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1. INTRODUCTION

Laser measurement system HPI-3D is a two frequency laser
interferometer intended to be used mainly in machine geometry
measurements. Its small size and low weight simplify transportatiorand
make the instrument especially useful for service applications.

Software version for Windows XP/Vista/7/8 and automation of many
measurement processes make the interferometer easy to use. Software,
compliant with 1ISO230-2 and similar norms, enable making rapports and
diagrams. It is possible to choosestatistical results processingaccording to
norms: ISO230-2 (European),VDI/DGQ3441 (German),NMTBA (USA), BSI
BS 4656 Part 16 (British) and PN-93 M55580 (Polish).

Laser Measurement System HPF3D is highly configurable device
although already in its basic configuration it allows performing the
complicated measurements at highest possible precision. Available
options will be describedbelow in this user manual.

Very good technical parameters of the interferometer allow usingt
in scientific laboratories, for precision positioning, for scaling opticaland

mag netic measurementsystems,etc.

1.1 Safetyconsiderations

The Laser Interferometer HPI-3D is a Safety Classl product designed
and tested in accordance with international safety standardslt is also a
Classll Laser product conforming to international laser safety regulations.
The instrument and the manual should be inspectedandreviewed for safety

markings andinstructions before operation.

Laser Measurement Systd#Hi3D
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1.2 Warnings

Although the laser measurementsystemHPI1-3D is designto beusedin

harsh environment, the following conditions must be met:

1 ThelLaserHeadmust not be put near strong magneticfields.

 The head should not be unscrewed from its base and if it is, it
may not be put on a heat sink (e.g.thick metal plate).

1 Theheadmust not bethrown or dropped.
1 Keepthe optical componentscleanand avoid scratchingthem.When
the optics is dusted, cleanit with pure alcohol.

1 Donot usethe systembeyondits work conditions.

1.3 Compliance Information

Laser Measurement SystdhD
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EC-DECLARATION OF CONFORMITY 2012

Wroclaw, 201204-20

Manufacturer

LASERTEX Co LTD.
Radzionkowska 17
5506 Wrocgaw
Poland

Herebycertifieson its soleresponsibilitythatthe following product:

Laser MeasurementSystemHPI-3D

whichis explicitly referredto by this Declarationmeetthe

following directivesandstandard(s):

Directive 2006/95/EC
Electrical Apparatus
Low Voltage Directive

- EN610161:2011

Directive 2006/42/EU
Machinery Directive
- EN608251:2007

Directive 2004/108/EU
Electromagneti€Comatibility:

-  EN613261:2006

- EN610004-2:2011
- EN610004-6:2007
- EN610004-8:2010
- EN6100064-11:2007
- ENS55011:2007

- ENB5022:2011

Documentatiorevidencingconformity with the requirementof the Directivesis kept
availablefor inspectionat the abovéManufacture.
PresidentJanusRzepkaPhD
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2. QUICKSTART

The information presented in this chapter is only for quick start.

More detailed information canbefound in the following chapters.

2.1 Main features

The HPI-3D is a device forcontact measurement of the velocity othe

moving object.

The device operates according to the laser interferometer principle
(seePrinciplesof Operationchapter). The Doppler shift phenomenonis used.

The basic measurement unit is the wavelength of the laser, i.e.632nm

The functionality of the instrument depends on the type of used

optical components.

The HPI-3D is can be usedeither asa standalonedeviceor with aPC

computer and the dedicated HPI Software.

2.2 How it works

The HPI-3D measures shift ofthe moving element in relevance tahe
reference element asshown in the figure 2.1. It is important to notice, that
the relative movement and not the absolute position of any of the elements

is detected!

Laser Measurement Systdh8D
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Reference element ——— Horizontal & Vertical polarization

\ — — — Vertical polarization
— — = Horizontal polarization

)
b /
Moving element : :

FIG.2.1. ILLUSTRATIONDFTHE PRINCIPLEOFOPERATION LINEAROPTICS

a. Linearoptics

To the linear optics belong Linear Interferometer IL1 and
Linear Retroreflector RL1.

The operation of the HPI-3D with the linear optics used is shown in
the figure 2.1.Thelaseroutputs the laser beamconsisting of two polarizations:
Horizontal (H) and Vertical (V). The Referenceelement (IL1) splits the beam
into two parts. The H polarized beam is reflectedback to laser and the V
polarized beam is directed into the measurement path. The frequency of
the V beam is changed accordingto the Doppler Effect when the moving
elementis in motion.

Thelinear optics is mainly usedfor measurementof:
1 Shift

Velocity
Acceleration

Vibrations

1

1

1

1 Straightnesswith 3D method

1 Squarenesswith 3D method (RE3D element required)
1

Parallelismwith 3D method (RE3Delementrequired)

Laser Measurement Systd#Hi3D
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b. Angularoptics

Tothe angularoptics belong Angular Interferometer IK1 and Angular
Retroreflector RK1.

Theoperation of the HPI-3D with the angular optics usedis shown in

the figure 2.2. The laser outputs the laser beam consisting divo
polarizations: Horizontal (H) and Vertical (V). The IK1 splits thdeam into
two parts. Both beams are directed into the measuremenpath but are
parallel shifted by 50.8 mm. The frequency of both beams changed
according to the Doppler Effect when the RK1 element is motion.

The frequency change of both beams is tteame when RK1 andK1
are shifted linearly. In this case no measured signal is detected the laser

head.

The laser head with angular optics is insensitive to linear

movements.

The laser detects movement only when the IK1 and RK1 are rotated
against each other. In this case the frequency change of the btam is

different from the frequency changeof the V beam.

——— Horizontal & Vertical polarization Beam Path 1
— — — Vertical polarization
IK1
— — — Horizontal polarizaton @ = = M = e e e e S m—m—m———-

Beam Path 2 /

FIG.2.2. ILLUSTRATIONOFTHE PRINCIPLEOFOPERATION ANGULAROPTICS

Theangular optics is mainly usedfor measurementof:

Laser Measurement Systdh8D



http://www.lasertex.eu/

QUICK START Laserte)gx

Small angles

Straightnesswith Angular method
Flatness

Pitch

= =4 4 -4 -

Yaw

c. Wollaston optics

To the angular optics belong Wollaston Prism WP2 and Wollaston
Retroreflector WRP2.

The operation of the HPI3D with the Wollaston optics used isshown
in the figure 2.3. The laser outputs the laser beam consisting @ivo
polarizations: Horizontal (H) and Vertical (V). The WP2 splits thdbeam
into tw o parts. Both beams are directed into the measuremepiath. There
is a certain angle between the beams. The frequency of both beams is
changed according to the Doppler Effect when the WP2 element is in

motion.

The frequency change of both beams is the saménen WP2 andWP2
are shifted linearly. In this case no measured signal is detectedtby laser
head.

The laser head with Wollaston optics is insensitive to linear

movements.

The laser detects movement only when the WP2 is moved perpendicular
to the beam from the laser. In this case the frequency change of the H beam is
different from the frequency change of the V beam, because the length®eém

paths 1 and 2 are differentz seefigure 2.3

Laser Measurement Systd#Hi3D
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A Beam Path 1 a
Beam Path 2

Horizontal & Vertical polarization

— — = Vertical polarization

— — — Horizontal polarization WRP2

B

-
wp2 <2
-
”
~_~~~~
-~ o~
‘\L

FIG.2.3.ILLUSTRATIONOFTHE PRINCIPLEOFOPERATION WOLLASTONDPTICS.
BEAMSRETURINGIO THE LASERAREIN THEPLANEOFTHE DRAWING.

TheWollaston optics is mainly usedfor measurementof:

1 Straightnesswith Wollaston method
1 Axessquareness(with REW element)

1 Axesparallelism (with REWelement)

Laser Measurement Systdh8D
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2.

2.3 How to start

Mount Laser Head, and optical elements on the measured
machine. Connect power supply to the Laser Head.

9

poishripd

uUSB

Bluetooth

3. Run HPI Software and connect PC with laser over USB or
over Bluetooth interface

Laser Measurement SystdhsD
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4. Align optical path

5. Start measurements

Laser Measurement Systdh8D
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3. PREPARATIONS

The Laser Interferometer HPE3D requires an installation of software
"HPI 3 1 A£O xdh O\ bard disc of a PC computer. The hardware
requirements are:

- Windows XP/Vista/7/8 system, CRROM
- Pentiumprocessor,1 GHzor better SVGAgraphic card
- USB2.0 or Bluetooth 2.0

3.1 Software installation

The software installationpackage is located on the USB memaosyick
that is included to the measurement system.HPI_Software_Install
application can be launched from the USB memory. The installation

processshould start automatically.

HPI_Zoftware_install

FIG.3.1. ICONOFTHE SETUPAPPLICATION

Following components have to be installed for proper operatiorof

HPI-3D system:

HPISoftwareapplication,

Directory of the languagesLanguages,

FTDI Driver for USB,

Documents folder with the manual and other documentgdepending

Laser Measurement Sys$iéi3D
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on a systemversion),
- DatabaseBDE(Borland DatabaseEnvironments)

During the installation process necessary parameters have to lset
by the user. In the figure 3.2 there is shown a first windows thaappears

during installation. It allows choosingthe installation language.

Wybierz jezyk instalacji @

i ﬁ’ﬁl Wybierz jezyk uzywany podczas instalacji:

.

Lok J[ Au |

FIG.3.2. INSTALLATIONLANGUAGESETUPWINDOW,.

i setu

License Agreement
Please read the following important information before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

Lasertex Ltd. EULA
LASERTEX LTD. SOFTWARE LICENSE TERMS

HPI Software

These license terms are an agreement between Lasertex Ltd. (or based on where
you live, one of its affiliates) and you. Please read them. They apply to the
software named above, which indudes the media on which you received it, if any.

The terms also apply to any Lasertex Ltd.
v
(@1 accept the agreement
(D1 do not accept the agreement
Next > Cancel

FIG.3.3. LICENSE AGREEMENVINDOW,.

Laser Measurement Systdhi3D
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§5 Setup - HPI Software ver. 2021.04.1 -

Information
Please read the following important information before continuing.

When you are ready to continue with Setup, dick Next.

|bpplication requirements:

Operating system: Windows 32/64bit 7/8/8.1/10

CPU desktop: Intel i3 2375M 1,5 GHz or superior / AMD A4-5000 1,5GHz or superior
CPU tablet: 32bit Intel Atom Z3770 1,5 GHz or superior

Memory: 2GB RAM

Hard drive: 100MB of free hard drive space

Interfaces: USB 2.X/3.X or Bluetooth 4.X (Microsoft stack)

Screen resolution: 1280x768 or higher

Graphics hardware: support OpenGL 4.X

< Back Next > Cancel

FIG.3.4. INFORMATIONNINDOW

§5 Setup - HPI Software ver. 2021.04.1 - X

User Information
Please enter your information.

User Name:
|Usuan'o ‘

Organization:
|Lasertex] |

<osck [ x> ] | cance

FIG.3.5. USERNFORMATIONNVINDOW.

Laser Measurement Sys$iéi3D
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5 Setup - HPI Software ver. 2021.04.1 -

Select Destination Location
Where should HPI Software be installed?

Setup wil install HPI Software into the following folder.

To continue, dick Mext. If you would like to select a different folder, dick Browse.

C:\Program Files (x86)HPI Software Browse. ..

At least 63.0 MB of free disk space is reguired.

FIG.3.6. DESTINATION LOCATIOWINDOW

Folder Does Mot Exist

o The folder:

ChProgram Files [x86)\HPI_Software

does not exist. Would you like the folder to be created?

Yes Mo

FIG.3.7. WINDOW APPEARING WHENHE FOLDER DOES NOT EXIST

Laser Measurement Systdhi3D
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iS5 Setup - HPI Software ver. 2021.04.1 -

Select Start Menu Folder
Where should Setup place the program's shortcuts?

o
Setup will create the program's shortcuts in the following Start Menu folder.,
[~

To continue, dick Mext. If you would like to select a different folder, dick Browse.

| PI Software Browse...

FIG.3.8. SELECT START MENU FOLD&RDOW,

i3 Setup - HPI Software ver. 2021.04.1 -

Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing HPI
Software, then dick Mext.

Additional shortouts:
Create a desktop shortcut

FI1G.3.9. WINDOWTO CREATE A DESKTOP SHORTCUT

Laser Measurement Sys$iéi3D
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5 Setup - HPI Software ver. 2021.04.1 -

Ready to Install
Setup is now ready to begin installing HPI Software on your computer.

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

User information: ~
Andres
Lasertex

Destination location:
C:\Program Files (x86)\HFI_Software

Start Menu folder:
HPI Software

Additional tasks:
Additional shortouts:
Create a desktop shortout v

FIG.3.10. WINDOWTO STARTNSTALLATION

{5) Setup - HPI Software

Installing
Please wait while Setup installs HPI Software on your computer.

Extracting files. ..
C:\Program Files\HPI_Software_\lsp_ang.chm

FIG.3.11. INSTALLATIONWINDOW.

Laser Measurement Systdhi3D
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@® FTDI CDM Drivers

FTDI CDM Drivers

Click 'Extract’ to unpack version 2.12. 18 of FTDI's Windows
driver package and launch the installer.

www ftdichip.com

Back | Extract I Cancel

FIG.3.12. FTDIDRIVERNSTALLATION

Device Driver Installation Wizard
License Agreement .
&

il

: To continue, accept the following license agreement. To read the entire
== agreement, use the scroll bar or press the Page Down key.

IMPORTANT NOTICE: PLEASE READ CAREFULLY BEFORE
INSTALLING THE RELEVANT SOFTWARE:

This licence agreement (Licence) is a legal agreement between you
(Licensee or you) and Future Technology Devices Intemational Limited
of 2 Seaward Place, Centurion Business Park, Glasgow G41 1HH,
Scotland (UK Company Number SC136640) (Licensor or we) for use of
driver software provided by the Licensor(Software).

~

BY INSTALLING OR USING THIS SOFTWARE YOU AGREE TO THE v

(®) | accept this agreement Save As Print
(O | dont accept this agreement

< Back Next > Cancel

FIG.3.13. DRIVERLICENSE AGREEMENVINDOW

Laser Measurement Sys$iéi3D
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i5) Setup - HPI Software ver. 2021.04.1 —

Completing the HPI Software
Setup Wizard

Setup has finished installing HPI Software on your computer,
The application may be launched by selecting the installed
shortcuts,

Click Finish to exit Setup.

FIG.3.14. WINDOW OF COMPLETED INSTALLATION

In most cases, the installation is semautomatic requiring only

confirmation by the Enter key.
When the software is installed on the computeralso drivers should
be installed. To complete this process, the system has to tennected by a

USB cable to your PC. Driver installation is performedutomatically by

Windows.

j‘,i Znaleziono nowy sprzet E

LUSB Serial Converter

FIG.3.15. MESSAGRPPEARINGWHENTHE NEWUSBDEVICE
ISFOUND

i) Znaleziono nowy sprzet E

LSP30
- * g}]|

FIG.3.16. MESSAGRPPEARINGVHENTHE DRIVERFORHP -
3D DEVICHSINSTALLED

Laser Measurement Systdhi3D
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The HPI Software application can be launched from the HPI Software
folder located in Programstab in Windows Start Menu (assuming that the
installation settings are not changed). The application canalso be launched

from the desktop, if the shortcut is createdduring installation.

O

&
HPI_Software

FIG.3.17.ICONOFHPI SOFTWAREAPPLICATION

In order to uninstall the HPI Software application pleasechooseUninstall
HPISoftwarefrom Menu Start.

unins000

FIG.3.18. ICONOFHPI| SOFTWAREDEINSTALLATIONMPPLICATION

3.2 Elements of the Laser System

Number of the system elementsis configurable and its configuration is
related to the required application. Following items areincluded in the

standard set (for linear measurements):

1. Laser head Lasertex &
pcs ; B2
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1
2. Power Supply
pcs
1 -
3. Tripod stand
pcs
1
4. Linear retro -reflector RL1
pcs
1 . .
5. Linear interferometer 1L1
pcs
6. 3 Basetemperature sensor
pcs
1 .
7. Air temperature sensor
pcs
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1
8. Wireless strobe
pcs
2 .
9. Holdingblock HB1
pcs
2 .
10. Stainlessod SR1
pcs
2
11. Magnetic holder UM2
pcs
1
12. USBType B Cable
pcs

In the figure 3.19 there is shown a suitcasefor transport and storage of

the interferometer system
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LASER INTERFEROMETER > =

Lasertiex

FIG.3.19. THESUITCASEEORTRANSPORRANDSTORAGEOFTHE
INTERFEROMETERYSTEM.

Additional elements for angular measurementsare:
1 x Angular Interferometer IK1,
1 x Angular Retro-reflector RK1,2 x Beam directing mirror ZK1,
1 x Rotary table RE1.
Additional elementsfor straightness measurementsare:
1 x Wollaston Prism WP2,
1 x Wollaston Retroprism WRP2.
Additional elementsfor squareness measurementsare:
1 x Right Angle Etalon for 3D measurementsRE3D,

1 x Right Angle Etalon for Wollaston measurementsREW.

3.3 Interferometer setup for measurement

The Laser Interferometer HPI-3D is supplied from autonomous
24VDC/5A Power Supply. Communication with a PC computer is
performed by USB or Bluetooth interfae. The USB connection is faster
thus it gives more possibilities in some measurements(i.e. Vibration or

Dynamic).
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Before starting the measurements the Laser Head 1) should be placed
on the Tripod stand (3) and connectedto the Power Supply connector on the
back of the laser head. The Laser Head can be alsoplaced directly on the

machinebecauseit is equipped with magneticbase.

If the USB connection isused, then the USB cablg12) should be

connected to the male socket orthe back panel of the Laser Head (fig.
3.20). The second end of the cable should be plugged into the USiket
of a PC computer. For the Bluetooth connectioonly power connectionis

necessary.

Through the Extension Connectorit is possible to drive many
peripherals directly from the laser head. This give huge possibilities of
customization of the usageof the laser interferometer z e.g.in emulation
of glass scales, driving stepping motors, dynamic measurements, etc.
Standardconnector pinout is describedin TechnicalDataat the end of this

manual.
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PowerButton

Power Connector

Extension Connector

FIG.320. CONNECTIONGFTHEHPI-3D.

Base(6) and environmental temperature (7) sensorsare connected
to the Laser Head wirelessly. The sensors are maintenanéee z they do
require neither switching on/off nor charging. When theLaser Head is not
powered they remain in power down mode. Sensorsanonly O x A @ # 6
and start to measurewhen the LaserHeadispowered by the Power Supply
unit.

Sensors are powered from 1/2AA 3.6V lithium battery (numberl4250).

It can be replaced, when the battery strength monitor oisplay screen (see
below in this Chapter) shows that it is depleted, after removing the cap ofi¢
sensor. The battery life time in the power down mode only is more than 30000
hours. The combined life time of the battery for the sensor is 10000 hours.
Wireless Strobe is used to manually capture points during measurements (see
appropriate chapter). The Power Button is used for switching the laser on or

off and for signalization of the internal state of the laser. The meaning of the
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signaling of the Power Button is described in the table 3.1.

Power Button state State description

Red Laserheadpowered on properly. Lasernot working

Red+ blinking fast Laser headpowered on properly but main CPU

firmware is corrupted. Firmware programming

necessary.
Orange / Green
blinking slow Laserswitched on; Stabilization phase 1
Orange / Green
blinking fast Laserswitched on; Stabilization phase?2

Green-blinking
Laserswitched on; Stabilization phase 3

Orange
Laserstabilizes.Beampath unaligned.

Green Laser stabilizes. Beam path aligned. Systemready

H BV B B 4 B

for measurements!

TAB.3.1. POWERBUTTONLEDSTATES
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3.4 Powering the system on

a. Starting hardware

The HPE3D has only one sofiswitch on the top of the laser headStarting

the laser is possible by holding thePower Buttonfor 3 seconds(see figure

3.20) or from the HPI software by clicking on the bottom barof the screenin

O, A GektQsefig. 3.21).

0.001

g mm

Thermal expansion of feedback systerr

Jl ol Jll al

N\
]
e

Regord Reset position Configuration Menu

Wally link

FIG.3.21.LASER BARFTHEHPI-3D SOFTWARE.

b. Starting software

Whenthe software starts a splashscreenappears(figure 3.22). Pressing
F5 on the PC keyboard othe button marked Simulator causesthe software to
switch into simulation mode z connection to a HPI3D deviceis emulated even

if there is areal deviceconnectedto the computer!
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In the bottom part of the splash screenthere are shown all HPI-3D

devices currently connected to the PC either by Bluetoottr USBinterface.

HPI software ver. 8.4.1 The devices paired up with the PC

(c) Lasertex, Poland 2012

over Bluetooth are visiblein blue.
Connection with system...

Devices connected over USB are

— shown in red.
almulztor

Devices list:

Connection bype:
HPI-3D BT 110512 @ all C1usB (7 Bluetooth
HPI-3DET 111012

HPI-30 BT 110912
HFI-3D BT 110712 l
HPI-SD BT 121012 i

m.| s

Conneck l I Caneel

F1G.3.22. SPLASH SCREEN

The connection tests are
displayed on this screen. On
the bottom right shows the

interface through which the

Positioning

E software is trying to obtain a

Parallelism

connection (indicated with a

12 Lo red circle in figure 3.21).
FIG.3.23. MAIN MENU Later software installation, by

default, the first tests are done through the USB interface. When a

successful connection ismade to across other interfaces, the "most

successful" interface is taken as the first choican the next executions

After the connectionscreenthere the Main Menu appears asshownin
the figure 3.23. There are two rows of buttons. Button Display opens the
window with basic control of the laser operation. It is describedin details
later in this Chapter. Button Configuration opensconfiguration window.

Pressing Exit button closes the application.

Other buttons open measurementscreens. All options are describedin

details in following Chapters.Becauseof abundanceof measurement types
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offered by the HP#3D, some of the options are notisible and canbe reached

by using the buttons with arrows in the secondrow.

Connection problems troubleshooting is described ithe Troubleshooting
chapter.

3.5 Getting basic information from the system.

When the software is launched and the system is connected the

option Display in the Main Menu should be chosen.The window shown
in the figure 3.24 appears. If the output beam of the laser iproperly
redirected to the Laser Head (e.g.with the use of the retroreflector RL1)
and laser maintain the stabilization (Laser status bar is green), theBeam
Strength (a green indicator on the screen) show400% of the signallevel.
If the laser heats up to maintain the stabilization the Beam Strength
appears and disappears. e speed of changes is related to the
temperature of the laser. During the heatig up the systemis ready for the

alignment of the optical path (seechapter 4).

4 Pressure 1011,1 hPa
B4 Humidity 48%

4 Air temp. 2032°C setup  adjustment laser head position

 Base temp. 19.43°C ) [
o - o 5 500 1 I ‘s l’ 777777 Averaging 0.1s

2032°C 19,14°C 1977°C 1938°C £ S \ Thermal expansion of feedback system

= = = o) 50 ‘ Steel v 3 pm/C

o all al all

,,,,,, %0
N

S

Record Reset position Configuration Menu

_  laser | siamal _ Velocty | Semsors Wally link

FIG.3.24. DISPLAYWINDOW

Onthe Display screenthere are a status bar and four panels:

- Panel (figure 3.25 where are presented a digital result of the

measurementand the signal level. There are also located buttons for
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changingthe Units and a number of displayed Digits in the result.

Measurement signal level
IR o Unit{Grae) [(UR ]

FIG.3.25. PANELWITH MAIN DISPLAY

: : WiMeteo data
- Panel Environment (figure 3.26) where S so55 1
data obtained from the Environmental I Humidity 2%
. . . [ Ajr termp 1980°C
Compensation Unit (ECU) is shown. On the g omp. OEIC
AT T1 T2 T3
screen there are presented: temperature, oEbe qasTee qassec 1993
pressure and humidity of the atmosphere (IEE 5N ~ (EEN =~ (E
o _ «nl i | ] | ] |
(Pressure,Humidity, and Air Temp) and
temperature of the basewhich is measured —

by three base temperature sensors and

averaged @verage temp T1, T2 and T3) FIG.3.26.ENVIRONMETAL PANEL
For each sensor the batteryvoltage and signal strength are

presented. Data from EnvironmentalCompensation Unit can be also

controlled by the user. It is possibleswitch off the data coming from

ECUand insert parameters of theatmosphere manually. In the lower

left corner there are icons settingup a link to Microsoft Excel or
OpenOffice Calc (if installed). This link allows registering

measurementin Excelor Calcby eachSTROBBbutton press.

- Measurement Panel (fgure 3.27) contains basic informationabout
current measurement. With the left dropdown list, the type ofthe
measurement is changed. Right drojlown list is used for an axis
selection. If Adjustment or Laser head checkbox is not ticked, the
pictorial view of optical configuration is presented. It reflects

measurement type (i.e. distance, speed, angle, straightness) and axis
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(i,e. X, Y, ZAdjustment and Laser head options are selected by the
checkboxeslocated on the panel. However only one of them can
be active,becausethey are mutually exclusive.Both options are very

helpful in optical path alignment process(seechapter 4).

Measurement

Distance v 'g&xxs Y___j v

setup  adjustment laser head position

Reset position

FIG.3.27. MEASUREMENPANEL

- PanelParameters (figure 3.28) is used for configuration of the
measurement system. Change sign option selects whether
enlarging distances between the retro-reflector and the
interferometer gives positive (default O C ér @egative result on
the display. Thermal expansion of feedback system option is
used to select the material from which a feedback
measurement system of the measured machine is made of.
Setting the proper value of the expansion coefficient is very
important to obtain the highest accuracy of the system. Option
User makes it possible to enter any value of the thermal
expandability coefficient. Resolution enablesto changebetween

High (0.1 nm) and Normal (1 nm) systemresolution.
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Parameters
Start position

Change sign
Resolution

Averaging

Thermal expansion of feedback system

17

=
=

FIG.3.28. PARAMETERBANEL

Hm/°C

StatusBar (figure 3.21) presentsstate of the LaserHead andstate of

the measurements. There are foufields: Connection, Laser, Signand

Velocity. In proper operation they should all be green. In table 3there are
shown the possible statesof the fields.

Field

State description

Required action

No connection to the Laser
Head

Click onthe field to open
Canfiguration window.
Restart theconnection

Laser Head is connected to
the computer properly

No action necessary

Laser Head off

Click on the field to
switch the laser on

i

Laser Head on but
not ready

Wait for the laser to become
ready

Laser

Laser Head near
unstableregion.

Finish performed
measurements andclick on
the field to allow the head to
find new stable point

Laser Head works
well

No action necessary

1

Beamstrength
too weak.

Using beam indicator adjust

optical components toobtain
satisfactorily beam strength,
then click on the field toreset
the error
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Beam strength No action necessary
fine

Beam path between IL1 and

- Beam strength RL1 optical components
Signal fine but not should beobstructed for a
calibrated while so the lasercan
calibrate beam parameters
Velocity of the registered Click on the field to
movement too high reset the error
_ Velocity of the'registered No action necessary
movement in range

At least 3 minutes after
powering up the laser

. head:
No measuring - Checkif sensors are
Sensors sensorsdetected close enough tahe laser
head;
- Check/replace sensors
batteries;
_ At leastone sensor is No action necessa
working ry
Rotary encoder Check if rotary encoder is
Rotary not detected switched on

Rotary encoder present. Double clik on the field for

Rotary No link to rotary set. the laser toset the link to
rotary

Rotary link set No action necessary

TAB.3.2. STATUS BAR STATES

If measurements are performed with automatic compensation othe
atmosphere parameters and the compensation of the basetemperatures,
one should:
1 Place the air temperature andhumidity sensors THS on the
machinein the vicinity of the laser beam.
1 place the sensorsof the basetemperature along the measured

axis on the machine base

Measurementsperformed without automatic compensationare referred

to normal conditions: temperature 20 °C, pressure 1013.25 hPaumidity 50 %.
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The measured machine is compensated to the temperature settime
Reference temperatureedit box, located in theConfiguration -> Advanced-
>Parameterspanel (seefigure 3.29). By default, the referencetemperature

is setto 20 degreesCand should not be changeunlessnecessary.

% Cenfiguration >

» General settings
r Parameters

» Measurement

Angular optics coefficient - 1K1

¥ Advanced ‘ ) 5085 | |
Wollaston coefficient - WP2

Firmware update ‘ - 91.00 | + |

Right angle prism Error - RAEQ1

External connector

‘ - 0.0 + |arcsec
License
Reference temperature
Meteo
‘ -] 2000 |[+]cc
Info
Super speed Default

Apply Cancel

FIG.3.29. CONFIGURATIOMVINDOWZ METEO
PANEL
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3.6 Recording mode

Thelong term changesof the length of machine axes under changesof

temperature condition may give the information aboutthermal properties of

' Record ==
Hour Minute Second
Time interval o &0 = =
Start Stop l l Clear

[T lgnore errors

Ma. Time “alue H P T T1 T2 T3

1 225405 18,0 a2 - - 2005 2003 2008

2 225406 18,4 3z - 2005 2008 20,05

3 225407 24 4 32 - — 2005 2008 20,05

4 225408 30,1 32 - ~ 2005 2008 2005

5 225409 35,3 a2 - - 2005 200% 2008

6 225410 415 32 - - 2005 2008 20,05

7oo2zsaN 420 32 - — 2005 2008 2005

& 225412 477 a2 - - 2005 2003 2008
Save Close

FI1G.3.30. RECORDING DATA MODE WINDOW

the This  kind of
measurementscalled02 AAT DAER &

machine.

may be chosen by pressing RECORD
button on the Display screen. This
switches the system into the data
recorder mode.Thetime interval of the
records could be programmed from
the computer by setting a required

value.

0 0OAOOET ¢ O%l A 2tAcdhatdrécEriing oThemsiltEad E A O
be savedwith the choice of O 3 At®AE IIn&ig. 8.30 the exampleof Data

Recordis presented.
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4. BEAM ALIGNMENT

The alignment of the optical patdifficult and laborious
part of the whole measurement process. Be veayeful
reading this chapter!

4.1 Introduction

Beamalignment is a processin which the user, with the use of certain
mechanical arrangements, makes the direction of the laser beaparallel to
the direction of the movementin a measured axis. If the beamis not correctly
alignedaneffectlike the one shown on Fig.4.1may happen,i.e. the position
of the beam returning on the detector in the LaserHeadfrom the moving
retroreflector may vary with the position of the retroreflector resulting in a

cosine error (see chapter 17)and/or misalignment of the optical path (no

BeamStrength).

FIG.4.1.ILLUSTRATIONOFBEAMMISALIGNMENT

The alignment of the optical set up should be conducted in thaption

Display . It can be done during Laser Head heating. Final chesltould be
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made when the systemis ready to work.
4.2 Electronic alignmentools

The beam path alignment process is usually time consuming so in
order to simplify and speed it up the HP43D provides, together with
standard mechanical elements like diaphragms, three unique electronic
tools.

The first is a function of electronic paition of the laser head inspace
Z Display/Laser Head. This option is a useful tool for the alignment of
laser head position in space.

Another useful and unique tool supporting alignment is the Electr onic

Beam Alignment switched on in Display/Alignment option. With this tool

the position of the beams returning to the laser can beontrolled very
accurately.

The third tool is the Electronic BeamIndicator showing if the beam
returning to the laser is strong enough tanake proper measurementsFor
indicating the beamstrength, the physical Power Button on thdaser head
is used. When the laser is ready for operation then thibutton stops
blinking but turns orange or green.The secondcolor meansthe proper

value of beamlevel.
4.3 Basic rules dbeam alignment

With the HPI-3D there are delivered three main types of optical
components: linear optics, angular optics, Wollaston optics. Although the
elements seem different the beam path alignment is similar for all cases.
In the points below the process is described in more details with
explanation of differences forthe different types of optics.

In the Figure 4.2 there is shown a block diagram of the basicrules of
beam path alignment. All points are covered in details in the paragraphs

below.
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START

Set the laser head firmly on the tripod or on the
machine bench

Switch the laser on and set the position of the lase
so the beam is parallel to the measurement axis

Set proper optical components along the laser
beam path.

Move the opticalcomponents along the
measurement axis and regulate the position of the
laser head so the beam always returns to the lasef

Z use diaphragms

Repeat previous point with the use of Electronic | o
Beam Alignmenttoolzj AEADEOACI O |El Ox1l OE®
position)

Control the strength of the returning beam either
with Electronic Beam Indicator on the laser or with
software beam indicator on the PC

Correct position of the laser if necessary

FIG.4.2.BASICBEAMALIGNMENTRULES
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4.4 Preparations

The Laser Head shouldbe firmly attached to the tripod or putdirectly
on the machine bench.Thetripod should not touch the machine as it may
cause vibration of the Laser Head and the opticglath. Special attention

should bepaid not to move the legs of theripod during the measurements.

Thealignment processwould havetobe repeatedthen.

0.001

mm

WiMeteo data Measurement Parameters

EA Pressure 1011,8 hPa
Distance v Axis Y Start position 0,000
Humidity 47%
ch. i
Ed Air temp 2051 °C setup  adjustment laser head position ange sign
E4 Base temp. 19,60 °C Resolution Normal
o
-88,9 Averagiy ots
AT ™ 12 3 ' <l
o o o -, o
208G 1938°C 1996°C 1947 °C (" 12,0 Thermal expansion of feedback system
= = B 5 B e
Jl Jll Jll all
€]
Record Reset position Configuration Menu
. laser | signal | Velodty | Sensors Wally link
e

FIG.4.3 ILUSTRATIONOFTHE FUNCTIONLASERHEAD

The mechanicalelements of the tripod help in the adjustment process.
Thetripod must be leveled,and after that with the function Laser Head the
position of Laser Head must be set accordintp the angle of the measurement

path.

a. Diaphragm

The diaphragm of the laser beam on the front panel of the Lasklead
(figure 4.4) helpsin the processof alignment. The diaphragm canbe placed
in two positions:

" Alignment " z the laser beam goes out through opening in the
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diaphragm about 2 mm diameter,
" Measurement" from the Laser Head goes out beam about 8 mm

diameter,

FIG.4.5. DAPHRAGMSALIGNMENTPOSITIONA)
AND WORKPOSITIONB)

During transportation or when systemis not used,correct position of
diaphragm is alignment position. In this position optics is safe from
getting dirty, covering with dust and accidental damage during
transportation.

The Diaphragmsare also usedon most available optical componentsz

seefigure 4.5z with the exception of Wollaston optics.

If it isrequired, then the diaphragmscanbetaken off and put back lateron.
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b. Laser head alignmen¢lements

Vertical ; A 2
moyemer Lsgrkelalg ball joint Horizontal T;gzggtg'
axis Z , movement Vrtics)
| ) vorfical (axis Y) rotation a
movement
(axis Z)

FIG.4.5. THELASERHEADALIGNMENTELEMENTS

In order to set the position of the beamin spaceproperly the laser
head has a few regulation elements as shown in the figure 4.5. The
elements are placed on the swivel head of the tripoigure 4.5a and4.5b)

and on the baseof the laser head (figure 4.5c).

Elementsplacedon the tripod are in general usedfor linear vertical
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and horizontal movement of the beam position, while the elements
available on the laser head base are for angular vertical and horizontal

movement of the beam.

c. Electronic Beam Alignment tool

Oneof the unique features of the HPI-3D laser is the Electronic Beam
Alignment tool. This is a software tool displaying the position of the beams
returning to the laser. The tool can be activated in the Display option by

checkingAdjustment check box in theMeasuremenpanel z seefigure 4.6.

Measurement

Distance - Auis X -

setup  adjustment |aser head position

KA
LE |

1 000

500

g o

5004

1 1
-1000 800 600 400 200 O 200 400 600 BD0 100
Em

{. reference beam # measurement DE‘BT:]

FIG.4.6. ELECTRONIGBEAMALIGNMENT
TOOL
Thetool showstwo crosses:greenand blue. The green crossshowsthe
position of the reference beam, while the blue one the position of the
measurementbeam.

The exact meaning of the crosses depends on the type of usgilical

AT i Bl 1TAT 008 4EA OAOI O OOA EAORAIAA HAGA & Al

OAT OA 1110 A1 O 1ETAAO 1 bpAEAB&Nsihée OEEO AA(
beamO £0 iLi elementx E E indasufementA A A is the beamreflected
backby RL1.
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Each time the optical configuration of linear optics is
changed itis required to stop the beam between IL1 and RL1
for 2-3 seconds. Laser needs this operation to conduct

calibration procedures.

Attention! It is inadmissible to place one of optical
elements (i.e. RL1 or IL1) outside the machine on an additionz
stand z the system measuresthen also displacementsof the

machinein relation to the stand!).
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4.5 Beam alignment process for linear optics

J

~

\. J
3. Move the RL1 very close to IL1 (they can touch each other). Set their
initial position so the beam returns back to the laser.

4. Move the RL1 from the IL1
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( )
. J

5. By regulation of the laser head position align the beam path so that
both beam overlap on the input of the laser.

REMARK 1: With angular regulation the position of the beam from RL1
should be regulated. Position of the beam returning from IL1 should be
regulated with mechanical components on the tripod.

REMARK 2: If the laser head is mounted directly on the machine then the
position of the beam returning from IL1 should regulated by direct
movement of the IL1 component.

6. Move the RL1 back to IL1 (the components must not touch!) and
check the quality of the beam path alignment. Use available electronic
tools 1 Beam Level Indicator and Electronic Beam Alignment Tool.

Attention! The position when the interferometer touches theretro -
reflector can serve only to adjust. Be sure that during measurementsin
extreme nearestmeasuring position the retro -reflector doesnot touch the

interferometer, becauseit canbe asource of measuring errors.

Laser Measurement Systdhi3D



http://www.lasertex.eu/

BEAM ALIGMENT Laserte%

4.6 Beamalignment process for angular optics

( 1K1

- y

2. Turn on the laser and align all elements along the measurement axis

IK1 RK1 RKA1 )

i e
| D I

3. Move the RK1 very close to IK1 (they can touch each other). Set their
initial position so the beam returns back to the laser.

4. Move the RK1 from IK1.
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REMARK: If the beams do not overlap then it means that the IK1 is

rotated against RK1. Check the roll of laser head against IK1 and RK1 i
it should be zero!

RK1 )

5. By regulation of the laser head position align the beam path so that
both beam overlap on the input of the laser.

1K1 : : RK1

6. Move the RK1 back to IK1 (the components must not touch!) and
check the quality of the beam path alignment. Use available electronic
tools 1 Beam Level Indicator and Electronic Beam Alignment Tool.
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4.7 Beam alignment process for Wollaston optics

J

2. Turn on the laser. Switch diaphragms both on the WP2 and the laser
head to the alignment position. Insert the WP2 in the laser beam path
so that the beam passes through the middle of both diaphragms of the

WP2

3. Move the WP2 along the measurement axis. Align the laser position
so that the beam passes always through the middle of the WP2

diaphragms.
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5. Regulate the angle of the WRP2 (with the large knob on the top) so
that the reflected beam returns to the laser head

6. Move the WRP2 back to WP2 (not closer than 30 cm) and check the quality of
the beam path alignment. Use available electronic tools i Beam Level Indicator
and Electronic Beam Alignment Tool i the beams on the Alignment Tool have
to overlap! If they not overlap, then rotate the WP2 so they are onto each other.
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4.8 Beam alignment of linear optics with angle etalon

J
2. Turn on the laser and align all elements along the measurement axis
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RE3D

. O )

3. Move the RL1 very close to IL1 (they can touch each other). Set their
initial position so the beam returns back to the laser.

RE3D

4. Move RL1 from IL1
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RE3D

J
5. By regulation of the laser head position align the beam path so that both
beams overlap on the input of the laser.

REMARK 1: With angular regulation the position of the beam from RL1 should
be regulated. Position of the beam returning from IL1 should be regulated with
mechanical components on the tripod.

REMARK 2: If the laser head is mounted directly on the machine then the
position of the beam returning from IL1 should be regulated by direct movement
of the IL1 component.

a % L

/

A

<-

RE3D

+
I

I

I

1

T

_ J
6. Move the RK1 back to IK1 (the components must not touch!) and check the
guality of the beam path alignment. Use available electronic tools i Beam
Level Indicator and Electronic Beam Alignment Tool.
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4.9 Beam alignment of angular optics with beam
bender

a. Laser Head initially not aligned

IK1

ZK

1K1 RK1

ZK1 —L-—--

ot il iy

\. J

2. Turn on the laser and align all elements along the measurement axis
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ZK1

. J

3. Move the RK1 very close to IK1 (they can touch each other). Set their
initial position and the position of ZK1 so the beam returns back to the
laser.

4. Move the RK1 from IK1.
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5. By regulation of the laser head position align the beam path so that both beams
overlap on the input of the laser. Instead of regulating the position of the laser
head it is possible to regulate the ZK1 i in many situations it would be faster!

REMARK: If the beams do not overlap then it means that the IK1 is rotated
against RK1. Check the roll of laser head against IK1 and RK1 i it should be

zero!

ZK1

J

6. Move the RK1 back to IK1 (the components must not touch!) and check the
guality of the beam path alignment. Use available electronic tools i Beam Level

Indicator and Electronic Beam Alignment Tool.
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b. LaserHead initially aligned

1K1

ZK1 —L----

it ] i

. J
1. Align all elements (ZK1, IK1, RK1) along the new measurement axis.DO

NOT TOUCH the laser head

RK1

=
P

ZK1

IK1_ RK1

T+

\. J
2. Move the RK1 very close to IK1 (they can touch each other). Set their initial
position and the position of ZK1 so the beam returns back to the laser.
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3. Move the RK1 from IK1.
[ IK1 )
ZK1 el
- mmm e -
\_ _J

4. By regulation of the ZK1 position align the beam path so that both beam overlap
on the input of the laser. DO NOT TOUCH the laser head.
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REMARK: If the beams do not overlap then it means that the IK1 is rotated against
RK1. Check the roll of laser head against IK1 and RK1 i it should be zero!

ZK1

J

5. Move the RK1 back to IK1 (the components must not touch!) and
check the quality of the beam path alignment. Use available
electronic tools i Beam Level Indicator and Electronic Beam

Alignment Tool.
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4.10Beam alignment of Rotary SysteniP+3D plus
Wally

2. Set position of the Laser Head and the Wally so that the beam is
returning back (use electronic beam alignment)

3. Rotate Wally in software by 180 degrees so that the beam reflects from
the back mirror
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5 —_-__—:::::::::::::=---
a — — ——

4. Change angular position of the Laser Head so that the reflected beam
returns back to the laser

5. Rotate Wally by 180 degrees and modify vertical and/orhorizontal
position of the Laser Head so that the beam returns back to the laser

6. Repeat steps 3 to 5 until the position of the beam returning to the Laser
Head does not change when the beam is reflected from the mirror and
the retroreflector

\ J/

7. Insert the IK1 in the measurement path. Link Wally in the HPI
Software.
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4.11Beam alignment for Dynamic Circularity

\PA

—

R

—

MACHINE

- J

1. Mount Laser Head, differential interferometer IR1 and flat mirror LP1 on the
measured machine

\

o

R

\

MACHINE

L.

2. Set the Laser Head approx. 45 degrees to the tested axes of the machine.
Use Laser Head Position Tool from the Display option.
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5 MACHINE

J

3. Switch on the Laser Head and set the position of the IR1such, that the beam
returns in the middle of the receiver. Use Electronic Beam Alignment tool from
the Display option.

MACHINE

4. Move the machine close to the Laser Head. Set the position of the mirror LP1
in such a way that the beam returns back to the laser head.
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5. Move the LP1 element along the measured axis and check if the beam does
not escape from the mirror. If this happens, rotate the laser and IR1 towards
45 degrees and go back to point 4.
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5. MEASUREMENTBOSITIONING

5.1 General Description

The linear positioning measurementis the most advanced option of
linear measurements.t is alsothe most commonform of laserinterferometer
measurements performed on machines. The laser systemmeasures linear
positioning accuracy, repeatability and backlashby comparing the position
to which the machine moves (ie. OEA DI OEOEI 1T AEODPI AUAA 1
readout) with the true position measuredby the interferometer.

The HPI-3D device offers a unique feature of simultaneous

measurementof positioning and estimation of straightnessin horizontal
and vertical planes.This 3D feature simplifies and significantly speeds up
the process of machine geometry testing andmproves measurement

accuracy thanks to elimination of the cosineerror.

a. Positioning in brief

In the Figure 5.1 there is shown the block diagram of the linear
positioning error correction algorithm. Following the presentedalgorithm,

it is easyto correct any numerically controlled machine.

In the first step there can be chosen some measurements options.In
most casesthis step can be omitted. Next in the software there should be
generatedthe program for machine movement (G Codes).The generated

program drives the machinein compliancewith the 1ISO2302 standard.
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After starting the uploaded program on the tested machine the
measurementscanalso be started in the HPISoftware No user attendanceis

necessaryduring measurementprocess.

After the measurement finishes there carbe generated a specidiile
for compensation of the machine control. After uploading the filethe
machine positioning should be measured again to obtain the emésults.

The endresults canbe stored or printed.

All measurement steps are described in muchreater detail inside the

Chapter.
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Positioning method choice:
- linear

- pendulum

- pilgrim standard
- pilgrim effective

G-Codes program generation for CMM
or CNC machines in LSP30-3D software -

Loading G-Code program into
machine

Performing linear positioning

measurement by starting machine
and pressing START in HPI
Software (no user attendance ——le

during measurements necessary!) -

s

Error report generation accordingtoa | ——
chosen standard \
(NMTBA, ISO, VDI/DGQ, BSI, PN, JIS)

Error compensation table generation

in a format best suited the corrected 2= s Downloading corrections into
machine . T » machine (if necessary)

(linear, incremental, Siemens, HP, Fanuc)

Printing error report according to
a chosen standard
(NMTBA, I1SO, VDI/DGQ, BSlI, PN, JIS)

FIG.5.1 LINEARPOSITIONERRORCORRECTIORROCEDURE
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5.2 Measurement Setup

a. Principles

The Positioning measurementis the very basic measurementperformed
with the linear optical components: linear retroreflector RL1and the linear
interferometer IL1. Any change in the distance betweenIL1 and RL1is
detectedby the laser headand shown in the HPI Software.

As it is illustrated in the Figure 5.2 both elements are normally
aligned alongthe laser beam.Although IL1 is usually treated asareference
element with the movement of the RL1 measured but theonfiguration can

also be reverse, i.e. RL1 can be stationary with Ildeing translated.

IL1 RL1
1

===

FIG.5.20PTICALPATH SETUP FORPOSITIONINGMEASUREMENTSCHEMATIC

The distance L measured in the linear configuration depends
significantly on the actual wavelengthl air of the laser beams with the

formula

0 2 02 —— (5.1)

()

, where N denotesthe number of interference fringes, | vac is the laser
wavelengthmeasuredin vacuumandn (T, P, His the refraction coefficient of
the air.

Thewavelengthchangeswith the fluctuations of the parametersofthe
air: humidity, pressureandtemperature. From the experimental formulas (see

Chapter 17) it may be obtained the refraction coefficientlependenceson T, P
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and H in usual conditions (T=293K, P=1000hPaiH=50%):

T e - p
T—.,Y Tﬂ‘(h)GpT[o—
Te p
o MXPT g,
T e - p
T—,.O Tﬂ‘ﬂD(ﬁpT[E

Thechangesof the wavelengthare compensatedautomatically by the
HPI-3D laser head only if the TH sensoris used properly, i.e.placed near

the laser beam path. The air pressure is measured insidlee laser head.

b. Principlesg base temperature compensation

Oneof the important factors limiting the precision of every machine
is the temperature. In the Figure {2} there is schematicallghown a milling
machine. On the machine there ia work table with aworkpiece. Thereis

also schematicallyshown the measurementsubsystem of the machine, i.e.

the Scale. The position encoder (markeds Scale) is the part that is
connected to the CNC control. It can be different construction z
magnetic, glass,laser, etc. Its expansioniscorrected with positive sign in
order to force the CNC control to leavehe table in the same position

despite the thermal expansion of thescale.
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Workpiece

Table

-
|

0
Workpiece
offset .‘¢workple05—>{
>

Scale

Scale deadpath

FIG.{2} BASEEXPANDABILITYCOMPENSATIONNOTATION

The important parametersin the Scalelength compensationare:

- scale thermal expandability factor in [ppm] or frm/(m*K)] units;

for glassscalesit canhavevery low value

- scale deadpathz the length of the nonused scale part or the

distancebetweenthe beginningof the scaleand the Zero mark.

The HPI-3D is capable of automatic compensation of the thermal
expandability of the ScaleTheuserhasonly to properly useBaseTemperature
sensors (i.e. place them as close to the machine measurement system as

possible) and to set the thermal expandabilityalue of the Scale.
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c. Measurement Setup Preparations

For positioning measurements,linear optics should be used.
Necessarycomponentsare (seealso figures 5.2 to 5.5):
i LaserHead
Power Supply
Linear interferometer IL1

1

1

9 Linear retro-reflector RL1

91 Air temperature sensor TH (Important!!!)
1

At least one Base temperature sensor(T1, T2 or T3)(Important!!!)

Optional elements are:
1 USBcable
1 Manual Strobe
1 Magneticholder UM2
1 Tripod stand

Positioning measurementsrequire optical elements IL1 and RL1to be
aligned along laser beam as shown in the figure 5.2. Each of tlementscanbe
moved.

During positioning measurements, the Abbe, Dead Path and Cosine
errors (for details z see the Chapter 17) have to be taken intwonsideration. The
usage of the aitemperature sensor and at least ondase temperature sensor
(T1 or T2 or T3) is absolutely necessary ! More than one base temperature
sensor should be used on long measurement axes, especially where a

temperature gradient is possible.
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FIG.5.30PTICALPATHSETUP FORPOSITIONING
MEASUREMENT®SN X AXIS

If only one basetemperature sensoris used, then all unusedsensors

should be switched off in the HPI Software. Otherwise the basemperature

value would be false and the measurement would yield improper results.
Switch singular sensorscan be performed in the Display menu by clicking

the value fields of the T1, T2 or T3 sensors e WiMeteo panel.

Positioning measurements can be performed not only along tHaser
beam (as shown in figures 5.2nd 5.3) but also in directionsperpendicular
to the laser beam. These configurations are shown figures 5.4 and 5.5. In
those two configurations the laser beam has t@nter the IL1 from the

bottom of the element. Only the retrereflector RL1 canbe moved.
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FIG.5.4.0PTICALPATHSETUP FOR POSITIONINGEASUREMENTEN Y AXIS

FIG.5.5.0PTICALPATHSETUP FORPOSITIONINGMEASUREMENTN Z AXIS
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5.3 Software description

a. Introduction

In order to start Positioning measurements in the Main Menu the
Positioning button should be pressed (Figure 5.6). On the screen thesdould
appear aLinear positioning window as shown in the Fig.5.7.The window
consistsof a pull-down menu and four panels:

1 1) Display panel z presents information about current distance,

target distance and measurementsignal level;

1 2) Positioning plot panel;
1 3) Positioning results panel

1 4) Panelwith control buttons and status information.

T Laser Measurement Systern HPL3D =a /o]

e
: H—— s ¥
Display Positioning Straightness Angular positioning

1T S B " ]

‘elocity

FIG.5.6 MAIN MENU
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b. Display Panel

The top part of the Display Panel (block 1 of figure 5.7) is used for
basic control of the laser operation. Through this panel it is possible to
monitor the quality of the input signal, i.e. the beam strength and the
current value measured by the laser. Number of displayed digits calso

be modified.

T Laser Measurement Systemn HIPL 10 - Positioning - Measurement method: Linear o [E e
Eile Edit plessurement Yiew Help |

100N

154 machine point [irim) Digits

i i 27 - .. !
201,03 - _

retl i b poinl: [ream)

°

0.0000

Destance
FPaositioning plot window - X - 2014-03-23 Fbal'.'mm]] Xa [ppm] ] Xr ] ]
: 2
ES
=
- 3
¥
Foint number |
Start 4 Eeset posiion fleriu
fusomatic points generate Cyeles numben 1 Measmement method: Linear
[ gemnetion L T T anal T Veleeity Sensors Rotary link

FIG.5.7 LINEARPOSITIONINGNINDOW

In the top left corner of the Panel there are two fields namedst
measurement point and 2nd measurement point allowing tying the
coordinate systemof the laserwith the coordinate systemof the measured
machine. Thisoption is described in more details below inthe Chapter.
Also later in the chapter there is described an option for switching

between 1D and 3D positioning.
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c. Positioning Plot Panel

On the chart drawn in the Positioning Plot Panel there are shown
information about the measureddeviation between the real and the desired
translation of the machine. On the plotthe points are placed inwo colors: the
deviations measured duringforward movement of themachineis shown with
blue circles while the deviations measuredduring reverse movement are
shown with red triangles. The points forthe current measurement series are

connected with the solid line (sed~igure 5.8).

Positioning plot window - X - 2014-03-26

o 5 10 i s X » Point number 40 45 5
Puis Y © Distance

\utomatic paints generate Cycles number 3 Measurement method: Linear

FIG.5.8.PLOTWITH POSITIONINGMEASUREMENTRESULTS

Although the scale of the Y axis met automatically by default butit is
possible to set the display limits manually by choosing aAxis Yoption
from the pull-down menu (see Figure 5.8). Values in the axis ¢an be
displayed either in the distance units or as numbers of measurement

points.

d. Positioning Measurement Values Panel

In the Values Panel there are displayed numerical values of the
positioning measurements (Figure 5.10). These are the values from the
current measurementseriesandthese are shown on the Positioning Plot as
points connectedwith the solid line.

The unit of the distance can be changed, independently on theit of
the chart, by clicking with the left mouse button on the distandg.e. Ref.)
column of the chart. There are tw@ossibilities: true value ofthe distance

or point number.
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e. Positioning Control Panel

Positioning Control Panelis comprised of three main parts (Figure
5.9 t05.11):;
1 Linewith control buttons
I Linewith measurementstatusinformation

9 Linewith laserstatusinformation.

The functionality of the line with the buttons changeswith the current
measurement state. In the Figure 5.9 there are shown variowppearancesof

the control part of the Control Panel.

A Reset position
B
C el

FIG.5.9 CONTROIPANELz DIFFERENTMODESCLARIFICATIONSN TEXT

Case A appears when there is no measurement in progress and deia
were read from a file. In this mode it is possible either to start the
measurementj O3 O AoQ€sét thb main counter j O 2 ABOAGE Odiiol 6 q

return to the main menu of the programj O- AT 06 8

Case B appears during measurements. The measurement can be
stopped directly j O3 O brbiadiectly j O- A1 AtérQpBessing the
O - ATb@on the software always asksif the measurementis to be stopped

first.
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T Laser Messurement System HPL 30 - Pasiioning - Pos_ Hamesdtl [o B e Case C IS V|S|b|e
= } ] —Mﬂ during analyses of the
U*“_—i‘\\ | ‘ 3 a7 100 A
~~_ A - IR obtained results. If there
- ¢ ““fml__“ \I P 6 a5 A7
g T are measured fewer series
e R R . than the desired limit than
oy -+ - ~ - ~ o .
I — the button O. A@O 6 esAAAT |
et t20m active. Pressing this button
ﬂi Report [ Delete l Add l Back Menu

starts the measurement.
FIG.5.10.DATA BROWSING WINDOW
The results obtained during the measurementwill be added to the
thus far registered results. Pressing O 2 A b Aut6nd also starts new
measurement but the results would supersede the results of the last
i AAOOOAI AT O OAOEAO8 "U DOAOOET @e O. Axd

cleared and a new measurementis started.

"O0001T1T O"O1l xOAd T PAT O OEA ad.tmél 6O AOI
functionality of this window is show in more details later in the Chapter.
0OAOOET ¢ O2APT 006 1 PAT O , Eladshoni®@ i OEOQOET T ET
the Figure 5.34.

Automatic paints generate Cycles number: 2 Measurement method: Pilgrim Stop after each cycle

. Commeon  laer  Signl  Veodty Rotary link
FIG.5.11.STATUS BARS IN POSITIONING WINDOW

In the bottom part of the Positioning Control Panel there can bfleund
two status lines. The upper one is presenting a configuration ofhe
positioning measurementsthe lower the state of the laser system

In the first field of the upper line there is an information about the
points capture method (manual or automatic). The next field informs
about number of cycles in series (number of cycles executed one aftare,
if not activeis the option Stop After Cycle). In the third field there is shown

the information about measurement method selected in the
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Configuration .
The bottom line shows information common to all options of theHPI
Software, i.e. the state of Connection, Laser, Signal, Sensors Ruthary

encoder. The functionality of the line is described in anothe€Chapter.

f. Pull down menu File

The menu bar consistsof following options: File, Edit, Measurement,
View, Help. In the File menu (figure 5.12) can be foundommands for
reading measured data from a file, saving the data to dile, printing

measurementsresults or exporting them to afile.

File Edit Measurement CMNC  View Help
Open Ctrl+0
Save Ctrl+5
Save as
Print Ctrl+P
Print preview
Export
Pos_HASS CM_03_1072388_7_Y.dt2-1.dt2
Pos_HASS CM_03_1072388_Y.dt2--2.dt2

Pos HASS VF_6_1072388_Z.dt2--1.dt2
Pos_HASS_VF_6_1072388 X.dt2--2.dt2

Exit
FIG.5.12. POSITIONING PUEDOWN MENLUFILE

Otherimportant commandsavailablein the File menuare options for

generating CNCpath and preparing compensationtable.

g. CNC path generation

CNC path generation options allows automatic preparation, bythe
HPI-3D software, the Gcode program compatible with most CN@ontrol

systems.The options of the path generationare setin the separatewindow
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CNC path generation X

asshown in the figure 5.13.

Sofware parameters
Measurement method Axis Feed Rate Stop time Cycles number

In the upper part of the = o K N N O E |
. R @ g code (Fanuc) (O Heidenhain O Mefi O Fagor

WlndoW the machlne movement O g code (siemens) O 0sAl O Mazak Matrix 2
File no.

parameters are set. In the lower L& _ e
Start point End point [ Add comments
|D‘DDD = ‘ mm ‘400 = | mm

part the generatedprogram canbe =

viewed end edited.The results can Clsrance

H . Total distance: 402.(:10:mm
besavedto atext file or previewed s

(SR Main Program

and printed. | |arso0 wernce
507 G40 . ;;}3.;030000 (P1-Cycle 1)
Following parameters in bt
Footer GO04 P3000 (P3 - Cycle 1)
M2 X10.000
Software parameterspanel should % Goaran e cyde )
G04 P3000 (PS - Cycle 1)
. . X10.000
be configured in order to generate S .

Preview Print Save Close

FIG.5.13.CNC PATH GENERATION WINDOV

the proper code:

1 Measurement method - should be set accordingly with thechosen
measurement method (see below). Choice must bmade between

linear, pendulum, pilgrim effective and pilgrim standard;

1 Axis z the measured machine movement axis should behosen

(X,Y,Z,U,V,W,A,B,C).

1 Feed Rate z the maximum machine feed rate in the chosemxis
during measurementscan be modified. The chosenvalue cannotbe
greater than machine limitations (see manual of the tested

machine) and laser limitation (7 m/s =420000 mm/min).

1 Stop Time z the time the machinestopsat every measurementpoint.
Thistime is necessaryfor the HPI Software to capture measurement
point. The proper valueof this parameter dependson the tested
machine and on Point Captureparameters of the laser (described
later in this chapter).

1 Step z the distance between measurementpoints.

1 Clearance z additional machinemovementusedto compensate
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backlash. The chosen value should be largenough for the

proper backlashcompensationof the machine.

1 Cycles number z sets the number of generated movementycles.
For proper calculation of statistical parameters in Report the
number of measurementcycles should be not lower than three.
The more measurement cycles are chosen the better
characterization of the machine is done but thelonger the
measurementprocess lasts. The number of cycles should be the
same with the value in Configuration->Positioning>Cyclesin

series

1 g code z it is possible either to generate thestandard G-code

program or aversion compatible with any machine control.

h. Compensation table preparation

Compensation table preparation (figure 5.14) is an option usedwhen

measurementis finished (before measurementstart it is not enabled). The
measurementresults are used by the software to calculate errors and

.| generate the compensation

| Start point End point

| 0.000 ;“, 250.000 +|

values for the maclne control

Update

O interval ® point count
|mp””;'m‘ =5 - E system. Suitable format of the
| Data format Typ . .
| [semens ] a0 - compensation table for machine
| Base point Axis Axis - alias
| = d T[] control systemhasto be selected
Measurement system
e : from Data format drop-down
| ONegative

[Jreverse points

%_N_AX1 EEC_INI
METRIC

CHANDATA{L)

| [nEwCONE

SAA_ENC_COMP_MAX [0, AX:

$AA_ENC_COMP_MIN[0,AX1]=0.0000
250. 0000

SAA_ENC_COMP_STEP [0, AX1]=50. 0000

Sas ENC CAMBTN N A¥11=n nnnn

| |N22700 $MAZENC_cOMP_ENABLE[0,AX1]=0
N32450 $MA_BACKLASHLO,AX1]=-0.0035

| Preview Print

list. Together with the data
format additional parameters

are configured.

The option is described in

FIG.5.14. COMPENSATION TABLE PREPARATION ~ More detail in the end of the

WINDOW chapter.
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i. Pull down menu Edit

In the pull-down menu option Edit (fig.

) ) Edit Meazurement CMNC  View
5.15) there are options for setting measured .
Machine data

machinedata (Fig 5.16), defining machineerror Machine error limits

limits  (fig. 5.17), previewing obtained Measurement table

Pesitioning points
positioning results, editing positioning points
Configuration
(when option Target Points from List from

FIG.5.15.POSITIONING PULDOWN
menu Measurement is active) and changing MENUEDIT

overall positioning configuration.

Machine data
Machine type Senal number Auxis
Hamas 123E48|
Operator Company

Lasertex

Comments

Measurement parameters

Measurement date  2011-02-05 22:55:45

Hurnidity 32% Air temperature 20,00 °C
Pressure 10132 hPa Material temperature 2007 °C
Apply Cancel

FIG.5.16 MACHINE DATANVINDOW

j. Machineerror limits
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In the Edit option the user can setup allowable error limits of the
machine for different norms (option Machine error limits - Fig. 5.17).The
results of the whole linear positioning measurements are compared with
theselimits (seeFig.5.18). This option is especially useful when there are
checked many machines of the same type andthe samerequirements on

their accuracyare expected.

Machine error limits X
Pasitioning ~
Machine name 150:2014  150:1997 VDI VDI 2617 lasertex NMTBA BSI PH JIS 1980 JIS 1999 ASME |4 |*
mis Accuracy Repeatability Reverse error
Forward Forward Reverse Mean
m33a = = =
e e o R o R
Reverse Ps Ps Max Maximal
[22 [2]um [3o Elum o Ewm 20 Zum
Pa Ps+U
120 3pm 120 1 5lum
P
120 Zlum
Motes
Add Delete Close

FIG.5.17.MACHINE ERRORMITS WINDOW

Norm

ISO 230-2 .|
Machine

m15 -
Param Max Value
Accuracy [pm] [pm]
forward 120 31
reverse 120 32
overall A 120 67
Repeatability: [um] [urm]
forward R 120 25
reverse R 120 21
bidirectional R 120 63
Reverse emor [pm] [pm]
mean 120 36
maximal 120 33
Position. dewation [m] [prm]
forward E 100 20
reverse E 120 13
mean E 120 15

FIG.5.18. MACHINE ERROR LIMITS COMPARATION PANEL
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k. Positioning points generation

If option Target Points from List from menu Measurement is active,
then the program expectsthe measured machine to stop in points defined
in the Positioning points window as shown in the figure 5.19.Points canbe

entered manually or can be generated from the input parameters: start

Pt e . &= position (can be negative), distance
oo || Poimml | | Swtpestn 000 @ mm (must be positive) and interval
7 £0 0000 Distance 0,0000 % mrm
: 3000 @ e oo g mm (must be positive) or number of
4 200,0000 ©) Pairts nurmber 58
& | Calmunte | points. The points are calculated
[T | when Calculate button is pressed.
(g@ i, Obtained points can be savedto a
PO e S SO file.
l Delete point I [ Delete all ] € O=OO
{ Apply ] I Cancel l

FIG.5.19.POSITIONING POINTS GENERATION WINDOW

|. Configuration of Positioning measurement

In the Positioning tab in the Configuration window the important
options of the linear positioning measurements (Fig. 5.20) canbe set.

In the Measurement tab the user can choosethe main parametersof
the positioning measurement. The parameters grouped in theoint detection
tab change the behavior of the software during point captur@rocess.There
are four available methods for checking i A A E Epoditiorihg: Linear,
Pendulum, Pilgrim Sandard andPilgrim Effective (buttons in Measurement
method panel). The directions of the expectedmovement of the machine

are shown in the pictograms and in figures5.21, 5.22,5.23 and 5.24.

Usuallythe Linear method is used.
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In the Cycles in seriefseld the number of complete measurementsycles
is set. The greater number of cycles is used the better result ashieved. At

least three cycles are recommended for proper calculation of statistics.

% Configuration x #- Configuration

l—)'—)l Positioning

l—)l—)l Positioning
¥ Measurement ¥ Measurement

Measurement method Point detection parameters

Straightness % % %r%r%% Straightness - 1.000 + || mm
,,,,, =

» General settings » General settings

Flatness Flatness Vibration less than
Angular positioning No. of series Angular positioning Hm
» Advanced » Advanced i
— | Pointcapture - [ [P
® manual O automatic Point capture after

- 10 |+ || sec

Source of points

@® automatically generated O list Create point list Averaging time - 3D

I

+ || sec Default
[0 Skip backlash compensation
[ simultaneous 3D measurement Statistic calculation method - 3D

[0 Stop after each series @® end point fitting

O Unidirectional measurement O least squares fitting
[ Correct target value
v Onone
Dnint Aatartinn naramatars
Apply Cancel Apply

Cancel

FIG.5.20LINEARPOSITIONING COFIG WINDOQOV

! |

S (D= D= D= =D
min. 1 mm
(0,05 inch)

: d)< (2)< -@cz@czé
OO0

Tstop = min. 1 S

FIG.5.21. MACHINEMOVEMENTIN THE LINEAR MODE(S zZ STARTINGPOINT)
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O
e,
@

®
min. 1 mm . O O O
(0,05 inch) @ @ Tetop =Min. 1's

FIG.5.22. MACHINEMOVEMENTIN THE PENDULUMMODE(S 7 STARTING
POINT)

%<:ﬂ7 000

Toop =min. 1s
|
1 st point Q "> E—
backward |
' o< = !
&D: - >d)

|
|
min.2 mm |
0079 inch) b
4—*! last point backward

FIG.5.23. MACHINEMOVEMENTIN THE PILGRIM STANDARDMODE(S 7
STARTINGOINT)
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®

@ @

|
D —

min. 1 mm
Bosmon ()KL @
|
! )) §> )OO0
@ @ Tstop = Min. 1's
FIG.5.24. MACHINEMOVEMENTIN THEPILGRIM EFFECTIVEMIODE(S
STARTINGPOINT)

Measurement points can be either captured manually (with keyboard
space or Strobe button) or captured automatically by the software. For

automatic capture parameters set in thePoint detection tab are used.

For numerically controlled machines the Automatic
pointcapture and Automatic point generation should be

chosen.

Measurementpoints can be automatically detected by the software
during measurement process or can be edited manually. Tmeanual point

list edition is described laterin this chapter.

Set of checkboxes allow further modification of the positioning
process

9 Skip backlash compensation zif checked then the software does

not expect the machine to make the backlaslcompensation

movement (from point Sto point 1 in the figures 5.217 5.24). When

manual point capture option is chosen then there is no backlash

compensation at the firstmeasurementpoint!
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1 Correct target value z if checkedthen the software confirms
laser measureddistance value of each capturegoint. Option
usablefor non-numeric machines.

1 Stop after each cycle z if checked then the measurementss
stopped automatically after full measurement cycle (i.e. when
machine returns back to position 0). The option is useful when
intermediate results are to be viewed and analyzed.

1 Simultaneous 3D measurement z if checked then, during
positioning measurementsalso a 3D straightnessmeasurements are
performed. Longer machine stop time inmeasurement points is
required.

1 Unidirectional measurements z if checkedthen the measurement
is finished when machine return movementis detected and not

when the machine returns back to zero.

The options available in the Point detection tab are usable only
when Automatic Point Capture option is chosen.They define the conditions
under which the software captures the measurement points. A point is
captured when the measured distance vibrations arelower than Vibration
lessthan value after time defined in Point capture after. The measurement

point value is rounded with tolerance setin Point tolerance

For example, if the Point tolerance is set to 1.0 mm and laser measures
50.11mm, then a desired measurement point of 50.00 mm is taken with
machine error of 0.11 mm. In the case when laser measuré9.61 mm the

measurement point of 61.00 mm is taken with machine error 0f0.39 mm.
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¥ Contgurion In the case when the Point
— 213 positioning tolerance is set to 0.2 mm and
¥ Measurement
Point detection parameters
o e laser measures 50.11mm, then a
Straightness mm . .
Flatness Vibration less than deSIred measurement pOInt Of
Angular pasitioning - 20,000 | + || pm

50.20 mm is taken with machine

» Advanced

et - error of -0.09 mm. In the case

Point capture after

2| 10 Lejsec when laser measures 60.61mm

Averaging time - 3D

I

+ || sec Default

the measurement point of 60.60
Statistic calculation method - 3D

mm is taken with machine error

of 0.01 mm.

@® end point fitting

O least squares fitting

O none

Apply Cancel

FIG.5.25.LINEAR POSITIONING COFIG WINDO
Z POINT DETECTION

m. Pulldown menuc¢ Measurement

Measurement menu includes the options related to the measurement
process:

Stop after each cycle z if this option is active program breaks the
measurementwhen a measuring cycle is completed; if it is not active the

configured number of cyclesis executed.
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Correct target value z setting this option enablesto changean earlier
defined distancevalue of ameasuring point during the measurementprocess.

Before the point is captured, appears a
Measurement CMNC  View Help

- windowin which a new distance value can
orrect target value

Stop after each cycle be written. In the edit field there are only
Skip backlash compensation

marked places after comma what causes that
Automatic point capture

it is not necessary to write the whole

® Manual point capture

® Automatic points generate distance.

Points from list

FIG.5.26.POSITIONING PULDOWN
MENUMEASUREMENT

Skip backlash compensation z if checked then thesoftware doesnot
expect the machine to make the backlash compensation moveme(ftom
point Sto point 1 in the figures 5.21 7 5.24).

Automatic point capture z program captures measurementpoints

automatically using settings from Configuration. In this mode the system
itself recognizes the moment of stop, the value of target poirthe direction
of movement and the series number. Option exclusiweith O - AT [GiAtl
AADOOOAOG 8

Manual point capture z measured points are captured by the
program when a Manwal Capture button, Space key or a remote Strobe
AOOOIT EO POAOOAA8S8 |/ POEIT AgAl OOEOA xEOE

Automatic points generate z positioning points are calculated
automatically by the program. Points calculation is performed in first
measuring cycle.Option exclusivewith O 0 T EronOIOE 00 6 8

Points from list z when this option is selected on the screeappears
a window for positioning points edition. This window enablesto write or

calculate distance values for positioning points whichare compared to

measured points during positioning measurement Option exclusive with

Laser Measurement Systdhi3D
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0! OOT poBEAT AOAOAG 8
View menu is used to switch on or off a Deviation View Help
table and to witch on drawing on the graph points from Show pictogram

" Deyiation table

All cycles (active cycle is drawn using solid line but
Al cyeles

remaining cycles are illustrated using only points). Show FIG.5.27 POSITIONING PULL

pictogram command is used to present a schematitiagram of DOWN MENWIEW

selectedmeasurementmethod.

5.4 Preparations for measurement

a. Measurement wndow

If the system is ready to work, then two digital displays and thgauge
of measuring signal level appear on the screen. On the uppeisplay the
measured value is shown. On the bottom display the valu# the target
position (read from data points table or appointed automatically) is

shown. Under the displays on the left side there ishown a graph on which

the results of measurements are shown. Othe right side anError Table

can be found. Under the graph threbuttons can be found:

T e M tment e T D Py g Vb st memat Pign
—

0.0t P

Posmuning phet windee - X - 1012-12.82 Retmm] | Xa (pm) | Xr m) |
Start Reset positon Menu

AUTOMANC POINts Generate yches number 2 Measurement method Pilgrm Shop afer each cydle

L Connecion | lasee 1l Slgnal [ velodty | Rotary link

FIG.5.28 CHOICEBETWEENLD AND 3D POSITIONING
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i Start - beginning of the measurement,
1 Reset Position Zz resetting the measured value and
the button,

1 Menu - allowing returning to the Main menu.

b. 1D and 3D measurements

In the right upper corner of the main positioningwindow (see figure
5.28) there is placedthe button for choosingif the laser measuresonly the
bl OEGEITEIC jOps$s6qgq 10 EZ£ OEA o3
OEiI O1 OAT A1 6061 U jOos6Q8 ) A OEA 0O0$d
positioning data,the straightnessdatain horizontal and vertical planes are

gathered.

All measured data can be browsed during measurementsby changing
data panels (figure 5.29). The data from actual measuremeseriesare shown
in the table and on the chart connected with lines. Points from previous

obtained seriesare visible on the chart as blue circles or red triangles.

| Distance| Horizontal |Vertical

Errer [ pm ]

Fositioning plot w No. |Xa [pm] | Xr [um]
" 1 38,6 33,3
B \ 2 382 195
= : & = 3 242 4,0
S . sy 4 140 49
s ~ “\ 5 42 110
< e 6  -101 150
- e = . -\-R“-’—\_‘—n\_\_
e |
15+ s S

O 10 20 30 40 S0 60 7O B0 S0 100 130 120 130 140 350 160 170 480 190 200 20 220 230 240 250
mmmmm [ mm ]

FIG.5.29.3D DATABROWSING

AgAO
I DOEI
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c. Measurements in machine coordinate system

It is possibleto obtain positioning measurementsdirectly in the machine
coordinate system.To do this the 1stmachinepoint and 2d machine pointfields
have to be filled (see figure 5.3 In these fields theposition of first two

measurement points in the machine

File Edit Measurement View Help

100%

1st machine point

coordinate system hasto be entered. After

modification of thesefields the measurement

0.0000 @ + results are shown in the machine coordinate
' (=)

2nd machine point system. Alsathe error compensationfiles are

changedappropriately.

FIG.5.30. CONNECTING COORDINATE
SYSTEM®F LASER AND MACHINE

d. Setting measurement points

The linear positioning measurement requires target positions which

define the points where positioning errors are calculated. The target points
can be automatically defined during the first cycle in the measurement, or
manually written to the list or calculated (Target Points From List). Points are
detected with 1.0 mm tolerance in automatic mode (if other point tolerance
value is required, then Configuration->Positioning>Point detection>Point
tolerancevalue should be changed). The positioning points cdre also written

or calculated after marking an option Target Points From List (see figure 5.19).

After activating this option, the positioning points can be defined with any

accuracy.

Measurement can be performed in arAutomatic option or in a Manual
Capture option as described earlier in this chapter. In theutomatic mode
the system itself recognizes the moment of stop, thealue of target point,

the direction of movementandthe seriesnumber.
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5.5 Rules of automatic positioning measurement

1) Thetime of machinestand still duration in the positioning
point must be no lessthan 1 second z default value (this can
be changed in theConfiguration->Positioning>Point detection
>Point captureafter),

2) Vibrations of the target should be lessthan 10 mm - default
value (this can be changedin the Configuration->Positioning
>Pointdetection>Vibrationslessthan),

3) Backlashcompensationmove of the machine should exceed
1.0mm.

If vibrations are too large and system does not capture points z then the
option Manual Capture should be switched on in the Measurement

menu.

5.6 Remarks on measurements and on data analysis

Examination of linear positioning of machine consistsof at least2
measuring cycles.

In every cycle the measuredthe machine movesthe retro -reflectorfor
programmed distance forward and back.

After each shift the machine should stop for a time of at least one
second.

From practical point of view, becauseof machine vibration, the
stop time should exceed3 seconds.

The measureddistance by the laser systemis savedin the table of
results.

After one cycle, if Stop after each cycle is set or after the whole

measurementprocessthe window with results appears(figure 5.31).
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FIG.5.31. POSITIONINGNINDOWAFTERFINISHINGA FULLMEASUREMENT
CYCLE

FIG.5.32. DATA BROWSING WINDOW

Buttons Remove and Add can be used to remove or add the
measurementcycle. It is possibleto change the measuring cycle in which
accidentalerror is suspected. Button Browse opens data browsing window

(figure 5.32) where each data cycle can be viewed and analyzed.

Laser Measurement SystdhsD



























































































































































































































































































































































































































































































































































































































































































































































































