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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 transportation and
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 ISO 230-2 and similar norms, enable making rapports and
diagrams. It is possible to choose statistical results processing according to
norms: ISO 230-2 (European), VDI/DGQ 3441 (German), NMTBA (USA), BSI
BS 4656 Part 16 (British) and PN-93 M55580 (Polish).

Laser Measurement System HPI-3D is highly configurable device
although already in its basic configuration it allows performing the
complicated measurements at highest possible precision. Available
options will be described below in this user manual.

Very good technical parameters of the interferometer allow using it
in scientific laboratories, for precision positioning, for scaling optical and

magnetic measurement systems, etc.
1.1 Safety considerations

The Laser Interferometer HPI-3D is a Safety Class I product designed
and tested in accordance with international safety standards.lt is also a
Class Il Laser product conforming to international laser safety regulations.
The instrument and the manual should be inspected and reviewed for safety

markings and instructions before operation.

Laser Measurement System HPI-3D
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1.2 Warnings

Although the laser measurement system HPI-3D is design to be used in

harsh environment, the following conditions must be met:

e The Laser Head must not be put near strong magnetic fields.

e 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).

e The head must not be thrown or dropped.
e Keep the optical components clean and avoid scratching them.When
the optics is dusted, clean it with pure alcohol.

e Do not use the system beyond its work conditions.

1.3 Compliance Information

Laser Measurement System HPI-3D
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EC-DECLARATION OF CONFORMITY 2012

Wroclaw, 2012-04-20

Manufacturer

LASERTEX Co LTD.
Radzionkowska 17
51-506 Wroctaw
Poland

Hereby certifies on its sole responsibility that the following product:

Laser Measurement System HPI-3D

which is explicitly referred to by this Declaration meet the

following directives and standard(s):

Directive 2006/95/EC
Electrical Apparatus
Low Voltage Directive

- EN61010-1:2011

Directive 2006/42/EU
Machinery Directive
- EN 60825-1:2007

Directive 2004/108/EU
Electromagnetic Comatibility:

- EN 61326-1:2006

- EN61000-4-2:2011
- EN 61000-4-6:2007
- EN 61000-4-8:2010
- EN 61000-4-11:2007
- EN55011:2007

- EN55022:2011

Documentation evidencing conformity with the requirements of the Directives is kept
available for inspection at the above Manufacture.
President, Janusz Rzepka PhD

Laser Measurement System HPI-3D
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2. QUICK START

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

More detailed information can be found in the following chapters.

2.1 Main features

The HPI-3D is a device for contact measurement of the velocity of the

moving object.

The device operates according to the laser interferometerprinciple
(see Principles of Operation chapter). The Doppler shift phenomenon is 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 used either as a standalone device or with aPC

computer and the dedicated HPI Software.

2.2 How it works

The HPI-3D measures shift of the moving element in relevance to the
reference element as shown 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 System HPI-3D
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Reference element ——— Horizontal & Vertical polarization

\ — — — Vertical polarization
— — = Horizontal polarization

)
b /
Moving element : :

FIG. 2.1. ILLUSTRATION OF THE PRINCIPLE OF OPERATION - LINEAR OPTICS

a. Linear optics

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. The laser outputs the laser beam consisting of two polarizations:
Horizontal (H) and Vertical (V). The Reference element (IL1) splits the beam
into two parts. The H polarized beam is reflected back 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
element is in motion.

The linear optics is mainly used for measurement of:
e Shift

e Velocity

e Acceleration

e Vibrations

e Straightness with 3D method

e Squareness with 3D method (RE3D element required)

e Parallelism with 3D method (RE3D element required)

Laser Measurement System HPI-3D
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b. Angular optics

To the angular optics belong Angular Interferometer IK1 and Angular

Retroreflector RK1.

The operation of the HPI-3D with the angular optics used is shown in
the figure 2.2. The laser outputs the laser beam consisting of two
polarizations: Horizontal (H) and Vertical (V). The IK1 splits the beam into
two parts. Both beams are directed into the measurement path but are
parallel shifted by 50.8 mm. The frequency of both beams is changed
according to the Doppler Effect when the RK1 element is in motion.

The frequency change of both beams is the same when RK1 and 1K1
are shifted linearly. In this case no measured signal is detected by 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 H beam is

different from the frequency change of 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. ILLUSTRATION OF THE PRINCIPLE OF OPERATION - ANGULAR OPTICS

The angular optics is mainly used for measurement of:

Laser Measurement System HPI-3D
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e Small angles

e Straightness with Angular method

e Flatness
e Pitch
e Yaw

c. Wollaston optics

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

The operation of the HPI-3D with the Wollaston optics used is shown
in the figure 2.3. The laser outputs the laser beam consisting of two
polarizations: Horizontal (H) and Vertical (V). The WP2 splits the beam
into two parts. Both beams are directed into the measurement path. 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 same when WP2 and WP2
are shifted linearly. In this case no measured signal is detected bythe 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 lengths of beam

paths 1 and 2 are different - see figure 2.3

Laser Measurement System HPI-3D
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A Beam Path 1 a
Beam Path 2

Horizontal & Vertical polarization

— — = Vertical polarization

— — — Horizontal polarization WRP2

B A

-

f’

wp2 <2
-
’—
-~
~~~~~~~
N “—5.

FIG.2.3. ILLUSTRATION OF THE PRINCIPLE OF OPERATION - WOLLASTON OPTICS.
BEAMS RETURING TO THE LASER ARE IN THE PLANE OF THE DRAWING.

The Wollaston optics is mainly used for measurement of:

e Straightness with Wollaston method
e Axes squareness (with REW element)

e Axes parallelism (with REW element)

Laser Measurement System HPI-3D
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2.3 How to start

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

uUSB

| Bluetooth

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

B

poishripd

Laser Measurement System HPI-3D
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4. Align optical path

5. Start measurements

Laser Measurement System HPI-3D


http://www.lasertex.eu/

PREPARATIONS Laserte%

3. PREPARATIONS

The Laser Interferometer HPI-3D requires an installation of software
"HPI Software” on a hard disc of a PC computer. The hardware
requirements are:

-  Windows XP/Vista/7/8 system, CR-ROM

- Pentium processor, 1 GHz or better SVGA graphic card
- USB 2.0 or Bluetooth 2.0

3.1 Software installation

The software installation package is located on the USB memory stick
that is included to the measurement system. HPI Software_Install
application can be launched from the USB memory. The installation

process should start automatically.

HPI_Zoftware_install

FI1G. 3.1. ICON OF THE SETUP APPLICATION.

Following components have to be installed for proper operation of
HPI-3D system:
— HPI Software application,
— Directory of the languages Languages,
— FTDI Driver for USB,

— Documents folder with the manual and other documents(depending

Laser Measurement System HPI-3D
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on a system version),

— Database BDE (Borland Database Environments)

During the installation process necessary parameters have to be set
by the user. In the figure 3.2 there is shown a first windows that appears

during installation. It allows choosing the installation language.

Wybierz jezyk instalacji @

i E’ﬁl Wybierz jezyk uzywany podczas instalacji:

.

Lok J[ Au |

F1G.3.2. INSTALLATION LANGUAGE SETUP WINDOW.

i setur

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

F1G.3.3. LICENSE AGREEMENT WINDOW.

Laser Measurement System HPI-3D
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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

F1G.3.4. INFORMATION WINDOW

§5 Setup - HPI Software ver. 2021.04.1 - X

User Information
Please enter your information.

User Name:
|Usuan'o ‘

Organization:
|Lasertex] |

<osck [ x> ] | cance

F1G.3.5. USER INFORMATION WINDOW.

Laser Measurement System HPI-3D
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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.

F1G.3.6. DESTINATION LOCATION WINDOW

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

F1G.3.7. WINDOW APPEARING WHEN THE FOLDER DOES NOT EXIST

Laser Measurement System HPI-3D
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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...

F1G.3.8. SELECT START MENU FOLDER WINDOW.

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

F1G6.3.9. WINDOW TO CREATE A DESKTOP SHORTCUT.

Laser Measurement System HPI-3D




www.lasertex.eu P R E PARA T/ ONS

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

F1G6.3.10. WINDOW TO START INSTALLATION.

{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

F1G.3.11. INSTALLATION WINDOW.

Laser Measurement System HPI-3D
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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

F1G6.3.12. FTDI DRIVER INSTALLATION.

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

F1G6.3.13. DRIVER LICENSE AGREEMENT WINDOW

Laser Measurement System HPI-3D
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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.

F1G6.3.14. WINDOW OF COMPLETED INSTALLATION

In most cases, the installation is semi-automatic requiring only

confirmation by the Enter key.

When the software is installed on the computer, also drivers should
be installed. To complete this process, the system has to be connected by a

USB cable to your PC. Driver installation is performed automatically by

Windows.

j‘,i Znaleziono nowy sprzet E

LUSB Serial Converter

F1G.3.15. MESSAGE APPEARING WHEN THE NEW USB DEVICE
IS FOUND.

i) Znaleziono nowy sprzet E

LSP30
- * g}]|

F1G.3.16. MESSAGE APPEARING WHEN THE DRIVER FOR HPI-
3D DEVICE IS INSTALLED.
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The HPI Software application can be launched from the HPI Software
folder located in Programs tab in Windows Start Menu (assuming that the
installation settings are not changed). The application can also be launched

from the desktop, if the shortcut is created during installation.

O

&
HPI_Software

F1G.3.17.1CON OF HPI SOFTWARE APPLICATION.

In order to uninstall the HPI Software application please choose Uninstall
HPI Software from Menu Start.

unins000

F1G6.3.18. IcON OF HPI SOFTWARE DEINSTALLATION APPLICATION

3.2 Elements of the Laser System

Number of the system elements is configurable and its configuration is
related to the required application. Following items are included in the

standard set (for linear measurements):

1 7 3
pcs : Al
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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 IL1
pcs
6. 3 Base temperature sensor
pcs
1
7. Air temperature sensor
pcs
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1
8. Wireless strobe
pcs
2
9. Holdingblock HB1
pcs
2 .
10. Stainless rod SR1
pcs
2
11. Magnetic holder UM2
pcs
1
12. USB Type B Cable
pcs

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

the interferometer system.
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LASER INTERFEROMETER > =)

Laseriex

F1G.3.19. THE SUITCASE FOR TRANSPORT AND STORAGE OF THE
INTERFEROMETERSYSTEM.

Additional elements for angular measurements are:
1 x Angular Interferometer 1K1,
1 x Angular Retro-reflector RK1,2 x Beam directing mirror ZK1,
1 x Rotary table RE1.
Additional elements for straightness measurements are:
1 x Wollaston Prism WP2,
1 x Wollaston Retroprism WRP2.
Additional elements for squareness measurements are:
1 x Right Angle Etalon for 3D measurements RE3D,
1 x Right Angle Etalon for Wollaston measurements REW.

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 interface. 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 connected to the Power Supply connector on the
back of the laser head. The Laser Head can be also placed directly on the

machine because it is equipped with magnetic base.

If the USB connection is used, then the USB cable (12) should be

connected to the male socket on the back panel of the Laser Head (fig.
3.20). The second end of the cable should be plugged into the USB socket
of a PC computer. For the Bluetooth connection only power connection is

necessary.

Through the Extension Connector it is possible to drive many
peripherals directly from the laser head. This give huge possibilities of
customization of the usage of the laser interferometer - e.g. in emulation
of glass scales, driving stepping motors, dynamic measurements, etc.
Standard connector pinout is described in Technical Data at the end of this

manual.
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Power Button

Power Connector

Extension Connector

F1G.3.20. CONNECTIONS OF THE HPI-3D.

Base (6) and environmental temperature (7) sensors are connected
to the Laser Head wirelessly. The sensors are maintenance free - they do
require neither switching on/off nor charging. When theLaser Head is not
powered they remain in power down mode. Sensors can only “wake up”
and start to measure when the Laser Head ispowered by the Power Supply
unit.

Sensors are powered from 1/2AA 3.6V lithium battery (number 14250).
It can be replaced, when the battery strength monitor on Display screen (see
below in this Chapter) shows that it is depleted, after removing the cap of the
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 Laser head powered on properly. Laser not working

Red - blinking fast Laser head powered on properly but main CPU

firmware is corrupted. Firmware programming

necessary.
Orange | Green

blinking slow Laser switched on; Stabilization phase 1
Orange | Green
blinking fast Laser switched on; Stabilization phase 2

Green -blinking
Laser switched on; Stabilization phase 3

Orange
Laser stabilizes. Beam path unaligned.

Green Laser stabilizes. Beam path aligned. System ready

H BV B B 4 B

for measurements!

TAB.3.1. POWER BUTTON LED STATES
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3.4 Powering the system on

a. Starting hardware

The HPI-3D has only one soft-switch on the top of the laser head. Starting
the laser is possible by holding the Power Button for 3 seconds (see figure

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

0.001

mm

“Laser” text (see fig. 3.21).

Averaging 0
A n T T

20,51 * 1938°C 1996 °C 1947 °C el si0n of feedback syste:

== = == = Steel -

il all all all

N
=
e
Record Reset position Configuration Menu

Wally link

FI1G.3.21. LASER BAR OF THE HPI-3D SOFTWARE.

b. Starting software

When the software starts a splash screen appears (figure 3.22). Pressing
F5 on the PC keyboard or the button marked Simulator causes the software to
switch into simulation mode - connection to a HPI-3D device is emulated even

if there is a real device connected to the computer!
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In the bottom part of the splash screen there are shown all HPI-3D
devices currently connected to the PC either by Bluetooth or USB interface.

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

(c) Lasertex, Poland 2012

over Bluetooth are visible in blue.
Connection with system...
Devices connected over USB are

— shown in red.

Devices list:
e . | Comectontye:
HPI-30 BT 110512 @ al 1 UsB
HPI-3DET 111012 E - B
HPI-30 BT 110912
HFI-3D BT 110712 [
HPI-SD BT 121012 sl

(71 Bluetoath

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

P u software is trying to obtain a

Parallelism

Positioning

connection (indicated with a

12 Lo red circle in figure 3.21).
FI1G.3.23. MAIN MENU . .

Later software installation, by

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

successful connection is made to across other interfaces, the "most

successful” interface is taken as the first choice in the next executions.

After the connection screen there the Main Menu appears as shown in
the figure 3.23. There are two rows of buttons. Button Display opens the
window with basic control of the laser operation. It is described in details
later in this Chapter. Button Configuration opens configuration window.

Pressing Exit button closes the application.

Other buttons open measurement screens. All options are described in

details in following Chapters. Because of abundance of measurement types
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offered by the HPI-3D, some of the options are not visible and can be reached

by using the buttons with arrows in the second row.

Connection problems troubleshooting is described in the 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 is properly
redirected to the Laser Head (e.g. with the use of the retroreflector RL1)
and laser maintain the stabilization (Laser status bar is green), the Beam
Strength (a green indicator on the screen) shows 100% of the signal level.
If the laser heats up to maintain the stabilization the Beam Strength
appears and disappears. The speed of changes is related to the

temperature of the laser. During the heating up the system is ready for the

0.000

mm

alignment of the optical path (see chapter 4).

WiMeteo data leasurement Parameters
[ Pressure 1011,1 hPa

Distance v Axis X Start position 0,000
B4 Humidity 48% -
Change sign A

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

4 Base temp. 1943°C

- Averaginy 0.1s
AT m ir] 3 B T S | S TR B I e

2032°C 19,14°C 1977 °C 19,38 °C L e Thermal expansion of feedback system

= = = = %0 Steel . c um/C
o all al all :
%0 800
N
=
Record Reset position Configuration Menu
. laser | sigmal | Velocity | Sensors Wally link

F1G.3.24. DISPLAY WINDOW

On the Display screen there are a status bar and four panels:

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

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

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

F1G.3.25. PANEL WITH MAIN DISPLAY

— Panel Environment (figure 3.26) where Wileteo data

Pressure 95,6 hFa

data obtained from the Environmental 1] Hurridity 24%

. . . [¥1 Air temp 19.50°C
Compensation Unit (ECU) is shown. On the B Base termp. 1osa-c

al 1 T2 T3
screen there are presented: temperature, e 1ese tesst fassec
pressure and humidity of the atmosphere (NN (EEN (W
a0 i | Ial i |

1 | ull ™ | ull

(Pressure, Humidity, and Air Temp.) and

temperature of the base which is measured ———
by three base temperature sensors and
FIG.3.26. ENVIRONMENTAL PANEL

averaged (Average temp., T1, T2 and T3).

For each sensor the battery voltage and signal strength are

presented. Data from Environmental Compensation Unit can be also

controlled by the user. It is possible switch off the data coming from

ECU and insert parameters of the atmosphere manually. In the lower

left corner there are icons setting up a link to Microsoft Excel or

OpenOffice Calc (if installed). This link allows registering

measurement in Excel or Calc by each STROBE button press.

— Measurement Panel (figure 3.27) contains basic information about
current measurement. With the left drop-down list, the type of the
measurement is changed. Right drop-down 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, Z). Adjustment and Laser head options are selected by the
checkboxes located on the panel. However only one of them can
be active, because they are mutually exclusive. Both options are very

helpful in optical path alignment process (see chapter 4).

Measurement

Distance Y sy ]~

setup  adjustment laser head position

Reset position

F1G.3.27. MEASUREMENT PANEL

— Panel Parameters (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 “+”) or negative 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 enables to change between

High (0.1 nm) and Normal (1 nm) system resolution.
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Parameters

Start position 0,0000 2
-
Resolution
Averaging
Thermal expansion of feedback system

n7 g

Hm/°C

F1G.3.28. PARAMETERS PANEL

Status Bar (figure 3.21) presents state of the Laser Head and state of
the measurements. There are four fields: Connection, Laser, Signal and

Velocity. In proper operation they should all be green. In table 3.2 there are

shown the possible states of the fields.

Field State description Required action
No connection to the Laser Click on the. field FO open
Head Configuration window.

Restart the connection

Laser Head is connected to

No action necessary
the computer properly

Laser Head off Click on the field to
switch the laser on

Laser Head on but Wait for the laser to become

il

not ready ready
Finish performed
L Laser Head near measurements and click on
aser unstable region. the field to allow the head to

find new stable point

Laser Head works .
well No action necessary

Using beam indicator adjust
optical components to obtain

1

Beam strength satisfactorily beam strength,
too weak. then click on the field to reset
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 be obstructed for a
calibrated while so the laser can
calibrate beam parameters
Velocity of the registered Click on the field to
movement too high reset the error

Velocity of the registered

i No action necessary
movement in range

|

At least 3 minutes after
powering up the laser
head:

- Check if sensors are
close enough to the laser
head;

- Check/replace sensors
batteries;

No measuring
Sensors sensors detected

At least one sensor is .
No action necessary

working
Rotary encoder Check if rotary encoder is
Rotary not detected switched on
Rotary encoder present_ Double click on the field for
Rotary No link to rotary set. the laser to set the link to
rotary
_ Rotary link set No action necessary

TAB.3.2. STATUS BAR STATES

If measurements are performed with automatic compensation of the
atmosphere parameters and the compensation of the base temperatures,
one should:
e Place the air temperature and humidity sensors THS on the
machine in the vicinity of the laser beam.
e place the sensors of the base temperature along the measured

axis on the machine base

Measurements performed without automatic compensation are referred

to normal conditions: temperature 20 °C, pressure 1013.25 hPa, humidity 50 %.
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The measured machine is compensated to the temperature set in the

Reference temperature edit box, located in the Configuration -> Advanced -
>Parameters panel (see figure 3.29). By default, the reference temperature

is setto 20 degrees C and should not be change unless necessary.

% Cenfiguration >

» General settings
r Parameters

» Measurement

Angular optics coefficient - 1K1

¥ Advanced ‘ ) 5085 | |
Wollaston coefficient - WP2
‘ ~ 9100 |« |

Firmware update

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. CONFIGURATION WINDOW - METEO
PANEL
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3.6 Recording mode

The long term changes of the length of machine axes under changes of
temperature condition may give the information about thermal properties of

the machine. This kind of

' Record =R
Hour Minute  Second measurements called “Recording mode”
Time interval o Fo F =
may be chosen by pressing RECORD
Start Stop l l Clear

button on the Display screen. This

[Clgnore errors . .
switches the system into the data

Mo. Time Walue H P T T T2 T3

1 225405 18,0 32 - —~ 2005 2008 2005 . .

2 25406 184 - 005 008 2005 recorder mode. The time interval of the
3 22407 244 32 - —~ 2005 2005 2005

4 225408 30,1 32 - — 2005 2008 2005

& 225409 353 32 - —~ 2005 2008 2005 records could be programmed from
6 225410 416 32 - —~ 2005 2005 2005

7 2254M 42,0 @ - ~ 005 2008 20,05 the computer by setting a required
8 225412 477 32 - —~ 2005 2008 2005

Save Close

FI1G.3.30. RECORDING DATA MODE WINDOW

value.

Pressing “End Recording” finishes the data recording. The results can
be saved with the choice of “Save to file”. In fig. 3.30 the example of Data

Record is presented.
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4. BEAM ALIGNMENT

The alignment of the optical path difficult and laborious
part of the whole measurement process. Be very careful
reading this chapter!

4.1 Introduction

Beam alignment is a process in which the user, with the use of certain
mechanical arrangements, makes the direction of the laser beam parallel to
the direction of the movement in a measured axis. If the beam is not correctly
aligned an effect like the one shown on Fig.4.1 may happen, i.e. the position
of the beam returning on the detector in the Laser Head from 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

Beam Strength).

F1G.4.1. ILLUSTRATION OF BEAM MISALIGNMENT

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

Display. It can be done during Laser Head heating. Final check should be
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made when the system is ready to work.
4.2 Electronic alignment tools

The beam path alignment process is usually time consuming so in
order to simplify and speed it up the HPI-3D provides, together with
standard mechanical elements like diaphragms, three unique electronic
tools.

The first is a function of electronic position of the laser head in space
- 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 Electronic

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

the position of the beams returning to the laser can be controlled very
accurately.

The third tool is the Electronic Beam Indicator showing if the beam
returning to the laser is strong enough to make proper measurements. For
indicating the beam strength, the physical Power Button on the laser head
is used. When the laser is ready for operation then this button stops
blinking but turns orange or green. The second color means the proper

value of beam level.
4.3 Basic rules of beam 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 for the different types of optics.

In the Figure 4.2 there is shown a block diagram of the basic rules 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 laser
so the beam is parallel to the measurement axis

Set proper optical components along the laser
beam path.

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

- use diaphragms

Repeat previous point with the use of Electronic
Beam Alignment tool - (diaphragms in “work”
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

F1G.4.2. BASIC BEAM ALIGNMENT RULES
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4.4 Preparations

The Laser Head should be firmly attached to the tripod or put directly
on the machine bench. The tripod should not touch the machine as it may
cause vibration of the Laser Head and the optical path. Special attention

should be paid not to move the legs of the tripod during the measurements.

The alignment process would have tobe repeated then.

0.001

WiMeteo data Measurement Parameters
EA Pressure 1011,8 hPa

Distance v Axis Y Start position 0,000
Humidity 47%

Change sign
I Air temp 2051°C setwp  adjustment laser head position 9¢ 59!
E4 Base temp. 19,60 °C Resolution Normal
o
-88,9 Averagin ots
AT m 12 3 99
o o o -, o
2051°C 19,38 °C 19,96 °C 19,47 °C r— 12,0 Thermal expansion of feedback system

) o)
al il Jl il

Steel ~ 7 = pm/~C

N
=
Record Reset position Configuration Menu
. laser | signal | Velodty | Sensors Wally link
e

FIG. 4.3 ILUSTRATION OF THE FUNCTION LASER HEAD

The mechanical elements of the tripod help in the adjustment process.
The tripod must be leveled, and after that with the function Laser Head the
position of Laser Head must be set according to the angle of the measurement

path.

a. Diaphragm

The diaphragm of the laser beam on the front panel of the Laser Head
(figure 4.4) helps in the process of alignment. The diaphragm can be placed
in two positions:

" Alignment" - 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. DAPHRAGMS: ALIGNMENT POSITION (A)
AND WORK POSITION (B)

During transportation or when system is 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 Diaphragms are also used on most available optical components -

see figure 4.5 - with the exception of Wollaston optics.

Ifitisrequired, then the diaphragms can be taken off and put back later on.
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b. Laser head alignment elements

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. THE LASER HEAD ALIGNMENT ELEMENTS

In order to set the position of the beam in space properly 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 tripod (figure 4.5a and 4.5b)

and on the base of the laser head (figure 4.5c).

Elements placed on the tripod are in general used for 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

One of 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

checking Adjustment check box in the Measurement panel - see figure 4.6.

Measurement

Distance - Auis X -

setup  adjustment |aser head position

53]

500

pm

0

5004

1 1
-1000 -BO0 GO0 400 200 O 200 400 600 BD0 100
Em

{. reference beam # measurement DE‘BT:]

F1G.4.6. ELECTRONIC BEAM ALIGNMENT
TOOL

The tool shows two crosses: green and blue. The green cross shows the
position of the reference beam, while the blue one the position of the
measurement beam.

The exact meaning of the crosses depends on the type of used optical
components. The terms “reference beam” and “measurement beam” have
sense only for linear optics. In this case the “reference beam” means the
beam “from” IL1 element while “measurement beam” is the beam reflected

back by 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 additional
stand - the system measures then also displacements of the

machine in 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 — Beam Level Indicator and Electronic Beam Alignment Tool.

Attention! The position when the interferometer touches the retro-
reflector can serve only to adjust. Be sure that during measurements in
extreme nearest measuring position the retro-reflector does not touch the

interferometer, because it can be asource of measuring errors.
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4.6 Beam alignment process for angular optics

J

1. Mount Laser Head, IK1 and RK1 on the measured machine

( 1K1 RK1 )
a8 I 57
L potolt 21 IO 1
= y

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

r 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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RK1 )

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

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 —
it should be zero!

[ IK1 j t 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 — 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 — Beam Level Indicator
and Electronic Beam Alignment Tool — 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

_

@ b

RE3D

\. 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 — 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

Laser Measurement System HPI-3D



http://www.lasertex.eu/

BEAM ALIGMENT Laserte)gx

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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( IK1

J

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 — 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 — 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 — Beam Level

Indicator and Electronic Beam Alignment Tool.
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b. Laser Head 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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- )
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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 — 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 — Beam Level Indicator and Electronic Beam

Alignment Tool.
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4.10 Beam alignment of Rotary System — HPI-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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C —— -

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

\ /

7. Insert the IK1 in the measurement path. Link Wally in the HPI
Software.
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4.11 Beam 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. MEASUREMENTS - POSITIONING

5.1 General Description

The linear positioning measurement is the most advanced option of
linear measurements. It is also the most common form of laser interferometer
measurements performed on machines. The laser system measures linear
positioning accuracy, repeatability and backlash by comparing the position
to which the machine moves (i.e. the position displayed on the machine’s

readout) with the true position measured by the interferometer.

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

measurement of positioning and estimation of straightness in horizontal
and vertical planes. This 3D feature simplifies and significantly speeds up
the process of machine geometry testing and improves measurement

accuracy thanks to elimination of the cosine error.

a. Positioning in brief

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

it is easy to correct any numerically controlled machine.

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

program drives the machine in compliance with the ISO230-2 standard.
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After starting the uploaded program on the tested machine the
measurements can also be started in the HPI Software. No user attendance is

necessary during measurement process.

After the measurement finishes there can be generated a special file
for compensation of the machine control. After uploading the file, the
machine positioning should be measured again to obtain the end results.

The end results can be stored or printed.

All measurement steps are described in much greater 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!) - '

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

Error compensation table generation

in a format best suited the corrected == Downloading corrections into
machine S e » 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 LINEAR POSITION ERROR CORRECTION PROCEDURE
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5.2 Measurement Setup

a. Principles

The Positioning measurement is the very basic measurementperformed
with the linear optical components: linear retroreflector RL1 and the linear
interferometer IL1. Any change in the distance between IL1 and RL1 is
detected by the laser head and shown in the HPI Software.

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

also be reverse, i.e. RL1 can be stationary with IL1 being translated.

IL1 RL1
1

===

FIG.5.2 OPTICAL PATH SET UP FOR POSITIONING MEASUREMENTS- SCHEMATIC

The distance L measured in the linear configuration depends
significantly on the actual wavelength Aq- of the laser beams with the

formula

Avac
L—N*Aair—N*m (5.1)

, where N denotes the number of interference fringes, Avac is the laser
wavelength measured in vacuum and n (T, P, H) is the refraction coefficient of
the air.

The wavelength changes with the fluctuations of the parameters of the
air: humidity, pressure and temperature. From the experimental formulas (see

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

on _ 093*106”
T
"—027*106[ ]
op ¥ hPa
M _ .96+ 108[ ]
9H

The changes of the wavelength are compensated automatically by the
HPI-3D laser head only if the TH sensor is used properly, i.e. placed near

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

b. Principles — base temperature compensation

One of the important factors limiting the precision of every machine
is the temperature. In the Figure {2} there is schematically shown a milling
machine. On the machine there is a work table with a workpiece. There is

also schematically shown the measurement subsystem of the machine, i.e.

the Scale. The position encoder (marked as Scale) is the part that is
connected to the CNC control. It can be of different construction -
magnetic, glass, laser, etc. Its expansion iscorrected with positive sign in
order to force the CNC control to leave the table in the same position

despite the thermal expansion of the scale.
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Workpiece

Table

-
|

0
Workpiece
offset .‘¢workple05—>{
>

Scale

Scale deadpath

FIG. {2} BASE EXPANDABILITY COMPENSATION - NOTATION

The important parameters in the Scale length compensation are:

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

for glass scales it can have very low value

— scale deadpath - the length of the non-used scale part or the

distance between the beginning of the scale and the Zero mark.

The HPI-3D is capable of automatic compensation of the thermal
expandability of the Scale. The user has only to properly use Base Temperature
sensors (i.e. place them as close to the machine measurement system as

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

For positioning measurements, linear optics should be used.
Necessary components are (see also figures 5.2 to 5.5):

e Laser Head

e Power Supply

e Linear interferometer IL1

e Linear retro-reflector RL1

e Air temperature sensor TH (Important!!!)

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

Optional elements are:
e USB cable
e Manual Strobe
e Magnetic holder UM2

e Tripod stand

Positioning measurements require optical elements IL1 and RL1 to be
aligned along laser beam as shown in the figure 5.2. Each of the elements can be
moved.

During positioning measurements, the Abbe, Dead Path and Cosine
errors (for details - see the Chapter 17) have to be taken into consideration. The
usage of the air temperature sensor and at least one base 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.5.3 OPTICAL PATH SET UP FOR POSITIONING
MEASUREMENTS IN X AXIS

If only one base temperature sensor is used, then all unused sensors

should be switched off in the HPI Software. Otherwise the base temperature

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

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

Positioning measurements can be performed not only along the laser
beam (as shown in figures 5.2 and 5.3) but also in directions perpendicular
to the laser beam. These configurations are shown in figures 5.4 and 5.5. In
those two configurations the laser beam has to enter the IL1 from the

bottom of the element. Only the retro-reflector RL1 can be moved.
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FIG.5.4. OPTICAL PATH SET UP FOR POSITIONING MEASUREMENTS IN Y AXIS

FIG.5.5. OPTICAL PATH SET UP FOR POSITIONING MEASUREMENTS IN 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 there should
appear a Linear positioning window as shown in the Fig. 5.7. The window
consists of a pull-down menu and four panels:

e 1) Display panel - presents information about current distance,

target distance and measurement signal level;

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

e 4) Panel with control buttons and status information.

T Laser Measurement Systern HPL3D = | =]

H—— s &
Positioning Straightness Angular positioning

1) ! { ' : Canfiguration

‘elocity

X Exit

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 can also

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) P

10503z =

0.0000

FPaositioning plot window - X - 2014-03-23 Fbal'.'mm]] Xa [ppm] ] Xr ] ]

Destance

E

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 Ratary link

FIG.5.7 LINEAR POSITIONING WINDOW

In the top left corner of the Panel there are two fields named 1st
measurement point and 2" measurement point allowing tying the
coordinate system of the laser with the coordinate system of the measured
machine. This option is described in more details below in the 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 measured deviation between the real and the desired
translation of the machine. On the plot the points are placed in two colors: the
deviations measured during forward movement of the machine is shown with
blue circles while the deviations measured during reverse movement are
shown with red triangles. The points forthe current measurement series are

connected with the solid line (see Figure 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. PLOT WITH POSITIONING MEASUREMENT RESULTS

Although the scale of the Y axis is set automatically by default but it is
possible to set the display limits manually by choosing an Axis Y option
from the pull-down menu (see Figure 5.8). Values in the axis X can 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 measurement series and these are shown on the Positioning Plot as
points connected with the solid line.

The unit of the distance can be changed, independently on the unit of
the chart, by clicking with the left mouse button on the distance(i.e. Ref.)
column of the chart. There are two possibilities: true value of the distance

or point number.
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e. Positioning Control Panel

Positioning Control Panel is comprised of three main parts (Figure
5.9to 5.11):
e Line with control buttons
e Line with measurement status information

e Line with laser status information.

The functionality of the line with the buttons changes with the current
measurement state. In the Figure 5.9 there are shown various appearances of

the control part of the Control Panel.

A Reset position
B
C = [ mwa | [ Bowe | [ R |

FIG.5.9 CONTROL PANEL - DIFFERENT MODES. CLARIFICATIONS IN TEXT

Case A appears when there is no measurement in progress and no data
were read from a file. In this mode it is possible either to start the
measurement (“Start”), to reset the main counter (“Reset position”) or to

return to the main menu of the program (“Menu”).

Case B appears during measurements. The measurement can be
stopped directly (“Stop”) or indirectly (“Menu”). After pressing the
“Menu” button the software always asks if the measurement is to be stopped

first.
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o Laser Messurement System HP1 30 - Postionng - Por_Hamasdtd
Ele Edit Measurement View Help

Ostance

0.
1
2
3
4
5
6

Cycles number: 3

(=]=] [Chemsa ]

Backlash: 14,2 pm

[ Deee |[ A [ Back

e Xa [pm] Xr .
——=m= 1 during  analyses

T Case C is visible
of the
o obtained results. If there
are measured fewer series
than the desired limit than
the button “Next” becomes

active. Pressing this button

Points number. 6

Measurerment it method: Linear

starts the measurement.
FIG.5.10. DATA BROWSING WINDOW
The results obtained during the measurement will be added to the
thus far registered results. Pressing “Repeat” button also starts new
measurement but the results would supersede the results of the last
measurement series. By pressing “New” button all registered results are

cleared and a new measurement is started.

Button “Browse” opens the results browse window (Figure 5.10).The

functionality of this window is show in more details later in the Chapter.
Pressing “Report” opens Linear Positioning Report Window as shown in

the Figure 5.34.

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

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

Rotary link

In the bottom part of the Positioning Control Panel there can be found
two status lines. The upper one is presenting a configuration of the
positioning measurements, the 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 after one,
if not active is 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 the HPI
Software, i.e. the state of Connection, Laser, Signal, Sensors and Rotary

encoder. The functionality of the line is described in another Chapter.

f. Pull down menu - File

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

measurements results or exporting them to a file.

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 PULL-DOWN MENU FILE

Other important commands available in the File menu are options for

generating CNC path and preparing compensation table.

g. CNC path generation

CNC path generation options allows automatic preparation, by the
HPI-3D software, the G-code program compatible with most CNC control

systems. The options of the path generation are set in the separate window
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as shown in the figure 5.13. e -
Measur:ment method Axis Feed Rate Stop time Cycles number
In the upper part of the = o K N N O E |
. ) @ g code (Fanuc) (O Heidenhain O Mefi O Fagor
Wlndow the machlne movement O g code (Siemens) QO osal 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 generated program can be St
10.000 2| mm
viewed end edited. The results can Clearance
mm
. . Total distance: 402.000 mm
be saved to a text file or previewed sofvare i R
Header
P ~ X-1.000 ~
and printed. or ey (cearanca
o1 G20 . ;;}3.;030000 (P1- Cycle 1)
Following parameters in Sose s oD
Footer G04 P3000 P3- (yr\e 1)
X10.000
Software parameters panel should 5 Soarao0 ey
GO04 P3000 (PS - Cycle 1)
X10.000
be configured in order to generate GapI 6 e :
Preview Print Save Close

the proper code:
FIG.5.13. CNC PATH GENERATION WINDOW

e Measurement method - should be set accordingly with the chosen
measurement method (see below). Choice must be made between

linear, pendulum, pilgrim effective and pilgrim standard;

e Axis - the measured machine movement axis should be chosen

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

e Feed Rate - the maximum machine feed rate in the chosen axis
during measurements can be modified. The chosen value cannot be
of the tested

greater than machine limitations (see manual

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

e Stop Time - the time the machine stops at every measurement point.
This time is necessary for the HPI Software to capture measurement
point. The proper valueof this parameter depends on the tested
machine and on Point Capture parameters of the laser (described
later in this chapter).

e Step - the distance between measurement points.

¢ C(Clearance - additional machine movement used to compensate
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backlash. The chosen value should be large enough for the

proper backlash compensation of the machine.

¢ Cycles number - sets the number of generated movement cycles.
For proper calculation of statistical parameters in Report the
number of measurement cycles should be not lower than three.
The more measurement cycles are chosen the better
characterization of the machine is done but the longer the
measurement process lasts. The number of cycles should be the
same with the value in Configuration->Positioning->Cycles in

series.

e g code - it is possible either to generate the standard G-code

program or a version compatible with any machine control.

h. Compensation table preparation

Compensation table preparation (figure 5.14) is an option used when

measurement is finished (before measurement start it is not enabled). The
measurement results are used by the software to calculate errors and

. generate the compensation

| Start point End point
| B o B B = B o values for the machine control
O interval ® point count
('mpst”'”imt” - system. Suitable format of the
| Data format Typ
| s i B - compensation table for machine
| Base point Axis Axis - alias
| e[ ] control system has to be selected
Measurement system
System O R
from Data format drop-down
| ONegative
| S Reverse poim= list. Together with the data
| [ . format additional parameters
CHANDATA(L)
N22700 $MA_ENC_COMP_ENABLE[0,AX1]=0
N22450 $MA_BACKLASH[0,AX1]=-0.0045 .
| R pago o, are configured.
sA,LEhc_CGMP_rgTEﬁnje_:rz 1=50. 0000 -

The option is described in

| Preview Print Save Close ‘

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.
5.15) there are options for setting measured
machine data (Fig 5.16), defining machine error
limits (fig. 5.17), previewing obtained
positioning results, editing positioning points
(when option Target Points from List from
menu Measurement is active) and changing

overall positioning configuration.

Edit Measurement CNC  View
Machine data
Machine error limits
Measurement table

Pesitioning points
Configuration

FIG.5.15. POSITIONING PULL-DOWN
MENU EDIT

Machine data

Machine type Senal number
Hamas 123E48|
Operator Company

Lasertex

Comments

Measurement parameters
Measurement date  2011.02-05 22:65:45
Hurnidity 32% Air temperature

Pressure 10132 hPa Material temperature

s

20,00 °C

2007 °C

FIG.5.16 MACHINE DATA WINDOW

j. Machine error limits

Laser Measurement System HPI-3D



http://www.lasertex.eu/

POSITIONING Laserte%

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
these limits (see Fig. 5.18). This option is especially useful when there are
checked many machines of the same type and the same requirements on

their accuracy are 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
(20 Elum [0 Blum [20 Elim  [20 2w
md35
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 ERROR LIMITS 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 expects the measured machine to stop in points defined
in the Positioning points window as shown in the figure 5.19. Points can be

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

Fesanina Fa: E= position (can be negative), distance
Pairts table Parameters
No. Point [mm] Start positian 0,0000 @ mm g .
; || et = (must be positive) and interval
1 500000 Distance 0,0000 % mrm
; e o e 000 g (must be positive) or number of
4 2000000 ©) Points nurnber 58
& | e | points. The points are calculated
[ | . when Calculate button is pressed.
(g@ i, Obtained points can be saved to a
e O e s e, file.
l Delete point I [ Delete all ] € O_OO
{ Apply ] I Cancel l

FI1G.5.19. POSITIONING POINTS GENERATION WINDOW

I. Configuration of Positioning measurement

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

In the Measurement tab the user can choose the main parametersof
the positioning measurement. The parameters grouped in the Point detection
tab change the behavior of the software during point capture process. There
are four available methods for checking machine’s positioning: Linear,
Pendulum, Pilgrim Standard and Pilgrim Effective (buttons in Measurement
method panel). The directions of the expected movement of the machine
are shown in the pictograms and in figures 5.21, 5.22, 5.23 and 5.24.

Usually the Linear method is used.
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In the Cycles in series field the number of complete measurements cycles
is set. The greater number of cycles is used the better result is achieved. 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

0 | + |[sec

Source of points

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

+ || sec Default

I

[0 Skip backlash compensation

[ simultaneous 3D measurement Statistic calculation method - 3D
[ 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.5.20 LINEAR POSITIONING COFIG WINDOW

! |

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

: d)< (2)< -@cz@czé
OO0

Tstop = min. 1 S

FIG.5.21. MACHINE MOVEMENT IN THE LINEAR MODE (S - STARTING POINT)
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O
e,
@

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

FIG.5.22. MACHINE MOVEMENT IN THE PENDULUM MODE (S - 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. MACHINE MOVEMENT IN THE PILGRIM STANDARD MODE (S -
STARTING POINT)
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@ min. 1 mm //:(>® F“>
" (0,05inch)
—sl

@ @

|
D —

min. 1. mm
(0,05 inch) I @
|
| )) ;3 )OO0
@ @ Tstop = Min. 1's
F1G.5.24. MACHINE MOVEMENT IN THE PILGRIM EFFECTIVE MODE (S -
STARTING POINT)

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 the Point detection tab are used.

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

chosen.

Measurement points can be automatically detected by the software
during measurement process or can be edited manually. The manual point

list edition is described later in this chapter.

Set of checkboxes allow further modification of the positioning
process

e Skip backlash compensation - if checked then the software does

not expect the machine to make the backlash compensation

movement (from point S to point 1 in the figures 5.21 - 5.24). When

manual point capture option is chosen then there is no backlash

compensation at the first measurement point!
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e Correct target value - if checked then the software confirms
laser measured distance value of each captured point. Option
usable for non-numeric machines.

e Stop after each cycle - if checked then the measurementsis
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.

e Simultaneous 3D measurement - if checked then, during
positioning measurements also a 3D straightness measurements are
performed. Longer machine stop time in measurement points is
required.

¢ Unidirectional measurements - if checked then the measurement
is finished when machine return movement is 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 are lower than Vibration
less than value after time defined in Point capture after. The measurement

point value is rounded with tolerance set in 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 measures 60.61 mm the

measurement point of 61.00 mm is taken with machine error of -0.39 mm.
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RE— = In the case when the Point
» General settings .
2P| positioning tolerance is set to 0.2 mm and
¥ Measurement
Point detection parameters ~
Point talerance laser measures 50.11mm, then a
Straightness mm . )
Flatness Vibration less than deSIred measurement p01nt Of
e . 50.20 mm is taken with machine
» Advanced i ! - i
Ny ﬁ'"""'"' ' B error of -0.09 mm. In the case
int capture after
when laser measures 60.61mm

Averaging time - 3D

I

+ || sec Default

the measurement point of 60.60
Statistic calculation method - 3D

@ end point fitting mm is taken with machine error

0of 0.01 mm.

O least squares fitting

O none

Apply Cancel

FIG.5.25. LINEAR POSITIONING COFIG WINDOW
- POINT DETECTION

m. Pull down menu — Measurement

Measurement menu includes the options related to the measurement
process:

Stop after each cycle - if this option is active program breaks the
measurement when a measuring cycle is completed; if it is not active the

configured number of cycles is executed.
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Correct target value - setting this option enables to change an earlier
defined distance value of a measuring point during the measurement process.

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

e e it is not necessary to write the whole

® Automatic points generate distance.

Points from list

FIG.5.26. POSITIONING PULL-DOWN
MENU MEASUREMENT

Skip backlash compensation - if checked then the software does not
expect the machine to make the backlash compensation movement (from
point S to point 1 in the figures 5.21 - 5.24).

Automatic point capture - program captures measurement points

automatically using settings from Configuration. In this mode the system
itself recognizes the moment of stop, the value of target point, the direction
of movement and the series number. Option exclusive with “Manual point
capture”.

Manual point capture - measured points are captured by the
program when a Manual Capture button, Space key or a remote Strobe
button is pressed. Option exclusive with “Automatic point capture”.

Automatic points generate - positioning points are calculated
automatically by the program. Points calculation is performed in first
measuring cycle. Option exclusive with “Points from list”.

Points from list — when this option is selected on the screen appears
a window for positioning points edition. This window enables to write or
calculate distance values for positioning points which are compared to

measured points during positioning measurement. Option exclusive with
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“Automatic points generate”.
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 schematic diagram of DOWN MENU VIEW

selected measurement method.

5.4 Preparations for measurement

a. Measurement window

If the system is ready to work, then two digital displays and the gauge
of measuring signal level appear on the screen. On the upper display the
measured value is shown. On the bottom display the value of the target
position (read from data points table or appointed automatically) is
shown. Under the displays on the left side there is shown a graph on which

the results of measurements are shown. On the right side an Error Table

can be found. Under the graph three buttons can be found:

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

L (80 Meswwment You ey

0.0000

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

FI1G.5.28 CHOICE BETWEEN 1D AND 3D POSITIONING
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e Start-beginning of the measurement,
¢ Reset Position - resetting the measured value and
the button,

e Menu - allowing returning to the Main menu.

b. 1D and 3D measurements

In the right upper corner of the main positioning window (see figure
5.28) there is placed the button for choosing if the laser measures only the
positioning (“1D”) or if the 3D axes straightness is measured
simultaneously (“3D”). If the “3D” option is chosen, together with the
positioning data, the straightness data in horizontal and vertical planes are

gathered.

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

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

| Distance| Horizontal |Vertical|

Positioning plot window - ¥ -2011-02-14 No. | Xa [pm] | Xr [pm]
s it 1 38,6 333
wf ___ : \ 2 38,2 19,5
s p ey o 3 24,2 4,0
= o b < P t 4 14,0 -4.9
£ S \\ 5 42 110
B - 6 -101 -15,0

20
15 r
10
ol
M|
e i
10 i
15

e

o 10 0 30

40 50 60 T 80 0

mmmmm

FIG.5.29.3D DATA BROWSING

100 110 120 130 J\dﬂ 150 160 170 180 190 200 210 220 230 40 IS0
O ren
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¢. Measurements in machine coordinate system

Itis possible to obtain positioning measurements directly in the machine
coordinate system. To do this the 1st machine point and 2" machine point fields
have to be filled (see figure 5.30). In these fields the position of first two

measurement points in the machine
File Edit Measurement View Help

100%

1st machine point

0 0000 @) results are shown in the machine coordinate
' =

system. Also the error compensation files are

coordinate system has to be entered. After

modification of these fields the measurement

2nd machine point

0,000000 % changed appropriately.

FI1G.5.30. CONNECTING COORDINATE
SYSTEMS OF 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
tolerance value should be changed). The positioning points can be 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 an Automatic option or in a Manual
Capture option as described earlier in this chapter. In the automatic mode
the system itself recognizes the moment of stop, the value of target point,

the direction of movement and the series number.
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5.5 Rules of automatic positioning measurement

1) The time of machine stand still duration in the positioning
point must be no less than 1 second - default value (this can
be changed in the Configuration->Positioning->Point detection-
>Point capture after),

2) Vibrations of the target should be less than 10 um - default
value (this can be changed in the Configuration->Positioning-
>Point detection->Vibrations less than),

3) Backlash compensation move of the machine should exceed
1.0 mm.

If vibrations are too large and system does not capture points - 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 consists of at least 2
measuring cycles.

In every cycle the measured the machine moves the 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, because of machine vibration, the
stop time should exceed 3 seconds.

The measured distance by the laser system is saved in the table of
results.

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

measurement process the window with results appears (figure 5.31).
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10 - Peiibaring - Por_oampie a1

Ede fde Meseemens Yorw Help

Measurement signal level Measurement value [mm]

_100% ]

Start position

Digits
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0,0000 Bl orm II

Target value [mm]
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peiet umbar 11 631 622
Next Repeat Browse Report New Menu

Automatic points generate Cycles number: 3 method: Linear

FIG.5.31. POSITIONING WINDOW AFTER FINISHING A FULL MEASUREMENT

CYCLE
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Bt ESt Mewnsemens Yow Help
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cvcleno. - 1 No. |Xa Xr
r P 1 0.0 0.4
J ve 439 2 94 9.9
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B . ) o CT Py e e e:\ o e T T
Backlash: 2,8 pm
- | - Report Delete Add Back Menu

Cycles number 3 Points number: 25 Measurement method: Linear

FI1G.5.32. DATA BROWSING WINDOW

Buttons Remove and Add can be used to remove or add the
measurement cycle. It is possible to change the measuring cycle in which
accidental error is suspected. Button Browse opens data browsing window

(figure 5.32) where each data cycle can be viewed and analyzed.
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Both from main positioning window and from data browsing window
the measurement report can be generated. If at least two series of measuring
cycles are completed, statistical calculations can be performed and the report
can be generated. In order to get the final report, the Report button has to be
pressed. The screen of the computer after pressing the button Report is

presented on fig. 5.33.

¥ T Femsonin UG E=REE =<~
Bile  Edit Messurement View belp
Distance
Positioning plot window R
esults
Norm
20808
1ISO 230-2
187,2
Machine
93,6 m15
o %‘% : 5 = e Param Max  Value
T ¢ AN A A s L
- DT LYY NRebAceBacacten saiodiaim d Accuracy fum) (o]
2 o Shene g Seea T an i ";r;&:\ - A'{& XA forward 120 6963
5. b TN L A A s A B Nl A raverse 120 803
= %me/‘«w a8 2A o 4 | loverana 120 @09
] 2 Repeatabilty:  [um]
107,2 forward R 120
reverse R 120 527
bidirectional R 120 7527
280,80
Roverse eror. [ym]  [pm]
mean 120 95
maximal 120 640
3744
Position. devis  [ym]  [pm]
A il forward E 100 2648
s £ R I reverse E 120 %67
: X mean € 120 248
“561,6
L 1030 2060 3090 4120 5150 6180 7210 8240 9270 10300
Distanca [ mm ]
[ Fowedmesn - Fowsdmesn +/35gms —o— Revesemean 73Sgms Backlath ]
Preview [ Print Parameters Back
Cycles number: 2 Points number: 104 Measurement method: Linear

FIG.5.33. LINEAR POSITIONING REPORT WINDOW

The positioning results are presented on the graph and in the Results
panel. This panel is also used to set measurement data processing
parameters. The norm defines a statistical method used in calculations and
can be chosen from a pull-down list. Norm selection causes recalculation
of the results. Limit values for measured machine parameters are
presented in this panel. They are assigned to the machine that is chosen
from Machine pull-down list. If the error value exceeds limits for the
machine, this error is displayed in red.

Under the graph there are: buttons used for report Preview, Print the

report, change of the graph Parameters, and return to the previous
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window.

The axis scale can be changed using Axis Scale (automatic scaling or

assignment, minimum and maximum values) option available by right

mouse click on the graph.
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FIG.5.34. LINEAR POSITIONING REPORT EXAMPLE
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The generated report can be simplified or extended. The selection
window is shown each time the Preview or Print buttons are pressed. The
simplified version consists of three pages: the title page, the results page and
the chart page - see also figure 5.34. The logo on the title page can be changed
in the Configuration->Parameters. In the Extended Report additional pages
with measurement results are added. The number of additional pages

depends on the number of gathered measurement points.

5.7 Machine error compensation

When the measurement is finished the data can be saved to a file or
exported as a text file (pull down menu File->Export). Text file export gives
possibility of further analysis of obtained data in mathematical tools like

Matlab, Mathematica or Excel.

The HPI Software from the positioning results generates also the text
compensation file for the machine control (figure 5.36). At this moment
there are available eight different formats of the output files. Format
should be selected according to the type of the control of the machine.

Depending on the chosen output data format different set of
parameters appears in the Error Compensation window (figures 5.36-

5.39). Below there are described most commonly used data formats.
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Set data format s
Start point End point
‘ ] oo0 [+ | | Z] aso000 [+ ‘
O Interval @ Point count Cndels
ERRc I E O

Compensation parameters
Data format

Absolute v ®pm Omm

Error unit

Base point

0,00 mm v
Machine unit [pm]

[ Absclute value
[INegative

[JReverse points

Main axis  Horizontal Vertical

HPI-3D Linear £rror P1oT - X-AXis
Filename: Pos_Harnasx_zd_example.dr2
Acquisition date: 2011-01-28 16:07:08
Current date: 10/11/2021 12:29:37 PM
Machine unit [MU] - 1 um

Number of Target Positions: &

Mean Backlash: -4 Machine Units

Pos. # Pos.value [mm]  Fwd. [Mu] Rev. [MU] Mean [Wu]

1 0.0000 0 0 o ©
B =n’ nAnn -1 A -1

Preview Print Save Close

FIG.5.36. MACHINE ERROR COMPENSATION

a. Absolute and Incremental data formats

The basic and most universal error correction file formats are Absolute

and Incremental. In this case the data are formatted as a simple table with five

columns (figure 5.37):

¢ number of positioning point

e distance value in the positioning point

e error in forward direction

e error in reverse direction

®* mean error

In the case of the absolute format the values of errors are absolute, non-

relative. In the case of the incremental format the errors in the certain point
are calculated relative to the errors in the previous point, taking error in

the first measurement point as zero.
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Set data format X
Start point End point
|. 0,000 +|‘ 250,000 +‘
Update
Olinterval @ Point count
| _| sooo0 |+ | ‘ . 3 n ‘
Compensation parameters 5
Data format ETEr
Incremental v ®pm  Omm
Base point
0,00 mm v
Machine unit [um]
[ absolute value
DNegatwe
[JReverse points
Main axis  Horizontal Vertical
HPI-3D Incremental EFror P10T - X-AXis ~
Filename: Pos_Harnasx_3d_sxample.dtz
Acquisition date: 2011-01-28 16:07:08
current date: 10/11/2021 12:31:40 PM
machine unit [Wu] - 1 pm
Number of Target Positions: &
Mean Backlash: -4 Machine Units
Pos. # Pos.value [mm]  Fwd. [MU] Rev. [MU]  Mean [MU]
1 0.0000 o o o v
nnnnnn - a 1
Preview Print Save Close

FIG.5.37. MACHINE ERROR COMPENSATION - LINEAR AND
INCREMENTAL DATA FORMAT

The compensation window for those formats is shown in the figure 5.37.

The user can change the Error unit between pm and mm and the Base point.

The base point value is added to all position values in the second column.

b. Siemens data format

The Siemens data format file is usable in most commonly used machine

control units produced by Siemens. The choice is between types 828 and

840. For older control units the
incremental data format should be

used.

As shown in the figure 5.38 the format
of the Siements file differs greatly from
the absolute/incremental format. The
Siemens type file can be stored to afile
and uploaded directly to the corrected
machine (with 828 or 840 drives).

Set data format x
Start point End point
[E] eooo [] [=] sse00 [o]
O interval @ Point count Sk
Bl wow & [ &
Compensation parameters
Data format. Typ
SIEMENS v 840 v
Base point Axis Auds - alias
0.00 mm v AT v
Measurement system
System 0 ~

[ Negative
[JReverse points

Main axis

3_N_AX1_EEC_INI
METRIC

CHANDATA(1)

N32700 SMA_ENC_COMP_ENABLE[D,AX1]=0
N22450 SMA_BACKLASH[O,AX1]
NEWCONF
$AA_ENC_COMP_MIN[O,AX1]=0.0000
$AAENC_COMP_MAX[0,AX1]=350. 0000
$AA_ENC_COMP_STEP[0,AX1]=50.0000
€22 FENC COMPTR 0 A¥il=n nnnn

J=0.0025

Preview Print Save Close

FIG.5.38. MACHINE ERROR COMPENSATION -
SIEMENS DATA FORMAT
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It is possible to set proper Measurement system, change the machine
Base point (not necessary when the machine coordinate system is used) and

change the compensated Axis name.

¢. Fanuc data format

The Fanuc data format file is usable in most commonly used machine
control units produced by Fanuc. The choice is between different types of
Fanuc control units.

As shown in the figure 5.39 the format of the Fanuc file differs greatly
from the absolute/incremental format. The Fanuc type file can be stored to

a file and uploaded directly to the corrected machine.

It is possible to set proper Data offset (should be in 0-1023 range),
change the machine Base point (not necessary when the machine coordinate

system is used) and change the compensated Axis name.

Set data format x
Start point End point
‘. 0.000 +|| 350.000 +|
- Update
O Interval @® Point count
] seo00 [+] |- 3 «
Compensation parameters
Data format TP
Fanuc ~ |0/00 ~
Base point Axis
0.00 mm ~ |1 ¥
Machine unit [um] Data offset
10 [+ H - 0 -
I Negative
[ Reverse points
Main axis
% ~
NO71Z P 50000
NLODO PO
NL1OOL P-31
N100Z P-35
NL1ODZ P-32
N10D4 P-21
N10O5 P-11
N100E P-5
N10O7 P-6
“ v
Preview Print Save Close

FIG.5.39. MACHINE ERROR COMPENSATION - FANUC DATA FORMAT
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6. MEASUREMENTS — DYNAMIC POSITIONING

6.1 General Description

The dynamic version linear positioning measurement is the very
unique option for simultaneous measurement of machine positioning and
machine dynamics. The laser system measures linear positioning accuracy,
repeatability and backlash by comparing the actual machine’s position
with the true position measured by the interferometer.

With the measurements performed with Dynamic Positioning option
the user can obtain accurate and comprehensive results with ease and in a
short time.

The Dynamic Positioning is in many ways similar to the “classic”

Positioning.

a. Positioning in brief

In the Figure 6.2 there is shown the block diagram of the linear
positioning error correction algorithm. Following the presented algorithm,

it is easy to correct any numerically controlled machine.

In the first step there can be chosen some measurements options. In
most cases this step can be omitted. Next in the software there should be
generated the program for machine movement (G Codes). The generated
program drives the machine in compliance with the [S0230-2 standard

according to the path shown in the Figure 6.1.
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F1G.6.1. MACHINE MOVEMENT IN THE DYNAMIC
MODE (S - STARTING POINT)

After pressing START button in the HPI Software the machine should
compensate backlash, i.e. move atleast Imm in the direction reverse to the
measurement, return back to the starting point. Then it should move to the
final point, marked as 2 on the schematic. After reaching the destination
point, the machine should move further at least 1 mm, move back to the
destination point and then move back to the initial point. In all points
marked in the Figure 6.1 with circle the machine must stop for at least 2

seconds. During the whole measurement cycle the feed rate of the

machine MUST NOT be modified.

After starting the uploaded program on the tested machine the
measurements can also be started in the HPI Software. No user attendance is
necessary during measurement process.

After the measurement finishes there can be generated a special file
for compensation of the machine control. After uploading the file, the
machine positioning should be measured again to obtain the final results.
The final results can be stored or printed.

All measurement steps are described in much greater detail inside the

Chapter.
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Positioning method choice:

- linear

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

Loading G-Code program into
machine

Performing linear positioning
measurement by starting machine
and pressing START in HPI
Software (no user attendance
during measurements necessary!)

4

Error report generation according to a
chosen standard
(NMTBA, ISO, VDI/DGQ, BSI, PN, JIS)

Error compensation table generation

in a format best suited the corrected L Downloading corrections into
machine . » machine (if necessary)
(linear, incremental, Siemes, HP, Fanuc)

4

Printing error report according to s
a chosen standard —.
(NMTBA, ISO, VDI/DGQ, BSI, PN, JIS) | —== ot s

F1G.6.2 LINEAR POSITION ERROR CORRECTION PROCEDURE
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6.2 Measurement Setup

a. Principles

The Dynamic Positioning measurement is the very basic measurement
performed with the linear optical components: linear retroreflector RL1 and
the linear interferometer IL1. Any change in the distance between IL1 and
RL1 is detected by the laser head and shown in the HPI Software.

As it is illustrated in the Figure 6.3 both elements are normally
aligned along the laser beam. Although IL1 is usually treated as a reference
element with the movement of the RL1 measured but the configuration can

also be reverse, i.e. RL1 can be stationary with IL1 being translated.

F1G.6.3 OPTICAL PATH SET UP FOR POSITIONING
MEASUREMENTS- SCHEMATIC

The distance L measured in the linear configuration depends
significantly on the actual wavelength Aq- of the laser beam with the

formula

A‘vac
L=N*/1air=N*m (6.1)

, where N denotes the number of interference fringes, Avac is the laser
wavelength measured in vacuum and n(T,P,H) is the refraction coefficient of

the air.

The wavelength changes with the fluctuations of the parameters of the

air: humidity, pressure and temperature. From the experimental formulas (see
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Chapter 18) it may be obtained the refraction coefficient dependences on T, P

and H in usual conditions (T=293K, P=1000hPa,H=50%):

m_ 93 10-6[1]
—_ = = * P
' K

aT

"—027*10-6[ 1 ]
0P ’ hPa
o 0,96 +10-8 [1
oH %

The changes of the wavelength are compensated automatically by the
HPI-3D laser head only if the TH sensor is used properly, i.e. placed near

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

b. Principles — base temperature compensation

One of the important factors limiting the precision of every machine
is the temperature. In the Figure 6.4 there is schematically shown a milling
machine. On the machine there is a work table with a workpiece. There is
also schematically shown the measurement subsystem of the machine, i.e.

the Scale. The position encoder (marked as Scale) is the part that is

connected to the CNC control. It can be of different construction -
magnetic, glass, laser, etc. Its expansion iscorrected with positive sign in
order to force the CNC control to leave the table in the same position

despite the thermal expansion of the scale.
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Workpiece

Table

-

——‘

Workpiece
offset %Workmece»‘

Scale >

Scale deadpath

F1G.6.4 BASE EXPANDABILITY COMPENSATION - NOTATION

The important parameters in the Scale length compensation are:

— scale thermal expandability factor in [ppm] or [um/(m*K)]

units; for glass scales it can have very low value
— scale deadpath - the length of the non-used scale part or the
distance between the beginning of the scale and the Zero mark.
The HPI-3D is capable of automatic compensation of the thermal
expandability of the Scale. The user has only to properly use Base Temperature
sensors (i.e. place them as close to the machine measurement system as

possible) and to set the thermal expandability value of the Scale.

¢. Measurement Setup Preparations

For positioning measurements linear optics should be used.

Necessary components are (see also figures 6.3 to 6.6):
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e Laser Head

e Power Supply

e Linear interferometer IL1

e Linear retro-reflector RL1

e Air temperature sensor TH (Important!!!)

e At least one Base temperature sensor (T1, T2 or

T3)(Important!!!)

Optional elements are:
e USB cable
e Manual Strobe
e Magnetic holder UM2

e Tripod stand

Positioning measurements require optical elements IL1 and RL1 to
be aligned along laser beam as shown in the figure 6.3. Each of the elements
can be moved.

During positioning measurements, the Abbe, Dead Path and Cosine

errors (for details - see the Chapter 18) have to be taken into consideration.

The usage of the air temperature sensor and at least one base 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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F1G.6.4 OPTICAL PATH SET UP FOR POSITIONING MEASUREMENTS IN X AXIS

If only one base temperature sensor is used, then all unused sensors
should be switched off in the HPI Software. Otherwise the base temperature
value would be false and the measurement would yield improper results.
Switch singular sensors can be performed in the Display menu by clicking

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

Positioning measurements can be performed not only along the laser
beam (as shown in figures 6.3 and 6.4) but also in directions perpendicular
to the laser beam. These configurations are shown in figures 6.5 and 6.6. In
those two configurations the laser beam has to enter the IL1 from the

bottom of the element. Only the retro-reflector RL1 can be moved.
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FIG.6.5. OPTICAL PATH SET UP FOR POSITIONING MEASUREMENTS IN Y AXIS

FIG.6.6. OPTICAL PATH SET UP FOR POSITIONING MEASUREMENTS IN Z AXIS
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6.3 Software description

a. Introduction

In order to start Dynamic Positioning measurements in the Main Menu
the Dynamic Positioning button should be pressed (Figure 6.7). On the
screen there should appear a Dynamic Positioning window as shown in the
Fig. 6.8. The window consists of a pull-down menu and four panels:

e 1) Display panel - presents information about current
distance, target distance and measurement signal level;

e 2) Positioning plot panel;

e 3) Positioning results panel

e 4)Panel with control buttons and status information.

o]

Anglilar postioning

Confegurabon

> Exit

F1G.6.7 MAIN MENU

b. Display Panel

The top part of the Display Panel (block 1 of figure 6.8) is used for
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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, the current
value measured by the laser and machine feed rate. Number of displayed

digits can also be modified.

0.000 mm

0.0 mm/min

Start Reset position Menu

[ Commection I 3 [0 sigmal L veledty | Sensors Wally link

F1G.6.8 DYNAMIC POSITIONING WINDOW

In the top left corner of the Panel there are two fields named Start
position and End position allowing tying the coordinate system of the laser
with the coordinate system of the measured machine. This optionis

described in more details below in the Chapter.

c. Positioning Plot Panel

On the chartdrawn in the Positioning Plot Panel (block 2 in the Figure
6.8) there is shown information about the measured deviation between the
real and the desired translation of the machine. On the plot the points are
placed in two colors: the deviations measured during forward movement
of the machine is shown with blue color while the deviations measured

during the reverse movement with red.(see Figure 6.9).
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F1G.6.9. PLOT WITH POSITIONING MEASUREMENT
RESULTS

d. Positioning Control Panel

The Positioning Control Panel is comprised of two main parts (Figure 6.10):
e Line with control buttons

e Line with laser status information.

The functionality of the line with the buttons changes with the current
measurement state. In the Figure 6.10 there are shown various appearances of the

control part of the Control Panel.

A Start Reset position Menu
B Report New Menu

F1G.6.10 CONTROL PANEL - DIFFERENT MODES. CLARIFICATIONS IN TEXT

Case A appears when there is no measurement in progress and no data
were read from a file. In this mode it is possible either to start the
measurement (“Start”), to reset the main counter (“Reset position”) or to
return to the main menu of the program (“Menu”).

Case B is visible during analyses of the obtained results. By pressing
“New” button all registered results are cleared and a new measurement is
started. Pressing “Report” opens Dynamic Positioning Report Window as

shown later in the Chapter.

Laser Measurement System HPI-3D




www.lasertex.eu DYNAMIC POSITIONING

. Comnection | laser  signl | Veodty Rotary link
FIG.6.11. STATUS BARS IN POSITIONING WINDOW

In the bottom part of the Positioning Control Panel there can be found
the status line with the state of the laser system. Information common to all
options of the HPI Software, i.e. the state of Connection, Laser, Signal, Sensors
and Rotary encoder(Wally) are shown here. The functionality of the line is

described in another Chapter.

e. Pull down menu - File

The menu bar consists of following options: File, Edit, Measurement,

= G ONC View Help View, Help. In the File menu (figure 6.12)

Open Ctrl+0 can be found commands for reading
Save Ctrl+5

Save as measured data from a file, saving the data
Print Cirl+P to a file, printing measurements results or
Print preview

exporting them to a file.
Export

DP_Siemens340.dt12
Exit
FIG.6.12. POSITIONING PULL-DOWN MENU FILE

Other important commands available in the File menu are options for

generating CNC path and preparing compensation table.

f. CNC path generation

CNC path generation options allows automatic preparation, by the
HPI-3D software, the G-code program compatible with most CNC control
systems. The options of the path generation are set in the separate window

as shown in the figure 6.13.
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In the upper part of the window the machine movement parameters

. are set. In the lower part the
Program paramets
®eanse Osiemens Oteigenan O osAl Oen OMazakc Matix 2 OFagor generated program can be viewed
File no_
:
e 10 dagura-20 end edited. The results can be
Axis name
. .
saved to a text file or previewed
‘n,nnn ;‘ mm ‘u,unn - ‘ mm
ot and printed. Following parameters
Series count
.
— y in Software parameters panel
1000 ~] | P - . .
G0 should be configured in order to
G94 F1000 ~ :GZU‘EZPZJUUU
generate the proper code:
M2 G04 P3000
% X0.000
200
G04 P3000
)527.0070”” -
Preview Print Save Close

F1G.6.13. CNC PATH GENERATION WINDOW

e Axis - the measured machine movement axis should be chosen
X,Y,Z,U,V,W, A, B, (C).

e Feed Rate - the maximum machine feed rate in the chosen axis
during measurements can be modified. The chosen value cannot
be greater than machine limitations (see manual of the tested

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

e Stop Time - the time the machine stops at every measurement
point. This time is necessary for the HPI Software to capture

measurement point. The proper value of this parameter depends on the
tested machine and on Point Capture parameters of the laser (described

later in this chapter).

e Step - the distance between measurement points.

e C(learance - additional machine movement used to compensate
backlash. The chosen value should be large enough for the
proper backlash compensation of the machine.

e Cycles number - sets the number of generated movement cycles.
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For proper calculation of statistical parameters in Report the
number of measurement cycles should be not lower than three.
The more measurement cycles are chosen the better
characterization of the machine is done but the longer the
measurement process lasts. The number of cycles should be the
same with the value in Configuration->Positioning->Cycles in
series.

e g code- it is possible either to generate the standard G-code

program or a version compatible with any machine control.

g. Compensation table preparation

Compensation table preparation (figure 6.14) is an option used when
measurement is finished (before measurement start it is not enabled). The
measurement results are used by the software to calculate errors and
generate the compensation values for the machine control system. Suitable

format of the compensation

Set data fermat X
. Start point End point
table for machine control system E S NE o =
O Interval ®) Point count Update
has to be selected from Data ] o o] [ & =]
Compensation parameters
format drop-down list. Together SR R
SIEMENS ~ 840 ~
: L Base point Axis Axis - alias
with the data format additional e SR
. Measurement system
parameters can be configured. System o »
The option is described in s
Reverse points
more detail in the end of the i axs
%_N_AX1_EEC_INI o
Chapter. — o
NE2150 SMATBACKLASHToNARTT—od 00s.
E%SKE_CGMP_MII\iD‘Axli:D.DDDD
SA,LEI\C_CCIMF'_MAXiD_ 1 0. 0000
$AR"ENCCONEZSTER [, A v
Preview Print Save Close

F1G.6.14. COMPENSATION TABLE PREPARATION WINDOW
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h. Pull down menu - Edit

Wachine doa > In the pull-down menu
Machine Serial number is - = -

o | e 1B option Edit there are options
o == | for setting measured machine

Comments

data (Fig 6.15) and for

changing overall positioning

Measuremes nt parameters - .
configuration.

Measurement date  2017/10/06 14:31:34

Humidity 50-50 % Air temperature 20.00 - 20.00 °C

Pressure 10132 -1013.2 hPa  Material temperature 20.00 - 20.00 °C

Apply Cancel

F1G.6.15. MACHINE DATAWINDOW

6.4 Preparations for measurement

a. Measurement window

If the system is ready to work, then the main window of the dynamic

positioning looks as shown in the Figure 6.16. In the upper part of the
window there are two digital displays and the gauge of measuring signal
level. On the upper display the measured value is shown. On the bottom

display the value of the current machine feed rate is presented.

Fields of Start position and End position should be used in order to tie the

machine coordinate system with the machine coordinate system.
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0.000 mm

Start position

0.0 mm/min

End position

tance [mm]

Start Reset position Menu

[ commedtion [t |l signal 0 velocity | Sensors Wally link
F1G.6.16. MAIN WINDOW OF DYNAMIC POSITIONING

b. Measurements in machine coordinate system

[t is possible to obtain positioning measurements directly in the machine
coordinate system. To do this the Start position and End position fields have
to be filled. In these fields the position of first and of the final measurement
points in the machine coordinate system has to be entered. After modification

of these fields the measurement results are shown in the machine coordinate

system. Also the error compensation files are changed appropriately.

6.5 Rules of automatic positioning measurement

For correct operation of the automatic positioning measurement option

below rules should be followed:

1) Machine feed rate must not be changed during measurement
cycle. Various measurement cycles can have different feed rate

though.
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2) The time of machine stand still duration in the positioning
point must be no less than 1 second

3) Backlash compensation move of the machine should exceed 1.0
mim.

6.6 Remarks on measurements and on data analysis

Examination of dynamic positioning of machine should consists of at
least 2 measuring cycles.

In every cycle the measured machine moves the retro-reflector for
programmed distance forward and back.

From practical point of view, because of machine vibration, the stop
time should exceed 3 seconds.

After the measurement is finished the results can be viewed after
pressing Stop button. The report can then be generated. In order to get the
final report, the Report button has to be pressed. The screen of the computer

after pressing the button Report is presented in the Fig. 6.17.

1 b
I LAY LYY J\'
Ml TN "r\‘\“‘y“"

eeeeeeeeee

9 — Forward maan @ Forward maamroments ¥ we- formard maam </- 2vigma ¥ — Backenard maan 9 Sackward masmrarants @ - ackwrd man </- ogma ¥ — Sackaeh
Feed rate: 2000 mm/min
Preview Print Back

| Commecbon  laser | Samd  Veedy Sensors Wally link

F1G.6.17. DYNAMIC POSITIONING REPORT WINDOW
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The positioning results are presented on the graph and in the Results
panel. This panel is also used to set measurement data processing
parameters. The norm defines a statistical method used in calculations and
can be chosen from a pull-down list. Norm selection causes recalculation
of the results. Limit values for measured machine parameters are
presented in this panel. They are assigned to the machine that is chosen

from Machine pull-down list. If the error value exceeds limits for the

machine, this error is displayed

in red.

Under the graph there are:
buttons used for report Preview,
Print the report, change of the

graph Parameters, and return

to the previous window.

The axis scale can be

. ] . F1G.6.18. LINEAR POSITIONING REPORT EXAMPLE
changed using Axis Scale (automatic

scaling or assignment, minimum and maximum values) option available by

right mouse click on the graph.

6.7 Machine error compensation

When the measurement is finished the data can be saved to a file or
exported as a text file (pull down menu File->Export). Text file export gives
possibility of further analysis of obtained data in mathematical tools like
Matlab, Mathematica or Excel.

The HPI Software from the positioning results generates also the text
compensation file for the machine control (figure 6.20). At this moment
there are available fifteen different formats of the output files. Format

should be selected according to the type of the control of the machine.
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Depending on the chosen output data format different set of

parameters appears in the Error Compensation window (figures 6.19-

6.22). Below there are described

Set data format X

Start point End point

[ oo ] [2 sooo [3] most commonly used data formats.
O Interval @ Point count ST

1 wow B ¢ B Before the points are generated
ompensation parameters -

Data format Error unit

Absoluts - e the user has to choose the Step
Base point

e between compensation points or the
: i

Dl e value Point count. Only then pressing the

[INegative
[IReverse points

Update button will generate the

inear Error Plot - ---AXis A
Pos_Harnas_example,dt2

e e A compensation file.

ma [Mu]
Number of Target Positions: 6
Mean Backlash: -9 Machine Units

Pos. # Pos.value [mm]  Fwd. [Wu] Rev. [MU]  Mean [Mu]

1 0.0000 0 o 0
B 18" Annn -1 - -1

Preview Print Save Close

F1G.6.19. MACHINE ERROR COMPENSATION

a. Absolute and Incremental data formats

The basic and most universal error correction file formats are Absolute
and Incremental. In this case the data are formatted as a simple table with five

columns (figure 6.21):

¢ number of positioning point

e distance value in the positioning point

e error in forward direction
e error in reverse direction

® nean error
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In the case of the absolute format the values of errors are absolute, non-

relative. In the case of the incremental format the errors in the certain point

are calculated relative to the errors in  fesms =
Start position End position

the previous point, taking error in the
Step Point count [ Tpdae |

first measurement point as zero. Compere e —

Data format
Incremental ~ @pm Omm

Base point
17.000000 mm ~
Resolution

The compensation window for

1 ~
those formats is shown in thefigure S
[IReverse points

6.20. The user can change the Error ...

unit between um and mm and the Base

point. The base point value is added

to all position valuesin the second Preview print Save Close
column. FIG.6.20. MACHINE ERROR COMPENSATION -
LINEAR AND INCREMENTAL DATA FORMAT
b. Siemens data format <
Start position End position
17.000 = 533.000 =
The Siemens data format file is |Sm,, |pomm. | Mo
|zu.sau :| ‘25 :|
usable in most commonly used B
. . SIEMENS ~| 840 ~
machine control units produced by — e .
17.000000 mm o] [ax1 ]
Siemens. The choice is between Resouton  Heasurement system
1 ~ System 0 ~
types 828 and 840. For older control —
[ Reverse points
units the incremental data format wan e
should be used. s -
As shown in the figure 6.21 the format Hmmn A .
of the Siemens file differs greatly from — __ = —
FIG.6.21. MACHINE ERROR COMPENSATION
the absolute/incremental format. The - SIEMENS DATA FORMAT

Siemens type file can be stored to a file and

uploaded directly to the corrected machine (with 828 or 840 drives).

It is possible to set proper Measurement system, change the machine

Laser Measurement System HPI-3D



http://www.lasertex.eu/

DYNAMIC POSITIONING Laserte%

Base point (not necessary when the machine coordinate systemis used) and

change the compensated Axis name.

c¢. Fanuc data format

The Fanuc data format file is usable in most commonly used machine
control units produced by Fanuc. The choice is between different types of
Fanuc control units.

As shown in the figure 6.22 the format of the Fanuc file differs greatly
from the absolute/incremental format. The Fanuc type file can be stored to

a file and uploaded directly to the corrected machine.

It is possible to set proper

Set data format X

Start position End position

Data offset (should be in 0-1023
Step Point count Update

JL range), change the machine Base
ompensation parameters

Datzfmmat ’ Typ

T —L ) 2 point (not necessary when the

Base paint
17.000000 mm v

machine coordinate system is

Resolution Data offset

g .

[ Negative
[JReverse paints

used) and change the compensated

Axis name.

Wain axis

5%
NO712 P 20840
N100OD PO
N10D1 P3
N100Z PO
N1003 PL

Preview Print Save Close

F1G.6.22. MACHINE ERROR COMPENSATION -
FANUC DATA FORMAT
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7. MEASUREMENTS - STRAIGHTNESS

7.1 General Description

Straightness measurements is a measurement usually used to gain
basic information about the machine axis geometry. With this option the user
can measure machine base straightness on all important surfaces of the

base or check the movement of e.g. the measured machine’s element in space.

In the HPI-3D device the straightness measurements can be performed
with three different methods: Angular, Wollaston and 3D. Angular method is
designed to be used in base straightness measurements (like optical
autocollimator); Wollaston method is designed for “movement in space”
measurements - e.g. the movementof a machine table or working tool can be
characterized; 3D method is used for rapid estimation of “movement in space”
- like Wollaston method but the measurement is performed in the three axes
at once.The main parameters of those methods are described in the Technical

Data chapter.

7.2 Measurement Setup — Angular optics

a. Principles

The operation of the HPI-3D with the angular optics used is shown in

the Figure 7.1. The laser outputs the laser beam consisting of two
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polarizations: Horizontal (H) and Vertical (V). The IK1 splits the beam into
two parts. Both beams are directed into the measurement path but are

parallel shifted by 1” or 2” distance (depending on the version).
Beam Path 1

— Horizontal & Vertical polarization
— — = Vertical polarization IK1

— — -Horizontal polarization S

Beam Path 2 /

FIG.7.1. ILLUSTRATION OF THE PRINCIPLE OF OPERATION - ANGULAR OPTICS

When the distance between optical elements altered then the
frequency of both beams is changed according to the Doppler Effect. The
laser head does notice a movement only if there is a rotation of IK1 versus
RK1, i.e. when there is difference in lengths of beam paths. The measured
distance can then be used to obtain either the rotation angle (pitch or yaw of

the machine) or the vertical movement of the optical component (IK1 or RK1).

The laser head with angular optics is insensitive to linear

movements.
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FIG.7.2. CALCULATION OF STRAIGHTNESS DURING ANGULAR MEASUREMENTS -NOTATION

In the Figure 7.2 there is shown schematically an RK1 on a carriage with
all parameters important for calculation. For the clarity the position of IK1 is
treated as a reference. The meaning of the parameters is:

L - base length;

s — distance between beams on IK1 and RK1 elements;
x — distance measured by the Laser Head

o - angular rotation of RK1 element

h - difference in height between two measurement points

The Laser Head measures the parameter x while the distance between
beams s and the base length L must be set in the parameters of the HPI
Software. Then the rotation angle o and the movement in the vertical

direction h can be calculated from:
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. X
a = arctan —
S
L (7.1)
h=x=*-
S

b. Application Notes

az
[+ | R —_—

%

Measured guide rail

FIG.7.3. MEASUREMENT OF STRAIGHTNESS - PRINCIPLES

The angular optics can be used for:
e Measurement of pitch or yaw of a machine
e Measurement of straightness of a machine bench

e Measurement of small angles

The explanation of the first two applications is shown in the Figure

7.3. The RK1 mounted on a carriage is translated over the measured guide rail.

Every length of the carriage (usually 100mm) a measurement is performed.
Formulas 7.1 are then used for calculation of the angles (for pitch/yaw

measurements) or the vertical translations (for straightness measurements).

It is worth to notice that such straightness measurement method
requires proper choice of measurement points. Choosing points denser than
the carriage size results in excessive values of the straightness errors (the

shape of the error is proper).
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Measured guide rail

F1G.7.4. MEASUREMENT OF STRAIGHTNESS WITH TOO SPARSE MEASUREMENT POINTS

Choosing points too sparse may effect both the shape and the value of
the error as shown in the Figure 7.4. In this special case because oftoo sparse
measurement points the laser will not notice the change in the shape of the

guide rail - the measured distance between beams will not change!

The measurement of small angles allows very accurate

measurements of small rotations if two conditions are met:

1. measured angle is within +5 degrees
2. distance between RK1 and the laser head does not

change more than a few centimeters.

The second limitation comes from the heterodyne effect present in the

HPI-3D laser. This effect influences the angle according to (Al is the change of

distance between the laser and RK1 during measurements):

xX+Al%2.260pm
X = arctanf (7.2)
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The above effect is present also in the normal straightness

measurements but it is taken care by the HPI Software.

¢. Measurement Setup Preparations

For Angular straightness measurements the angular optics should
be used. Necessary components are:
e Laser Head
e Power Supply
¢ Angular Interferometer IK1

e Angular Retro-reflector RK1

Optional elements are:
e USB cable
e Manual Strobe
e Magnetic holder UM2
e Tripod stand
e Air temperature sensor

e Base temperature sensor

Angular straightness measurements require optical elements [K1and

RK1 to be aligned along laser beam as shown in the figure 7.6. Each of the

elements can be moved.
During Angular straightness measurements the usage of the air
temperature sensor is recommended. Base temperature sensors do not

have to be used.
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1K1

FIG.7.5 OPTICAL PATH SET UP FOR ANGULAR STRAIGHTNESS MEASUREMENTS-
SCHEMATIC.

FIG.7.6 OPTICAL PATH SET UP FOR ANGULAR STRAIGHTNESS MEASUREMENTS IN X AXIS.

Angular straightness measurements can be performed not only along

the laser beam (as shown in figures 7.5 and 7.6) but also in directions

perpendicular to the laser beam. Such configuration is shown in figure 7.7

and 7.8. In this configuration only the retro-reflector RK1 can be moved.
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FI1G.7.7 OPTICAL PATH SET UP FOR ANGULAR STRAIGHTNESS MEASUREMENTS IN
Y AXIS.

FIG.7.8 OPTICAL PATH SET UP FOR ANGULAR STRAIGHTNESS MEASUREMENTS IN Z
AXIS.

During beam alignment it is important first to set up the position of
IK1 aligned with the position of the laser head. Then the diaphragms on

both optical components should be switched into the alignment position.
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The IK1 and RK1 should be set in such a way that the beam passes the
centers of diaphragmes.

After successful setup the diaphragms are to be set into work position
and final alignment should be done with the use of electronic beam alignment
tool. In order to keep the highest precision of the measurement the position of
both beams on the alignment tools should stay within 200um window for the

whole linear movement range.

7.3 Measurement Setup — Wollaston optics

a. Principles

WRP2
Beam Path 1

WP2 \../"—

Beam Path 2

FIG.7.9 WOLLASTON PRISM OPTICS - PRINCIPLES

Another way of measuring straightness, parallelism and squareness
with the laser interferometer requires the use of Wollaston type optics. The
optics consist of two elements: Wollaston polarizing prism WP2 and a
paired reflector WRP2 - see Figure 7.9. The laser beam, consisting of two
perpendicular polarizations, is split by the WP2 element into two beams.

The beams are leaving the WP2 at a certain angle and then, after being
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reflected back by the reflector WRP2 are returning to the laser head. The laser

measures the difference between beams’ paths lengths.

A A
o0
vy

F1G.7.10 WOLLASTON PRISM POLARIZER WP2

In the Figure 7.10 there is shown the explanation of the operation of
the WP2 element. This prism is constructed of two birefringent triangle
prisms cemented together. Both prisms are built from the same material but
their ordinary and extraordinary axes are perpendicular to each other, i.e.
refraction coefficient of the ordinary axis of the left prism no equals to the
coefficient value of the extraordinary axis of the right prism ner.

Because of this the orthogonally polarized laser beams entering the
Wollaston element are deflected at different angles on the middle
boundary layer and on the right boundary layer. This behavior can be
easily proven with the use of the Snell’s law. The angle between the exiting

beams is often denoted as ©.
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X X]
O O

F1G.7.11A WOLLASTON REFLECTOR WRP2 - FRONT VIEW

180-6

F1G.7.11B WOLLASTON REFLECTOR WRP2 - TOP VIEW

Unlike in the angular optics (see previous part of this Chapter) the
distance between beams are changing with distance, thus making the
construction of the reflecting element difficult. In the figure 7.11Aand 7.11B
there is shown the construction of the reflection element for the Wollaston
optics WRP2. It consists of two special glass prisms glued very precisely at

180-0O angle. The prisms used in the WRP2 in y axis reflect the beam with %2”

translation (like the retroreflector RL1). In the x axis the beam is reflected

with no translation (like in a mirror).

The use of Wollaston optics makes possible the measurement of
relative movement of WP2 element in the axis perpendicular to the laser

beam. As it is shown in the Figure 7.12 the measurements are possible
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ONLY with the WP2 movement.

F1G.7.12 MEASUREMENTS WITH WOLLASTON
OPTICS

Because of the sensitivity of the laser readout on the angular movement
of the WRP2 it is important that during measurements the WRP2 element is

neither touched nor moved. In more details it is described in the next section.

b. Application Notes

Although itis possible to measure the straightness either with movement
of the WP2 or WRP2 element but there are certain differences. The WRP2
this element should be stationary during measurement (i.e. should not be
moved along the laser beam). As the WRP2 behaves in one of the axis like a
mirror thus any angular movement of the WRP2 in this axis may result in the

laser beam not returning to the laser head and will influence significantly the

measurement results!

The laser head with Wollaston optics is sensitive to angular

movements of the reflector!

There are no such problems when the WP2 is moved instead. The

only disadvantage is the smaller measurement range. WP2 can be moved
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+2mm while maximal measurement range of the WRP2 is #30mm (but

only when the distance between WP2and WRP2 is 4.5 m).

¢. Measurement Setup Preparations

For Wollaston straightness measurements the Wollaston optics
should be used. Necessary components are:
e Laser Head
e Power Supply
e Wollaston prism WP2

e Wollaston retro-reflector WRP2

Optional elements are:
e USB cable
e Manual Strobe
e Magnetic holder UM2
e Tripod stand
e Air temperature sensor

e Base temperature sensor

Wollaston straightness measurements require optical elements WP2
and WRP2 to be aligned along laser beam as shown in the figure 7.13. The

beam alignment procedure is described in the fourth chapter.

During measurement the WRP2 element should be stationery, i.e. its

distance from the laser head should not change.

During Wollaston straightness measurements the usage of the air
temperature sensor is recommended. Base temperature sensors do not have

to be used.
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FIG.7.13 OPTICAL PATH SET UP FOR WOLLASTON STRAIGHTNESS MEASUREMENTS-
SCHEMATIC.

Wollaston straightness measurements can be performed in two
configurations - horizontal X (figure 7.14) and vertical Z (figure 7.15). In
configuration X only the straightness of path in X axis is measured. The
same situation is with Z setup. In both configurations the measurements

should be performed with the moving of WP2 element.

FIG.7.14 OPTICAL PATH SET UP FOR WOLLASTON STRAIGHTNESS MEASUREMENTS IN X
AXIS.
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FIG.7.15 OPTICAL PATH SET UP FOR WOLLASTON STRAIGHTNESS MEASUREMENTS IN
Z AXIS.

7.4 Measurement Setup — 3D method

a. Principles

The HPI-3D laser head is capable of detecting the position of the
returning beam. The position of the returning beam changes with the
movement of the retroreflector RL1 perpendicular to the laser beam axis.
This phenomenon for one axis is shown in the Figure 7.16. The beam
returning from the linear interferometer IL1 is treated as a reference while

the beam reflected by RL1 as measuring beam. The laser simultaneously

registers information about the changes of position of an optical

component in both axes perpendicular to the laser beam.
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F1G.7.16 STRAIGHTNESS MEASUREMENTS WITH LINEAR OPTICS

The measured position is then used either for precise control of the
laser beam path alignment or for the straightness, squareness or parallelism
measurements.

The 3D measurement returns absolute values of the beam position.
This is different from the main interferometric measurement axis where

obtained results are incremental.

b. Application Notes

The 3D option can be used for rapid estimation of straightness
simultaneously in two axes but with some limitations resulting from

physical nature of the measurements.

Unlike in all interferometric measurements, the laser head takesactive
part in the measurements, i.e. its position and its vibrations influences the

measurement results. For this reason, it is important to avoid using the tripod

stand and to fix the laser head directly on the measured machine.

The 3D measurement bases on the position of the returning beam on
the position sensitive device. Thus itis important that the beam stays within
the measurement range of the device, i.e. £1 mm. Using 3D option outside

this range would produce unreliable results.
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Similarly, to all laser based straightness measurements the air
turbulences have an influence on the results. Small wandering of the laser
beam can be accommodated by the signal processing circuit inside the
laser with the change of averaging time (see Software Description for more
details). If the air movements are too large - i.e. when the beam returning
to the laser wanders outside +1 mm window - then the results of the 3D
measurements may become unusable. In such situation either some
shielding from the air movement or a fan forcing the air movement have to be
used. The problem with air turbulences is more troublesome for larger

distances between the laser head and RL1 element.

¢. Measurement Setup Preparations

For 3D straightness measurements linear optics should be used.
Necessary components are (see also figures 7.17 to 7.20):

e Laser head - Laser Interferometer

e Power supply - Laser Interferometer Power Supply

e Linear interferometer IL1

e Linear retro-reflector RL1

Optional elements are:
e USB cable

e Manual Strobe

e Magnetic holder UM1
e Tripod stand (not recommended)
e Air temperature sensor

e Base temperature sensor

3D straightness measurements require optical elements IL1 and RL1 to
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be aligned along laser beam as shown in the figure 7.17. Only the retro-
reflector RL1 should be moved.
During 3D straightness measurements the usage of the air temperature

sensor is recommended. Base temperature sensors do not have to be used.

F1G.7.17 OPTICAL PATH SET UP FOR 3D STRAIGHTNESS MEASUREMENTS- SCHEMATIC.

3D straightness measurements can be performed not only along the
laser beam (as shown in figures 7.17 and 7.18) but also in directions
perpendicular to the laser beam. These configurations are shown in figures
7.19 and 7.20. Also in those two configurations only the retro- reflector

RL1 can be moved.

FI1G.7.18 OPTICAL PATH SET UP FOR 3D STRAIGHTNESS MEASUREMENTS IN X AXIS.
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FIG.7.19. OPTICAL PATH SET UP FOR 3D STRAIGHTNESS MEASUREMENTS IN Y AXIS

FIG.7.20. OPTICAL PATH SET UP FOR 3D STRAIGHTNESS MEASUREMENTS IN Z AXIS.

7.5 Software description

a. Introduction

Straightness measurement are performed in the Straightness option, chosen

from the Main Menu (fig. 7.21).
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Display Puositioning Straightness Angular positioning

|III* = Configuration

welocity Vibrations

M Exit

F1G.7.21 MAIN MENU

The Straightness HPI Software program window is shown in the Fig.
7.22. The window consists of a pull-down menu and five panels:

e 1) Display - presents current distance and measurement
signal level;

e 2) Straightness Plot - in the 3D mode there are visible
plots for vertical and horizontal axis, in the Angular and
the Wollaston mode only one plot is visible;

e 3) Panel for changing the operation mode;

e 4) Straightness value table - a table containing

consecutively numbered samples and measured
straightness value (or two values in 3D mode);

e 5) Panel with control buttons and status information.
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¥ Laser System HPI 3D - - method: 3-D - X
File Edit CNC Help
+
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Straightness plot window - vertical axis - 10/19/2021 x 3D
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[0] -13  pm Ds: 0,0
Straightness plot window - horizontal axis
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g
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Start Reset position 5 Menu

Points number: 0 Measurement methad: 3-D Statistic calculation method: End p.

[ Connection I laser [ Slanal | Sensors Wally link
FIG.7.22. STRAIGHTNESS MEASUREMENT WINDOW WITH PANELS.

b. Display Panel

The Display Panel (figure 7.23) is used for basic control of the operation
of the interferometric part of the laser. 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. Depending on the chosen measurement type
the values are displayed in different units (figures 7.23A,B and C): for
angular and pitch/yaw measurement types it is arcseconds, for Wollaston it is
micrometers and for 3D it is millimeters. For the 3D option the value
displayed on the panel is onlyan auxiliary one - the straightness readouts are

shown on the Straightness Plot panel described below.
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#‘— tzzer Measurement System HPI 3D - Straightness - Measurement method: 3-D - m} x
Fi A CNC  Help

3
| —— 34 mm [ ]

ﬁ 1 ""easurement System HPI 3D - Straightness - Measurement methed: Angular - O X

1 B ) 150430 asec

FIG.7.23 DISPLAY PANEL DURING (A) 3D TYPE MESUREMENTS
, (B) ANGULAR, (C) WOLLASTON

Through the buttons available on the Display Panel it is possible to
change either the sign or the displayed resolution of the current
measurement result. The setting of the sign influences the values registered
in Straightness Plot and Values Table. Changing number of digits have no

influence on the measurement.

F Laser Measurement System HPI 30 dahtriess - heasuress ethod: 3-D [f=lfEr] ===
mim

File Edit Measurerment Eie
_009

100% 1O
FIG.7.24 DISPLAY PANEL AFTER 3D TYPE MESUREMENTS

After the 3D measurements are finished then on the Display Panel appears
additional button. Thisis shown in the Figure 7.24. Pressing this button makes
possible retaking any measurement point. The remeasurement procedure is

described further in the Chapter.

c. Straightness Plot Panel

The Straightness Plot panel is the place where measurement results are
displayed. The measurement results are placed on the plot(s) as soon as they

are registered by the laser head.
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There can beone or two plots displayed in dependence on the

Straightness plot window - 2014-03-05

measurement type. For

0,205

angular and Wollaston

0. sa—j
type measurements there

U.UBZ’E

0,041 4

is only one plot (fig. 7.25)

Error [ pm |

because with this optics it

is possible to measure

straightness only in one

0,164

o 42 a4 126 168 210 252 284 336 378 420

Distance [ mm ] aXlS a.t a tlme-

FIG.7.25 STRAIGHTNESS PLOT PANEL IN THE ANGULAR AND WOLLASTON
OPTIONS

The Straightness Plot during the 3D measurement looks differently

(fig 7.26) because simultaneously there are measured: the distance

m e between RL1 and IL1
o B 1 e , ,
% At B = (shown in the Display Panel)
s L) /// . 5 o~
? sl oAs 3 ° g \-"\ . - : ‘//-/ : .
g ek / e S ose and the position of the RL1
493 i \-./’//
= e e, e o me s me i the axes perpendicular to
0 Min: 232 pm Max: 20,7 ym Ds: 439 pm

Sr aaghtress plot wesdow - horizont el ese

the laser beam (denoted as

horizontal axis and vertical

Y o -
"° T v - axis).
ot o o 70 100 110 120 120 140 150 100 170 100 190 200 210 220 230 MO 290 M0 270 20 20
Port rumber
0} -148 pm . Min: -112 pm Max: 19.7 pm Ds: 30,8 pm

F1G.7.26 STRAIGHTNESS PLOT PANEL IN THE 3D OPTION

Emer [pm )
-
\

Both straightness values can be resetted by pressing 0 button on the small
displays. It has to be remembered that this resetting is valid only for the
current measurement - 3D straightness values are absolute and not

incremental like in the interferometric channel.
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In the bottom right corner of the panel there are displayed the edge
values of the straightness, i.e minimal value Min, maximal value Max,
amplitude of the straightness Ds=Max-Min. In the case of 3D measurements

those values are shown for each axis.

The units on the vertical axis of the straightness plot depend on the
actual configuration set in the Configuration->General option. For

Straightness plat wiendow - 29140305 straightn ess measurements these

Moy X
Bz ¥

Copy to chipboard

are usually micrometers while for
pitch/yaw measurements arcseconds.
The displayed range is set

e — /| automatically but it can be set also

manually. On the horizontal axis

= = w = w = = = = there can be displayed either the

Distance | =]

PANEL

numbers.

After the right mouse button click on the chart axis the pop-up menu
as shown in the Figure 7.27 will appear. The options in this menuare used

for modification of displaying of horizontal and vertical axes of the chart.

Error [pm ]

T S [ The chart can also be copied to
.| clipboard (“Copy to clipboard”
""""" ' ; option) for further pasting into a
""""" . i document editing software(like
ﬁ n \\ Microsoft Word or OpenOffice
i 5 \ Write).
‘ \
!
FI1G.7.28 CHART ZOOMING

Laser Measu

The displayed chart can be zoomed in and out with the use of the

mouse. Zooming in requires marking the top left corner of the desired area
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by pressing the left mouse button. The button has to be held and the mouse
pointer should be moved to the bottom right corner of the desired are. The
auxiliary red dashed lines as shown in the Figure 7.28 should appear.
Zooming out is done by moving the pressed left mouse button from the

bottom right corner to the top left corner.

Zoomed chart view can be shifted by pressing the right mouse button
on the chart (and not on the axes as the pop-up menu would appear!) and

moving the mouse pointer in the desired direction.

d. Operation Mode Panel

Straightness parameters x

3-D N

- Lacas Muceuriment Sycion B 20 - Shsighénecs - Maasursmced msthosk 3.0 o ox - \Angular
Fie g o ke e eaplue msdied) Wollaston

@© manual O timeEg] O automatic (CNC)

T et ] ) e
Wolaml Kb fym] Start position |3-D ABS
Stop position
-

0 | mm
—

—— [S———y) ssic
| Conmnection | Lsser [ signal || Velocity | Sensars ‘Wally link

F1G.7.29 OPERATION MODE PANEL

In the upper right corner, a button for changing measurement mode is
placed (Fig.7.29). There are four options available: Angular, Wollaston, 3D and

Pitch/Yaw. The last mode is described in another Chapter of this document.
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e. Straightness Measurement Values Panel

kL [UIEe—— 30 -8 x
Fe Edt ONC Help

Straightness plot window - verica i - M1S2021

In the Values Panel there \

25

are displayed numerical values of

the straightness measurements “ o e

(Figure 7.30). These are the same

values that are shown on the

{
!

Chart(S) * o Min: 1,5 pm Max: 08 pm Ds:23 pmy
Preview Print Repeat New Menu
_—__ Sensors Wally link
F1G.7.30 VALUES PANEL

The unit of the distance D can be changed, independently on the unit
of the chart, by clicking with the left mouse button on the distance column
of the chart. There are three possibilities (see Figure 7.31): rounded values

of the distance (A), true value of the distance (B) and number of points (C).

D[mm]|)(\r[|.|m]|)(h [|.|m]| D [mm] |Xw [pm] | Xh jum] N0.|)(v[|1m] Xh [um]
252 | B20 ] 252 620 2

2 | B20
A 200 | 484 B 200 | 484 c 0 484

1B 324 e 32 B 324
159 99 | 195 | 1594504 G5 | 195 3 | 93 195
451 81 | 113 | 4514330 64 | 13 4 B4 113
A0 B4 15 | 1399930 54 | 16 & £4 | 1B
430 1F | -84 | 299343 15 | 454 6 15 | -154
A0 75 | g | A28 75 | 25 T 75 | 225
M0 141 30 | 098312 141 | 330 8 141 | 330
A0 175 454 | 998334 175 | 451 9 175 | 461

a0 ] 53,1 899977 258 B31 10 258 -53,1
80 27 53,1 799685 257 A8 1 287 58,1
70 323 B4 £9,9203 323 64 12 323 66 4
60 363 709 50,9563 363 709 13 363 704
50 393 J7E 50,0096 333 FTE 14 383 775
A0 54 15 39,9974 54 115 18 6.4 15
30 8.1 413 299376 -181 M3 16 -181 413

FIG.7.31 VALUES PANEL - DIFFERENT MODES. CLARIFICATIONS IN TEXT
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f. Straightness Control Panel

Straightness Control Panel is comprised of three main parts (Figure

7.32):

e Line with control buttons
e Line with measurement status information
e Line with laser status information.
The last line shows information common to all options of the HPI
Software, i.e. the state of Connection, Laser, Signal, Sensors and Rotary

encoder.

The measurement status line shows the information of the current
measurement like the number of the registered measurement points, the

measurement type and the statistical method used for data fitting.

The functionality of the line with the buttons changes with the current
measurement state. In the Figure 7.32 there are shown various appearances

of the control part of the Control Panel.

Case A appears when there is no measurement in progress and no data
were read from a file. In this mode it is possible either to start the
measurement (“Start”), to reset the main counter (“Reset position”) or to
return to the main menu of the program (“Menu”). It is possible also to set

a time between automatically captured measurements (“Time”).

[ Reset position l Time 2 & IlenLl
I—verauing | Time 2 8 | Mens
[ Point capture ] Ilenu

l Frewiaw ” Print H Fepeat I ’ Il H Ilenu I

l Freview ” Erint H Repeat ][ MNewy H Menu ]

FIG.7.32 CONTROL PANEL - DIFFERENT MODES. CLARIFICATIONS IN TEXT

moo w >
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Cases B and C appear during measurements. The former is during the

Automatic Point Capture mode, while the latter during the

Manual Point Capture mode. The measurement can be stopped directly
(“Stop”) or indirectly (“Menu”). After pressing the “Menu” button the
software always asks if the measurement is to be stopped first.

Cases D and E are visible during analyses of the obtained results. If
there is only one measurement series performed than the panel D appears,
otherwise pane E. From those panels it is possible either to view
measurement report (“Preview” or “Print”) or to redo the measurements
(“Repeat” or “New”). In case D (single series) the functionality of “Repeat”
and “New” is the same. When there are more than one series measured
then it is possible to repeat only one series (“Repeat”) or to start

completely new measurements (“New”).

g. Straightness pull-down menus

Viewed graph can be printed or saved to a file. Those commands are

available from the File menu (i.e. Save, Save as, Print - see figure 7.33).

= [dt CNC  Help Before saving the file the program asks

Open Ee about changing machine data (option
Save Ctrl+5

Save as available from pull-down menu Edit-
Print B >Machine data), like machine type, machine

Print preview

Export serial number, measured axis or machine

End_Promecor_CN_08_7--2.dt4 operator. Those values allow describing

Str_DMU_30_example.dtd

Erd HASS CM 03 1072388 7. dia performed measurement for later analysis

End_HASS_CM _03 1072388 Y.dtd--2.dt4 and they are also present on the printed
Exit
report.
FIG.7.33. STRAIGHTNESS PULL-DOWN MENU
FILE.

Laser Measurement System HPI-3D




www.lasertex.eu 8 TRA/ GH TNE SS

her option ilable in Edit menu are:
Other options available dit menu are File |Edit| CNC  Help

— Measurement table - raw data are Machine data
shown for analysis, exportand print; Measurement table
Base length

— Base length - angular retro-reflector
Configuration

RK1 base length can beset (default is
FIG.7.34. STRAIGHTNESS PULL-DOWN
100mm); the option available also in MENU EDIT

Configuration->Parameters;

— Configuration - opens Configuration window as shown in the

figure 7.35.

In the Configuration it is possible to set:
1. Straightness data file folder - place where the operating system
will point to during the measurement data save;

2. Measurement method - the same functionality with the operational

mOde panel; #- Configuration %
. . . » General settings
3. Statistic calculation method | | ~> staigntness
¥ Measurement
No. of seri
- measured data can be e

Statistic calculation method

viewed either as araw or line

Flatness O end point fitting

g0 iaposioning @® least squares fitting

fitted data. For the raw data

» Advanced Chan

None option should be s
normal v
chosen. Line fitting can be Averaging

done according either to the

End point fit or Least

squareness fit method. Which

method is used depends on Apply | | Cancel

personal preferences. FIG. 7.35. STRAIGHTNESS CONFIGURATION OPTIONS.

4. Cycles in series - defines how many measurement series are to be
expected by the software. It is possible to perform fewer cycles then
set in this parameter;

5. 3D averaging time - as the 3D straightness measurement is an
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amplitude type measurement thus, depending on the measurement
condition, the device requires certain time for averaging the results.
The longer is the distance between the laser head and the reflecting
element RL1 and the larger airflow is tangible the larger value of the
Averaging time should be set;

6. Point detection parameters - parameters not used in the current
version of the software. Applicable only in customized version of

the HPI Software.

h. Reports

Measurement report can also be generated from obtained data, either by
pressing Print or Preview on the measurement analysis window (fig. 7.36).
The report can be generated in the basic form where only the plot of the
measured values is shown (fig. 7.37) or in the extended version, which

contains tables with measured data.

It is possible to copy the straightness graph to the clipboard and then
paste it for example to a Word editor document. Copy to clipboard
command is available from popup menu that appears after right-click on the

area of the graph.

“F Laser Measurement Systern HPT3D - Straightness - Measurement method: 3-D =3 on "=
File Edit Measurement it View Help
Straightness plot windov - vertical axis - 20140316
& D [mm] ‘x\: [om] | ¥h fam] ‘
14
ar 0 128 | 43
T 49 na |4
= 99 207 | 92
g
S a7 155 30 | 27
14, 195 32 | 197
EES 41 75 11
24,
0 291 533 874 1168 1457 1749 204 2332 2623 2ag | 291 5 -2
Distance [ mm ]
Min: -23,2 pm Max: 20,7 pm Ds: 43,9 pm
Straightness plot window - horizontal axis
T
10 20 30 40 50 60 7O 80 90 100 110 120 130 140 150 160 170 180 180 200 210 220 230 240 250 260 270 280 280
Point number
Min: -11,2 pm Max: 19,7 ym Ds: 30,8 pm
[ Preview I [ Print ] [ Repeat ] [ MNew ] [ Ienu I
Points number: T Measurement method: 3-0 Statistic calculation method: Least squareness fit method
[ Conmnection 1 laser [ Sanal 1 Welocity ] Sensors Rotary link

FIG.7.36. STREIGHTNESS MEASURED DATA ANALYSIS WINDOW
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Acquisition date: Z010-01-28 1042 09Muching: 102 sainer Serial oz

FIG.7.37. STREIGHTNESS REPORT PREVIEW WINDOW

7.6 Straightness measurements procedure

Straightness measurements are started by pressing the Start button.
During the measurement points are collected by the software and the
straightness graph is constantly updated. The measurement is finished by

pressing the Stop button.

The straightness measurements are driven along a straight line pointed
by the laser light. The actual measurement procedure depends slightly on the

measurement mode: angular, Wollaston or 3D.

a. Measurement procedure — Angular optics - preparations

The Straightness measurement in Angular mode is based on moving
angular Retro-reflector RK1 by an interval set in the Base Length parameter

(usually 100 mm) and measuring the angular deviation of the RK1.

It is very important to set before the measurements with the angular
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optics the distance between measurement points and the actual optical
configurations, i.e. whether RK1 or IK1 is moved and in which direction. This
can be done in the special pop-up window (Figure 7.38). This window appears

always before pressing the Start button.

Straightness parameters *

Angular v

Point capture method

® manual

l"_H RK1

O time interval

select optics configuration

l H—’Rm

O automatic (CNC)

sign calibration

2
K1 ' * H

Start position

Stop position 500 mm

Ii
3
3

v ©

F1G.7.38. SELECTION OF CONFIGURATION OF THE ANGULAR OPTICS

If the RK1 is moved manually then the distance between points should
be marked on the leading ruler or on the examined surface before the
measurement begins. It is recommended to use the ruler with the scale -

see Figure 7.39.

During the measurement points can be captured either manually by
the user or automatically by the software in the constant time intervals. The
time period between points captures is used to move the retro-reflector about
a distance of 100 mm (RK1 base length). The time interval should be tailored
to the experience of the user. It is suggested to set the time to 10 s and to
decrease it if needed. The time interval is increased and decreased by

pressing T, { keys on the computer screen.
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F1G.7.39. AN EXAMPLE OF OPTICAL COMPONENTS SETUP IN ANGULAR STRAIGHTNESS
MEASUREMENT.

. ¥ - ~

b. Measurement procedure — Angular optics

1. Set up the laser on the measured machine and align the optical path.
2. Start the HPI Software and select Straightness option.

3. Choose the measurement method: Angular.

4. Choose whether the points are to be captured manually or automatically
5. Press Start button

6. Choose the right optical configuration

7. Wait for the program to capture the first point (in time capture

mode) or capture the point manually.

8. Move the IK1 or the RK1 by the distance set in the Edit- >Base length

option (default 100mm) and wait on the next point capture.

9. Continue the measurement until the last point is reached.

10. Stop the measurement.
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c. Measurement procedure — Wollaston optics— preparations

The Straightness measurement in the Wollaston mode is based on
moving Wollaston prism WP2 by an interval set in the Base Length
parameter (usually 100 mm) and measuring the movement of the WP2 in

the direction perpendicular to the laser beam.

d. Measurement procedure — Wollaston optics

1. Set up the laser on the measured machine and align the optical
path.
2. Start the HPI Software and select Straightness option.

3. Choose the measurement method: Wollaston.

4. Choose whether the points are to be captured manually or
automatically

5. Press Start button

6. Wait for the program to capture the first point (in timecapture
mode) or capture the point manually.

7. Move the WP2 by the distance set in the Edit->Base length
option (default 100mm) and wait on the next point capture.

8. Continue the measurement until the last point is reached.

9. Stop the measurement.

e. Measurement procedure — 3D method - preparations

The Straightness measurement in the 3D mode is based on moving
linear optics elements (IL1 or RL1) by any distance and measuring the
relative movement of the IL1 and RL1 in both directionsperpendicular to

the laser beam.
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f. Measurement procedure — 3D method

1. Set up the laser on the measured machine and align the optical
path.
2. Start the HPI Software and select Straightness option.

3. Choose the measurement method: 3D.

4. Choose whether the points are to be captured manually or
automatically

5. Press Start button

6. Wait for the program to capture the first point (in time capture
mode) or capture the point manually.

7. Move the IL1 or the RL1 by the distance set in the Edit->Base length
option (default 100mm) and wait on the next point capture.

8. Continue the measurement until the last point is reached.

9. Stop the measurement.
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8. MEASUREMENTS - FLATNESS

8.1 General Description

The flatness measurement is performed using the angular
straightness measurement principal. In order to obtain a surface flatness,
the measurement of angular straightness in eight axes is necessary. From
obtained axes straightness data a flatness map is calculated and drawn

(fig.8.1.).

8.2 Measurement Setup

For flatness measurements the angular optics plus additional mirrors
should be used. Necessary components are:
e Laser Head
e Power Supply
e Angular Interferometer IK1
e Angular Retro-reflector RK1

e Two Beam Benders ZK1 (see figure 8.2)
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F1G.8.1. FLATNESS MAP OF AN EXEMPLE SURFACE.

Optional elements are:

USB cable
Manual Strobe

Magnetic holder UM2
Tripod stand

Air temperature sensor

Base temperature sensor
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FIG.8.2. THE ELEMENT SET FOR THE FLATNESS MEASUREMENTS (IK1, RK1 AND ZK1).

Flatness measurements require that optical elements IK1 and RK1 are
aligned along laser beam as shown in the figure 8.3 for the first axis. Element

IK1 is stationary and element RK1 is moved.

Other axes can be measured with the use of one or two beam benders
with constant position of the laser head, or by moving the position of the
laser head. In both cases realignment of the IK1 and RK1 components is
required. It is recommended to use the option with constant position of the

laser head because it simplifies the realignment process.
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FI1G.8.3 OPTICAL PATH SET UP FOR FLATNESS MEASUREMENTS - SCHEMATIC.

During flatness measurements the usage of the air temperature sensor is

recommended. Base temperature sensors do not have to beused.

FI1G.8.4. OPTICAL PATH SET UP FOR FLATNESS MEASUREMENTS IN ONE OF AXES.

8.3 Software description

Flatness is measured in the Flatness option, chosen from the Main

Menu. The HPI Software program window looks like it is shown in the Fig.
8.5. The Flatness Measurement Summary window consists of three main

parts:
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e Display - presents flatness of the surface calculated according to
straightness measurements for axes;
e Schematic chart - allows to select axis;

e Panel with buttons.

¥ Laser Measurement System HPI 30 - Flatness - untitled - X

File Edit Help

Angular

i 7

N
s

Error: 0.0 pm &: 0.0 pm
Preview Print Measurement Menu

No. axis: 1 Measurement method: Moody

FIG.8.5. FLATNESS MEASUREMENT SUMMARY WINDOW.

Measurements of the axes are performed in the Flatness Measurement

window that is launched by the Measurement button from Flatness

T=T& s

o Summary  window. The

Steaighinmes plos mindow - 71784 Angular

window as shown in the

figure 8.6 appears. In this

Eroclum]

W | xwgm window it is also possible to
change the measured axis

and analyze the straightness

]
Gxmrea o

Ds:00um results of each individual

Preview Print Repeat New Back
Peints number, 0 Measurement methad: Angular Base length: 100 mm — aXiS. The aXiS can be Selected
FIG.8.6. FLATNESS MEASUREMENT WINDOW by clicking the proper axis on
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the axes chart or by choosing it from the No. axis pull down list.

The options available in the

flatness measurement window allow File | Edit CNC Help
. . Qpen Ctrl+ O
also for repeating the single e .
. Sawve as
straightness measurement (Repeat
Print Ctrl+P
button) or printing the results (of a Print preview
Export

single measurement) in the form of
End_HASS_CM_03_1072388_7-Y.dtd

the Report (Preview or Print End_HASS_CM_03_1072388_Y.dtd--2.dtd
End_HASS_VF_D6_1072388_7-X.dt4--2.dt4

button) End_HASS_VF_6_1072338 X.dt4-2.dt4
Exit

FIG. 8.7 FLATNESS PULL-DOWN MENU FILE

The graph can be printed or saved to a file. It can be chosen from the

File menu (i.e. Save, Save as, Print - see figure 8.7).

Before saving the file the program asks about changing machine data

(option available from pull-down menu Edit->Machine data), like machine

type, machine serial number, measured

Machine data ===
MEEIEIE Sertal number Anis axis or machine operator (see figure 8.8).
Lathe SM12345 i
SIETELD BT Those values allow describing performed
Engineer Lasertex
Comments measurement for later analysis and they
are also present on the printed
Measurement parameters report.MeaSurement report Can alSO be
Measurerent date  2011-02-12 23:20:52 i i
ity . RO—— 2558 generated from obtained data, either by
Pressure 10042 hPa Material terperature 2392 °C preSSIIlg Prll’lt or PreVIeW on the
measurement analysis window. The

FIG.8.8. MACHINE DATA WINDOW report can be generated in the basic form
where only the plot of the measured values
is shown or in the extended version, which contains tables with measured

data.
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It is also possible to copy the straightness graph to the clipboard and then
paste it for example to a Word editor document. Copy to clipboard
command is available from popup menu that appears after right-click on

the area of the graph.

The flatness option can be

¥ Configuration x

» Geveralsetings EEH vess configured in the Flatness tab (Fig.

¥ Measurement

Measurement method

8.9.) located in the Configuration

Positioning

Moody / Union Jack| Grid Extended grid

Straight 1 i i
e == B E==S] window accessible from the Main
Angular positioning 0. of vertical axes

Menu or from pull down menu

» Advanced

Edit->Configuration.

In the Flatness Configuration

Tab it is possible to change the

destination data folder or to

Apply Cancel

choose the measurement method.
FI1G.8.9. FLATNESS CONFIGURATION OPTIONS .

The standard one is the Envelope

that uses Moody method for flatness calculation. For Grid method the number

of vertical and horizontal axes can be set from 3 to 8.

8.4 Alignment of optics for the flatness
measurements

The flatness measurement consists of the straightness
measurements performed along 8 axes. The axis can be selected by clicking
the proper axis on the axes chart or by choosing it from the list(Fig. 8.10.).

There are also shown: directions of measurements in the axes and margins

that must be kept during measurements.
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Straightness measurements are made with angular optics as it is
described in the Chapter Measurements - Straightness. Depending on the

measurement axis, a different set of optical components is used and the

alignment of the optical path is done in slightly

4\_: different way. As mentioned earlier the
1 = f 4 measurements can be made either with or
3 2.4 8 3
L7, I | . . .

— without changing the position of the laser head.

R In both cases the measurements have to be

D [mm]
performed in accord with the directions
pointed by arrows on the schematic graph on
the main screen of flatness measurement (Fig.

8.10).

F1G.8.10. AXES CHOICE CHART

Below there is described the procedure of flatness measurements in the

constant laser head position configuration.

a. Optical path alignment of the axis “1”.

The straightness measurement of the axis “1” is performed in the same

way as described in Chapter 7, Straightness measurements.

b. Optical path alignment of the axes: “3”, “6”, “8”.

During flatness measurements of the axes “3”, “6” and “8” an additional
beam directing mirror ZK1 is used. The way of using it is shown in the Figure

8.11. The alignment procedure is the same as described in Chapter 4 for

angular optics with an additional beam directing element (ZK1) in the path.
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F1G.8.11. THE SET OF THE OPTICAL COMPONENTS USED IN STRAIGHTNESS
MEASUREMENTS IN THE AXES: “3”, “6” AND “8”.

c. Optical path alignment of the axes: “5” and “7”

During flatness measurements of the axes “5” and “7” two beam directing
mirrors ZK1 are used. The way of using them is shown on Figure 8.12. The
alignment procedure is the same as described in Chapter 4 for angular optics

with an additional beam directing element (ZK1) in the path.
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F1G.8.12. THE SET OF THE OPTICAL COMPONENTS USED IN STRAIGHTNESS
MEASUREMENTS IN THE AXES: “5” AND “7”.

d. Optical path alignment of the axes: “2” and “4”

Similarly, to previously described axes “5” and “7”, during flatness
measurements of the axis “4” two beam directing mirrors ZK1 are used.
The difference is that the angle of the second mirror usually differs from 45°.
The alignment of the axis “4” is shown in the Figure 8.13. In case of the
axis “2” only one beam directing mirror ZK1 is used, but alignment
procedure is quite similar to the axis “4”. The alignment procedure is the
same as described in Chapter 4 for angular optics with an additional beam

directing element (ZK1) in the path.

Laser Measurement System HPI-3D




www.lasertex.eu FLA TNE SS

F1G.8.13. THE SET OF THE OPTICAL COMPONENTS USED IN STRAIGHTNESS
MEASUREMENTS IN THE AXES: “2” AND “4”.

8.5 Measurement procedure

1. Set up the laser on the measured machine and align first optical
path.

2. Startthe HPI Software and select Flatness option.

3. Press Measurement button on the Flatness summary screen

4. Choose the proper axis on the axis choice chart and press Start,
New or Repeat button.

5. Move the RK1 by the distance set in the Edit->Base length option
(default 100mm) and wait on the next point capture (or capture it

manually).

6. Continue measurements until all points on the path are
measured.

7. Stop the measurement.
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8. If not all axes are measured, then repeat points 4-7.
9. When straightness measurements of all axes are completed then the
Back button should be pressed. The software returns to the

Flatness Summary screen - see figure 8.14

¥ Laser Measurement System HPI 3D - Flatness - Flat_Envelope_example.dt5 - X
File Edit Help

Angular

I 7

N
T

Error: 0.0 um &: 34.2 ym

Preview Print Measurement Menu

No. axis: 1 Measurement t method: Moody

F1G.8.14. A RESULT OF FLATNESS MEASUREMENT.

In order to perform the measurement in the manual capture mode,
the Measurement->Manual point capture should be selected. The
measurement begins by pressing Start/New/Repeat. The point can be
captured by pressing Space key, clicking the Point capture button, or
pressing the remote Strobe button. When the last point is captured the Stop

button should be pressed.

Measurement report can also be generated from obtained data,
either by pressing Print or Preview on the measurement analysis window.
The report can be generated in the basic form where only the plot of the
measured values is shown or in the extended version, which contains

tables with measured data.
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9. MEASUREMENTS — DYNAMIC STRAIGHTNESS

9.1 General Description

Dynamic Straightness measurements is a measurement usually used to
gain basic information about the machine axis geometry. With this option
the user can check the movement of e.g. the measured machine’s element in
space.

It is a sibling option to the Straightness giving in certain conditions
the same results but in significantly shorter time. The main difference from
Straightness option is that the machine during measurement does not stop but
translates with constant feed rate from the start until the final point.

In the HPI-3D device the Dynamic Straightness measurements can be
performed with three different methods: Angular, Wollaston and 3D.
Angular method is designed to be used in base straightness measurements
(like optical autocollimator); Wollaston method is designed for “movement
in space” measurements - e.g. the movementof a machine table or working
tool can be characterized; 3D method is used for rapid estimation of
“movement in space” - like Wollaston method but the measurement is
performed in the three axes at once.The main parameters of those methods

are described in the Technical Data chapter.
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9.2 Measurement Setup — Angular optics

a. Principles

The operation of the HPI-3D with the angular optics used is shown in
the Figure 9.1. The laser outputs the laser beam consisting of two
polarizations: Horizontal (H) and Vertical (V). The IK1 splits the beam into
two parts. Both beams are directed into the measurement path but are

parallel shifted by 1” or 2” distance (depending on the version).
Beam Path 1

Horizontal & Vertical polarization \
- — = Vertical polarization IK1

— — - Horizontal polarization _ = ——— = ————

Beam Path 2 /

FI1G.9.1. ILLUSTRATION OF THE PRINCIPLE OF OPERATION - ANGULAR OPTICS

When the distance between optical elements altered then the
frequency of both beams is changed according to the Doppler Effect. The
laser head does notice a movement only if there is a rotation of IK1versus
RK1, i.e. when there is difference in lengths of beam paths. The measured
distance can then be used to obtain either the rotation angle (pitch or yaw
of the machine) or the vertical movement of the optical component (IK1 or

RK1).

The laser head with angular optics is insensitive to
linear movements.
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FIG.9.2. CALCULATION OF STRAIGHTNESS DURING ANGULAR MEASUREMENTS -NOTATION

In the Figure 9.2 there is shown schematically an RK1 on a carriage
with all parameters important for calculation. For the clarity the position
of IK1 is treated as a reference. The meaning of the parameters is:

L - base length;

s —distance between beams on IK1 and RK1 elements;

x — distance measured by the Laser Head
o - angular rotation of RK1 element

h - difference in height between two measurement points

The Laser Head measures the parameter x while the distance between

beams s and the base length L must be set in the parameters of the HPI
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Software. Then the rotation angle a and the movement in the vertical direction

h can be calculated from:

_ X
a = arctang o
L
h =xx E

b. Application Notes

5 HEAD |
I

Measured guide rail

F1G.9.3. MEASUREMENT OF STRAIGHTNESS - PRINCIPLES

The angular optics can be used for:
e Measurement of pitch or yaw of a machine
e Measurement of straightness of a machine bed

e Measurement of small angles

The explanation of the first two applications is shown in the Figure
9.3. The RK1 mounted on a carriage is translated over the measured guide rail.
Every length of the carriage (usually 100mm) a measurement is performed.
Formulas 9.1 are then used for calculation of the angles (for pitch/yaw

measurements) or the vertical translations (for straightness measurements).

It is worth to notice that such straightness measurement method
requires proper choice of measurement points. Choosing points denser than

the carriage size results in excessive values of the straightness errors (the
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shape of the error is proper).

=

Measured guide rail

F1G.9.4. MEASUREMENT OF STRAIGHTNESS WITH TOO SPARSE MEASUREMENT POINTS

Choosing points too sparse may effect both the shape and the value of
the error as shown in the Figure 9.4. In this special case because oftoo sparse
measurement points the laser will not notice the change in the shape of the

guide rail - the measured distance between beams will not change!

The measurement of small angles allows very accuratemeasurements

of small rotations if two conditions are met:

1. measured angle is within +5 degrees
2. distance between RK1 and the laser head does not

change more than a few centimeters.

The second limitation comes from the heterodyne effect present in the
HPI-3D laser. This effect influences the angle according to (Al is the change of

distance between the laser and RK1 during measurements):

x + Al * 2.260um
S

(9.2)

a = arctan

The above effect is present also in the normal straightness
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measurements but it is taken care by the HPI Software.

c. Measurement Setup Preparations

For Angular straightness measurements the angular optics should

be used. Necessary components are:

Laser Head
Power Supply
Angular Interferometer IK1

Angular Retro-reflector RK1

Optional elements are:

USB cable

Manual Strobe
Magnetic holder UM2
Tripod stand

Air temperature sensor

Base temperature sensor

Angular straightness measurements require optical elements 1K1and

RK1 to be aligned along laser beam as shown in the figure 9.5. Each of the

elements can be moved.

During Angular straightness measurements the usage of the air

temperature sensor is recommended. Base temperature sensors do not

have to be used.
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1K1

FIG.9.5 OPTICAL PATH SET UP FOR ANGULAR DINAMIC STRAIGHTNESS
MEASUREMENTS- SCHEMATIC.

FI1G.9.6 OPTICAL PATH SET UP FOR ANGULAR DYNAMIC STRAIGHTNESS
MEASUREMENTS IN X AXIS

Angular straightness measurements can be performed not only along
the laser beam (as shown in figures 9.5 and 9.6) but also in directions
perpendicular to the laser beam. Such configuration is shown in figure 9.8.

In this configuration only the retro-reflector RK1 can be moved.
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F1G.9.7 OPTICAL PATH SET UP FOR ANGULAR STRAIGHTNESS MEASUREMENTS IN Y
AXIS.

FIG.9.8 OPTICAL PATH SET UP FOR ANGULAR STRAIGHTNESS MEASUREMENTS IN Z
AXIS.

During beam alignment it is important first to set up the position of IK1

aligned with the position of the laser head. Then the diaphragms on both
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optical components should be switched into the alignment position. The IK1
and RK1 should be set in such a way that the beam passes the centers of
diaphragms.

After successful setup the diaphragms are to be set into work position

and final alignment should be done with the use of electronic beam alignment
tool. In order to keep the highest precision of the measurement the position of
both beams on the alignment tools should stay within 200pm window for the

whole linear movement range.

9.3 Measurement Setup — Wollaston optics

a. Principles

WRP2
Beam Path 1

WP2 \../"—

Beam Path 2

F1G.9.9 WOLLASTON PRISM OPTICS - PRINCIPLES

Another way of measuring straightness, parallelism and squareness
with the laser interferometer requires the use of Wollaston type optics. The
optics consist of two elements: Wollaston polarizing prism WP2 and a
paired reflector WRP2 - see Figure 9.10. The laser beam, consisting of two

perpendicular polarizations, is split by the WP2 element into two beams.
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The beams are leaving the WP2 at a certain angle and then, after being
reflected back by the reflector WRP2 are returning to the laser head. The laser

measures the difference between beams’ paths lengths.

A A
o0
vy

F1G.9.10 WOLLASTON PRISM POLARIZER WP2

In the Figure 9.11 there is shown the explanation of the operation of
the WP2 element. This prism is constructed of two birefringent triangle
prisms cemented together. Both prisms are built from the same material but
their ordinary and extraordinary axes are perpendicular to each other, i.e.
refraction coefficient of the ordinary axis of the left prism no equals to the

coefficient value of the extraordinary axis of the right prism ner.

Because of this the orthogonally polarized laser beams entering the
Wollaston element are deflected at different angles on the middle
boundary layer and on the right boundary layer. This behavior can be
easily proven with the use of the Snell’s law. The angle between the exiting

beams is often denoted as ®.

X X]
O o)

F1G.9.11 WOLLASTON REFLECTOR WRP2 - FRONT VIEW
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180-6

F1G.9.12 WOLLASTON REFLECTOR WRP2 - TOP VIEW

Unlike in the angular optics (see previous part of this Chapter) the
distance between beams are changing with distance, thus making the
construction of the reflecting element difficult. In the figure 9.12 there is
shown the construction of the reflection element for theWollaston optics
WRP2. It consists of two special glass prisms glued very precisely at 180-©®
angle. The prisms used in the WRP2 in y axis reflect the beam with 2"
translation (like the retroreflector RL1). In the x axis the beam is reflected

with no translation (like in a mirror).

The use of Wollaston optics makes possible the measurement of
relative movement of WP2 element in the axis perpendicular to the laser

beam. As it is shown in the Figure 9.13 the measurements are possible

ONLY with the WP2 movement.

WRP2

szl_::!*’
‘\:“~~

F1G.9.13 MEASUREMENTS WITH WOLLASTON OPTICS
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Because of the sensitivity of the laser readout on the angular movement
of the WRP2 it is important that during measurements the WRP2 element is

neither touched nor moved. In more details it is described in the next section.

b. Application Notes

Although itis possible to measure the straightness either with movement
of the WP2 or WRP2 element but there are certain differences. The WRP2
this element should be stationary during measurement (i.e. should not be
moved along the laser beam). As the WRP2 behaves in one of the axis like a
mirror thus any angular movement of the WRP2 in this axis may result in the
laser beam not returning to the laser head and will influence significantly the

measurement results!

The laser head with Wollaston optics is sensitive to angular
movements of the reflector!

There are no such problems when the WP2 is moved instead. The
only disadvantage is the smaller measurement range. WP2 can be moved
+2mm while maximal measurement range of the WRP2 is #30mm (but

only when the distance between WP2and WRP2 is 4.5 m).

¢. Measurement Setup Preparations

For Wollaston straightness measurements the Wollaston optics
should be used. Necessary components are:
e Laser Head
e Power Supply
e Wollaston prism WP2

e Wollaston retro-reflector WRP2
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Optional elements are:
e USBcable
e Manual Strobe
e Magnetic holder UM2

e Tripod stand

e Air temperature sensor

e Base temperature sensor

Wollaston straightness measurements require optical elements WP2
and WRP2 to be aligned along laser beam as shown in the figure 9.14. The
beam alignment procedure is described in the fourth chapter. During
measurement the WRP2 element should be stationery, i.e. its distance from

the laser head should not change.

During Wollaston straightness measurements the usage of the air
temperature sensor is recommended. Base temperature sensors do not have

to be used.

WRP2

F1G.9.14 OPTICAL PATH SET UP FOR WOLLASTON STRAIGHTNESS MEASUREMENTS- SCHEMATIC.

Wollaston straightness measurements can be performed in two
configurations - horizontal X (figure 9.15) and vertical Z (figure 9.16). In
configuration X only the straightness of path in X axis is measured. The

same situation is with Z setup. In both configurations the measurements
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should be performed with the moving of WP2 element.

F1G.9.15 OPTICAL PATH SET UP FOR WOLLASTON DYNAMIC STRAIGHTNESS
MEASUREMENTS IN X AXIS.

FIG.7.16 OPTICAL PATH SET UP FOR WOLLASTON DYNAMIC STRAIGHTNESS
MEASUREMENTS IN Z AXIS.
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9.4 Measurement Setup — 3D method

a. Principles

The HPI-3D laser head is capable of detecting the position of the
returning beam. The position of the returning beam changes with the
movement of the retroreflector RL1 perpendicular to the laser beam axis.
This phenomenon for one axis is shown in the Figure 9.17. The beam
returning from the linear interferometer IL1 is treated as a reference while
the beam reflected by RL1 as measuring beam. The laser simultaneously
registers information about the changes of position of an optical

component in both axes perpendicular to the laser beam.

F1G.9.17 DYNAMIC STRAIGHTNESS MEASUREMENTS WITH LINEAR OPTICS

The measured position is then used either for precise control of the
laser beam path alignment or for the straightness, squareness or parallelism

measurements.

The 3D measurement returns absolute values of the beam position.
This is different from the main, interferometric measurement axis where

obtained results are incremental.

b. Application Notes

The 3D option can be used for rapid estimation of straightness
simultaneously in two axes but with some limitations resulting from

physical nature of the measurements.
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Unlike in all interferometric measurements, the laser head takes active
part in the measurements, i.e. its position and its vibrations influences the
measurement results. For this reason, it is important to avoid using the tripod

stand and to fix the laser head directly on the measured machine.

The 3D measurement bases on the position of the returning beam on
the position sensitive device. Thus itis important that the beam stays within
the measurement range of the device, i.e. £1 mm. Using 3D option outside

this range would produce unreliable results.

Similarly, to all laser based straightness measurements the air
turbulences have an influence on the results. Small wandering of the laser
beam can be accommodated by the signal processing circuit inside the
laser with the change of averaging time (see Software Description for more
details). If the air movements are too large - i.e. when the beam returning
to the laser wanders outside +1 mm window - then the results of the 3D
measurements may become unusable. In such situation either some
shielding from the air movement or a fan forcing the air movement have to be
used. The problem with air turbulences is more troublesome for larger

distances between the laser head and RL1 element.

¢. Measurement Setup Preparations

For 3D straightness measurements linear optics should be used.

Necessary components are (see also figures 9.18 to 9.21):

e Laser head - Laser Interferometer
e Power supply - Laser Interferometer Power Supply
e Linear interferometer IL1

e Linear retro-reflector RL1
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Optional elements are:
e USB cable
e Manual Strobe
e Magnetic holder UM1

e Tripod stand (not recommended)

e Air temperature sensor

e Base temperature sensor

3D straightness measurements require optical elements IL1 and RL1 to
be aligned along laser beam as shown in the figure 9.18. Only the retro-
reflector RL1 should be moved.

During 3D straightness measurements the usage of the air temperature

sensor is recommended. Base temperature sensors do not have to be used.

F1G.9.18 OPTICAL PATH SET UP FOR 3D STRAIGHTNESS MEASUREMENTS-
SCHEMATIC.

3D straightness measurements can be performed not only along the
laser beam (as shown in figures 9.18 and 9.19) but also in directions
perpendicular to the laser beam. These configurations are shown in figures
9.20 and 9.21. Also in those two configurations only the retro- reflector

RL1 can be moved.
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F1G.9.19 OPTICAL PATH SET UP FOR 3D DYNAMIC STRAIGHTNESS MEASUREMENTS IN
X AXIS.

FI1G.9.20. OPTICAL PATH SET UP FOR 3D DYNAMIC STRAIGHTNESS MEASUREMENTS IN
Y AXIS.
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F1G.9.21. OPTICAL PATH SET UP FOR 3D DYNAMIC STRAIGHTNESS MEASUREMENTS IN
Z AXIS.

9.5 Software description
a. Introduction

Straightness measurement are performed in the Straightness option,

chosen from the Main Menu (fig. 9.22).
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" NS
Display P Straightness Angular positioning

= Configuration

Dynamic positioning Dynamic straightness Velocity

X Exit

F1G.9.22 MAIN MENU

The Straightness HPI Software program window is shown in the Fig.
9.23. The window consists of a pull-down menu and five panels:
e 1) Display - presents current distance and measurement
signal level;
e 2) Straightness Plot - in the 3D mode there are visible plots
for vertical and horizontal axis, in the Angular and the
Wollaston mode only one plot is visible;

e 3) Panel for changing the operation mode;

e 4) Straightness value table - a table containing
consecutively numbered samples and measured
straightness value (or two values in 3D mode);

e 5) Panel with control buttons and status information.
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3 Laser Measuremen it System HPI 3D - Dynamic straightness - Measurement metha: 3-D B x
File Edit CNC Help
100% —— 0 mm

Dynamic straightness plot window - vertical axis - 101122024

T

H

T

2

) z

0
Distance [mm] 4
(o] -14 pm Ds: 0.0 ym
Dynamic straightness plot window - horizontal axis.

E

g

T

2

5

0
Distance [ mm]
[0] -1 um Ds: 0.0 i
Start Reset position 5 Menu

Points number. 0 Measurement metha: 3-D Statistic calculation method: Least s d
[ Connection [ Laser [ Signal [ Velocity | Sensors Wally link

F1G.9.23. DYNAMIC STRAIGHTNESS MEASUREMENT WINDOW WITH PANELS.

b. Display Panel

The Display Panel (figure 9.24) is used for basic control of the operation
of the interferometric part of the laser. 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. Depending on the chosen measurement type
the values are displayed in different units (figures 7.24A,B and C): for
angular and pitch/yaw measurement types it is arcseconds, for Wollaston
it is micrometers and for 3D it is millimeters. For the 3D option the value
displayed on the panel is only an auxiliary one - the straightness readouts

are shown on the Straightness Plot panel described below.
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% | i urement Systemn HPI 3D - Dynamic straightness - Measurement method: Angular - O X

File A C Help
-
C —— 25165 asec L[]
ﬁ l Mezzurement System HPI 3D - Dynamic straightness - Measurement method: Wellaston - O X

o = 6 mm L]

F1G.9.24 DISPLAY PANEL DURING (A) ANGULAR, (B) WOLLASTON, (C) 3D TYPE
MESUREMENTS

Through the buttons available on the Display Panel it is possible to
change either the sign or the displayed resolution of the current
measurement result. The setting of the sign influences the values
registered in the Dynamic Straightness Plot and the Values Table. Changing

the number of digits have no influence on the measurement.

c. Straightness Plot Panel

The Straightness Plot panel is the place where measurement
results are displayed. The measurement results are placed on the

plot(s) as soon as they are SE————

0. 1 ¥ =-0,03

I ‘ ®=192,2

registered by the laser head. There

can beone or two plots displayed in

|
!
\
|
\
|
dependence on the measurement g oo \‘M

type. For angular and Wollaston type B ™ = e et s

measurements there is only one plot

0,164

(fig. 9.25) because with this optics itis

possible to measure straightness only
FIG.9.25 DYNAMIC STRAIGHTNESS PLOT PANEL IN

in one axis at a time. THE ANGULAR AND WOLLASTON OPTIONS

The Dynamic Straightness Plot during the 3D measurement looks
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differently (fig 9.26) because

Straighiness plot window - vertical axs - 3140005

N2

:3; e et T H 1 B .

il = e || simultaneously there are measured:
£ J: // \‘\ //

0 s s s iy i 0 i i o ol )

e 7| the distance between RL1 and IL1
2 3 byt i

A £l 1168 1457 1749 04 m32 x23 =4
0 . Min: -23.2 pm Max: 20,7 pm Ds: 43.9 pm (Shown ln the Dlsplay Panel) and the
Srsightiesss plot wisdoes - horizontsl ass

w e R g T P .

= o A position of the RK1 in the axes
pnns ennn ;E/ | perpendicular to the laser beam

10} -148 jim . = Minz -11.2 pm Max: 19,7 pm D3 308 pm (denoted aS hOTlZOIltal aXlS and

FIG.9.26 DYNAMIC STRAIGHTNESS PLOT PANEL IN vertical axis).
THE 3D OPTION

Both straightness values can be resetted by pressing 0 button on the small

Straightness plot window - 290150305

displays. It has to be remembered
that this resetting is valid only for
the current measurement - 3D

straightness values are absolute

T . . ' ' i i | and not incremental like in the

Bt ¥

Cogry to clipboard

interferometric channel.

o “ L] 120 180 240 o 320 o 40

00
Distance | mm |

F1G.9.27 POP UP MENU ON THE
STRAIGHTNESS PLOT PANEL

In the bottom right corner of the panel there are displayed the edge
values of the straightness, i.e minimal value Min, maximal value Max,
amplitude of the straightness Ds=Max-Min. In the case of 3D measurements

those values are shown for each axis.

The units on the vertical axis of the straightness plot depend on the
actual configuration set in the Configuration->General option. For
straightness measurements these are usually micrometers while for
pitch/yaw measurements arcseconds. The displayed range is set
automatically but it can be set also manually. On the horizontal axis there

can be displayed either the distance or measurement points numbers.

Laser Measurement System HPI-3D



http://www.lasertex.eu/

DYNAMIC STRAIGHTNESS Laserte%

After the right mouse button click on the chart axis the pop-up menu
as shown in the Figure 9.27 will appear. The options in this menuare used

for modification of displaying of

T
H=2434
¥=-0041

I horizontal and vertical axes of

the chart. The chart can also be

copied to clipboard (“Copy to

\ clipboard” option) for further

pasting into a document editing

‘
1
\
i
|
\
|
|
\
|
\
[
_— _______‘_____ —— ——— = — —
\
|
1
\
|
\
\
|

o 166 1399 1632 1865 209.30‘ DE23:“”11 2564 2797 3034 3264 Software (like Microsoft Word or

istance [mm ]

FIG.9.28 CHART ZOOMING OpenOffice Write).

The displayed chart can be zoomed in and out with the use of the
mouse. Zooming in requires marking the top left corner of the desired area
by pressing the left mouse button. The button has to be held and the mouse
pointer should be moved to the bottom right corner of the desired are. The
auxiliary red dashed lines as shown in the Figure 9.28 should appear.
Zooming out is done by moving the pressed left mouse button from the

bottom right corner to the top left corner.

Zoomed chart view can be shifted by pressing the right mouse button
on the chart (and not on the axes as the pop-up menu would appear!) and

moving the mouse pointer in the desired direction.

d. Operation Mode Panel
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B Laser Measurenent System H91 30 - Dynamic straightness - Measusement method: 30
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FIG.9.29 OPERATION MODE PANEL

In the upper right corner, a button for changing measurement mode is

placed (Fig. 9.29). There are four options available: Angular, Wollaston, 3D and

Pitch/Yaw. The last mode is described in another Chapter of this document.

e. Straightness Measurement Values Panel

In the Values Panel there are displayed numerical values of the

straightness measurements (Figure 9.30). These are the same values that

are shown on the chart(s).

The unit of the distance D
can be changed, independently
on the unit of the chart, by
clicking with the left mouse
button on the distance column
of the chart. There are three
possibilities (see Figure 9.31):
rounded values of the distance

(A), true value of the distance (B)

TR S——
Fie Ede CNC Help

Messusemant mutha 30
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Oynmic sighines ol mindo - vt aus - 12202 o
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. / R gfimml  Xvipm]  Xh ]
_ e (] 04 07
j / T ——
5 ===t 52
N 7 <
5 \ 4’//' 13 14 Kt
' S 153 4
' i ) 207 1
o ) ) % 0 = = ) r
osmnce 256 11
M1y Max 16 D3z 318 0
Dy TSGR 0t mins - Bt oet A .
— ——
s - 7 4] 1
A 5 o 446 1
; : ——
25
'
1] ) 1m0 ) 20 0 E] ] )
Daance
Wi 15 m Max;08 m %23 pm

Preview Print

Poents numbes § Massurenint methos -0

Repeat

MNew Menu

Statitc cakulation method: Least squares fit method

Sensors Wally link

F1G.9.30 VALUES PANEL
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and number of points (C).

D [mm] |x\.r [am] | Xh [|.|m]| D [mm] |)(v im] | Xh [pm] No. |)(v [im] | Xh [um]
R 20 7 R | 2

7 | B20
A 200 | 484 B 200 484 c 0 484

1B 324 e 32 B 324
459 | 85 | 195 | 4504504 85 | 195 a9 | 195

3
-151 6,1 "3 1514330 61 mna 4 £.1 1.3
-140 54 15 -1399930 54 14 5 54 16
-130 16 -15 .4 1299343 16 -15.4 6 16 -15.4
7
8
9

120 7A 225 | 1202265 75 225 7A 225
-110 141 2330 ) -1099312 141 330 14,1 330
-100 175 451 998334 174 441 175 45,1
40 258 531 899977 258 £3,1 m 254 -53.1
80 287 53,1 799685 257 55,1 1n 257 -58,1
J0 323 B4 £9,9203 323 64 12 323 -6 4
60 363 709 50,9563 363 709 13 36,3 704
50 393 J7E 50,0096 333 FTE 14 13 775
] 54 15 39,9974 54 115 18 5.4 15
30 8.1 413 299376 -181 4173 16 -18.1 413

F1G.9.31 VALUES PANEL - DIFFERENT MODES. CLARIFICATIONS IN TEXT

f. Straightness Control Panel

Straightness Control Panel is comprised of three main parts (Figure
9.32):
e Line with control buttons
e Line with measurement status information

e Line with laser status information.

The last line shows information common to all options of the HPI
Software, i.e. the state of Connection, Laser, Signal, Sensors and Rotary

encoder.

The measurement status line shows the information of the current
measurement like the number of the registered measurement points, the

measurement type and the statistical method used for data fitting.

The functionality of the line with the buttons changes with the current
measurement state. In the Figure 9.32 there are shown various appearances

of the control part of the Control Panel.
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Case A appears when there is no measurement in progress and no data
were read from a file. In this mode it is possible either to start the
measurement (“Start”), to reset the main counter (“Reset position”) or to

return to the main menu of the program (“Menu”).

A Start Reset position Menu

B Preview Print Repeat New Menu

F1G.9.32 CONTROL PANEL - DIFFERENT MODES. CLARIFICATIONS IN TEXT

Cases B is visible during analysis of the obtained results. From these
panel it is possible either to view measurement report (“Preview”or “Print”)
or to redo the measurements (“Repeat” or “New”). In the case D (single
series) the functionality of “Repeat” and “New” is the same. It is possible to
repeat only one series (“Repeat”) or to start completely new measurements

(MNeWU) .

g. Straightness pull-down menus

Viewed graph can be printed or saved to a file. Those commands are

available from the File menu (i.e. Save, Save as, Print - see figure 9.33).

File Edit CNC Help Before saving the file the program
COpen Ctrl+Q . .
3 asks about changing machine data
Save Ctrl+5
save as (option available from pull-down menu
Print Ctrl+P

Edit>Machine data), like machine type,

Print preview

2 machine serial number, measured axis or
SritTmrmERRLL U eelil machine operator. Those values allow
Str_DMU_50_example.dtd

End_HASS_CM_03_1072388 Z-V.dtd describing performed measurement for

End_HASS_CM_03_1072388 Y.dtd--2.dt4 _
later analysis and they are also present

Exit
FIG.9.33. STRAIGHTNESS PULL-DOWN MENU on the printed report.

FILE.
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Other options available in Edit menu are:

File Edit CNC Help
Machine data
Measurement table
Base length

Configuration

F1G.9.34. STRAIGHTNESS PULL-DOWN MENU EDIT

— Measurement table - raw data are shown for analysis, export
and print;

— Base length - angular retro-reflector RK1 base length can be
set (default is 100mm); the option available also in

Configuration->Parameters;

— Configuration - opens Configuration window as shown in

the figure 9.35.

- Configuration be

» General settings

=" Straightness

¥ Measurement

No. of series

Positioning

Statistic calculation method
Flatness O end point fitting

Eaallagposionng @® |east squares fitting

» Advanced e

3D averaging
normal v

Averaging

Apply Cancel

FIG. 9.35. STREIGHTNESS CONFIGURATION OPTIONS.
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In the Configuration it is possible to set:

1. Straightness data file folder - place where the operating system

will point to during the measurement data save;

2. Measurement method - the same functionality with the operational

mode panel;

3. Statistic calculation method - measured data can be viewed either
as araw or line fitted data. For the raw data None option should be
chosen. Line fitting can be done according either to the End point fit
or Least square fit method. Which method is used depends on

personal preferences;

4. Cycles in series - defines how many measurement series are to
be expected by the software. It is possible to perform fewer cycles
then set in this parameter;

5. 3D averaging time - as the 3D straightness measurement is an
amplitude type measurement thus, depending on the measurement
condition, the device requires certain time for averaging the results.
The longer is the distance between the laser head and the reflecting
element RL1 and the larger airflow is tangible the larger value of
the Averaging time shouldbe set;

6. Pointdetection parameters - parameters not used in the current
version of the software. Applicable only in customized version of

the HPI Software.

h. Reports

Measurement report can also be generated from obtained data, either by
pressing Print or Preview on the measurement analysis window (fig. 9.36).

The report can be generated in the basic form where only the plot of the
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measured values is shown (fig. 9.37) or in the extended version, which

contains tables with measured data.

It is possible to copy the

straightness graph to  the
clipboard and then paste it for
example to a Word editor
document. Copy to clipboard
command is available from popup
menu that appears after right-

click on the area of the graph.
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F1G.9.36. DYNAMIC STREIGHTNESS
MEASURED DATA ANALYSIS WINDOW

9.6 Dynamic straightness measurements procedure

Dynamic straightness measurements are started by pressing the Start

Fon e BBOERUN o st Syon . 5290
[Dynamic straightness plot window - vertical axis

F1G.9.37. DYNAMIC STREIGHTNESS
REPORT PREVIEW WINDOW

button. During the measurement
points are collected by the
software and the straightness
graph is constantly updated. The
measurement is finished by
pressing the Stop button or when
the number of registered points

reaches set limit.

The straightness measurements

are driven along a straight line pointed by the laser light. The actual

measurement procedure depends slightly on the measurement mode:

angular, Wollaston or 3D.
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a. Measurement procedure — Angular optics - preparations

The Dynamic Straightness measurement in the Angular mode is

based on moving angular Retro-reflector RK1 with a constant feed rate.It is

very important to set before the measurements with the angular optics

the distance between measurement points, machine federate, the Start and

End position and the actual optical configurations, i.e. whether RK1 or

IK1 is moved and in which direction. This can be done in the special pop-

up window (Figure 9.38). This window appears always before pressing the

Start button.

Straightness parameters

Angular

Point capture method

O manual O time interval

select optics configuration

l "H RK1 l H" RK1
1K1 ‘-l—"E

Start position mm
Stop position m mm

Feed rate [1000 2 | mm/min

H H

&

® automatic (CNC)

sign calibration

(9

50 mm

o

FI1G.9.38. SELECTION OF CONFIGURATION OF THE ANGULAR OPTICS

b. Measurement procedure — Angular optics

1. Set up the laser on the measured machine and align the

optical path.

2. Start the HPI Software and select Dynamic Straightness

option.

3. Choose the measurement method: Angular.
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4. Choose distance between points, Start and End position of the
machine and the Feed rate

5. Choose the right optical configuration

6. Press Start button

7. Wait for the counter in the program to reach Os and press Start
on the machine controller

8. Stop the measurement manually or wait for the program to

reach the set distance

c. Measurement procedure — Wollaston optics— preparations

The Straightness measurement in the Wollaston mode is based on
moving Wollaston prism WP2 along machine axis. Before the measurements it
is necessary to enter into the HPI Software theparameters of the machine - the
feed rate distance between measurement points and the Start and End

position of the machine (see Figure 9.39).

Straightness parameters x

Wollaston v

Point capture method

O manual O time interval ® automatic (CNC)
Start position mm
Stop position “ mm
Feed rate |1000 | mm/min
:I ; [ ] 50 mm
—

v <

F1G.9.39. SELECTION OF CONFIGURATION OF THE WOLLASTON OPTICS

d. Measurement procedure — Wollaston optics

1. Set up the laser on the measured machine and align the

optical path.
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2. Start the HPI Software and select Dynamic Straightness
option.

3. Choose the measurement method: Wollaston.

4. Choose distance between points, Start and End position of the

machine and the Feed rate

5. Press Start button

6. Wait for the counter in the program to reach Os and press Start
on the machine controller

7. Stop the measurement manually or wait for the program to

reach the set distance

e. Measurement procedure — 3D method - preparations

The Straightness measurement in the 3D mode is based on moving
linear optics elements (IL1 or RL1) by any distance and measuring the
relative movement of the IL1 and RL1 in both directions perpendicular to
the laser beam. Before the measurements it is necessary to enter into the
HPI Software the parameters of the machine - the feed rate distance between
measurement points and the Start and End position of the machine (see

Figure 9.40).

Warning

Start position mm
End position |250.0 = | mm

Feed rate |1 = | mm/min

:I .

i [ ] 20 mm
—

- ©

FI1G.9.40. SELECTION OF CONFIGURATION OF THE 3D OPTICS

f. Measurement procedure — 3D method

1. Setup the laser on the measured machine and align the optical
path.

2. Start the HPI Software and select Dynamic Straightness option.
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.

Choose the measurement method: 3D.

4. Choose distance between points, Start and End position of the
machine and the Feed rate

5. Press Start button

6. Wait for the counter in the program to reach 0s and press Start

on the machine controller
7. Stop the measurement manually or wait for the program to

reach the set distance
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10. MEASUREMENTS — SQUARENESS

10.1 General Description

The squareness measurement is used to characterize the measured
machine geometry, i.e. the squareness of axes. The measurement is performed
using either 3D or Wollaston straightness measurement technique. In order
to obtain the proper results, two measurements with the use of a right angle
etalon are necessary. From obtained axes straightness data the squareness is

calculated and drawn (fig.10.1.).

10.2 Measurement Setup

The choice of optical elements necessary for squareness measurements
depends on the selected measurement method: i.e. 3D or Wollaston. If 3D
method is used, then the linear optics plus right angle etalon should be
used. In this case the necessary components are:

e Laser Head
e Power Supply

Linear Interferometer IL1

Linear Retro-reflector RL1

Right angle etalon RE3D or REW
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# Laser Measurement System HPI 30 - Main Menu - X
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F1G.10.1. AN EXEMPLARY SQUARENESS RESULTS

In the case of the Wollaston type measurement the necessary
components are:
e Laser Head
e Power Supply
e Wollaston prism WP2
e Wollaston retro-reflector WRP2

e Right angle etalon REW

For both methods the optional elements are similar:
e USB cable
e Manual Strobe
e Magnetic holder UM2
e Tripod stand
e Air temperature sensor

e Base temperature sensor

Squareness measurements based on the 3D method require optical

elements IL1 and RL1 to be first aligned along the laser beam as shown in the
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figure 10.2A. The element RL1 should be moved. Obtained results of the

axis straightness should be saved for further processing.

IL1 RL1
[ I >

F1G.10.2A. OPTICAL PATH SET UP FOR 3D SQUARENESS MEASUREMENTS- FIRST AXIS

In the next phase of the measurements the beam should be directed
to the perpendicular axis with the use of right angle etalon RE3D or REW.
Be careful not change the position of the laser head during alignment of
the laser path - the beam path has to be aligned only with the rotation of
either the RE3D or the REW element! The optical configuration is shown in
the Figure 10.2B. The measurement ofthe axis straightness should be

performed with the movement of the RL1 element.

FIG.10.2B. OPTICAL PATH SET UP FOR 3D SQUARENESS MEASUREMENTS- SECOND
AXIS

Wollaston squareness measurements require optical elements WP2
and WRP2 to be aligned along laser beam as shown in the figures 10.3A
and 10.3B. The beam should be directed to the perpendicular axis with the
use of right angle etalon REW.

The measurements consist of two parts. In the first part the WP2 is

moved between the laser head and the REW prism (Fig. 10.3A). During the
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second part the WP2 should be placed between REW and WRP2 (Fig. 10.3B).

WRFP2

F1G.10.3A. OPTICAL PATH SET UP FOR WOLLASTONE SQUARENESS MEASUREMENTS -
SCHEMATIC FOR FIRST AXIS. RETURN BEAMS NOT DRAWN FOR FIGURE CLARITY

WRP2'

/ REW
AN
/
§

F1G.10.3B. OPTICAL PATH SET UP FOR WOLLASTONE SQUARENESS MEASUREMENTS -
SCHEMATIC FOR SECOND AXIS. RETURN BEAMS NOT DRAWN FOR FIGURE CLARITY

The element WRP2 MUST NOT be moved during measurements. The laser
head and the REW should also be not touched during both parts of the
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measurement.

During squareness measurements the usage of the air temperature

sensor is recommended. Base temperature sensors do not have to be used.

10.3 Software description

Squareness is measured in the Squareness option, chosen from the

Main Menu. The HPI Software program window looks like it is shown in
the Fig. 10.4. The Squareness Measurement Summary window consists of

three main parts:

e Display - presents measured straightness of axes and

calculated squareness;

e Schematic chart - allows changing the currently edited axis;

e Panel with buttons

#- Laser Measurement System HPI 3D - Main Menu - X
Reference axis - file name File manager

‘ Browse...

Select folder

Statistic calculation method

Filename A Last modified
@®End point fit method

O Least squares fit method

Reference axis - select axis
® vertical O horizantal

Reference axis - plot
€
B
-0

0
Distance [ mm ]

Second axis - file name

Browse...

Second axis - select axis
@® vertical O horizontal

Second axis - plot

[}

Errar [ um |

0
Distance [ mm ]

Preview Print Compensation table Menu

[ Connection [ laser [ Sianal /[ Velocitv | Sensors Wallv link

F1G.10.4. SQUARENESS MEASUREMENT SUMMARY WINDOW

Measurement is started by the Measurement button and window shown
in the figure 10.5 appears. In this window it is possible to change the

measured axis and analyze the straightness results of each individual axis. The
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axis can be changed by clicking the proper axis onthe axes chart or by

choosing it from the No. axis pull down list.

The options available in

the squareness measurement

window also enable to

generate the compensation

table (Compensation table

,&, button) or print the results (of

a single measurement) in the

e o Conpinssfion kb Moo form of the Report (Preview

Sensors Wally link

FIG.10.5. SQUARENESS MEASUREMENT WINDOW

or Print button).

The graph can be printed or saved to a file. Those commands can be

found in File menu (i.e. Save, Save as, Print).

Before saving the file the program asks about changing machine data
(option available from pull-down menu Edit->Machine data), like machine
type, machine serial number, measured axis or machine operator (see figure
10.6). Those values allow describing performed measurement for later

analysis and they are also present on the printed report.

Measurement report can also be generated from obtained data, either by
pressing Print or Preview on the measurement analysis window. The report
can be generated in the basic form where only the plot of the measured
values is shown or in the extended version, which contains tables with

measured data.
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tachine data

Machine type Serial nurmber Auxis
Lathe SN12345

=

It is also possible to copy the

Cperator Company

Engineer Lasertex

straightness graph to the clipboard

Carmments

and then paste it for example to a Word

~ | editor document. Copy to clipboard

Measurement parameters

Measurement date  2011-02-12 23:20:52

command is available from popup

Humnidity 48% Air temperature 2586 °C

Pressure 1004 2 hPa Material temperature 2382 °C menu that appears after rlght-cllck on

the area of the graph.

F1G.10.6. MACHINE DATA WINDOW

T Conigaration The squareness option can be
Wildeteo | Parameters | Firmware upd Exdension connector | Statistics | Eotary encodsr . . - -
| tertace | postioring | velocty || Siragfiness | pitness | vioratons | Meteo | general| configured in the Configuration
Straightness data files folder Cycles in series . .
Coroganrisre somwaowessusoenre [gowen ] | = window accessible both from the
Measuremert method Statistic calcuation method Main Menu or from pull dOWI’l
@ Angular End pairt ft method
wollaston . " . .
o0 © Least sauareness i method menu Edit->Configuration in the
() Btchivaw *) bone
Puint detecton paremeters Straightness tab (figure 10.7).
hin. points interval 100 % pm
Yibrations less than 20 % pm
Point capture after 10 % 6k

Default

Apply Cancel |

FI1G.10.7. STRAIGHTNESS CONFIGURATION
OPTIONS

The Straightness Configuration Tab allows configuration which is
described in the Measurement>Straightness chapter with the difference that
the Measurement methods used for squareness measurements are Wollaston

or 3D.
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10.4 Alignment of optics for the squareness
measurements

The squareness measurement consists of the straightness
measurements for two axes. The measurement axis is selected on the
measured surface as shown in the figure 10.8. In this figure there are also

shown: directions of measurements and margins that have to be kept

during measurements.

The measurements of deviations from straightness Wollaston
are performed with linear or Wollaston optics as No. axis 1
described in the Chapter Measurements - Straightness.
Depending on the measurement axis, a different set of
optical components is used and the alignment of the
optical path is performed in a slightly different way. TT_
—

The measurements have to be performed without g6 10.8. AXES CHOICE CHART

changing the position of the laser head.

In both cases the measurements have to be performed in the directions
pointed by arrows on the schematic graph on the main screen of squareness

measurement (fig. 10.8).
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F1G.10.9 OPTICAL PATH SET UP FOR 3D STRAIGHTNESS MEASUREMENTS IN X AXIS

FI1G.10.10 OPTICAL PATH SET UP FOR WOLLASTON STRAIGHTNESS MEASUREMENTS IN
X AXIS

Configuration of optical components for 3D and Wollaston methods
are shown in the figures 10.9 and 10.10. In the figures there is omitted an REW
element (see figures 10.3A and 10.3B).
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When the machine data is properly configured (Edit-> Machine Data), the
Measurement button should be pressed. Next step is a measurement axis
selection (fig. 10.8) and the optical path should beadjusted (see figures 10.9
and 10.10). If the straightness of the first axis is measured the optical path
should be realigned and the next axis should be selected in the software. If
both axes are measured, Back button should be pressed. Obtained
squareness measurements summary (fig. 10.1) can be saved, printed or

exported to a text file (File->Save, File->Print or File->Export).

10.5 Measurement procedure

1. Set up the laser on the measured machine and align the first
optical path.

2. Start the HPI Software and select Squareness option.

3. Press Measurement button on the Squareness summary screen.

4. Choose the proper axis on the axis choice chart and press Start, New
or Repeat button.

5. Move the RL1 or WP2 to the next measurement point.

6. Continue measurements until all points on the path are
measured.

7. Stop the measurement.

8. Realign the optical path to the perpendicular axis and repeat steps
4-7

9. When straightness data of all axes are measured then the Back button
should be pressed. The software returns to the Squareness Summary
screen - see figure 10.1

10. For 3D measurement type the correct axes (Vertical or Horizontal)

should be chosen for comparison.

In order to make the measurement in the manual capture mode, the
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Measurement->Manual point capture should be selected. The measurement
begins by pressing Start/New/Repeat. Measurement points can be captured
by the Space key from the computer keyboard, Point capture button on the
panel, or by the remote Strobe button. If the last point is captured, the Stop

button should be pressed.

Measurement report can also be generated from obtained data, either by

pressing Print or Preview on the measurement analysis window. The report
can be generated in the basic form where only the plot of the measured
values is shown or in the extended version, which contains tables with

measured data.
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11. MEASUREMENTS — PARALLELISM

11.1 General Description

The parallelism measurement is used to characterize the measured

machine geometry, i.e. the parallelism of axes. The measurement is performed
using 3D or Wollaston straightness technique. In order to obtain the proper
results, two measurements with the use of a right angle etalon are necessary.
From obtained axes straightness data the parallelism is calculated and drawn

(fig.11.1.).

11.2 Measurement Setup

The choice of optical elements necessary for parallelism measurements
depends on the selected measurement method: i.e. 3D or Wollaston. If 3D
method is used, then the linear optics plus right angle etalon should be
used. In this case the necessary components are:

e Laser Head
e Power Supply

Linear Interferometer IL1

Linear Retro-reflector RL1

Right angle etalon RE3D
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#- Laser Measurement System HPI 2D - Main Menu - X

Reference axis - file name File manager

[str_cne_z-1.che Browse... Select folder
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O Least squares fit method

Reference axis - select axis
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Str_CNC x.dtd Browse...

Second axis - select axis
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e 65.01 sec = 315.19 um/m
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Distance [ mm |

Preview Print Menu

[ Connection [ Laser /[ Sigmal [ VWelodtv | Sensors Wally link

F1G.11.1. AN EXEMPLARY PARALLELISM RESULTS

In the case of the Wollaston type measurement the necessary

components are:
e Laser Head
e Power Supply
e Wollaston prism WP2
e Wollaston retro-reflector WRP2

e Right angle etalon REW

For both methods the optional elements are similar:
e USB cable
e Manual Strobe
e Magnetic holder UM2
e Tripod stand
e Air temperature sensor

e Base temperature sensor
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RE3D'

FIG.11.2A. OPTICAL PATH SET UP FOR 3D PARALLELISM MEASUREMENTS- SCHEMATIC FOR AXIS 1. 1 1

Parallelism measurements based on the 3D method require optical
elements IL1 and RL1 to be aligned along laser beam as shown in the
figures 11.2A and 11.2B. The element RL1 should be moved. The beam
should be directed to the perpendicular axis with the use of the right angle
etalon RE3D.

RE3D RE3D

ﬂ

L3
-/

1,
\'f
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|
I
4
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B et o= ke

e aY: b

1

FIG.11.2B. OPTICAL PATH SET UP FOR 3D PARALLELISM MEASUREMENTS- SCHEMATIC
FOR AXIS 2.
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Wollaston parallelism measurements require optical elements WP2
and WRP2 to be aligned along laser beam as shown in the figure 11.3.
The element WP2 should be moved first along Axis 1 and then along

Axis 2. No right angle prism is necessary for this measurement.

WRP2

11

F1G.11.3. OPTICAL PATH SET UP FOR WOLLASTONE PARALLELISM MEASUREMENTS -
SCHEMATICS

During parallelism measurements the usage of the air temperature

sensor is recommended. Base temperature sensors do not have to be used.

11.3 Software description

Parallelism is measured in the Parallelism option, chosen from the
Main Menu. The HPI Software program window looks like it is shown in
the Fig. 11.4. The Parallelism Measurement Summary window consists of
three main parts:

e Display - presents measured straightness of axes and
calculated parallelism;
e Schematic chart - allows changing the currently edited axis;

e Panel with buttons

Laser Measurement System HPI-3D



http://www.lasertex.eu/

PARALLELISM Laserte%

#- Laser Measurement System HPI 2D - Main Menu

- X
Reference axis - file name File manager
‘ Browse... Select folder

Statistic calculation method Filename & Last modified

@ End point fit method
O Least squares fit method

Reference axis - select axis

® vertical O herizantal
Reference axis - plot

&

co

o
Distance [mm ]
Second axis - file name
Browse.

Second axis - select axis

@® vertical O horizontal
Second axis - plot

B

0o

o
Distance [mm ]
Preview Print Menu
[ Connection [ jaser [ Signal [ Welocitv | Sensors Wallv link

F1G.11.4. PARALLELISM MEASUREMENT SUMMARY WINDOW

Measurement is started by the Measurement button and window shown
in the figure 11.5 appears. In this window it is possible to change the
measured axis and analyze the straightness results of each individual axis. The

axis can be changed by clicking the proper axis on the axes chart or by

choosing it from the No. axis pull down list.

The options available in the parallelism measurement window also

enable to print the results (of a single measurement) in the form of the Report

(Preview or Print button).
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F— — The graph can be

printed or saved to a file.

Those commands can be

Dstaece [ mm |

=== E found in File menu (i.e.

Save, Save as, Print, etc.)

Print Menu

Sensors Wally link

FIG.11.5. PARALLELISM MEASUREMENT WINDOW

Before saving the file the program asks about changing machine data
(option available from pull-down menu Edit->Machine data), like machine
type, machine serial number, measured axis or machine operator (see figure
11.6). Those values allow describing performed measurement for later

analysis and they are also present on the printed report.

Measurement report can also be generated from obtained data, either by
pressing Print or Preview on the measurement analysis window. The report
can be generated in the basic form where only the plot of the measured values
is shown or in the extended version, which contains tables with measured

data.
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It is also possible to copy the
straightness graph to the clipboard
and then paste it for example to a Word
editor document. Copy to clipboard
command is available from popup
menu that appears after right-click on

the area of the graph.

The parallelism option can be

configured in the Configuration

Laserte%

Machine data

Machine type Serial number

Lathe SN12345 o
Operator Company
Engineer Lasertex
Comments
Measurement parameters
Measurernent date  2011-02-12 23:20:52
Hurmidity 48% Alr temperature 2586 °C
Pressure 1004 2 hPa Material temperature 2392 °C

Apply

window accessible both from the Main
Menu or from pull down menu Edit-

>Configuration in the Straightness tab.

FI1G.11.6. MACHINE DATA WINDOW

11.4 Alignment of optics for the parallelism

measurements

The parallelism measurement

consists

of the straightness

measurements for two axes. The measurement axis is selected on the

measured surface as shown in the figure 11.7. In this figure there are also

shown: directions of measurements and margins that have to be kept during

measurements.
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The measurements of deviations from straightness are made with linear

or Wollaston optics as described in the Chapter

Wollaston
Measurements - Straightness. Depending on the
= measurement axis, a different set of optical
components is used and the alignment of the
optical path is done in slightly different way.
=
No. axis

FI1G.11.7 AXES CHOICE CHART

The measurements have to be performed without changing the position

of the laser head.

In both cases the measurements have to be performed in the directions
pointed by arrows on the schematic graph on the main screen of parallelism

measurement (fig. 11.8).

Configuration of optical components for 3D and Wollaston methods

are shown in the figures 11.8 and 11.9.

F1G.11.8 OPTICAL PATH SET UP FOR 3D STRAIGHTNESS MEASUREMENTS IN X AXIS
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When the machine data is properly configured (Edit-> Machine Data), the
Measurement button should be pressed. Next step is a measurement axis
selection (fig. 11.7) and the optical path should beadjusted (see figures 11.8
and 11.9). If the straightness of the first axis is measured the optical path
should be realigned and the next axis should be selected in the software. If
both axes are measured, Back button should be pressed. Obtained
parallelism measurements summary (fig. 11.1) can be saved, printed or

exported to a text file (File- >Save, File->Print or File->Export).

FIG. 11.9 OPTICAL PATH SET UP FOR WOLLASTON STRAIGHTNESS MEASUREMENTS IN
X AXIS

11.5 Measurement procedure

1. Set up the laser on the measured machine and align the first
optical path.

2. Startthe HPI Software and select Parallelism option.

3. Press Measurement button on the Parallelism summary screen.

4. Choose the proper axis on the axis choice chart and press Start,

New or Repeat button.
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Move the RL1 or WP2 to the next measurement point.
Continue measurements until all points on the path are measured

Stop the measurement.

©® N o w

Realign the optical path to the perpendicular axis and repeat steps
4-7.

9. When straightness of all axes is measured then the Back button should
be pressed. The software returns to the Parallelism Summary screen -

see figure 11.1

10. For 3D measurement type the correct axes (Vertical or Horizontal) 1 1

should be chosen for comparison.

In order to make the measurement in the manual capture mode, the
Measurement->Manual point capture should be selected. The measurement
begins by pressing Start/New/Repeat. Measurement points can be captured
by the Space key from the computer keyboard, Point capture button on the
panel, or by the remote Strobe button. If the last point is captured, the Stop

button should be pressed.

Measurement report can also be generated from obtained data, either by
pressing Print or Preview on the measurement analysis window. The report
can be generated in the basic form where only the plot of the measured
values is shown or in the extended version, which contains tables with

measured data.
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12. MEASUREMENTS - VIBRATION

12.1 General Description

Vibration measurements are performed with the use of linear optics.
This measurement can be used, for example, for characterization of motor l 2

movement. The laser measurement system HPI-3D is capable of detecting

machine vibrations in the frequency range from 0 to 500Hz in Bluetooth
mode and 0 to 50 kHz in USB mode. The sensitivity of measurements is 100pm.

The System allows measuring vibration in different units in single shot
and continuous mode. The parameters of the measurement can be set in the

Configuration->Vibration option.

12.2 Measurement Setup

For velocity measurements linear optics should be used.

Necessary components are (see also figures 12.1 to 12.4):

e Laser head
e Power Supply

e Linear interferometer IL1

e Linear retro-reflector RL1

Optional elements are:

e USB cable
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e Magnetic holder UM2
e Tripod stand
e Base temperature sensor

e Air temperature sensor

Vibration measurements require optical elements IL1 and RL1 to be
aligned along laser beam as shown in the figure 12.1. The laser measures the

difference of vibrations of both optical elements (i.e. IL1 and RL1).

During vibration measurements the usage of the air temperature sensor

is recommended. Base temperature sensors do not have to be used.

@

——

F1G.12.1 OPTICAL PATH SET UP FOR VIBRATION MEASUREMENTS- SCHEMATIC

Vibration measurements can be performed not only along the laser
beam (as shown in the figures 12.1 and 12.2) but also in directions
perpendicular to the laser beam. These configurations are shown in the
figures 12.3 and 12.4. In those two configurations only the retro- reflector

RL1 can be moved.
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F1G.12.2 OPTICAL PATH SET UP FOR VIBRATION MEASUREMENTS IN X AXIS

FI1G.12.3. OPTICAL PATH SET UP FOR VIBRATION MEASUREMENTS IN Y AXIS
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F1G.12.4. OPTICAL PATH SET UP FOR VIBRATION MEASUREMENTS IN Z AXIS

12.3 Software description

Vibrations are measured in the Vibration option, chosen from the
Main Menu. The HPI-3D program window looks like it is shown in the Fig.

12.5. The window consists of four main parts:

e Display - presents measurement signal level and percent of
gathered samples;

e Two plots - upper presents gathered distance, velocity, or
acceleration data, lower the Fourier Transformation (FFT) of the
upper plot;

e Measurement options;

e Panel with buttons.
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FIG.12.5. VIBRATION MEASUREMENT WINDOW 1 2

Before starting the measurements, the options located in the right panel

should be set according to the current requirements. Radio buttons enable
to select the type of input data, i.e. whether amplitude of Distance, Velocity

or Acceleration is important. Pull-down lists are used to configure

measurement duration for single cycle and
T Laser Measurement System LSP30-30 - 4

Edit_View Help to select averaging strength respectively.
Open Ctrl+0
Save trlss 7T Measurement is started by the Start
Sawve as ' ' : . . .

| button. If Continuous option is selected, the

Print Ctrl+P L
Print preview measurement has to be finished by
Export L

... pressing the Stop button. During
Exit Lo
'; EEREEEEE Continuous measurements the graph on

R S S PO S SR I SO N S S

FIG.12.6. VIBRATION PULL-DOWN MENU FILE the screen is constantly updated every

measurement cycle.

Measurement result is presented on the time domain diagram and its
FFT analysis on the frequency diagram (fig.12.8). The frequency diagram is

configured (logarithmic scales for X and Y axes and DC offset elimination)
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by checkboxes located in the bottom right part of the window. The results can

be saved, printed or exported (menu File).

Measurement report can also be generated from obtained data, either by

pressing Print or Preview on the measurement analysis window (fig. 12.8).

Machinecot The report can be generated in the
Machine type Serial nurnber Axis
Lathe ShizE A basic form where only the plots of the
Operator Company
Engineer Lasertex measured values and calculated
Comments

- frequency transformation are shown

(fig. 12.9) or in the extended version,

Meazsurement parameters

which contains also tables with
Measurement date  2011-02-12 23:20:52

Hurmidity 48% Air temperature 25086 °C measured data_
Pressure 1004 2 hPa Material ternperature 2392 °C

F1G.12.7. MACHINE DATA WINDOW
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FIG.12.9. VIBRATION REPORT PREVIEW WINDOW (PAGE 1)

It is also possible to copy the straightness graph to the clipboard and
then paste it for example to a Word editor document. Copy to clipboard
command is available from popup menu that appears after right-click on the

area of the graph.

12.4 Measurement procedure

1. Set up the laser on the measured machine and align optical
path.

Start the HPI-3D software and select Vibration option.
Configure Vibration measurement.

Press Start button and run the machine.

v i & W N

In the continuous mode press Stop button; in the single-
shot mode wait for the end of measurements

6. Save the results and/or print the measurement report.

To obtain correct results, a point where the retro-reflector is attached to
the machine, has to be carefully chosen. If the point is chosen improperly,
instead of a sought frequency f, a multiple frequencies n*fappear (where n=1,

2..) on the FFT chart. For thatreason, the retro-reflector must not be used
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with the magnetic holder UM2. Magnetic Base, Stainless Rod (SR1), and
Holding Block (HB1) should be used instead. It is worth to mention that the
system measures the vibration only in the axis of the optical path. Any

vibrations in perpendicular axes do not influence the measurement (see

fig.12.10).
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F1G.12.10. VIBRATION MEASUREMENT IN DIFFERENT AXES
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13. MEASUREMENTS - DYNAMIC

13.1 General Description

Dynamic measurements are usually used for characterization of subtle
machine movement. The laser measurement system HPI-3D is capable of
characterizing the tested machine with up to 1000 samplesper second in
the Bluetooth mode and up to 100000 samples per second in the USB mode.
In both modes the measurement resolution is 100pm. Dynamic measurements

are performed with the use of linear optics, angular, or Wollaston optics.

The System enables to perform dynamic measurement of distance,

velocity, acceleration, angle or straightness in different units.

13.2 Measurement Setup

a. Dynamic measurements of distance, velocity or acceleration

For dynamic measurements of distance, velocity and acceleration the
linear optics should be used. Necessary components are (see also figures 13.1
to 13.4):

e Laserhead

e Power Supply
e Linear interferometer IL1

e Linear retro-reflector RL1

Laser Measurement System HPI-3D
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Optional elements are:
e USBcable
e Manual Strobe
e Magnetic holder UM2
e Tripod stand
e Base temperature sensor

e Air temperature sensor

Dynamic measurements of distance, velocity and acceleration require
optical elements IL1 and RL1 to be aligned along laser beam as shown in the
figure 13.1. The laser measures the difference of distance between optical

elements (i.e. IL1 and RL1).

During dynamic measurements the usage of the air temperature sensor

is recommended. Base temperature sensors do not have to be used.

L1 RL1

-—-i-:

S

FIG.13.1 OPTICAL PATH SET UP FOR DYNAMIC MEASUREMENTS OF DISTANCE,
VELOCITY OR ACCELERATION - SCHEMATIC

Laser Measurement System HPI-3D
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F1G.13.2 OPTICAL PATH SET UP FOR LINEAR DYNAMIC MEASUREMENTS IN X AXIS

Dynamic measurements can be performed not only along the laser
beam (as shown in the figures 13.1 and 13.2) but also in directions
perpendicular to the laser beam. These configurations are shown in the

figures 13.3 and 13.4. In those two configurations only the retro- reflector
RL1 can be moved.

FIG.13.3. OPTICAL PATH SET UP FOR LINEAR DYNAMIC MEASUREMENTS IN Y AXIS
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F1G.13.4. OPTICAL PATHSET UP FOR LINEAR DYNAMIC MEASUREMENTS IN Z AXIS

b. Dynamic measurements of angle 1 3

For dynamic measurements of angle, the angular optics should be

used. Necessary components are:
e Laser Head
e Power Supply
e Angular Interferometer IK1

e Angular Retro-reflector RK1

Optional elements are:

e USB cable

e Manual Strobe

e Magnetic holder UM2
e Tripod stand

e Air temperature sensor

e Base temperature sensor

Laser Measurement System HPI-3D
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Dynamic measurements of angle require optical elements IK1 and RK1

to be aligned along laser beam as shown in the figure 13.5. Each of the

elements can be moved.

During Angular straightness measurements the usage of the air

temperature sensor is recommended. Base temperature sensors do not

have to be used.

FIG.13.5 OPTICAL PATH SET UP FOR ANGULAR DYNAMIC MEASUREMENTS -
SCHEMATIC

Angular straightness measurements can be performed not only along

thelaser beam (as shown in the figures 13.5 and 13.6) but also in directions

perpendicular to the laser beam. These configurations are shown in the
figures 13.7 and 13.8. In those two configurations only the retro-reflector

RK1 can be moved.

FIG.13.6. OPTICAL PATH SET UP FOR ANGULAR DYNAMIC MEASUREMENTS IN X AXIS

Laser Measurement System HPI-3D
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13

FI1G.13.8. OPTICAL PATHSET UP FOR ANGULAR DYNAMIC MEASUREMENTS IN Z AXIS

c. Dynamic measurements of straightness (Wollaston)

For dynamic measurements of straightness, the Wollaston optics

should be used. Necessary components are:
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e Laser Head

e Power Supply
e Wollaston prism WP2

e Wollaston retro-reflector WRP2

Optional elements are:
e USB cable
e Manual Strobe
e Magnetic holder UM2
e Tripod stand
e Air temperature sensor

e Base temperature sensor

Dynamic straightness measurements require optical elements WP2
and WRP2 to be aligned along laser beam as shown in the figure 13.9. Each

of the elements can be moved.

During dynamic straightness measurements the usage of the air
temperature sensor is recommended. Base temperature sensors do not have

to be used.

WRP2

FIG.13.9. OPTICAL PATH SET UP FOR DYNAMIC STRAIGHTNESS MEASUREMENTS-
SCHEMATIC
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F1G.13.10. OPTICAL PATH SET UP FOR DYNAMIC STRAIGHTNESS MEASUREMENTS IN X
AXIS

Dynamic straightness measurements can be performed in two

configurations - horizontal X (figure 13.10) or vertical Z (figure 13.11).In

the configuration X only the straightness of path in the X axis is measured.

The same situation is with the Z setup.

F1G.13.11. OPTICAL PATH SET UP FOR DYNAMIC STRAIGHTNESS
MEASUREMENTS IN Z AXIS
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13.3 Software description

All types of dynamic measurements are performed in the Dynamic
option, chosen from the Main Menu. The HPI-3D program window looks like

it is shown in the Fig. 13.12. The window consists of four main parts:

e Display - presents measurement signal level and percent
of gathered samples;

e The main plots - presents gathered distance, velocity,
acceleration, angle, or straightness (Wollaston) data;

e Configuration panel (right panel);

e Panel with buttons (bottom panel).

#- Laser Measurement System HPI 3D - Main Menu - X
File Edit Help
100% Data number: 0%
Dynamic plot window - 10/13/2021 Display
105 ® Distance
.
085 O Velocity
o2 O Acceleration
035
08 O Angular
075
07 Parameters
065 Sample Rate:
05 1kHz v
T oss Averaging
R 0.01s v
g 048 Measurement time [s]:
04 1 =
035 Delay ¢ =
03 elay time [s]:
025
02 Threshold [nm]
0.5
04
005 [ DC Block
° {:9) Data are valid
005 \
]
Point number
Start Menu
[ Connection [ laser [ Signal [ Velocitv | Sensors Wally link

F1G.13.12. DYNAMIC MEASUREMENT WINDOW

Before the measurement is started, the options in the right panel
should be set according to current requirements. The Averaging has four

available options that limit the maximum frequency of the measured
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movement to: 50 kHz in 0s, 50Hz in 0.1s, and 5Hz in Is and 0.5Hz in 10s
mode. The Sample Rate button is used to set the sampling frequency. The
maximum value over USB connection is 100 kHz and 1 kHz over Bluetooth
connection. For both connection types the minimum sample rate value is
50 Hz. If, for some reasons, slowersample rate is necessary, then the

measurements should be performed in the Velocity option.

The Measurement time is used for setting the total measurement time
in seconds. The Delay time option defines the time that will elapse between
pressing the Start button and the actual start of the measurements. The
Threshold box allows setting the minimum value of movement in nm
units that will trigger the measurements. Both Threshold and Delay
time can be used simultaneously: if the registered movement value
exceeds the value set as threshold, the delay time counter starts counting
down to 0. Only when the counter finishes decrementing, the acquisition is

started.

Choosing the DC Block option causes switching on the high pass
digital filter in the path. This option can be used for example to eliminate

thermal expansion effects from the measurement.

Measurement is started by the Start button. During measurements the
data are registered to the buffer. They are displayed after the measurement is
finished (i.e. after Measurement time elapses) or after the user breaks the

measurements (by the Stop button).

When both the measurement and the transmission are completed, the
measurement results are presented on the time diagram (fig.13.15). The
results can be saved, printed or exported (menu File). With the use of radio
buttons the type of input data may be chosen: Distance, Velocity or

Acceleration, Angle or Straightness (Wollaston).
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Before saving the file the program asks about changing machinedata

File Edit Help (option available from pull-down menu Edit-

0 Ctrl+ O . . . .
= i >Machine data), like machine type, machine
Save Ctrl+5
Save as serial number, measured axis or machine
Print Ctrl+ P operator (see figure 13.14). Those values
Print preview allow describing performed measurement
Export for later analysis and they are also present on
— the printed report.
FI1G.13.13. STRAIGHTNESS PULL-DOWN
MENU FILE.

Measurement report can also be
generated from obtained data, either by pressing Print or Preview on the
measurement analysis window (fig. 13.15). The report can be generated in
the basic form where only the plot of the measured values is shown or in the

extended version, veversion, which contains tables with measured data.

Machine dsts ===
Machina type Sorial number Axig
Lathe SN12345 'l

Operator Company

Enginaar Lasortax

Cormments

Maasuramant parameters
Measuremant date  2011-02-12 23:20:52
Hurridity 48% Alr temparaliung 2586 T

Pragsure 1004 2 hPa Maténial temperature 2392 °C

[ Apply Cancel ]

F1G.13.14. MACHINE DATA WINDOW

It is also possible to copy the straightness graph to the clipboard and
then paste it for example to a Word editor document. Copy to clipboard
command is available from popup menu that appears after right-click on the

area of the graph.
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F1G.13.15. DYNAMIC DATA ANALYSIS WINDOW

13.4 Measurement procedure

1. Setup the laser on the measured machine and align optical
path.

Start the HPI-3D software and select Dynamic option.
Configure Dynamic measurement.

Press Start button and run the machine.

Wait for the end of the measurements or press Stop button.

A T

Save the results and/or print the measurement report.
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14. MEASUREMENTS — ANGULAR POSITIONING

14.1 General Description

The angular positioning measurements are performed with the use of
a Rotary Encoder (Wally). This measurement is used, for example, to
characterize a movement quality of rotary axes or for very precise
measurements of a rotation angle. The System measures angular positioning
accuracy, repeatability and backlash by comparing the position to which the
machine moves (i.e. the position displayed on the machine’s readout) with

the true position measured by the laser interferometer.

The laser measurement system HPI-3D together with the rotary encoder
is capable of measuring any rotation angle with precision down to 1 arcsec.

The System allows measuring angle in different units. The parameters of the

measurement can be set in the Configuration->Rotary Encoder option.

The Rotary System Wally is connected to the PC wirelessly. The
measurements can be performed either when the Encoder is mounted
exactly in the in the center of rotation of the measured axis (in-axis

configuration) or outside the center of rotation (off-axis configuration).
14.2 Measurement Setup

For angular positioning measurements an angular optics together with
rotary encoder should be used. Necessary components are (see also figure

14.1):
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e Laser Head

e Power Supply

e Angular Interferometer IK1

e Air Temperature Sensor (TH sensor)

¢ Rotary System RE1 with integrated RK1

Optional elements are:
e USB cable
e Manual Strobe
e Magnetic holder UM2
e Tripod stand

e Base temperature sensor

RE1

FI1G.14.1. OPTICAL PATH SET UP FOR ROTARY MEASUREMENTS IN-AXIS - SCHEMATIC
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F1G.14.2. OPTICAL PATH SET UP FOR ANGULAR POSITIONING MEASUREMENTS- 1
PHOTO tl

Angular positioning measurements require usage of the rotary encoder
RE1 together with optical elements IK1 and RK1. The Rotary Encoder is to be
mounted precisely in the center of rotation of the measured axis. With the
Rotary Encoder there is integrated theAngular Retro-reflector RK1. Outside
the Rotary Encoder there are placed the Laser Head and the Angular

Interferometer IK1 as shown in the figures 14.1 and 14.2.

a. Characteristics of Wally — Rotary Measurement System

The Rotary Measurement System Wally is a standalone device

destined for accurate measurement of rotation. Any angle rotation can be
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measured with precision reaching below 1 arcsecond. The device is battery
operated and connects to a PC computer over wireless Bluetooth interface.
High capacity Li-on battery allows 24 hour operation with fast charging
lasting less than 2 hours. Battery is notreplaceable. The power supply of

the Wally is identical and exchangeable with the power supply of the HPI-

3D laser head.

Although it is possible to use the Wally in a standalone configuration, it
is recommended to operate it together with the HPI- 3D. The main

advantages of the combined laser/encoder operation are:

¢ Independence of the measurement accuracy on an imperfect
mounting on the machine,

¢ measurement of the angle against the laser beam, i.e. much
greater flexibility of the setup,

e fully automatic operation with machine compensation files

measurement reports generation.

The Rotary Measurement System is delivered in a separate case consisting of:

o Rotary unit,

o Mounting ring,

o Mounting kit for milling machines,
o Mounting kit for turning machines,
o Power supply unit,

O Necessary SCrews.

In a separate set there is delivered a special mounting for off-axis

measurement - as shown in the Figure 14.5, element 3.

Before measurements it is necessary to mount the whole kit depending
on the mechanical configuration. In the figures 14.3 and 14.4 there are shown
necessary elements for milling machines (turning tables) and for turning

machines. Assembled rings do not have to be disassembled if not necessary.
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F1G.14.3. CONFIGURATION OF WALLY FOR MILLNIG MACHINES MEASUREMENTS. 1 -
CENTRAL UNIT, 2 - MOUNTING RING, 3 - RING FOR TURNING TABLES, 4 - SCREWS
M4X8, 5 - TEMPORARY TOOL FOR FINDING TABLE CENTER

Laser Measurement System HPI-3D
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FI1G.14.4. CONFIGURATION OF WALLY FOR TURNING MACHINES MEASUREMENTS. 1 -
CENTRAL UNIT, 2 - MOUNTING RING, 3 - RING FOR TURNING MACHINES, 4 - SCREWS
M4X12.
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\

FIG.14.5. CONFIGURATION OF WALLY FOR OFF-AXIS MEASUREMENTS. 1 - CENTRAL
UNIT, 2 - MOUNTING RING, 3 - MECHANICHAL SET FOR OFF-AXIS MEASUREMENT, 4 -
SCREWS M4X12

b. Theory of operation

The Angular Positioning measurements are performed with the use of

two measurement instruments working together: the Rotary Measurement

System - Wally and the Laser Head.
The coarse value of the angle is given by the rotary encoder RE1.

The laser head has two functions during the measurements: it controls
and drives the whole process and at the same time measures the fine value
of the angle in the range of +/-10 degrees with the resolution of 0.01”. The

measurements are performed with the use of angular optics - IK1 and RK1
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and mechanical mounts.

The Laser Head and the Rotary Encoder communicate with the PC
computer over Bluetooth interface. The laser can be also connected over
USB port. The presence of the powered on the encoder is detected after
connection and signalized by the yellow color on the Rotary link field in
the Status bar.

Proper rotary measurements are possible only if the laser sets up
measurement link with the encoder. During the link set up procedure the
wireless link quality and the optical signal strength are tested. The laser tries
to drive the table to rotate -5 degrees, then +10 degrees and then -5 degrees.

If all the tests are succeeding, then the link with the encoder is set (Rotary

link field in the Status bar changes to green) and the measurements are

possible.

The procedure of setting the Rotary link requires optical path to be
aligned.

The Rotary link can be set by pressing Rotary link field in the Status bar.

The Rotary link is automatically broken when the optical path is 1 4

broken.

During measurements the laser monitors the current rotation of the
RK1 element. If the measured angle is outside internally set range, then the

HPI Software issues wireless command the encoder to counter rotate.

Preferably the measurements should be performed with mount of the
central unit in the center of axis rotation, i.e. in so called in-axis
configuration. If such mechanical configuration is not possible, then the off-
axis setup has to be used with or without the additional off-axis mounting
(depending on the mechanical configuration of the measured axis). An

illustration of Wally placement on the machine is given in the Figure 14.6.
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F1G.14.6. PROPER MOUNT OF ROTARY SYSTEM ON THE MACHINE

c. Rotary measurements — hardware preparations

Depending on the requirements the Wally has to be properly assembled
and mounted on the machines. Then the HPI-3D laser head has the be aligned
with the Wally (see Figure 14.6). Optical path alignment is given in the
Chapter 14.].

In the case of turning tables or milling machines, the configuration

shown in figure 14.7 has to be prepared.

First the assembled ring has to be installed in the center of the
rotation of the machine’s measured axis. For this purpose, special tool can
be used - see element 5 in the figure 14.3. Then the central unit has to be

placed inside the ring, rotated clockwise and fastened with both wings.
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For highest accuracy red dots on the ring and the central

unit have to be close to each other.

F1G.14.7. ROTARY SYSTEM ASSEMBLED FOR MILLING MACHINES MEASUREMENTS I 4

In the case of turning machine the assembled ring has to be installed
in the machine’s spindle. Then the central unit has to be placed inside the

ring, rotated clockwise and fastened with both wings - see figure 14.8A.

For measurements off the rotation axis there is necessary precision
right angle set (delivered separately). The elements of the off- axis setup are

shown in the Figure 14.5 and the assembled system in the Figure 14.8B.
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F1G.14.8A. ROTARY SYSTEM ASSEMBLED FOR TURING MACHINES MEASUREMENTS
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F1G.14.8B. ROTARY SYSTEM ASSEMBLED FOR OFF-AXIS MEASUREMENTS
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d. Rotary measurements — battery charging

The central unit of the Wally is operated from an internal, high
quality, lithium-ion battery. The battery is rechargeable and non-
replaceable. It can be charged either with the attached power supply unit
or with the power supply unit of the HPI-3D laser head. Thecharging
process takes around two hours to complete, yet 20 minutes charge is

usually enough for 8 hours of measurements.

e. Rotary measurements — elimination of error sources

One of the main advantages of the laser based angle measurement
systems is their low sensitivity to imperfect mounting of the measurement
components. Still an attention is required for proper mounting on the

machine in order to reduce the errors to unmeasurable values.

The two main possible error sources are:

¢ mounting the rotary encoder outside the rotation axis,

e mounting the rotary encoder at an angle to the rotation axis. l I

Mounting the encoder precisely inside or outside the rotation center
does not influence the measurement accuracy as long as the eccentricity is

lower than 1mm.
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F1G.14.9. ROTARY SYSTEM TURNED INTO THE ALIGNMENT POSITION

A non-negligible influence on the accuracy has the mounting the laser

and the central unit at an angle to the rotation axis. In order to minimize

this problem certain precautions should be taken:

1)

2)

3)

When inserting the central unit into the ring, the red dots should

be close to each other;

In the beginning of the alignment procedure, before the 1K1
element is used, the rotary unit should be rotated to the
alignment position (see Fig. 14.9), i.e. with the mirror facing the
laser. The laser head should be aligned (mostly with angular
mountings) in such a way that the beam reflected from the
mirror returns back to the front of the laser head. This
operation forces the laser beam to be perpendicular to the

rotation axis.

In the next step the laser beam should be directed to the input
of laser head and the software should be started with Display ->

Adjustment shown. The position of the laser beam should be
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within the middle of the chart. Then the axis under measurement
should be rotated by 90 degrees with Wally counter rotated
by the same angle. The change of beam position on the chart
should be marked. The operation should be repeated for 180
and 270 degrees. The lower are variations of the beam position,
the better accuracy of the angle measurement. For radiuses of
the measured tables of 0.5-3m good accuracy is obtained if the
beam position variations are within +/- 0.5mm. If the variations

are higher, then the mounting of the Wally has to be checked.

4) Only then the Wally can be rotated to the measurement position
and IK1 can be inserted into the optical path. Laser head position
should be changed only in horizontal or vertical plane (no angular

adjustments).

14.3 Software description

The described device option can be used either for measurement of

any rotation angle or for angular positioning measurement.

a. Connecting with Wally

The Wally is to be wirelessly connected to the PC computer over
Bluetooth 4.0 or higher interface. The connection is carried on in the
Configuration->Interface option (see figure 14.10). In the Communication
interface pane, the Wally button has to be pressed and then the Search... After
a while the compatible rotary units will be listed in the Devices list. Now the
device with proper serial number (it can be read on the bottom steel ring of
the central unit) has to be chosen and Reconnect button should be presses.
After a short while the devices should be connected and a value in the Battery

level should appear.
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b. Measurements of the rotation angle

In order to start Rotation measurements in the Main Menu the Display
button should be pressed. On the screen there should appear a window

Display as shown in the fig. 14.11. The functionality of the window is very

similar to the one described in the

¥ Configuration x
L Velo ions/Dynami FElatr R ncod Stat b uLevel ] 1
Interface Qenar:I c:nrameiers Mer:::.c Wﬂeﬁeon“gFrmw:rl:':p:me e’.Exte:-::li‘:nl::r\ner.i:‘mm Eos::nhq Chapter 3 Wlth the dlfference that
Communication interface
Ouss O simulator OptiOl’lS necessary for rotary
(O Buetooth @ Waly
pev-ces st R
ROTARY 721116 ]
measurements are visible (see
figure 14.12). In the top left
Battery level.
(o X corner of the window there is
Connection state . . .
[Searching conpees ' give Wally battery level indicator.
Apply Cancel

F1G.14.10. CONNECTION TO THE ROTARY
SYSTEM

The additional options become visible in the bottom right 1 4

corner of the window only after the Measurement type is set to

Wally.

On the Status bar on the very bottom of the screen there is present a
Wally link segment. As described in the chapter 3 this segment has three
states:

e gray - rotary encoder RE1 not present or not detected;
e yellow - rotary encoder RE1 detected but no link to the laser or
the link was broken;

e green -rotary encoder RE1 properly connected and linked.
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The measurements are possible only when the link with encoder is
set - i.e. when the Wally link segment is green. Setting the link requires
proper alignment of IK1 and RK1 first. Only when the elements are aligned
the Wally link segment should be double clicked. The procedure of setting

the link, as described in Theory

] ;1 2 (®) 2 '4. 5 " | of operation section, should be

BE asec .
3 i started. When the procedure is
I [ o = finished successfully the Wally
i t —_ link segment turns green and
" @ SN ~ o (o [%
Recrs Restpston cnsen s the measurements are possible.

R e e i ——— ) [ Ny T = ——— Wally ik

FI1G.14.11. DISPLAY WINDOW WHEN
ROTARY ENCODER IS PRESENT

Setting link to the rotary unit is possible by left mouse button press

on the Wally link segment of the

Wally - parameters

2l @ O % status bar. Breaking the link

Configuration Menu with the rotary table is done

automatically when the laser

beam path is broken.

o semsos Wally link
FIG.14.12. DISPLAY WINDOW OPTIONS FOR
ROTARY ENCODER

Only when there is set link between Wally and HPI
Software the laser automatically traces the position of the

Wally.
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Buttons in the Wally - parameters panel are used as additional tools
during operation with Wally. The buttons are described below. The buttons

are useful only when there is no Wally link!

2 : ey
¥

- after pressing the button Wally rotates by

the value set in the ° * box. The value is in degrees, e.g. 20.2 means
rotation by 20.2 degrees or 20 degrees and 12 minutes.

D

- after pressing the button © Wally searches automatically for
the best position of the RK1 element by rotating the element and

monitoring input beam strength.

O %

- after pressing the button @ the current position of
Wally is remembered. The, after for example machine movement, the

)
position can be retained by pressing the button

c. Measurements of angular positioning

In order to start Angular Positioning measurements in the Main Menu
the Angular Positioning button should be pressed. On the screen there

should appear a window Angular Positioning as shown in the fig. 14.13
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OO

OO

0' 0.01"
0' 0.00"

Start Reset positon

Atomatac points enerate Cycles number: 1/ 3 Meausement method Liewar

Ret. | Xafasec] | Xr[asec]

Menu

F1G.14.13. ANGULAR POSITIONING WINDOW

d. Pull down menu - File

The menu bar of this window contains
following options: File, Edit, Measurement, View,
and Help. In the File option (figure 14.14) there
can be found commands for reading measured
data from a file, saving the data to a file, printing
measurements results or exporting them to a

file.

Edit Measurernent Wiew Help

Open Ctrl+0
Sawe Ctrl+5
Sawve as

Print Ctrl+P

Print preview

Generate CNC path
CHC compensation table
Export

Pos_Harnas12345x.dt2
Pos_exarmple.dt2
Fos_BFK130BFK130 300 di2
UnionX_3.dt2

Exit:

F1G.14.14. POSITIONING PULL-DOWN
MENU FILE

Other important options available in the File menu are options for

generating CNC path and preparing compensation table.
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e. CNC path generation for in-axis measurements

CNC path generation options
allows automatic preparation, by the
HPI-3D software, the G-code program
compatible with most CNC control
systems. The options of the path
generation are set in the separate
window as shown in the Figure 14.15
for in-axis measurement and in the

Figure 14.16 for off-axis measurements.

CNC path generation

Sofware parameters
Measurement method

linear

® g code (Fanuc)
O g code (Siemens)

i‘n
3

Start point

Axis.

9k

O Heidenhain
Q osal

End point

3|deg

[3s0.000

Clearance

1.000 2| deg

Total distance: 352.000 deg

Software table
Header

%
o1000
G4g

GO1 G40

3| deg

Feed Rate

Main Program

Stop time

o 8lomn 5]
O Mefi OFagor
O Mazak Matrix 2
[ Off axis measurement
[ Add comments

Cycles number

X-1.000
G4 P4000
X1.000
G04 P4000 ®1

(clearance)

GO4 P400D

Footer

X10.000
GO04 P4000

M2
%

X10.000
G04 P4000
X10.000
G4 P4000
X10.000
G4 PADNO

2

X10.000

3

Cycle 1

(P4 - Cycle 1

®s

)l
)
Cydle 1)
)l
)

- Cycle 1

(Ph - Cucle 11

Preview

Print

Save

Close

F1G.14.15. CNC PATH GENERATION
WINDOW FOR IN-AXIS

In the upper part of the window the machine movement parameters are

set. In the lower part the generated program can be viewed and edited. The

results can be saved to a text file or previewed and printed.

Following parameters in Software parameters panel should be

configured in order to generate the proper code:

e Measurement method - should be set accordingly with the

chosen measurement method (see below). Choice must be made

between linear, pendulum, pilgrim effective and pilgrim standard;

e Axis - the measured machine movement axis should be chosen

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

e Feed Rate - the maximum machine feed rate in the chosen axis

during measurements can be modified. The chosen value cannot

be greater than machine limitations (see manual of the tested

machine).
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e Stop Time - the time the machine stops at every measurement
point. This time is necessary for the HPI Software to capture
measurement point. The proper value of this parameter depends
on the tested machine and on Point Capture parameters of the laser
(described later in this chapter).

e Step - the distance between measurement points.

e Start point - the initial position of the machine in its own

coordinate system.

¢ C(Clearance - additional machine movement used to compensate
backlash. The chosen value should be large enough for the

proper backlash compensation of the machine.

¢ Points number - sets the number of measurement points.

e Cycles number - sets the number of generated movement cycles.
For proper calculation of statistical parameters in Report the
number of measurement cycles should be not lower than three.
The more measurement cycles are chosen the better
characterization of the machine is done but the longer the

measurement process lasts. The number of cycles should be the

same with the value in Configuration->Positioning->Cycles in

series.

e gcode/Heidenhain - it is possible either to generate the standard
G-code program or a version compatible with Heidenhain machine

controls.

e Off axis measurement - opens elements used for machine path
generation for off-axis measurements - see Figure 14.16. Option
is active only after software unlocking - please contact local
distributor for more details. Path generation for off-axis

measurement is described in more details in the next chapter.
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CNC path generation ®
Sofware parameters
Measurement method Axis Feed Rate Stop time Cycles number
dhe 1 [ Sagm o B]s
® g code (Fanuc) (O Heidenhain O Mefi O Fagor
O g code (Siemens) O 0sAl O Mazak Matrix 2
File no.
Off axis measurement Linear axis
Start point End point [ &dd comments
‘o.m 2 | deg |350‘cm 2] deg
Step
Clearance
1.000 - | deg
Generate

Total distance: 352.000 deg

Software table

Header Main Program

X-1.000 0.000 *
GO4 P4000 (clearance)
X1.000 0.000

GO4 P4000 (P1 - Cycle 1)
X10.000 0.000

GO4 PA000 (P2 - Cycle 1)
X10.000 0.000

Footer G04 P4000 (P3 - Cycle 1)
X10.000 0.000

GO4 P4000 (P4 - Cycle 1)
X10.000 0.000

GO04 P4000 (PS5 - Cycle 1)
X10.000 0.000

G04 PAOND (P - Cvele 11

% ~
01000

G489

GO1 G40 v

M2
%

Preview Print Save Close

F1G.14.16. CNC PATH GENERATION WINDOW FOR OFF-AXIS MEASUREMENTS

f. CNC path generation for off-axis measurements

Proper off-axis measurements are not possible without proper
movement of the measured machine. During machine movement the distance
between optical elements 1K1 nad RK1 (mounted on the Wally) should be 1 1

constant. This requires during table rotation instantaneous movement in two

linear axes: main and auxiliary one. Manual generation of such a path is very
difficult thus in the HPI Software there is included step-by-step tutorial,

explained below.

0) Phase 0 - Wally and laser are to be mounted on the machine as

described in previous paragraphs.
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1) Phase 1 - Main axis of the
machine (see Figure 14.17) is
to be moved to make the laser
beam alignment crosses close

of

adjustment chart (fig. 14.17).

to the center the
With the movement of the
auxiliary axis there is to be
set a distance between IK1
element and the central unit.
The accuracy of this distance

should be better than 10cm

= Offaxis

Rotary axis value

Linear axis - Main

Linear axis - Aux

0.000 = | mm

Phase 1

3D Adjustment
1,000

800

600

400
200
o
-200
-400

um

-600
800
1,000
-1,000 -500 0 500 1,000

um

[4 Measureme nt Beam - Reference Beam | oy

Next

and does not have to kept very

F1G.14.17. PHASE 1 OF THE OFF-
AXIS PATH GENERATION

precisely. After the machine is set, the markings of the Main and Aux axes

are to be put in the software window - in Linear axis - Main and Linear

axis — Aux fields respectively. In the example in the figure 14.17 Main is

axis14.17 Main is axis X, Aux is axis Y. The values from the machine

absolute coordinate system are the written in the software as well in the

PO fields.

2) Phase 2 - machine is to be rotated in the measured axis by +45 degrees

(figure 14.18)

Phase 2

v

,§§;’¢§§0§§§§§§

==

F1G.14.18. PHASE 2 OF THE OFF-AXIS PATH GENERATION
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3) Phase 3 — Wally is to be rotated in the same direction like the machine. As
shown in the figure 14.19, in the Phase 3 there available two buttons with
arrows. Pressing the buttons rotates Wally by predefined +45 or -45

degrees.

Phase 3

e

f
{

BEebs. 23888

==

F1G.14.19. PHASE 3 OF THE OFF-AXIS PATH GENERATION

4) Phase 4 — Machine is to be moved in the linear Main axis until the crosses

return to the position they were during Phase 1 (see Figure 14.20).

Phase 4

N 14

n

™3

TITINTIIN

F1G.14.20. PHASE 4 OF THE OFF-AXIS PATH GENERATION

5) Phase 5 - Machine is to be moved in the linear Aux axis until the distance

between IK1 and RK1 becomes similar to the value during Phase 1. The

required accuracy is <10 cm. The absolute positions of the machine in the
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Main and Aux axes are to be written into the P0+45° fields in the software -

see figure 14.21.

¥ Off %
Phase 5
PO + 45°
-
-1 - @

3D Adjustment
1,000

um
o

-1,000 -500 ] 500 1,000
um

[ Measurement Beam - Reference Beam | Back

F1G.14.21. PHASE 5 OF THE OFF-AXIS PATH GENERATION

6) Phase 6 - machine is to be rotated in the measured axis by -90 degrees
(figure 14.22)

Phase 6

3D Adjustment
1,000

800
&0
00
200

E o

F1G.14.22. PHASE 6 OF THE OFF-AXIS PATH GENERATION

7) Phase 7 - Wally is to be rotated in the same direction like the machine, i.e. by

-90 degrees - see figure 14.23.
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Phase 7 +45°

3D Adjustment
1,000
800
600
400
200
0

pm

o

F1G.14.23. PHASE 7 OF THE OFF-AXIS PATH GENERATION

8) Phase 8 - Machine is to be moved in the linear Main axis until the crosses

return to the position they were during Phase 1.

Phase 8

3D Adjustment
1,000

um
o

F1G.14.24. PHASE 8 OF THE OFF-AXIS PATH GENERATION

9) Phase 9 - Machine is to be moved in the linear Aux axis until the distance

between IK1 and RK1 becomes similar to the value during Phase 1. The
required accuracy is <10 cm. The absolute positions of the machine in the

Main and Aux axes are to be written into the P0-45° fields in the software -

see figure 14.24.
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W Off X
Phase 9
PO + 90°
" =m0

3D Adjustment
1,000

800

600

400

200

g 0
-200
400
600
800
1,000
-1.000 -500 ] 500 1000

um

[ Measurement beam 4 Reterence Beam | Back

F1G.14.25. PHASE 9 OF THE OFF-AXIS PATH GENERATION

10) Phase 10 - Machine is to be rotated back to the start position.
11) Phase 11 - Wally is to be rotated back to the start position.
12) Phase 12 - Machine is to be moved back in the linear Main axis to the start

position.

13) Phase 13 - Machine is to be moved back in the linear Aux axisto the start

position.

14) Summary - after the movement phases the machine and the Wally should

be in the start position and the software should show the summary screen

as presented in the Figure 14.26 with collected data. From the generated

data the CNC path is generated.
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F Offaxis X
Summary

Linear axis - Main:
PO = 0.000

PO + 45° = 0.000
PO + 80° = 0.000

Linear axis - Aux
0.000

3D Adjustment
1000
800
600
400
200
0

um

-200
400
600
800
1,000
1,000 -500 0 500 1,000

m

[ Measurement Beam - Reference eam | Back

F1G.14.26. SUMMARY OF THE OFF-AXIS PATH GENERATION

g. Pull down menu - Edit

In the pull-down menu Edit option (fig. File | Edit Measurement CNC View F

14.26) there are commands for setting Open cul+0

Save Ctrl+5

measured machine data (Fig 14.27), defining Saveas

machine error limits (fig. 14.28), previewing Prnt ChriF I 4
Print preview

obtained positioning results, editing positioning Export

points (when option Target Points from List ROTARY_example.dt11
Exit

from menu Measurement is active) and
_ o _ _ FIG.14.27. POSITIONING PULL-DOWN
changing overall positioning configuration. MENU EDIT
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Machine data )
Machine type Serial number Axis
Harnas 123E45|
Operator Company

Lasertex

Comments

Measurement parameters
Measurement date  2011-02-05 22:55:45
Humidity 32% Air temperature 20,00 °C

Pressure 1013,2 hPa Material temperature 2007 °C

F1G.14.28. MACHINE DATA WINDOW

h. Machine error limits

In the Edit option allowable error limits of the machine for different
norms (option Machine error limits - Fig. 14.29) are configured. The results

of the angular positioning measurements are compared with these limits. This

T option is especially wuseful
Machine name |~ [nMtea | 150 voi [esl [en [us | i
> reee i S ——— when there are checked many
m3sa ‘ Forward Forward Mean Forward
45 ‘ 12 \um 12 um 12 un 10 un .
machines of the same type
Reverse Reverse Mancimal Reverse
L 12]un 12 un 12 un 12|um .
Srectonal  idrectona Hean and the same requirements on
12 um 12 um 12 um

their accuracy are expected.

Notes

ERNENENEEC

F1G.14.29. MACHINE ERROR
LIMITS WINDOW
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Norm

Iso 230-2 -|
Machine

[m15 -|
Param. Max. Walue
Accuracy [um] [urn]
farard 120 3n
reverse 12,0 3.2
overall A 120 67
Repeatability [um] [urm]
iforvard R 120 25
reverse R 120 21
bidirectional R 12,0 63
Reverse eror [um] [ur]
mean 120 35
maximal 120 39
Position. deviation [pm] [urn]
farward E 10,0 20
reverse E 120 13
mean E 120 15

F1G.14.30. MACHINE ERROR LIMITS COMPARATION PANEL

i. Positioning points generation

If option Target Points from List from Measurement menu is active,

then the program expects the measured machine to stop in points defined

in the Positioning points Postianing points )
Poirts table Parameters
Window as Shown in the No. Point [mm] | Start position 0,0000 % rm
0 00000
. . 1 50,0000 Distance 00000 % mm
figure 14.31. Points can be 2 100 0000 , -
@ Interval 00000 & mm
3 150,0000
entered manually or can be 4 2000000 ) Points number 5 %
5 250,0000 I caloait l
New alculate
generated from the input
I Read H Sawe l
parameters: start position,

i . fi F
distance and interval or -'--:L_CP:)@:D@:&@:&@EB
ber of points. The point F=0=0=0=0
numper o pOIn S. e p01n S l Delete paint ] [ Delete all ] € O_OO

are calculated when Calculate
button is pressed. Obtained

F1G.14.31. POSITIONING POINTS
points can be saved to a file. GENERATION WINDOW
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www.lasertex.eu ANGULAR POSITIONING

j. Configuration of Positioning measurement

In the Rotary encoder tab in the Configuration window the important
parameters of the angular positioning measurements can be set (Fig. 14.32).
There are four available methods for checking machine’s positioning:
Linear, Pendulum, Pilgrim standard and Pilgrim effective (buttons in

Measurement method panel).

- Configuration x - Configuration x
» General settings ra) » General settings Fa ) L
—_— \) Angular positioning \J Angular positioning
¥ Measurement ¥ Measurement
Measurement method ~ — Source of points ~
Positioning Positioning . i
Linear Pilgrim Pendulum @® automatically generated Olist Create point list
Straightness Straightness
% %@E@ [ Skip backlash compensation
Flatness Flatness
[ Correct target value
Angular positioning No. of series Angular positioning
il = [ stop after each series
- 3 +
R ckenced _ ppdaned [ Unidirectional measurement
——— | Pointcapture -
@ manual O automatic Point detection parameters
Min. angle
Source of points
B 10000 |+ |deg
@® automatically generated Olist Create point list
Vibration |ess than
[ Skip backlash compensation - 0.0250 + | deg
O Correct target value Point capture after
O Stop after each series sek
I Unidirectional measurement Max. acceptable error
B 05000 |+ | deg
Point detection parameters Default
v v
Apply Cancel Apply Cancel

F1G.14.32. LINEAR POSITIONING COFIG WINDOW

Max Acceptable Error is an option where the maximal acceptable error

level is set. Above this limit, the software generates a warning.

In the Cycles in series field the number of complete measurements cycles

is set. The greater number of cycles is used the better result is achieved.

Options Point capture after and Vibrations are valid only when the
automatic point capture is chosen. These options are used to configure a
time delay required by the machine to settle the position successfully and
the acceptable level of vibration (level of vibration depends mainly on the

measured machine).

Min Points Interval configures minimal distance between positioning
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points.

k. Pull down menu — Measurement

Measurement menu includes the options
Measurement CNC  View Help

Correct target value related to the measurement process:

Stop after each cycle

Skip backlash compensation Stop after each cycle - if this option is active
R program breaks the measurement when a

® Manual point capture

measuring cycle is completed; if it is not active

® Automatic points generate

Points from list the configured number of cycles is executed.
F1G.14.33. POSITIONING
PULL-DOWN MENU
Correct target value - setting this option enables to change an earlier
defined distance value of a measuring point during the measurement process.
Before the point is captured, appears a windowin which a new distance

value can be written. In the edit field there are only marked places after comma

what causes that it is not necessary to write the whole distance.

Automatic point capture - program captures measurement points

automatically using settings from Configuration. In this mode thesystem

itself recognizes the moment of stop, the value of target point, the direction
of movement and the series number. Option exclusive with “Manual point

capture”.

Manual point capture - measured points are captured by the program
when a Manual Capture button, Space key or a remote Strobe button is

pressed. Option exclusive with “Automatic point capture”.

Automatic points generate - positioning points are calculated
automatically by the program. Points calculation is performed in first

measuring cycle. Option exclusive with “Points from list”.
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Points from list - when this option is selected on the screen appears
a window for positioning points edition. This window enables to write or
calculate distance values for positioning points which are compared to
measured points during positioning measurement. Option exclusive with

“Automatic points generate”.

View Help View menu is used to switch on or off a

Show pict iati i i
oW pretegram Deviation table and to switch on schematic

" Deviation table

v Al oycles diagram of selected measurement method.

F1G.14.34. POSITIONING PULL-
DOWN MENU VIEW

14.4 Measurement procedure

If the system is ready to work, then two digital displays and the gauge
of measuring signal level appear on the screen. On the upper display the
measured value is shown. On the bottom display the value of the target
position (read from data points table or appointed automatically) is
shown. Under the displays on the left side there is shown a graph on which

the results of measurements are shown. On the right side an Error Table

can be found. Under the graph three buttons can be found: Start - begins the
measurement, Reset Position -resets the measured value and the button

Main Menu - re-enters to the Main menu.

In the bottom part of the window a status bar can be found which
presents a configuration of the positioning measurements. In the first field the
information about the points capture method is placed (manual or automatic).
The next field informs about number of cycles in series (number of cycles

executed one after one, if not active is the option Stop After Cycle).

In the third field there is shown the information about measurement

method selected in the Configuration. The angular positioning
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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 (TargetPoints From List). Points are detected
with 1 degree tolerance in automatic mode. In case of manual mode

accuracy is also defined.

During the measurement points can be captured automatically or

manually as described earlier in this chapter.

a. Rules of automatic positioning measurement

For correct operation of the automatic positioning measurement option

below rules should be followed:

1) Thetime of machine stand still duration in the positioning point
must be no less than 1 second - default value (this can be
changed in the Configuration->Positioning->Point detection-

>Point capture after),

2) Vibrations of the target should be less than 10 arcsec - default value

14

(this can be changed in the Configuration->Positioning->Point detection-

>Vibrations less than),

3) Backlash compensation move of the machine should exceed 1 arcmin.

If vibrations are too large and system does not capture points, the

option Manual Capture should be switched on in the Measurement menu.
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b. Remarks on measurements and data analysis

Examination of angular positioning of machine consists of at least 2
measuring cycles.

In every cycle the measured

[T ey

— :23496.2143

FamA e TR

machine rotates the retro-reflector for

programmed distance clockwise and

0.0000 counterclockwise.
-t-:; P Sl N‘m xl[:“:] Xr Jasec]
[ : e i TR e J 2 T4 ::
52 . B . :
: oo After each rotation the machine
= ¢ 8 jm .:
= \ =2 3 9 -0 3 :
. .« w2 o should stop for a short time (atleast
Bt | Bowe | Rewn ™ e one second).

Autoeratic points generste Cyides numbir 2 Maasuremint mathod; Linse

FI1G.14.35. POSITIONING WINDOW AFTER
FINISHING A FULL MEASUREMENT CYCLE

The measured angle by the laser system is saved in the table of

results.
e — - x-[-m]“mu;;\“ After one cycle, if Stop 'I 4

) . EES after each cycle is set or after

LA o § ’
B % & the whole measurement process,

/

/ the window with results appears

'{ (figure 14.35).
™ okt 89w Buttons Remove and Add

> Report Delete Add Back Menu

can be used to remove or add the

FI1G.14.36. DATA BROWSING WINDOW
measurement cycle. It is possible to

change the measuring cycle in which accidental error is possible.

Browse button opens data browsing window (figure 14.36) where each

data cycle can be viewed and analyzed.
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Both from main positioning window and from data browsing window
the measurement report can be generated. If at least two series of measuring
cycles are completed, statistical calculations can be performed and the report
can be generated. In order to get the final report, the Report button has to be
pressed. The screen of the computer after pressing the Report button is

presented in fig. 14.35.

The positioning results are S
e e e Results
presented on the graph and in the -

Results panel. This panel is also =gt

used to set measurement data

processing parameters. The norm

defines a statistical method used

in calculations and can be chosen e = Tt ack

Cydes number. 2 Poiats number: 10 Messurement method. Linesr

from a pull-down list. Norm FIG.14.37. ANGULAR POSITIONING REPORT WINDOW
selection causes recalculation of
the results. Limit values for measured machine parameters are presented

in this panel. They are assigned to the machine that is chosen from

Machine pull-down list. If the error value exceeds limits for the machine, 1 4

this error is displayed in red.

Under the graph there are: buttons used for report Preview, Print the
report, change of the graph Parameters, and return to the previous

window.

The axis scale can be changed using Axis Scale (automatic scaling or
assignment, minimum and maximum values) option available by right

mouse click on the graph.

The report can be generated in a simplified or an extended form. The
selection window is shown each time the Preview or Print buttons is pressed.

The simplified version consists of three pages: the title page, the results page
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and the chart page. The logo on the title page can be changed in the
Configuration. In the Extended Report additional pages with measurement
results are added. The number of additional pages depends on the number of

measurement points.
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15. MEASUREMENTS - VELOCITY

15.1 General Description

Velocity measurements are performed with the use of linear optics.
This measurement can be used, for example, for characterization of motor
movement. The System enables to measure velocity in different units. It can
be configured in Configuration->Velocity option. The value of velocity is

sampled every 40ms.

15.2 Measurement Setup

For velocity measurements linear optics should be used.

Necessary components are (see also figures 15.1 to 15.4):

e Laser Head
e Power Supply
e Linear interferometer IL1

e Linear retro-reflector RL1

Optional elements are:
e USB cable
e Manual Strobe
e Magnetic holder UM2
e Tripod stand

e Base temperature sensor
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e Air temperature sensor

Velocity measurements require optical elements IL1 and RL1 to be
aligned along laser beam as shown in the figure 15.1. Each of the elements can

be moved.

During velocity measurements the usage of the air temperature sensor

is recommended. Base temperature sensors do not have to be used.

IL1 RL1
[ I |

FIG.15.1 OPTICAL PATH SET UP FOR VELOCITY
MEASUREMENTS- SCHEMATIC.

FIG.15.2 OPTICAL PATH SET UP FOR VELOCITY MEASUREMENTS IN X AXIS.

Velocity measurements can be performed not only along the laser beam
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(as shown in the figures 15.1 and 15.2) but also in directions perpendicular to
the laser beam. These configurations are shown in the figures 15.3 and 15.4.

In those two configurations only the retro- reflector RL1 can be moved.

FIG.15.3. OPTICAL PATH SET UP FOR VELOCITY MEASUREMENTS IN Z AXIS.

FIG.15.4. OPTICAL PATH SET UP FOR VELOCITY MEASUREMENTS IN Y AXIS.
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15.3 Software description

Velocity is measured in the Velocity option, chosen from the Main
Menu. In the Fig. 15.5. there is presented a main window of the Velocity

option in the HPI Software. The window consists of four main parts:

e Display - presents a current velocity and measurement signal
level;

e Velocity plot - blue line is a plot of the measured velocity; red line
is a plot of the averaged velocity;

e Velocity value table - a table containing consecutively numbered
samples, time elapsed from start, and current velocity value;

e Panel with buttons

T Laser Measurement Systern LSP30-3D - Velocity Measurement [o [ @ ][]
File Edit View Help

Measurement signal level Velocity [mmis] Digits |« I 8

[ 100%

Change sign

Velocity plot window - 2011-02-05 No. |Tlme[s]| V [mmis] | -
Point - 82 0o 3322
0,04 3955
4 0,08 4,430
0,12 2,531
% 3 0,16 3797
E 020 0,791
g2 024 4588
2 0,28 3,481
ad 032 3481
036 3,481
040 4588
o 0,44 3539

n 48 ?MA e

Stop Menu

Points number: 0

FIG.15.5. VELOCITY MEASUREMENT WINDOW.
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Velocity measurement is launched by the Start button and software

performs a continuous velocity data acquisition of the measured object. The

measurement is finished by the Stop button.
During measurements the velocity graph will
be constantly updated on the screen. By
clicking on a part of the graph and moving the
mouse rightwards the graph can be zoomed.
By clicking on a part of the graph and moving
mouse leftwards the zoom is cancelled. The
graph can be printed or saved to a file. Those
commands are available from the File menu

(i.e. Save, Save as, Print - see figure 15.6).

Before saving the file the program
asks about machine data (option available
from pull-down menu Edit->Machine data),
like machine type, machine serial number,
measured axis or machine operator (see
figure 15.7). Those values allow describing
performed measurement for later analysis
and they are also present on the printed

report.

Laser Measurement System HPI-3D

[File Edit ‘iew Help

Open Ctrl+0
Sawve Ctrl +5
Sawve as

Print Ctrl+P

Print preview
Export

Exit:

F1G.15.6. VELOCITY PULL-DOWN

MENU FILE.

Machine data

Machine type Serial number
Lathe SN12345

Operator Company
Engineer Lasertex

Comments

Measuremeant parameters
Measurement date  2011-02-12 23:20:52
Humidity 48% Air temperature

Pressure 1004 2 hPa Material temperature

Axis

P-4

2586 °C

2392 °C

| sepy | | Cancel

I

F1G.15.7. MACHINE DATA WINDOW
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e Measurement report can

Vel bt e - A2 | S l‘o. ITI;;; V‘(m‘alsngs =
A also be generated from obtained
i data, either by pressing Print or
AR Preview in the measurement
= analysis window (fig. 15.8). The
A AR report can be generated in the

Mean velocity: 1,256 mm/s 53 1og 1947 3

Preview | Print | New | Menu | .

P im0 basic form where only the plot of

FIG.15.8. VELOCITY MEASURED DATA ANALYSIS WINDOW ]
the measured values is shown

(fig. 15.9) or in the extended version, which contains tables with measured

data.

[t is also possible to copy the velocity graph to the clipboard andthen

e == paste it for example to a Word

Voo ptwia editor document. Copy to

clipboard command is available

i i”{_;'_‘_ .‘
==

from pop up menu that appears

after right-click on the area of the

: ......... acnn : Swne: - - graph_

FIG.15.9. VELOCITY REPORT

The velocity unit can be set in the Configuration, Velocity tab(see

figure 15.10). Configuration is available from Edit menu.

Laser Measurement System HPI-3D



http://www.lasertex.eu/

VELOCITY Laserte%

T Configuration

General ] Witleteo | Parameters

‘elocty data files folder

C:Program Files'LSP30-3D resutt :]

“elocity unit
@ mmis ) mis
() mimdmin () mdmin

F1G.15.10. VELOCITY CONFIGURATION OPTIONS

15.4 Measurement procedure

1. Setup the laser on the measured machine and align optical path.

2. Start the HPI-3D software and select Velocity option.
3. Choose desired Velocity unit in the Configuration window
(optional).

4. Press Start button and run the machine.

5. When the machine stops, press Stop button, save theresults and/or

print the measurement report.

15
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16. MEASUREMENTS — PITCH/YAW

16.1 General Description

Pitch/Yaw measurement enables to better characterize the measured
machine axis geometry. With this option the machine base straightness on all
important base surfaces can be measured or the quality of movement of the
measured element can be checked. The measured errors are known in the
literature as pitch and yaw errors. Pitch/Yaw option is very similar to the
Angular Straightness option which is described in another Chapter of this
document. The only difference is a method used for measurement result

calculation.

16.2 Measurement Setup

For Pitch/Yaw measurements the angular optics should be used.

Necessary components are:

e Laser Head
e Power Supply
e Angular Interferometer IK1

e Angular Retro-reflector RK1

Optional elements are:
e USB cable
e Manual Strobe

e Magnetic holder UM2

Laser Measurement System HPI-3D
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e Tripod stand
e Air temperature sensor

e Base temperature sensor

Pitch/Yaw measurements require optical elements IK1 and RK1 to be
aligned along laser beam as shown in the figure 16.1. Each of the elements can

be moved.

During Pitch/Yaw measurements the usage of the air temperature

sensor is recommended. Base temperature sensors do nothave to be used.

1K1 RK

FIG.16.2 OPTICAL PATH SET UP FOR PITCH/YAW MEASUREMENTS IN X AXIS

Laser Measurement System HPI-3D
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Pitch/Yaw measurements can be performed not only along the laser
beam (as shown in figures 16.1 and 16.2) but also in directions
perpendicular to the laser beam. These configurations are shown in figures
16.3 and 16.4. In those two configurations only the retro- reflector RK1 can

be moved.

FIG.16.4 OPTICAL PATH SET UP FOR PITCH/YAW MEASUREMENTS IN Z AXIS.
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16.3 Software description

Pitch and Yaw errors can be measured in the Pitch/Yaw option,
chosen from the Main Menu. The HPI-3D program window looks like it is

shown in the Fig. 16.5. The window consists of four main parts:

e Display - presents recent measured angle and measurement
signal level;

e Obtained results plotted on a graph;

e Obtained results displayed in the measurement table;

e Panel with buttons.

Yo Laser e

File Edit CNC Help

Straightness plot window - 10/48/2021 x Pitchy/Yaw
RK1 —i RK1 i‘
1K1 ‘-l - H

= D [mm] A [mdeg]

-§ o

z

o
Distance [mm ]
Start Reset position Menu

Points number: 0 Mezsurement method: Pitch/Yaw Statistic calculation method: End point fit method
[ Connection [ taser [ Signal [ Velocitv | Sensors Wally link

FIG.16.5. PITCH/YAW MEASUREMENT WINDOW. I 6

Before the measurement is started the right point capture method from
the Measurement menu should be chosen (see figure 7.30). There are two

methods available:

Time period point capture - points are captured automatically by
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the software in constant time intervals. Time interval is configured on the

panel with 4 and T buttons.

Manual point capture - points are captured when the Point capture
button on the panel, Space key on the keyboard or Manual Strobe button is

pressed.

Measurement is started by the Start button. fie Bdit NC Hep

Open Ctrl+0
Depending on the chosen point capture method the save cles
Save as
points are captured automatically or have to be Print Ctrl+P

Print preview
captured by the user. During the measurement the S

graph on the screen is constantly updated. The R
End_Promecor_CN_08_ x-1.dtd

measurement is finished by the Stop button. End_HASS_VF_6_107236 X.ded-2.cnd
End_HAS5_CM_03_1072388_7-Y.dt4

Exit

F1G.16.6. PITCH/YAW PULL-

DOWN MENU FILE
Obtained results can be saved, printed or exported
(menu File). Before saving the file the — =
. . Machin: Serial number Axi
program asks about changing machine e e S T
data (option available from pull-down ey gy
ngineer asertex
menu Edit->Machine data), like machine Eomments
type, machine serial number, measured
axis or machine operator (see figure =
Measurement date  2011-02-12 23:20:52
16.7). Those values allow describing Humidity 8% Air temperature 2586 °C
Pressure 10042 hPa Material temperature 2392 °C
performed measurement for later
analysis and they are also present on the Apply Lancel
printed report. FI1G.16.7. MACHINE DATA WINDOW

Measurement report can also be generated from obtained data, either by

pressing Print or Preview on the measurement analysis window (fig. 16.8).

Laser Measurement System HPI-3D
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The report can be generated in the basic form where only the plot of the
measured values is shown or in the extended version, which contains tables

with measured data.

It is also possible to copy the - T

[ ]
straightness graph to the clipboard and e /]
then paste it for example to a Word 5; :
editor document. Copy to clipboard ;
command is available from popup menu & | 1 ,,
that appears after right-click on the area L e

Preview Print 3D preview New Menu
Of the graph' Points number. 20 Measurement method: Pitch/Yane Statistic calculation method: End point fit method
F1G.16.8. PITCH/YAW MEASURED DATA

ANALYSIS WINDOW

Configuration of Pitch/Yaw measurement option is available in the

Configuration->Straightness window. There is performed a configuration of

e .1 statistic calculation method (fig. 16.9)

» General settings

=P Straightness

m‘mmw ' which is used for measurement data
Fositioning Ihmolseri
ey processing. End point fit or Least

Flatness ® end peint fitting

e | P O least squares fitting

» Advanced

squareness fit can be chosen to use

O none

3D averaging

o statistical methods. The None option

enables to perform an analysis of raw

results.

Apply | Cancel

FIG. 16.9. PITCH/YAW CONFIGURATION
OPTIONS

16.4 Measurement procedure
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1. Set up the laser on the measured machine and align optical path.
2. Startthe HPI-3D software and select Pitch /Yaw option.

3. Choose the desired point capture method.

4. Press Start button and run the machine.

5. In the manual mode capture points using the most appropriate
method; in the automatic mode points are captured by the

software in constant time intervals.

6. Stop the measurement.

7. Save the results and/or print the measurement report.

Laser Measurement System HPI-3D
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17. MEASUREMENTS — DYNAMIC DIAGONAL 1 7

17.1 General Description

Dynamic Diagonal measurement delivers information about
advanced geometry parameters of machine, mainly about the Squareness
of two chosen axes and the quality of linear interpolation. Measurement
time is reduced as the machine is not required to stop during the testing

process.

During the Diagonal measurements the machine must move strictly
according to the G-code program generated by the HPI Software. During the
measurement cycle the machine moves first along two linear axes of the
machine and then, in the third move, on the diagonal between the axes. The
laser head dynamically gathers the measurement data and with the use of
advanced software algorithms, calculates diagonal errors according to the
international standard 1SO230-6.

The results obtained during Dynamic Diagonal deliver information
about quality of linear interpolation, about machine backlash and about axes

straightness. The data are not obscured by the values of machine scale.

17.2 Measurement Setup

For Dynamic Diagonal measurements the standard optics with beam

bender should be used. Necessary components are:

e Laser Head

Laser Measurement System HPI-3D
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Power Supply

Linear Interferometer IL1

Linear Reflector RL1

Beam Bender BB01

Optional elements are:

e USB cable

e Manual Strobe

e Magnetic holder UM2
e Tripod stand

e Air temperature sensor

e Base temperature sensor

Dynamic Diagonal measurements consist of three separate linear
measurements. Two of those are performed along main machine axes and the
third along the diagonal. The measurements along all the axes should be
performed with the use of Dynamic Positioning or Dynamic Positioning 3D
(preferable) option. There are required optical elements IL1 and RL1 which
need to be aligned along laser beam as during standard linear measurements.
For simpler beam alignment there may be used beam bender BBO1 as shown

in Figure 17.1.
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IL1

..:_::.'_'.'.'_'.'_'_'.'.'.’.’.’.’.’.’.’.’.’f@fﬁff.'ff_'.'ff.f%;

1. Measurement along Reference Axis

RL1

i3

ecdedecccccccccccccccccccccanae

L} .
N [}
o ]
&
=

3. Measurement along Diagonal

FIG.17.1 OPTICAL PATH SET UP FOR DYNAMIC DIAGONAL
MEASUREMENTS - SCHEMATIC.

During Dynamic Diagonal measurements the usage of the air
temperature sensor is required. Base temperature sensors should be used

as well.
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Diagonal measurement is composed of four phases:

1) Measurement of dynamic positioning along first (reference)

axis

2) Measurement of dynamic positioning along second axis

3) Measurement of dynamic positioning along diagonal between

first and second axis

4) Analysis of received data in Diagonal option in HPI Software

The first three measurement phases are shown schematically in Figure
17.1. The laser head can be moved between measurements, but it is usually
more convenient to use BB01 to direct the beam along the second and diagonal
axes. This method is particularly advantageous when either axis is vertical
and/or when the measurement plan involves diagonal measurements in two

or more planes of the machine.

When aligning with the BBO1 element, the position of the bender must
first be changed to direct the beam approximately along the machine axis. The
final fine alignment should be done with the electronic beam alignment tool by
changing the angular position of the laser head using the adjustment knobs.
From practical point of view, the most troublesome part of the operation is
setting proper, i.e. perpendicular to the laser beam, position of the RL1

element during alignment in phase 3.

17.3 Software description

Dynamic Diagonal errors can be calculated and visualized in the
Diagonal option, chosen from the Main Menu. This is phase four of the
Diagonal measurements. The HPI-3D program window looks like it is
shown in Fig. 17.2. The window on the left side consists of three panels for

reading in measurements results from phases 1-3. The results can be
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pointed with drag&drop method from File manager. After all three
intermediate results are opened the software calculates the angle error
between the axes. The result is shown in the bottom right part of the

window.

W Laver Messurement System HP1 3D - o *
s = reference axis File manager
P30 Defum_v.dt14 ) | Brovse [causers\g_bud\Documents\HPI_Software\Zamet_16042021 || select foider
T ? Filename A Last modified =
. DP3D_Defum_Xfdi14 16042021 131558
] DP3D_Defum_X¥.dil4 16042021 13:3324
: I I i 1 [ I I [ [ ) DP3D_Defum_X¥b.dt14 16042021 135300
18008813 MECOBSIS  M0OBNIS 12008813 0008813 BOOBMIS 4008813 00BN 2008813 Q8813 DP3D_Defum_XZ.dt14 16.04.2021 141514
5 = Dstance [mer] 5 DF30_Defum_Yadtld 16.04.2021 122510
E = 4| DP3D_Defum_Yidti4 16.042021 123950
. DP3D_Defum_YZd14 16.04.2021 150712
L ! DP3D_Defs dtid 16.04.2021 10:39:06
DP30_Defum_2Zf.dt14 T _Defum_Z.dt ; 35
: : DP3I0_Defum_Zad14 1604 2021 10:40:02
; DP3D_Defum_Zfdi14 16042021 121024
E, DP3D_Defum_Z_dW.dt14 16.04.2021 14:36:08
= 3 < »
4714702 STUETNE ST NN QNN e e 0T RERTE I ;
Distance jmen] )
= = = man | 1
1
'
x5 - diagonal . :
BP0 Defum_vZ.ditd Browse 3 | . i I
: Bl 89°59° 51" = -41,64 pm/m
o g
g 0
F
= a0
ol et
16570364  JESTOBE4 56570364 TESTOB64 PE5T03E4 TIESTOI64 136570364 156570364 1TESTOBES 196570384 21657036
Distance jarn] reference axis
rFr ¥ ~ Mean |
View Print Menu
[ Conmection [ laser [ Signal | Velodty | Sensors Wally link

F1G.17.2. DYNAMIC DIAGONAL MEASUREMENT WINDOW.

Measurement report can also be generated from obtained data, either by

pressing Print or View on the measurement analysis window (fig. 17.2).

For proper measurements it is very important to use the G-codes
program generated by the HPI Software. It can be done in Dynamic Positioning
3D option after choosing Generate CNC path. The window as shown in Figure
17.3 should appear. The code can be generated either for 1D or 2D
movements. The latter possibility is dedicated to diagonal axes. The code can

be saved or printed.
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CNC path generator X
Program parameters
® Fanuc (O Siemens O Heidenhain OosAl O Mefi (O Mazak Matrix 2 O Fagor
File no_
1000 -
linear - 1D diagonal - 2D
Axis names Start point [mm] End point [mm]
[x | [=1 soeoom 5] [=1 eooom 5]
[¥ | E 200,0000 +] E 300,0000 +]
Feed rate
1000 =/ | mm/min
Series count
=
Program
Header Main program
X-1.945Y-0.467 ~
o0 " | coaPaoeo
G49 X1.945Y0 467
G01 G40 G04 P3000
X2500.000Y600.000
G94 F1000 v G04 P3000
X1.945Y0 467
Foot G04 P3000
ooter %1.945Y-0.467
M2 G04 P3000
% X-2500.000Y-600.000
G04 P3000
X-1.945Y-0.467
G04 P3000
X1.945Y0 467 v
Preview Print Save Close

FIG.17.3. CNC PATH GENERATION
17.4 Measurement procedure

1. Set up the laser on the measured machine and align

optical path along reference axis (see Chapter 4).

2. Start the HPI-3D software and select Dynamic Positioning

3D option.

Generate CNC Path for the reference axis in 1D mode.

3
4. Upload generated G-code program on the machine.

u

Press Start button and run the machine.
6. Wait for the measurement to finish. Do not alter machine

feed rate during the measurements.

7. Save the results

8. Align optical path along second axis — use BBO1 element or
change position of the laser head.

9. Select DynamicPositioning 3D option.
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10. Generate CNC Path for the second axis in 1D.

11.Upload generated G-code program on the machine.

12.Press Start button and run the machine.

17

13.Wait for the measurement to finish. Do not alter machine
feed rate during the measurements.

14.Save the results

15. Align optical path along diagonal axis - use BBO1 element

or change position of the laser head.
16. Select DynamicPositioning 3D option.
17. Generate CNC Path for the diagonal axis in 2D mode.

18.Upload generated G-code program on the machine.

19.Press Start button and run the machine.

20.Wait for the measurement to finish. Do not alter machine

feed rate during the measurements
21.Save the results
22. Select Diagonal option from Main Menu
23.0pen the results from conducted measurements.

24.View or Print obtained results.
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18. CONNECTING LASER HEAD TO MACHINE

18.1 General Description

The main functionality of the HPI-3D are measurements of machine
geometry with the use of a PC computer connected over BT or USB interface.
The functionality can be significantly enhanced by the Extension Connector

available at back of the laser as shown in the figure 18.1.
With the use of signals available on this connector it is possible to use
the laser as a standalone device. The main applications are:
e Monitoring the measured shift with an external counter;
e Using the laser as a feedback part of a machine control loop;

e Driving with the laser a motor through an external motor

driver;

e Changing behavior of the laser by connecting different sensors

(like end sensor or zero-crossing sensor).
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Power Button

Power Connector

18

USB Connector

Extension Connector
L=

F1G.18.1. CONNECTIONS OF THE HPI-3D.

18.2 Extension Connector

a. Extension Connector pinout

The Extension Connector available at the back of the laser head is a
miniature Hirose Connector LX40-20P CL No. CL245-0017-0. The pinout of

this connector is shown in the table 18.1.

Pin number Function

1 24V / 100mA Supply

2-7 Digital 10 Software configurable Input/Output

8 Digital Output e Negative output of Differential B signal pair (Digital AquadB
Output)

e Negative output of Differential Sign signal pair (Shift/Sign
Output)

9 Digital Output e Negative output of Differential A signal pair (Digital AquadB
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Output)
e Negative output of Differential Module signal pair

(Shift/Sign Output)

10 Digital Output e Positive output of Differential B signal pair (Digital AquadB
Output)

e Positive output of Differential Sign signal pair (Shift/Sign
Output)

11 Digital Output e Positive output of Differential A signal pair (Digital AquadB
Output)
e Positive output of Differential Module signal pair (Shift/Sign

Output)
12 5V /150 mA Power Supply
13 Analog Output Negative output of Differential Cosine signal pair (Sine/Cosine
Output)
14 Analog Output Negative output of Differential Sine signal pair (Sine/Cosine Output)
15 Analog Output Positive output of Differential Cosine signal pair (Sine/Cosine
Output)
16 Analog Output Positive output of Differential Sine signal pair (Sine/Cosine Output)
17-20 Ground

TAB.18.1. EXTENSION CONNECTOR PINOUT.

There are four groups of signals available on the Extension

Connector:

e Power supply pins - +24VDC, +5VDC and GND pins are
available for user application;

e Digital I0 pins - functionality configurable through HPI
Software - see later in this Chapter;

e Encoder type Digital Output pins - functionality partially
configurable through HPI Software; Used for digital output
of A-Quad-B or Shift/Sign output;

e Encoder type Analog Output pins - analog output in

SinA/CosB format (see later in this Chapter).
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b. Extension Cable EX1

F1G.18.2. EXTENSION CABLE EX1.

Because the Extension Connection is of high integration scale it is

recommended to use the Extension Cable EX1 - figure 18.2.

The Cable has on one end the appropriate miniature Hirose connector
that should be inserted into the Extension Connector while on the other end
there is a standard female three-row DSUB15 connector. The signals
available on the DSUB connector are described and can be configured in the

HPI Software in Configuration->Extension Connector panel.
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% Configuration

» General settings

» Measurement

¥ Advanced

Parameters

Firmware update

External connector

License

Meteo

Infa

*

le External connector

A Pin 1 Pin7

1, | 7 | ]

& {i Pin 2 Pin 8

ol | V] | v]

. 5

ol s Pin 3 Pin9

i

°Ts | V] | v]

o2 Pin 4 Pin 10

gt

S ITE— o | g

ot 13 Pin 5

il B

4 R

PIs Pin 6 =

- Read
Output Standard

- 100.0 + || nm Set
Mid Voltage

Apply Cancel

FIG. 18.3. CONFIGURATION WINDOW - EXTENSION CONNECTOR PANEL

Pin number Function

1-6 Digital 10 Software configurable Input/Output
7 Digital Output e Negative output of Differential B signal pair (Digital AquadB
Output)
e Negative output of Differential Sign signal pair (Shift/Sign
Output)
8 Digital Output o Negative output of Differential A signal pair (Digital AquadB
Output)
e Negative output of Differential Module signal pair
(Shift/Sign Output)
9 Digital Output e Positive output of Differential B signal pair (Digital AquadB
Output)
e Positive output of Differential Sign signal pair (Shift/Sign
Output)
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MACHINE
10 Digital Output e Positive output of Differential A signal pair (Digital AquadB
Output)
e Positive output of Differential Module signal pair (Shift/Sign
Output)
11 Analog Output Negative output of Differential Cosine signal pair (Sine/Cosine
Output)
12 Analog Output Negative output of Differential Sine signal pair (Sine/Cosine Output)
13 Analog Output Positive output of Differential Cosine signal pair (Sine/Cosine
Output)
14 Analog Output Positive output of Differential Sine signal pair (Sine/Cosine Output)
15 Ground

TAB.18.2. EXTENSION CABLE EX1 PINOUT.

In the Table 18.2 there shown the default pinout of the Extension
Cable EX1. Comparing this table with Table 18.1 it can be seen that the only
thing lacking on the EX1 are the power pins. All signal pins visible on the

Extension Connector are as well accessible on the Extension Cable.

c. Encoder type outputs

On the output of the HPI-3D there are available two types of
encoder outputs: digital (A-Quad-B format, TTL) and analog(SinA/cosB
format, 1Vpp). Both types are available at the same time onthe Extension

Connector and the EX1 cable - see figure 18.4.

The edges of the digital signals and the sinusoidal wave of the analog
output appear on the connector in real time after the movementof an
optical element is detected by the laser head. The delay between measured

movement and output signals is not greater than 10 pus.
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FIG. 18.4. ENCODER SIGNAL GENERATION

The output signals are in real time compensated versus
environmental parameters change. The process is shown schematically in

the figure 18.5.

The standard of the output encoder type signals can be
changed by the user in Configuration->Extension Connector-

>Qutput Standard box.
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Compensation &
unit with DSP A quad B
and FPGA logic ’ SinA/CosB >
i USB
e 1 4 . 4 Bluetooth

Sasaln

FIG. 18.5. REAL TIME COMPENSATION MECHANISM

The detected optical signal is read by the main processor inside the
laser head. The processor receives also data from environmental sensors
(TH, T1, T2 and T3) and uses advanced algorithms to calculate the
corrections of the input signal. The calculations are performed each10 us.

The data from each sensor are received each one second.
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The corrected distance value is then sent over USB or Bluetooth
interfaces to the PC computer. At the same time the main processor
communicates with a special coprocessor for generating encoder type
signals. The coprocessor is responsible for adding corrections to the

original optical signal and for generating the output signal in a desired

standard.
900 -90°

A

B | L
Positive Negative
movement movement

b S—
PERIOD

FIG. 18.6. OUTPUT SIGNAL - A-QUAD-B FORMAT

The digital A-Quad-B signal consists of two digital signals A and B
shifted in phase by +90° or -90° depending on the direction of movement
(figure 18.6). The signals are in 5V CMOS standard and on the connector
there are also available negated A and negated B signals - so a differential
cable can be used. The PERIOD of the signal as shown in the figure 18.6 is

four times greater than the Output Standard set in the Configuration.

For example, if the Output Standard is set to 100 nm then the full cycle
on A and B outputs will be generated after the measured object shift of 400

nm is detected.
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MACHINE
[ Max

+/-

SinA

Cos

J

FIG. 18.7. OUTPUT SIGNAL - SINA/COSB FORMAT

The analog sinA/cosB signal consists of two analog signals sinA and
cosB shifted in phase by +90° or -90° depending on the direction of
movement (figure 18.7). The amplitude of the signals is 1Vpp single ended
and 2Vpp differentially. The differential signals are available as a
combination of sinA - /sinA and cosB - /cosB signals. The RESOLUTION of
the signal as shown in the figure 18.7 is forty times greater than the Output

Standard set in the Configuration.

SA
> | SinA
Mid
Voltage
(V]
/sinA
t[s]

FIG. 18.8. OUTPUT ANALOG SIGNAL
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For example, if the Output Standard is set to 100 nm then the full cycle
on sinA and cosB outputs will be generated after the measured object shift of

4 um is detected.

The output drivers deliver only positive voltages thus the Mid Voltage
value of both output signals is important. This voltage can be set in
Configuration->Extension Connector->Mid Voltage as shown in the fig. 18.3 and

should exceed 1V.

The maximum frequency of analog output
signals (sinA,cosB) is limited to 2.4 MHz.
The maximum frequency of digital output signals

(A, B) is limited to 24 MHz.

18.3 HPI-3D in a machine control loop

Because of the encoder type signals available at the Extension Connector
it is possible to use the HPI-3D in a machine control loop. The laser
configured with the linear optics can be used as a very high- precision position

encoder.
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Machine with
analog inputs

Machine with
EX1 digital inputs

FIG. 18.9. CONNECTING LASER HEAD TO A MACHINE

Method of connection depends on the type of inputs of the machine

as it is shown in the figure 18.9.
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19. CONFIGURATION

19.1 General Description

All configuration options of the interferometer are available in the

Configuration located in the Main Menu or in each measurement option in

pull down menu Edit->Configuration.

In the Configuration (Fig. 19.1) the user can configure the behavior of
the HPI-3D during measurements and the appearance of the HPI Software.
For example, the language of the program can be changed - after installation
the program opens in the language of the installed Windows system. Other
panels are used to configure parameters of all types of measurements

available with the system.

19.2 Panel Interface

. ¥ Configuration
In the Interface panel (flg | watstea | Parameters | Finmware update | Extension conne ctor | Statistics | Rotary encoder
htertace | positioning | Velocty | Straightness | Fletness | vibrations | meteo | Generai
19.1) the wuser can force the Communialion neriace
UsB Simulator
software to connect or reconnect ® Duetooth
with the laser over chosen Devices ist
interface. In order to do this the

user should choose the right

Connection state

communication interface (USB, Sxema cmedmieomd
Bluetooth or Simulator) and press

FIG. 19.1. CONFIGURATION WINDOW
appropriate message will be displayed - INTERFACE PANEL

Reconnect. After a while an

(with communication success or failure).
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19.3 Panel WiMeteo

The options available in the WiMeteo panel (fig. 19.2) are used to control
the operation of the wireless module. It is responsible for communication with

environmental sensors and rotary encoder.

“F' Configuration
| intertace | postioning | velocty | Straigrtness | Flatness | vierations | eteo | general]
Wildeteo | Parameters | Firmware update ion connector st Rotary encoder
Sunsars It is possible to switch the
Address Sensor number
[ whole module on (if it went
Rogsm]  status accidentally off) by pressing the

WiMeteoOn button or to force the
sensors to search for the new
connection channel with WiMeteo

Reconnect button.

:
ii

i

FIG. 19.2. CONFIGURATION WINDOW -
WIMETEO PANEL

A The reconnection takes usually between 2 and 3 minutes.

In the Sensors part of the WiMeteo panel the user can register a new

sensor. The address of the registered sensor should be placed inthe

Address field, the sensor number should be chosen and then the

Register button should be pressed. Sensor number 0 is TH sensor, while

sensors numbered 1-3 are respectively sensors T1-T3.

This operation should be done carefully. Putting wrong
address in the Address field results in loosing proper

reading of the changed sensor.
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19.4 Panel Parameters

In Parameters Panel (fig. 19.3) it is possible to set parameters of used

optical components. Base length is the size of the carriage of the Angular

Retroreflector RK1 element. The standard size is 10cm.

Wollaston Coefficient is a

¥ Configuration
e Lpi;m':l; oty | gpopuress | pavess [ Vi | [”“;;J,f::: parameter of the Wollaston Prism
WP2 element. The coefficient is
Base length 0] 8 mm
, delivered with every WP2 element.
Wollaston Coefficient

Right angle prism Error

Logo path

Apply Cancel

This field is password protected to
avoid inadvertent modification of
the parameter. The password is:

“54321”.

FIG. 19.3. CONFIGURATION WINDOW -
PARAMETERS PANEL
Right angle prism Error is the parameter of the Right Angle Etalon
REW element. The coefficient is delivered with every REW element. This
field is password protected to avoid inadvertent modification of the

parameter. The password is: “54321".

On the front page of every report generated by the HPI Software there is
placed the logo. Its path is set in the Logo path field. The file should have bmp

file format.

Parameters: Base length, Wollaston Coefficient and Right angle prism
Error should be set to proper values after EVERY installation of the HPI

Software on the new computer or in the new folder.
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19.5 Panel General

The HPI Software can be easily tailored to different languages. This
can be done by changing the language in the Language box in the General
Panel (fig. 19.4).

All language files are stored in the HPI_Software/Languages catalog
on the hard drive and can be modified with the use of Ingeditor.exe

application which is present in the same catalog.

The resolution of the measurements can be modified in the Precision

box. For laboratory use the Extended

T’ Configuration 558
precision should be chosen. In this case 'm; %v;:ﬁ:‘ rmlung;l:::nrmmle — @?2:2{
all results are displayed with the highest P Orerna Gy || Ol
possible precision. For normal use the w"::&m —— “d::’{’;;
Normal option should be chosen. The .::; e::en:w ;:"T
double-pass option in the Distonce urk Veocky et =

m  @m omms  Oms
Interferometer type box should be Uk of e e, © i
chosen when the flat mirror type (so T
called double pass) interferometer is [ oy ] | Cancel |
used in the optical path. In all other cases, FIG. 19.4. CONFIGURATION WINDOW —
GENERAL PANEL

i.e. for all other types of optical

components the single-pass option has to be selected.

Improper choice of the Interferometer type option results

in large measurement error!

Other options present in the General Panel are used to change units

for different measurements types.

19.6 Panel Meteo
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The options available in the Meteo panel (fig. 19.5) are used for
further configuration of environmental parameters. It is possible to change

units of temperature and pressure (Temperature unit and Pressure unit

boxes).
[ Canfiguration Automatic measurements of
‘ Wildeteo | Parameters | Firmwvare update | Extension connector | Statistics Rotary encoder
ptace | postonn | ks |, Srpiress | Paress | vivins | oo | gors selected parameters can be switched
Temperature unt Pressure untt
o °T (&% O=m O on or off in the Measurement
Measurement parameters
[¥] Humicity automatic measurement
[] Pressure automatic measurement parameters bOX'
[V] Air temp: & automatic
(V| Material temperature automatic measuremert
Reference temperature 20,00 %'C
It is possible to change the
Reference temperature which is the
temperature the measured machine
FIG. 19.5. CONFIGURATION WINDOW - METEO is corrected to. Usually 20.00°C is set.

PANEL

19.7 Panel Extension Connector

“t* Configuration
ntertace | Postioning | Velocty | Streightness | Fletness | Vibrations | Meteo | General The OptiOIlS grouped in the
Witeteo | Parameters | Firmware update | Extension connector | Statistics | Rotary encoder
4 a1 P Extension Connector panel (fig. 19.6)
o1 v e
2 Pin 2 Pin 8 .
: - - are used to control the operation of
5 Pin3 Pin 8
6 - -
: P Fint0 the extension connector available on
9
10 Pin 5
11 -
: L = the back panel of the laser.
14 M
15
O%D Output standard 1000 & nm
~ Mid Voltage w Fv [ sa |
Apply Cancel

FIG. 19.6. CONFIGURATION WINDOW -
EXTENSION CONNECTOR PANEL
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The signals described in the Extension Connector panel are
available on the DB15 connector of the extension cable (not present
in the standard delivery). The extension connector pinout is

described in the Technical Data chapter.

On the left side of the panel there is visible the schematic drawing of
the connector with the description of the functionality of the pins. The
functionality can be modified with the list buttons in the right part of the

panel. Each modification has to be approved by pressing Set button.

In the bottom part of the panel there are two parameters modifying
the output analog and digital signals (i.e. A, B, sinA and sinB). The Output
standard option defines the resolution of digital signals (A, B) - each edge
of the digital signal means the measured movement of Output standard

value.

The resolution of the analog outputs is 40 x Output standard,
i.e. one full period of the sinA or sinB signal means the measured

movement of 40 x Output standard.

A
=T .
-

Mid
Voltage ---
Y

FIG. 19.6. OUTPUT ANALOG SIGNAL
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The value set as Mid voltage should be higher than 1V and

lower than 4V.

The Mid voltage option defines the medium value of the analog

outputs as shown in the figure 19.6.

19.8 Panel Statistics

The data visible in the Statistics panel (fig. 19.7) are forinformation

only. Laser work time shows

T’ Configuration
|_intertace | postioning | velocty | Straigriness | Fiatness | virations | meteo | General|
e []wmﬂ]“imwmmlwmwwml g how long the laser tube was

Laser work time

0 0 O O O O O 0 . switched on during its life time.

After 20000 hours the laser

Laser

Last date of calibration: 1899-12-30 *\ should be Shipped to factory for
Next recommended date of calibration: 1899-12-30 A

testing and calibration unless

Sensors

Last date of calibration1899-12-20 . recommended calibration times

o N\
Next recommended date of calibration: 1899-12-30 JAL \\ are used.

FIG. 19.7. CONFIGURATION WINDOW - STATISTICS
PANEL
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19.9 Panel Firmware update

The HPI-3D device is fully software defined, which means that the

F Corigurstion digital processing of the signals is a
iterface | Postioning | veloct: . ss | Painess | viorations | meteo | genersi| . .
:[‘:‘—'—”-um,o Parameters | Frvere pite | Extenson cuonetor| Sttacs | Botryencocer | very important part of the device. All
Update file pathc
CGE0SP_projektyLiner_HPI_CCS4liner_HP| x00

internal digital modules are available

erasing STATUS:

through the USB interface and their

PrOGramming

T firmware can be easily modified in the

Device:
Pragram DSP

Connection state

Firmware update panel.

System is connected correctly | ush (0)

e ]

FIG. 19.8. CONFIGURATION WINDOW -
FIRMWARE UPDATE PANEL

If firmware becomes available, then below procedure should be followed:

1. Connectlaser head by USB interface

2. Start HPI Software

3. Enter Configuration->Firmware update

4. Press Open button and choose the firmware file (with .x00, mcs,
zig, or. hex extension)

5. Press Program button

6. Wait for the device to be programmed - up to 10 minutes

19.10 Other panels

Other panels available in the Configuration are described in the

respective chapters:

e panel Positioning in Chapter 5;
e panel Velocity in Chapter 6;

e panel Straightness in Chapter 7;
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e panel Flatness in Chapter 8;
e panel Vibrations in Chapter 12;

e panel Rotary Encoder in Chapter 14.
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20. PRINCIPLES OF OPERATION

20.1 The rules of laser displacement measurements

Displacement measurements with the use of a laser interferometer
allow obtaining the accuracy of a displacement measurement of 0.4 ppm in air
and 0.02 ppm in vacuum. The interferometer was first built by A.A. Michelson
in 1881. The simplified schematic of the interferometer is shown in the fig.

20.1.

Coherent light beam falls on a semi-transparent mirror. This mirror
splits the light into two beams. The first goes to the reference arm and
reflects from the reflector Z;; the second goes to the measurement arm and
reflects form the reflector Z;. The reflected beams meet again on the detector.
Because these beams come from the same, coherent, source, they will
interfere. When the moving reflector is being displaced, the frequency of the
reflected beam in the measurement arm changes. The detector counts the

frequency difference between reflected beams - fp (see fig. 20.1). The

measured value of the displacement is calculated according to
A A
L=fp*==N *=
f 2 2

Where: N - number of pulses,

A - light wavelength.
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Reference
reflector B
]
| | Z1
' |
|
f, f, Moving
7 reflector
f f T
02 = —
/ (} I> | 22
Coherent / |
light S 1
source ] [
fD = 2 f1 2:_/ X > fD
Detector fp - frequency resulting from
the Doppler effect

F1G.20.1. THE MICHELSON INTERFEROMETER.

20.2 The construction of real interferometers

The main disadvantage of Michelson interferometer results from the
fact that the detector cannot determine, whether fpis negative or positive thus,
from the measurements the displacement of the moving reflector without the
sign is obtained. Currently there are widely used two methods that allow
getting also the direction of the movement. Depending on the number of light
frequencies (wavelengths) used in the interferometer, the first is called
homodyne (one frequency) and the second heterodyne (two frequencies)
method.

In the homodyne method, shown on figure 20.2, as a coherent source
of light a linearly polarized laser is used. If it is two-mode laser (i.e. it
generates two wavelengths) than one mode must be cut off with the use
of a properly set polarizer. The polarizing splitter splits the light beam

from the laser into two beams polarized vertically (90°) and horizontally (0°).
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The former is directed to the measurement arm and the latter to the
reference one. The frequency of the beam in the measurement arm changes
with the movement of the moving reflector. The polarization of the reflected
beams is changed to circular with the use of a A/4 waveplate. After 0° and
45° polarizers, two signals shiftedin phase are obtained. The phase shift is

+90° when the measurement arm moves to and -90° when it moves from the

laser.
Reference
reflector _
| |
Two perpendicular : :
linear polarizations : l
ATARA oving
reflector
Two-mode fi £ fy Lo N I
ﬁH D |
laser :l - :
‘ |
., o ___ |
Polarizing fiF T
splitter
{:
fi+fp X fp
C 14 fo - frequency resulting from
the Doppler effect
fp=2f ¢
Polarizer 0 ° . o B vertical polarization
olanzer I:|:| Polarizer 45 = horizontal polarization
sin cos v Photodetectors > polarization +45°
T T = polarization -45°

| Pulse counter |

FIG.20.2. THE BLOCK DIAGRAM OF AN INTERFEROMETER WORKING ACCORDING TO
THE HOMODYNE METHOD

In the heterodyne method, shown on figure 20.3, two laser frequencies
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are used. Therefore, a two-frequency laser is needed, e.g. a Zeeman laser. A
two-mode laser is not suitable for the heterodyne method interferometer,
because the difference between f1 and f2 is usually too high for an electronic
counter. The output beam of a Zeeman laser consists of two circularly
polarized beams, one polarized leftward and the second rightward. A A/4
waveplate changes circular polarization to linear. The main difference
between two described methods is that in the heterodyne one the beam
frequency in reference arm differs from the beam frequency in the measuring
arm. A detection path is also different - subtracting differential frequencies of

reference and measuring arms does the measurement.

The heterodyne method gives correct results only when fp does not

exceed the difference between the laser frequencies, i.e.: f2 - f1. In reality,

that difference, resulting from the Zeeman effect, is about 1MHz. This
limits the maximum available velocity of measuring arm,in one direction,
to 0.3 m/s. The next disadvantage of the heterodyne method is, that two
frequencies must be used for measurements, while in the homodyne

method the second may be used for measuring e.g. a second axis.
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r—-r———=— =
| | Reference
Two perpendicular : : reflector
linear polarizations I N
Nonpolarizing 2\ [\fe I'il;wing
splitter reflector
wa [ ‘ e 1
- M 1 fa 1 f2 1 |
Zeeman laser | fme— | = g - !
- |
_____ 1
Polarizing s
splitter
Two circular f2¥ T'r? fa
polarizations f, Yozt x - fo
C3J LCJ Polarizers fo - frequency resulting from
the Doppler effect
f2-f1H Hfz-l:ﬁ; fl}} f[}:zfli
c
B vertical polarization
Y \y Photodetectors = horizontal polarization
-__-‘—\_‘—__‘_‘—\_"'——.
Reference path ‘ Courter || Counter ‘ Measurement
path
Substractor

F1G.20.3. THE BLOCK DIAGRAM OF AN INTERFEROMETER, WORKING ACCORDING TO
THE HETERODYNE METHOD

20.3 The influence of the outside conditions on the
measurement accuracy

According to equation (1) an interferometer’s unit of measure in length

measurement is laser’s wavelength. From definition

v
A=- 2
7 (2)

a wavelength depends on laser’s frequency f and the speed of light v

in the measuring path. If the measurement is done in vacuum, thenv =c =

3*108m/s. The speed of light in a medium other than vacuum (e.g. air, water)
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is lower and is described as

v = (3)

c
n

Where: n - a refraction coefficient.

Normally the refraction coefficient n is a complex variable or even a
tensor, but for less accurate calculations it is simplified to a constant.The
air coefficient depends mostly on the pressure P, temperature T and

humidity H. The dependence nrppy, for the air was empirically determined

. ()

by Edlen and is described as

1+10~6+P%(0,613—0,00997xT)
1+0,003661T

nT’p’H —1= 2,8775 * 10_7 * P

An = —3,033 % 107° x H % ¢~ 0057627+T (5)

From the above equations one may obtain the refraction coefficient

dependences on T, P and H in usual conditions (T=293K, P=1000hPa,

H=50%):

on 0,93 %10°° [1]

- = = % —

oT ’ K

on +0,27 10_6[ 1 ]
_ % _
0P ’ hPa
on 0,96 * 10°8 [ 1

- = k I

oT ’ %

[t is worth to notice that the most critical parameter is the temperature,
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because its change influences the coefficient n more than changes in the

pressure and much more than changes in the humidity.
20.4 The accuracy of laser interferometers

a. Errors caused by the environment

The most impotent source of errors in machine geometry measurements
is the temperature (or more exactly, the change of the temperature) of the
measured machine. For example, if the machine’s base is made of steel, then

the base’s length increases 11.7um when its temperature changes 1K. It shows

how important it is for very precise measurements to measure the
temperature of the controlled part of the machine and to use it in readout
corrections. This is not a simple task for a few reasons, but the most
important one is that, then when the machine operates, there are temperature
gradients on it. That means that more than one temperature sensor is needed
and that the more sensors are used the better accuracy can be achieved.
Moreover, the shape of the measured part of the machine may “absorb” a part
of the expansion of the material or the part may be built of materials of

different expandability.

As was mentioned in the previous chapter, the temperature influences
the accuracy also as it changes the refraction coefficient ofthe medium the
measurements are made in (usually it is air, but maybe e.g. water). An
Edlen equation was presented, showing how the refraction coefficient of the
air changes with the change of the air temperature, pressure and humidity.
The errors caused by the change of the wavelength are less important than
the mentioned above, but they cannot be abandoned. Roughly, a 1ppm error

(i.e. 1um/m) is caused by: the air temperature changes of o 1K, the air
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pressure change of 4hPa and the air humidity change of 30%.

b. Dead path error

A dead path error is an error associated with the change in
environmental parameters during a measurement. This error occurs when
some part of the light path (a dead path) is not included in the temperature

(both air and base), pressure and humidity compensation.

The dead path of the light path is a distance between the optical
interferometer and the base (or the null point) of the measuring position
(L1 on figure 20.4). Let the position of the interferometer and the retro-
reflector does not change. When there is a change in the air temperature,

pressure or humidity, then the wavelength changes on the whole path length

(L1 + L2). The path length changes also when the temperature of the base
changes. But the correction system will use the correct wavelength only on the
length Lz and will correct only this length. The correction will not be made

on a dead path Li. In this way,the laser system will “move” the base point.

A dead path error is the more severe the greater is the distance between
the interferometer and the base point. This error is especially important in
laser interferometers where the interferometer is build up in a common

casing with a laser head, because it is than very difficult to reduce a dead

path.
Interferometer
Base point
7 % (Null point) Reflector
7 ] T~ T T T
7 Laser head ' '
o’ i
/| |
i i | L _
. 1 ' Lo —— T
» gn >
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F1G.20.4. AN ILLUSTRATION OF A DEAD PATH ERROR

The correct deployment of the optical components for reducing a dead path
error

2()

c. Cosine error

If the laser beam is not parallel to a measured axis of a machine (i.e.
the optical path isnot properly adjusted) than a difference between the real
distance and the measured distance occurs. This error of misalignment is
known as a cosine error, because its magnitude depends on the angle

between the laser beam and the axis of the machine (fig. 20.5).

If, as a reflector a flat mirror is used, then the beam must be
perpendicular to it. If the machine changes its position from point A to
point B, then the beam stays perpendicular to the mirror, but moves on its
surface. The distance measured by the laser interferometer Lims, will be

smaller, than the real distance Ly, according to

LLMS = LM * cos® (6)

The above equation is valid also when as a reflector a corn cube is used.

Laser Measurement System HPI-3D




www.lasertex.eu PRINCIPLES OF OPERATION

Laser beam

Reflectors

L
3 |< LMS >

4

I N T
Laser head 1 !-
I‘LM !
L el |« >

Machine's movement axis

FIG.20.5. THE BEAM UNALIGNMENT AS A CAUSE
OF A COSINE ERROR

The only method of eliminating the cosine error is a proper laser

beam alignment done before a measurement.

d. Abbe error

An Abbe error occurs when, during measurements, the measured
part does not move perfectly straight and there appear angular
movements, which cause sloping of the retro-reflector. The sloping of the
reflector is the greater the longer is the distance between the axis of the
measurement and the axis of movement. This distance is called An Abbe
offset. Only the movements in the axis of the measurement are important
(see fig. 20.6). An Abbe error may be avoided only when there are no

angular movements of the retro-reflector in the axis of themeasurements.
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AXis
of Reflector
measurement
\ H H
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of movement —>l—< Error

F1G.20.6. AN ILLUSTRATION OF AN ABBE ERROR

e. Laser stability error

As was already mentioned, in laser measurements the laser wavelength
instability changes directly the readout from the interferometer, e.g. a relative
instability of the laser in the range of 1ppm (10-¢), causes an error of 1um
onevery 1m of a measured distance. Therefore, the laser instability error is
important mainly in measurements in vacuum (where a refraction coefficient
is constant) and when a low stability laser is used (e.g. a semiconductor laser).
The stability of usually used in laser measurement systems, HeNe gas lasers

is 0.02 ppm, so the stability error may be neglected.

f. Other errors

In some conditions, a noticeable error may be caused by the electronic
part of the interferometer. As the electronics is used mainly for counting, the
errors may be associated either with miscounting (some pulses are not
counted) or with miscalculating (the calculations are made with finite

precision).

Laser Measurement System HPI-3D




www.lasertex.eu PRINCIPLES OF OPERATION

g. A summary of laser measurement system errors

In order to show which of the errors influence the accuracy of alaser
measurement system the most, an exemplary calculation of errorson a 1m
long steel machine is shown on figures 20.7 and 20.8. Different scales of the

charts should be taken into account.

OLaser @MEnvironment OCosine ODead PathmElectronics @Unlinearities@Thermal drift

0 1 2 3 4 5 6 7 8 9 10

Positioning error [um/m]

F1G.20.7. A CALCULATION OF ERRORS FOR A LASER MEASUREMENT SYSTEM
WITHOUT THE COMPENSATION OF THE ENVIRONMENT

@ Laser @ Environment 0 Cosine [ Dead path m Electronics @ Unlinearities m Thermal drift

0 0,05 0.1 0,15 0,2 0,25 0,3

Positioning error [um/m]

FIG.20.8. A CALCULATION OF ERRORS FOR A LASER MEASUREMENT SYSTEM WITH THE
COMPENSATION OF THE ENVIRONMENT
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21. TROUBLESHOOTING

21.1 General Description

The troubleshooting of the possible problems with the HPI-3D is
shown in this chapter on the basis of block diagrams. In each diagram the

first block on the top names the problem that is dealt by the diagram.

21.2 Problems with connection over USB or Bluetooth

The diagram charts for solving problems with connection are shown in
the figure 21.1 - connection failed problem and in the figure 21.2 -

connection broken problem.

21
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Connection
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powered?
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Power off laser head

!
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Power on laser head

Restart HPI
Software

N ]
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Restart HPI
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Disconnect USB cable
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number chosen on
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Software and
choose the right
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F1G.21.1. CONNECTION FAILED CHART
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Connection
broken

Is the laser head

N-
I

powered?

S the laser connected
over USB?

Unplug USB cable

Is the wireless
odule in the PC on?

v

Power on the head

4

Restart HPI
Software

T

Switch on wireless module
in the PC

A 4

Power off laser head

!

Restart HPI Power off laser head
Software ¢

Wait 10 second

Wait 10 second

v

v

Power on laser head

Plug in USB cable

v

Power on laser head

Restart HPI
Software

Restart HPI
Software

F1G.21.2. CONNECTION BROKEN CHART

A 4

Restart HPI
Software

21.3 Problems with connection with wireless sensors

The diagram charts for solving problems with connection with one or

more sensors are shown in the figure 21.3.

Laser Measurement System HPI-3D
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Sensor(s) not
visible

as the power piug
of the laser inserted
for more than 4
minutes?

N
N

Wait 4 minutes

Are some sensors
visible?

Nl
Unplug USB cable
(if applicable)

£Y
Unscrew the top cap of the

non-working sensors and
check/replace the battery i

Power off laser head

|

Wait 10 second

v

Plug in USB cable
(if applicable)

bid the sensor diote
blinked on during
slosing the top cap?

Y

r

Enter
Configuration->WiMeteo
option in HPI Software

i Check the battery i
Press WiMeteo Reconnect Power on laser head
button

Restart HPI
Software

FIG.21.3. SENSOR(S) CONNECTION PROBLEM CHART

Wait 4 minutes

21.4 Problems with linear measurements

The diagram charts for solving problems with measurements and

laser stabilization are presented in the figures 21.4 and 21.5.
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F1G.21.4. NOT MEASURING LAS CHART
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ealign the optical path so

that no reflection returns
i back to the laser

Plug in USB cable
(if applicable)

.

Power on laser head

Restart HP1
Software

FIG.21.5. NOT STABILISING LASER PROBLEM CHART
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22. TECHNICAL DATA

22.1 System specifications

Distance 0-30m 100 pm 0,4 um/m
Velocity 0-7m/s 0.25um/s 0,1%
Angular 0-3600 arcsec 0,001 arcsec + 0,1 ppm
Straightness measurement 0,01 um (for 100 mm

0-15m +0,2%
(with angular optics) base)
Straightness measurement

0-6m 0.1 pm +(10+10*L)um
(with 3D optics)

0-15m

0,01 prad (for 100
Flatness Vertical range +2 +0,2%xL
mm base)
mm

0.3-9m

Straightness measurement v :
ertical range up to 0.01 pm

(with Wollaston prism) $0.5% x L pm

+30mm
Squareness + 1000 arcsec 0.01 um + 0,5 arcsec
Rotary measurements +720° 0,04 arcsec +0,2%

L = axis length in meters
22.2 Laser head

Laser type HeNe laser with frequency stabilization

Laser Measurement System HPI-3D




www.lasertex.eu TE CHN/ CAL DA TA

Heating time Approx. 5 min
Wavelength (vacuum) 632990566 nm
632,992031 nm
Wavelength accuracy + 0,005 ppm
Short time stability + 0,001 ppm (1 hour)
Output power 900-1000 uW
Beam diameter 8 mm
Distance between outgoing and ingoing beam 12,7 mm
Laser Head dimensions 45x70x245 mm
Net weight 1500 g
Safety class Class 2 Laser product according to PN-91/T-
06700
22.3 Laser Head outputs - analog
Signal type SinA / CosB
Voltage level 1 Vpp
Signal resolution User defined:

from 40nm/period to 200um/period
in 40nm/period step

Maximal signal frequency 2.5 MHz

22.4 Laser Head outputs — digital, type 1

Signal type A quad B
Voltage level 5 V differential CMOS
Signal resolution User defined:

from 1nm/transition to 5um/transition
in Inm/transition step

Maximal signal frequency 25 MHz

Laser Measurement System HPI-3D
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22.5 Laser Head outputs — digital, type 2

Signal type
Voltage level

Signal resolution

Pulse width

Maximal signal frequency

Shift / Sign
5 V differential CMOS
User defined:
from 0.1nm/pulse to 5um/pulse
in 0.1nm/pulse step
5ns

100 MHz

22.6 Laser Head outputs — Extension connector

pinout

Connector type

Hirose Connector LX40-20P

CL No.CL245-0017-0

Digital 10
Digital 10
Digital 10
Digital 10
Digital 10
Digital 10

1.
2.
3.
4.
5.
6.
7.
8.

Digital 10 .

Laser Measurement System HPI-3D

24V Supply

Reserved for future use
Reserved for future use
Reserved for future use
Reserved for future use
Reserved for future use

Reserved for future use

Negative output of Differential B signal pair (Digital
AquadB Output)
Negative

(Shift/Sign Output)

output of Differential Sign signal pair
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9. Digital 10 e Negative output of Differential A signal pair (Digital
AquadB Output)
o Negative output of Differential Module signal pair
(Shift/Sign Output)
10. Digital 10 e Positive output of Differential B signal pair (Digital
AquadB Output)
e Positive output of Differential Sign signal pair
(Shift/Sign Output)

11. Digital 10 e Positive output of Differential A signal pair (Digital
AquadB Output)

o Positive output of Differential Module signal pair

(Shift/Sign Output)

12. 5V Supply

13. Analog Output Negative output of Differential Cosine signal pair (Sine/Cosine
Output)

14. Analog Output Negative output of Differential Sine signal pair (Sine/Cosine
Output)

15. Analog Output Positive output of Differential Cosine signal pair (Sine/Cosine
Output)

18. Analog Output Positive output of Differential Sine signal pair (Sine/Cosine
Output)

17. Ground

18. Ground

19. Ground

20. Ground

22.7 System work conditions

Temperature range 0-35°C

Humidity range 10 - 90 % (non-condensing)

Laser Measurement System HPI-3D
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22.8 Power Supply

Voltage

Power

22.9 PC interface

Type 1

Data rate
Type 2
Connection
Frequency

Tx Power

Rx Sensitivity

Coverage

90-230 VAC, 50-60 Hz

100 W (during heating)
15 W (work)

USB 2.0
3125000 bps (VCOM)
Bluetooth 2.0 + EDR

Point-to-Point (pico net)
2.400 to 2.4835 GHz
Max 18 dBm (Class 1)
-86 dBm typical
Up to 25m

22.10 Environment compensation

Wavelength compensation

Manual

Automatic

Environments parameters entered from
keyboard

With the use of the Environmental

Compensation Unit - (ECU) .

Parameters of the wireless Environmental Compensation Unit - (ECU) compensation

Air temperature
Base temperature
Pressure
Humidity

Time constants

Dimension

Laser Measurement System HPI-3D

Range 0 - 50 °C, accuracy 0,15 °C
Range 0 - 50 °C, accuracy 0,1 °C
Range 940 - 1060 hPa, accuracy 1 hPa
Range 10 - 90 %, accuracy 10 %

Temperature 8 s, pressure 2s, humidity 20 s

$50x55 mm
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Net weight 150 g

Wireless material temperature compensation

Manual Temperature of material entered from keyboard

Automatic With the use of 1 to 3 wireless temperature
Sensors.

Temperature sensor Pt-1000

Time constant 10s

Net weight 150 g

Our products are subject to continuous further development and improvement.

Subjectto technical changes without prior notice.

Laser Measurement System HPI-3D
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23. WORD INDEX

A

Abbe error, 20-1 0, 20-11
Acceleration, 2-3, 12-4, 12-5, 13-1, 13-2, 13-10

Accuracy, 5-2,5-22, 5-35, 6-1, 14-1, 14-32,
20-1, 20-5, 20-7, 20-12, 22-2, 22-5

Air temperature, 3-10, 5-8, 6-8, 7-6, 7-13, 7-18,
8-2,9-6, 9-13, 9-18, 10-2, 11-2, 12-2,

13-2, 13-5, 13-8, 15-2, 16-2, 17-2, 22-5
analog outputs, 19-10

Angular Interferometer, 3-12, 7-6, 8-1, 9-6,
10-1, 11-1, 13-5, 14-2, 14-3, 16-1, 17-1
Angular positioning, 14-1, 14-3

Angular Retro-reflector, 3-12, 7-6, 7-36, 8-1,
9-6, 9-36, 10-1, 11-1, 13-5, 14-3, 16-1
autocollimator, 7-1, 9-1

Automatic point capture, 5-31, 14-36
Automatic points generate, 5-31, 14-37

B

Base length, 7-31, 9-31
Base temperature, 3-10, 7-6, 7-13, 7-18, 8-2,

8-4, 9-6, 9-13, 9-18, 10-2, 10-6, 11-2, 11-5,
12-2, 13-2, 13-5, 13-8, 14-2, 15-2, 16-2,

17-2

Base temperature sensor, 15-2
battery, 3-14, 3-22

Laser Measurement System HPI-3D
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Beam alignment, 4-1

23

Beam Benders, 8-1

Bluetooth connection, 3-13

C

CNC path generation, 5-17, 5-18, 6-15, 6-16,
14-19, 14-20, 14-22, 14-23

Compensation table, 5-20, 6-17, 6-18
Configuration, 3-20, 3-24, 3-26, 3-28, 5-25,

5-31, 5-35, 5-40, 6-19, 7-31, 7-32, 8-8, 9-31,
9-32, 10-10, 10-11, 11-9, 11-10, 12-1,
14-1,14-34, 14-36, 14-38, 14-42, 15-1, 15-9,

15-10, 16-8, 16-9, 18-1, 18-5, 19-1, 19-2,
19-3,19-5, 19-6, 19-8, 19-9, 19-11, 19-12,

19-13

connection, 3-17, 3-18, 3-19, 3-24, 13-11, 19-3,
21-1,21-3,21-4

Correct target value, 5-30, 14-36

Cosine error, 20-9

D

Dead path error, 20-8

diaphragm, 4-6

digital, 3-21, 5-32, 6-20, 13-12, 14-37, 19-10,
19-11, 22-2

Digits, 3-21

displacement measurements, 20-1

Display, 3-19, 3-20, 3-21, 3-27, 4-2, 5-11, 6-
11, 7-21, 8-4, 9-21, 10-7, 11-5, 12-4, 13-10,
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15-5,16-4, 17-4
Distance, 12-5, 13-12, 22-1, 22-2

Dynamic measurements, 13-1

E

ENVIRONMENT, 3-7, 3-21, 22-5
Error Table, 5-32, 14-37
Excel, 3-22

Extension Connector, 3-14

F

FFT analysis, 12-5
firmware, 19-12
Firmware, 19-11, 19-12

G

G-code, 5-17, 6-15, 14-19

H

heating up, 3-20
heterodyne, 20-2, 20-4, 20-5
homodyne, 20-2, 20-3, 20-4

IK1, 3-12, 7-6, 8-1, 8-3, 9-6, 10-1, 11-1, 13-5,
14-2, 14-3, 16-1,16-2, 17-1

1L1, 3-10, 3-25, 4-10, 5-8, 6-8, 12-1, 12-2,
13-2,

15-1, 15-2

Interferometer type, 19-7

L

Language, 19-6
Laser head, 3-9, 12-1, 13-1, 22-1

23

Laser Head, 1-2, 3-13, 3-14, 3-20, 3-24, 4-2,

4-5, 4-6, 4-8, 5-8, 6-8, 7-6, 7-13, 8-1, 9-
6, 9-13, 10-1, 10-2, 11-1, 11-2, 13-5, 13-7,

14-2,14-3,15-1,16-1,17-1, 22-2, 22-3
laser interferometer, 20-7, 20-8

Laser stability error, 20-11

Laser work time, 19-11

Linear interferometer, 3-10, 5-8, 6-8, 12-1,
13-2, 15-1

Linear positioning, 5-11, 6-11

Linear retro-reflector, 3-10, 5-8, 6-8, 12-2,
13-

2,15-1
Logo path, 19-5

M

Machine data, 7-31, 8-7, 9-31, 10-9, 10-10,
11-8, 11-9, 12-6, 12-7, 13-12, 13-13, 15-6,
15-7,16-6,16-7,17-5, 17-6

Machine error limits, 5-22, 14-32
Magnetic holder, 3-11, 5-8, 6-8, 7-6, 7-13,
8-2, 9-6, 9-13, 10-2, 11-2, 12-2, 13-2, 13-5,
13-8, 14-2, 15-2, 16-2, 17-2

MAIN MENU, 3-19, 3-20, 5-11, 5-33, 6-11,
7-20, 8-4, 9-21, 10-7, 11-5, 12-4, 13-10, 14-
15, 14-18, 14-37, 15-5, 16-4, 17-3

Manual Capture, 5-31, 5-35, 14-36, 14-39
Manual point capture, 5-31, 14-36, 16-5
Max Acceptable Error, 14-35

Laser Measurement System HPI-3D
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Measurement, 3, 1-1, 3-22, 3-23, 3-26,
4-6, 5-5,

5-16, 5-21,5-24, 5-25, 5-30, 5-32, 5-35, 6-5,
6-14, 6-20, 7-1, 7-9, 7-16, 7-31, 8-1, 8-13,
8-14, 9-2, 9-9, 9-16, 9-31, 10-1, 10-14,
10-15, 11-1, 11-12, 11-13, 11-14, 12-1, 12-9,
13-1, 13-14, 14-2, 14-19, 14-30, 14-33, 14-34,
14-36, 14-37, 14-39, 15-1, 15-9, 16-1, 16-5,
16-9,17-1,17-8,22-1

MEASUREMENT CYCLE, 5-36, 5-37, 14-39,
14-40

Mid voltage, 19-10

mirror, 3-12, 3-28, 8-10, 8-12, 20-1, 20-9

O

Output standard, 19-10
Positioning, 5-2, 5-8, 5-9, 5-11, 5-17, 5-21,

5-24,5-25, 5-30, 5-31, 5-36, 6-8, 6-9, 6-
11,

6-15, 6-19, 14-18, 14-19, 14-30, 14-33, 14-34,
14-36, 14-37, 14-39
Power Button, 3-17

power down mode, 3-15

Power Supply, 3-10, 3-13, 3-14, 5-8, 6-8, 7-6,
7-13, 8-1, 9-6, 9-13, 10-1, 10-2, 11-1, 11-
2, 12-1, 13-2, 13-5, 13-8, 14-2, 15-1, 16-1,
17-1,22-4

Precision, 19-6

Pressure unit, 19-7

Print, 5-38, 6-23, 7-30, 8-6, 9-30, 10-8, 10-14,

11-7, 11-12, 14-41, 15-6, 15-7

problems, 3-20, 21-1,21-3,
21-4

Laser Measurement System HPI-3D

P

parallelism measurement, 11-1

parallelism measurements, 11-1, 11-3, 11-4,
11-5,11-10

Pendulum, 5-25

Pilgrim Effective, 5-25

Pilgrim Standard, 5-25

Pitch, 7-27, 7-37, 7-38, 7-39, 8-13, 9-27,
9-37, 9-38, 9-39, 10-14, 11-13, 16-1, 16-2,
16-3, 16-4, 16-5, 16-6, 16-8, 16-9, 17-8

Point capture after, 14-35

points capture, 5-16, 14-38

Points from list, 5-31, 14-37

Points from List, 5-21, 5-24, 14-30, 14-33

Points Interval, 14-35

R

Reconnect, 19-1

Recording mode, 3-27

Reference temperature, 3-26, 19-8
Report, 5-37, 6-22, 14-40

Reset, 5-33, 14-37

Resolution, 3-23,22-1
retro-reflector, 3-23, 4-12, 5-9, 5-36, 6-9, 6-22,

7-7,7-13, 7-36, 9-7, 9-13, 10-2, 11-2, 12-
2, 12-9, 12-10, 13-3, 13-6, 13-8, 13-14, 14-39,

15-3, 16-3, 20-8, 20-10

RK1, 3-12, 7-6, 7-7, 7-31, 8-1, 8-3, 9-6, 9-
7,

9-31, 10-1, 11-1, 13-5, 13-6, 14-3, 16-1,
16-2,16-3,17-1

RL1, 3-10, 3-20, 3-25, 4-10, 5-8, 5-9, 6-8, 6-9,
12-2, 13-2, 13-3, 15-1, 15-2, 15-3
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rotary encoder, 3-25, 14-1, 14-2, 14-3, 14-7,
14-16, 14-17, 19-2

Technical Data, 3-14

S

Sign, 3-23,18-2, 18-3, 18-5, 18-6, 22-2,
22-3,

22-4

Simulator, 3-17, 19-1

501, 3-13

Software installation, 3-1

splash screen, 3-17, 3-18

Squareness, 22-1

squareness measurement, 10-1

squareness measurements, 10-1, 10-3, 10-4,
10-5, 10-6, 10-11, 10-14, 11-10, 11-12
status bar, 3-21, 5-16, 14-38

Status Bar, 3-24, 3-25

Stop After Cycle, 5-16, 14-38

Stop after each cycle, 5-30, 5-36, 14-36, 14-39
Straightness, 7-1, 7-20, 7-21, 7-30, 7-36,
7-38, 7-39, 8-9, 8-10, 9-1, 9-21, 9-22,
9-30, 9-36, 9-37, 9-38, 10-12, 11-11, 16-
1,16-8, 22-1

straightness measurements, 7-1, 7-6, 7-7,
7-8, 7-13, 7-14, 7-15, 7-35, 8-1, 8-11,

8-13, 9-1, 9-6, 9-7, 9-8, 9-13, 9-14, 9-
15, 9-35, 9-36, 10-1, 10-3, 10-4, 10-13,
11-1, 11-3, 11-4, 11-13, 13-5, 13-6, 13-7,
13-8, 13-9, 13-10

Straightness measurements, 7-1, 9-1

Strobe, 3-11, 3-15, 5-8, 5-31, 6-8, 7-6, 7-13,

8-2, 8-14, 9-6, 9-13, 10-2, 10-15, 11-2,
11-14, 13-2, 13-5, 13-8, 14-2, 14-36, 15-2,
16-2, 16-5, 17-2

temperature compensation, 22-5

Temperature unit, 19-7
Tripod, 3-10, 3-13, 5-8, 6-8, 7-6, 7-13, 8-2,
9-6, 9-13, 10-2, 11-2, 12-2, 13-2, 13-5, 13-8,
14-2, 15-2, 16-2, 17-2

troubleshooting, 3-20, 21-1

U

Uninstall, 3-9
USB, 3-8
USB cable, 3-13, 5-8, 6-8, 7-6, 7-13, 8-2, 9-6,

9-13, 10-2, 11-2, 12-2, 13-2, 13-5, 13-8, 14-2,
15-1,16-2, 17-2

USB connection, 3-13

\%

Velocity, 3-24, 3-25, 6-1, 12-5, 13-12, 15-1,
15-2, 15-3, 15-5, 15-9, 15-10, 22-1

Velocity measurements, 15-1, 15-2,
15-3

Velocity plot, 15-5

Velocity value table, 15-5

Vibration measurements, 12-1, 12-2, 13-2,
13-3

Vibrations, 5-35, 12-4, 14-35, 14-38

W

WiMeteo, 19-2, 19-3
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Wollaston, 7-1, 7-13, 7-14, 7-21, 7-27, 4

9-1, 9-13, 9-14, 9-21, 9-27, 10-1, 10-2, 10-

4, 10-11, 10-13, 11-1, 11-2, 11-4, 11-10, 11-11, 7K1, 3-12, 8-10, 8-11, 8-12

13-7, 13-8, 13-12, 19-4 2 3
Y

Yaw, 7-27, 7-37, 7-38, 7-39, 8-13, 9-27,

9-37, 9-38, 9-39, 10-14, 11-13, 16-1, 16-2,
16-3, 16-4, 16-5, 16-6, 16-8, 16-9,

17-1,17-3,17-8

Laser Measurement System HPI-3D
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