok, Cancel ‘ Help |
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15. Characteristic Data of the Circular Test

With the menu item Evaluate > Raw data, or by clicking the
associated symbol, you can call the accuracy data calculated
from the measured data according to 1ISO 230-4. In addition,
ACCOM calculates the mean radius, the backlash, the reversal
peaks, and center deviation and the orthogonality (squareness)
of the axes.

Characteristic data of the measurement 1

Customer:
Type of machine: Milling machine
Stho. fyear of mnf. 123 ! 1895
Pasttion of axis:
] mm Y0 mim 0 mm 0 mm W0 mm
File name: ACCI0MT e KGK Measuring method:  KGK
Measuring plane: XY Measuring points: 1934 Direction of rotation: Ciaf
Mominal radius: 10 mim Feed rate: 1000 mm  fmin
Starting angle: 45 Degree Meas. angle: 360 Degree
no compensation

| Characteristic data of the measurement according to 130 230-4 Centre used

Circular deviation Gy 0.0294 mm

Circular deviation Gy 0.0298 mm (AccdOpl 3e kigk)

Bi-directional circular devistion Glhixy: 0.0298 mm ACC10N13e KGH [ Acc10p1 3e kgk

Radial devistion Fy min: -0.001E mm

Radial devistion Fyx max: 0.0278 mm

hean bi-directional radial deviation Duy: 0.0008 mm ACCTOM1 3e KGK 7 Acc0p 3e kgk
Mean radius: 10,0003 mm  Mean feed rate: 1007 2101 mm fmin
Backlash: e 0.0005 mm- X 0.0001 mm

Y+ 0.0009 mm Y- 0.0002 mm
Reversal spikes: e+l 0.0105 mm = 00112 mm
Y+ 00260 mm Y- 0.0274 mm

Centre point comp. val.: H: 0.0013 mm 8 0.0019 mm
SOuareness errar; -19.5719  pmim ACC1 ON13e KGH [ Acct0pl 3e kgk Help
Axis length difference: Yiz 0015 % longer as X -
Date of meas. 11101935 09:44:035 Inzpectar:  Fl

Hﬂ_f} Two circles are required—once each in positive and
negative direction—for complete calculation of all
accuracy data, particularly the circular backlash H.
ACCOM issues a warning if you have forgotten to load
the second file.

To print the accuracy data, click the print symbol.

If you click Cancel, the dialog box closes.
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16. Graphic display of circular test results

You can specify the display mode of the motion error traces
through the menu item Evaluate > Graphic or by clicking the
associated symbol.

Graphic settings

Display:
¥ bdeasurementl v Measurement 2
[ Measurement 3 [ Measurement 4

Scaling of the circular graphic:
* Fixed O Automatic

Besolution: 10 pm

Scaling ofthe linear graphic:
Deviation o o

fram: | pm o o | prn

Angle o i

from; * o *

Representation:

&+ Circle large
v Center arg

) ; " Circle small
¥ Radius compensation =

" Linear large

oK Cancel | Help |

¢ Release: Here you can select up to four previously opened
measurements to be displayed.

You can choose in principle between circular and linear
diagrams and configure the respective settings. Scaling can
then either be set to a fixed value or can be selected
automatically by the system.

e Scaling of the circular graphic: In the circular graphic you
can set the desired resolution.
Input range of resolution: 0.1to 10 000 um

0.000 004 to 0.4 inch
e Scaling of the linear graphic: In linear graphics you can set
the upper and lower limit or the displayed angular range for the
deviations from an ideal circular path.

Error from/to: —10 000 to +10 000 um
—0.4t0 0.4 inch
Angle from/to: 0 to 360°
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e Representation:
Center: With this function you can display a centered view
of the measurement ACCOM shows you the calculated
actual circle center.
Radius compensation: Here the radius error is
compensated by ACCOM in the graphic and displayed in
the box.

q]_{} Before measuring you should switch off the centering
and radius compensation function, since otherwise the
graphic will not be shown online.

You have the choice between the following display modes:
Circle large
Circle small
Linear large

e Circle large: Here, ACCOM draws up to four motion error
traces in one circular graphic. You can switch the error traces
on and off with the menu item Evaluate > Graphic > Release
measurement 1-4.

The nominal radius is shown as a dotted line in the
measurement graphic.

The largest and smallest radius errors are shown as a
dashed line in the graphic.

HERENHAIN - KGK - msaurement (@

Fin Mesnre Dvskatn Optors Dasment Gnghc =3

& M) Rlesf N Bl ] &

- T|—-?.5.00_D_p|:|:|fdi\:
AHL >
!ﬂw’d = :I:_ __“\-h,_k\
' +
Y

Faady UM

You can load new measurements with File > Open
measurement or by clicking on the associated button.
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e Circle small: Here, ACCOM draws each motion error traces
in a separate circular graphic. You can switch the error traces

on and off with the menu item Evaluate > Graphic > Release

measurement 1-4.

HERENHAIN - KGK, - memurement

xg\

X >/
&y "y
‘IJJ- COW

75000 jamigh [Mazsuement 1 ACTIENED KGH

Typa of mazhny Mazhnng eartar
P . . e ol 1594
. e o i iy arcoder | spindie
o e 1

00 10w

ACCADP3 KGK
Milng mazhine
128

W
11101995 094527

1 mm
1000 sremiiren

A, TE

Tty encoder § spindie

o
0101955 112616

Fadus
Eyad tsta 1) menmin,
Durection of ot

M

You can load new measurements with File > Open
measurement or by clicking on the associated button.
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e Linear large: Here, ACCOM draws up to four motion error
traces in one linear graphic. You can switch the error traces on
and off with the menu item Evaluate > Graphic > Release
measurement 1-4. In the example the scaling is fixed and the
angle of 0 to 360° is selected.

HERENHAIN - KGK - msasurement LEX)
= 3

"‘1""1""i'"';""1""[""|""l
45 «0 135 150 225 Fil) 35 360
Angle [Degres]
[Moasurement 1 ACCIONI I HGH [Moaswement 2 ACCIORTI KK
Typa of mazhing Mg mackia Tyza of mazhing Milag matkia
Vst of eed 195 Vst of erd 1955
ok ik
¥ W
[DaterTima: [IRTRECN TR GateiTima D095 094527
Excartmcty Excartcty
[Fasiuns 10 e Fasiun 10 erem
Fend rate MO0 e Feed rate B0 i
[Owection of 1ot o [Owection of 1ot cow
Pandy s

As an alternative you can also display an angular range. In the
example the scaling is fixed and the angle of 80 to 100° is
selected.

HERENHAIN - KGK - msasurement LEX)
= 3

e N
— — e ————

S LUl I S e S e e R O A L B O B ) B
f‘-J & & & & o ils |

5 1o
Angle [Degres]

[Messusement 1 ACCIONI I HGH [Messurement 2 ACCIOPTIHEK
Typa of mazhing Milng maching Tyza of mazhing Milng machiza
Yike of el 195 Yike of el 1955
ok ik

B W
[DaterTima: PLIDIE (24906 DateTima: LIRTRE-
Excartmcay Excarmcay
Fagius 10 e Fagius 10
Fend rate MO0 e Feed rate B0 i
[Owection of rce 2] [Owection of 1ot cow
Pasy N

54

HEIDENHAIN



Measuring Procedure for KGK

Additional circular test options

By clicking on the control button Options the following dialog
box opens. Here you can set additional display options.

Additional circular test options

Display options far circle large:

Show radius devistion v
Show axis scaling v

Special options circle smallflarge

Default +
Mirrored axes -
Axes tumed by 90° -

Special option linesr large:

Time axis (instead of angular axis)

Save circular test options: r

Ok | Cancel| Help |

e Display options for circle large/small: In the circular test
graphic you can disable the auxiliary lines for the minimum and
maximum radius deviation and/or the scaling values.

e Special options for circle large/small: In the default graphic
for the circular test the first measurement axis is shown right
and the second axis is shown top. Alternatively the axis can be
displayed mirrored (1st axis top, 2nd axis right). The third
display option is: 1st axis is shown top and 2nd axis is shown
left (axes are turned by 90 degrees).

e Special option linear large: Alternatively you may use a
path-time diagram for the radius deviation (time instead of
angle).

e Save circular test options: Here the special options for the
circular test representation can be saved (at program end or
change of measurement type).
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DTA-file import

You can transfer a circular measurement from a new
HEIDENHAIN control by using the menu item File > DTA file
import or File > DTA file download > via TCP/IP and evaluate it.

Requirements for the DTA import:

* The recorded measurement has two different channels for the
circular measurement (e.g. X and Y)

« The internal oscilloscope uses the circular mode (CIRC).

* You need two channels with the data contour deviation
(channel 32).

« Start and end of the measurement have to be (0/0).

Accept measurement data of DTA-file

Scaling: Rotation:
+ fixad ™ autormatic
Resalution: |3 prm o @ o e
Starting angle: Degree Choose the firstand
lastwalue ofthe
Meas. angle: Degree | | imported
J J measurement data
- ,— points and adjust the
Rl 10 mm feed rate and radius of
the measurement.
Feedrate 500 rrrn frnin
Firstwalue: Lastwalue:

beas. point |80 EI: Meas. paint: 222
Angle: Degree Angle: Degree
Radius: m Radius: mrr

e Scaling: Enter here a resolution suitable for transferring the
DTA file.

* Rotation: The direction of rotation is calculated from the
measured data.

e Starting angle: The starting angle is calculated from the
measured data.

e Meas. angle: The measurement angle is calculated from the
measured data.

e Radius: Here you enter the nominal radius for the imported
measurement data. At first, the maximum radius is calculated
from the measured data and entered.
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o Feed rate: Enter the nominal feed rate for the imported
measurement data.

e First measuring point: Enter the first measuring point to be
transferred for the circular measurement.

e Last measuring point: Enter the last measuring point to be
transferred for the circular measurement.

Accept Click this button for ACCOM to adopt the imported
DTA file as a circular measurement. It can now be saved and
evaluated as an ACCOM circular measurement.

Color settings of the graphic
If you would like to change the color setting of the graphics,
you can change the color of the error traces, of the coordinate
system and the graphic background with the menu item
Options > Color setting.

Saving/loading the options
You can save these settings with the menu item Options >
Save options.
You can call these settings with the menu item Options > Load
options.

Exporting the measurement graphic
If you wish to export the measured graphic as a file without a
log, you can save it as a bitmap using the menu item Graphic >
Save.

Printing the graphic
You can print the graphic with the menu item Graphic > Print.
You can change the printer settings through the menu item
File > Printer setup.

Editing the calibration charts
If you would like to edit the calibration charts you can select
the desired chart through the menu item Measure > Calibration
chart or by clicking the associated symbol.
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Calibration chart of measurement 1

Custamer. |J0hn Daoe

Twpe of machine: |Mi||ing machine

Sro.{'Yearof mni: [123 / |1995
Remark 1: |

Remark 2: [k 4

Remark 3: |

Inspectar: |FI

HEIDEMHAIN Reference meas. system: KGh 182
ID number; 349166-02 Setial number, 1234567890

Position of axis X: 167.548 rmrm

" e Open chartwindow autormatically
Fosition of axis ¥ 2455 mim after & measUBment?
Position of axis 2: 324432 mm & Yas ~ No

Fosition of axis v 0 [l
Pasition of axis V' i mm Ok | Cancel ‘ Help ‘

Saving a measurement
If you make changes to a calibration chart, you can save
them through the menu item File > Save measurement or by
clicking the save button.
As an alternative, you can also save the measured data through
the menu item File > Save all measurements.

Clearing the screen
To remove the motion error traces from the screen, you can
clear the screen with the menu item Graphic > Close.
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Measuring Procedure for KGM Free-Form Test (KGF)

Machine cleaning

Test program

Before beginning to mount the KGM, clean the area of the
machine tool in which the measurements are made. Pay special
attention to any chips and oil or grease residue that could fall
onto the encoder.

|i|]_f} Give the encoder time to adjust to the ambient
temperature before you begin mounting it. This will help
to prevent thermally induced error.

In the free-form test, the CNC control moves the machine axes
in a plane on any programmed path. The corner test provides
information on the dynamics of the position control loops with
respect to overshoot and the resulting rounding error. You can
also test workpieces of any contour on the grid plate to obtain a
first impression of the contour accuracy to be expected within
the measuring plane without first having to machine a
workpiece.

Free-form contours according to ISO 10791-6 K2—Feeds and
K3—Interpolation of two axes can be measured in the KGM
free-form test.

On machine tools with HEIDENHAIN controls, the machine
program can be transferred directly from ACCOM. For machine
tools without HEIDENHAIN controls, the NC program must be
written manually, whereby movement must be measured only in
the measuring plane.

% Ensure that there are no “forgotten” compensation data
saved in the control that could cause a movement
perpendicular to the encoder or corrupt the measurement.
The spindle must not rotate. If necessary, ask your
machine tool builder how it can be fixed. You might try
running the machine program without the encoder.
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Measuring assembly

Ensure that the IK 220 PC counter card was installed in your
PC according to the instructions in the User’'s Manual.
Alternatively you can use the EIB 741. Please ensure an
available peer-to-peer network connection to the EIB 741
(address and subnet mask of the TCP/IP connection). Connect
the KGM cables to X11 and X12 of the EIB 741.

Now mount the KGM according to the instructions in the
manual. Do not use any screws for mounting whose heads
project above the height of the cross grid!

When connecting the measuring cables, be sure to leave
enough slack to compensate any machine movement
during measurement.

Before starting ACCOM, connect the enclosed hardware
key with Id. No. 590255-01 or 590255-02 to one free USB port.

After calling ACCOM, proceed as follows:
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1. Select measuring method

After ACCOM is started, a dialog box appears in which you can
select the type of measurement.

Click the KGM free-form test button to start the
corresponding program part.

With the menu item File > Select measuring method or by

clicking the icon you can select the individual measuring
methods from within the running program.

Measuring method

Select measuring method:

‘ KiGM circular test

Wh linear test

Botatory test

K.GM free-form test ‘

DEBEE circular test

Cancel ‘ Help |

ACCOM
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2. Specifying the unit of measure
With the menu item Options > Unit of measurement you
specify the desired unit of measure. Close the dialog box with
OK.

Determine unit of measureme nt

Select a unit of measurement for
the releasel

* mm " inch

oK ‘ Cancell Help ‘
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3. Settings of the encoder and the counter card

Under Options > Measuring interface you set the
parameters for the encoder used.
e Signal period: Here you set the signal period (as its distance
in um) of the encoder you are using. The default setting for the
signal period is 4 pm.
Input range: 0.1to 20 pm
e Signal source: Select the model of encoder being used.
e Count direction 2nd axis to 1st axis (VM 182 only):
According to the set-up of the VM 182 it can be necessary to
manually set the count direction for the 2nd axis (orthogonal
axis).
e Change measurement axis (VM 182 only): If the VM 182 is
aligned to the 2nd axis (of the chosen plane) you should check
this box to get a correct display of the measurement.
Example: Measurement in XY plane, VM 182 aligned in Y
direction

Parameters of measuring interface
Signal period: prm

Signal source: " KGM e WhA182

Count direction 2nd to Tstaxis: & x1  x(-1)
Change axas: Y >N T

Ok | Qancel‘ Help ‘

Under Options > Counter card you set the parameters for
the PC counter card.
e Type counter card: Here you select the model of counter
card that you are using.
e Signal input: Here you select the type of measuring signal.
e Address EIB 741: Here you enter the IP address of the EIB
741 (see also EIB 741 user manual). Alternatively you may use
the DHCP hostname in a company network. However it is not
recommended due to the high data acquisition rate.
This setting is not needed for the IK 220.
e Automatic connection at program start: ACCOM connect
to the EIB 741 at the next program start automatically if chosen.
A valid connection to the EIB 741 is required!
e Test IK (IK 220): Here you can then test the counter card for
proper function.
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e Connect/Disconnect (EIB 741 only): The EIB 741 will be
connected or disconnected here.

Type counter card: K220« EIB741

Signal input:  Tpp 11 PApp

Address: 192.168.1.2

[ Automatic connection at prograrm start

Testlk ok Cancel | Help |

q]_f% Ensure that you have entered the proper model, address
and signal input of the counter card. If the signal period is
entered incorrectly, the distances will be measured too

large or too small.

Note
Only EIB 741: Connect the encoder cables of the KGM/VM to

the encoder inputs X11 and X12.

q]_f% If you have problems receiving data from the counter
card, use the test programs on the provided driver CD to
check whether the card can be used.
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4. Fine adjustment of the measuring head

Oscilloscope

With the menu item Equipment > Oscilloscope you can
display the KGM measuring signals received by the PC counter
card as Lissajous figures on the screen, which you need for the
fine adjustment of the KGM (see mounting instructions of the
KGM).

HERENHAM - KGF - memurement - [Oucillescope]

[ Carmeetion X1 [ Coreetlon %2

i

The measuring signals are displayed for the directions | and Il in
the oscilloscope display mode (for measuring signals 0° elec.
and 90° elec.).

Move the machine tool slide slowly and evenly in diagonal
direction. Use the adjusting screws on the measuring head to
adjust the signal amplitude. In the ideal case, the measuring
signal amplitude lies near the green circular path (1 Vpp)
between the red limit circles.

If the encoder signal is too large or small, the message
Amplitude too high / too low appears in the status line of the
ACCOM screen.

ACCOM

65



Measuring Procedure for KGF

Optimizing the measuring signals

Position display

Through automatic signal adjustment, ACCOM can optimize
the measuring signals to attain very high accuracy. Click the
boxes Compensation X1 (X11) and Compensation X2 (X12)
and move the machine slides slowly and evenly in diagonal
direction. Then switch this function off by clicking both boxes
Compensation X1 (X11) and Compensation X2 (X12) again,
and go to the next item of the instructions. The EIB 741
optimizes the analogue signals automatically. However, the
optimized analogue signals are used only for the computation of
the position values. Therefore it is possible to observe imperfect
circular Lissajous figures.

[lﬂ_{% If the displayed signal amplitude is too low, check
whether the settings for the interface are correct and
whether the encoder is correctly installed. Then start
ACCOM again. Do not engage or disengage any
connectors until you have exited ACCOM!

With the menu item Equipment > Position display you can call
the position display for the connected encoder and, for
example, check the positive counting direction of the KGM. If
you call this function after setting the position (see section 7,
“Set datum”), before the test you should check again whether
your datum is set correctly and, if not, enter it again.

Pasition display

X11: 0.0002 mm
X12: 0.0019 mm

Cancal Help
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5. Parameters of the measurement

Note

By calling the menu item Options > Parameters of the
measurement or by clicking the icon, you open the following
dialog box in which you can adjust the parameters of the
measurement.

Measuring: Amount of points: (40000

* X plane
" ¥Z plane Starting window: 1 pirm
- Z¥ plane

Standstill window |2 pirm

oK | Cancel‘ Help ‘

e Measuring plane: The machine tool's working plane in which
the measurement is to be made.
e Amount of points: Number of measuring points per
measurement.
Input range: 36 t0100000 measuring points
e Starting window: Enter here the size of the starting window
for the motion detection.
Input range: 0.01 to 100 pm

0.0000015 to 0.004 inches
¢ Standstill window: Enter here the size of the standstill
window for the computation of the path time.
Input range: 0.01 to 100 pum

4e-7 to 0.004 inches

Conclude the input with OK.

The sampling interval is calculated from the number of
measurement points and the measurement time. The
measurement time is shown in the start window (see No.12,
Start measurement). The measurement time can be set
manually.
Example: 40000 measurement points and 4s measurement
time

= Sample rate 10kHz

(Max. sample rate of the EIB 741: 50 kHz,

Max. sample rate of the IK 220: 10 kHz)
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6. Setting the NC interface

If you wish to transfer the measuring program in ACCOM to
a HEIDENHAIN control, select Options > NC programming to
open a dialog box in which you can configure the network
connection.

Parameters for, NC programming,
Made: & HEIDENHAIN conversational

" HEIDENHAIN 150
120 format I:l

Feed rate: W mmymin
Add feed rate to each block r
Program narme: W
Decimal place: 1 pm * 0.1 pm
10 nm 1 nm
Add M functions: ,—
Add M functions to each block r
TNC settings

TCR/F address: THCE40

Ok Cancel ‘ Help |

e Mode: Choose between HEIDENHAIN or ISO format.
e Feed rate: Here you enter the nominal feed rate for the
circular motion.
Input range: 0.001 to 100 000 mm/min or

0.00004 to 3900 inches/min
e Program name: Here you give the program a name (the
extension .H stands for HEIDENHAIN, .| stands for
HEIDENHAIN 1SO and .txt for general ISO).
e Decimal place: Select the decimal place of the NC programs.
e M functions: Here you enter additional M functions which are
necessary to run the NC program on the control.
The M functions are added to the first NC block.
Example in HEIDENHAIN conversational programming:
2 L X0 F1000 M31
e TCP/IP address: Here you enter the TCP/IP address or
DHCP hostname of the control for the data transfer via network
connection.
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G-Code options

By clicking the control button Options the following dialog
box opens. Here you can configure some I1SO format settings
which are suitable to the control.

f

Mode:  ~ HEIDENHAIN comversational
" HEIDENHAIN IS0

& 150 o Options...

GCode import options

Fasition (expor):  Incremental & Absolute
Circle center: * Incremental ™ Absolute
Feedrate: @ Inchimin " 0.1Inchfmin
Usze G-Code G71/G70 for bMbdfinch r

(0] | Cancel| Help |

Additional lines at program start:

\ Ghd |

Additional lines at program end:
\ [YEI

QK. | Cancel‘ Help |

e Position (export only): This parameter is used in the export
of an ISO NC program only. For absolute positions G90 is
added at the NC program start, for incremental positions G91 is
used.

For absolute NC programs it is useful to add a datum shift (e.g.
G54).

o Circle center: The input of the circle center point acc. to the
German standard DIN 66025 is done incremental to the last
position or absolute. Usually I, J, K are used with incremental
positions. Valid is also an absolute position with I, J, K.
(depends on the control).

e Feed rate: This parameter is only valid for an INCH program.
The feed rate can be set in Inch/Min or Inch/10Min
(HEIDENHAIN default).

e G-code for Inch/MM: You can choose whether to use
G71/G70 for NC programs or not.

ACCOM

69



Measuring Procedure for KGF

Network cable

Note

In the dialog box Parameters for NC-programming you may

add the following data for the ISO format programming:

e Additional lines at program start: Here you can add 2 user
or control specific lines at program start (e.g. G54).

e Additional lines at program end: Here you can add 2 user

or control specific lines at program end (e.g. M30).

Connect the TNC by a (crossed) network cable directly to the
PC or by using a standard network cable with a hub or a switch
to the company network.

Peer-to-peer (direct connection): You need to set the IP-
Address of the PC in Control Panel / Network / TCP-IP /
Properties (depends on the operating system). As default the
value for the IP-Address will be given automatically in a
company network (from the DHCP Server).

LAN (Network) with a 1:1 cable

I 160.1.8.66 IP: 160.1.160.10

PCiServer THC
BNC  RJ45 BNC  RJ-45
w

ET F—---- 11
Hub p—-----

Rl-45 141

Peer-to-peer (direct connection) with a (crossed) cable!

IP: 160.1.8.68 IP: 1601 180,10

PC/Server TNC

BNC  RJ-45 BMNC  RJ-45
Ll Ll
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7. Setting the direction
Before the first measurement with the KGM, ACCOM must

know the positive counting direction of each axis as well as the
angular position of the KGM on the machine table. In the menu
item Measure > Directions, ACCOM prompts you to move the
machine slides in sequence in the direction shown in the dialog
box. The directions depend on the setting of the measuring

plane (see positive direction | and Il on the KGM). The required
accuracy data is calculated from the signals of the encoder

(channel assignment, counting directions and angular position).

Set KGM X direction

Traverse the KGM

minimurm {100 mm

in positive % direction
w1 13.8962 mm
e -RB.2276 mm

Cancel | Help |

Note
You can specify which traverse path is to be used to detect the
first direction and, at the same time, the angular position. The
larger the path, the more accurate the angular position. For
free-form tests, HEIDENHAIN recommends that you exploit the
maximum available traverse on the KGM.

|i|]_f% During the directional detection, do not move the
machine tool slide in a diagonal direction. Otherwise the
detected angular position will be incorrect.
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8. Set datum

Last initialization

In the menu item Measure > Set datum you assign ACCOM

a position value in agreement with the control.

Relevant position ofthe KGM

= m mim
Yo |0 mrm

Ok | Cancel‘ Help ‘

After you have started ACCOM you can use your previous
settings by calling the menu item Measure > Last initialization,
provided that the setup of the KGM or VM on your machine has
not changed and you move the scanning head to the position
last set. Then continue with the next program item.

Last initialization

Initialize the KGR with last
adjustments of the direction

measurement at the position
(0.000 rmm | 0.000 mm 7

Yes Mo | Help ‘
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9. Generating a calibration chart
Through the menu item Measure > Calibration chart or by
clicking the icon you can define the calibration chart for the
measurement by entering information on the measurements in
the calibration window. By clicking yes or no you can specify
whether the chart window will open automatically after each

measurement.
Customer:
Twpe of machine: |Mi|ling machine
Sro.{'Yearofmni:  [12345 / 1995
Remark 1: |Coathanger
Remark 2: |
Remark 3: |
Inspectar: |DS

HEIDEMHAIN Reference meas. system: KGh 182
1D number; 349166-02 Setial number, 1234567890

Position of axis X: 12345 mrn

" o Open chartwindow autormatically
Position of axis " 234567 mm after 8 maasuremant?
Position of axis 2: -345.678  mm & Yas £ Na
Fosition of axis v 0 [l

Pasition of axis ' i mm 0K | Cancel‘ Help ‘

If you enter the chart data only for measurement 1, they will
automatically apply also to the other measurements. The charts
can also be saved or edited later in the course of evaluation.
ACCOM saves these data together with the measured data and
prints them through the menu items Evaluate > Measured data,
Evaluate > Characteristic data and Graphic > Print.
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10a. Enter path

Note

With the menu item Measure > Enter path you open the
dialog box for describing a free-form path. Before ACCOM can
start a measurement, you must either enter, open, or import a
path.

Entering of the free-form path

Eath description:

|Coathanger

Sequence of movement

Feedrate 1000 mm/min Insent

Starting point X0 mm Y0 mm

Straightline 10 mm  YO0mm Edit

Straightline %-10mm 10 mm Delete

Circle #0mm Y0 mm RS mm DR+

Slra\ﬁhtliﬂa 0 mm YOmm Delete all
Load path

Circle 10 mm Y10 mm RS mm DR+
Straight line =0 mm Y20 mm

Import path

aK

Cancel Help

e Path description: Here you can enter a name for the free-
form path.

e Arrow keys: Here you can change the sequence of the path
elements.

A feed rate has to be programmed before the first line or circle
element.

The starting point may only used at the beginning of the path
sequence.
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e Insert: By clicking this button you open the dialog box with
which you can generate contour elements.

_ HUEMHAIN - KGF - maasursmant

oY M%) B N il | e 5

Genutals NC progiam for KGM fivefeim measissmest

Knturing o e {res Tarm path

Inseriing a path
Mmﬂmu

Crclo  230mm V18 RS mm DR+
[Sveught ke X0 mm 20 me

410 reen 0 men S st DFie

Mlaady

~> After you have entered all contour elements, close the
“inserting a path” dialog box with Cancel.
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e Straight line: Here you can enter the coordinates of the end
point of a straight line segment.
Input range: -10000 to +10000 mm
-390 to +390 inches
Click the button to call the following dialog box.

_ HUDEMHAIN - KGF - masursmant

2 i) B N il e 5

Genutals NC progiam for KGM fivefeim measissmest

Knturing o e {res Tarm path

Do can be cloosd. UM
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o Circle: After clicking the button, the following dialog box
appears in which you enter coordinates of the end point of
the circular path.
Input range: -10000 to +10000 mm

-390 to +390 mm
You also enter the radius of the arc.
Input range: -10000 to +10000 mm

-390 to +390 mm

Enter also the direction of rotation of the circular movement.

The machine tool then moves on an arc from the end point of
the last contour segment to the new end point.

" HEDEMHANY - KGF - masursmant.
S it B N Sl | ]

G oo
Cntaring ef 11 free:farm pain

P duscripion [cosmange:

Snquence of mevamen

Feedram 1003 mymn
St poistXDemm  WBrwva
[Sraightine 10

Entering of a chrcutar deflattion

Dvakorg can be choosd. UM

|i|]_f} The radius must be large enough to enable the arc to
extend from the end point of the last contour element to
the end point of the arc.
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o Feed rate: Enter the feed rate in the first line. After clicking
the button, the dialog box appears in which you enter the
nominal feed rate for the subsequent contour elements.
Input range: 0.001 to 100 000 mm/min

0.00004 to 3900 inches/min

HADEMHAIN - KGF - measursmant

2 i) B N il e 5

Gunrale NG program lur KGM fiee-ferm measersmest

Knturing o e {res Tarm path

Do can be cloosd.

Ll

o Dwell time: Here you specify how long the machine is to wait
at the current position until it begins the next movement.

HADEMHAIN - KGF - measursmant

2 i) B N il e 5

Gunrale NG program lur KGM fiee-ferm measersmest

Knturing o e {res Tarm path

Irsering, & paily

Entering dwell time

Do can be cloosd.
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e Starting point: In the next line you can enter a starting point if
it differs from the datum specified under “Set datum.” After
clicking the button, the following dialog box appears in which
you enter coordinates of the starting point.

_ HUEMHAIN - KGF - maasursmant

oY M%) B N il | e 5

Genutals NC progiam for KGM fivefeim measissmest

Knturing o e {res Tarm path

Swmgh g X0 T

Crcle A0 mm YV1@mm RS mm DRe
Swaught bne <0 mem 720 mem
Sraughtine %18mm ¥10mm

Cecle  MDmm i men S vm DR
Staghting XD mem lmm

Do can be cloosd.
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Note

e Reversal point: In the next line you can enter a reversal
point. A reversal point marks the end point of the last path
element (line or circle) as a reversal point. Measurement data
points after a reversal point are shown in a second color. Using
more than one reversal point toggles the display color of the
measurement. In that way some forward and backward
movements can be displayed separately in 2 colors.

20mm x 32mm

[Vorschut 1050 maymen
(Sispurid X0 mm T mm
Gends  ¥illmm Vhemm

-20mm x -Bmm

The free-form contour does not have to end at its starting point.
The starting and end points can be specified as desired.
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e Edit: To edit a contour element, use the cursor to select the
desired line in the sequence and click the Edit button. In this
example, the last contour element is to be edited and therefore
has a dark background.

 HEIEMHARY - KGH fres-form 1est (NGF)

+
|
|
5 _{ \
Foedrate 1003 renymn 3] o 3f /
e polt 8y 2 Y \
Syaightine X10mm ¥
(=" mm""m-.rnsm DR+ L‘ |
e 30 e Y20 e
gmwlm ﬁomvanm Deiete e
b |
[Sraghtine Ximm 1l mm e,
Cwlisme 15 # I in
snitian o
|
Cirpule tmopesa 1 Smm paih | _b20mm - 10mm
“El eyl e |
Impod pal | [peonsumement 1 coathanger K
Padus [ e
i o | T Typa of machne:  Millng machig
ST e | ] ) S PSR
|
T
Femark Coat hanger
i (o] o] o | |
| |
| I
T I
| 2 3 | [pseTi 04112006 14072
b £ 0.0000 (:Sﬂﬂﬂpmldu_]
= =i e e i i e i e e e e R oS
Bk o b oo MM

e Delete: To delete a contour element, use the cursor to select
the desired line in the sequence and click the Delete button. In
this example, the last contour element is to be deleted and
therefore has a dark background.

 HEIEMHARY - KGH fres-form 1est (NGF)

+
|
|
o _{ \
Foedrate 1003 renymn 3] o 3f /
Slateg pon Do Yo Y \
Sraight kne X108 b
(=" mm""m-.rnsm DR+ L‘ |
ke 30 men Y20 mem
et ine spae A Dwiee S
b |
| Sraght bne X0 mm Y0 mm Delatn
Cwlisme 15 # I in
Lnte Cul T
|
Corules trmveesa 1 Sewpan ol ]
“El eyl e |
Impod pal | [peonsumement 1 coathanger K
Fadws: 3 L)
i o | T Typa of machne:  Millng machig
ST e | ] ) S PSR
|
T
Cost hanger
i [o] o] el T e
| |
| I
T I
| 2 3 | [pseTi 04112006 14072
b £ 0.0000 (:Sﬂﬂﬂpmldu_]
= =i e e i i e i e e e e R oS
Dinkony e b e e
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e Save path: This button calls the following dialog box with
which you can save the entered contour.

HADEMHAIN - KGF - measursmant

& A 3] N el el s
Gunerale NG program (ur KGM five feim messssmest
_ . = S @B m
oo P o
| e |
. | L
[T | | e | =)
Seemiom [Pantesr B =] Cacd T
Sove path
L Impont ot
| £5]
ot | b |
Paacy f N

e Load path: This button calls the following dialog box with
which you can find a contour and open it.

HADEMHAIN - KGF - measursmant

2 i) B N il e 5

Gunerale NC progoam lur KGM Hise-fam measssmest

rwe Tarm paih
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e Import path: This button opens a dialog box in which you can
load a contour in the form of a HEIDENHAIN NC program from
file or transfer it from a HEIDENHAIN control via network
connection.

~ HUDEMHAR - KGF - measuremant

o st 3] N Sl |~ &)

Genutals NC progiam for KGM fivefeim measissmest

Stagi e 10 eem VT
Crcla 30mm ‘riGmm B mm DR

[Svaighting X0 mm YD mn

Paacy UM

~ When you have completed all entries to describe a contour,
close the dialog box with OK. The contour that you have
programmed appears on the screen.

HEIENHAIN - KGb fres-forem test (RGF)

Fin Masnre Dvskate Cptors Gaspment

o M) 8 N Sl e 5

20mm x« 30mm

~20mm x -10mm
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10b. Entering a path according to ISO 10791-6 (K2) Feeds
With the menu item Measure > Enter path according to I1SO
10791-6 (K2) Feeds you open the dialog box for creating a
free-form path according to ISO 10791-6 (K2).

Entering of the path acc. to IS0 10791-6 (K2 - Feeds)

Fath description: [Test

Feed rate: Start position:  End position:

vl ,—mm Jfrnin ,U—mm ,m—mm
W l— mmm fmin l— mm ,50— mm
w3 max. feed rate ’W mm frmin ’— mm 10a mim
wd: Rapid traverse ’W e frmin ’— mim 10a mim

Sequence of mavement [ Max feed rate = rapid traverse

Starting point=0 mm Y0 mm ~

Feedrate 100 mrmfmin M | CEMY CNYZ 7R
Straightline X10mm Y0 mm Bas. piane:

Straight line X0 mm Y0 mm

Dweelltime 13 teas axis: & ¥ Y -
Straight line *0 mm Y0 mm
Feedrate 1000 rmm/min Start pasition ¥ axis I—U mm

Straight line *50 mm Y0 mm
Straight line *0 mm Y0 mm

Dwelltime 1s o | Dwelltime: 1 5

Generate path ‘ Open path ‘ Sawve path ‘

oK | Cancel ‘ Help ‘

e Path description: Here you can enter a name for the free-
form path according to ISO 10791-6-K2.

e Feed rate: Enter here the maximum feed rate and rapid
traverse speed for the machine to be tested.

e Start position: Here you enter the start position of the
measurement axis.

e End position: Here you enter the end position of the
measurement axis. The measuring lengths may vary for the
different feed rates.

e Maximum feed rate =rapid traverse: If on the machine to
be tested the rapid traverse speed corresponds to the maximum
feed rate, select this check box. As a result, only three different
feed rates will be tested.

e Measuring plane: Here you select the measuring plane.
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e Measurement axis: Select here the axis of measurement.

e Start position X/Y/Z axis: Here you enter the start position of
the second axis in the measuring plane.

e Dwell time: Here you specify how long the machine is to wait
at the end of a straight line until it begins the next straight line
(recommended: minimum of 1s).

e Generate path: Click this button to generate and display the
path according to the specified options.

e Save path: Click this button to save the entered ISO 10791-6
(K2) path.

e Open path: Click this button to select and open an ISO
10791-6 (K2) path.

10c. Entering a path according to 1SO 10791-6 (K3) Interpolation

With the menu item Measure > Enter path according to ISO
10791-6 (K3) Interpolation you open the dialog box for creating
a free-form path according to ISO 10791-6 (K3).

Entering of the path acc. to IS0 10791-6 (K3 - Interpolation)

Path description:
Feed rate: mm frmin Meas. plane:

oy OYE O IR
Start position = |U mm |D I

tMeas. choice:
Line length: 10 mm W v =005
Warking stroke: b % of line length ol ety =i

v dxfdy =005

Drweelltirne: 1 5

Sequence of movement:

Generate path

Starting point>0 mm Y0 mm Load path
Feedrate 2&0 mmfmin

Straight line ®9.98752 mm  v0.493376 mm

Straight ling %0 rmm 0 mrm Sawve path
Dwelltime 1s

Straight line ®7.07107 mm 707107 mm oK

Straight line *0mm Y0 mm

Dweell tirme 15

Straight line X0.499376 mm  *¢8.98752 mm Cancel

Straight line ®0mm %0 mm
Help

daidd!

e Path description: Here you can enter a name for the free-
form path.

o Feed rate: The default feed rate of 250 mm/min is entered
automatically for this test.
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e Start position: Here you enter the start position for the test.
e Measuring length: Here you enter the measuring length for
the test.

e Dwell time: Here you specify how long the machine is to wait
at the end of a straight line until it begins the next straight line
(recommended: minimum of 1s).

e Working stroke: Enter the working stroke in dependency to
the path length (1-10%).

e Measuring plane: Here you select the measuring plane.

e Measuring choice: Here you can select the oblique straight
lines to be traversed for the ISO 10791-6 (K3) test.

e Generate path: Click this button to generate and display the
path according to the specified options.

e Save path: Click this button to save the entered ISO 10791-6
(K3) path.

e Open path: Click this button to select and open an ISO
10791-6 (K3) path.
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11. Generating and transferring an NC program

Note

If you wish to generate and transfer an NC program, call the
menu item File > Upload NC program to TNC, and select the
form in which you would like to transfer the NC program.

Upload NC program

| Generate according to options |

Upload fram file (TCR/F) ‘

Cancel Help

e Generate according to options: This button calls a dialog
box entitled Generate NC program for measurement in which
you define the parameters for the NC program.

e Load from file (TCP/IP): In the TCP/IP operating mode, a
finished NC program is transferred from the file system of your
PC to the NC control by a network connection.

Alternatively you can use the HEIDENHAIN PC-Tool TNCRemo
for the data transfer to the control.

ACCOM
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Generate NC program for KGM free-form measurement

Mode: & HEIDENHAIN conversational
" HEIDEMHAIN IS0 10 format

Frogram name: COATHANGERH

Measuting plane:  ® Xy O Y2 O Zx

Description of path:

Select/enter

Sawve | Cancel | Help

Upload in: TCRAP..

e Mode: Choose the format of the NC program.

e Program name: In TCP/IP mode you add the extension .H for
HEIDENHAIN format or .1 for ISO format to the NC program.

e Measuring plane: Click the working plane of the machine tool.
e Description of path—Select/enter: Here you select the
program of the contour that is to be recorded with the KGM.
You can also enter the measuring program here (see section 10,
“Enter a Path”).

e Save: Click to save the NC program.

e Cancel: Click to close the dialog box.

e Upload: Click to start the upload.

Now an NC program is generated for the free-form contour and
transferred to the root directory of the TNC in the default setting.
Data transfer via TCP/IP opens a new file dialog window, where
you can select the target directory on the control.

% The TNC does not answer if the network is not
connected.
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12. Start measurement

With the menu item Measure > Start measurement or by
clicking the associated button you can now begin the
measurement.

KGM free-form measurement

@+ Measurement 1 " Measurement 2

" Measurement 3 " Measurement 4

Scaling of the graphic:

(* fixed ™ automatic
P13|—SD mm | -50 mm
p2: |50 mm | 50 mm

Path description:

=

Selectfenter
Display path
Times:

nam. time: 164 5
max. dwelltime: 1 s
act time: 0.00 g Check

Start | Cancel‘ Help ‘

e Measurement 1 — 4: Here you can specify the number under
which your measurement will appear in the graphic.
e Scaling of the graphic: Either you can preset the scaling as
a fixed square with the diagonal corner points P1 (below left)
and P2 (above right), or you can have the system generate it
automatically.
Input range P1, P2: -10000 to +10000 mm

-390 to +390 inches
e Description of path—Select/enter: Here you select the
program of the contour that is to be recorded with the KGM.
You can also enter the measuring program here (see section 10,
“Enter a Path”).
e Display path: You can display the programmed contour.
e Measuring times: The nominal time is the calculated ideal
time needed for a contour, i.e. without considering the approach
and braking behavior of the machine tool.
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The maximum dwell time is the time that a machine can
remain still before ACCOM stops recording the measured data,
normally 1 second. If this time is too short or too long, you can
change it here.

The actual time is the time actually required by the machine
tool to machine the programmed contour. This time is needed
by ACCOM to record the measured data. It can be measured
through check, after which it is used automatically during the
measurement. If there is no checking, the nominal time, which
can also be changed manually is used for recording the
measured data.

e Check: After you click this button, ACCOM prompts you to
start the measuring program on the machine. Ensure that the
feed rate is correct.

| Humaein Ko maremant =]

+ I 4 + Fomim % 30
Mominal: 10000midiv
Deviation: 100umidiv =~ |

10 5t0p he moassremarnt

Cancol

Seloctlorter | 3 | L)
Deploypon |

Times — i ! ! | }oommx.10mm

| [Measoreman 1 DEMO b
s |
v _Sop |

i [Trpeofmachies:  Wieg machine

Wear of mré 19

S | Concal heip |

| > 3 Femanc Cioat hanger

; : | 100000 | ; X
4 | L r] + I 4 .

Chacking ol samsmment irs sarind [

DitaTime WADISES 100114

S —f————d——p—d——f———+——{ i

After the machine stops moving, a warning might appear that
the nominal time has been exceeded (in practice, the machine
might not reach the specified feed rate).

Click OK.
Now the actual time is displayed and is available to the system
for the following measurement.
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Start: After you click this button, ACCOM waits for the
beginning of measurement.

Now start the NC program on the machine tool. In the status
line, ACCOM shows the condition of measurement. You can
terminate the measurement with Cancel.

[ &}

wsioptham

[ concat

-S0man x -50mm

Waasursmment | stuted

|i|]_f} Before you start the measurement, the scanning head of
the KGM must be at the starting point. Otherwise the
actual path will not agree with the nominal path.

Note

You can measure any path of traverse on the machine tool,
even if it is not identical with the path entered in ACCOM. Pay
attention to the duration of measurement and the size of the
starting window (indicates the path of traverse at which the
recording begins). This capability can be useful when you must
measure complicated movements that are too difficult to
program in ACCOM. In this case the nominal contour does not
agree with the actual contour.
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Data storage
After conclusion of measurement, the following dialog box
appears for data storage.

_ HEIDEMHAIN - KGF - smasurement - [&[x
Savp [ ACCIH - - @ m- s l 44 9T x dd Babme
R verge T Nominal: v | 3
Daviation: i 1
T
|
| N
|
Fis |
] o | \
Seve a8 e [KI3F-Meacisement fea K} - Cancel | \
| N I
T _ T N
| | I B—— s
10.0000 : | _-5003mmx.5352mm
| |
i L Measuromant 1 triangle KGF
| H . |
I' : ‘I Type of machina
! | |vear of et
| ]
| | [Fremac cow
+ .
| |
| I
f 1
| | |starmene 13032000 1T
| 10.0000 XJ
! lepaceze i
Rosdy MU

With Measure > Start measurement you can start further
measurements.
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13. Open measurement

Through File > Open measurement or by clicking the
associated button you can load the measured data for further
evaluation and display. The following screen appears.

Open measurement

‘ heasurement 1

tMeasurement 3

Measurement 2 ‘
Measurement 4 ‘

Cancel Help

Since up to four measurements can be shown simultaneously,
this dialog box enables you to open the measurements in any
sequence.

This menu item also enables you to call other motion error
traces to the screen for further evaluation.

|i|]_f% The results of measurement are loaded into the system

with menu item Open measurement. This is a prerequisite
for display. Through the menu item Evaluate > Graphic
you can influence how and whether the motion error
traces are displayed (see also section 15, “Graphic
Display”).
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14. Evaluate measured data

Note

You can view the raw measurement data through the menu
item Evaluate > Raw data or by clicking the associated symbol.
ACCOM shows the coordinates of the measurement points.

Raw data of the measurement 1

Customer. hustermann
Type of maching: Frasmazchine
Stho. fyear of 12345 ;1995
Position of axis:
®oo mm %0 mim ] mm o Iy 0 mm W0 mim
File: name:  DEMO KGF Measuring method:  KGF
Measuring plane: =Y Messuring points: 999
Kleiderbiigel
Date of 11101935 10:04:14 Inspector:
H-pozition [mm] ‘Y-position [mm]
1 0.001155 0.001107
2 0.001555 0.001207
3 0.001:547 0.001185
4 0.001:547 0.001207
5 0.001553 0.001207
B 0.001:543 0.001199
7 0.001555 0.001207
o Help
A nnmsss nnn18s

The ACCOM data is saved in an ASCII file. The raw data are
saved line by line, separated by tabs. You can load or import
this file for further processing in other programs like Matlab,
Origin, Microsoft Excel or Open Office.

To print the raw data, click the print symbol.

If you click Cancel, the dialog box closes.
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15. Characteristic data acc. to ISO 10791-6 (K2, K3)
With the menu item Evaluate > Raw data, or by clicking the
associated symbol, you can evaluate the characteristic data of

the sequence of movements measured according to ISO

10791-6 (K2, K3).
e Evaluation according to ISO 10791-6 K2—Feeds

Characteristic data of the measurement 1

Customer:

Type of machine: Test maching

Srio. § year of mnf.. !

Paosition of axis:

X0 mm Y. 0 mm I 0 mm . 0 mm Y. 0 mm
File: name: i=010791 k~ kgf Measuring methoc: KGF

Measuring plane: XY Meazuring points: 19230

Characteristic dsta sco. to IS0 10791-6 (K2) Feeds

Prog. feed rate: Direction: Actual feed Devistion (%)

100.00 mm/min Forward 100.33 033

100.00 mmJmin Backvward 100.20 0.20

1000.00 mm/min Forweard 100282 028

1000.00 mem/min Backvward 100355 0.38

Mac. feed rate: Farward 400788 020

4000.00 mm/min Backward 40247 0.3

Rapid traverse: Forward 400788 020

4000.00 mmJmin Backward 401247 0.3 HE
Date of meas.: 24022003 155317 Inspector: DS

e Evaluation according to ISO 10791-6 K3—Interpolation of

two axes
Characteristic data of the measurement 1
Customer:
Twpe of machine:
Srido. § year of mnf !
Paosition of axis:
Koo mm Y0 mm I 0 mm [ 0 mm Y. 0 mm
File name: test_k3 kgt Measuring methoct KGF Linie length: 80 mm
Measuring plane: XY Meazuring points: 10000 Working stroke: 10%

Charscteristic data acc. to IS0 10791 -6 (K3) Linear interpolation of 2 axes

Maximum devistion: Forvwards Backwards
dy -

a) Fr 005 (=2.867 9.9500 pm 10,164 pm
dy -

(3] ax =1 (=457 6.8469 pm 6.7450 pm

.
=005 (=87.147) 10809 pm 99134 pm
Help

©

Date of meas: 2402031444 Inspectar: DS
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16. Graphic display of free-form test results

You can specify the display mode of the motion error traces
through the menu item Evaluate > Graphic or by clicking the
associated symbol.

KGM free-form graphic

Display:
¥ tMeasurement1 [ heasurement 2
[~ Measurement 3 [ heasurement 4

Representation:
" MNormal " Feedrate/Fath

Fath zoom-factar 100

Style:

CRY OX Oyt Ot

Y f¥-Aactor
Fesolution: i

" fixed + automatic

Size of the overview window:

" fixed + automatic
F1: | mrn x | mrn
Pz | mem % | mm

Active nominal path:
* Measurement 1 -
i i

QK Cancel ‘ Help ‘

¢ Release: Click the measurements to be displayed.

e Representation—Normal: The nominal and actual paths are
shown in the same scale.

e Representation—Path zoom: The error along the contour is
shown magnified in relation to the nominal path, whereby you
can control the magnification factor.

eRepresentation Feed rate/Path: The feed rate curve is
zoomed in relation to the nominal path. The magnification can
be chosen with the magnification factor. A factor of 0.001
means the scaling of the feed rate is 1000 (mm/min)/div if the
scaling of the nominal path is 1 mm/div. If the sampling rate is
higher than 1 kHz the feed rate is filtered by a gliding average
filter.

96

HEIDENHAIN



Measuring Procedure for KGF

Note

e Style—XY: The curve is shown in the measuring plane. You
can vary the size ratio between the two coordinate axes with the
X/Y factor.

e Resolution: You can set a fixed resolution for the graphic.

The XY scaling factor is useful for contours with large aspect
ratios.

o Style—Xt/Yt/Zt: This display style of the trace over the
measuring time can be selected only with normal
representation.

With the time factor you can vary the display ratio of path to
time axis (mm/div to 1s/div).

e Style—Vt: Display of the feed rate curve in relation to the
measurement time.

¢ Size of the overview window: The scaling of the graphic is
fixed as a square with the diagonal corner points P1 (below left)
and P2 (above right).
Input range P1, P2: -10000 to +10000 mm

-390 to +390 inches
e Active nominal path: Here you select the measurement
whose further data is to be shown in the legend.

e Options in mode path zoom: Here you can choose the
method used by ACCOM to calculate and display the magnified
deviation to the nominal path. (-> Path zoom options)
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Representation—Normal:

The nominal path and actual path can be magnified, reduced,
or shifted by an equal factor through the menu items Zoom and
Move.

HERERHAIN - KGM res-form iest (RGF)
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Details can be magnified both in the right and left windows by
clicking and pulling with the mouse. The example below shows
the magnified point of the contour.

HEDENHAIN - KGM free-form test (RGF)
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Measuring Procedure for KGF

Representation—Path zoom:
In this display mode, the error is shown magnified with respect
to the contour elements.

Vanishing point zoom at corners enabled:

HEIDENHAIN - KGM free-form test (KGF)
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Vanishing point zoom at corners disabled:
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Measuring Procedure for KGF

Details of the contour can be magnified, reduced, or shifted
through the menu items Zoom and Move.
Details can be magnified both in the right and left windows by
clicking and pulling with the mouse.

You can load new measurements with File > Open
measurement or by clicking on the associated button.

q]_{} An excessive number of contour elements can lead to
calculational problems.

Representation—Feed rate/path:
The feed rate curve is zoomed in relation to the nominal path.
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Measuring Procedure for KGF

Style Xt/ Yt/ Zt:

In this display mode the course of the path can be shown over
time. This example shows a step-response test as is used to
measure overshoot behavior in an axis, including the influences
of static friction. It also serves to measure positioning accuracy.
This test is made on machine tools for high-precision parts
where increments of 0.01 to 0.1 um are required.
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You can load new measurements with File > Open
measurement or by clicking on the associated button.
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Style Vi:

In this display mode the course of the feed rate can be shown
over time. This example shows a measurement acc. to

ISO 10791-6 K2.
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Path zoom of a ISO 10791-6 K3 measurement
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Measuring Procedure for KGF

Path zoom options:

Here you can choose the method used by ACCOM to calculate
and display the magnified deviation to the nominal path. Option
1, 2 and 7 directly affect the path zoom computation. The other
options are display options only.

Path zoom options

4. Representation [up to/above limit]:

% Mo limitation [Default)

1. Wanishing paint zoam: [~ Active 5. Show nominal path;
* ‘Yes [Default)
Relative distance: ~ No
2. Maanification at start/end of path: EB. Show measurement;
& Line [Default) & All [Default]
" Comer [ACCOM 3.1) " [a] Orly forward measurement
" [b) Orly backward measurement
3. Comner gap: [ Active
Length of the gap mm || 7 Closed representation:

(+ 0Off [Defaul)

" [a] Closed representation

T [b] Best fit [to nominal path]

" [c] Standard with ref. meas. no.

" [a) Up to limit . )
) Above it " [d] Best fit with ref. meas. no.:
- = I
Lirnit
i b 5
oK Cancel| Help |

1. Vanishing point zoom: The visualization of the magnified
deviation of the actual data to the NC-path can be optimized
around corners when choosing the vanishing point zoom.

¢ Relative distance: Here you can choose the distance of the
vanishing point from the corner relative to the shortest adjacent
line.

Input range: 0.01to 0.25

Without the vanishing point zoom option ACCOM calculates the
magnified deviation identically for the complete path. This
means the shortest distance from the measured data to the
nominal path is calculated and displayed which is exactly the
method used in all previous ACCOM versions.

The next figure shows the path zoom functionality at a corner
without the vanishing point zoom. A path zoom factor of 5 is
used here.
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Note

Note

Note

\ Nominal path
Actual path (1xd)
Path zoom (5xd)

Magnification vector

Because the magnification is shown with respect to the contour
elements, the discontinuous transitions between the elements
are not defined. The deviation at corners is most likely
calculated too small with this method.

¢ Vanishing point zoom: Choosing the magnification of the
deviation at corners towards a vanishing point on the bisecting
line can optimize the display of the deviation to the nominal
path geometry. The next figure shows in principle the
calculation of the magnified measurement data. A path zoom
factor of 5 is used here.

Nominal path
Actual path (1xd)
Path zoom (5xd)
Magpnification vector
Vanishing point

The vanishing point zoom deforms continuously the magnified
actual data from the perpendiculars to the NC-path to the
corner.

If the path zoom factor is too large or the distance of the
vanishing point to the corner to small a part of the magnified
measured data would be point reflected.
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Measuring Procedure for KGF

2. Magnification at start/end of path:

Default behavior of the path zoom at start/end of the path: The
actual data points (outside the nominal path) are magnified
orthogonally to the extended nominal path (similar to older
ACCOM versions).

Nom:éSmm/:dTV
Dev: ZLum/div

R S | . SRR N 1B | R

Alternatively you may use the evaluation of ACCOM 2.8-3.1.
Here, the actual data points are magnified to the start/end point
of the path (2D distance).
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3. Corner gap:
If you are not interested in the deviations at path transitions,
you may leave a gap in the magnified data representation.

Nom: 10 mrv/div

_____________________________

_____________________________

Standard path zoom

; {4 Nom: 10 mi/div
--------- booooeeebe -4 -- Do 10 amifdiv- -
’ ’ Opt:i3 (2 mm)

e Length of the gap: Here you can set the length of the corner

gap.
Input range: 0.001 to 10.0

Note
Option 1 and 3 cannot be used at the same time.
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4. Representation up to/above limit:
a) Here you can set an upper limit up to the magnified
measurement data is plotted.

i L4 Nom:10 mmydiv
......... oot DeV10 pm/div.. ...
i i Opt:4 (10 ym)

__________ | S

____________________________________________

Option 4a: Representation up to a limit (here10 um)

b) Here you can set a lower limit from which the magnified
measurement data is plotted.

e Limit: Here you can set the limit value for the upper or lower
limit.
Input range: 0.0001 to 1.0

5. Show nominal path:

Here you can avoid the display of the nominal path. This option
can be useful when comparing two measurements with different
feed rates (slow/fast) in respect to the dynamic behavior of the
machine. Global geometric errors to the nominal path are
therefore suppressed (not visible) with this option.

6. Show measurement:

The default representation shows the complete measurement. If
the nominal path has at least one reversal point, you can decide
to show only the forward or backward part of the measurement.

ACCOM
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7. Closed representation:
The default representation shows the magnified deviation

perpendicular to the nominal path. With option 7a the path
zoom is shown in a closed representation. Here the
magnification of the measurement data is not always shown
perpendicular to the nominal path, especially around corners.
As a mathematical intermediate step a best-fit optimization is
computed (option 7b). Here a minimum deviation of the
complete measurement is computed.

Example
The following simple nominal path (square) demonstrates the

use of the option ,Closed representation.
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Option 7a: Closed representation
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Note

Example

1—}——9————+——»— —————— el e e =
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Option 7b: Best-fit representation

The closed representation is not suitable for all nominal and
measurement data. Therefore it is not generally recommended
as the standard representation in ACCOM.

When using the closed representation with more than one
measurement (different nominal paths or feed rates) the best-fit
optimization of one measurement can be used for all
measurements (7c and 7d). The best-fit optimization should be
computed with a reference measurement at a low feed rate.
Using this option offers a better look at dynamic effects with the
same nominal path. A second measurement with higher feed
rate uses the best-fit optimization of the reference measurement
(7¢). To avoid global geometric deviations in the representation
of dynamic deviations you may use option 7d. Again, a slow
reference measurement and a fast measurement are
necessary.

The following free-form path demonstrates the use of the
.Closed representation with reference measurement®. The next
three graphics show a reference measurement (red/pink, F=200
mm/min) and a dynamic measurement (blue/light blue), F =
15000 mm/min) with a forward (red and blue) and backward
part (pink and light blue).

In addition option 3 is used here (corner gap) to avoid the
visualization of the path deviations at the transitions.
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——
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Option 7c: Closed representation with reference measurement
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Note

Note

__________ —+—

i Soll: 10000pm/div
Abweichung: Sumidiv
Oplionen: 37d ... |

Option 7d: Best-fit representation with reference measurement

Using options 7a-d (closed and best-fit representation):

The deformation of the magnified contour deviation could lead
to a misinterpretation of the actual deviation. Especially with
option 7b and 7d the global geometric error of the measurement
is removed. The closed representation is primarily a display
tool. Simple and ideal contours (e.g. square or cross) show
nearly the same deviations with option 7a and the default path
zoom display. Large deviations in the measurement data could
lead to a deformation of the magnified path zoom after the best-
fit algorithm.

The used options are shown in the graphics display.
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Evaluation of contour deviation and path time

The area between the measurement data and the nominal path
could be used as a more objective value for various
measurements (mean deviation). The calculation of the
effective deviation will additionally reduce noise effects.

A machine tool is normally not fully compensated at the time of
the measurement. Missing linear or nonlinear axis
compensations, kinematic errors or missing thermal
compensations affect the calculation of the maximum, mean
and effective deviation. A more objective calculation can be
achieved by using an additional reference measurement to
reduce global deviations of the measurements to the nominal
path (2 offsets, 2 axis scalings, 1 squareness and 1 rotation).
This procedure is especially beneficial by using a low feed rate
measurement as a reference measurement before a dynamic
high speed measurement.

Evaluation of contour deviation and path time

Maximum deviation Path time

Meas. 1 1239 [um]
Meas. 2 7397 [um] et
heas. 3 [wm] &t

heas. 4 [wm] &t

102 45mmy64.76mm
-3.47mm{20.36mm

194088 [
6180 [s

|

[=

]
]
]
]

Mean Effective

deviation deviation
Meas. 1 0293 [um] 0373 [um] Sawe !
Meas. 2 TE16  [um] 2052 [um]

Meas. 3 [Hm]

[pm]

[wm]
[wm] Help

adl

\
} Close
Meas. 4 ‘

Active option(s): 3 - 0.600mm, 7d - Bestfit representation to meas. 1

Maximum deviation:
Maximum contour deviation of all measurement points

Path time:
Looking at the measurement data until standstill is used as path
time (the standstill window is used as a threshold)

Mean deviation:

Mean contour deviation of all measurement points (Absolute
values)

dev_m = sum(da*dl)/I
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Note

Effective deviation:

Effective contour deviation of all measurement points (RMS
value)

dev_eff = sqrt(sum(da*da*dl)/l)

da: Mean deviation of 2 neighboring data points (Absolute
value)
dl: Distance between the 2 neighboring data points (at the base

points)
I: Total length (Sum of all used elements dI)

The used method for the path-zoom calculation is documented
in the lower status window.
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Current evaluation
The maximum deviation of the current detail in the display mode
path-zoom is shown here. The sign of the deviation value is
determined by the movement: Deviations on the right side of the
moving direction are shown with a positive sign.
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Color settings of the graphic
If you would like to change the color setting of the graphics,
you can change the color of the error traces, of the coordinate
system and the graphic background with the menu item
Options > Color setting.
The 2 colors of each measurement are used

Saving/loading the options
You can save these settings with the menu item Options >
Save options.
You can call these settings with the menu item Options > Load
options.

Exporting the measurement graphic
If you wish to export the measured graphic as a file without a
log, you can save it as a bitmap using the menu item Graphic >
Save.

Printing the graphic
You can print the graphic with the menu item Graphic > Print.
You can change the printer settings through the menu item
File > Printer setup.

Saving a measurement
If you make changes to a calibration chart, you can save
them through the menu item File > Save measurement or by
clicking the save button.
As an alternative, you can also save the measured data through
the menu item File > Save all measurements.

Clearing the screen
To remove the motion error traces from the screen, you can
clear the screen with the menu item Graphic > Close.
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Editing the calibration charts
If you would like to edit the calibration charts you can select
the desired chart through the menu item Measure > Calibration
chart or by clicking the associated symbol.

Calibration chart of measurement 1

Custamer:

Twpe of machine: |Mi||ing machine

Sro.{'Yearofmnt:  [12345 / 1995
Remark 1: |Cuathanger

Fermark 2: |

Remark 3: |

Inspectar: |DS

HEIDEMHAIN Reference meas. system: KGM 182
1D hurmber: 349166-02 Serial number: %1234567890

Position of axis X: 12345 rmrm

" e Dpen chartwindow automatically
Position of axis " 234567 mm ofter o measurement?
Position of axis 2: -345.678  mm & Yos - No
Fosition of axis v 0 FAFT
Pasition of axis V' i mm 0K | Cancel ‘ Help ‘
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Measuring Procedure for VM Linear Test (VML)

Machine cleaning

Test program

Before beginning to mount the VM, clean the area of the
machine tool in which the measurements are made. Pay special
attention to any chips and oil or grease residue that could fall
onto the encoder.

|i|]_f} Give the encoder time to adjust to the ambient
temperature before you begin mounting it. This will help
to prevent thermally induced error.

For non-HEIDENHAIN controls, a typical test program for
comparative linear measurements with reverse cycle could be
written as follows, whereby movement must be measured
parallel to the measuring axis. With HEIDENHAIN controls, the
machine program can be transferred directly from ACCOM.

Part 1, forward cycle: The measuring head starts at a reversal
point. Forward movement to the datum, dwell time and
automatic recording of the measuring point. Forward movement
to the next position, dwell time and automatic recording of the
measuring point, ..., last position, dwell time and automatic
recording of the measuring point.

Part 2, reverse cycle: Movement by the reversal path forward,
dwell time, backward movement to the last position, dwell time
and automatic recording of the measuring point, backward
movement to the point before last, dwell time and automatic
recording of the measuring point, ..., datum, dwell time and
automatic recording of the measuring point.

Possible further cycles: Like the 1st forward cycle, this cycle
would also begin with a backward movement by the reversal
path.

|i|]_f% Ensure that there are no “forgotten” compensation data
saved in the control that could cause a movement
perpendicular to the encoder or corrupt the measurement.
The measuring head must maintain a constant angular
position. You might try running the machine program
without the encoder.
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Measuring assembly

Ensure that the IK 220 PC counter card was installed in your
PC according to the instructions in the User’'s Manual.
Alternatively you can use the EIB 741. Please ensure an
available peer-to-peer network connection to the EIB 741
(address and subnet mask of the TCP/IP connection). Connect
the encoder cables to X11 and X12.

Now mount the VM or KGM according to the instructions in the
manual. When mounting the KGM, do not use any screws
whose heads project above the height of the cross grid! Use a
dial gauge to align the VM parallel to the axis by approx. 10 pm.

When connecting the measuring cables, be sure to leave
enough slack to compensate any machine movement
during measurement.

Before starting ACCOM, connect the enclosed hardware key
with Id. No. 590255-01 or 590255-02 to one free USB port.

After calling ACCOM, proceed as follows:
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1. Select measuring method

After ACCOM is started, a dialog box appears in which you can
select the type of measurement.

Click the VM linear test button to start the corresponding
program part.

With the menu item File > Select measuring method or by

clicking the icon you can select the individual measuring
methods from within the running program.

Measuring method

Select measuring methad:

‘ K G circular test

k.G free-form test

Buotatory test

Wh linear test ‘

DEBB circular test

Cancel ‘ Help ‘
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2. Specifying the unit of measure
With the menu item Options > Unit of measurement you
specify the desired unit of measure. Close the dialog box with
OK.

Determine unit of measureme nt

Select a unit of measurement for
the releasel

* mm " inch

oK ‘ Cancell Help ‘
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3. Settings of the encoder and the counter card

Under Option > Measuring interface you set the parameters
for the encoder used.
e Signal period: Here you set the signal period (as its distance
in um) of the encoder you are using. The default setting for the
signal period is 4 pm.
Input range: 0.1to 20 pm
e Signal source: Select the model of encoder being used.
e Count direction 2nd axis to 1st axis (VM 182 only):
According to the set-up of the VM 182 it can be necessary to
manually set the count direction for the 2nd axis (orthogonal
axis).

Parameters of measuring interface
Signal period: prm

Signal source: O KGKM  COVRTO0D & WRATEZ

Countdirection 2nd to Tstaxis: & x1 © x(-1)

Ok | Qancel‘ Help ‘

Under Option > Counter card you set the parameters for the
counter card.
e Type counter card: Here you select the model of counter
card that you are using.
e Signal input: Here you select the type of measuring signal.
e Address EIB 741: Here you enter the IP address of the EIB
741 (see also EIB 741 user manual). Alternatively you may use
the DHCP hostname in a company network. However it is not
recommended due to the high data acquisition rate.
This setting is not needed for the IK 220.
e Automatic connection at program start: ACCOM connect
to the EIB 741 at the next program start automatically if chosen.
A valid connection to the EIB 741 is required!
e Test IK (IK 220): Here you can then test the counter card for
proper function.
e Connect/Disconnect (EIB 741 only): The EIB 741 will be
connected or disconnected here.
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Type counter card: K220 & EIB?4A1

Signal input: * WWpp O 11 pApp

Address: 192.168.1.2

[~ Automatic connection at program start

IestIKl (8] 9 | Qancel‘ Help ‘

Hﬂ_f} Ensure that you have entered the proper model, address
and signal input of the counter card. If the signal period is
entered incorrectly, the distances will be measured too
large or too small.

Note
Only EIB 741: Connect the KGM/VM to the encoder inputs X11

and X12.

% If you have problems receiving data from the counter
card, use the test programs on the provided driver CD to
check whether the card can be used.
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4. Fine adjustment of the measuring head

Oscilloscope

With the menu item Equipment > Oscilloscope you can
display the measuring signals received by the PC counter card
as Lissajous figures. You need this for the fine adjustment of
the encoder (see mounting instructions of the KGM or VM).

HEDENHAIN - VML - mmasirement - [Oucillncape]

[~ Coreetion %1 [ Careetion %2

i

The measuring signals are displayed for the directions | and Il in
the oscilloscope display mode (for measuring signals 0° elec.
and 90° elec.).

When using the KGM, move the machine tool slide slowly
and evenly in diagonal direction. Use the adjusting screws on
the measuring head to adjust the signal amplitude. In the ideal
case, the measuring signal amplitude lies near the green
circular path (1 Vpp) between the red limit circles.

If the encoder signal is too large or small, the message
Amplitude too high / too low appears in the status line of the
ACCOM screen.
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Optimizing the measuring signals

Position display

Through automatic signal adjustment, ACCOM can optimize
the measuring signals to attain very high accuracy. Click the
boxes Compensation X1 (X11) and Compensation X2 (X12)
and, when using the KGM, move the machine slides slowly
and evenly in diagonal direction. When using the VM, move
only in paraxial direction. Then switch this function off by
clicking both boxes Compensation X1 (X11) and Compensation
X2 (X12) again, and go to the next item of the instructions. The
EIB 741 optimizes the analogue signals automatically.
However, the optimized analogue signals are used only for the
computation of the position values. Therefore it is possible to
observe imperfect circular Lissajous figures.

q]_f% If the displayed signal amplitude is too low, check
whether the settings for the interface are correct and
whether the encoder is correctly installed. Then start
ACCOM again. Do not engage or disengage any
connectors until you have exited ACCOM!

With the menu item Equipment > Position display you can call
the position display for the connected encoder and, for
example, check the positive counting direction of the KGM/VM.
If you call this function after setting the position (see section 8,
“Set datum”), before the test you should check again whether
your datum is set correctly and, if not, enter it again.

Position display.

X11: 0.0002 mm
X12: 0.0019 mm

Rieset Cancel ‘ Help |
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5. Parameters of the measurement

By calling the menu item Options > Parameters of the
measurement or clicking the icon, you open the following dialog
box in which you can adjust the parameters of the
measurement.

Parameters of the measurement

Auxis: Orthogonal axis: | | Trigger mode:

& % s % s * Automatic " Manual

Y axis * Y gxis Position window: + 101 mm
7 adis 7 adis

Standstill speed: 10 fmrn friin

MNominal positions: Cycles: 5

Position list:

R Feversal dist: 5 il
noooo e A -
50.0000 RTINS (]l Dwell time: 1 S
100.0000 13 ’—
150.0000 teas. mode:
200.0000 & Linear " Step-cycle
2R0.0000

300.0000 1st/ 2nd paint v Backward cycles
350.0000
jgggggg 1st/Last point ¥ Check position trawverse

500.0000 1st/ stepwidth (Can be turmed off for IS0 230-3
5500000 » All paint measuraments. Should be used for IS0
points 230-2 standard measurements.)

Ok ‘ Cancel‘ Help ‘

e Axis: Select here the axis of measurement.
¢ Orthogonal axis: The orthogonal axis can be selected here
when using the KGM or the VM 182.

e Amount of pos.: The number of positions is defined
automatically when the nominal positions are specified.
e Nominal positions: You have a choice among four
possibilities: 1st/2nd point
1st/last point
1* point/step width
All points
1st/2nd point: Here you enter the first and second
measuring points as well as the total number of measuring
points (including the first and last). ACCOM automatically
calculates all measuring points and shows them in the
position list.

ACCOM

125



Measuring Procedure for VML

1st/last point: Here you enter the first and last measuring
points as well as the total number of measuring points
(including the first and last). ACCOM automatically
calculates all measuring points and shows them in the
position list.

1st point/step width: Here you enter the first measuring
points and the step width between the measurement points
as well as the total number of measuring points (including
the first and last). ACCOM automatically calculates all
measuring points and shows them in the position list.

All points: Here you can enter all positions, which are then
shown in the position list. The positions must be entered
in ascending order.

Note
The nominal positions have to be in monotonically increasing
order.
e
o1 %l B N S rl 9
Pucomeiun sl et |
Ay Orhogosal mes Trggar mode
# Hevin R  Adomeic " Manual
O e & W Postion window e 01 mm
e B el O o
Pl prsascn Cyelon E
== o .
Aoversal dat 13 mm | 00000
Amourt o pox. (] A ]
(i e e ' = ety
Mot mode: Tl A0 D000
Eihasr Sy : 200 0000
stiandpont | || @ Backwerd cycles | 2000000 _ Lood
nitonton | |5 G o vavare —— g .
prT| i) o
Al pois | ;.U-;.wamm‘hlmjmmnndad;w E ) oo o ]
B L
o Conest | Halp i Caneat
o et |
Triaiog ran be ciossd .
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Note

With Save you can save the file under any name and edit it later
with the editor or a spreadsheet program such as Microsoft
Excel or Open Office. In this way you can also generate random
values. With Load you can read existing files into the measuring
program.

e Trigger mode—Manual: In this setting you must use the
Save key in the measuring dialog box to manually confirm that
the measuring position has been reached.
e Trigger mode—Automatic:
Position window: Enter here the size of the positioning
window (nominal position + position range) within which a
momentary position is considered to have been reached. If
the range is too small, a measuring cycle will be interrupted
by large error values. If it is too large, the measured value
will be Saved too soon.
Standstill speed: For automatic position detection, the
change in position must be smaller than the standstill
speed specified here.
e Cycles: Here you enter how many times in a row the nominal
positions are to be scanned. You must previously have clicked
Backward cycles (positions are also approached backward),
otherwise only one forward cycle is possible.
e Reversal dist.: The distance to be traversed so that the same
nominal position can be approached from the opposite
direction. ACCOM recognizes the backward movement after
half the distance. For extremely high traversing speeds, enter a
dwell time at the end of the reversal distance in the NC
program.
e Dwell time: Here you specify how long the machine is to wait
at one position until it approaches the next position. ACCOM
automatically records the measured values after half the dwell
time.
e Measuring mode—Linear: All positions are traversed in
sequence.
e Measuring mode—Step cycle: Each nominal position is
approached in positive and negative direction as many times as
is defined under Cycles. The process is repeated in sequence
at all positions.
e Backward cycles: Here you specify whether the nominal
position will also be approached backwards. If the backward
cycles are not checked, you can run only the linear measuring
process with one forward cycle.
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e Check position traverse: This option should be enabled for
all ISO-230-2 measurements. ACCOM then always checks
whether a measurement position has been skipped. If that
happens the trigger conditions "position range" and "standstill
range" should be increased.

However this option has to be disabled for ISO 230-3
measurements with additionally heating cycles in between the
measurement cycles. Here the trigger conditions have to be
increased as well.
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6. Setting the NC interface

If you wish to transfer the measuring program in ACCOM to
a HEIDENHAIN control, select Options > NC programming to
open a dialog box in which you can configure the network
connection.

Parameters for, NC programming
Made: & HEIDENHAIN conversational

" HEIDENHAIN IS0
IS0 format I:l

Feed rate: W mmymin
Add feed rate to each block r
Program narme: W
Decimal place: 1 pm * 0.1 pm
10 nm 1 nm
Add M functions: ,—
Add M functions 1o each block r
THNC settings:

TCR/IF address: THCE40

QK | Cancel‘ Help |

e Mode: Choose between HEIDENHAIN or ISO format.
e Feed rate: Here you enter the nominal feed rate for the
circular motion.
Input range: 0.001 to 100 000 mm/min or

0.000 04 to 3900 inches/min
e Program name: Here you give the program a name (the
extension .H stands for HEIDENHAIN, .| stands for
HEIDENHAIN 1SO and .txt for general ISO).
e Decimal place: Select the decimal place of the NC programs.
e M functions: Here you enter additional M functions which are
necessary to run the NC program on the control.
The M functions are added to the first NC block.
Example in HEIDENHAIN conversational programming:
2 L X0 F1000 M31
e TCP/IP address: Here you enter the TCP/IP address or
DHCP hostname of the control for the data transfer via network
connection.
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G-Code options

By clicking the control button Options the following dialog
box opens. Here you can configure some ISO format settings
which are suitable to the control.

F_

hode: " HEIDEMHAIN conversational

" HEIDEMHAIN 30

& 120 farrna Optians...

GCode import options

Fosition (expor); ¢ Incremental & Absolute

Circle center: * |ncremental " Absaolute
Feedrate: * |nchimin " 0.1Inchfmin
Use G-Code G71/G70 far Mid/Inch r

Ok | Cancel| Help |

Additional lines at prograrm start:

| G54 |

Additional lines at prograrm end:
| (YE

OK | Cancel‘ Help |

e Position (export only): This parameter is used in the export
of an ISO NC program only. For absolute positions G90 is
added at the NC program start, for incremental positions G91 is
used.

For absolute NC programs it is useful to add a datum shift (e.g.
G54).

e Circle center: The input of the circle center point acc. to the
German standard DIN 66025 is done incremental to the last
position or absolute. Usually 1, J, K are used with incremental
positions. Valid is also an absolute position with I, J, K.
(depends on the control).

e Feed rate: This parameter is only valid for an INCH program.
The feed rate can be set in Inch/Min or Inch/10Min
(HEIDENHAIN default).

e G-code for Inch/MM: You can choose whether to use
G71/G70 for NC programs or not.
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Network cable

Note

In the dialog box Parameters for NC-programming you may

add the following data for the ISO format programming:

e Additional lines at program start: Here you can add 2 user
or control specific lines at program start (e.g. G54).

e Additional lines at program end: Here you can add 2 user

or control specific lines at program end (e.g. M30).

Connect the TNC by a (crossed) network cable directly to the
PC or by using a standard network cable with a hub or a switch
to the company network.

Peer-to-peer (direct connection): You need to set the IP-
Address of the PC in Control Panel / Network / TCP-IP /
Properties (depends on the operating system). As default the
value for the IP-Address will be given automatically in a
company network (from the DHCP Server).

LAN (Network) with a 1:1 cable

IP- 1601 868 1P 160118010

PC/Server THC

BhC RJ-45 BHNC  RJ-45
w w

ET [— -
Hub - --

Rd-45

Peer-to-peer (direct connection) with a (crossed) cable!

IP: 160.1.6.68 IP: 1601 18010

PC/Server THC

BMC Rl-45 BhC F-45
Ll Ll

ACCOM

131



Measuring Procedure for VML

7. Setting the direction

KGM: Before the first measurement with the KGM, ACCOM
must know the positive counting direction of each axis as well
as the angular position of the KGM on the machine table. In the
menu item Measure > Directions, ACCOM prompts you to
move the machine slides in sequence in the direction shown in
the dialog box. The directions depend on the setting of the
measuring plane (see positive direction | and Il on the KGM).
To optimize the angle compensation, enter if possible your
entire traverse distance in the dialog box. The required
accuracy data is calculated from the signals of the encoder
(channel assignment, counting direction and angular position).

VM: Before the first measurement with the VM, ACCOM
needs to know the positive counting direction. In the menu item
Measure > Directions, ACCOM prompts you to move the
machine slides in sequence in the direction shown in the dialog
box. The directions depend on the setting of the measuring
axes. The positive counting direction of the orthogonal axis can
be recognized with the “right-hand rule.” The VM has no
automatic angular error compensation. It is therefore important
that the encoder is aligned exactly.

Set VM X direction

Traverse the Whi182

minimum |5 mm

inpositve % direction

1 0.0003 ram
e 0.0000 mm

Cancel

q]_f% During the directional detection, do not move the
machine tool slide in a diagonal direction. Otherwise the
detected angular position will be incorrect. Movement in
diagonal direction will result in damage to the VM!
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8. Set datum

Last initialization

In the menu item Measure > Set datum you assign ACCOM
a position value in agreement with the control.
Example:
If the scanning head is located at the starting position, you
assign it the coordinates X0 and YO.

Relevant position of the %h182
= E mm
W |0 M

o]

Cancel Help ‘

When using “Set datum” and “Set direction” do not forget
the influence on the measurement of the backlash in NC
axes, especially at the beginning of the measurement.

After you have started ACCOM you can use your previous
settings by calling the menu item Measure > Last initialization,
provided that the setup of the VM 182 on your machine has not
changed and you move the scanning head to the position last
set. Then continue with the next program item.

Last initialization

Initialize the KGMAM with last
adjustments of the direction

measurement atthe position
(0.000 rarn | 0.000 rrrm )7

Yes Mo ‘ Help ‘
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9. Generating and transferring an NC program
If you wish to generate and transfer an NC program, call the
menu item File > Upload NC program to TNC, and select the
form in which you would like to transfer the NC program.

Upload NC program

| Generate according to options |

Upload from file (TCR/F) ‘

Cancel Help

e Generate according to options: This button calls a dialog
box entitled Generate NC program for measurement in which
you define the parameters for the NC program.

e Load from file (TCP/IP): In the TCP/IP operating mode, a
finished NC program is transferred from the file system of your
PC to the NC control by a network connection.

Note
Alternatively you can use the HEIDENHAIN PC-Tool TNCRemo
for the data transfer to the control.
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Generate NC program for VM measurement

Mode: & HEIDEMNHAIN comversational

" HEIDENHAIN IS0 " 130 format
Feed rate: W rrrndmin
Program name: ‘VMX]DD.H
Measuring axis: @x Oy 7
Sawve ‘ Cancel | Help |

Upload in: TCRAP...

e Mode: Choose the format of the NC program.
¢ Feed rate: Enter here the nominal feed rate of motion.
Input range: 0.001 to 100 000 mm/min
0.000 39 to 3937 inches/min
e Program name: In TCP/IP mode you add the extension .H for
HEIDENHAIN format or .1 for ISO format to the NC program,
Ext/ME mode there is no extension.
e Axis: Select here the machine axis being used.
e Save: Click to save the NC program.
e Cancel: Click to close the dialog box.
e Upload: Click to start the upload.

Now an NC program is generated for the VM linear
measurement and transferred to the root directory of the TNC in
default setting. Data transfer via TCP/IP opens a new file dialog
window, where you can select the target directory on the
control.

|i|]_f} The following prerequisites must be met for the correct
execution of the NC program.
1. At program start, the scanning head must be located at
the starting point.
2. The correct program is selected at the control.

|]]]_f% The TNC does not answer if the network is not
connected.

ACCOM

135



Measuring Procedure for VML

10. Generating a calibration chart
Through the menu item Measure > Calibration chart or by
clicking the icon you can define the calibration chart for the
measurement by entering information on the measurements in
the calibration window. By clicking yes or no you can specify
whether the chart window will open automatically after each
measurement.

Calibration chart of measurement 1

Customer:

Twpe of machine:

Srio. ¢ Year of mnf. i ‘

Rernark 1:
Rernark 2:
Rernark 3:
Inspector: |
HEIDEMHAIN Reterence meas. system: WA 182
1D number: 35396712 Serial number: 123456789
Position of axis 0 mm
" s ,— Open chart window automatically
Position of sz 0 mm after a measurement?
Position of axis Z: 0 ulg 9 s r MNo
Paosition of axis [+v: 0 mm
Position of axis V: 0 mm Ok | Cancel | Help |

If you enter the chart data only for measurement 1, they will
automatically apply also to the other measurements. The charts
can also be saved or edited later in the course of evaluation.
ACCOM saves these data together with the measured data and
prints them through the menu items Evaluate > Measured data,
Evaluate > Characteristic data and Graphic > Print.
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11. Start measurement
Select the menu item Measure > Start measurement or click
the associated button to open a dialog box with which you can
start the measurement after entering the following parameters.

+ hMeasurement 1
" Measurement 2
" Measurement 3
" Measurement 4

Scaling of the measuring axis:

Dmax: |10 pm

Dmin: ~ |-10 pm
v Display orthogonal axis

Scaling of the orthogonal axis:
Dmax: |10 pm
Dmin: — [-10] prn

Start | Cancel‘ Help ‘

e Measurement 1-4: Click the number under which the
measurement is to be shown later.

e Scaling Dmax/Dmin: Enter here the upper and lower limit of
the expected error. You can change the scaling at any time
later during the evaluation.

e Display orthogonal axis: Here you can deactivate the
display of the orthogonal axis when you are using the KGM or
VM 182. The measured values of the orthogonal axis are
nevertheless recorded.

e Scaling of the orthogonal axis Dmax/Dmin: If you are using
the KGM or VM 182, enter here the upper and lower limit of the
expected error in orthogonal direction. You can change the
scaling at any time later during the evaluation.

The following conditions must be fulfilled for a correct
measurement:

1. The measurement parameters entered in ACCOM
must correspond to reality.

2. The scanning head must be at the starting position.
3. The correct NC program must be selected.
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Start: After you click this button, ACCOM waits for the
beginning of measurement. Start the measuring program on the
machine tool. The progress of measurement is shown on the
screen. You can terminate the measurement with Cancel. The
measured cycles can be saved through the menu item File >
Save measurement or evaluated with the menu items Evaluate
> Raw data, Characteristic data and Graphic.

AN i - |7 x|
2% 8] N sl e o
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E . o I avie  ©
5 - graphic of the axig
]
H o
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I e I o e A B B L B B e e e e o e B e e |
0 0 100 0 200 250 00 350Meas. length [mm

omection of the ohegonal axis: OF [ r i e '
ng points: 11 Cycle count: 3 et poiion . —

Onhegeasl axis ¥ Faod rate: 2000 mmiin r
¥ 000 Y 000Z 00N 00 Y 00 Matsprd 1 -
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When using the NC program generated by ACCOM, at
the beginning of measurement the scanning head should
be at the reversal position. Recording begins after the
subsequent forward motion to the starting point.

Note
While the VM measurement is running, the measurement data
is saved in a temporary file. After a PC or program crash the
temporarily saved data can be recovered in the menu item File
> Open measurement.
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Data storage
After conclusion of measurement, the following dialog box
appears for data storage.

_ HAEMHAIN - WM linear best [¥ML)

Spuchen |38 =+ BB
o B s
M
5_FRAE e
DRCECI00.
tesnd vl
et
Dusesss  [JEER |
Davtyr: VML Moampamert e [ VML)
— & E— .
E
H 4 uation of the
5 2]
i3 27 2
L 3
=] o
-4
-2
-3
2 H
| T il Evalustion ke, 16 50 2307 ‘Evabuniion ol ih orihegossl axis
[Fype of mactine. ilng macbice
Yoar of mad SZ&'&-’W B 085pm 8 mesn: 004 pm L2 0Xpm  Bmesn 004 pm
with compensahon L 489 pm L3 £19pm
| Fisroark A 4¥pm A 412 pm A StEpm A 485 pm
Dt Tima 07 4 2007 431237 " 40Bpm  w 36000 mm " 177pm o F0.00 mm
Linaws comection Yoavis: 0 Fe  3Mgm s 00mm || Be  1Tpm a  B00mm
Massisng ponts: 11 Cycle count: & R A%m st HOMmm || A LiTem st X0 mm
e Orthegenal aus: ¥ Faod rate: 1000 mmimin E 197pm E. LiTpm || Ex 43pm E 3 pm
[Position of axis %1500 ¥ 47400 7 37400 B 000 VD00 em E 157 g M 1Eipm || E ATpm W A 14 pm
Eave rwatromert | e

With Measure > Start measurement you can start further
measurements.
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Entering temperature values
If you wish to save the ambient temperature values and other
temperature values, the ISO 230-3 standard must be selected
under the menu item Evaluate > Standard. Then select the
menu item Evaluate > Temperature table to open a dialog box
in which you can enter the temperature for each cycle.

Note

It suffices to enter at least two temperature values. The
temperature curve between them is interpolated linearly.

Then save the file through the menu item File > Save

measurement.

Entering temperature values

Cycle |Time [min]| Ambient temp. [*C] | Temperature [*C]

0.0 21
0.450.0
0.4900.0
1.37/00
1.82/00
22800
27300
220000
36500
41000
44700
5.0200
54800

59300
RAninn

Scaling temperature axis:

* Automatic

1 1
2 2
3 3
4 4
i g
G B
T T
g g
9 9
10 10
11 ih
12 12
13 13
14 14
1e 1R

" Fixed
fram:

Coto

oo
oo
nao
nao
oo
oo
nao
nao
oo
no
nao
oo
oo

nao
nn

OK

Cancel

i

Help
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12. Open measurement

Through File > Open measurement or by clicking the
associated button you can load the measured data for further
evaluation and display. The following screen appears.

Open measurement

‘ heasurement 1

Measurement 3

teasurement 2 ‘
tMeasurement 4 ‘

Cancel Help

This dialog window enables you to open the measurements in
any sequence.

This menu item also enables you to call other motion error
traces to the screen for further evaluation.

|i|]_f} The results of measurement are loaded into the system
with menu item Open measurement. This is a prerequisite
for display. Through the menu item Evaluate > Graphic you

can influence how and whether the motion error traces

are displayed (see also section 16, “Graphic Display”).
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13. Evaluate measured data
You can view the raw measurement data through the menu
item Evaluate > Raw data or by clicking the associated symbol.
ACCOM shows every measured deviation including the
associated coordinates.

Raw data of the measurement 1
Customer: Jane Doe
Type of machine:  Test machine Help

Srio. fyear of mnf; 123 1938

Posttion of axis:

M -3836000mm % 2041500 mm Z -2F718900 mmo IV 0.0000 mm % 0.0000 mm
File name: Testvml Meaz. moce: WL Meaz. method:  Linear

Reversal dist. 0.9000 mm Measuring poirts: 11 Measuring axis: X

Crwvell time: 100 = Cycles: 3 Orthogonal axis: Y

Feed rate: 1000 mm- fmin Linear correction of the arthogonal axis: Off

with compensation

Date of meas.: 17.02.1998 09:43:31 Inspector:  HK

Pos. |Cycle | Direction |\Iom. position [mm]|&ct. position [mm] Diiff [pm] Crthogonal axisfur
1 1 + 0.0000 -0.0001 -0.03 052
1 1 0.0000 -0.0001 -0.14 023
1 2 + 0.0000 -0.0003 -0.57 0.9
1 2 0.0000 -0.0009 -0.89 064
1 3 + 0.0000 -0.0002 -0.22 0435
1 3 0.0000 -0.0005 -0.50 018
2 1 + 40.0000 39.9994 -0.57 -0.57
2 1 40.0000 39.9997 -0.27 -1.06 v

Note
The ACCOM data is saved in an ASCII file. The raw data are
saved line by line, separated by tabs. You can load or import
this file for further processing in other programs like Matlab,
Origin, Microsoft Excel or Open Office.

To print the raw data, click the print symbol.

If you click Cancel, the dialog box closes.
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14. Select standard for evaluation

In the menu item Evaluate > Standard you can select the
guideline for further evaluation.
ISO 230-2
VDI/DGQ 3441
ISO 230-3

Select the standard

ata

O NVDIYDG 3441
150 230-3

[0]$ Cancel ‘ Help |
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15. Characteristic values
With the menu item Evaluate > Characteristic data, or by
clicking the associated symbol, you can display the results
calculated from the measured data according to ISO 230-2 or
VDI/DGQ 3441.

To print the accuracy data, click the print symbol in the menu
bar.

You can save the characteristic values in an ASCII file (*.csv).
If you click Cancel, the dialog box closes.

e Example of accuracy data as per ISO 230-2:

Characteristic data of the measurement 1 acc. to 1SO 230-2

Customer: test
Type of machine:  Milling machine Save | Help |
SrMa. fyear of mnf.; 123456 I 2004
Position of axis:
x 15.0000 mm Y.  -124.0000 mm  Z -374.0000 mm W 0.0000 mm . 0.0000mm
File: niatne: test2 vl Meas. mode: WML Meas. method:  Lineat
Reversal dist. 0.90 mm Meazsuring poirts: 11 Measuring axis: X
Drwvell time: 1.00 = Cycles: 5 Orthogonal axis: Y
Feed rate: 1000 mm fmin Linear correction Y-axis: Off
with compensation
Pos. Mam. pos. [mm] | + ¥mit [pm] | - ¥mit [pm] | Hmit [pre *
1 0,0000 -0.41 -0,50
2 40,0000 -0,29 -002
3 30,0000 0,34 0,14
4 120,0000 0,39 028
5 160,0000 052 035
53 200,0000 0,75 0,73 v
£ >
Measuring axis: B: 0.55 pm R: 4 05 pm at 360.00 mm
B mean: -0.04 pm R+ 3.30 pm at 40.00 mm
R 161 pm R-: 396 pm at 360.00 mm
A 4.49 pm Dt 4.28 pm A 412 pm
@ity T ? 187 pm E+ 187 pm E-: 1.37 pm
0ganE] &xis: B 026 um R 177 um ot 320,00 mm
B mean: -0.04 pm R+ 1.33 pm at 260.00 mm
R 4.14 pm R-: 177 pm at 320.00 mm
A 2.19 pm A 2.6 pm A 483 pm
E: 4.33 pm E+: 4.33 pm E-: 3.94 pm
Date of 07 .04.2007 131222 Inspector:  Smith
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e Example of accuracy data as per VDI/DGQ 3441:

Characteristic data of the measurement 1 acc. to ¥YDI/DGQ 3441

Customer: te=t . -

Type of machine:  Miling machine Save | iCancel | Help |
Stio. §year of mnf.: 123456 12004

Pasttion of axis:

x 15.0000 mm %> 1240000 mm £ -374.0000 mmo W 0.0000 mm . 0.0000mm
File: name: test2vml  Measz. mode: WAL Meas. method:  Linear

Reversal dist. 0.90 mm Meazsuring poirts: 11 Measuring axizs: X

Cravell time: 1.00 5 Cycles: 3 Orthooonal axis: Y

Feed rate: 1000 mm fmin Linear correction Y-axis: Off

with compensation

Pos. MNam. pos. [mm] | + ¥mit [pm] | - Xmit [pm] | Hmit [pre ©
1 0,0000 041 0,480
2 40,0000 -0,29 -0,02
3 80,0000 0,34 0,14
4 1200000 0,39 028
5 1600000 052 035
G 00,0000 0,78 0,74 v
£ >
Measuring axis: U mean: 0.22 pm L 0.55 pm L mir: 0.02 pm
P= mean: 275 pm Ps max: 5.37 pm Ps min: 1.28 pm
F: 587 pm Pa: 161 pm

Orthogonal axis:

U mean: 011 pm U miax: 0.26 pm LI min: 0.02 pm
P= mean: 1.22 pm Pz max 200 pm Pz min: 0.39 pm
F: 5.63 pm Pa: 4.14 pm

Date of 07.04 2007 131222 Inzpector:  Smith
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e Save characteristic data

Save characteristic data

Output: o M " Orthogonal axis " Both axes
Data output: " Characteristic data measurement (e.g. B. Umax)
@« All data " Characteristic data of the data points (e.g. =m)
Data separator (columns) " Semicolon () ¢ Tabulator
" Blank f+ Calon ()
Decirmal point: t+ Paint () " Cornma ()
Save Cancel ‘ Help |

e Output: Here you can select the measurement axes for the
data output.

e Data output: Here you can select the kind of data which will
be saved in the CSV-file.

e Data separator: Here you can select the data separator used
in the CSV-file.

e Decimal point: Here you can select the decimal point used
in the CSV-file.

e Save: Here you can save the characteristic data. A file dialog
window opens and the data is then saved in an ASCII file
(*.csv).

Example:

Settings: Meas. axis only, Characteristic data of the
measurement only, Data separator: tabulator, decimal point:
comma

Output of the ISO 230-2 characteristic data in 2 lines

Blum] |Bm[um] | A[um] | A+[um] | A-[um] | R [um]

1,12 -0,28 10,41 10,37 10,16 512

R+[um] | R-[um] | E[um] | E+[um] | E-[um] | M [um]

4,40 512 8,23 7,98 8,17 8,04
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16. Graphic display of measurement results
You can specify the display mode of the motion error traces
in accordance with the selected standard through the menu
item Evaluate > Graphic or by clicking the associated symbol.

VM graphic settings

Display: & heasurement 1 " Measurement 3
" Measurement 2 " Measurement 4

Scaling of measurement axis deviation:
fram: prn o P W Automatic

Scaling of orthogonal axis deviation: v Linear carrection

fram: P toc pm W Automatic
Scaling measurement length (abscissa):

fram: mm  to: mm W Automatic

Representation: " Seperate cycles
~
|50 230-2
™ Aweraged deviation
Show: " Backlash
" Measurem. axis " Repeatahility
" Orthogonal axis '
* Both axes .

Ok | Cancel‘ Help ‘
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¢ Release: Select the measurement to be displayed.
e Scaling of measured axis deviation:
Fixed: Enter the upper and lower limit of the error display.
Automatic: The scale is determined automatically.
e Scaling of orthogonal axis deviation:
Fixed: Enter the upper and lower limit of the error display.
Automatic: The scale is determined automatically.
Linear correction: If you activate this check box, a linear
regression over the error curve is calculated and the
calculated linear error is subtracted from the measured
error and displayed. This is useful whenever the VM 182
cannot be set up parallel to the measuring direction.
e Scaling of measurement length (abscissa):
Fixed: Enter the upper and lower limit of the abscissa.
Automatic: The limits of the abscissa are determined
automatically.
e Display:
Measuring axis: Only the axis of traverse is displayed.
Orthogonal axis: Only the axis perpendicular to the axis of
traverse is displayed.
Both axes: Both axes are displayed.
e Representation: The available display modes depend on the
selected evaluation standard.
ISO 230-2: Separate cycles
ISO 230-2
Averaged deviation
Backlash
Repeatability
VDI/DGQ 3441: Separate cycles
Characteristic values
ISO 230-3: Position drift as per cycles
Position drift as per time
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e Separate cycles
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e Graphic as per ISO 230-2

E Evaluation acc. to 150 230-2
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e Backlash
Graphic as per 1SO 230-2

€
£]
g 2
i3
T TR b s —————
2 o —
=17
-2
-3
4 I
400
= 5
E
=) 4
= 3
% 2
3 1
g o
=17
-2
-3
p A
300 3500ass_lengih [mm)
[Femvmement 1 Evalustion of thy srhegensl asis
Type of machine ercuching
Yoar of mal ; 1 x08 B 085 pm B mean: 004 pm || B 0X%pm B mean 0.04 pm
with compensation A 4,49 pm A 18 pm
[Froeruark: A 48pm A A41Zpm || Aw Slopm A 485 pm
Do Timar 07042007 131222 R 408pm o  FWOmm || & 177pm o 3000 mm
Linaae comection -anis: O Tkomp - OF VI R+ AWpm @t AWmm || R 13pm o 20000 mm
Measunng ports: 11 Cyche count: § R A%em st IWmm || A LiTem st X000 mm
e ] ang ¥ Fand ratw: 1000 mmimin Es 197pm B 137 pm || Es 4¥pm E 394 pm
[Pusition of axis % 1500 ¥.-12400 7 37400 B 000 V000 e E 107 gm W thym [ £ ATgm W Atdpm
By M

o Repeatability
Graphic as per 1ISO 230-2
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o Position drift (cycles)
Graphic as per 1ISO 230-3.
Temperature input under Evaluate > Temperature table.
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e Position drift (time)
Graphic as per 1ISO 230-3.
Temperature input under Evaluate > Temperature table.
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17. Run linear compensation on NC control
ACCOM enables you to read the compensation positions
defined in the TNC and output the correct compensation values
after the measurement.

Proceed as follows:

Before entering the measuring parameters, use the menu
item File > Download TNC compensation to transfer the
compensation position table in the TNC to ACCOM.

Select between the standard format COM for current
HEIDENHAIN controls.

HERENHAIN - YHL - sasurement (@33
-

Faady UM

The following window with the PLC directory of the
HEIDENHAIN control appears in TCP/IP mode. Before you can
access the PLC directory it is necessary to enter the PLC code
number. For this purpose a dialog box appears once. In the
PLC directory you can choose explicitly the compensation value
table which should be written into by ACCOM.

Note
To build a new table see technical manual of the TNC.
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Choose compensation table from TNC directary

Subdirectories:

Current TNC directany: |PLC MCORRECTY

Filelistin directony:

AMNELLCOM
K78-5.COM
K78-5-.COM
TEST.COM
TEST1.COM
TEST1-.COM
TESTNEL.COM
TMP_COMP TAE
= COM

r.COM

Z.COM

Cancel

Help

Enter the measuring parameters through the menu item
Options > Parameters of measurement. ACCOM automatically
transfers the position values from the TNC compensation table.

Axis: Orthogonal axis:
(+ ¥ ads " Haxs
Y axis * % axig
2 axis 2 axis

MNominal positions:
Fosition list:

[ 00000 A
50.0000 Amount of pos.:

100.0000 13
150.0000
200.0000
250.0000

300.0000 1st/ Znd point
350.0000
400.0000 Tst{ Last point
450.0000
500.0000 st/ stepwidth

550.0000 & All points

Trigger mode:
+ Auytomatic " Manual

Fosition window: £ 101 mrn

Standstill speed: ’10— rrirm frnin
Cycles: ’5—
Fewversal dist: ,5— i
Drwvell time: ’2— 5

Meas. mode:
& Linear " Step-cycle

Iv Backward cycles

v Check position traverse

(Can be used for 150 230-3
measurements. Mot recommended for
IS0 230-2 standard measurements.)

Ok | Cancel‘ Help ‘

Specify the NC interface.

Run the directional detection and set the position.

Generate the NC program and transfer it.
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Generate the calibration chart.

Run the measurement. The position error values are then
used as compensation data.

After the measurement, use the menu item File > Show
compensation values to call a list of compensation values.

Show compensation values

I Position no.

| Mominal pog. [mm] ‘umpemsanun\dalue [mn‘ Comp. value ortho. [mm] ‘

1

TS e e e e

0.0000
40.0000
80.0000
120.0000
160.0000
200.0000
240.0000
2800000
320.0000
360.0000
400.0000

-0.0004
-0.0010
-0.0014
-0.0022
-0.0028
-0.0048
-0.0059
-0.0063
-0.0073
-0.0075
-0.0085

0oo1z

-0.0002
-0.0005
-0.0019
-0.0001
-0.0002

0.0021
0.0001
00004

-0.0011

0.0002

Compensation

& Mean valug

" Fomward cycles
© Backward cycles

Cancel
Help

If you click Save, you can later read the ASCII file with a text
editor or e.g. Microsoft Excel or Open Office.

Save compermathen values

Mawiinng pont

s 3
[Frositian of sxis ¥

Crthegenal ams.
FEIED Y 20415

Linase conection of the orthegonal ans: OF
= [

¥

yele court: 3
Faed rate: 1000 mmimin
LT 000 Y. 000 mm

Space kay = Nast cycle

Specten [ aczoM Sle @ m ]
g%z
-0 0%
008
-00001
ooaan
0007
a0
Doenave | ﬁpnmml 00911
[P T stecen e
e B S
o 50 100 150 00 250 300 350Maas langth [mm]
[Massirament 1 Tost vml [Messueement - graghe: Axie:
Type of machine: Tostmaschine Cyche 1
Yoar of 123/ 1958
il Kamp
sk
| Dt Timay v |man 0 | s

[nadosg can be clooed.

i
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Output the compensation value table through the menu item

File > Upload TNC compensation. In the following dialog box
you can select the compensation values.

Select correction

Mame: >400.COM

Select compenzation
colurmn;

=
1

Compenzation values:

(¥ iMean value form for- and backward cycles
" Fonward cycles

Uze of the compensation values:
&+ Absalute [ovenarite compenzation values]

" Ineremental [add compensation values)
Use compensation values of the

* Measuement axis
" Drthogonal asiz

-

Ok Cancel | Help |

Select compensation column: Choose the column of the
compensation table which you would like to correct.

Compensation values:
Mean value: The mean value of the position error of all
forward and backward cycles will be used as compensation
values.
Forward cycles: The position error of the forward cycles
will be used as compensation values.

Use of the compensation values:
Absolute: Existing values in the chosen column will be
overwritten. You should use this option if there was no non-
linear axis compensation active while measuring or the
specified column was empty.
Incremental: This option allows adding a position error to
existing compensation values in the specified column.

Use compensation values of the:
Measurement axis:: Compensation values of the position
error will be inserted into the chosen column.
Orthogonal axis: Compensation values of the straightness
error will be inserted into the chosen column.
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e Compensation of the backward cycles:
TNC 640/TNC 620:: The position error of the backward
cycles will be written in column BACKLASH in the same
file.
iTNC 530: Choosing this option will generate a second
compensation file with the position error of the backward
cycles in the same column. This compensation table may
be used by newer TNCs for the negative direction of
traverse.
Example: Name of the compensation table: x.com -> then
the name of the file for the negative direction of traverse is:
X-.com.

After confirmation with Ok the next dialog box will be displayed
where you can select the output.

e Upload table by network (TCP/IP): Output by network

connection in TCP/IP protocol.
e Save: Output to the file system.

Upload TNC compensation table

| Upload tabls (TCPAR) |

Save table ‘

Cancel

The following window with the PLC directory of the
HEIDENHAIN control appears in TCP/IP mode. Here you can
choose the directory and filename of the compensation value
table on the TNC.
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Choose PLC directory and filename

Current THNC directory: ‘PLC A\CORRECTY
Subdirectony: Filelistin directary:
ANELLCORM

TEST1-COM
TESTHEU COM
TMP_COMP.TAR
*.COM

.COM

Z.C0M

Ok

Cancel

elil

Help

Compensation filename: |TEST COM

Hﬂ_f} After you have installed the compensation values, be sure
to run an inspection measurement.
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Color settings of the graphic
If you would like to change the color setting of the graphics,
you can change the color of the error traces, of the coordinate
system and the graphic background with the menu item
Options > Color setting.

Saving/loading the options
You can save these settings with the menu item Options >
Save options.
You can call these settings with the menu item Options > Load
options.

Exporting the measurement graphic
If you wish to export the measured graphic as a file without a
log, you can save it as a bitmap using the menu item Graphic >
Save.

Printing the graphic
You can print the graphic with the menu item Graphic > Print.
You can change the printer settings through the menu item
File > Printer setup.

Saving a measurement
If you make changes to a calibration chart, you can save
them through the menu item File > Save measurement or by
clicking the save button.
As an alternative, you can also save the measured data through
the menu item File > Save all measurements.

Clearing the screen
To remove the motion error traces from the screen, you can
clear the screen with the menu item Graphic > Close.
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Editing the calibration charts
If you would like to edit the calibration charts you can select
the desired chart through the menu item Measure > Calibration
chart or by clicking the associated symbol.

Calibration chart of measurement 1

Custamer:

Type of machine: |Testmachine

SNa.f Yearofmni:  [123 / 1998
Remark 1: |With compensation

Remark 2: |

Remark 3 |

Inspectar: |HK

HEIDEMNHAIN Reference meas. system: W 162
1D nurnber: 35398712 Serial number: X1234B6789

Position of axis X -383.6 mm

costnoiaus . nm | Cenchatudoysuonsicaly
Fosition of awis Z: W mm & “es Mo

Pasition of axis [V lﬂi mm

Paosition of axis V: lﬂi mm 0K ‘ Cancel ‘ Help ‘
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Measuring Procedure for Rotatory test (VMR)

Machine cleaning

Test program

Measuring assembly

Before mounting the encoder, clean the area of the machine
tool in which the measurements are made. Pay special attention
to any chips and oil or grease residue that could fall onto the
encoder.

Give the encoder time to adjust to the ambient
temperature before you begin mounting it. This will help
to prevent thermally induced error.

For non-HEIDENHAIN controls, a typical test program for rotary
table inspection with backward cycle could be written as follows.
With HEIDENHAIN controls, the machine program can be
uploaded directly from ACCOM.

Part 1, forward cycle: The angle encoder starts at the reversal
point. Forward movement to the datum, dwell time and
automatic recording of the measuring point. Forward movement
to the next position, dwell time and automatic recording of the
measuring point, ..., last position, dwell time and automatic
recording of the measuring point.

Part 2, reverse cycle: Movement by the reversal path forward,
dwell time, backward movement to the last position, dwell time
and automatic recording of the measuring point, backward
movement to the point before last, dwell time and automatic
recording of the measuring point, ..., datum, dwell time and
automatic recording of the measuring point.

Possible further cycles: Like the 1st forward cycle, this cycle
would also begin with a backward movement by the reversal
path.

saved in the control that could cause an undesired
movement in the wrong direction or corrupt the
measurement. You might try running the machine
program without the encoder.

% Ensure that there are no “forgotten” compensation data

Ensure that the IK 220 PC counter card was installed in your
PC according to the instructions in the User’'s Manual.
Alternatively you can use the EIB 741. Please ensure an
available peer-to-peer network connection to the EIB 741
(address and subnet mask of the TCP/IP connection).

ACCOM
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Now mount the encoder according to the instructions in the
manual.

When connecting the measuring cables to the X1 input of
the IK card (or X11 of the EIB 741), be sure to leave
enough slack to compensate any machine movement
during measurement.

Before starting ACCOM, connect the enclosed hardware
key with Id. Nr. 590255-01 or 590255-02 to one free USB port.

After calling ACCOM, proceed as follows:
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1. Settings for the angle encoder and the counter card

Under Options > Settings for angle encoder you set the
parameters for the angle encoder used.
e Count direction: Here you can manually choose the count
direction or activate the automatic direction initialization under
Measure > Directions.
e Signal periods per 360 degree: Here you enter the line
count (signal periods/revolution) of the encoder you are using.
(Automatically read out from an Endat angular encoder).
Input range: 16384 to 180000

Parameters of measuring interface

Count diraction: * Auto o+ -
Signal periods per 360 deg.: m
(8] Cancel ‘ Help ‘

Under Options > Counter card you set the parameters for
the PC counter card.
e Type counter card: Here you select the model of counter
card that you are using.
e Signal input: Here you select the type of measuring signal
(1Vpp or 11pApp). With an EIB 741 you can use Endat devices
as well
e Address EIB 741: Here you enter the IP address of the EIB
741 (see also EIB 741 user manual). Alternatively you may use
the DHCP hostname in a company network. However it is not
recommended due to the high data acquisition rate.
This setting is not needed for the IK 220.
e Automatic connection at program start: ACCOM connect
to the EIB 741 at the next program start automatically if chosen.
A valid connection to the EIB 741 is required!
e Test IK (IK 220): Here you can then test the counter card for
proper function.
e Connect/Disconnect (EIB 741 only): The EIB 741 will be
connected or disconnected here.

ACCOM
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Type counter card: K220 & EIB 741

Signal input: « 1Vpp O pApp
(" EndatZZ ¢ Endat2l

Address 192.168.1.2

[” Automatic connection at program start

Connect | Ok Cancel | Help |

|]]]_f% Ensure that you have entered the proper model, address

and signal input of the counter card. If the line count is
entered incorrectly, the distances will be measured too
large or too small.

Note
Connect the angle encoder to the X1 input on the counter card
and respectively to X11 on the external interface box.
|]]]_{} If you have problems receiving data from the counter
card, use the test programs on the provided driver CD to
check whether the card can be used.
Note

If you would like to check the amplitude of the measuring
signals from an encoder, you can use the menu item Equipment
> Oscilloscope to display the incoming measuring signals as
Lissajous figures.

Iiﬂ_i} If the displayed signal amplitude is too low, check

whether the settings for the interface are correct and
whether the encoder is correctly installed. Then start
ACCOM again. Do not engage or disengage any
connectors until you have exited ACCOM!
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2. Specifying the unit of measure
With the menu item Options > Unit of measurement you
specify the desired unit of measure. Close the dialog box with
OK.
¢ The units can be displayed as angular seconds (), milli-
degrees or milli-radians.

Malleinheit bestimmen

“ahlen Sie eine MaBeinheit fur

die Ausgaben|
o
" mRad
Comd mRE;
" mGrad .

oK | Abbruch

Hilfe ‘

Note
1" is approximately 0.005 milli-radians or 5 um per meter.

Position display
With the menu item Equipment > Position display you can call
the position display for the connected encoder and, for
example, check the positive counting direction of the angle
encoder. If you call this function after setting the position (see
section 6, “Set datum”), before the test you should check again
whether your datum is set correctly and, if not, enter it again.

Position display.

X11: 359.9973°
X12: 0.0000°

Display. @ Decimal " Sexagesimal
g Rieset Cancel | Help |

Decimal place: 4 3:
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3. Measurement parameters

By calling the menu item Options > Measurement
parameters or by clicking the icon, you open the following dialog
box in which you can adjust the measurement parameters.

Parameters of the measurement

0.0000
30.0000
600000
90.0000

120.0000
150.0000
180.0000
210.0000
240.0000
270.0000
300.0000
330.0000
360.0000

Measurament axis:

&+ A axis
" B axis
" Caxis

MNominal positions:

Fosition list:

Armount of pos.:

BEN

1stf2nd point

1stfLast point

15t/ stepwidth
All points

Trigger mode
f* Automatic " Manual
Position window: + *

Standstill speed: “frin
Cycles:

Reversal angle:

LN

Dwell tirme:

teas. made:
@ Linear  Rotatory  Step-cycle

Iv Backward cycles

v Check position traverse

(Can be turned off for IS0 230-3
rmeasurerments. Should be used for IS0
230-2 standard measurements.)

OK ‘ Cancel‘ Help ‘

e Measurement axis: Select here the axis of measurement.
e Amount of pos.: The number of positions is defined
automatically when the nominal positions are specified.
e Nominal positions: You have a choice among three

possibilities:

1st/2nd point
1st/last point

1st point/step width

All points

1st/2nd point: Here you enter the first and second
measuring points as well as the total number of measuring
points (including the first and last). ACCOM automatically
calculates all measuring points and shows them in the
position list.
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Note

Note

1st/last point: Here you enter the first and last measuring
points as well as the total number of measuring points
(including the first and last). ACCOM automatically
calculates all measuring points and shows them in the
position list.

1st point/step width: Here you enter the first measuring
points and the step width between the measurement points
as well as the total number of measuring points (including
the first and last). ACCOM automatically calculates all
measuring points and shows them in the position list.

All points: Here you can enter all positions, which are then
shown in the position list.

The nominal positions have to be either in monotonically
increasing or in monotonically decreasing order.

Fnseesal sngle

Cwell fma: Ja s

Maas mode: 5 000
¥ Lnons ™~ Fiotaioey 1 Swproycie [ a0 o0

7 Backwed eyeles

|| Chack possion revarse
{Con B uned b 50 2353 ——

" Hoomn
" — %
% Mo recossmanded for e

et
| | E50:230-2 stancderd moaseremants ) —

Do ran b coeed P

With Save you can save the file under any name and edit it
later with the editor or a spreadsheet program such as Microsoft
Excel or Open Office. In this way you can also generate random
values. With Load you can read existing files into the
measuring program.

ACCOM
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e Trigger mode—Manual: In this setting you must manually

confirm that the measuring position has been reached.

e Trigger mode—Automatic:
Position window: Enter here the size of the positioning
window (nominal position + position range) within which a
momentary position is considered to have been reached.
Be sure not to enter too small a range, otherwise
measurements will be interrupted by large error values.
Standstill speed: For automatic position detection, the
change in position must be smaller than the standstill
speed specified here.

e Cycles: Here you enter how many times in a row the nominal
positions are to be scanned. You must previously have clicked
Backward cycles (positions are also approached backward),
otherwise only one forward cycle is possible.

¢ Reversal angle: The angle to be traversed so that the same
nominal position can be approached from the opposite
direction. ACCOM recognizes the backward movement after
half the reversal angle. For extremely high traversing speeds,
enter a dwell time at the end of the reversal angle in the NC
program.

e Dwell time: Here you specify how long the machine is to wait
at one position until it approaches the next position. ACCOM
automatically records the measured values after half the dwell
time.

e Measuring mode—Linear: All positions are traversed in
sequence.

e Measuring mode—Rotatory: The axis moves forward by the
entered number of measuring cycles and then reverses its
direction to move backward and return to the starting point. Last
position of measurement mode "Rotatory" must be less than
360°.

e Measuring mode—Step cycle: Each nominal position is
approached in positive and negative direction as many times as
is defined under Cycles. The process is repeated in sequence
at all positions.

e Backward cycles: Here you specify whether the nominal
position will also be approached backward. If Backward cycles
is not checked, you can run only the linear measuring process
with one forward cycle.
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e Check position traverse: This option should be enabled for
all ISO-230-2 measurements. ACCOM then always checks
whether a measurement position has been skipped. If that
happens the trigger conditions "position range" and "standstill
range" should be increased.

However this option has to be disabled for ISO 230-3
measurements with additionally heating cycles in between the
measurement cycles. Here the trigger conditions have to be
increased as well.

ACCOM
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4. Setting the NC interface

G-Code options

If you wish to transfer the measuring program in ACCOM to
a HEIDENHAIN control, select Options > NC programming to
open a dialog box in which you can configure the network
connection.

Parameters for, NC programming

Mode: & HEIDENHAIN conversational
£ HEIDENHAIN SO

Feed rate: W *min
Add feed rate to each black r
PBrograrm narne: TESTH

Decimal place: 0.0t @ 0.0001°
Add M functions: ’—
Add M functions to each block r

TNC gettings

TCRAR address: W ZNZ0T0

0K Cancel ‘ Help |

e Mode: Choose between HEIDENHAIN or ISO format.
e Feed rate: Here you enter the nominal feed rate for the
circular motion.
Input range: 0.001 to 100 000 mm/min or

0.000 04 to 3900 inches/min
e Program name: Here you give the program a name (the
extension .H stands for HEIDENHAIN, .| stands for
HEIDENHAIN 1SO and .txt for general ISO).
e Decimal place: Select the decimal place of the NC programs.
e M functions: Here you enter additional M functions which are
necessary to run the NC program on the control.
The M functions are added to the first NC block.
Example in HEIDENHAIN conversational programming:
2 L X0 F1000 M31
e TCP/IP address: Here you enter the TCP/IP address or
DHCP hostname of the control for the data transfer via network
connection.

170

HEIDENHAIN



Measuring Procedure for VMR

By clicking the control button Options the following dialog
box opens. Here you can configure some ISO format settings
which are suitable to the control.

f

Mode:  ~ HEIDENHAIN comversational

" HEIDEMHAIM IS0

& 120 o Options...

GCode import options

Fosition (expor): " Incremental + Absolute

Circle center: f* Incremental " Absolute
Feedrate: o+ Inchimin  0.1Inchfmin
Use G-Code G71/G70 for Midfinch r

[6]8 | Cancel| Help |

Additional lines at program start:

\ Ge4 |

Additional lines at program end:
\ M3 |

QK | Cancel‘ Help |

e Position (export only): This parameter is used in the export
of an ISO NC program only. For absolute positions G90 is
added at the NC program start, for incremental positions G91 is
used.

For absolute NC programs it is useful to add a datum shift (e.g.
G54).

o Circle center: The input of the circle center point acc. to the
German standard DIN 66025 is done incremental to the last
position or absolute. Usually I, J, K are used with incremental
positions. Valid is also an absolute position with I, J, K.
(depends on the control).

e Feed rate: This parameter is only valid for an INCH program.
The feed rate can be set in Inch/Min or Inch/10Min
(HEIDENHAIN default).

e G-code for Inch/MM: You can choose whether to use
G71/G70 for NC programs or not.

ACCOM
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Network cable

Note

In the dialog box Parameters for NC-programming you may

add the following data for the ISO format programming:

e Additional lines at program start: Here you can add 2 user
or control specific lines at program start (e.g. G54).

e Additional lines at program end: Here you can add 2 user

or control specific lines at program end (e.g. M30).

Connect the TNC by a (crossed) network cable directly to the
PC or by using a standard network cable with a hub or a switch
to the company network.

Peer-to-peer (direct connection): You need to set the IP-
Address of the PC in Control Panel / Network / TCP-IP /
Properties (depends on the operating system). As default the
value for the IP-Address will be given automatically in a
company network (from the DHCP Server).

LAN (Network) with a 1:1 cable

I 160.1.8.66 IP: 160.1.160.10

PCiServer THC
BNC  RJ45 BNC  RJ-45

ET F—---- 11
Hub p—-----

Rl-45 141

Peer-to-peer (direct connection) with a (crossed) cable!

IP: 160.1.8.68 IP: 1601 180,10

PC/Server TNC

BNC  RJ-45 BMNC  RJ-45
Ll Ll

172

HEIDENHAIN



Measuring Procedure for VMR

5. Directional detection

Before the first measurement, ACCOM needs to know the
positive counting direction of the rotary movement. In the menu
item Measure > Directions, ACCOM prompts you to turn the
machine axis in the direction and by the angle shown in the
dialog box.
This menu item is not shown if deactivated under Options >
Settings for the angular encoder.

Set rotary encoder for Axis A

Maowe the rotary table
alleast &°
in positve A - direction

w1 0.0000 -«
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6. Set datum

In the menu item Measure > Set datum you assign ACCOM
a position value in agreement with the control.
Example:

If the measuring axis is located at the starting position (e.g. 0°),
you assign this position the value (0° too).

Current position of the angular encoder
T .
Ok | Cancel ‘ Help ‘

When using “Set datum” and “Set direction,” do not forget
the influence on the measurement of the backlash in NC
axes, especially at the beginning of the measurement.
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7. Generating and transferring an NC program
If you wish to generate and transfer an NC program, call the
menu item File > Upload NC program to TNC, and select the
form in which you would like to transfer the NC program.

Upload NC program

| Generate according to options |

Upload from file (TCR/F) ‘

Cancel Help

e Generate according to options: This button calls a dialog
box entitled “Generate NC program for measurement” in which
you define the parameters for the NC program.

e Load from file (TCP/IP): In the TCP/IP operating mode, a
finished NC program is transferred from the file system of your
PC to the NC control by a network connection.
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Generate NC program for VMR measurement

Mode: & HEIDENHAIN conversational
" HEIDENHAIN IS0 " 130 format
Feed rate: 1000] *fmin
Program name: WRCI0H
Measuring axis: @A OB CC
Sawve | Cancel ‘ Help ‘
Upload in: TCRAP..

e Mode: Choose the format of the NC program.

e Feed rate: Here you enter the nominal feed rate for the
positioning motion. The input is in °/min.

e Program name: In TCP/IP mode you add the extension .H for
HEIDENHAIN format or .1 for ISO format to the NC program.

e Axis: Select here the machine axis being used.

e Save: Click to save the NC program.

e Cancel: Click to close the dialog box without saving changes.
e Upload in: Click to start the upload.

This generates an NC program for the VM rotary table
measurement and transfers it to the TNC. You may choose a
directory on the TNC directly from ACCOM in TCP/IP mode.

Iiﬂ_i} The following prerequisites must be met for the correct
execution of the NC program.
1. At program start, the rotary axis must be located at the
starting point.
2. The correct program must be selected on the control.

% The TNC does not answer if the network is not
connected.
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8. Generating a calibration chart

Note

With the menu item Measure > Calibration chart or by
clicking the icon you can define the calibration chart for the
measurement by entering information on the measurements in
the calibration window. By clicking yes or no you can specify
whether the chart window will open automatically after each
measurement.

Calibration chart of measurement 1

Custamer:

Twpe of machine:

SrMo. /vear of mnf:

Remark 1:

Remark 2:

Fermark 3:

Inspectar:

HEIDEMNHAIN Reference meas. system: RFMN 386
1T hurnber: 355890-08 Sertial nurnber: 12345675890

Fosition of axis = 0 il
" o DOpen chartwindow automatically
Position of axis " 0 [l ofter o maasurement?
Position of axis Z: 0 il & Yas ~ Mo
Position of axis [v: 0 [l
Paosition of axis V' 0 mm Ok, | Cancel Help ‘

If you enter the chart data only for measurement 1, the data will
automatically also apply to the other measurements. The charts
can also be saved for editing later in the course of evaluation.
ACCOM saves this data together with the measured data, and
outputs it with the menu items Evaluate > Raw data, Evaluate >
Characteristic data and Graphic > Print.

The HEIDENHAIN reference measurement system must be
specified in the chart to do a printout.

ACCOM
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9. Settings for automatic measurement
If you would like to automate the measuring process you can
use the menu item Measure > Setup to specify the desired
sequence of operations.

Setup of the measurement

Open chattwindow automatically after
a freasurement?

+ Yes " Nao

Autoratic printing of the graphic
display after a measurement:

™ Yes Representation

Auta scaling: ® Yes  MNo

Sawve after measurement:

v Automatic

Ok ‘ Cancel

Help ‘

e Open chart window automatically after a measurement:
Yes: The calibration chart window opens automatically
after each measurement:

No: You can make the calibration chart entries later.

o Automatic printing of graphic display after a measurement:
Yes: Click the Representation button to select the type of
print.

Auto scaling—Yes/No: Choose whether the graphic is to
be scaled automatically.
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~ HODEMHARN - YR - messssemmst

Angle deviation [}

‘dsplay har 8 maasuremant =022
T Yes r
] # BO2I
Asoscaling 7 Yes T No
© Rapasiabiy
 Backaah
Sarcw ot ot wrrand  Mmrmged deviston
= = L e e
r—v— T Saperoie cyclen
 Characserissc dala
2028 e
I Passian dit (cycle)
I ) ¢ pg g n
] T u 25
(E]) e
Mo agusgrmant 1 »te 1050 2302
Tyse of mactine.
Your of snf I 8 o
A om
[Frurmah. R 000 "# 000 degee
DutaTims Feo 000 Ta OO0 degees
Foo Q00 T 000 segee
Massunng ponts: 15 Cycle count & £ am
s Frod rate 2000 *imn w0
[Postion ef anis X 000 ¥ Q00 Z Q00 N 000V Q00 mes
{valog can be ciead N

e Save after measurement:
Automatic: If you would like to save the measurement
automatically, click File name and enter the desired name
and path.
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10. Start measurement
Select the menu item Measure > Start measurement or click
the associated button to open a dialog box with which you can
start the measurement after entering the parameters.

f+ heasurement 1
" Measurement 2
" Measurement 3
" Measurement 4

Scaling of axis:

D |25 "

Dmin: |25 !

Start Cancel | Help |

e Measurement 1-4: Click the number under which the
measurement is to be shown later.

e Scaling Dmax/Dmin: Enter here the upper and lower limit of
the expected error. You can change the scaling at any time
later during the evaluation.

The following conditions must be fulfilled for a correct
measurement:

1. The measurement parameters entered in ACCOM
must correspond to reality.

2. The measured axis and the encoder must be at the
starting position.

3. The correct NC program must be selected.
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Start: After you click this button, ACCOM waits for the
beginning of measurement. Start the measuring program on the
machine tool. The progress of measurement is shown on the
screen. You can terminate the measurement with Cancel.

[ e - vus - mesr - = x|
91 A% 8] N S e 8

B Measurement - graphic : &
0 > - ;

Fogle dovidhon [

HH

When using the NC program generated by ACCOM, at
the beginning of measurement the angle encoder should
be at the reversal position. Recording begins after the
subsequent forward motion to the starting point.

If you have not automated the measuring sequence, a dialog
box for saving data appears after the measurement.

With Measure > Start measurement you can start further
measurements.
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Entering temperature values
If you wish to save the ambient temperature values and other
temperature values, the ISO 230-3 standard must be selected
under the menu item Evaluate > Standard. Then select the
menu item Evaluate > Temperature table to open a dialog box
in which you can enter the temperature for each cycle.

Note

At least two temperature values are required. The temperature
curve between them is interpolated linearly.

Then save the file with the menu item File > Save
measurement.

Entering temperature values

Cycle ‘Tirne [mm]| Ambient temp. [*C] | Temperature [*C]
1 1 0.0a 31 0.0
2 2 04500 0.0
3 3 0.9000 0.0
4 4 1.37 00 0.0
] g 1.8200 0.0
] i} 22800 0.0
7 7 27300 0.0
g g 3.z000 0.0
] 9 36500 0.0
10 10 41000 0.0
11 11 45700 0.0
12 12 5.0200 0.0
13 12 54800 0.0
14 14 .93 00 0.0
15 15 FAnnn nn b
Scaling ternperature axis:
" Fixed @« Automatic
Cancel
fram: ‘Coto C
Help
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11. Open measurement
With File > Open measurement or by clicking the associated
button you can load the measured data for further evaluation
and display. The following screen appears.

Open measurement

‘ Measurerent 1

Measurement 3

tMeasurement 2 ‘
Measuremeant 4 ‘

Cancel Help

This dialog window enables you to open the measurements in
any sequence.

This menu item also enables you to call other motion error
traces to the screen for further evaluation.

% The results of measurement are loaded into the system

with the menu item Open measurement. This is a
prerequisite for display. With the menu item Evaluate >
Graphic you can influence how and whether the motion
error traces are displayed (see also section 15, “Graphic
Display”).
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12. Evaluate raw data
You can view the raw measurement data with the menu item
Evaluate > Raw data or by clicking the associated symbol.
ACCOM shows every measured nominal position together with
the associated error in degrees and the selected unit of
measurement (see section 2, “Specifying the unit of
measurement”).

Raw data of the measurement 1
Customer: John Doe
Type of machine:  Milling machine Help

Sria. fyear of mnf . !

Position of axis:

e 0.0000mm % 0.0000mm I 0.0000mm 1% 0.0000mm % 0.0000 min
File name:  matorenca~ YR heas. mode: WhiR Meaz. method: Linear
Reversal dist.: 1.0000 ® Measuring points: 15 Measuring axis: A

Crovell time: 300 = Cycles: 5

Feed rate: 420 "imin

Motor encoder

Date of meas.. 29.07.1999 15:56:02 Inspector: DS

Pos. | Cycle | Direction | Mom. position [] Act. position [ Diff. ["] 5
1 1 + 0.0000 0.0010 3.5856
1 1 0.0000 0.0m22 439812
1 2 + 0.0000 00012 43596
1 2 0.0000 0022 435408
1 3 + 0.0000 00012 44640
1 3 0.0000 oz 436254
1 4 + 0.0000 0.0012 4 4640
1 4 0.0000 o.ofz2 43.5045 v

Note
The ACCOM data is saved in an ASCII file. The raw data is
saved line by line, separated by tabs. You can load or import
this file for further processing in other programs like Matlab,
Origin, Microsoft Excel or Open Office.

To print the raw data, click the print symbol.

Click Cancel to exit the dialog box.
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13. Select standard for evaluation
In the menu item Evaluate > Standard you can select the

guideline for further evaluation.
ISO 230-2

VDI/DGQ 3441

ISO 230-3

Select the standard

Standard:
 YDDGO 3441
IS0 230-3

[8]:4 Cancel ‘ Help |
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14. Characteristic values

With the menu item Evaluate > Characteristic data, or by
clicking the associated symbol, you can display the results
calculated from the measured data according to ISO 230-2 or
VDI/DGQ 3441.

To print the accuracy data, click the print symbol.
Click Cancel to exit the dialog box.

e Example of accuracy data as per ISO 230-2:

Characteristic data of the measurement 1 acc. to IS0 230-2

Customer: John Dog
Type of maching:  Miling machine Helpy
StMo. fyear of mnf . I
Position of axis:
H: 0.0000 mim 0.0000 mm I 0.0000 mm % 0.0000 mm 4 0.0000 mey
File name:  matorenco~ VMR Meas. mode: WMR Meas. method: Linear
Rewersal dist.: 1.00 Meazuring points15 Measuring axis: A
Crovelttime: 300 = Cycles: S
Feed rate: 420 imin
hotor encader
Pos. |Nom pos [degree]|  +xmit[] | -umit[] | Hmit [~
1 0.0000 423 43.78
2 24.0000 ER=T 43.82
3 43.0000 15.90 56.10
4 72.0000 13.11 52,580
5 95.0000 14.31 52.49
53 120.0000 17.87 50.33 v
b 4
Measuring axis: B: 433 " R: 4397 "at  288.00 degree
A E149 " R+ 148 "at 000 degree
E: BO.35 " R-: 136 "at 312.00 degree
It 2108 "
Diate of mess.: 29.07.1999 15:56:02 Inspector: DS
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e Example of accuracy data as per VDI/DGQ 3441:

Characteristic data of the measurement 1 acc. to ¥DI/DGQ 3441

Customer: John Diog

Type of machine:  Miling machine
Sto. fyear of mnf..
Posttion of axis:

hotor encader

H: 0.0000 mm % 0.0000 mm I 0.0000 mm 4: 0.0000 mm 4 0.0000 mey
File name:  maotorenco~ VMR Meas. mode: WMR Meas. method: Linear

Reversal dist. 1.00 Measuring points:15 Measuring axis: A

Crovelitime: 3.00= Cycles: S

Feed rate: 420 "imin

ACCOM

Pos. |Nom pos [degree]|  +xmit(] | -mit[] | Hmit [~
1 0.0000 423 4378
2 24.0000 987 43.82
3 43.0000 15.80 56.10
4 72.0000 13.11 52,580
g 95.0000 14.31 52.49
B 120.0000 17.87 50.33 v
4 4
Measuring axis: u 3653 " U maz: 433 " Uminc 283"
P= 114" P= max: 177 " Psmin. 064"
P: B1.71 " Pa: 21.08 "
Date of meas.. 29071899 15:56:02 Inspector DS
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15. Graphic display of measurement results
You can specify the display mode of the motion error traces
according to the selected standard with the menu item Evaluate
> Graphic or by clicking the associated symbol.

VYMR graphic

Display:
@« Measurement 1: " Measurement 2
" Measurerment 3: " Measurerment 4
Scaling deviation W Automatic
fram ! to !
Scaling angle W Automatic

from - o -

R itat
Epresentaton " Seperate cycles

~
* |50230-2

" Averaged deviation
" Backlash

" Repeatability

~

~

ok Cancel

Help |

e Display: Select the measurement to be displayed.
e Scaling deviation:
Fixed: Enter the upper and lower limit of the error display.
Automatic: The scale is determined automatically.
e Scaling angle (abscissa):
Fixed: Enter the upper and lower limit of the abscissa.
Automatic: The limits of the abscissa are determined
automatically.
e Representation: The available display modes depend on the
selected evaluation standard.
ISO 230-2: Separate cycles
ISO 230-2
Averaged deviation
Backlash
Repeatability
VDI/DGQ 3441: Separate cycles
Characteristic values
ISO 230-3: Position drift as per cycles
Position drift as per time
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e Separate cycles
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DT B I5EWR Batkwand cyeie
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¢ |SO 230-2 Characteristic values
Graphic as per 1ISO 230-2
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e Backlash
Graphic as per 1ISO 230-2
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» Position drift (cycles)
Graphic as per ISO 230-3
Temperature input under Evaluate > Temperature table.
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e Position drift (time)
Graphic as per ISO 230-3
Temperature input under Evaluate > Temperature table.
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16. Running linear compensation on an NC control
ACCOM enables you to read the compensation positions
defined in the TNC and output the correct compensation values
after the measurement.

Proceed as follows:

Before entering the measuring parameters, use the menu
item File > Download TNC compensation to transfer the
compensation position table from the TNC to ACCOM.
Select between the standard format COM for current
HEIDENHAIN TNC controls.

HEDENHAIN - VNI - Messung,

The following window with the PLC directory of the
HEIDENHAIN control appears in TCP/IP mode. Before you can
access the PLC directory it is necessary to enter the PLC code
number. For this purpose a dialog box appears once. In the
PLC directory you can choose explicitly the compensation value
table which should be written into by ACCOM.

Note
To build a new table see technical manual of the TNC.
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Choose compensation table from TNC directory

Current TNC directony: |PLC \CORRECTY

Subdirectories: Filelistin directony:

AMNELLCOM
K78-5.COM
K78-5-.COM
TEST.COM
TEST1.COM
TEST1-.COM
TESTHEL.COM
TMP_COMP TAE
% COM

.COM

Z.COM

Cancel
Help

Enter the measuring parameters with the menu item Options
> Measurement parameters. ACCOM automatically transfers
the position values from the TNC compensation table.

Parameters of the measurement

keasurameant axis: Trigger mode
v A axis * Automatic " Manual
" B axis FPosition window: £ |01 ’
® Cads Standstill speed: 01 *fmin
MNominal positions: Cycles: IE—
Fosition list:
T oooon A . f Reversal angle: 5 .
24.0000 rount of pos.: :
453.0000 ,T Dl tirme: 4 5
remo Meas. mode:
96.0000 8 :
120.0000 @ Linear ¢ Ratatory ¢ Step-cycle

144.0000 -

168.0000 1stf2nd paint Iv Backward cycles
192.0000 i

216.0000 1stfLast point v Check position traverse
240.0000 15t/ stepuwiclth !
5640000 P (Can be used for 150 230-3

) measurements. Mot recommended for
268.0000 ¥ All points IS0 230-2 standard measurements.)

oK | Cancel‘ Help ‘

Specify the NC interface.
Run the directional detection and set the position.

Generate the NC program and transfer it.
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Generate the calibration chart.

Run the measurement. The position error values are then
used as compensation data.

After the measurement, use the menu item File > Show
compensation values to call a list of compensation values.
e You can display and save the compensation values averaged
from either all measuring cycles or just from the forward or
backward cycles.

Show compensation values

Paosition no ‘ MNominal pos. [7] ‘ Compengationvalue [] 2]
1 1 0.0000 -0.0388 =)
2 2 4.0980 -0.0347 Compensation
3 3 81920 -0.0328 & Meanvalua
[ 4 12.2880 -0.0300 ® Rl ayds
5 5 16.3840 -0.0289 ¢ Backward cycles
6 5 30,4800 -0.0317
7 7 74,5760 -0.0388
8 8 28,6720 -0.0437
] 8 327680 -0.0443
T | 10 36,8640 00414
11 11 40.9500 -0.0438
T2 | 12 450560 -0.0348
EED 13 49.1520 -0.0339
14 14 532430 00341 ﬂ
15 15 47.3440 -0.0313
18 16 61.4400 -00327 2 Help

If you click Save, you can later read the ASCII file with a text
editor or e.g. Microsoft Excel or Open Office.

] L Companszbon
] ET # Mecnyekon
: A  Farwted cyclos
5
[
f]
]
"
n
12
1
"
]
{3
+ t —+—t
o 45
WEA_t v
;
Testdatei fir ate Kamekturtabalien
ot
Dt Trme AMIHE 1IHE L GO0 T 0L cegeee
R 000w 000 dagee
Munsuing ponts: 64 Cyche count 1 £ 4mwm
s € Faed rale_ 1000 *fmn WMoz
[Poston efunis £ 000 Y. 000 Z 000N 00V 000w
Do can b ot o
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Output the compensation value table through the menu item
File > Upload TNC compensation. In the following dialog box
you can select the compensation values.

Select correction

Mame: C360_18.COM

Spaltenauswahl fuir
Komekturwerte:

1

Komekturwerte:

+ Gemittelter Wert aus Yor- und Riickw. zyklen
O MurYonwartszyklen

Wenwende Komrekiunwerte:
+ Absolut [Uberschreibe Korektunserte]
" Inkrementell [addiere Korektunverte]

=

Ok | Cancel | Help |

e Select compensation column: Choose the column of the
compensation table which you would like to correct.

e Compensation values:
Mean value: The mean value of the position error of all
forward and backward cycles will be used as compensation
values.
Forward cycles: The position error of the forward cycles
will be used as compensation values.

e Use of the compensation values:
Absolute: Existing values in the chosen column will be
overwritten. You should use this option if there was no non-
linear axis compensation active while measuring or the
specified column was empty.
Incremental: This option allows adding a position error to
existing compensation values in the specified column.

e Compensation of backward cycles:
TNC 640: The position error of the backward cycles will be
written in column BACKLASH in the same file

196 HEIDENHAIN



Measuring Procedure for VMR

iTNC 530: Choosing this option will generate a second
compensation file with the position error of the backward
cycles in the same column. This compensation table may
be used by newer iTNCs for the negative direction of
traverse.

Example: Name of the compensation table: c.com -> then
the name of the file for the negative direction of traverse is:
c-.com.

After confirmation with Ok the next dialog box will be displayed
where you can select the output.

e Upload table by network (TCP/IP): Output by network

connection in TCP/IP protocol.
e Save: Output to the file system.

Upload TNC compensation table

| Upload tabls (TCPAR) |

Save table ‘

Cancel

The following window with the PLC directory of the
HEIDENHAIN control appears in TCP/IP mode. Here you can
choose the directory and filename of the compensation value
table on the TNC.

Choose PLC directory and filename

Current TNC directary: [PLcycorRRECTY

Subdirectony: Filelistin directany:
ANEUCOM
K78-5.COM
K78-5-COM
TEST.COM
TEST1.COM
TEST1-COM

TESTHEL.COM
TMP_COMP. TAE
% COM

v .COM

Z.COM Qe

o |
e |

Help

Compensation filename: ANELLCOM

ACCOM
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|i|]_{% After you have installed the compensation values, be sure
to run an inspection measurement.

Color settings of the graphic
If you are not satisfied with the color setting of the graphics,
you can change the color of the error traces, of the coordinate
system and of the graphic background with the menu item
Options > Color setting.

Saving/loading the options
You can save these settings with the menu item Options > Save
options.
You can call these settings with the menu item Options > Load
options.

Exporting the measurement graphic
If you wish to export the measurement graphic as a file
without a log, you can save it as a bit map using the menu item
Graphic > Save.

Printing the graphic
You can print the graphic with the menu item Graphic > Print.
You can change the printer settings with the menu item File >
Printer setup.

Saving a measurement
If you make changes to a calibration chart, you can save
them with the menu item File > Save measurement or by
clicking the Save button.
As an alternative, you can also save the measured data with
the menu item File > Save all measurements.

Clearing the screen
To remove the motion error traces from the screen, you can
clear the screen with the menu item Graphic > Close.
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Editing the calibration charts
If you would like to edit the calibration charts you can select
the desired chart with the menu item Measure > Calibration
chart or by clicking the associated symbol.

Calibration chart of measurement 1

Custamer. |J0hn Doe

Twpe of machine: |Mi|ling machine

SrMa. /ear of mnf.: | ! |
Femark 1: |M0t0r encader

Remark 2: |

Remark 3: |

Inspector: |DS

HEIDEMHAIN Reference meas. system: RPN 886
1D hurber: 355890-08 Serial number: X1234567850

Fosition of axis X ,T mm
" o Open chart window automatically
Position of axis " -325 mm e & meRsUIamEnt?
Position of axis Z: 145.66 mrn & Yas ~ MNa
Position of axis v 0 il
Pasition of axis ' i mm 0K | Cancel ‘ Help ‘
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Measuring Procedure for DBB circular test

Machine cleaning

Test program

Measuring assembly

Before beginning to mount the encoder, clean the area of the
machine tool in which the measurements are made. Pay special
attention to any chips and oil or grease residue that could fall
onto the encoder. The DBB 110 has magnetic parts that can
attract metal chips!

Give the encoder time to adjust to the ambient
temperature before you begin mounting it. This will help
to prevent thermally induced error.

To best enable the software to calculate and assign all error, a
circular test should include at least one complete circle in
positive direction and one in negative direction (see ISO 230-4).
With HEIDENHAIN controls, the machine program can be
transferred directly from ACCOM. For non-HEIDENHAIN
controls, a typical test program for complete circles could be as
follows, whereby movement must be measured only in the
measuring plane.

Part 1, positive direction: The spindle is on the circle radius at
30° (see radius of DBB 110). The center point is the tower of
the DBB. Closed circular counterclockwise movement without
interruption over 360°. Stop (you must save between
measurements).

Part 2, negative direction: Closed circular clockwise
movement without interruption over 360°. Stop.

Ensure that there are no “forgotten” compensation data

ﬁ"_{% saved in the control that could cause a movement
perpendicular to the encoder or corrupt the measurement.
The spindle must not rotate. If necessary, ask your
machine tool builder how it can be fixed. You might try
running the machine program without the encoder. The
must be no radial movements. The maximum measuring
range is £ 5 mm.

Ensure that the IK 220 PC counter card was installed in your
PC according to the instructions in the User's Manual.
Alternatively you can use the EIB 741. Please ensure an
available peer-to-peer network connection to the EIB 741
(address and subnet mask of the TCP/IP connection).
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Now mount the DBB 110 according to the instructions in the
manual.

When connecting the measuring cable to input X1 (X11),
be sure to leave enough slack to compensate any
machine movement during measurement.

Before starting ACCOM, connect the enclosed hardware
key with Id. No. 590255-01 or 590255-02 to one free USB port.

After calling ACCOM, proceed as follows:
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1. Select measuring method

After ACCOM is started, a dialog box appears in which you can
select the type of measurement.

Click the DBB circular test button to start the corresponding
program part.

With the menu item File > Select measuring method or by

clicking the icon you can select the individual measuring
methods from within the running program.

Measuring method

Select measuring method:

‘ KiGM circular test

K.GM free-form test

Botatory test

WM linear test ‘

DEE circular test

Cancel ‘ Help ‘
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2. Specifying the unit of measure
With the menu item Options > Unit of measurement you
specify the desired unit of measure. Close the dialog box with
OK.

Determine unit of measurement

Select a unit of measurement for
the releasel

* mm " inch

oK ‘ Cancell Help ‘
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3. Settings of the encoder and the counter card

Under Options > Measuring interface you set the
parameters for the encoder used.
e Signal period: Here you set the signal period (as its distance
in um) of the encoder you are using. The default setting for the
signal period is 10 pm.
Input range: 0.1to 20 pm
e Location of reference: Here you enter the position of the
reference point printed on the DBB 110. The measured values
are expressed with respect to this position after Measure >
Traverse over reference point.
Input range: 10 to 500 mm

Parameters of the measuring interface

Signal period: 10 Jirr
Location of reference:  [149.547 mm

ok Cancel ‘ Help ‘

Under Options > Counter card you set the parameters for
the counter card.
e Type counter card: Here you select the model of counter
card that you are using.
e Signal input: Here you select the type of measuring signal.
e Address EIB 741: Here you enter the IP address of the EIB
741 (see also EIB 741 user manual). Alternatively you may use
the DHCP hostname in a company network. However it is not
recommended due to the high data acquisition rate.
This setting is not needed for the IK 220.
e Automatic connection at program start: ACCOM connect
to the EIB 741 at the next program start automatically if chosen.
A valid connection to the EIB 741 is required!
e Test IK (IK 220): Here you can then test the counter card for
proper function.
e Connect/Disconnect (EIB 741 only): The EIB 741 will be
connected or disconnected here.
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Type counter card: k220 & EIB?41

Signal input: o 1pp O 11 pApp

Address: 192.168.1.2

™ Automatic connection at prograrm start

‘Iesthl‘ oK | Qancel| Help ‘

Ensure that you have entered the proper model, address

ﬁ“_f} and signal input of the counter card. If the signal period is
entered incorrectly, the circles will be measured too large
or too small.

If you have problems receiving data from the counter
card, use the test programs on the provided driver CD to
check whether the card can be used.

Note
If you would like to connect an encoder other than the DBB
110, you can use the menu item Equipment > Oscilloscope to
display the incoming measuring signals as Lissajous figures
and use them if necessary to make the fine adjustment of
measuring signals.
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4. Parameters of the measurement

Note

By calling the menu item Options > Parameters of the
measurement or by clicking the icon, you open the following
dialog box in which you can adjust the parameters of the
measurement.

Parameters of the measurement

Sta:ff TS Amount of points: (4000
Starting window: |3 Jirr
Measuring: Starting angle: 30 Degree
* X plane
~
o \éi s:::z IMeas. angle: 360 Degree
Badius: 150 mm
Ok LCancel | Help |

¢ Start of measurement—manual: A countdown of 5 seconds
begins. In the last three seconds a peep tone is output. After
the third peep tone the measurement starts.
¢ Start of measurement—automatic: The measurement starts
as soon as the radius has changed by the value shown in the
starting window.
e Measuring plane: Click the working plane of the machine
tool.
e Amount of points: Number of measuring points per
measurement.
Input range: 36 to 8000 measuring points
e Starting window: Enter here the size of the starting window
for the automatic start detection.
Input range: 1to 100 pm

0.000 04 to 0.004 inches
e Starting angle: Here you enter for the working plane the
angle from which ACCOM is to begin the measurement.

Input range in XY plane: 0 to 360°
Input range in YZ plane: 0 to 180°
Input range in ZX plane: 0 to 90° or 270 to 360°

Since the orthogonality of the axes is measured at 45°, and the
axis reversal movements occur at the quadrant transitions (0°,
90°, 180°, 270°), a starting angle of 30° is recommended for
the XY plane.
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Note

e Measuring angle: Here you enter the angle over which the
measurement is to be made in the adjusted measuring plane
and starting angle (YZ and ZX plane).

Input range in XY plane: 1 to 720°

Input range in YZ plane: Depending on the start angle 1 to 180°
Input range in ZX plane: Depending on the start angle 1 to 180°

|i|]_f% The measuring angle and starting angle together must
not exceed the maximum traverse range of the machine
tool or the input range of ACCOM.

e Radius: Here you enter the nominal radius of the circle.
Input range: 100 to 500 mm
4t0 19.6 inches

Then conclude the input with OK.

With the menu item Equipment > Position display you can call
the position display for the connected encoder.

ACCOM
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5. Setting the NC interface

If you wish to transfer the measuring program in ACCOM to
a HEIDENHAIN control, select Options > NC programming to
open a dialog box in which you can configure the network
connection.

Parameters for, NC programming,
Made: & HEIDENHAIN conversational

" HEIDENHAIN 150
120 format I:l

Feed rate: W mmymin
Add feed rate to each block r
Program narme: W
Decimal place: 1 pm * 0.1 pm
10 nm 1 nm
Add M functions: ,—
Add M functions to each block r
TNC settings

TCR/F address: THCE40

Ok Cancel ‘ Help |

e Mode: Choose between HEIDENHAIN or ISO format.
e Feed rate: Here you enter the nominal feed rate for the
circular motion.
Input range: 0.001 to 100 000 mm/min or

0.00004 to 3900 inches/min
e Program name: Here you give the program a name (the
extension .H stands for HEIDENHAIN, .| stands for
HEIDENHAIN 1SO and .txt for general ISO).
e Decimal place: Select the decimal place of the NC programs.
e M functions: Here you enter additional M functions which are
necessary to run the NC program on the control.
The M functions are added to the first NC block.
Example in HEIDENHAIN conversational programming:
2 L X0 F1000 M31
e TCP/IP address: Here you enter the TCP/IP address or
DHCP hostname of the control for the data transfer via network
connection.
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G-Code options

By clicking the control button Options the following dialog
box opens. Here you can configure some ISO format settings
which are suitable to the control.

f

Mode:  ~ HEIDENHAIN comversational
" HEIDENHAIN IS0

& 150 o Options...

GCode import options

Fasition (expor):  Incremental & Absolute
Circle center: * Incremental ™ Absolute
Feedrate: @ Inchimin " 0.1Inchfmin
Usze G-Code G71/G70 for bMbdfinch r

(0] | Cancel| Help |

Additional lines at program start:

\ Ghd |

Additional lines at program end:
\ [YEI

QK. | Cancel‘ Help |

e Position (export only): This parameter is used in the export
of an ISO NC program only. For absolute positions G90 is
added at the NC program start, for incremental positions G91 is
used.

For absolute NC programs it is useful to add a datum shift (e.g.
G54).

o Circle center: The input of the circle center point acc. to the
German standard DIN 66025 is done incremental to the last
position or absolute. Usually I, J, K are used with incremental
positions. Valid is also an absolute position with I, J, K.
(depends on the control).

e Feed rate: This parameter is only valid for an INCH program.
The feed rate can be set in Inch/Min or Inch/10Min
(HEIDENHAIN default).

e G-code for Inch/MM: You can choose whether to use
G71/G70 for NC programs or not.

ACCOM
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Network cable

Note

In the dialog box Parameters for NC-programming you may

add the following data for the ISO format programming:

e Additional lines at program start: Here you can add 2 user
or control specific lines at program start (e.g. G54).

e Additional lines at program end: Here you can add 2 user

or control specific lines at program end (e.g. M30).

Connect the TNC by a (crossed) network cable directly to the
PC or by using a standard network cable with a hub or a switch
to the company network.

Peer-to-peer (direct connection): You need to set the IP-
Address of the PC in Control Panel / Network / TCP-IP /
Properties (depends on the operating system). As default the
value for the IP-Address will be given automatically in a
company network (from the DHCP Server).

LAN (Network) with a 1:1 cable

I 160.1.8.66 IP: 160.1.160.10

PCiServer THC
BNC  RJ45 BNC  RJ-45
w

ET F—---- 11
Hub p—-----

Rl-45 141

Peer-to-peer (direct connection) with a (crossed) cable!

IP: 160.1.8.68 IP: 1601 180,10

PC/Server TNC

BNC  RJ-45 BMNC  RJ-45
Ll Ll
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6. Generating and transferring an NC program
If you wish to generate and transfer an NC program, call the
menu item File > Upload NC program to TNC, and select the
form in which you would like to transfer the NC program.

Upload NC program

| Generate according to options |

Upload from file (TCR/F) ‘

Cancel Help

e Generate according to options: This button calls a dialog
box entitled Generate NC program for measurement in which
you define the parameters for the NC program.

e Load from file (TCP/IP): In the TCP/IP operating mode, a
finished NC program is transferred from the file system of your
PC to the NC control by a network connection.
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Generate NC program for DBB circular, test

Mode: & HEIDENHAIN canversational
" HEIDENHAIN IS0 IS0 format

Feed rate: 1000 mmymin
Prograrm name: DEEB.H

Measuring plane:  ® XY O YZ 22X

15t direction of ratation: 9 @ o e

Starting angle: i Degree
Measurerment angle 360 Degree
Save | Cancel | Help |

Upload in: LEWV2/Ext/ME..

e Mode: Choose the format of the NC program.
¢ Feed rate: Enter here the nominal feed rate of motion.
Input range: 0.001 to 100 000 mm/min

0.00039to 3937 inches/min
e Program name: In TCP/IP mode you add the extension .H for
HEIDENHAIN format or .1 for ISO format to the NC program.
e Measuring plane: Click the working plane of the machine tool.
e 1st Direction of rotation: Select the direction in which the
first of the two circular movements defined by the control is to
be made.
e Starting angle: Enter here the same starting angle as you did
before under menu item Parameters of measurement.
e Measurement angle: Enter here the same measurement
angle as you did before under menu item Parameters of
measurement.

q]_{} The measuring angle and starting angle together must
not exceed the maximum traverse range of the machine
tool or the input range of ACCOM.

e Save: Click to save the NC program.
e Cancel: Click to close the dialog box.
e Upload: Click to start the upload.

Now an NC program is generated for both directions of rotation
and transferred to the root directory of the TNC.
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|i|]_f} A program is generated that consists exclusively of
circular arcs with constant radius. The following two

prerequisites must be met:
1. The mounting point of the DBB 110 on the milling
machine table must match the datum of the NC machine.
Set the datum if necessary.
2. The spindle head must be at the 0° position of the test
circle.

These two conditions are met if the DBB 110 has been installed
according to the instructions of the operating manual.

The program first moves the spindle head into the starting angle
position and stops there. Here you can start the
measurement through ACCOM. Then start the NC machine,
which moves on by the measurement angle and then stops.
When it starts again the spindle head moves from the end
angle back to the starting angle.

|i|]_f} The TNC does not answer if the network is not
connected.

ACCOM
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7. Generating a calibration chart

Through the menu item Measure > Calibration chart or by
clicking the icon you can define the calibration chart for the
measurement by entering information on the measurements in
the calibration window. By clicking yes or no you can specify
whether the chart window will open automatically after each

measurement.

Calibration chart of measurement 1

Custamer:

Type of machine:
Stho. f Year of mnf;
Femark 1:

Femark 2:

Femark 3:

Inspectar:

ID number:

Fosition of axis
Fosition of axis v"
Position of axis £:
Fosition of axis v

Position of axis W

HEIDEMNHAIN Reference meas. system:

249829-02

mim

T

DEE 110
Serial number: 12345678 490

Open chart window autornatically
after a measurement?

" Yes * MNo

Ok, | Cancel‘ Help ‘

If you enter the chart data only for measurement 1, they will
automatically apply also to the other measurements. The charts
can also be saved or edited later in the course of evaluation.
ACCOM saves these data together with the measured data and
prints them through the menu items Evaluate > Measured data,
Evaluate > Characteristic data and Graphic > Print.

214

HEIDENHAIN



Measuring Procedure for DBB

8. Calibrating the measuring assembly

Traversing the reference mark

The measuring assembly must be calibrated before the first
measurement. To do so, call the menu item Measure >
Traverse over reference point. Follow the instructions in the
dialog box. If the message The DBB has been referenced
appears, rehook the DBB.

Now you can go directly to the menu item Measure > Start
measurement.

Traverse over, reference mark

1. Unhook DEE from the spindle.

2. Pullthe open end carefully owver

referance mark.

Cancel Help

|]]]_f% When you rehook the DBB 110, ensure that the
measuring cable has enough slack for the rotary
movements.

ACCOM

215



Measuring Procedure for DBB

Datum setting
If you are using a DBB without reference mark or without
calibrated extension, you must enter the current deflection
under the menu item Measure > Set datum.

Current deflection of the DBE:

O 150 mm

] 4 Cancel | Help |

If you omit this point, the point that you have entered under
menu item Options > Measuring interface > Location of
reference appears automatically.
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9. Start measurement

To start measuring, select the menu item Measure > Start
measurement or click the symbol. Then the dialog box appears
in which you can start measuring after entering the following
parameters.

DBB circular test

+ Measurement 1
" Measurement 2
" Measurement 3

" Measurement 4
Direction of rotation:
"D C
Feed rate:

2000 mm/min

Fesolution:

10 pmyfdis

Stant Cancel ‘ Help |

e Measurement 1-4: Click the number under which the
measurement is to be shown later.
e Direction of rotation: Select here the direction of rotation for
the circular movement.
e Feed rate: Enter here the nominal feed rate of motion.
Input range: 0.001 to 100.000 mm/min

0.000 04 to 3900 inches/min
e Graphics: Enter here the resolution for displaying the circular
form. You can change the resolution at any time during the
evaluation.
Input range: 0.1 to 10.000 pm/div.

0.000 04 to 0.4 inches/div.

Note
A complete circular test should include at least two complete
circles of the same radius, center, and feed rate, but with
different direction of rotation.
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Start: After you click this button, ACCOM waits for the
beginning of measurement. Start the circular movement on the
machine tool. In the status line, ACCOM shows the condition of
measurement. You can terminate the measurement with
Cancel.

ETTT——— aa

& % AN EEE ] 8

Frass Cancal

10 31op e messurement

Haacurement | ated  winking unt machies & g i

Note
If ACCOM does not begin measuring although the circular
movement was made on the machine tool, wait for a period of
15 to 30 seconds after the movement ends. If the menu item
Evaluate > Graphic > Representation was set to Center or
Radius compensation (see point 14, Graphic Display of Circular
Test Results), there is no online display.
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Data storage

After conclusion of measurement, the following dialog box

appears for data storage.

* HEWEMHARY - B8 - musssrsnmst

S [C0OD =~ @4 - bk e ACCIEN1E DEE
Typa of machine Mikng machne
FEL1S00 Yoar of ol 1567
ACHFILD [Fomark wihout opsimizaton
K
DT Wi2s |
Exeareecty
Fradus 150 men
¥ eed rata 10600 eemiin
[Disection of vt oW
o e
o | Typa of machne
Sove a6 e (D00 Meausmmert s [ 008] v Caos kg
3 [DateTiera:
[Excantrcey.
Fradun 0 e
wud it 0 remimin
[ Durection of ot COW
Msaaswement 31
Typa of mazho
Vase ol el
Farriark.
Gt Tima
e
0 meimin
==
0
0 memimin
cow

With Measure > Start measurement you can start further

measurements.
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10. Open measurement
Through File > Open measurement or by clicking the
associated button you can load the measured data for further
evaluation and display. The following screen appears.

Open measurement

‘ heasurement 1

teasurement 3

teasurement 2 ‘

teasurement 4

Cancel ‘ Help |

Since up to four measurements can be shown simultaneously,
this dialog box enables you to open the measurements in any
sequence.

This menu item also enables you to call other motion error
traces to the screen for further evaluation.

q]_f% The results of measurement are loaded into the system
with menu item Open measurement. This is a prerequisite
for display. Through the menu item Evaluate > Graphic
you can influence how and whether the motion error
traces are displayed (see also section 14, “Graphic

Display”).
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11. Evaluate measured data
You can view the raw measurement data through the menu
item Evaluate > Raw data or by clicking the associated symbol.
ACCOM shows every measured deviation including the
associated angle.

Raw data of the measurement 1

Customer: John Doe
Type of machine:  Miling machine
Stha. fyear of mnf.: 123 [ 1987
Posttion of axis:
M -B243 mm % -82835 mm 254255 mm Vo0 mm %0 mm
File name: ACC15M15.0B8 Measuring method:  DEB
Measuring plane: XY Measuring points: 1000 Direction of rotation: Lol
Mominal radius; 130 mim Feed rate: 1000 mm Jmin
Starting angle: 45 Degree Meas. angle: 360 Degree
i 4
Date of meas.: 20121995 11:35:42 Inspector:  PF
Angle [Degree] Devistion [mm] ~

1 44999951 0.008577

2 44 £52950 0.008320

3 44 292560 0.005197

4 43932169 0003178

5 43.5715836 0.003495

[ 43.211446 0.002593

7 42351055 0.007633

g 42 490665 0.007554 b

Note
The ACCOM data is saved in an ASCII file. The raw data are
saved line by line, separated by tabs. You can load or import
this file for further processing in other programs like Matlab,
Origin, Microsoft Excel or Open Office.

To print the raw data, click the print symbol.

If you click Cancel, the dialog box closes.
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12. Select standard for evaluation
In the menu item Evaluate > Standard you can select the
guideline for evaluating the circular test. At present only the ISO
230-4 standard is available.

Select the standard

Standard:
o |S0230-4

0] 4 Cancel | Help ‘
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13. Characteristic data of the circular test

With the menu item Evaluate > Characteristic data, or by
clicking the associated symbol, you can call the accuracy data
calculated from the measured data according to ISO 230-4. In
addition, ACCOM calculates the mean radius, the backlash, the
reversal peaks, center deviation and the orthogonality
(squareness) of the axes.

Characteristic data of the measurement 1

Customer:
Type of machine: Milling machine
Stio. fyear of mnf. 123 11887
Posttion of axis:
¥ -8243 mm Y 82835 mm I 254255 mm MO mm W0 mm
File: narme: ACC15M13EDBR Measuring method: DBEB
Measuring plane: XY Measuring points: 1000 Direction of rotation: Cig
Morminal radius: 150 mim Feed rate: 1000 mim  fmin
Starting angle: 45 Degree Meas. angle: 360 Degree
syithout optimization
K 4
| Characteristic data of the measurement according to IS0 230-4 Centre uzed

Circular deviation Gy 0.0170 mm

Circular deviation Gy 0.0240 mm (ACC15P13E.DBEB)

Bi-directional circular deviation Glkixy: 0.0272 mm ACC1SM13E.DBEB f ACC15P13E.DBBR

Radial devistion Fy:x min: -0.0102 mm

Radial devistion Fyx max: 0.0067 mm

hean bi-directional radial deviation Duy: -0.0022 mm ACC1Sk13E.DBB f ACC1SP13E DEB
Mean radius: 149.9979 mm
Backlash: e+ -0.0023 mm- X 0.0007 mm

e 0.0001 mm Y- -0.0002 mm
Rewersal spikes: e+ 0.0062 mm - 0.0029 mm
e 00038 mm Y- 0.0034 mm

Centre point comp. val.: H -0.0046 mm 8 0.0114 mm
Squareness error: 321053 pmim ACC1SM13E.DBB F ACC1SP13E.DBEB Help
Axis length difference: ¥iz 0000 % longer as -
Date of meas: 20121935 11:35:42 Inspector: PP

|i|]_f} Two circles are required—once each in positive and
negative direction—for complete calculation of all
accuracy data, particularly the circular backlash H.
ACCOM issues a warning if you have forgotten to load
the second file.

To print the accuracy data, click the print symbol.

If you click Cancel, the dialog box closes.
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14. Graphic display of circular test results

You can specify the display mode of the motion error traces
through the menu item Evaluate > Graphic or by clicking the
associated symbol.

Graphic settings

Dizplay:
v hMeasuremeantl v Measurement 2
[ Measurement 3 [~ Measurement 4

Scaling of the circular graphic:
* Fixed O Automatic

Besolution: 10 pm

Scaling of the linear graphic:
Deviation o o

fram: | pm o o prm

Angle {* i

from: * to *

Representation:

&+ Circle large
¥ Center arg

) " Circle small
¥ Radius compensation =

" Linear large

oK Cancel | Help |

¢ Release: Here you can select up to four previously opened
measurements to be displayed.

You can choose in principle between circular and linear
diagrams and configure the respective settings. Scaling can
then either be set to a fixed value or can be selected
automatically by the system.

e Scaling of the circular graphic: In the circular graphic you
can set the desired resolution.
Input range of resolution: 0.1to 10 000 pm

0.000 004 to 0.4 inch
e Scaling of the linear graphic: In linear graphics you can set
the upper and lower limit or the displayed angular range for the
deviations from an ideal circular path.

Error from/to: —10 000 to +10 000 um
—0.4t0 0.4 inch
Angle from/to: 0 to 360°
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e Representation:
Center: With this function you can display a centered view
of the measurement ACCOM shows you the calculated
actual circle center.
Radius compensation: Here the radius error is
compensated by ACCOM in the graphic and displayed in
the box.

@5 Before measuring you should switch off the centering
and radius compensation function, since otherwise the
graphic will not be shown online.

You have the choice between the following display modes:
Circle large
Circle small
Linear large

e Circle large: Here, ACCOM draws up to four motion error
traces in one circular graphic. You can switch the error traces
on and off with the menu item Evaluate > Graphic > Release
measurement 1-4.

The nominal radius is shown as a dotted line in the
measurement graphic.

The largest and smallest radius errors are shown as a
dashed line in the graphic.

Pl Meanre Dvskidn Optoes B

& A% BN EE sl | 8

Faady UM

You can load new measurements with File > Open
measurement or by clicking on the associated button.
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e Circle small: Here, ACCOM draws each motion error traces
in a separate circular graphic. You can switch the error traces
on and off with the menu item Evaluate > Graphic > Release
measurement 1-4.

o 2t A N Bl ] 8

10 i

L

*pres |

.

|-H—I-H1!:.-I-|
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ACCIENT3 DEE
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WIZIHS 1N1BA7
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+ ¥ =
: ACCIER3DES
Millng machine
/ - Y eae of mal 1987
| ik
K a
o %, [DateTira WI2MEE NITM
z “ [Excantnoty.
[Fadun 150 men
Fawd rite 1000 sendrren
[ Disectisn of ot CCW
- 10 urmidty | Maasurement 1 ALCIENTS DES
Typa of mazhene Mikng muthng
1567
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e Linear large: Here, ACCOM draws up to four motion error
traces in one linear graphic. You can switch the error traces on
and off with the menu item Evaluate > Graphic > Release
measurement 1-4. In the example the scaling is fixed and the
angle of 0 to 360° is selected.
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As an alternative you can also display an angular range. In the

example the scaling is fixed and the angle of 70 to 110° is
selected.
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Additional circular test options

By clicking on the control button Options the following dialog
box opens. Here you can set additional display options.

Additional circular test options

Display options far circle large:

Show radius deviation v

Show axis scaling v

Special options circle smallflarge

Default +
Mirrored axes -
Axes tumed by 90° -

Special option linear large:

Time axis (instead of angular axis)

Save circular test options r

[6]8 | Cancel| Help |

e Display options for circle large/small: In the circular test
graphic you can disable the auxiliary lines for the minimum and
maximum radius deviation and/or the scaling values.

e Special options for circle large/small: In the default graphic
for the circular test the first measurement axis is shown right
and the second axis is shown top. Alternatively the axis can be
displayed mirrored (1st axis top, 2nd axis right). The third
display option is: 1st axis is shown top and 2nd axis is shown
left (axes are turned by 90 degrees).

e Special option linear large: Alternatively you may use a
path-time diagram for the radius deviation (time instead of
angle).

e Save circular test options: Here the special options for the
circular test representation can be saved (at program end or
change of measurement type).
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Open measurement
You can load new measurements with File > Open
measurement or by clicking on the associated button.

Color settings of the graphic
If you would like to change the color setting of the graphics,
you can change the color of the error traces, of the coordinate
system and the graphic background with the menu item
Options > Color setting.

Saving/loading the options
You can save these settings with the menu item Options >
Save options.
You can call these settings with the menu item Options > Load
options.

Exporting the measurement graphic
If you wish to export the measured graphic as a file without a
log, you can save it as a bitmap using the menu item Graphic >
Save.

Printing the graphic
You can print the graphic with the menu item Graphic > Print.
You can change the printer settings through the menu item
File > Printer setup.

Saving a measurement
If you make changes to a calibration chart, you can save
them through the menu item File > Save measurement or by
clicking the save button.
As an alternative, you can also save the measured data through
the menu item File > Save all measurements.

Clearing the screen
To remove the motion error traces from the screen, you can
clear the screen with the menu item Graphic > Close.
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Editing the calibration charts
If you would like to edit the calibration charts you can select
the desired chart through the menu item Measure > Calibration
chart or by clicking the associated symbol.

Calibration chart of measurement 1

Custamer:

Twpe of machine: |Mi||ing machine

Sro.{'Yearof mni: [123 / |1987
Remark 1: |with0ut0ptimizati0n

Remark 2: |k 4

Remark 3: |

Inspectar: |PF

HEIDEMHAIN Reference meas. system: DBEEBE 110
1D hurmber: 249529-02 Serial number: 1234 5678 90

Fosition of axis X -32.43 mim

" e Dpen chartwindow automatically
Position of axis " -§2.935 rmrm ofter o measurement?
Position of axis 2: 54255 mm ~ Yas & MNo

2
Paosition of axis [V: 0 rmm
Pasition of axis V' i mm 0K | Cancel ‘ Help ‘
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Typical Motion Error Traces of the Circular Test

The motion error traces shown below are the typical results of
measurements performed with the DBB 110 or KGM.

The chapter contains examples of the typical error traces for
most of the common error sources. Each trace is described
together with the possible causes of the error. This will help you
to diagnose the errors on your machine, but it is not a complete
discussion of this topic. For a detailed work on the diagnostic
procedures please refer to the “Circular Test” by Knapp and
“Accuracy Inspection of NC Machine Tools by Double Ball Bar
Method,"“ Kakino.

The DBB 110 and the KGM are complete calibration systems.
The results of the DBB system should be used to identify error
sources and to suggest which type of measurements or actions
are required to improve the accuracy of the machine. The

DBB 110 and KGM help you to find the best error compensation
method. The values for the machine compensation can be
calculated and adjusted until the desired results are achieved.

Typical error types

Roundness error:

Reversal peaks

Backlash and backlash compensation
Center offset

Cyclic Error

Deviation caused by ball bar cable (only with DBB 110)
Directional vibrations

Incorrect feed rate

Rolling of the spindle head
Screw-pitch error

Radial error

Random vibration

Encoder error

Mismatching of position loop gain
Squareness error

Stick slip

Straightness error
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The circularity error gives some basic information on the overall
condition of the machine tool. However, the error sources and
the significance of individual errors are not revealed because
the circular plot graph represents the total effect of all errors.

Circularity is most often calculated with one of the following
methods:

LS Least squares circle

MZ  Minimum zone circles

MC  Minimum circumscribed circle
Ml Maximum inscribed circle

Circularity is the difference of the maximum and minimum
points of the trace pattern.
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LSC circularity

MZC circularity

MZC always leads to a value smaller than or equal to LSC.
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Reversal peaks

Possible causes

Suggestions

As the name of the error describes, reversal peaks occur shortly
after the direction of the motion of an axis is reversed. At this
point, the axis stops momentarily and then moves rapidly to
catch up with the movement in the reverse direction. The
magnitude of the spike is dependent on the servo rigidity, the
feed rate and the radius of the circle.

. T

= LW

Y-

These peaks are caused by a type of hysteresis at the reversal

points. Possible causes of error:

o Large lag error caused by low loop gain

e Backlash in the drive and feedback system, especially with
rotary encoders.

This type of error is very common on large machines and
machines using rotary encoders as position feedback devices.

Increasing the position loop gain might decrease the size of the
peaks. Care should be taken to find a suitable value for the
position loop gain so that the drive system does not oscillate.

Some advanced controls offer the possibility of compensating
the reversal peaks.

When measuring reversal peaks, use the largest possible
number of measuring points.
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Backlash and backlash compensation

Backlash error appears on plots in two different ways: as
positive and negative backlash. When moving to the defined
test direction, positive backlash can be seen on the plot as a
step outwards starting on the axis. Negative backlash appears
as a step inwards starting on the axis.

Backlash Step — Positive
Normally, a positive backlash is caused by a deformation or
play in the machine structure.

Backlash Step — Negative
Negative backlash is often caused by backlash
overcompensation at the controller: the compensation value
exceeds the value of the actual backlash error.
Normally, the step occurs at approximately the same magnitude
at both reversal points of the axis. However, due to
deformations in the machine tool structure the values may also
be different in actual cases.

Possible causes
The backlash is normally caused by some deformation or play
in the machine structure and not by the encoder.

This type of error can be detected on machines using linear

encoders. It is normally significantly larger than the inherent

backlash of the linear encoder, which is typically under 1 micron.
Suggestions

If backlash compensation is not available in the controller,

check the machine for possible sources of backlash:

o Drive belts or couplings between spindle and rotary encoders

¢ Movement of the table

e Play in the machine guideways
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Backlash — Positive

X+

Backlash — Negative

+ x-'-l
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Center offset

Extreme error symmetrical through the center point.
Possible causes

This is a typical trace eccentricity error due to center offset,

commonly seen in DBB circular tests.

When setting up the Double Ball Bar it is very difficult to mount
the tower at the exact center of rotation with the human eye. It
is therefore very important to determine the numerical values for
the center offset. These values are called Center Offsets and it
is advisable that their values remain below 100 um for both
axes. Otherwise, the reliability of the measurement could be
affected.

Such a trace also appears if a correctly centered trace is
compensated with offset values that do not apply to this
measurement.

Center offset

The example plot contains a 15 micron offset in both axes.
The scale of the plot is 10 microns.
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Cyclic error

Cyclic error appears as a cyclically changing sinusoidal motion
error on the circular plot. The phase of the ballscrew will vary
depending on where the test is performed on the machine.

O Y+

-~ COw

| M+

Y-
Possible causes
Because the possible causes of cyclic error are manifold
(ballscrews, encoders, resolvers, transmission, etc.), it is of
extreme importance to know the structure of the machine tool
and its driving mechanism in order to reach a correct diagnosis.
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Deviation caused by the DBB cable

Possible causes

Suggestions

Radial error as one angular position.

- O -+
-~ CCw
X . X+
-

The cable may have become caught up on the machine and
exerted a force on the ball bar that causes a radial deviation to
be registered.

Always carry out two measurements: one in the positive
direction followed by one in the negative direction. This allows
the cable to wind and unwind during each measurement. If
several measurements are carried out in one direction the cable
will wind up until it causes a measuring error and may damage
the ball bar.

Make sure that the cable cannot catch on any part of the
machine, bolts, clamps etc. during the measurement. On a
vertical machine hang the cable above the spindle and allow it
to hang down to the ball bar without touching the table.

ACCOM
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Directional vibrations

If vibration is caused by a particular reason, the location and
influencing direction of the error source most probably will
cause a directional bias in the vibration pattern.

Possible causes
If the direction of vibrations is parallel with one or both axes,
it is likely that vibrations are caused by the machine itself. In
other cases, the cause might be peripheral devices, the
machine foundation or damping systems, etc.
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Incorrect feed rate

The reversal peaks are not located on the quadrant transitions.
The picture below illustrates the appearance of reversal peaks
when the feed rate is incorrect.

y-
Possible causes
If the reversal peaks are spaced more than 90 degrees apatrt,
the machine feed rate is lower than the value entered in the
DBB software.

If the spacing is less than 90 degrees, it is higher.
Suggestions

Use the feed-rate override control to set the speed correctly.

The 100% setting of this control does not always correspond

exactly to 100% of the feed rate.

Check the programmed feed rate and adjust it if necessary.

Check the maximum feed rate allowed by the control for
circular interpolation.

Check the maximum circular acceleration values.
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Rolling of the spindle head

Angular movement about the Y axis results from play in the Z
axis in the machine’s guideway. Therefore, depending on the
test direction and on the algebraic sign of the error, the resulting
path will be either inside or outside the nominal circle when
observed from the other axis’ point of view. Usually the traces
are nearly symmetrical about both axes. However, there are
also cases in which the wear is unequal at the ends of an axis.
In these cases, the trace will be symmetrical only about the axis

that has the error.

-

- COw

X+

Possible cause

-

The type of error presented in the picture is most frequently
caused by play in the Z-axis guideway.
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Screw-pitch error

Screw-pitch error is symmetrical about one axis.

- O -+

-~ CCw

X- . X+
-

Possible causes
Some control systems offer the possibility of compensating non-
linear positioning errors in one axis.

The position in one axis is not continuously compensated
according to the measured position of this axis (X=F(X)).

If these compensation values are incorrect they may lead to
the type of trace shown above.

Guideway error coming from ball bearing or some other
repeating part of the machine construction.

Suggestions
Check the non-linear compensation parameters in the
control.

Use a comparator measuring system such as the VM 182
and ACCOM-VML evaluation software to measure the
positioning accuracy of the axes in question
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Radial error

A constant radial deviation over the whole trace. A trace whose
mean value lies inside or outside the nominal path.

=D L
= CCWw
K- . X+
ly-

Possible causes

e The user did not correctly calibrate the DBB/KGM before the
measurement.

e The radius of the programmed contour is not the same as the
nominal radius in the ACCOM software.

e The DBB/KGM has been set to zero at a point other than on
the reference mark (non-calibrated mode) and/or a circle of a
different radius has been programmed.

e The DBB/KGM has not been mounted horizontally to within
the specified tolerances.

e A large temperature difference between the DBB/KGM and
the machine has distorted the measurement.

e Both servos have an identical response error and both axes
will either overshoot or lag to the same extent.

¢ |dentical scale errors on both axes.

Suggestions
Check that the radius in the NC program equals the radius
value entered in the ACCOM software.

Allow the machine and DBB/KGM to attain the same
temperature.

Repeat the test using different feed rates.
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Random vibration

The plot shown below presents the effect of random vibration,
often also called as noise.

Y+

-~ O

Possible causes
The vibration may be generated by the machine itself, for
instance by insufficient lubrication or clearances in the slide-
guideway systems. The vibration can also be induced by the
surrounding environment, such as other machine tools,
compressors, ventilation fans, material handling devices or
vehicles used for transportation.

If analyzed deeper, in the case of one single cause, it can be
noticed that the amplitude of random vibration varies around the
circle, but frequency does not. If several causes of vibration
exist, the result is very probably the sum of differing frequencies
and amplitudes.
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Encoder error

Possible causes

Encoder error indicates the error in the linear movements of the
axes. If no encoder error is present, the displayed path will be a
perfect circle. However, if either one or both axes exhibit
encoder error, the path will have an oval shape. The major axis
of the ellipse will be parallel with one of the axes of movement.
The ellipse does not change significantly with different feed
rates or when the direction of rotation is changed from positive
to negative.

< O

Linear encoders are manufactured with high precision.
However, when fixed on a machine tool, an error like that
shown in the figure above may occur from mounting the
encoder nonparallel to the axis.

The ballscrew itself is also manufactured with high precision.
However, when feed motions are repeated with high speed, the
ballscrew expands due to the heat generated in the nut and the
bearing. In a semi-closed loop type of NC, for example with
indirect encoders, this expansion will instantly cause a
positioning error. To avoid this, the ballscrew is normally
manufactured with a slightly smaller pitch and is installed with
pre-tension in order to absorb thermal expansion.

Other possible causes are:

o Faulty ballscrews and guideways that are not straight

e Erroneous pitch error compensation or false compensation
parameters, when positioning measurements are realized
with a ballscrew and rotary encoder

¢ In the case of linear encoders, poor scale alignment can also
lead to an encoder error.

o Tilt of the machine table.
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Suggestions

Work in calibrated mode with an absolute radius so that you
know which of the axes is too small or too long.

Check the linear/non-linear compensation values in the
control.

Repeat the measurement at a different height in the plane
of measurement. If the magnitude of the error varies with
the height of the measuring plane, the error source is likely
to be a tilt of the machine table.

Further information

In positioning measurements of linear axes, the quantities
measured are the linearity and local error of the linear encoder.
The momentary position of a point on a moving slide is however
an inseparable combination of the three dominating
independent degrees of freedom.

Other factors that influence contouring accuracy are the
weights, the acceleration rates and correspondingly the
deceleration rates of the moving masses. To promote the
practical aspects, the most frequently used workpiece and/or
fixture should be fastened on the table during measurements.
This would produce the most realistic measuring conditions.

To obtain more information, the tests should be repeated at
different locations on the worktable.

ACCOM
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Mismatching of position loop gain

Possible causes

Suggestions

The magnitude of this error will tell how well the machine’s
position control loop will respond to commands. If the length of
the DBB bar has been calibrated, an absolute difference
between the nominal and actual values can be obtained. If this
is not the case, the unbalance will be seen as a relative value.

If the control of both axes is ideal, the test results in a perfect
circle. If the control of either axis has a deviation from nominal
(either overshoot or lag), an oval trace pattern appears with its
major axis tilted +45° from the machine axes. The ellipse
rotates by 90° depending on the direction of the test. The
magnitude of the error increases with an increasing feed rate.

Y Y+

= CCw

Y-

Adjust the position loop gain of the axes either at the servo
amplifiers or in the control using the machine parameters
for the position loop gain.

If the servo amplifiers cannot be sufficiently adjusted and high
product accuracy is required, you should use low feed rates
when interpolating circles and arcs.

Squareness error and servo response error have basically
same kind of trace patterns. They can be distinguished only by
comparing measurements from clockwise and counterclockwise
traverse.
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Typical Motion Error Traces of the Circular Test

Squareness error

Squareness error appears as an ellipse with a main axis tilted
approx. +45° (negative squareness error) or —45° (positive
squareness error) compared to the 0° axis. The ellipse does not
change when the direction of rotation is changed from positive
to negative. The magnitude of the error is unaffected by the

feed rate.
- O Y+
= COw
- + X+
Y-

Possible causes
An ellipse with its major axis in the second and fourth quadrants
(90° to 180° and 270° to 360°) means that the angle between
the axes is larger than 90°. An ellipse with its major axis in the
first and third quadrant (0° to 90° and 180° to 270°) means that
the angle between the axes is less than 90°.
Repeating the test at several locations will tell whether the axes
are bent locally or the axis is misaligned along its whole length.

The measurement and evaluation of straightness and
squareness error of the slide movements are problematic,
because their effects combine.

Suggestions
Repeat the measurements in both directions with feed
rates 500, 1000, 2000 mm/min. The shape of the traces
should not change by any large amount and the ellipses
should be rotated in the same direction independent of the
direction of rotation.

When necessary check the machine's squareness error,
for example by using a measuring probe and a granite
block calibrated for squareness.
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Squareness error and servo response error have basically
same kind of trace patterns. They can be distinguished only by
comparing measurements from clockwise and counterclockwise
traverse.
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Stick slip

Stick slip appears as oscillations on the plot near the reversal
points of an axis. The sample figure below shows an example of
stick slip motion as the negative and positive reversal points of
the Y axis are approached.

A T4

=7 oW

- pa8
"-l"'_

As the reversal point is approached, the feed rate in the Y
guideway decreases, finally approaches zero and again starts
to slowly increase in the other direction. At these low feed rates
the static friction of the guideway has a significant influence. A
form of stick slip effect takes place and the axis oscillates until
the feed rate is high enough to overcome the static friction.

Possible causes
The cause of the error may be insufficient lubrication, allowing
metal to metal contact in guideways. At higher feed rates the
axis “floats” on an oil film on the guideway and the stick-slip
motion disappears.

Suggestions
If a stick-slip pattern occurs, repeat the measurements at
low and high feed rates. The oscillations should increase at
low feed rates and decrease at high feed rates.

Inspect the guideway for wear. Check the axis adjustments
and lubrication system, too.
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Straightness error

Possible causes

A Y+

-~ COw

- + =+
Y-

Lubrication system. Pulses from the hydrodynamic lubrication
system usually cause effects resembling random straightness
error.

Wear of the slides or guideways. For example, failures in the
lubrication system can cause excessive wearing of the sliding
parts and thus produce straightness errors in the movement
of the axis.

Mass of the moving bodies. If the stiffness of the construction
is not sufficient to handle the mass of the moving bodies
(especially the table and the column), significant straightness
errors can result.

Other reasons could be collisions caused by erroneous NC
programs or by other errors in the manufacturing process,
improper machine tool basement or carelessness when moving
the machine tool to a new location. To get a better picture of the
nature and exact location of the error, measurements should be
made at several positions in the tested plane.
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